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EXECUTIVE SUMMARY

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 1
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 US4 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.

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
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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
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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 report includes.

REPORT 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 report 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 III, Data Merging, Filtering, and Weighting, begins by providing some
background information on the NHTS. A description of the process used to merge data from
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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 report are suggested.






CHAPTER 11
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.

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 VMT—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 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: Iowa

A large-scale study on mile-based fees is currently being conducted by the University of lowa
Public Policy Center (The University of Iowa 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 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: I-95 Corridor Coalition

States along the eastern coast of the United States (who are part of the 1-95 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 Equity: 2001 NHTS Data

In terms of the equity impacts associated with changing to a VMT fee, Weatherford used 2001
National Household Travel Survey data to assess the equity impacts related to replacing the
federal gas tax with an equivalent flat VMT fee of 0.98 cents per mile. This type of VMT fee



structure would lead to less of a transportation tax burden on low income households, rural
households, and retired households. The recommendation that future VMT fee scenario
structures consider methods to promote the use of fuel efficient vehicles, while maintaining
positive equity results for low income and rural households is made. Despite shifts in
distributional impacts associated with a VMT fee, Weatherford notes that overall changes related
to equity are relatively minimal (Weatherford, 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. 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 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.

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

10



estimated at $650 and thin OBUs 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, 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 (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.

11



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 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 report 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).”

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.
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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 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 equality and 1 indicating complete income inequality (Rock,
1982). Drezner et al. describe the calculation of the Gini Coefficient by stating, “The Gini
coefficient (QG) is the ratio of the area between the Lorenz Curve and the straight “equity” line to
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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).

-4 (1)
A+B
. A (1,1)
Accumulated Proportion
of Tax Burden
— “Equity” Line
— Lorenz Curve
A
B
(0,0 Accumulated Proportion of

Households Based on Income

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 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)

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).

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
Tacono, 2006).” Interestingly, they note that, “Among the taxes used to finance transportation,
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Figure 3. Lorenz curve for Texas state gas tax in 2008

most are moderately regressive, with the motor fuel tax being the most regressive (Lari and
Tacono, 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 lacono, 2006). VMT fees may be even more closely linked to usage than the
motor fuel tax. One of the objectives of this report 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). However, as a point of reference, the Lorenz Curve for the Texas state gas tax is
shown in Figure 3.

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.

16



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 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.

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 household owns, those vehicles’
fuel economies, and the number of vehicle miles driven are interconnected and decided
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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 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 I'V.

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, 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.
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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 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.

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 III
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, 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). 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
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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
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
NHTS Variable Variable Definition
VEHTYPE Vehicle type
VEHYEAR Vehicle model year

22



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 to1984 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 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

Number of Percentage of Percenta f
Vehicles Included umber o Total Vehicles VMT ercentage o
Vehicles . . Total VMT
After Filtering
Vehicle Years
from 1924-1984: 838 2.87 2,468,701 0.80
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 that all of the vehicle variable matches made between the
two NHTS sources corresponded to information on the same vehicle.
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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. A summary of the number of households and the number of vehicles affected by
various filtering specifications is shown in Table 3.

Table 3. Number of Households and Number of Vehicles Affected by Filtering Specifications

R Number of Number of Vehicles Number of Number of Vehicles
Filtering Households . . Households Not . .
o . . . Meeting This . . Not Meeting This
Criteria/Step Meeting This e Meeting This R
e Criteria S Criteria
Criteria Criteria
CMPLTCT=1 18,283 37,662 3,127 7,460
HHFAMINC>1 19,825 42,055 1,585 3,067
HYBRID#-7, -8,
21,252 44,953 158 169
-9
VEHYEAR>( 20,296 43,676 1,114 1,446
FUELTYPE=4 20,708 44,383 702 739
ANNMILES#-1,
19,096 42,108 2,314 3,014
-7,-8,-9
URBRUR#-9 21,409 45,121 1 1
HH_RACE#-7,
21,260 44,824 150 298
-8,-9
HH_HISP#-7, -8, -9 21,333 44,979 77 143
VEHTZ‘;E?’ 2,3, 21,137 44.806 273 316

*Several households did not meet multiple criteria. Numbers associated with each criterion were
calculated under the assumption that each was independent of all others.

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.
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 vehicles but only having one vehicle available for analysis
after initial filtering. If their one remaining household vehicle were included in the analysis, the
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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 Eliminating
vEHCNT | fomberof Hseolds | Nemboraf el | urvERCNT bid o
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 2 0
10 2 1 1
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
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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 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 S. 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 Information 16,315 32,113
Deemed Necessary

After Removal of Vehicles Belonging
to Households No Longer Listing All 14,595 29,162
Vehicles After Prior Filtering

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 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
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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.

> EIADMPG
VehType

Un — weighted Avg. Fuel Economy = 2
8 8 Y NUMVEH 1y @
where
EIADMPG+#-9
NUMVEH=Number of vehicles included in the survey
VehType=Type of vehicle
Wegihted Avg. Fuel Economy 3)

E (EIADMPG - WEIGHT)
VehType
E 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 EIADMPG 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
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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.

Table 7. Comparison of Un-weighted Average Fuel Economy and Weighted Average Fuel
Economy

Un-weighted Weighted .
Differences
Average Fuel | Average Fuel
Between Un-
Number of Economy Economy .
. weighted
Vehicles Based on Based on Average Fuel
NHTS VEHTYPE Included After | Those Sample | Those Sample Econo,lgn and
VEHTYPE Code Filtering with | Vehicles with | Vehicles with omy
. . . Weighted
Listed a Paired a Paired Average Fuel
EIADMPG EIADMPG | EIADMPG verage *u
Economy
Fuel Economy | Fuel 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 -0.04
Vehicle
Pickup Truck 04 6,657 16.24 16.45 -0.21
RV (Recreational
Vehicle) 06 138 6.4 6.4 0
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

a) Household Income Level (5 classes)

b) Household Size (1 to 4+)

¢) Number of Household Employees (0,1,2+)

d) Household Geographic Location (Urban, Rural)
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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 NHTS) 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.

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 HOUSEHOLD Total number of 2008 Texas vehicle-owning
BY VEHICLES AVAILABLE-Universe: households by number of household workers and
HOUSEHOLDS 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 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‘ig‘;" 1 2 3 4+ Total
($1,000s)
<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
1 Emp Household Size
Household
I;ce‘i‘ge 1 2 3 4+ Total
($1,000s)
<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
fncome 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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Table 13. cont.

Total Household Size
Household
I']ice‘:;e 1 2 3 4+ Total
($1,000s)
<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
fncome 1 2 3 4+ Total
($1,000s)
<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
1 Emp Household Size
Household
I']ice‘:;e 1 2 3 4+ Total
($1,000s)
<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

33




Table 14. cont.

2+ Emp Household Size
Household
Iicez‘;e 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;ce‘i‘ge 1 2 3 4+ Total
($1,000s)
<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 15 corresponding to urban households with
Household Income Level <$20,000, Household Size 1, and Number of Employees 0 is provided
in Example 1.
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Example 1

New Subtotal = Old Subtotal - (

New Total
Old Total

249,122=240,416.73 (w]

where

5,983,218.92

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‘I‘;‘L’;e 1 2 3 4+ Total
($1,000s)
<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
1 Emp Household Size
Household
Iﬁ‘i‘e'ie 1 2 3 4+ Total
($1,000s)
<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
I‘ii‘i‘e';e 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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Table 15. cont.

Total Household Size
Household
I'ﬁ“gge 1 2 3 4+ Total
($1,000s)
<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
fncome 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
1 Emp Household Size
Household
I;Z‘i‘e‘;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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Table 16. cont.

2+ Emp Household Size
Household
I'ice‘i‘se 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
I'ﬁ“gge 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 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.
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Table 17. Number of Vehicle-Owning Urban Households in Texas in 2008

0 Emp Household Size
Household
Income Level 1 2 3 4+ Total
($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 8,028 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
1 Emp Household Size
Household
Income Level 1 2 3 4+ Total
($1,000s)
<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
Income Level 1 2 3 4+ Total
($1,000s)
<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
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Table 17. cont.

Total Household Size
Household
feome 1 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
fncome 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
1 Emp Household Size
Household
fneome 1 2 3 4+ Total
($1,000s)
<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
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Table 18. cont.

2+ Emp Household Size
Household
fncome 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 44,913 83,892 216,692
100+ NA 81,338 58,875 90,812 231,025
Total NA 240,201 155,583 315,781 711,565
Total Household Size
Household
fneome 1 2 3 4+ Total
($1,000s)
<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
I;‘;‘i‘ge 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
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Table 19. cont.

1 Emp Household Size
Household
Iﬁ‘fge 1 2 3 4+ Total
($1,000s)
<20 1,130.23 846.25 1,322.13 2,731.73 1,313.95
20-40 1,075.56 503.90 917.52 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
2+ Emp Household Size
Household
Iﬁ‘i‘e‘;" 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
Iﬁ‘fge 1 2 3 4+ Total
($1,000s)
<20 512.06 606.11 1476.01 2878.37 815.73
20-40 528.85 379.18 883.66 1598.86 614.48
40-60 607.97 397.50 749.77 1008.42 572.84
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
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Table 20. Weights for Vehicle-Owning Rural Households in Texas in 2008

0 Emp Household Size
Household
I‘ﬁi‘x’l"’ 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 1,599.80 231.6
40-60 203.19 176.18 741 1,191.25 206.63
60-100 164.65 179.25 472.7 1,111.50 217.43
100+ 219.06 189.01 348.83 1,903.00 239.72
Total 242.21 218.2 498.98 1,534.73 257.97
1 Emp Household Size
Household
I:Z‘L‘;e 1 2 3 4+ Total
($1,000s)
<20 783.31 417.56 1,087.86 995.13 733.75
20-40 644.27 341.84 640.03 781.22 525.28
40-60 717.73 311.93 630.6 503.17 466.85
60-100 608.41 290.96 503.62 448.11 406.16
100+ 523.04 302.03 558.86 456.86 401.09
Total 669.03 319.4 636.44 561 479.18
2+ Emp Household Size
Household
I‘ﬁi‘x’l"’ 1 2 3 4+ Total
($1,000s)
<20 NA 434 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 429.7 664.88 746.53 585.17
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Table 20. cont.

Total Household Size
Household
I;ce‘i‘ge 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+ 407.24 329.88 570.54 516 429.44
Total 387.61 310.5 636.57 702.7 433.82
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 1V
VMT FEE SCENARIO STRUCTURE, ANALYSIS, AND RESULTS

Having merged, filtered, and weighted the data as described in Chapter III, 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 A VMT 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, 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 werel6,500 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, 2009).” This analysis assumed an operating cost of 10
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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).

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
Service Station 16,000 Stations $15,000 per Fuel Station $240,000,000
Equipment
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
ot +

COStInstall = + 5 - Instzll (4)
I+y (1+y) (1+y)"  (1+y)
where
Cost,_.,=$3,103,076,340+$240,000,000=$3,343,075,340

Install
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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

COStInstall—Annual = (1 + y)n _1

)

where

Cost =$242,525,632.92

Install-Annual

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, 2010).” 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 inVMT _ VMT, ©)
Ty, Change in Total Cost of Gas and/or VMT Fee P,-P
Pl

where

VMT, =Original Vehicle Miles Traveled
VMT, =New Vehicle Miles Traveled
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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

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
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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.

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

Househ(zg;d1 ’IOI:)C(;)SI)IIE 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 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.
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Example 2

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

e Initial VMT (calculated under the static model): 10,000 miles

e Household Weight: 1,076.56

e 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

e EIADMPG : 22.8 MPG

e Texas State Gas Tax: $0.20 per gallon

e Price of Gas: $2.92 per gallon

o [Initial Revenue from State Gas Tax:

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

($0.20)

=22 (10,755,632.91 miles) = $94,347.66
(22.8 MPG)

o Initial Revenue from the Rest of the Price of Gas:

_ (Price of Gas —Texas State Gas Tax)
(EIADMPG)
(Initial Weighted VMT (calculated under the static model))
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_($2.92-$0.20)
~ (22.8MPG)

-(10,755,632.91 miles) = $1,283,128.14

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 VMT 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) - (3014264 per mile) =$153,416.02

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=5$1,436,544.16

Percent Change in Overall Price of Gas When Switching from State Gas Tax
System to Scenario 1:
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(Scenario 1 VMT 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)- ((2116?)?)} =10,626,491.66 miles

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
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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 ($1,000s) Percentage of Vehicle-()(zz;ing 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; 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

Llw,j

(7)
n ANNMILES1 Lw,j i
+1.$0.20 |- Weight,,
=\ EIADMPG, ; -
= p
Z Weighti,l,w

k=1
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where

i=Household Income Level Quintile; 1 through 5

I=Location; Urban or Rural

w=Number Employed in Household; 0, 1 or 2+

j=Number of Vehicles in Group 1, 1, w, j

k=Number of Households in Group i, I, 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 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 |, ,

Zn: ANNMILES, . (X —$0.20) |- Weight
(X —$0. - Weight,
= %| EIADMPG,,, S (8)
p
z Weight,,
k=1
where
X=Price of a Gallon of Gas ($) Including Taxes
Annual Avg. Household Total Cost of Gas 9)
o ( ANNMILES; . '
_ ===+(X) |- Weight,
= ‘7| EIADMPG,,  ; "
p
ZWeightLLW

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 encompassed the dates during which the 2009 NHTS
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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, ..., (10)
(Current State Gas Tax Annual Revenue +

_ Annual Costs of Implementation of VMT Fees)
(1 — Percent Increase in Operating Costs ]

with Switch to VMT Fee — Percent Leakage

where

New Target Revenueg,,..., =5$2,515,974,912.40

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 (11)

Scenario 1 Flat VMT Fee =
M TS Weighted ANNMILES

where
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Model Type=Static or Dynamic

Flat VMT FeeStatic Scenario 1

_ New Target Revenueg ...,
> Weighted ANNMILES, . sconarior

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

=$0.01426 per mile

Flat VMT FeeDynamic Scenario 1

_ NeW Target RevenueScenariol
Z Welghted ANNMILESDynamic Scenario 1

_$2,515,974,912.40
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
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New Target Revenue=$20,390,974,912.40
Additional Desired Revenue Annually=$14.3 billion

Thus, the flat VMT fee associated with the static model of Scenario 2 was calculated as shown in
Equation (13).

New Target RevenueScenario 2

Scenario 2 Flat VMT Feeyog1ype = S Weighted ANNMILES

(13)

where
Model Type=Static or Dynamic

Flat VMT FeeStatic Scenario 2

_ New Target RevenueScenario 2
> Weighted ANNMILES

Static Scenario 2

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

=$0.1156 per mile

Flat VMT FeeDynamic Scenario 2

B New Target Revenueg,..:.»
> Weighted ANNMILES

Dynamic Scenario 2

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

=$0.1503 per mile

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 revenue
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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; 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 MPG=Mean Fuel Economy: $0.07706 per mile fee

Dynamic Model

e MPG<Median Fuel Economy: $0.1974 per mile fee
e Median Fuel Economy<MPG <Mean Fuel Economy: $0.1480 per mile fee
e MPG=>Mean Fuel Economy: $0.09868 per mile fee
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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).

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.

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
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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
¢ 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

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

Percent More that
All Vehicle- All Vehicle- All Vehicle- Rural Vehicle-
Household Income Owning Owning Urban Owning Rural Owning
Level ($1,000s) Households Households Households Households Pay
’ than Urban

(8 per year) (8 per year) (8 per year) 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 the higher weighted average annual
revenue collected under the current state gas tax for rural households when compared to their

urban household counterparts.

economy increases as household income level increases.

Table 29. Weighted Average Vehicle Fuel Economy

Similarly, as seen in Table 29, the weighted average fuel

Percent Higher
Average Vehicle Fuel
Household Income . Urban Household Rural Household | Economy of Urban
Level (51,0005) | All Vehicles MPG) |y iles (MPG) | Vehicles (MPG) | 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 21.42 0.8
Total 21.02 21.10 20.77 1.6
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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 indicate 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, 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
All Vehicle- Urban Vehicle- Rural Vehicle- | " cighted Average
Household Income Owning Owning Owning Vehicle Year of
Level ($1,0005) Households Households Households Rural 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 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.
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Table 31. Current Gas Tax System: Weighted Average Annual VMT per Vehicle-Owning

Household
Percent More
Miles Driven by
All Vehicle- Urban Vehicle- Rural Vehicle- Rural Vehicle-
Household Income Owning Owning Owning Owning
Level ($1,000s) . . . Households than
Households (miles) | Households (miles) | Households (miles) Urban Vehicle-
Owning

Households (%)
<20 12,480 12,127 14,005 15.5
20-40 17,907 16,530 23,124 39.9
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
Household Income All Vehicles Urban Household Rural Household Rul;ll.i:::lllutcl:zilare

Level ($1,000s) (miles) Vehicles (miles) Vehicles (miles) Urban Vehicles
(%)
<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
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Table 33. Average State Gas Tax Paid per Vehicle

Percent More that
Rural Vehicle-
Household Income All Vehicles ($) Urban Household Rural Household Ov;:;ntghglogs:;l;l:ds
Level ($1,000s) Vehicles ($) Vehicles ($) 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

Percentage More

Percentage More

that Rural Vehicle- | Percentage More | Percentage Worse | that Rural Vehicle-
Owning Households that Rural Gas Mileage that |Owning Households
Pay per Vehicle than| Households Drive | Rural Household [Pay per Vehicle than
Household Income . . . .
Level ($1,000s) Urban Vehicle- per Vehicle than Vehicles Have Urban Vehicle-
’ Owning Households | Urban Households | Compared to their | Owning Households
Pay per Vehicle Drive per Vehicle | Urban Household Pay per Vehicle
(Weighted Average) (%) Counterparts (%) (Unweighted
(%) 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
e 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=—20 ™1 _ 5 04786 gallons
19.83 MPG

Rural Households=—0" 21 _ 5 51335 oallons
19.48 MPG

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

5.51 gallons
5.04 gallons

=1.093

(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
Percentage More Percentase Worse Percentage More
that Rural Vehicle- | Percentage More Gas Milega e that that Rural Vehicle-
Owning Households | that Rural Vehicle- g. Owning Households
. Rural Vehicle-
Pay than Urban |Owning Households . Pay than Urban
Household Income . . . Owning Households . .
Vehicle-Owning Drive than Urban Vehicle-Owning
Level ($1,000s) . . Have Compared to
Households Pay per | Vehicle-Owning their Urban Households Pay per
Household Households Drive Household Household
(Weighted Average) | per Household (%) Counterparts (%) (Unweighted
(%) P ° Average) (%)
<20 17.8 15.5 1.8 17.6
20-40 48.6 39.9 4.0 45.5
40-60 37.9 34.5 3.7 394
60-100 37.1 33.5 0.1 33.7
100+ 34.2 313 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

e Rural Households pay 17.8 % more per household
e Rural Households drive 15.5 % more per household
e Rural Household have a 1.8 % worse average gas mileage

Urban Households Rural Households
100 miles 115.5 miles
19.83 MPG 19.48 MPG
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Required Gallons of Gasoline:

100 miles

Urban Households=—————— =5.04 gallons
19.83 MPG

Rural Households=—>> 1% _ 5 93 5allons
19.48 MPG

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

5.93 gallons
5.04 gallons

=1.176

(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

e 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.

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
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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.

Table 36. Static Scenario 1: Weighted Average Annual VMT Fee Revenue from Vehicle-

Owning Households
Percent More that
Rural Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,0005) Owning Owning Urban Owning Rural Households Pay
’ Households ($) Households ($) Households ($) than Urban
Vehicle-Owning
Households (%)
<20 178.02 172.98 199.76 15.5
20-40 255.42 235.79 329.84 39.9
40-60 311.08 289.98 390.07 345
60-100 397.03 367.98 491.08 335
100+ 445.94 415.08 544.98 313
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 Percen? All Rural All R‘ural Percent
. Vehicle- Change in . Vehicle- .
Vehicle- . . Vehicle- . Change in
Household . Owning Weighted . Owning .
Owning Owning Weighted
Income Level Households | Average Cost Households
Households Households Average Cost
($1,000s) under VMT per Urban under VMT
under Current . under Current . per Rural
Gas Tax ($) Fee Static Household Gas Tax ($) Fee Static Household (%)
Scenario 1 ($) (%) Scenario 1 ($)
<20 122.43 172.98 41.29 144.17 199.76 38.6
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 43.31 289.25 402.25 39.1
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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 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.

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
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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.

Table 39. Dynamic Scenario 1: Weighted Average Annual VMT Fee Revenue from Vehicle-

Owning Households
Percent More that
Rural Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,0005) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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
60-100 397.03 367.40 492.98 342
100+ 445.41 413.85 546.69 32.1
Total 317.90 294.12 403.90 373

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

<20 15.5 16.3
20-40 39.9 40.7
40-60 34.5 35.1
60-100 33.5 342
100+ 313 32.1
Total 36.6 37.3
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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 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 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 Vehicle-
Household Income All Vehicle- All Vehicle- All Vehicle- Owning
Level ($1,000s) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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 3,980.04 335
100+ 3,614.13 3,364.05 4,416.81 313
Total 2,576.46 2,387.43 3,260.07 36.6
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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.

Table 42. Summary of Dynamic Scenario 2 Iteration Results

Iteration Number Larg;s;nfea;g$:ﬁ% l(’::/:;ent Flat Fee Assessed ($)
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 Vehicle-
Household Income All Vehicle- All Vehicle- All Vehicle- Owning
Level ($1,0005) Owning Owning Urban Owning Rural Households Pay
’ Households ($) Households ($) Households ($) than Urban

Vehicle-Owning

Households (%)
<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 More Dynamic Scenario 2 Pe.rcent
. . More that Rural Vehicle-
Household Income Level that Rural Vehicle-Owning .
Owning Households Pay than
($1,000s) Households Pay than Urban . :
Vehicle-Owning Households (%) Urban Vehicle-Owning
Households (%)

<20 15.5 38.2
20-40 39.9 57.3
40-60 345 49.0
60-100 335 523
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
More that Rural Vehicle- More that Rural Vehicle-
Household Income Level . .
($1,0005) Owning Households Pay than Owning Households Pay than
’ Urban Vehicle-Owning Urban Vehicle-Owning
Households (%) Households (%)

<20 16.3 38.2
20-40 40.7 573
40-60 35.1 49.0
60-100 342 523
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
The comparison illustrated in Table 44 indicates that the
difference is more exaggerated under the dynamic model than under the static model—Ilargely
because urban households tend to have larger elasticity 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.

same household income level.
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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 Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,000s) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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

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 Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,0005) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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 55.3
Total 2,576.46 2,275.10 3,666.26 61.2
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Table 48. VMT Fee Assessed as Part of Scenario 3 by Iteration and Fuel Economy

Fee Assessed to
Fee Assessed to Vehicles with Fuel Fee Assessed to
Iteration Number Vehicles with Fuel Economy Greater Than Vehicles with Fuel
eration XYumbe Economy Lower than or Equal to the Median | Economy Higher than
the Median ($) and Less or Equal to the Mean ()
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

Static Scenario 4

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 Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,000s) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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 42
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
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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.

Table 50. Static Scenario 4 (70/30 Assumption): Weighted Average Annual VMT Fee Revenue
from Vehicle-Owning Households

Percent More that
Rural Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,0005) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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 Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,000s) Owning Owning Urban Owning Rural Households Pay
’ Households ($) 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 the
Largest Magnitude | Urban Roadway
Iteration Number Ul;?;;,lrl}oad(g’; y R{l]ﬁlTR; ad(v;&)ly Percent Change in Fee is than the
ee ee VMT Rural 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 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.
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Table 53. Dynamic Scenario 4 (70/30 Assumption): Weighted Average Annual VMT Fee
Revenue from Vehicle-Owning Households

Percent More that
Rural Vehicle-
All Vehicle- All Vehicle- All Vehicle- Owning
Household Income . . .
Level ($1,000s) Owning Owning Urban Owning Rural Households Pay
’ Households ($) Households ($) Households ($) than Urban

Vehicle-Owning

Households (%)
<20 1,316.49 1,279.58 1,475.88 153
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 4,136.56 259
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

Iteration Number Urban Roadway Rural Roadway Magnitude Roadwav Fee is
VMT Fee ($) VMT Fee ($) Percent Change in y

VMT than the Rural

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

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.
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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 (%)

Household Scenario 1 Scenario 2 Scenario 3 Scenario 4 unc!er Scenario 4 un(%er 7030
80/20 Assumption Assumption
Income Level

(31,000s) Urb Rur Urb Rur Urb Rur Urb Rur Urb Rur
<20 41.3 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 44.8 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 (%)

Household Scenario 1 Scenario 2 Scenario 3 g&zlaa:;:;;g(e); Scena[:isos:l:ll;g(e)ll‘l70/30
Income Level
(81,0005) Ub | 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 44.8 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 1,0974 | 1,1944 | 1,076.2 1,207.2 1,190.6 974.8 1,174.2 1,014.1
60-100 42.9 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

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).

81



Table 57. “Winners” and “Losers” for the Static Models
(1= “Winner” and 5= “Loser”)

Household Scenario 1 Scenario 2 Scenario 3 Scenario 4 under | Scenario 4 under
Income 80/20 Assumption | 70/30 Assumption
($111f0‘;)e(is) 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 1 Scenario 2 Scenario 3 Scenario 4 under | Scenario 4 under
Income 80/20 Assumption | 70/30 Assumption
($114’e0v0e;s) 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

COMPARISON OF ADDITIONAL REVENUE SCENARIOS

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.
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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 $0/20 Scenario 3 Scenario 4 $0/20
Assumption Assumption
100+ Scenario 4 $0/20 Scenario 3 Scenario 4 $0/20
Assumption Assumption
Total Same for All Scenarios Scenario 3 Scenario 4 ?30/20
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 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 between vehicle-owning urban households and vehicle-
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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 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 All Vehicle-Owning All Vehicle-Owning
Level ($1,000s) Households ($) Urban Households ($) Rural Households ($)
<20 Scenario 2 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 2 Scenario 4 80/20
Assumption Assumption
Total Same for All Scenarios Scenario 3 Scenario 4 30/20
Assumption
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GINI COEFFICIENTS AND VERTICAL EQUITY

As mentioned in Chapter II, 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.

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)

As seen in Table 61, 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. It may initially
seem counterintuitive that Scenario 3, which assesses a higher fee to vehicles with poor fuel
economy, is the scenario under which low income households pay the smallest percentage of the
revenue generated by either the state gas tax or the VMT fee. However, note that the weighted
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average fuel economy (linked to how much each vehicle is driven) is very similar for all income
levels (ranging from 21.1 miles per gallon for the lowest household income quintile to 21.5 miles
per gallon for the highest household income quintile). The fact that low income households
contribute a smaller percentage of the generated revenue under Scenario 3, despite low income
households having a slightly lower average weighted vehicle fuel economy, is linked to the way
Scenario 3 is structured. The VMT fees assessed are discrete, with the amount charged based on
how a vehicle’s fuel economy compares to the calculated median and mean fuel economy used
in this analysis. Even though the average weighted fuel economies are similar for all household
income quintiles, the weighted average does not take into account the range of the weighted
vehicle fuel economies. A comparison of the Gini Coefficient for Scenario 3 and the state gas
tax indicates that based on the VMT fee categories assumed for Scenario 3, high income
households drive more miles with vehicles falling into the VMT fee categories assessed either
the high or medium rate than their less wealthy counterparts. 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 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 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.
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Table 62. Horizontal Equity Comparison of Urban Households and Rural Households for Static

Models

Percentage of
Total Revenue

Percentage of
Total Revenue

Increase in
Percent Rural

Scenario Collected from Collected from Comments vg:;?g:lﬁigiy“
Urban Households | Rural Households (80/20, 70/30) (%)
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
70/30 769 231 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 (5.7,5.2)
Negatively

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

Dynamic Models

Percentage of
Total Revenue

Percentage of
Total Revenue

Increase in
Percent Rural

Scenario Collected from Comments Households Pay
Collected from .
Urban Rural Households versus Scenario 4
Households (80/20, 70/30) (%)
Horizontally
Dynamic Scenario Equitable under
480720 748 252 Scenario 4 80/20 (0.-0.9)
Assumption
Horizontally
Dynamic Scenario Equitable under
470/30 739 26.1 Scenario 4 70/30 (0.9,0)
Assumption
Dy“am'clsce“a“" 725 275 (2.3,1.4)
Dy“am‘czsce“a“" 69.8 30.2 (5.0,4.1)
Dvnamic Scenari Rural Households
y °3 cenano 69.2 30.8 Affected Most (5.6,4.7)
Negatively
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Table 64. Total Revenue Generated by Urban Households and Rural Households

Total Revenue Total Revenue Total Revenue Difference in Total
Generated from Generated from Generated from Revenue
Scenari Either State Gas Either State Gas Either State Gas Generated by
ce 0 Tax or VMT Fee Tax or 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
Dy“am'clsce“a“" 2,515,974,912 1,823,514,940 692,459,972 1,131,054,968
Static
20,390,974,912 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
Assumption)
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
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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 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

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

Table 66. Dynamic Scenario 1 Annual VMT

Total VMT for All
Household Income Households Total VMT for Urban Total VMT for Rural
Level ($1,000s) Households (miles) Households (miles)
(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
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Table 67. Dynamic Scenario 2 Annual VMT

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

Table 69. Dynamic Scenario 4 under 8§0/20 Assumption Annual VMT

Total VMT for All
Household Income Level Households Total VMT for Urban Total VMT for Rural
($1,000s) Households (miles) Households (miles)
(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
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Table 70. Dynamic Scenario 4 under 70/30 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

12,933,768,333

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 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)

Households Dynamic Dynamic
Considered State Gas Dynamic Dynamic Dynamic Scenario 4 Scenario 4
. . Tax Scenario 1 | Scenario2 | Scenario3 | under 80/20 | under 70/30
in Ranking . .
Assumption | Assumption
All 6 5 3 4 1 2
Urban 6 5 3 4 1 2
Rural 6 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 V
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 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

e Establish Horizontal Equity: As explained in Chapter [V, 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.

e 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.

e 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
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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.

e 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.

e Generate additional revenue to address mobility and infrastructure needs: Though
likely not popular, this goal could be achieved under Scenarios 2-4.

e 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.

e 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.

e 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 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 with a VMT fee system. It was
assumed that the GPS and service station equipment installed up-front would span the whole 22
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years ranging from 2009 to 2030, which encompass the analysis timeframe. Likewise, the
assumption was made that the gasoline-run household vehicles included in the filtered, weighted
data used in this analysis would shoulder the entire burden associated with increasing the
revenue available for the transportation infrastructure. Distributing a portion of the burden to
vehicles running on a form of fuel other than gasoline—which largely encompasses heavy
commercial vehicles—may be a more equitable scenario.

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.

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.

Also, future research should consider what portion of the burden should be placed on
gasoline-run vehicles in working to increase the revenue available for the transportation
infrastructure. Although gasoline-run vehicles contribute significantly to the total number of
vehicle miles traveled, heavy commercial vehicles powered by fuel other than gasoline may
impose more damage per mile driven due to higher vehicle weights. Analysis into what a fair fee
distribution would be and how it could be enforced would help to address important issues
related to VMT fee equity.

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
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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

B R | it e E Wi Bt & BT Bk W

HATIONAL HOUSEHOLD TRAVEL BURVEY

Talephonsa [CATI) Guestionnalre

[ SECTION 4 TELEPHOME NUMBER SCREEMING |

Al
Helia, this is {INTERMIZWERS NAME] and I'm caling for e U 5. Depariment of Transporation. We ars
conducng the Katianal Housenok Travel Sureey.

[REZIDENTIAL) [BUSINESS)

Ae WOl @ MEmDer of this housahiold Ig this pnone number usad for.

and at least 13 YEars oid?

[41_GUEST] [PHOMEUSE]

YES . | GOTOBUSNESS  HOMEUSE. .. 4 GOTOBINTROD
MO e 2 GO TO A2 Home and business use, or.. § @0 TO BINTRO
PACBASLE BUSINESS .. .. 3 GOTOSUSMEIS  Busnessussonhy®. .. 6 GO TO THANKD:
AMEWERING MACHINE ... AMGOTOREADMSG  GOTORESULT ... GT GOTORESULT
RETRY AUTCDIALER.. .. ... AT G0 TO AUTODIALER

NONWORKING,

DISCOMNECTED, CHANGED. NW GO TO WORK A CASE

GOTORESULT .o BT GO TORESULT

[HOME U3E EXCLUDES MOTELS, HOTELS, GROUP QUARTERS SUCH A5 NURSING HOMES,
FRISONS, BARRACKS, CONVENTS, MONASTERIES AND UNITS OF 10 » UNRELATED RODMMATES.|

A2, May | please sp2ak wih a housenold member who 15 at least 15 years old?

SRAVAIL)
AVAILABLE ... 1 GOTOA4
NOT AVAILABLE 2 GOTORESULT
THEREAREMONE. .o, 3 GOTOAZ
GOTORESULT . BT GO TORESULT

[HHj MEMBERS INCLUDE PEOPLE WHO THIMK OF THIZ HH 4% THEIR PRIMARY PLACE OF
RESIDERCE. INCLUDING PERSONS WHD STAY IN THE HH BUT ARE TEMPORARILY 2WaY ON
BUSINESE, VACATION, OR IN & HDERITAL. IT DOEE HOT INCLUDE SOMEONE JUST VISITING,
SUCH A% & COLLEGE STUDENT WHO RORMALLY H&S BEEM LIVING AWAY AT SCHOOL]

A3 [IFREZFONDENT I3 A CHILD, &5K FOR AN OLDER HOUSEHOLD MEMBER.]

[SUNDRAGE)
RO ONE LIVING [N HH 15 18 OR
OLDER oo e 1 END&CCODEE
THERE ARE HH MEMBERS 18 OR
OLDER oo e 2 GOTOAZ
GOTORESAT oo BT GOTORESULT

- FIMNAL — Di=cemiper 2003 -—
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HATIOMNAL HOUSEHOLD TRAVEL SURVEY
HOUSEROLD SCREENER INTERVIEW PAGE 2

A4 Hallo, this is {INTERVIEWER'S NAME} and I'm calling for the U5, Depeartmant of Transportziion.

We are conductng the Nallonal Housenold Trawel Survey. Are you @ member of this nowsenoid
and a1 kzast 13 years olg®

[BRELIGZ)

YES
WO ... REPEAT AZ [S34)
0 TO RESULT @0 T0 RESULT
REFUSED... . T GO TOREFUSAL NIRF
DO HHOW G0 TO REFUSAL NIRF

|& this phone number usad for....

[FHOMEWSE]
BOME UEE, e 1
Home and Buslness wse, or_. 2
BUSINESE USE ONYT ... .3 GO TOTHANKD!
GEOTORESULT oo GT  @0TORESULT

SECTION B VEHICLE DATA

BINTRD The pumpose of this sureey Is 1o undersland your ravel, help reduce congestion and Improve

ranspartation satsty In {ADD-ORSQUT 3rea),
four parficipation Is voluntary, and your anewers will be compiily configential,

{[IF ASKED: The survey has been authorized by Tifle 23 Unitad States Cods. The OMB
EiSArsnca MUMBar k2 F125-0545 with an sxpiration dats of February 28, 2011.]}

To hglp LS Understand e Mngs Inat Impact your ravel choloes, | Rave A 'ew URsTanE abaut
your housenold. Inchuding woursss, how mary peogie Ive In your housshokd? Fleass do not
InCiuce Fryane Wh USLATY e Somewnane 2is2 or |5 Just visiting, such as 3 collzge stument
away al schoal.

[HHHUMPPL)

Are any of hese peaple related to 2ach ofher?

[HHRELATD)
YES 1
MO ... w3 GO TOTHAMKIDZ
REFUSED 7

DONT KHOW -3

-—-FINAL — Decemiber 200 —
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHOLD SCREENSR INTERVIEW PAGE 3

B1.  How many vehicles are oanso. [eas20, or avallable for ragular use by ine peopls who cumantly

lve In your Rousencld? Please be sUre 10 INClUge mOtarcyoles, Mopeds and RS,
[HHHUMVEH)

IHCLUDE LEASED OR COMPANY-IWHED MOTORIZED WEHICLES IF THEY ARE UWSED BY
HOUSEHDLD MEMEERS ON & REGULAR BASIS ]

Bz
{l nave a few ﬂLEE“:II'IE aoou eacn of theses venides. Lel's slart with the mewes! l."Ef'lI:E.:' Whalls
e make, modal ard year of this wahicka?
EEY MRS MODEL YEAR e
(MAKEALPH) [MAKECODE) (MODLCODE) [VEHYE&R) (VEHTYPE)
0
02
03
g
05
thnr 93
(VMATE) What type of verice s 17

[VEHTYPE)

1. AUTOMOBILSCARSTATION WAGON 4. PICKUP TRUCK

2 VAN [MINI, CARGD, DASSENGER] & OTHER TRUCK

3 SPORTS UTILTY VEHICLE £ RV |RECREATICMAL VEHICLE]

[ERONCIE, BLAZER, ARUNNER, 7. MOTORCYCLEMOTORSIKE
FATHFINDER, JEER, ETC ] 7. OTHERT [VEHTYDS)
{SPECIFY)

Bd. | have recorded {SCRN VEHICHT] venicles.

Are theee al of ihe venizies hat are avalabie 1o the FE{:F‘E that {!.II'I'EFI"} lve In. wor

Pousehoid?

[VEHIYN)

1 GOTCCT
2 RETURN TC MATRIX

GOTORSSULT ...

- FINAL — Depemiber 2008 -—
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HATIONAL HOUSEHOLD TRAYVEL SURVEY
HOUSERCLD SCREENSR INTERVIEW

PAGE 4

SECTION C: PERSOMN DATA FOR EACH HOUSEHOLD MEMBER

1. Mow | hawe a few questions about your home. Do you ve In a..

|HOMETYPE)
Single tamily desached Nouss, ... 1
Single tamily attathed howss, ... 2
A bulding with 2 or maore spanments
OF COMADE, O o 3
A mabllz hame or raller?, 4
BOAT, RY, WM, ST e z
DORM ROCM, FRATERNITY OF
SCRCRITY HOUSE. oo £
OTHER, [HOMETY O3} o.oooo oo a7
[SPECIFY)
REFUSED 7
COMT RMOW oo -8
c2 s waur nome owned or renbad?
|HOMEC'WH)
a1 o 1
REMTED oo z
OCCUPIED WITHOUT PAYMENT OF RENT 2
OTHER [HOMECVOS) oo a7
[SPECIFY]
REFUSED 3
DOMT RHOW oo 3

SE1. How many manths of the year oo you lve In {FondaAizona)?

[FL1, &Z1)
NUMBSER OF MONTHS

SE2. How long ago did you mowe 1o this home?
[FL2_YR, FL2_MO. AZ2 ¥R AZ2_MO)

WUMBSER OF YEARS ..o, 11
WUMSER OF MONTHS ... ... [
REFUZED ..o I
DO T BNOW ..o -8

- FIMAL - Decemiber 2003 -
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HATIONAL HOUSEHCOLD TRAVEL SURVEY
HOUSEHOLD SCRZENSR INTERVIEW

PAGE 5

COSTIPRICE OF HOME
QUALITY OF HOME...
HOME OR LOT SIZE.
SCHOCL SYSTEM... ...
NEIGHEORHOOD QUALITY ... ...
COMVEMIENT TOWORK ...
COMVEMIENT TO SCHOOL ...
COMVEMIENT TO RETAIL
{SHOPPING, ENTERTAIMMENT,
RESTALRANTS)
CLOSE TO FRIENDS & FAMILY ...
CLOSE TC PUBLIC TRANSPORTATICN
CLOSE TO SCENIC LOCATIONS
(BEACH. LAKE. GOLF COURSES) .
OTHER [FL3A_O,AZ3A_O)....._..
[SPECIFY]
REFUSED.. .o
DO BNOW oo

COSTIPRICE OF HOME ...
QUALITY OF HOME ..
FOME OR LOT SIZE
SCHOOL SYSTEM oo
KEISHBORRDOD QUALITY.
COMVEMIEMT TO WORK .
COMVEMIEMT TO SCHOOL ...
COMVEMIENT T RETAIL

(SHOPRING, ENTERTAIMMENT,

RESTAURAMTS) oo
CLOSE TO FRIENDS & FAMILY ...
CLOSE TO PUBLIC TRAMSPOATATION
CLOSE TO SCENIC LOCATIONS

(BEACH, LAKE, GOLF COURSES) .
WO OTHER REASON. ..o
OTHER (FL3B_0, 4238 0. ...
[SPECIFY)
REFUSED. ... ...
DO T RO e
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SE3a. What I the most |IT|:I:IF.3F|I FEEE0m ol ghose waur purremt home Iocation®
[FL3A, AZ38)

B T R

SE3D. Were there any ofher Impartant reasans? CODE LR TO 3 THAT APPLY
(FL3B1-12, 537, AZ3B1-12, 37 — YERNO VARIABLES)
(FLIBART-Z, AZZBART-2 — ARRAY VARIABLES)
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHOLD SCREENSR INTERVIEW

PAGEE

OOSTPRICE OF HOME ...
QUALITY OF HOME . e
HOMECRLOTSIZE ... ..
SCHOOL 3Y3TEM.........
WEGHEORHDOD QUALITY
COMNEMIEMT TO WORK
OOMVEMIENT TO SCHOOL ...
COMNEMIENT TO RETAIL
(SHOPPING, ENTERTAIMNMENT,
RESTAURAMNTS) ..o i
CLOSE TO FRIZERDE & FAMILY ... 9
CLOSE TO PUBLIC TRANZPORTATION
CLOSE TO SCENIC LOCATIONS
{BEACH, LAKE, GOLF COURSES). 11

sl BN RN B £ B3 e

HAVE ROOTS IN COMMUNITY ... 12
MOVING IS TOO DIFFICULT.._____. 13
MOVING IS TOO EXPENSIVE ... 14
OTHER [FLAA O, AZ48 0. ... a7
[SPECIFY]

REFUSED. .. ... ... 3

DeOMT KMNOW

COSTWRICE OF HOME .. ... ...
QUALITY OF HOME ...
HOME OR LOT SIZE.
SCHOOL SYSTEM .o
NEIGHBORHOOD QUALITY... ...
COMVENIENT TO WORK
COMVEMIENT TO SCHOOL .. ...
COMVENIENT TO RETAIL

{SHOPPING, ENTERTAINMENT,

RESTAURAMNTE) ..ooo—oooooeeoee
CLOSE TO FRIENDS & FAMILY...._.
CLOSE TO PUBLIC TRAMSPORTATION
CLOSE TO SCENIC LOCATIONS

{BEACH, LAKE, GOLF COURSES) .
HAVE ROOTS IN COMMUNITY ...
MOAING 15 TOO DIFFICULT..
MCATIMG 15 TOO EXPENEIVE.
WO OTHER REASONS ... ..
OTHER [FL4B_O, AZ45_0)........
[SPECIFY)
REFUSED. ... ...
DM RNOW oo
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SE4a. Winat Is the most Imparant reason you hava stayed In your current home?
[FLEA, AZ44)

]

SEAD. Were there any other Imparant reasans? CODE LR TO 3 THAT APPLY
(FLAB1-15, 57, AZ4B1-15, 57 — YESND VARIABLES)
(FLEB&R1-3, AZ4BART-3 — ARRAY VARIABLES)
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEHOLD SCREEMSR INTERVIEW PAGET

5. Please tel me your first rame, age and gender,
[FHAME. R_AGE R_SEX)

FIRST MAKE:
AZE:
GENDER: [M=MALE, F=FERALE]
7
DM KHOW . B
CE. Are you of Hispaniz, Labing, or Spanish origin?
[HH_HIS®)
YEZ 1
) 2
REFLZED.. 7
COMT KMOW -8

7. I'mgoing to read & list of races. {In addiiion to being Hispanic, pleasa/Pleass} il me which begt
degcribes wour racs. Are ..

[HH_RACE)

VAINEE, e 1
African Amencan, Black, . 2
ABlan, .. .3
American Inglan, Alaskan Nathe., ... 4
Natlve Hawaran, or otner Pacing
T = z
KULTIRACIAL ... g
HISPANICIMEXICAN 7
OTHER (HH_RACOS) ..o a7
[SPECIFY)

REFUSED. ... 7
DT B e -3

CE. Pleass tel me Ihe irst name and age of everyane Iving In the housenalo

[Nt ks [FHAMEIAGESEX OF MEXT HHMYS relstionsnip 1o {youFNAMERZEISEY OF 1%
SCREEMER REZPOMDENT)Y]

{[Are youls [FRAMEIAGESEX]] a drivarT}

1
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HaATIONAL HOUSEHCLD TRAVEL SURVEY
HOUSEHOLD SCREENSR INTERVIEW PAGE S

[Have youHas FNAME/AGE/ZEX]) ever besn 3 driverT)

[ENTER &AGE &3 0 FOR EVERYONE UNDER ONE YEAR]

[1=YES, 2=N0]
|FMAME) (R_ACE) [R_SEX){SCRESP) [R_RELAT}  (DRVR) [EVERDROV)
FIRSTNAME AGE WF  XBYSCREENER  RELATIONSHIP 7O ORIVER  EVER
RESPONDENT — REFEREMCE PERSCN
o1
oz
o3
o2
05
thnr ag
1. REFERENCE PERSON 5. BROTHER/SISTER
2. BPOUSE & OTHER RELATIVE
3. CHILD 7. UNMARRIED PARTHER
4. PARENT B NOM-RELATIVE

T3 Inave resorded {SCRMN.SELCTONT] {peopiapersan). Have we missed anmyane s who usually
Ilvas thera bt ks temporarily away on business, vacation, or in the nospital?

{C3_QUEST)
KUMEER OF HOUSEHOLD MEMBERS IN
WMATRIX CORRECT .o 1
RETURMN TO MATRI 7 SKIP TOMATRIX
GO TORESLAT .. GT GOTORESULT
C10.  Going back to the ages of the members of your househald, |6 [FMAMEIAGESEX] 1E years ar
olger?
[AGERANGE)

YEZ (13 OR OLDER) e 1 GO TOBOX BEFORE Ca
2

-1 GO TOBOX BEFORE Ca

-8 GO TDBOX BEFDRE Ca

50203, |5 (PHAMEAGEISEN) between S ang 15 years oid?
{AGESPLUS)

YES (5-16 YEARS OLO). 1

DONT KNOW .. B

Ca.  {DoyouDoes FMAME/AGESEN]} have a jonT
[WREKR)
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSERCLD ZCRZENSR INTERVIEW PAGE 2

M7.  What Is the highest grade or year of schodl {you have/FNAMEIAGE/SEX has } completad?
(ECUC)

VOCATIONAL, SUSINESS OR TRADE SCHOCL)
BACHELOR'S DEGREE (FOR EXAMPLE, BA, AB, ES)
GRADUATE OR PROFESSIONAL SCHOOL DEGREE (FOR EXAMPLE, M#A, M3,

C1Z. [Mow, about the housshold veniziels) vou told me about eanler] who dives e (VEHYEAR,
WMAKECODE, AND MODLCODE) most of the tma?
[WHOMAIN)

[IF K3 MAIN DRIVER, ENTER 29]

L1
MO AN DREVER ea
REFUSED -7
DON'T KROW -8

C13. Shoud {FNAME/AGESEX]) have besn recorded &= & driver?

{C13_DRVR)
5= S 1
NO..... .2
REFLIZED.. T
DO T BNOW .o -3

C22b. Does the (WVEHYEAR, MAKECODE, AND MODLOCDE] have 3 commercial Icense plate?
(VEHCOMM)

[IF NEEDED: Commercial license plabes are obtalned ¥ you registered your vehice 35 3 business
vehicie.]

DONT KNCW -5
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HATIOMNAL HOUSEHOLD TRAVEL SURVEY
HOUSEROLD SCREENSR INTERVIEW PAGE 10

C22c. 15 It a hybrid or altemative Tual use venile?
[HYBRID)

[EXAMPLES OF ALTERMATIVE FUELS INCLUDE:
ETHARCL, BICTIEZEL, MATURAL GAS, PROPAME, HYDROGEM]

1

DONT KNOW -3

C15  How many home telephane numbers do2s your househald hawe In addiion o {BASE BASEAREA,
EASE.BASEEXCH, BASE SASELCCLYT

[{OTHRPHOM)

NUMSER OF ADDITIONAL HOME TELERPHOMNE

C1E. How many of thess {OTHRPHOM] felephone numbers exciuding cellular phones are used
BHHUBMl]‘ for business, Tax or compuier modems?
[NONVOICE)

WUMSER OF TELEPHOME

1 | GOTOBOKEEFOREDT
-7 GO TO BOX SEF0ORE D1
-3 &0 TO BOX SEF0RE D1

Ci7. Isthat '.EFEF*H:FE numser used E:ﬂl:iUEh'EI_'g' for business, fax or I}EITPIJIE' madem?
[MONVDXT)

SECTION D. DIARY REQUEST

Di.  Understangding {your iraveliravel by wou and each member of your housenald) Is very Important Tor
Improving Transporiaion In your ared. We would [ls 1 sand {yoweach of youl a diary for you io
record your travel for |ust one day [TRODATE]. The dary packst we mall vou will Include 3 smal
manstary Incentive, Information about e study, and your g (dlany'dianes].
|Dv_GUEST)

CONTINUE... ... ...
RESPOMDEMT UNSURE
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HATIOMHAL HOUSEHDLD TRAVEL SURVEY
HOUSERCLD 2CRZENSR INTERVIEW PAGE 11

o2

DE.

This shudy |5 vital 1o reducing congestion and improving transgoralion safely. We want fo maks
sure thal your househald k= represented In tils IMponant survey. Mo one alss can subshbuz for
¥, WAl ¥ou help the Department of Transpartation by pariicpating in fhis nadonal survey?
|D2_QUEET)

AGREE TO PARTIIPATE

In order to mail the fdiaryidianies) to you, | need to varlly that your adoress Is...
[MAILADDR, MAILAPT, MAILCITY, MAILSTAT, MAILZIR)

STREET ADDRESSE APT 2

CITToWM STATE ZIF CODE

In order to mall the {dianydiaries} o vou, could you please t2ll me your malling adoress?
(MAILADDR, MAILAPT, MAILCITY, MAILSTAT, MAILZIF)

STREET ADDRESS ART =
CIT T o ETATE ZIF CODE
i N T
DO T RO .o, -3
I=this yaur rome adoress?
[HOME)
YES ... 1
MO ... . 2 GOTOD3
REFLISED. . 7 GOTOD3
DOMT RO e -4 BOTOD2
STREET ADDRESS:
APARTMENT MUMBER:
CITY:
STATE
ZIP CODE:

AECORD IF THE STREET ADDRESS DISPLAYED 15 A
(D7_GUEST)
NORMAL STREET ADDRESS [MOT A
PO 50X, RURAL ROUTERR,
RURAL DELIVERY/RD, CRRFD]. ... 1
PO BOX, RA, RO, ORAFD oo 2
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HATIONAL HOUSEHOLD TRAVEL SURVEY
HOUSEROLD SCRZENSR INTERVIEW PAGE 12

Da.

o3

Do

To whiam should we address the envelopa?
(MAILFHAM, MAILLMHAN]

FIRST KAME LAST NAME
REFUEED -7
DOMT EROW ..o -8

Travel pattems are affectad by where peopls chooss to Ive. | Is Important that we get at l=ast a
gereral location of your nousshoid. (Weould vou pleass give me e name of Mie sirest or mad you
ive onT}

|HHRDA)

[IF KEEDED: Traneportation planners use data from this survey to assess curment travel
jpattarnia and anticlpats new ones. Thees pattarns ars affected by whars peopls chooss to
Tve.]

FIRST CROSE ROAD
{And whal s the name of the nearast Intersecling sinest or road T}

=
==
A
B

SECOND CROSS ROAD

DOMT EMOW....

WiNat 15 the ZIP Coe Tor WhETE your Nome 15 lacaled?
[HHZIR)

[IF HEEDED: Traneporiation plarmers use data from this survey te assess current travel
pattarna and anticlpate new ones. These patbarns are affectsd by whare peopls chooss to
IHve.]

AEFISED ., -7

In what barough or county oo you [ha?
|COUNTY)

97. OTHER, [SPECIFY) [CHTYNYOE)
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HATIOMNAL HOUSEHOLD TRAVEL SURVEY
HOUSEHCOLD SCREEMSR. INTERVIEW PAGE 13

D11.

Diz.

Did

we will mal the {diary/diaries} to you In a few days and wil call you agaln on {REM1DATE], to
make sure vou have rzcelved vour [danydarize! and answer any questions.

Then we will <3l 1o 3K about vour travel on {SEGCDATE:. Whal would be 3 good Ime 1o reach
vou?

DATE - -
[HACALLIM) (HACALLDD)  (FHCALLYY)
WMONTH DAY YEAR

TIME:
[HACALLAR) [HACALLMN]  (RACALLAR)
HOUR MIKUTES AP

Winen we &3l back o colect wour {||Ef} Informatian, we Wil not &=k o EFE\EI‘H’! amyore under 16
years aid, but we waul ke to ask about thelr sravel. Wha would be the best persen to give he
infarmation about them?

[WHOPROXY)

1

Thank you for agreeing to take part in this Imporant nabional fravel study sponsored oy the
Deparment of Transpanation. {Fieass el the oher members of your housshoid o imparant
melr pariigipation 15} We laok Torward 1o talking with you again.

TERMINATIONS:

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

This Is {NTERVIEWER'S MANME] calling far the Mational Househald Travel Suresy that habelr‘g
conducied by e L3, Depaniment of Transporiation. We would s 1o 3k 1-Er]fl:l.l abaut you
housencld's ravel. Your pariicpatien = exremely Important to the success o E»sur'.-e;'. 1'.re wil
Ty b0 reach you 3gan in the next few davs.

THANK D1 Thank you, but we are anly intendiewing in private reskdencas.

THARKE 02 Thank you very much. Thosa are all the guestions that | have at this ime.
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APPENDIX B

2009 NHTS EXTENDED INTERVIEW

MATIONAL HOUZEHCLD TRAVEL SURVEY
EXTEMDED INTERVIEW PAGE 1

HATIONAL HIUSEHOLD TRAVEL SURNEY
Talspnons (CATI Guestionnalre

EXTENDED INTERVIEW

| SECTION E: TRAVEL TO WIREK

INTROZ. Hello, may | please speak to {SUBJECTAWHOPRCXY (WHOPROXY 13 THE PROXY FOR
SUBJECTIAGEISEN))?

[Hidlo, this ks {INTERVIEWER'S MAME} and | am caling Tor the LLS. Departmen? of

Transporiation. Ve recently spoke with {SCRESP) about the National Housshaid Traved
Sureey. WeTe cailing back now to compiete e Inaniew.

SUBJECT SPEAXING/COMING TO THE PHOKE.. . 1 GOTOET
SUBJECT LIVES HERE, NEEDS APPOINTMENT. . 2 APPT SCREENS
SUBJECT KNOWH, LIVES AT ANOTHER KUMBER. 3 RECORDM1
MEVER HEARD OF SUBJECT .o 4 CHECENO

TELEFHOME COMPANY RECORIING 3 RECORD

AMNIWIRING MACHINE ... ... : AN G0 TOREADMSG

RETRY AUTCDIALER . BT GO TOAUTCOIAL
EO T REEILT e GT GO TORESULT

RESTARTZ. Halin, may | please speak io {SUBJECTIWHOPROXY)?

This Is {INTERVIEWER'S MAME] and | am caling back for the .S, Depariment of Transportation.
Ve recently spoke with {yowWSCRESF) about the Nafional Household Travel Survey. We're calling
Dack now b {?ﬂl’l’pHE e Inbaniew.

SUBJECT AVAILABLENCOMING TO PHOME . ... 1 GO TOET (EZ]
SUBJECT LIVES HERE - MEEDS APPOIMTMENT. . 2 APPT S3CREERE
SUBJECT KNOWH LIVES AT AMOTHER MUMBER . 3 RECORDM1
MEVER HEARD OF SUBJECT ... .. 4 CHECERD
TELEPHOME COMPANY RECORIIMG . .. 3 RECORD
AMNIWIRING MACHINE ... ... : AN G0 TOREADMSG
RETRY DIALING ... BT G0 TOAUTCOIAL
EO T REEILT e GT GO TORESULT

El. [fOU ARE IM {SUBJECT 'S NAMEIAGESEXRTS CASE]
[PROXY)

FUBJECT e 1
PRITEY e .2
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MATIONAL HOUSERCOLD TRAVEL SURNVEY
EXTENDED INTERVIEW PaGEE2

EZ. A couple of weeks ago we spoke wilh {yowSCARESS) about the Mational Househod Traved
Survey. We sent you 3 dlany 1o recond your ravel on {TRODATEY. I'd ike (o collect (yvour'SUSIECT )
Informaticn now.
Lets san wilh some genaral questions aboul {yow SUBJECTY
IF MEEDED: Al of your answens wil b2 kept configentlal; your paricipadon |s volintary.)
L3.  Inthe past wesak, now many Smes did {yowSUBJECT] ke a walk outsioe Including walkng the
ﬁ:lﬂ and walks “or exercikEe”
HWALKTRD)

WALKS OUTSIDE IN FAST WEEK.. ... 1

REFUZED
DONT KM

LCA1. And Inthe past week, how much fotal tme did {yowSUBJECT]) spend walking?
(CAT_HR, CAT_MIM)

L4 Inthe past wesk, how many fimes did {youSUBJECT] ride 3 blovdle outsioe Including bicycing

for exenise?
[HBIKETRP)
BIKE RIDES oo Ll
FEFUSED oo 7
DONT KMOW. -3

LCAZ  And Inthe past wesk, how much tolsl tme olg {yowSUBJECT) spend bikng?
[CAZ HR, CAZ_MIM)

MINUTEZ ...

REFUZED.
DONTEMOW -3
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MATIOMAL HOUSEHOLD TRAVEL SURVEY

EXTEMDED INTERWIEW PAEE 3
LCA3 Ware 2zy of these bike rides {yowSUBTECT} took...
YES HO REF DK
a.  Onthe way 1o or from wark T (LCAS &) 1 2 i -3
b, Onthe way 1o or from publc rareporation? (LCAS_B) 1 2 -7 -3
c. Sscorting chlidren toar from schoal? [LCAS C) 1 2 -7 -3
d.  Running emands or Enopping® (LCAT_ 1 2 -7 -3
e Foreanclse? (LCAL_E) 1 2 -7 -3
. Toexsrdse ine dog? (LCAS_F) 1 2 -7 -3
g. Forany olher reasans? [SPECIFY]: (LCA3_G) 1 2 i -3
|LC&3 OTH)
LCA4 Mow I'd lke you to think about things Tat may kesp you Trom daing more biking. Pliease =i me i
arry of the following keap yow'SUBJECT] from daing mare blking? Would wou s3y I's because...
YES HO REF OK
a  fou'rs oo DusyT (BIKE_A) 1 2 -7 -3
b You have poor heann? (BIKE_B) 1 2 -7 -3
.. fou have no one o blve with? [BIKE_C) 1 2 -7 -3
d. There are no nearty pains or rals? |BIKE_DY 1 2 -7 -3
e, There are noi enougn bike or wide curk lanss? |BIKE_E) 1 2 -7 -3
I There are na sidewalis or the slidewalks are In poor condHion 1 2 -7 -8
(EIKE_F)
g. ISreslcrossings are unsafe?® (BIKE_G) 1 2 -7 -3
h.  Thene ars no shops or athar Interesting placss 1o ga? 1 2 -7 =
|BIKE_Hj

. There are not encugn people around? (SIKE_[) 1 2 -7 -3
| Youtear sirest crime? [BIKE_J) 1 2 -7 -3
k. There are (oo many cars? (BIKE_K) 1 2 -7 -3
. Offast afe? [BIKE_L) 1 2 -7 -3
m. ZFalr poliution? [BIKE_M) 1 2 -7 -3
M. You have oo many hings o camy? (BIKE_N) 1 2 -7 -3
0. fouhave smal chilgren along? [BIKE_O) 1 2 -7 -3
p-  There k= notenougn light at nignt? (BIKE_P) 1 2 -7 -3
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MATIONAL HOUSERCOLD TRAVEL SURVEY
EXTENDED IMTERVIEW

PAGE 4

LCAS

{TonSUBIECT} mentoned that you walked cutside in the past waek. Ware azy of
tase walks {youSUBIECT]) toak ..

¥ES MO REF DK
a  Towak or exercise the dog? (LCAS_A) 1 2 7 3
b Onthe way o or from wank T [LCAS_B) 1 2 7 4
¢ Onthe way o or from pubilc fransporiation” [LCAS C) 1 2 7 3
d Escorfing chiidren to or from schoal? [LCAS D) 1 2 7 3
e Running amands or shopging? [LCAS_E) 1 2 7 3
t  Forexercise? (LCAS_F) 1 2 7 4
g Forany other reasons? [SPECIFY]: (LCAS_G) 1 2 7 3

[LCAS_OTH)

LLCAR. Maw d lke you to think albout fnings Mak may keap you rom doing mere walking. Pleass tell me i

any af the following kesp {yow'SUBJECT] from daing more walking? Would you 53y If's DEcause. .

FEZL MO REF DK
A Youreinobusy? [WALK_A) 1 2 7 4
b.  You have poor heakh? (WALK_B) 1 2 7 3
C You have no one to walk win? (WALK_C) 1 2 7 3
d There ars no nearby patns or trals? (WALK_D) 1 2 7 3
& Thems ars no neary parks? (WALK_E) 1 2 7 4
f.  Them are no sidewalks or the sioewalks & In poor condiion™ 1 2 7 3
[WALK_F)
g Street crossings are Unsale? (WALK_G) 2 7 3
h.  There ars no snops or olher Inssrssing placss o go7? 2 -7 -3
[WALK_H)

. There are not enough peaple walking around? (WALK_I) 1 2 7 3
| Youfearsirast crimeT (WALK_J) 1 2 7 3
K Thems ars foo many cars? (WALK_K) 1 2 7 4
I Offasttraic? [WALK_L) 1 2 7 3
m.  Of alr polktionT [WALK_M) 1 2 7 3
N Streels are too wide? (WALK_N) 1 2 7 3
o Youhave tings to camy? (WALK_O) 1 2 7 3
p.  Youhave smal children along? (WALK_P) 1 2 7 3
g There s not encugh light at nignt? (WALK_Q)
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MATIONAL HOUSEHCOLD TRAVEL ZURVEY
EXTEMDED INTERVIEW

PAGE S

EWAE. Thinklng aoul vour area, pieass 1=l me IF you agree or dsagres with the folowing staisments

about walking and tlling.
[EviAga-Evaed)

AGREE __ DISAGREE REF DK

a. Improving bicycke and walking faclities I a good Investment 1 2 7 B

b. | would walk more If skdewalks were better 1 2 7 &

c. Improving bicysle and walking fachibies Is mportant bo help reduce 1 2 T 8
traffic congestion

g | wouid blke mare ¥ fhe blie faclifes were better 1 2 T 8

GO TOBOX BEFOREEa
GOTOBOX EEFCREER
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E3.  During mas? of last wesk, (were youiwas SUBJECT]...
[PRMACT]
L A 1
temparanly absent fram 3 job or business, . 2
([T (o 3
& homemaksr, .4
naing ha 6ehool, 5
refired, ..o . B
of doing something else? .7
REFUEED ... 7
DM T EMOW -
E4.  Lastwesk, dd {youSUSISCT) do any wark for eiher pay or profi?
[PAYPROF)
= T 1
[ [ - 2
REFLEED -7
DM TEMOW e -8
Ea.  {Areyou'ls SUBJECT] sef-employed?
[SELF_EMP)
= T 1
[ [ o -2
REFUEED .. -7
OONTEMOW -3
E5.  {Do youwDoss SUBJECT) work.. [& full time [ob le at least 35 hours par week.]
WKFTFT)
TUB-IME, O e 1
par-ime? ... .2
MULTIZLE JOBS .. - 3
REFUEED ... )
DO T EMOW -8



MATIONAL HOUZEHCLD TRAVEL ZURVEY
EXTEMOED INTERVIEW PAGEE

E6. (Do youwDoes {SUBJECT]} have more than ane job?
[ET1JBELWK)
[F MEEDED: We mean mare than one employer, not just multiple job sites |

| = J—

ET.  |am gaing to read {somefour} cat=gonss of oooupalons. Fleass tel me whikch ona
(VOUNSUSJECT 'S} {primany} job fals under.
[JOBCATES - JOBCATAT)

SASE OF BEMICE. ... oo 1
Clerical or adminisiratlve sUppon, ... 2
Manufachuring. construciion, malntenance,

o TAMING. 0. oo 3

Professional, managerial, of fschnical? ... £

Ev. Sakes or Marketing, ..o
Clerical, Adminisirative, or Belal, .
Production, Construciian, Farming, o Transgort,
Professional, Managerial, or Tezhnkzal........
Parzonal Care ard Senices, o
Zome glher iype of employmeni? ...
(SPECIFY)

(TR QO S T L

=l

REFLUEED ... :
DONT KNOW

=i

do

E12.  Whatls the name of {your'SUSJECT'S} {employericompany) 7
[EMPLOYER)

[IF MEEDED: We &ra not golng to contact {youlSUBJECT] thers. Transportation plannars
are Interastiad In workplaca location bacauss travel to work often affects other dally traval.]

MAKE OF EMPLOYER

REFUEED ... :
DONT KMNOW

—- FIMAL WVEREION - DECEMSER 2004 —-

122



MATIONAL HOUSERCLD TRAVEL SURVEY
EXTEMDED MTERVIEW PAGET

E10. Whalls the sirest address of {youn SUBJECT S} {primary} workplace™
[WKSTHNUM, WKSTMAME, WKCITY. ]  WORKSTAT WORKZIP

[IF HEEDED: W& are not going to contact you fhare.  Traneporisflon planners are
Intaragted In workplace location becausa travel to work often affects ofhar dally travel]

STREST NUMBER STREST KAKE
cImY STATE ZIP CO0E
REFUSED . -T
DONT EMOW e -3

E11.  {We would ke to know the approsimate ioosfion of [pounSUBJECT'S) {primary] workplace.
Whal Ig the name of the sirest or road nearsst {WounSUSIECT'S] {primany} wirkplace 7}

{I have racardag that vour {primary} workplacs ks an...
(WHROAD)

[AKSTHAME}
FIRST ROAD:

{¥hat ks the name of the nearest Inferseciing street or road ™}
(WKROADT)

SECOND ROAD:

REFUZED
DONT KEMOW,

E13.  Would you please provide @ landmark Tat IS close 1o (yourhieher} {primary] worspiace? This
coui DE @ wal-inown buidng, pank, monument, or schaal.
[WHLDMRK 1-3)

[IF MEEDEL: Transportation planners ars Intarestad In workplace location because traval
b work oftan affects othar dally ravel ]

WAME OF A LANDWASE

REFUZED
DONT KMNOW
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MATIORAL HOUSEACLD TRAVEL SURNVEY

EXTEMDED INTERVIEW

PREE S

Ei4.

Eis.

E16.

What Is the one-way clstancs from {yourSUBJECTS) home to {yourhisher {pimany}

wariplace?

[DESTTOW, DISTUNIT)

[IF LESS TH&N 1 BLOCE, ENTER O BLOCKS. IF LESE THAN 1 MILE ENTER A% BLOCKS ]
[“sMILE =2 BLOCKS
¥ MILE =35 BLOCKS
% MILE =7 BLOCHKS]

MUMEBER. ..o L
1 S — —
1= BLOCKS
2= MILES
REFUSED

DONTEMOW .o

Haow many minwizes dd It usdally jake (oW SUEISCT] v et rom noms o work [ast weei?

(TIMETCIVE)

MINUTES oo L
DID MO VWORK 14 USLIAL

WORFPLACE LAST WEEK ... 986 GO TOBOKEEFDREES
DID KOT WORK LAST WEER. 389 GO TO BOX SEFORE ES
REFUSED ... ... ...

DONTEMOW

=T

How did {yowSUBJECT] ususily gt Lo work 1360 waek™

(WRKTRENS)

[IF HEEDED: That s, the one usad for most of tha distance?)

PERSOMAL VEHICLES

MOTORCYCLE

LIGHT ELECTRIC VEHICL

EUS TRAVEL

LOCAL PUBLIC TRANSIT
COMMUTER BUE
SCHOCL BUSE
CHARTERITOUR BUS ...

CImY TO CITY {GREYHOUND

PETERPAN)

SHUTTLE BUS (SLICH A3 A SEMIOR
ORLAIRPORT SHUTTLE]) .o
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MATIORAL HOUSEACLD TRAVEL SURNVEY

EXTEMDED IMTERVIEW PAGE D
TRAIN TRAVEL
AMTRAKINTER CITY oo 15
COMMUTER TRAIMN oo 1E
SUSAYELEVATED. .. . 17
STREST CARTROLLEY 18
OTHER
TARICAD oo 19
= 0
3|
B
e B3
SPECIAL TRAMSIT FOR BE0ALE WITH
MHEABILTIES [DIAL-A-RIDE] ... 4
OTHERT oo '
[SPECIFY]
['WRETRKOE)
7
-

IF OUT OF RANGE, NEPLAY:
“ hawve recorded that {yowSUBJECT} usually {getigets) to work by [WRKTRAMNS).
{Your/Hia/Har} workplace b8 {DISTTOWEK, DISTUMIT} from homs and It fakas
{yous UBJECT} {TIMETOWEK] fo gat o work. Is that comect?™
(FSETCHE)

1 GO TOES

IF WO, DISPLAY “Okay, plaase |st me varily that Informakion.

E18.  How many pecple, Including (yourse®SUSJSCT]. wswally rods In M2 venice (35t wesk?
(CARRODE)

[IF & DID MOT WORK LAST WEEK ENTER 533.)

MUMEBER OF PECPLE ... 1
REFUEED ..o,
DONTEMNOW .

EVAL. {DoyouDoes SUBJECT] usually park fyourfisher} vaniske more Shan ane Black from {younalr)
workplace?
[EVaT)
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MATIONAL HOUSEAOLD TRAVEL ZURNVEY
EXTEMDED IMTERWVIEW

PACE 10

EVAZ How many minules doss i take [you'SUBJECT] to walk from where {you parkiheshe parks) to

Ivourthel} workplaoe?
[Evaz)
MUMEER CF KIMUTES L
REFUSED oo 7
T =
ES.  Forpublc ranslt like a bus, the surway, or 3 traln wo be 3 good option Tor

Eb.

{yourFNARERGE'SZEX's} commute, which of the following would ba most iImportant ta you?

VoK you
FLS, AZS)

For publc ransit ke & bus, the subway. or 3 raln 10 be 3 good aption Tor the tips {you

gay thafl Is...

A Closs fowork and home, ... ...
b. Faster than driving, ...
. Aeasonals I ooel, ..
d fﬂ:ll'lEl!".-Ef‘ﬂ:f’l:ﬂ'lll'l'E.-ﬂr.
& Fits your scheouie. .
REFUSED ... .
DONT MO oo -3

makeFNAMEIAGESEX makes) mast requantly, which of tne foliowing woukd be mast important
o you? Woud you say Tt I1's. .

[FLE, AZE)

d. Clhoess o work and home, ... ... 1
b. Faster than dhing, ... .2
C. Reasonalle Incosl... .3
d. Conslstently on time, or..... - 4
& Fits your scheouie. .. _ 5
REFUEED ... Ty
DT BMNOW e -8

Whal tme {do you'doss SUBJECT] ysugily armve at work?

[(WREHR, WREMIN, WRKAMPM — DERIVE WRETIME 45 HRCMINAKIPM)

L
-

1 =AM

2=Fi
REFLEED .. -7
DT RO e -5
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EXTEMDED INTERWIEW PAZE 11

EWA3. Which of fhe folowing best descrbes {younSUBJECT'S) cument work cheduis on a weesdy
bagisT Would you s3y...
(Eva3)

a. {l WorkSUBJECT Works} fe Same schadule
EvEny week, . 1
b. {) ofen work/ SUSIECT ofien works) a diferent
schnEcule Tram week i weet, ar ... 2
¢ {MySUBJECT S] work schagule -::hanges once
MEWRIET
REFLISED .
DONT KNOW

3
-T
-5

Ec.  {DoyouwDoes SUBJECT) have the abilty to 5=t or change your own slart work ime?
(FLEXTIME}

Ed.  {DoyouDoes SUBJECT] have the option of warking at home Instead of gaing Into your primary
WorpiEce?
[WHRMHM)

G0 TD BOX BEEFORE F1
50 TO BOX BEFORE F1
GO TO BOX BEFDRE F1

Ez0.  Haow many imes In the Ias7 manth @id {youSUBJECT] work anly &t hame Tor an endre work day
Inslead of travelng (o your usual {primany} workplace™
[WWHFMHNTCE)

REFUSED
DONT KEMOW
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MATIONAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED INTERWIEW PAGE 12

SECTION F - TRAVEL TO SCHOOL

Fi.  The Cepartment of Transpartation and your kcal community are interzsted In providing safe routes
10 BCNDOL My nExt questions Wil N2Ip Ioenitty lssusE hal children might face whilE ravelng 1o

school,
{Doze FRAMEIAGESEX Do youl attend a pubilc or private school?
[SCHTYPE)
PUSLIC . 1
.2
HOME SCHOOLED ..o 1 GEOTOSTHANK
RO M SCHOOL oo 4  GOTOSTHANK

FZ.  'What = the name of the schodl FNAKMEAGESEX attends’you alend?

[SCHHAME)

[BCHOOL NAME]
REFUSED oo T
DONT KROW oo -8

JIF MEEDED: ¥nowing the name of your child's school will help Ioentily lssues that chilgren might
face raveling w0 5Cnodl]

F3.  How far [does FNAMEAGE'SE) o you} Ilve from schoal™ Would you say. .
{DISTTOSC)

Legs than Samlle, .. -1
Batwasnafotemie, . 2
amille b T mie, .. 3
1miig to 2 miles, ar ..o .4
5
T

hore than 2 miks rom schaol ...

F4.  On most school days, {does FNAMEIAGESEX/ D you) go o before or afler-school cane outside

the home?

[8CHCARE)
BEFORE. oo 1
AFTER.. oo 2
BOTH .. 3
MEITHER. 4
REFUSED .. 7
DN KMOW oo 3

—- FINAL WYERSICHN - DECEMSER 2009 —-

128



MATIONAL HOUSEAHOLD TRAVEL SURVEY
EXTEMOED INTERVIEW

PACE 13

FE.

FB.

0 moet school days, now [does FNAMEWEESEN'0 you) usualy get io schoal?

[SCHTRM1)

PERSOMAL VEHICLES

MOTORCYCLE

LIGHT ELECTRIC VEHICLE {GOLF CART)
EUS TRAVEL

LOCAL PUBLIC TRANSIT

COMMUTER BUS

SCHOOL BUE

CHARTERTOURBUS ... .

STy TO CITY {GREYHOUNIPETERPAM)

SHUTTLE BUS {ZUCH AZ & SEMIOR

OF AIRPCRT SHUTTLE] oo

TRAIN TRAYEL

AMTRAKINTER CITY

COMMUTER TRAIM ..

SUSWAYIELEVATED . -

STREET CARTROLLEY . ..
OTHER

AlIRPLAME .
BICYCLE....

SPECIAL TRANSIT FOR PEOPLE WITH

CIZABILTIES [DIAL-A-RIDE]) ..o
OTHER ..o
[SPECIFY]

[SCRTRNTO)

Haow many peaple {does FNAMEAGESS:00 you) usualy [walk/bike] to school win?

[TOSCSEE)
NUMBER

REFUSED
DOMT BROW
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MATIORAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED INTERWIEW

PAGE 14

F7. O mast senool days, how jooes FHAMEIRCEISEN 0] you] usualy leave BEnoar?

FE

[BCHTRMI)

PERSOMAL VEHICLES

MOTORCYCLE

LIGHT ELECTRIC VEHICLE [GOLF CART)
BUS TRAVEL

LOCAL U

COMMUTER BUE.... ..

SCHOOL BUE... ..

BLUIC TRAMSIT .. ..

CHARTERTOUR BUS ...

ST TO G

ITY (GREYHOUNDPETERFAN)

SHUTTLE BUS {SUCH AS A SENIOR
OF AIRPCRT SEHUTTLE] .o

TRAIN TRAVEL

AMTRAKINTER CITY o
COMMUTER TRAIM .ol

SUSWAYIELEVATED ...

STREETC
OTHER

AIRPLAMNE
BICYCLE..

ARITROLLEY ..

SPECIAL TRAMSIT FOR PEO0PLE WITH

0l o N i G R e

3

i
11
12
12

14
15
1€
17
1B

19
20
21
=z
23

24

oF

-7
-3

DIZABILITIES (DIAL-A-RIDE) oo
OTHERT oo
[SPECIFY)
[SCHTRNZ0]

REFUSED oo

DT BN oo
Haw many peaple {does FMAMEAGESS R0 you) usualy {aalkibike] from Scnool wih?
(FM3CSIZE)

NUM3ER ]
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EXTENDED MTERVIEW PAGE 13

FE.

Fi0.

Fi1.

How long does It nomally take [FNAMEIAGEISEXyou] o gat to school?
TMIMETOSC)

MINUTES ... oo L
REFUZED .. 1

Af what grade Jwould you aliow FMAMEAGESSITE wou aliow FNAMEAGE/SEXwIud yau
be aliowediwere you alowed} 12 walk or blke o or from echoal withaut an adult?
(GRADE)

[ENTER [ FOR KINDERGARTEN]
GRADE K-12.. N

-
REFUSED .. =T
DONT B -5

n a scale of 1 505, whare 1 means “not an Issue” and S means “a serous Issue” | piease il me
hoiy much 2ach of the following affects your gecislon o alow (FRAMERZEISEX) to walk or blke
toor from schoal. On a stale of 1 o £, how much of an Issue is...

ALTTLE  SOMEWHST YERY a
NOT AN BT OF AN OF &N MILECH AN EERIOUE
1SE0E ISEAIE SAUE EEE e "F 5L

a. the distance petween home angd
schoal? Wioud you say Ts notan
I55UE, A Ik bl of am Issue,
somewnat of an kssue, very much
an Issus, or 3 senous EsuaT

{SCHDIET) 1 2 3 4 5 73
b. the amaunt of rafic aong the
roUteT [Would wou B3y IU's not an
I55UE, A Tk bl of am lssue,
somewnak of an kssue, very much
an Issus, or @ senous EE0eT)

[SCHTRAF) 1 2 2 4 5 T
c. the speed of irafMc along route?
[3CHEPD) 1 2 z 4 g 7
d. viakence or crime ah:-ng roLRe’
[SCHCRIM) 1 2 z 4 s 7
. poar weather or climate in your
aear
[SCHWTHR) 1 2 2 4 5 3 -3
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MATIONAL HOUSESCOLD TRAVEL SURWVEY
EXTENDED INTERVIEW

PAGE 16

Fiz.  Are Tere any OTET I55UEE mﬂ[aﬂ&:t'y‘ﬂl.[ dedslon 1o alow ar not allow waur chiid to walk or blke
o ar from schoal?
{F12, F12_01 - F12_05)
<DPEN RESPONSE>
STHANK

My schocl questions are ahout travel ta school. Because your child Is {nome schoaledimat In schaol) | wil
skip that section.

SECTION G - TRAVEL DAY

1.

[Mow ' e 1o talk about the trps {youSUBJECT) recarded I the diany we sant)

[Mow] | have some guesticns about all tips {yow'SUBJECT] fook on {TRIPDATE]. {Even though
I}'EIIH.'I'Ili'I'IEr:' Tawel on s ﬂaj' may have Deen unusual for some regson, we 3l want 1o know

about {youn'SUBJECT S} trips on Anis particular day.)

Did {youwscmeone/SUBJECT] Mil-gut the diary ffor SUBJECT)?

[DIARYCMP)
YES [COMPLETED] .o oo 1
MO MNOT COMPLETED].oo oo 2
DID KOT RECEIVE MATERIALS .. .. 3
REFLSED 7
DONT KNOW oo 4

GOTOGY
GOTD G4
GOTOGY
GOTOGY

Dayou have {younSUBJECT'S) completed clary with you now?

[DIARYHAW)

GO TO BOX SEF0RE &3

Lets cantinue wilh the Infendew amyway. Informalon on {yourr3USJECTS) travel I Impaorant o

Us. Please Ty o recal me Infarmiation 35 bes: WO can.
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MATIONAL HOUSERCLD TRAVEL ZURVEY
EXTEMDED INTERWIEW PAZE 1T

G8  Tobe sure we Incluge all e frips [youw'SUBJECT] took during {youristhes} travel day, wel llst
all {youn'SUSJECT S} iripe Mat occuimed beswean 4 n the maming on {TRODATE) and 4 the next

memilng.
On {TRIPCATE] at 4 In the moming, {wers youswas SUBJECT] at home or somepiace else?
[FRETHM)

HOME 1 GOTDGN

SOMEPLACE ELSE 2

REFUSED ... T

DONT KNOW ..o -3

E9 [ers youWaEs SUBJECT] aut of town sor the antire travel day?

JOUTOFTWHN)
== P 1
NC... .2 GOTDGN

REFUZED. -7 BOTOEN
DONTRRMOW .. -4 GOTOGH

G14.  [Were youWas SUBJECT] out of the courtry for the entire iravel day?
OUTCHTRY)

GO TOBOX BEFCRE L1

=11, For the next questions, 3 rip” Is any Ime {yowSUBJECT) went from one addess to another. Be

ELTE 10 INcluge Shops mace for any reason, SUch 3s Duylng gas o [&Eng SOmeons EOMEansre,
Howsver, do not Inziude slops made Just to change {younhisher) type of TansporzTon.

G12.  Where od [yowSUBJECT] go firstmext on [TRIPDATE)?
[WHERE)

1 GO TO BOX BEFORE G1E

.. 2 G0 TD BOX SEFORE G1E
k!

MO MORE TRIPS TAEEM Of
TRAVEL DAY

- 4 GOTO BOXY BEFORE 518

OTHER.. ... o7

(EPECIFY Lo 0 TO BOX SEFCRE G18
(WHEREQS)

REFLSED oo 7

DONT KMOW oo -8
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EXTEMDZD INTERWIEW

PAGE 18

13

=17,

Does this mean {yowSUBJECT) stayed at {he same placeoms) all day?
[SAMEPLC)

Wiould you Tke 1 get ou? more often?

MOROFTEM)
(== 1
2
REFUSED . . o 7
DONT KMOW oo 3

What tme did fis tp bagin?
[STRTHR, STRTMIN, STRTAMPM)

A ()
TIME . I
UNIT e _ o)
1 =AM
2=FM
REFUSED oo 7
DM T KM oo 3

Vihial tme ol {yoW' SUSSECT) amive?
[ENDHOUR, ENDMINTE. ENDAMPM)

(0 (E}

TIME o EE |_|_ F)
LN e

1 =AM

2 =FIi
REFUEED e -7
DO T EMOW -3
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YES o 1
M. 2 RE-ASKGIZ
REFUSED .. 7 RE-ASK GiZ
DONTKMOW oo B RE-AZK GIZ
About how long ago before [TRIPDATE] Gid {youSUSJECT] 135t take 3 tip to anoiher address?
[LASTRPHU, LASTRPUT)
MUMBER. ..o | L
UNIT o L
1 = DAYS
2 - WEEKS
3 = MONTHS
4= YEARS
REFUSED ..o 7
DONT KMOW oo -8



MATIONAL HOUSEHOLD TRAVEL SURVEY
EXTEMDED IMTERWVIEW PAGE 13

GlE. 5o far, I hawe mecorded (W} cipls). Bafore we continoe, did {yonSUBIECT} feke any othar

walks, bika rides. or drives oo {TEIPDATE} T Pleess inclede any othar frips whare {7onSUBIECT} wsed
pazblic tra=git or staried and ended in the sams placs.

CONTIMUE... e
ADDKMORETRIPS ..o 2 RETURN TO MATRIX

RECORD TRIPS WHERE PREVIOUS SUBJECTS 5410 THE CURRENT SUBJECT WENT ON THE
TRIP TOO.:

I algo ghaw a trip to [PLACE]} 8t {TIME} raporied by MAME}. DId you taks this frip?
B .1 ADDTHIS TRIP TOLIST OF
TRIPS
0 .2
“Whila | read the tripe 've recordad, plaass think back to esa If there ware any additional ones.”

IF TWO TRIPS HAVE THE SAME TIME, SAY: “I hawe recordad that {yowSUBJECT} left for
[PLACE1} and {PLACEZ} at {TIME}. Which placs did {yous{hsj} leave for at {TIME}?

Htart Tima
PLACEY | 1] L_| AMIPM

PLACE2 _..|__|_ J:|__L_|AMPM
At what tims did {yowSUBJECT] begin {yourhiamsr} frip to 7

PLACE.. .. i AmPm

THEY ARE THE SAME TRIP ........._.. 3
M_Z19. Did {yowSUBJECT]) use an Interstale or umplke during any part of ihese iips?
[USEINTST)
[0 2
REFUEED ... -7
DONT KNOW -3

319, Did {yowSUBJECT]} use & bus, subraay, Taln, or some omer type of publc fransportation during
any part of these tips?

[USEPUSTR)
MO 2
REFUZED ... T
DONT KNOW A
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MATIONAL HOUSEHOLD TRAVEL ZURNVEY
EXTEMDED IMTERWVIEW PACE 20

G20. [Mow | have 3 f=w quesbions about each trip.) | have racorded that JyoWSUSJECT) went to...
[PLACNAME)

[IF HAME OF LOCATION, HOT PROVIDED PROBE ]
[WHERE}

MAME OF FLACE:

=21, Whalle the address of {(PLACKAME)?
[PLETHUM, FLETHAME, PLCITY. PLETATE, PLEIF}

STREET KUMEER STREET HAKE

CITYTOWRAILLAGE BOROUEH STATE ZIP CODE
REFLEED . -7
DO T BMNOW e -3

G22. {What & the name of the sreet of road Mat (PLACNAME] Is on?| have recorded that
[PLACNAME] I on [PLITHAME PLADDR).

{FLETHAMEFLADDR]}

STREET MAME
(PLROAD]

Whal I the name of the neares? Intersecting sbreet or road?

STREET MAME
[PLROADZ)
REFLEED . -7
DT KO e -5

323, Woukl you pesse provide 3 landman that 15 dose o [PLACNAMET [This coukd be a wel-
known buliding, park, monument, or school. ]

[PLLMMRI1-3)
REFUSED oo 7
DONT KMNOW oo 3
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EXTEMDED IMTERWVIEW

PAGE 21

E24.

=25,

=2358.

What {hormugh o) county is JPLACHAME] In?
[PLCNTYHY, PLOKTYWA)

37, OTHER ZPECIFY [PLCYHYCE, PLCYWIOS)

Mow | haee a few questions about each trp.

Yol foin me M2 ST place {yowSUBJECT] wenl was noms. Wnal was hi2 maln reasan {you

were/SUBJECT was} away from home?
[AWAYHOME)

IO ORI e
20 SCHOCL DAY CARERELIGIOUS ACTIVTY ...
30 MEDICALDENTAL SERVICES
40 SHOPPINGERSAMDS ...
£0 SOCIALRECREATIONAL
E0 FAMILY PERSONAL BUSINEZSOSLIGATIONS
TO TRAMSPCRT SOMECME .o
BOMERL S .
57 MIZC REASOMSE [AWAYHMSP)..... .o
-7 REFUSED .ol

-3 DON'T KNOWY

. [Mow | have 3 f=w quesiions about each ip.

GO T GZSA
GO TO GZ5B
GO T BOX BEFDRE G256
GO TO G250
GO TC G250
GO TO GZSC
GO TO GZ5E
GO TO GZ5D
GO TO BOX SBEFDRE G26
GO TO BOX SEFORE G286
GO TO BOX SEFDRE G268

fou toid me the firs? place {yow'SUBJECT} went was home. What was T2 maln

War/SLIBJECT was)h away from noms?)
[&WAYHOME)

11 GO TOWORK .o
12 RETURK T WORK. e
13 ATTEND BUSIMNESE MEETINGTRIZ... ...
14 OTHER WORK RELATED ...
L9 RETURM TO MAIN SCREEM..coe e

[Mow | have & tew quesons 3boul each g,

GO T BOX SEFDRE G286
GO T BOX SEFDRE G286
GO TO BOX BEFORE G526
GO TO BOX SEFORE G526
GO TO GZ5

fou toid me the firs? place {yowSUBJECT) wend 'was home. What was T2 maln

wereiSUBJECT was) away from homeT]
(WA YHOME)

20 SCHOOLSRELIGIOUS ACTIVITY ..o e
21 G0 TO SCHOOL AS & STUDENT.
22 GO TO RELGIOUS ACTIVTY .
23 G0 T LIBRARY. SCHOCOL RELATED ...

24 @0 TO DAYCARZ'BEFORE OR
AFTER SCHOOL CARE
£9 RETURM TO MAIN SCREEM

GO TO BOX BEFORE 528
GO T BOX SEFORE G26
GO T BOX SEFDRE G268
GO TO BOX SEFDRE G286

GO TO BOX SEFORE 528
GO TO GIS N_G21)
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MATIONAL HOUSEHCLD TRAVEL SURVEY

EXTEMCED IMTERWIEW PAGE 22
G250, [Mow | have & fow questions aboul each trip.
Yiou kold me the first place {yowSUBJECT} went was nome.  What was M2 maln reasan {you
ware/SUBJECT was) away from homeT)
[EWEYHOME]
40 SHOPRINGERAAMDS . GO TO BOX SEFORE 328
21 BUY G005 GROCERIESCLOTHIMNGS
HARDWARE STORE. ..o GO T BOX BEFORE 526
&2 BUY SERVICES WVIDED RENTALSDRY
CLEANERPOST OFFICE!
CAR EERVICEMBARK ... .. GO TO BOX SEFDRE G528
GO TD BOX GEFORE 326
GO TO BOX GEFDRE 528
&1 USE PROFESIICHNAL SERVICES:
ATTORNEYACCUNTANT GO TO BOX SEFORE 328
G2 ATTEND FUNERALWEDDING ... ... GO TO BOX BEFORE 526
53 LUSE PERSCMAL SERVICES: GROCMIMG!
HAIRCLUTMAILS e GO TD BOX GEFORE 526
64 PET CARE: WALK THE DOGVETVISITS.... GO TD BOX BEFORE 526
63 ATTEND MEETING PTA'HOME CWKERS
ASBOCIATICHLCCAL GOVERMMENT ... GO TD BOX GEFORE 326
CORETURM TO MAIN SCREEMN.. . GO TO G235
G250, [Mow | have & few questions about each trip.
Yioul bold me the frst place {yowWSUBJECT]} went was noms.  What was T2 maln regsan {you

WeraSUBJECT was) away from homs?)

[AWATHOME)
S0 SOCIALRECREATIONAL ... ... GO TO BOX SEFORE 328
51 GO TO GYMEXERCISEPLAY SPORTS ___ G0 TO BOX SEFORE 28
52 REST OR RELAXATICNVACATION.... ... GO TO BOX SEFORE 528
I3 VISIT FRIENDSRELATIVES o G0 TO BOX SEFORE 28

34 GO QUTIHANG OUT: ENTERTAINMENT?
THEATER/EPORTE EVENTIZD TOBAR ... GO TO BOX BEFORE G2
S5 VISIT PUSLIC PLACE: HISTORICAL SITES

MUSEUMPARFILIERARY .o GO TO BOX BEFOAE G28

BO MEBLS e e GO TO BOX BEF0RE 528
S1 B0CIAL EVENT e GO TO BOX BEFORE G268

&2 GET/EAT MEAL GO TO BOX BEFDRE &26

33 COFFEZ/ICE CREAMIGMACES v @O TOBOX SEFORE G286
EQ RETURM TO MAIN SCREEM ..o GO TO &Z5
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MATIONAL HOUSERCLD TRAVEL SURWVEY
EXTEMDED INTERWIEW PAGE 23

ZZ5E. [Mow | have & tw questions about each trip.

iou told me the first place {yowSUBJECT} went was nome. What was the malin reason {you
werarSLIBJECT was) away rom hame?]

(AWAYHOME)

70 TRAMSPORT SOMEDME ..o GO TO BOX SEFORE G525
71 BICKUR SOMECNE @0 TO BOX SEFORE 528
72 TAKE AND WAIT ... GO TC BOX SEFORE 526

73 DROP SOMECME OFF .. GO TO BOX BEFDRE G26
B9 RETURMN TO MAIN SEREEM.. GO TO GZS

@26, {MOW | have 3 few questions about 2ach trp )

Vihial was the main rezson 1or he inp o {DISPLAY CURRENT TRIP DESTIMATION?

WHYTO)
THOME .t GO TO BOX BEFORE 28
O WORE GO TCO GI6A

20 SCHOOLDAYCARERELIGIOUS ACTIVITY .
30 MEDICALDENTAL SERMICES ...

GO TO GIGE
GO TO BOX BEFORE 28

40 SHOPPINGERRANDS ... GO TO G2EC
S0 S0CIALRECREATIONAL ... GO TO G50
E0 FAMILY PERSONAL BUSIMNESS! GO TO GIEC
TO TRAMNSPORT SOMEOME ... GO T GISE
BOMEBLS .o GO TO GIED
E¥ MISC REASONE (WHYTRPSEP) GO TO BOX BEFORE 28
-F REFUSED.. GO TO BOX SEF0RE G238
-5 DONT RN e GO TO BOX BEF0RE 28

3264, [Mow | have a tew questions about each trip.

Wihal was the maln rezzon for the fp o {DISPLAY CURREMT TRIP DESTIMATION} ]
WHYTO)
11 GO TOWORK GO TC BOX BEFORE G283
12 RETURN TOWORK . GO TC BOX BEFDRE 23
13 ATTEND BLISINESS M GO TC BOX BEFCRE G283
14 OTHER WORK RELATED ... GO TC BOX BEFORE 23
09 RETURM TO MAIN SCREEM... GO TCO G
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258, [Mow | have & few questions aboul each g,

Vhal was the maln reason for the tip o {DISPLAY CURREMNT TRIP DESTINATICN] )

WHYT)

20 SCHOOLRELIGIOUS ACTIVITY
21 GO TO 2CHDOL AS A STUDENT..

22 G0 TO RELNGIDUS ACTIVITY

23 G0 TO LISRARY. ZCHOOL RELATED . ...

24 GO TO DAYCARS'BEFORE

OR. AFTER SCHOOL CARE

B9 RETURM TO MaIN SCREEN

§C. [Mow | have &t questions aboul each trp.

GO TC BOX SEFORE =28
GO T BOX SEFORE =28
GO T BOX SEFCRE =28
GO TO BOX SEFORE =28

GO TC BOX SEFORE =28
GO T G256

Whal was the maln reason for the tip o {DISPLAY CURREMNT TRIP DESTIMATICN] )

WHYTD)

40 SHOPPINGERRAMDS ...
41 BUY @000SE: GROCERIESCLOTHING ......
HARDWARE STORE .. .
42 BUY ZERMICES VIDED RENTALSDRY
CLEAMERSPOST OFFICECAR SERWICES

E0 FAMILY PERSONAL BUSINESS/OSLIGATIONS..
&1 USE PROFESSICNAL SERVICES:
ATTORMEYRCOOUNTANT
&2 ATTEND FUMERALANEDDIMNG
53 USE PERSOMAL SERVICES. GROOMING!
HAIRCUTAILS ..o
64 PET CARE: WALK THE DOEVET WISITS....
5T ATTEND MEETING: PTAHOME OWKERS
ASBOCIATIONLOCAL GOVERMNMENT. ...
EQ RETURM TO MAIN SCREEN.. e

G250, [Mow | have &t questions aboul each g,

¥Whal was the maln reazon for the Irp o {DISPLAY CURRENT TRIP DESTINATIONG?]

WHYTD)

SOSOCIALRECREATIONAL . ...
31 GO TO GYMEXERCISEPLAY SPORTS ...
52 REST OR RELAXATIONNACATION
52 VISIT FRIEMDSRELATIVES ... .. .

34 GO OUTIHANG CUT. ENTERTAINKEMNT?
THEATER/SPORTS EVENTIGD TO BAR ...

53 VISIT PUSLIC PLACE: HISTORKZAL SITE!
MUSELBPASKILIBRARY

GO TO BOX SEF0AE =28
GO T BOX SEFCRE =28
GO TC BOX SEFORE =28
GO TO BOX SEF0RE =28
GO TO BOX 5EF0ARE =28

GO TO BOX SEF0RE =28
GO TC BOX SEFORE =28

GO TO BOX BEFORE G238
GO TO BOX 5EF0RE 28

GO TO BOX 5EF0ARE =28
GO TO G5

GO TO BOX 5EF0ARE =28
GO TO BOX SEFORE =28
GO TO BOX BEFORE G238
GO TC BOX SEFDRE =28

GO TO BOX SEFORE =28
GO T BOX, SEFORE =28
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MATIONAL HOUSERCLD TRAVEL SURVEY

EXTEMDED MTERVIEW PAGE 25
BOMEALS oo 30 TO BOX BEFORE 323
1 SOCIAL EVENT . G0 TOBOX SEFORE 523
B3 GETEATMEAL ... ... . G0 TOBOX 5EFORE G23
33 COFFESICE CREAMSHNACKS . G0 TOBOX SEFORE 523
00 RETURM TO MAIN SCREEM ..o GO TO G26
G25E. [Mow | have & few questions about each trip.
What was the maln reason for the trp to {DISPLAY CURRENT TRIP DESTIMATION]T]
(WHYTO)
70 TRANSPORT SOMECME . oo 30 TO BOX SEFORE 523
71 PICKIIP SOMEDNE . G0 TOBOX SEFORE 523
72 TAKE AND WAIT 30 TO BOX SEFORE 323
T3 DROP SOMEONE OFF ... 30 TO BOX BEFORE 323
00 RETURM TO MAIN SCREEM . .o GO TO G26
@23, I've recorded [your'SUBJECT s} next ip was from {ORIGINATION} to home.
[
329. Was the [VEHICLE} used on ihis frp?
[VEHS AME)
N =< 1 AUTOCODE 330 & 31 & GOTO BOX BEFORE G32
MO . 2
AEFUSED. T
DONT KMNOW.. -
330. Was 3 househald vehicle used for this Fip?
[TRPHHVEH)
1

2 GO TOBOX BEFORE (32
. -1 GO TCBOX BEFORE 532
DONT EMOW e -3 GO TOBOX BEFORE (332

REFUZED ..

G31.  Which vehigia?
[VEHID)

[IF NEEDED: Which ona was used for the longest distanca 7]

VEHICLE NUMBER ... L

YEHICLE MOT QN LIST oo 93 ADDVEHICLE TO HH.
RECOAD MAKE, MODEL AND
YEAR OF NEW VEHICLE

REFUSED oo 7

DT B e -5
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PAGE 26

G32. Did {yowSUBJECT] take 3 DUk, Subway, Tain, o some oiner lype of public ransportation during

this Irip?
[TRPPUR)

@33.  Which one?
[PUBTYPE)

B e .

SUBWAYITRAIN.
FERRYISOAT e

DONTKNOW . o8

G348, How did {you’SUBJECT]} get to {CURRENT TRIP DESTINATION, T

[TRPTRANS)

[IF HEEDED: That 1=, what maane of transportatien did {yowSUBJECT) uses for this trig?)

PERSOHAL VEHICLES

CARL

MOTORCYCLE
LIGHT ELECTRIC WVEHICLE {GOLF CART)

BEUS TRAVEL

LOCAL PUBLIC TRANSIT

Oy TO CITY [ GREYHCUNDIPETERPAM)
SHUTTLE BUS {3UCH AS A SEMIOR
O AIRPORT SHUTTLE] ..o

TRAIN TRAWVEL

AMTRAKINTER CITY e
COMMUTER TRAIM ...
SUSWAYTELEVATED ...
STREET CARITRCLLEY
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MATIONAL HOUZEHOLD TRAVEL ZURVEY
EXTEMDED INTERWVIEW

PAGE 27

WY1

HYZ

Y3

HYd

OTHER
TAXICAR....
FERRY ...
AlIRPLAME .

FOR P
DISABIUTIES [DIAL-A-RIDE)
OTHER?.....

[SPECIFY)

|TRPTRNOE)
DOMT KNOW ..

Which bus system did {yow'SUBJECT] use?

MTA INMETROPCOLUTAM TRANEIT AUTHORITY

M TRANSIT

Which irain did {youw' SUBJECT} use?
LIRR {LOMG ISLAND RAILRCAD)

W TRANSIT
METRO MORTH

Which train dkd {yow' SUBJECT] use?

PATH
WYCTA SUBIWAY

(NY CITY TRAMSIT AUTHORITY)

S| RAPID TRAMIET
M TRANSIT

Which fery did {youSUBJECT) use?

P e

P Rl

L)
20 =0 TOKY_G2Td
21 G0 TONY_GITe

24
-r

1 &0 TO 50X BEFORE b
2 0 TO 50X BEFORE G
-7 &0 TO BOX BERDRE Gh
-6 &0 TO BOX BEFORE b

&0 TO BOX BEFORE Gb
G0 TO BOX EEFORE Gb
G0 TO BOX EEFORE Gb
GO TO BOX BEFORE Gh
&0 TO BOX BEFORE Gh

&0 TO BOX BEFORE Gb

G0 TO BOX EEFDRE Gb
&0 TO BOX EEFORE Gb
&0 TO BOX EEFORE Gb
GO TO BOX BEFORE Gh
&0 TO BOX BESFORE Gh

HUDSON RIVER 1
STATEM IZLAND 3
OTHER 3
REFUGED e -7
DONT BNOW e -8

GO TO BOX BEFORE Gh
GO TO BOX BEF0RE G
GO TO BOX BEF0RE G
GO TO BOX BEF0RE G
GO TO BOX BEF0RE G
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MYE.
Which alrpart did {yow'SUBJECT] use?

HYS
JFE 1 G0 TO BOX SEF0RE Go
LAGUARDIA 2 50 TO BOX SEF0RE Go
NEWARK 3 50 TO BOX SEF0RE Go
KEWBURG 4 G0 TO BOX SEF0RE Go
OTHER 3 G0 TO BOX SEF0RE Go
REFUSED oo 7 G0TOBOX BSFORE Go
DONT KNOW oo - G070 BOX 3SFORE Go

3b. Was any pari of this Tip mage on an Interstate or fumplke?
INTSTATE

_ 2 G0TOBOXAFTER Ge
= E0TOBOX AFTER G
.- GOTOBOXK AFTER Go

e Did {yowSUBJECT) pay a bl whiis fraveing on this Inserstale?
PAYTOLL

G35, How did {you'SUBJECT] get fo the [bustrainsubwayistreet carplerterminal)? [Anything else7]
TRACCT-5)

[CODE ALL THAT APPLY. ]

PERSOHAL VEHICLES

PICKLIR TRLICK ...
OTHER TRUCK
[ — .
MOTORCYCLE e
LIGHT ELECTRIC WEHICLE (GOLF CART)
BUS TRAVEL

LOCAL PUBLIC TRANSIT e
COMMUTER BUE..... .. . i
SCHOCL BUS...... . i
CHARTERTOUR BUS ... 12
STy TO CITY (GREYHCUNIVPETERFAN) 13
SHUTTLE BUS (SUCH AZ A SENIOR

DR AIRPORT SHUTTLE) .o 14

(SR = TR QSR

w
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EXTEMDED IMTERVIEW PAZE 23
TRAIN TRAVEL
AMTRAKINTER CITY oo 15
COMMUTER TRAIM . 1E
SUSWAYELEVATED 17
STREET CARITROLLEY oo 18
OTHER
R 10
FERRY . n
AIRPLAME .. 3|
BICYCLE... 2
VALK oo 3
SRECIAL TRAMNSIT FOR PE0RLE WITH
DISABILITIES (DIAL-A-RICE] ....._....... 2
OTHERT oo r
[SPECIFY)
[HOWPUBDS)
REFUSED ..o 7
DOMT KNOW oo 3

3333 Did you park at the {busrain‘subwayistreet cariplertermingl) or were fyouha/she] dropped of?

{DROP_PREK)
SARKED 1
DROPPED OFF 2
REFUSED oo 7
DONTKNOW oo 8

@35,  Howlong did i take [youSUSJECT] to get fo the fbusiiralnisubwayistrest canplerterminal ?
[LOMGTOHR, LONGTOMN)

HOURS L
WINUTES L1

REFUEED e -7
DONTEMNOW .. -8

G37. How long O {yowSUBJECT] have to walt for the {busitralnsubwayistest carboat or femyr
Iransparition)?
[WAIT_HR, WAIT_MIN)

HOURS L 1
MINUITES |

REFLEED -7
DO T BROW -5
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PAGE 30

@33,  How did {you'SUBJECT] get from the {busArainisubwayistreet canplerfierminal} to

[DESTINATION]? {Amyihing els=T)

[HOWFRP1-5)  (dallversd se: TREGR1-5) [CODE ALL THAT APPLY.]

PERSOMAL VEHICLES

PICKLIP TRIJCE

OTHER TRUCK.

R

MOTORCYCLE.. e

LIGHT ELECTRIC WEHICLE (| GIOLF CART)
BUS TRAVEL

LOCAL PUBLIC TRANSIT ..

CITY TO CITY (GREYHOUND/PETERPAN)
SHUTTLE BUS (SUCH AZ A SENIOR
OR AIRPORT SHUTTLE) .o

TRAIN TRAVEL

AMTRARINTER CITY e

COMMUTER TRAIM .

SUSWAYIELEVATED. .

STREET CARTROLLEY .
OTHER

SPECIAL TRANSIT FOR PEOPLE WITH

HEABILITIES [DIAL-A-RIDE] ...
OTHERT ..ottt
[SPECIFY]

(SR = LI B ESRE T L

3

it}
1
12
13

14

15
16
17
1B

9
20
21
a2
23

24

&

-7
-3

@30, How long did | take {yowSUSJECT] to get to {DESTIMATION from the [busirain/subaayisirest

carplerierminabalparnt?
[LOMGFRHR, LONGFRMHN)

HOURS 1

MINUTES 1
REFUSED oo 7
DONT KMOW oo oo -8
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G40, Howtar ks I from {LAST DESTIMATION) to [CURRENT DESTIMNATION]?
[TRIPDIST, TRIPUHNIT - TRAVTIME]

[IF LESS THAN 1 ELOCK ENTER 0. IF LEES THAN 1 MILE ENTER AS ELOCKS ]
[¥ MILE = 2 BLOCKS
% MILE = 5 BLOCKS
% MILE =7 BLOCKS]

IF ASKED, RECORD ACTUAL DISTAMCE TRAVELED, HOT DISTANMCE "&5 THE CROW

FLIES."]
MUMBER. ... 1 |
UNT oo |_
1= BLOCKS
2 = MILES
FEFUSED oo 7
DON'T KMOW A
341,  Earlier | recarded tis entire trip took you {TIME]. 15 that about ight?
[TRIPTIME}
YES 1
MO .. . 2
REFLSED 7
DONTKMOW oo -8

@42, {About how long did this tip take7About how long i the entire rip to {CURRENT TRIP
DESTINATION! take youT}
[TRVLHR, TRVLMIN)

[IF LESS THAN 1 MINUTE, ENTER 1]

HOURS L 1]

MIMUTES |
FEFUSED oo 7
DONTKMOW oo a8

G43.  HOW many pecpie went win [youSUBJECT] on this tip?
[TRPACCME)

PECPLE|__|_ |
REFUSED oo 7
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PAGE 32

G44. Mot counting yourseMSUBJECT). how many of the aiher paaple were household membars?
[TRPHHACT_C)
HOUSEHOLD MEMSERS |__|__ |
REFUSED ..o 7 GO TOBOX AFTER G45
DONT KMOW oo -8 GOTOBOX AFTER G45
@45,  Which housahold members?
(WHOACCT_15)
ENTER ROSTER NUMSER(S):
MO HHEMONTHE TRIP ... ... 38
RECORD MEW HEM ..o 3
@43,  Did [youSUBJECT/a member of the housahoid) drive on the tip?
HHMEMDRY)
== T 1
MO _ 2 GOTOBOX AFTER G49
PART COF TRIP -3
REFLSED . _-7 G0 TO BOX AFTER 342
DONT KMOW ... oo -2 GO TO BON AFTER G492
49,  Who waE the driver?

[DRVE_FLG, WHODROVE)
[IF HEEDED: Which ona drove the longest distanca?)
EMTER 1 FOR DRIVER

REFLREED .. -7
DONTEMOW -3
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MATIORAL HOUSERCLD TRAVEL SURNVEY
EXTEMDED INTERWVIEW PACZE 33

SECTIIH L: GENERAL TRAVEL AND WEHICLE MILE&AGE

L1.

L2a.

Mo | Just have some final question related 20 you and your fravel,

Of the folowing Issues, please w2l me which one IS the mast Imparant to you. Wouid you say...
ISSUE)

3. higrway congestian,

b @ccess ho or avallabilly of public fransh,

. lack of walkeays or sidewaks,

d. the price of travel Including Tings llke
traredt fees, tolls and the cost of gasolne,

2. agoreeshve of disiraci=d drivers, for

1. sahely concemes, ke wormving about being
In & framez acoident?

LA LU S

O

How much of an Issue Jis/are] {RESPONSE FROM L2a) fo you? Wouk you say....
[VARIABLES LISTED IN BOX ABOVE)

A ke lssue, 1
A moderaba kssug, 2
A blg lssUe, ]
REFUSED 7
DOM'T KHOW -B

About how many miles did {yoWSUSJECT) persanally drive during the past 12 manths in all
motorized vehicles?
[fELRMILE)

[IHCLUDE MILES DRIVEN 43 &4 PART OF WORHK.]

REFUSED ... -7
DORT KO e -3

| recorded that [yousheme] drove a folal of about {YEARMILE) miles during the past year. Is
it comeas?
[VERYRMIL)
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MATIORAL HOUSEHCOLD TRAVEL ZURVEY
EXTENDED INTERWVIEW PACE 34

L5B.  Would you say & was. ..
[FEARMILZ)

000 mEES Orless, ..o .
2.001 ta 10,000 miles,
10,001 2 15,000 miles,....
15,001 1o 20,000 miles, ar .. .

T I Ay

DO T RRIOAW e -

L6.  Mow we'd ke i a8k 3 few quasiions about the houssheld fvehicieivehicizs) {for which you are
the primary driver )

L7.  Flease verfy hat you have a .. .
iL_MAKE, L_MODEL, L_VYEAR)
KEY MAKE MODEL YEAR TYe

L3.  Howlong have you had the {VEHYEAR. MAKECODE, MODLCODE)?
[VEHOWNED, CWNLUNIT)

MUMBER. ..o L
8 i

L3.  Durngihe past 12 manms, abaut now many miles was the [VEHYEAR, MAKECODE,
MODLCODE]} diven by all drivers?
[VEHMILES)

—- FINAL VERSION - DECEMSER 2009 —-

150



MATIORAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED IMTERWIEW PAGE 35

LaA. | recorded thal s wehiche was oriven a total of about {WEHMILES] mies by &ll drivers duning the
pastyear. IsMhat comect?

[VERMILES)
GO TO L1
L98.  Would you say £ was...

[WEHMILEZ)
= 000 miles ar (885, .. o 1
£, 001 to 100000 miles,. -
10,004 12 15,000 miles, .. -
15,001 1o 20,000 miles, or . e
Kore than 20,000 mikes? ... 5
REFUSED ... ......... T
e e -8

L10.  About how many mlies has this vehicie bean driven since you've had It?
[ESTMILES)

L10A | recorded mat this vehicle was diven a tolal of about {ESTMILES} miles by all drivers since
yourve had it 15 that comacs?
[VERESTML)

L = .1 GOTOLN

L10B. Would you say K was. ..

[ESTMILEZ)
£,000 FIIES OF BSS, oo 1
£,001 % 10,000 miles,. o 2
10,001 fo 15,000 miles, .. e 3
15,001 fo 20,000 MilEE, ar ..o 4
Wiore ihan 20,000 MBEST .. ..o £
RESUSED ... 7
DOMT RNOW oo i
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EXTEMDED IMTERWIEW PACE 36

L1i.  Inthe past month, about how often fhave youhas SUSIECT} used pubilc iransportation such a5
busas, BULWSYS, STEEIars, or commuter ralns?

[PTUSED)
IF R ANSWERS NOME OR ZERD, PROBE "Is It avaliable to you™]

NWUMESR|_ | ||
MOT AVAILABLE ..o 300 GO TO BOX BEFORE La

EWAS. Thinking abous ravel on pubilc iransit In vour area, please b=l me I you agres or disagres with
{he Tollowing statements.

{EVASa-EVASH
AGREE _DISAGREE REF DK
a  Local publc iransit provides a good fravel 1 2 7 =
EEpEience
b.  Local publc ransit service I rellabie 1 2 I3 &
e Local publc ransit service |5 safe from crime 1 2 3 &
d.  Local publc iranslt sesvice Is aasy to use 1 2 I3 &
8. Thecost of local pubilc transtt Is reasonatle 1 2 I3 8
I.  Local publc iranslt service Is Tast encugh for my 1 I 8
reass

La.  Inine past montn, about now many mes {have younas SUBJECT] diven 3 motoroyde or
miaped on pubilc OamwWays?

MCUSED)
NWUMESR|_ | ||
MOT AVAILABLE . e
REFUSED ... -7
DONTKNOW . . -8
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MATIONAL HOUSERCLD TRAVEL ZURVEY
EXTEMDED INTERWIEW PAGE 37

SECTION M: INTERHET USAGE AND DEMOGRAPHIC INFORMATION

K12

i3,

BlD.

(558

1N Ne P35t mantn, how ofien [Nave younas SUBJECT] Used Me INfEme? Would you 53y
[WEBUSE)

SAMoEL EVeryoaY. ..
geverdl iMsE 3 Weel...
onee 3 weak, . ...
once @ moin, or .

[T A -

MEver? .. GOTON
REFUEED GOTONY
DONT KROW GOTOM

In the past montn, how many Imes dld {yow SUSIECT} personaly purchass somelhing through
e Inamst?
[PURCHASE]

MUMBER OF TIMES __ ||

REFLEED....
DONT KMOWY

Haow maimy af theee pun:ﬂaseea were gellverad 1o our nome?
(DELIVER)

MUMBER CF CELIWVERIES TOHOME || | |

REFLUSED ...
DONT KMOY

Mow I'd e to a5k a Tew baskground quesTons about {yourseliSUBJECT).

{D0 yow'Does SUSJECT) Nave 3 =Mporary or permanent condson or handcap that makes It
gimeult 1o travel oueside of the nome?

[MEDCOHD)

YES .

Haow lang {have youhas SUBJECT] had this condiion?
MEDCGHDS)

0-5 MONTHS.
6 —11 MONTHS..
1-4¥EARS ..

10 YEARS OF MORE.
&LL HIZHER LIFE.
REFUEED ...
DONT KRCWY

o
|
Lf=]
g
]
wd £ BN B G B3 e
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PACE 38

MCAT. {Do youDoes SUBJECT] use anyihing to heip [youhimhier} walk or get arcund, such 36 & cane,
BEaing-2ya dog, or whesichal?

(WALKHELR)
YES .
MO ... . GO TO MG
REFUSED ... GO TO MG
DONT KNOW GO TO MG
MCAZ. {Do youDoes SUBJECTjuse a..
YES WO DK REF
a. Cane? (W_CANE) 1 2 7 B
b Walker? (W_WLKR) 1 2 7 B
© VWnlte cane? [W_WHCANE) 1 2 7 B
d.  Seeing-eye dog of oiher K-0 asslstance? (W_DOG) 1 2 7 B
2. Crulches [W_CRUTCH) 1 2 7 B
. Motorized Scocter? (W_SCOOTR) 1 2 7 B
9. Manual Wheelchalr? (W _CHAIR) 1 2 7 B
h. Motorized Whesknalr? (W_MTRCHR) 1 2 7 B
L Anything else? MCAE_DS) 2 7 B

[MCAB_0TH)

ME.  Because of this condiin, fnave yowhas SUBJECT]...

[CONDTRAV)
{CONDRIDE)
[CONDHIGH)
{COMDRIVE]
{CONDPUS)
{COMDSPEC)

[CONDTAX)

3) reduced Jyourhisier] day-to-day fravel? . 1

£) imited driing fo daytime?..

g} given up drving aticgetnes? . 1
g} usad tha bus of subway less Treguently? .. 1
1) usad spacial Tansportztion serdices

Euch a5 dia-a-nome? ... i

g} used 3 reduced fare e ... 1

&
o
=

2 i a]
2 -7 -3
2 -7 -5
2 i -8
2 -7 -3
2 i .
2 -7 -8

ME.  {Ware yourWas SUBJECT} bom In the Unfted Statss? [IF HEEDED: Someilmes peopls
who have Immigrated to fhe United Statss have unique travel difficulties and we want to
unidaratand thia]

(BORNINUS)
¥ES 1
MO . 2
REFUSED .. T
DOMET KN oo -3

GO TC BOX SEF0ORE M11
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MATIONAL HOUSEHCLD TRAVEL SURVEY
EXTEMDED INTERWIEW PAGE 33

BIT0

BT

[ i

[

IR what year did {youSUBJECT] come o the United States?
(YRTOUS)

[IF HEEDED: Somstimsee people who have Immigrated to fha United States have uniqus
traved diflculiles and we want to understand thie]

REFLEED -7
DONT KRO

Transportation planness use data from this survey to assess current travel palems and arikipats
New ON26. TNEES PEtiemE are affacien Dy WNEre Peopie ChOosS 10 e, Woud you please el
i the ackdress of your home?

[HMSTHAME, HMEPTHUM, HMCITY, HMSTATE, HMZIF)

[IF HEEDEL: It |= imgportant that we get af least a ganaral locatlon of your housshald,
Wiould you plaasa Identify the intereaction of roads which | closest to your home?]

STREET ADDREES APT®
CITYITOWM STATE ZIP CODE
REFLEED -7
DONTEMOW . -8

What Is the name of the sirest or road that fyou IerSUBJECT Ilveg) on?
[HMROAD1)

FIRST RiAO:

Wihal Is the name of the neanes! imersecling street or roag?
HMROADZ)

SECOND ROAD:

REFLEED e -7
DO T RO -5

In survays lis hiese, households are sometimes grouped according to income.  Please stop me
whnen | et o the catagory that best descrbes your total nousenold income, before taxss, In the
past 12 months.
[HHFAMING_C}
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MATIONAL HOUSEHOLD TRAVEL SURVEY

EXTEMDED MTERVIEW PAGE 40

[IF HEEDED: Wie want fo Includs Incoms from scurcas such 38 wages and salarles, Incoma
from a business or a farm, Soclal Security, panslons, dividends, Intarast, rent, and any

114

otfer Incoms recelved.]

Less than §10,000,. -1 GOTOMIA

$10.000 fo £20,000, - 2 GOTOMIS

S20,000 oo £30,000, .. -~ 3 GOTOMIE

S30,000 o 240,000, .. -~ 4  GOTOMIT

540,000 o $50,000, .. -~ & GOTOMIE

550,000 %o $60,000, ... - &8 GOTDMIS

560,000 %o 70,000, ... .7 GOTOM2D

S70.000 o $50,000, ... -~ 4 GOTO K21

80,000 20 100,000, OF e 3 GOTOBOK SEF0RE M22
STLOLO00 OF MOTET . il GO TOBOX SEFDRE M2z
REFUSED ... GO TD BOX SEFORE WA
DOMT KMIA GO TD BOX SEFORE N1

Was yaur hicusehicld income more ar less Tan 35,0007
{HHING T}

SE.000 CRMORE oo 1 GO TCBOX SEFORE M22
LESS THAN 55,000 I 0TO0BOXSEFORE MI2
REFUSED ... 7 GOTOBOXSEFORE N1
DONT KMNOW oo -5 GO TO BOX BEFORE N1
MiS.  Was your household incame more ar less hian 55,0007
{HHINC_C}
S1E,000 CAMORE ..o 1 G0 TOBOX BEFORE M22
LESS THAN $15.000. .2 GO TCBOXBEFORE M2z
REFUSED ... _-7  GOTOBOXSSFORE N1
DONTKENOW . .. . -4 GO TOBOXBEFORE N1
MiE.  Was your housshoid Incame more ar less tian 325,0007
{HHING T}
25,000 CRAMORE oo 1 GO TCBOX SEFORE M22
LESS THAN 525000 I G0 T0BOX BEFORE MI2
REFUSED .......... _-7  GOTOBOX SEFORE N1
DONT KMNOW oo -5 GO TO BOX BEFORE N1
M1{7.  Was your househoid incame more ar less ian 535,0007

[HHING_C)

SAEDNIDCRMORE . 1 GO TOBOK SEF0RE M22
LESS THAN 335,000 2 0 TOBROK SEFORE M22
REFUSED......... -7 GOTD BOX SEFORE M1
DOMT MO e -8 GOTDBOX BEFORE M1
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EXTEMNDED INTERVIEW PAGE &1
M1E.  Was your housahoid INcome more ar less than 5450007
(HHING_C)
45,000 CAMORE .o 1 G0 TOBOX SEF0AE M22
LESS THAN 545,000 _ 2 GOTOBOX SEF0RE M2Z
REFUSED ... .7  GOTOBOXBSFORE M1
DONT KMOW oo -8 G0 TOBOKESFORE M1
M1Z.  Was your housahoid Icome more ar less than 5550007
[HHING_C)
SSEO00CAMDRE .. 1 G0 TOBOX SEFOAE M22
LESS THAN 555,000 _ 2 GOTOBOX SEF0RE M2Z
REFUSED ... .7 GOTOBOXBEFORE M1
DONT KMOW. -8 G0 TOBOKESFORE M1
MZD.  Was your housahold INCome more or less than $65,0007
[HHING_C)
SSE000CAMORE . 1 G0 TOBOX SEFORE M22
LESS THAN 555,000 _ 2 G070 BOX BEFORE M2Z
REFUSED . _ 7 G070 BOXBEFORE M1
DONT KMOW oo -8 G0 TOBOKBEFORE M1
MZ1.  Was your housahold INCOme more or less than 5750007
[HHING_C)
STEO00 ORAMIRE 1
LESS THAN 575,000 -
REFUSED e &0 TO BOX BEFORE M1
DONT KMOW oo -8 G0 TOBOKBEFORE M1

K2z Does this Indude Income of all howsenokd members?

[HOMFMFLE)
N == P 1
M. 2
REFUSED .. T
DONTKMOW oo 3
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MATIONAL HOUSEHOLD TRAVEL SURVEY
EXTENDED INTERWIEW PAGE 42

SECTION H- COLLECTION OF ODOMETER READINGS

M1, Ini the p!tk!t'.\'l:— zentto [“p'l:lJ"j'El.I'I'l:lJEEI'l:ll:l:- there wias a form o record the cdometer
readng|s] for your venicies)

{5 the reading'ane ary of the readings) avalaie now™
[READINGS)

YEE
REFLEED ... =
DONT KR e =

(SR Ik

M2 (WERDD} [RECORD THE ODOMETER MILEAGE FOR VEHICLES.]

ODOMETER DATEREADING

i ol

|OD_READ) [OD_MONTHIOD_YEARIOD_DAY)

MAKE  MODEL  YRAR

M2 [QOVERF) [RECORD THE ODOMETER MILEAGE FOR WEHICLES.)

ODOMETER DATEREADING
MAKE TODEL YEAR ZEADING UL
|OD_READ) [OD_MONTHIOD_YEARIOD_DAY)

& 1hat all of the readings?
1. ¥EE
2. MO RETURN TO MATRIX

CLO3E1

Thank you very much for your cogperadon. Your assksiance has been wery haipful.
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APPENDIX C

2009 NHTS INTERVIEW QUESTIONS

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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