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EXECUTIVE SUMMARY

The Oregon Department of Transportation (ODOT) tested a system to collect a vehicle-based
mileage fee as a replacement for the Oregon gas tax. This project reports on additional analysis
of the data from that experiment. Subjects include analysis of the consistency of attitudes as
expressed in participant surveys at the beginning, midpoint, and end of the experiment;
differences in changes in rush hour mileage by day of the week and by a.m. versus p.m. rush
hours; analysis of whether the shift from a fuel tax to a mileage charge caused notable
differences in response based on vehicle fuel efficiency; analysis of the effect of transit service
availability and distance to transit access on the responses to mileage pricing; and more refined
analysis of the effect of household income on the response to pricing.

The initial analysis of the survey data from the experiment revealed that there were large and
inconsistent changes in a key attitude question from survey to survey. It was hypothesized that
this might be due to some people responding based on what they thought the experiment was
designed to do. The changes in survey responses were examined for a variety of the attitude
questions, and there was substantial consistency in the responses to most questions. However,
the responses to the statement “Offered a choice between convenient public transportation and
taking a car, [ would always drive a car, even in rush hour traffic,” showed substantial
variability. The percentage showing a strong preference for driving increased from survey one to
survey two and then decreased again in survey three. Examination of the individual responses
showed that this was not due to a group of people who changed their responses in this pattern.
Rather, it showed up as a complex set of changes in response among a large part of the sample.
Since this attitude question had been a statistically significant predictor of the changes in mileage
in response to pricing, the regressions were repeated with the responses from the second and
third surveys replacing the responses from the first survey. The magnitude and the statistical
significance of the estimated coefficients changed with the different variables, but the results
were largely consistent across the regressions. Hence, the attitude variables appear to be useful
in predicting how people will respond to price incentives, but caution must be used when
gathering and using attitude information.

The initial data was analyzed for changes in total rush hour mileage, but the data is available
separately for each weekday by morning and evening rush hours. Examination of this data
revealed that there was relatively little difference between the morning and evening responses
but that there were relatively large differences by day of the week, with Fridays showing the
least reduction in rush hour mileage. This implies that pricing may have to vary by day of the
week to achieve efficient changes in behavior.

One key aspect of the experiment was to replace the fuel tax with a flat mileage fee. The
mileage fee was calculated to be approximately revenue neutral with respect to the fuel tax.
However, this means that the mileage fee would be greater than the fuel tax for fuel efficient
vehicles and less than the fuel tax for vehicles getting low mileage per gallon. The EPA mileage
estimate for each vehicle was used as an explanatory variable to determine if this change in price
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affected how drivers responded to the mileage charge. Cars with high EPA ratings were found to
be driven more in the baseline period, but the EPA rating had very small effects on the changes
in driving behavior. This implies that the small difference between the fuel tax and the mileage
fee does not seem to affect driver responses.

Preliminary analysis of the experiment results found that access to transit affected people’s
response to pricing. However, the measure used was a self-reported estimate of distance to
“transit that will take you where you want to go.” Since this is not a commonly defined measure,
household addresses were used to identify actual distance to transit services and various
measures of transit service availability. The measures of transit service available were not found
to affect people’s response to the mileage charges, but actual distance to any transit service or to
frequent transit service did have a statistically significant effect on the changes in rush hour
miles in response to the prices. There was also an effect on changes in total mileage, but it was
not statistically significant.

Another finding from the preliminary analysis was that household income did affect the amount
of baseline driving and the response to prices in the directions expected, but most results were
not statistically significant. However, the household income variable was simply a dummy
variable representing whether household income exceeded $40,000. The income data from the
surveys is actually divided into four income groups, so the additional data was used to refine the
analysis. The implication of the different groupings is that the effect of household income on
level of baseline driving and changes in driving in response to prices show substantial
differences across income ranges. Lower-income households show substantially less baseline
driving, but show less reduction in driving than the next highest income group. These
differences by income group imply that better understanding of the relationship between income
and changes in driving habits will improve estimates of the changes that are likely to occur in
response to mileage prices.

The results from this study were broadly compared to the findings from some other studies that
examined either mileage fees or congestion pricing. Where comparisons could be made, there
was substantial consistency in the findings and estimated magnitude of responses to prices
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1.0 INTRODUCTION

The Oregon Department of Transportation (ODOT) tested an innovative technological system
designed to replace fuel taxes with mileage fees. Vehicles were equipped with an electronic
device that kept track of total miles driven in various categories based on time and location of
travel. When these vehicles were fueled at participating stations, the vehicle transferred data on
mileage by category. For approximately 4.5 months, the participants were instructed to simply
fill up at a participating station at least twice per month. This is referred to as the baseline data
collection period. At the end of the baseline phase, participants were assigned to one of three
groups: Control, Vehicle Miles Traveled (VMT), or Rush Hour (RH). During the test phase,
Control vehicles were instructed to continue fueling at participating stations on a regular basis,
but the vehicles in the other two groups were subject to mileage fees as a replacement for the
state fuel tax. When these vehicles were fueled at a participating station, the billing system
would calculate a mileage fee and deduct the fuel tax at the pump. In the test, drivers in the
VMT group were charged a flat fee per mile and drivers in the RH group were charged
differential fees that were higher for travel in the Portland metropolitan area during weekday
peak hours and lower for other travel. In addition to the data on mileage by category,
participants were surveyed three times in order to collect demographic information about each
household and gather attitudinal information from the respondent for the household. Only one
person per household participated in the surveys. See Rufolo and Kimpel (2008) for a complete
description of the experiment and initial findings.

1.1 APPROACH

The initial analysis identified some issues that suggested further study, and the data set offered
opportunities for analyses that could not be completed as part of the initial review. This project
was organized around the data set, so the specific topics covered are less related than would be
typical for such a research project, but the information gained helps explain the behavioral
response to the mileage fees.

This was intended to be an exploration of how the data collected during the Oregon Mileage Fee
Experiment could be used to extend the analysis of factors affecting behavioral changes in
response to mileage fees. The research effort was started as a broad analysis of various potential
factors and then additional analysis was concentrated in areas showing the most promise. The
first item analyzed was the responses and changes in responses related to attitudes between the
three surveys. The initial evaluation of the survey responses revealed a perplexing change in
response, from survey to survey, to the statement “Offered a choice between convenient public
transportation and taking a car, [ would always drive a car, even in rush hour traffic.” This was
of interest both because the attitude response appeared to be a significant determinant of some
behavior changes and because the changes might indicate that there were other inconsistencies in
the attitude data. This could affect our understanding of how attitudes might be used to predict
behavioral changes. The preliminary analysis showed great consistency in the responses to most
questions across the surveys. Further analysis was generated related to the one response that
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showed puzzling changes between the surveys. The pattern of changes was identified, but there
did not appear to be a clear explanation for the changes. Further, the differences across the
surveys had a limited impact on the estimated effect of the attitude on behavioral responses.
There did not seem to be much benefit in further analysis of survey response consistency.

Another concern was that the change from a fuel tax to a mileage fee would increase the cost of
travel for fuel-efficient cars and reduce it for cars with low fuel efficiency. The EPA estimated
mileage for each vehicle was added to the data set to determine if there was an effect of such
differences. The analysis indicated that the effect was minor and not statistically significant.
This precluded further analysis of how these differences might be affected by attitudes,
demographic variables, and so on since there was no effect to analyze.

Completed regression analysis showed that the self-reported distance to “the nearest bus or rail
stop that could take you places you want to go” had a moderate and close to statistically
significant effect on the changes in behavior. The initial approach to refining the analysis of the
effect of transit on behavioral changes focused on the measures of quality of service available.
Various measures of transit service at a variety of distances from the residence were used to
determine if there was any effect of transit service on the changes in behavior. The surprising
result was that the amount of service did not seem to be important in determining behavioral
responses. Since the preliminary analysis provided evidence that the self-reported measure of
transit within four blocks had some explanatory power with respect to the changes in miles
driven, it was decided to focus on more direct measures of distance to transit stops rather than on
the amount of transit service available. The distance measures turned out to have the most
explanatory power. The analysis was expanded to compare various measures of actual distance
to transit with the self-reported measures. This provided some of the more important
contributions of the project by generating measures of how access to transit interacted with
mileage fees to change miles driven.

Various socio-demographic measures were analyzed for effect on miles driven. The further
refinement of the income data provided some interesting insight into the differences in effects for
different income groups. The primary finding was that the effect of income was not monotonic,
with low-income households changing their miles driven less than some of the higher income
groups. This may be due to their driving fewer miles to begin with, and this seems worthy of
further analysis. Unfortunately, the limited income data and small sample size prevented further
meaningful analysis.

It was hoped that the public use data set from the Puget Sound study would be available to
generate some comparisons with the data from this study. Aggregate statistical analysis from the
Puget Sound study had been published, but the raw data was not available. Since the data had
not been released, the results from this study related to changes in mileage were compared with
the published results from the Puget Sound study and several other studies that used VMT based
fees. While many of the results from other studies were limited due to sample sizes and other
considerations, where data was available it was largely consistent with the results from this study
as to how drivers change their behavior when faced with VMT charges. However, this is another
area where future research that makes more direct comparisons would be useful.



1.2 REPORT OUTLINE

Chapter 2 explains the basic data set and the additional data generated for this project.

Chapter 3 provides the additional analysis of consistency in the survey responses. Changes in
the response to attitude statements were analyzed across the three surveys. One response had
been statistically significant in the initial analysis, but showed substantial variation across the
surveys, so the statistical analysis was repeated with the responses from the other two surveys to
see if this affected the usefulness of the attitude data in predicting changes in behavior.

Chapter 4 addresses the concern about the VMT fee having a differential impact on vehicles with
different fuel efficiencies. EPA estimates of miles per gallon by vehicle were entered into the
data set to analyze whether these differences affected the response to the mileage fees.

Chapter 5 examines the more detailed information on changes in rush hour mileage by day and
by morning versus evening. The initial analysis focused on changes in total rush hour mileage,
but separate totals were collected for the morning and evening rush hours for each weekday.
Differences in response between the morning and evening and by day of the week are presented
and discussed.

Chapter 6 reports on more extensive analysis of the relationship between availability of transit
service and the changes in behavior in response to the mileage fees. Recent discussions related
to the use of pricing to manage road systems have raised questions about the impact that it will
have on transit usage as well as how the availability of transit would affect the behavioral
changes caused by pricing.

Chapter 7 examines the differences in response to the mileage fees by income in more detail than
was possible in the initial analysis. The income data for the participants in the experiment is
very limited, indicating whether total household income was less than $20,000 per year, between
$20,000 and $40,000, between $40,000 and $60,000, or greater than $60,000. The preliminary
statistical analysis simply split the group into above or below $40,000. Since there is substantial
interest in the affect of income differences on the response to pricing, the more complete data
was analyzed.

Finally, other studies have focused on the impact of various types of mileage fees on changes in
mileage. Chapter 8 reports on similarities and differences in findings between this study and
some other experiments in mileage fees.






2.0 DATA

2.1 MILEAGE DATA

Data from the experiment was created as follows. Each vehicle was equipped with a GPS device
that allowed mileage to be tracked by zone, where a zone is defined by location and time. The
only data generated by the system was the mileage by zone. The geographic delineation of zones
were 1) the area within the Portland Urban Growth Boundary, which was used to define the zone
for rush hour charges, 2) the rest of Oregon, 3) outside of Oregon, and 4) areas with no GPS
signal. Time delineation of zones included the a.m. and p.m. rush hours by weekday for travel
inside the Portland Urban Growth Boundary, and weekday and weekend differentiation. Zones
included separate totals for each weekday morning and evening rush hour within the Portland
Urban Growth Boundary.

Data from each vehicle was predominately collected when the vehicle was fueled at a
participating service station. This resulted in data being collected at widely variable times.
Hence, the data is analyzed in terms of miles per day or miles per weekday. All vehicles were
simply instructed to fuel regularly at the participating stations for about 4.5 months. This is
referred to as the baseline data. At the end of this time, the vehicles were assigned to one of two
experimental groups or to a control group. Vehicles in the first experimental group, the VMT
group, were charged a flat mileage fee of 1.23 cents per mile for all miles driven in Oregon and
they received a reduction at the pump or a refund for state gasoline taxes. Participants in the
second experimental, the RH group, were charged 10 cents per mile for miles driven in the
congestion zone during peak periods on non-holiday weekdays, but only .43 cents per mile for
other mileage in Oregon. They also received either a reduction at the pump or a refund of state
gasoline taxes.

Each vehicle in the experimental groups was given an endowment account at the beginning of
the experiment that was based on the mileage driven during the baseline. Mileage charges were
deducted from this account, with any balance paid to the participant at the end of the experiment.
If the mileage charge exceeded the endowment, the participant did not have to pay the

difference. This procedure gave participants a financial incentive similar to that of actual
charging without deterring them from participating in the experiment due to the potential cost.
There was also a small control group that simply continued to pay normal fuel charges (including
the state gas tax), but they uploaded mileage data when they purchased fuel at one of the
participating stations.

2.2 SURVEY DATA

In addition to the mileage data, one participant from each household responded to three surveys
which included certain demographic information as well as information on the respondent’s
attitudes. The surveys were conducted at the beginning, midpoint, and end of the experiment.
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They were conducted by telephone, and the survey research firm created a database for each
survey. For this study, there were several augmentations to the survey database. The survey
response rates were high, but there were always some non-response households. After the first
survey, ODOT obtained written responses to the survey from some of the non-respondents, but
this data was not added to the database. So, the written responses were coded and added.

Address data that included street information helped determine where most houses were located.
A number of households could not be located due to the use of PO Box addresses or other
problems with the address data. Of the 168 households that provided useable data for the
analysis, 151 were located using a GIS. Figure 1 shows the distribution of the households within
the Portland metropolitan area. Based on the recruitment method and the requirement that
participants fuel regularly at one of two service stations located on Portland’s eastside (identified
in the figure by two black circles that represent one mile distance buffers around the stations), it
was expected that there would be a high concentration of households near these locations. As
the map shows, there is actually a fairly wide distribution, although there is clearly an orientation
towards the service stations. Nevertheless, the wide distribution generated differences in access
to transit and to the amount of service available. The location data was then augmented with
information related to the availability of transit service.
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Figure 2.1: Location of Study Participants




Information from TriMet, the local transit agency, was used to generate several variables that
related transit service to residential location. The first was simply distance to the nearest transit
stop. The next measures relate to the number of bus routes or rail lines that could be reached
within various distances from the residence. This report only considers service within one-
quarter mile since other distance measures yielded results similar to those for the quarter-mile
distance. Hence, there is a variable representing the number of unique transit routes that could
be accessed within one-quarter mile and another that represents the number of frequent service
transit routes within a quarter mile. TriMet has 19 frequent service bus routes and light rail lines
operating at headways of 15 minutes or less during the day, seven days a week. The frequent
service bus routes carry over 50% of TriMet riders. The agency also targets these routes for
service quality enhancements in the form of low floor buses, stop amenities, and traffic signal
priority.

2.3 EPA MILEAGE DATA

One concern with the VMT experiment was that while the price was set to be revenue neutral on
average, it would create higher and lower costs per mile for different vehicles. A vehicle that
achieved approximately 20 miles per gallon would have a mileage fee that was essentially
equivalent to the state gas tax on a per mile basis. However, more fuel efficient cars would have
a mileage charge that was greater than the equivalent fuel tax while less fuel efficient cars would
have a mileage charge that was less than the equivalent gas tax. ODOT had collected EPA
mileage data by vehicle for the vehicles registered in the experiment. This data is available by
vehicle make, model, and year. The appropriate estimate for each vehicle was entered into the
database. There are various concerns about using the EPA estimates since they do not
necessarily reflect actual driving conditions nor do they reflect the effect of differences in
individual driving habits. However, they provide a consistent set of estimates across vehicles.






3.0 ATTITUDES EXPRESSED IN THE SURVEYS

3.1 CONSISTENCY OF ATTITUDE RESPONSES

One consideration in the experiment’s design was to see if various attitudes expressed by
participants could be used to explain their later changes in behavior or failure to change behavior
in response to pricing incentives. Several of these attitude variables were used in the statistical
analysis of changes in behavior in response to the pricing experiments and proved to have
predictive power. However, preliminary analysis of the survey results showed that there
appeared to be inconsistencies in some of the responses across the surveys. One concern with
using attitude responses is the possibility that people may alter their response based on what they
think is the “correct” answer. The context of the experiment and timing of the survey may then
lead to somewhat biased responses, which in turn would call into question the relationship
between the attitudes expressed and the changes in behavior. The survey response to the
statement, “Offered a choice between convenient public transportation and taking a car, I would
always drive a car, even in rush hour traffic,” was a statistically significant factor in how people
responded to the mileage fees. Therefore, the changes from survey to survey in this response
raised a question of whether the result was a valid interpretation based on the attitudes of the
respondent.

There were some changes in respondents among the surveys, and this might have resulted in
some of the observed differences in responses. The instructions were for the same person to be
the respondent throughout the experiment, but there are clear indications of changes in some
cases, such as differences in the gender of the respondent. However, it is noteworthy that the
other attitude questions did not show any patterns of differences across the surveys except as
noted below.

The survey responses to attitude questions were “strongly agree,” “agree,” “neither agree nor
disagree,” “disagree,” and “strongly disagree.” To make comparisons between surveys, the
responses were numbered from one to five. A higher number indicates more agreement with the
statement and a lower number indicates more disagreement with the statement. A positive
difference in the responses indicates a shift toward agreement with the statement and a negative
difference indicates a shift toward disagreement with the statement. Responses to each attitude
question were then compared statistically between surveys 1 and 2, 2 and 3, and 1 and 3. The
results of paired t-tests across the survey response are reported in Tables 3.2-3.4. Table 3.1
provides the wording for the statements. Table 3.2 shows the comparison between the first and
second surveys, Table 3.3 has the comparison between the second and third surveys, and Table
3.4 shows the comparison between the first and third surveys. For most questions, there was a
high level of consistency in responses across the surveys. However, three questions showed
statistically significant changes in responses. There was a statistically significant decrease in the
percentage who agreed with the statement that “The price of gasoline affects the choices I make
about my daily travel.” This change occurred between the first and second surveys. There is no
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clear reason for this change, but it may simply reflect people becoming more aware that they did
not change their behavior as gas prices started to rise.

Table 3.1 Wording of Attitude Questions

Wording of Attitude Questions

Offered a choice between convenient public transportation and taking a car, I would always drive a car, even in rush
hour traffic.

Travel time is generally wasted time.

If I have to start my car anyway, I might as well drive all the way rather than park and catch the bus or MAX.

When I’'m going someplace, I think more about how quickly I can get there than how much it will cost.

I am willing to pay a toll or tax to support new highways.

Getting to work without a car is a hassle.

I am uncomfortable driving in heavy traffic.

The price of gasoline affects the choice I make about my daily travel.

When I need to buy something, I usually prefer to get it at the closest store possible.

I can’t plan ahead when I go somewhere because my schedule often changes.

Table 3.2 Responses from Surveys 1 and 2

Household’s answer to the same attitude questions asked Paired Differences

at the beginning of the experiment (Survey 1) and in the

middle of the experiment (Survey 2) Mean t-ratio Sig. (2-tailed)
Always Prefer to Drive .295 2.494 .014
Travel Time is Wasted Time 011 .088 930
In Car, Might as Well Drive -.038 -311 756
Time More Important than Cost .060 512 .609
Willing to Pay Toll or Tax .290 2.230 .027
Commuting without Car is Hassle -.115 -.765 445
Uncomfortable in Heavy Traffic .104 976 330
Gas Price Affects Choices -432 -4.292 .000
Prefer Closest Store .055 499 .618
Can’t Plan Ahead 131 1.161 247

Table 3.3 Responses from Surveys 2 and 3

Household’s answer to the same attitude questions asked Paired Differences

in the middle of the experiment (Survey 2) and at the

end of the experiment (Survey 3) Mean t-ratio Sig. (2-tailed)
Always Prefer to Drive -.361 -3.350 .001
Travel Time is Wasted Time -.0227 -.186 .853
In Car, Might as Well Drive .101 .839 403
Time More Important than Cost .107 932 352
Willing to Pay Toll or Tax 141 1.361 175
Commuting without Car is Hassle .197 1.418 .158
Uncomfortable in Heavy Traffic -.107 -1.252 212
Gas Price Affects Choices 011 110 912
Prefer Closest Store 197 1.695 .092
Can’t Plan Ahead -.034 -.329 742
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Table 3.4 Responses from Surveys 1 and 3

Household’s answer to the same attitude questions asked Paired Differences

at the beginning of the experiment (Survey 1) and at the

end of the experiment (Survey 3) Mean t-ratio Sig. (2-tailed)
Always Prefer to Drive -.062 -.529 .598
Travel Time is Wasted Time -.050 -.444 .658
In Car, Might as Well Drive 107 .884 378
Time More Important than Cost .186 1.473 142
Willing to Pay Toll or Tax 463 3.772 .000
Commuting without Car is Hassle 102 736 462
Uncomfortable in Heavy Traffic -.050 -.523 .602
Gas Price Affects Choices -.429 -3.912 .000
Prefer Closest Store 192 1.718 .088
Can’t Plan Ahead .073 7122 471

The second statistically significant change was an increase in agreement with the statement, “I
am willing to pay a toll or tax to support new highways.” This may have been due to the
familiarity with the mileage fee system that was developed or it may have been due to people
becoming aware that the experiment was related to a system to collect a mileage fee. The initial
interpretation was that people became more comfortable with the fee system and thus were more
inclined to agree as the experiment progressed; however, it may be that some people were simply
changing their responses based on what they thought the experimenters would like to hear.

The most perplexing change was in response to the statement, “Offered a choice between
convenient public transportation and taking a car, [ would always drive a car, even in rush hour
traffic.” There was a large and statistically significant increase in agreement with this statement
between surveys 1 and 2, then an equally large and statistically significant reduction between
surveys 2 and 3, so that there was almost no difference in response between surveys 1 and 3.
One possibility is that people altered their responses based on changing perceptions of what the
experiment was designed for. At the beginning of the experiment, participants were not told
about the pricing system, but they were told that the devices would keep a total of their mileage
and report mileage whenever they purchased gas at a participating station. It would not be
implausible to think that some might interpret this as a system that would monitor driving so as
to try to reduce mileage. Hence, the bias would be to respond against the statement.

At the end of the baseline data collection, the participants still had not been informed of the
nature of the experiment and may have concluded that it was simply a method of monitoring
mileage. They may have felt more comfortable responding that they preferred to drive. At the
end of the experiment, participants in the two mileage fee groups were well aware of the intent to
use the system to collect mileage fees, so the bias may have switched back toward saying that
they do not prefer to drive. This is, of course, simply speculation, so a detailed analysis of the
response changes to this question was conducted.

3.2 ATTITUDES TOWARD DRIVING

The findings were very surprising. To make the analysis manageable, the “strongly agree” and
“agree” responses were combined to “agree,” and the “strongly disagree” and “disagree”
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responses were combined to “disagree.” Despite this combination of responses, there was little
consistency in responses across the sample. As seen in Table 3.5, only 43 of the 143 households
consistently agreed or disagreed with the statement across the three surveys. If we ignore all
responses that contained “neither agree nor disagree” and N/A, we still have 72 households with
substantial changes in their response to this question. There were 17 households that gave the
response disagree/agree/disagree, which would be consistent with the hypothesized bias
discussed above; however, 13 households had the response pattern agree/disagree/agree, which
would be the opposite of the hypothesized bias. These changes come close to canceling each
other out. Instead, we see that 42 households changed from either agree to disagree or disagree
to agree. However, the households that changed from agree to disagree were fairly evenly
divided between switching at survey 2 and survey 3 whereas 17 of the 20 households that
switched from disagree to agree did so at the second survey.

Table 3.5 Response Patterns

Answered the following combinations at Survey 1, Survey 2 & Survey 3

Combination Number of HH | Combination Number of

HH
Agree/Agree/Agree 19 | Disagree/ Disagree/Disagree 24
Agree/Disagree/Agree 13 | Disagree/Agree/Disagree 17
Agree/Agree/Disagree 9 | Disagree/ Disagree/Agree 3
Agree/Disagree/Disagree 13 | Disagree/ Agree /Agree 17
Agree/Indifferent/Agree 4 | Disagree/Indifferent/Disagree 3

Agree/Agree/Indifferent Disagree/Indifferent/Agree

Agree/Indifferent/Indifferent Disagree/Agree/Indifferent

Agree/Indifferent/Disagree Disagree/Agree/ N/A

Indifferent/Agree/Indifferent Indifferent/ Agree/Agree

= N e e

Indifferent/Agree/Disagree N/A/ Agree/Disagree

2

1

3
Indifferent/Disagree/Disagree 5 | Disagree/ N/A /Disagree

2

1

0

All Other Combinations Total Number of Households 143

3.3 EFFECT ON STATISTICAL ANALYSIS

Since the regression analysis indicated that the response to this attitude question was statistically
significant in explaining behavior, the responsiveness was tested by checking to see if the
responses on the different surveys yielded different conclusions about the effect of attitude on
behavior. Using the responses from the first survey, the coefficients were small and nowhere
near significant in explaining any of the baseline driving. Many of the following regression
results use essentially the same variables with one variable changed. For ease of interpretation,
the results for the key variable in each table are in bold type. Table 3.6 shows that using the
response to the question in the second survey results in a large and statistically significant
relationship to baseline rush hour driving. Those expressing this attitude in the second survey
drove almost two additional rush hour miles per day than those who did not express this attitude.
Yet there was still no relationship to total miles. Table 3.7 shows that using the responses to the
third survey yields results similar to the response from the second survey but not statistically
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significant for any of the regressions. This would be consistent with the interpretation that the
responses to the second survey were the most accurate in explaining attitudes during the baseline

data collection period.

Table 3.6 Baseline Period- Rush Hour Miles per Vehicle per Weekday, Total Oregon Miles per Vehicle per

Day, and Total Miles per Vehicle per Day- Survey 2

Variables Rush Hour Oregon Total Miles
Number of Vehicles in HH -3.347%* -7.351%* -7.818%*
(-5.199) (-4.004) (-3.742)
. 1.277* 5.879** 5.758**
Number of Persons in HH (2.479) (4.001) (3.443)
-0.702 -1.715 -2.123
Gender Dummy (Male) (-956) (-819) (-.890)
. 0.639 1.895 1.751
At Least 1 Person in HH Emp. FT Dummy (0.831) (0.864) (0.702)
. . . . 1.948** -0.307 -0.466
Always Drive, Even if Transit Available Dummy (2.766) (-153) (-204)
. . 2.066%* 5.019* 4.733
Commuting w/o Car is Hassle Dummy 2.742) (2.336) (1.936)
0.128 3.115 3.371
Need Car b/c Sched. Changes Often Dummy (0.159) (1.349) (1.283)
. -2.582%* -1.798 -3.447
Transit Access LT 4 Blocks Dummy (3.624) (-885) (-1.491)
. . 1.856* 1.775 1.452
Children Under 16 in HH Dummy (2316) 0.777) (0.558)
, 0.605 0.417 0.855
Speed More Imp't Than Cost Dummy (0.863) (0.209) (0.375)
0.568 0.687 0.469
WTP Tax/Toll Dummy (0.836) (0.355) 0.212)
. . 1.096 -0.057 -0.599
Gas Price Affects Travel Choices Dummy (1.486) (-027) (-250)
2.848%* 3.993 6.329*
HH Income $40K+ Dummy (3397) (1.671) 2.327)
Constant 4.809** 20.088** 24.636**
(3.295) (4.827) (5.201)
Adj. R? 0.268 0.14 0.119
N 191 191 191

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

Table 3.7 Baseline Period- Rush Hour Miles per Vehicle per Weekday, Total Oregon Miles per Vehicle per
Day, and Total Miles per Vehicle per Day- Survey 3

Variables

Rush Hour

Oregon

Total Miles

Number of Vehicles in HH

-3.218%*

-8.598**

-9.173%*
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(-4.950) (-3.699) (-3.267)
K3k k3 *
Number of Persons in HH 1('24%3) 5(2223 3] (42'715368)
-1.063 0.814 1.291
Gender Dummy (Male) (-1.494) 032) (0.42)
At Least 1 Person in HH Emp. FT Dummy (gggg) (:00'841‘) (-f)'285887)
Always Drive, Even if Transit Available Dummy (iégg) (g(l)gg) (-0.145769)
K3k
Commuting w/o Car is Hassle Dummy 2('20%7) ((1)2‘1‘;) (00'27237)
* *
Need Car b/c Sched. Changes Often Dummy (00 12836) (52'809311) (61 995886)
. -2.174%* -0.763 -1.73
Transit Access LT 4 Blocks Dummy (3.088) (-303) (-569)
*
Children Under 16 in HH Dummy (22'056617) 5233) (?ggf)
Speed More Imp't Than Cost Dummy (205;)2 (?38?) (1332)
0.799 1.528 1.214
WTP Tax/Toll Dummy (1.155) (0.618) (0.406)
Gas Price Affects Travel Choices Dummy (123)2) (822; (8?3411)
2.882%* 1.665 33
HH Income $40K+ Dummy (.414) (0.552) (0.905)
Constant 4.695*%* 22.587** 27.875%*
(3.204) (4.31) (4.404)
Adj. R? 0.248 0.095 0.062
N 190 190 190

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

The response from the first survey in the initial analysis showed a large (around four miles per
day) and statistically significant effect in changes in total Oregon miles and Total miles driven.
Yet when we use the responses from the second and third surveys to examine the changes in
mileage that occurred during the experiment, the estimated magnitudes of the impact of the
attitude on changes in behavior are reduced. Further, the only statistically significant effect is
seen in the relationship between the attitude and changes in total miles using the second survey
response. These results are shown in tables 3.8 and 3.9.

The magnitude and statistical significance of the coefficients in explaining changes in Total
Oregon miles and in Total miles are much reduced. This implies that the initial response was a
better indicator of actual attitudes than the later ones in explaining the changes in behavior.
Hence, there is some inconsistency in which survey best explains behavior between the findings
related to baseline miles driven and changes in miles driven. There appears to be enough
consistency among the responses that they yield information on how behavior will change, but
the response changes do raise questions about how accurately they reflect actual attitudes. This
implies that attitudes may be important in predicting how a particular population will respond to
prices but that care must be taken in determining attitudes.
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Table 3.8 Change in Rush Hour Miles per Vehicle per Weekday, Change in Total Oregon Miles per Vehicle

per Day, and Change in Total Miles per Vehicle per Day- Survey 2

Variables Rush Hour | Oregon | Total Miles
Number of Vehicles in HH ((1)2?5) (09'661%‘) (1007347)
Number of Persons in HH (:(1)23491) _(3_ 31222: _(2_ 28223:
Gender Dummy (Male) (gféf) 52233) 5:332)
At Least 1 Person in HH Emp. FT Dummy 2)0'.13652) (8213) (8221)
Always Drive, Even if Transit Available Dummy (0(;.13681) (122?) ?2.?25854:;
Commuting w/o Car is Hassle Dummy (__10.'56085) (__0578458) (__1.832343)
Need Car b/c Sched. Changes Often Dummy (:(1)22) (__042014) (822?)
Transit Access LT 4 Blocks Dummy (__1' .761855) (:?%g) (:i ﬁ?)
Children Under 16 in HH Dummy ((1)?62) (11.63298) (?222)
Speed More Imp't Than Cost Dummy (_?601015) (8225) ((1);413)
WTP Tax/Toll Dummy (8:;23) ('?'114611) (8:47‘;2)
Gas Price Affects Travel Choices Dummy (-?.736493) (-06863 58) 6?460421)
HH Income $40K+ Dummy ('?'749(21) ('?'220816) E?ﬂ%
Rush Hour Group Dummy -(1_3533;; (-_22'%079502 (:%28‘1‘)
Control Group Dummy 2)0'.22368) ((1)2 (1)% ((l)gﬁ)
Constant 1.529 2.391 -2.035

(1.74) (0.961) (-.647)
Adj. R? 0.106 0.05 0.029
N 191 191 191

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence
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Table 3.9 Change in Rush Hour Miles per Vehicle per Weekday, Change in Total Oregon Miles per Vehicle
per Day, and Change in Total Miles per Vehicle per Day- Survey 3

Variables Rush Hour | Oregon | Total Miles
Number of Vehicles in HH (?gzg) (83 (1)2) (i gg;)
Number of Persons in HH (:(1)?%) _(3_ 33241‘:: (__22’.645187*)
Gender Dummy (Male) (3?2% (22.500572>; 5%2)
At Least 1 Person in HH Emp. FT Dummy (88?2) (8322) ((())izg)
Always Drive, Even if Transit Available Dummy (g;ig) ( 11.'14512) (iigg)
Commuting w/o Car is Hassle Dummy (:(1)2(1)2) (__1"927456) (__1.833239)
Need Car b/c Sched. Changes Often Dummy (__10.46288) (_?'126259) ((l)éélé)
Transit Access LT 4 Blocks Dummy (:1733;) (:i 2;;) (_-1..943087)
Children Under 16 in HH Dummy (?Zié) (iggj) (?jég)
Speed More Imp't Than Cost Dummy (8882) (8‘5‘;;) (82(7);)
WP TaxToll Dy 533 TV R
Gas Price Affects Travel Choices Dummy (-?.830521) (-?'791004) 6?2599489)
HH Income $40K+ Dummy (O '529905) (O '588596) (1 '626034)
Rush Hour Group Dummy -(1_35232; (:? ;é;‘) (-12..41226)
Control Group Dummy (8:%2) (é:igé) (01.45;6)
Constant 1.468 2.808 -2.008
(1.684) (1.107) (-.634)
Adj. R? 0.098 0.07 0.028
N 190 190 190

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence
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4.0 PRICINGAND VEHICLE MPG

One concern that has been raised with respect to changing from a fuel tax to a mileage fee is that
fuel-efficient cars would pay more and less fuel efficient cars would pay less relative to the
current distribution of the fuel tax. While this is certainly true, the impact is likely to be small
since the magnitude of the state gas tax is small relative to the other costs of driving. Indeed,
McMullen and Zhang (2008) tind that the distributional impact of the mileage fee is very small.
Nevertheless, it is helpful to get empirical information on whether the change in the distribution
of the tax burden would affect driving behavior. The most direct test for this is to see if
differences in fuel efficiency affected the changes in behavior that resulted from the pricing
experiment. In particular, it was hypothesized that vehicles in the VMT group would see the
largest effect of this, since the VMT fee would be higher for vehicles that were more fuel
efficient than average and be lower for vehicles that were less fuel efficient than average relative
to the state gas tax. To test this hypothesis directly, the EPA mileage estimate for each vehicle
was entered as a variable.

The first test is whether there is any effect of EPA mileage on baseline driving. As seen in Table
4.1, vehicles with higher EPA mileage estimates appear to be driven somewhat more miles per
day than vehicles with lower estimates. The effect is relatively small, and it is not statistically
significant. The small positive effect may be due to people who undertake substantial amounts
of driving choosing more fuel efficient vehicles.

Table 4.1 Baseline Period- Rush Hour Miles per Vehicle per Weekday, Total Oregon Miles per Vehicle per
Day, and Total Miles per Vehicle per Day With EPA Estimates

Variables Rush Hour | Oregon | Total Miles

- *%k - *k _ *%
Number of Vehicles in HH 2.908 6.967 7.427

(-4.465) | (-3.046) | (-2.693)

1.404** 4.836** 4.261*

Number of Persons in HH (2.74%) (2.69) (1.967)

Gender Dummy (Male) (i 323) (22471;) (1.2‘6250)
HH Income $40K+ Dummy 2(35322; (gzi) 53781())
At Least 1 Person in HH Emp. FT Dummy (;ii) (:(2);2) (:Z;)
Always Drive, Even if Transit Available Dummy (223) (:(2)32) (i’;;)
Commuting w/o Car is Hassle Dummy 2(33(%:; (?g}é) (1.;158981)
Need Car b/c Sched. Changes Often Dummy (28;) (52..7002762 (?gi;)

-2.174** -.739 -1.939

Transit Access LT 4 Blocks Dummy (-3.068) (-297) (-.646)
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%
Children Under 16 in HH Dummy (12'948512) 52;;) (igig)
Speed More Imp't Than Cost Dummy ('ggé) (?EZ) 5;22)
617 1.319 1.255
WTP Tax/Toll Dummy (.899) (547) (432)
Gas Price Affects Travel Choices Dummy (i égg) (1 '557002) (1 f5329)
. . .058 358 374
EPA Mileage Rating (977) (1.720) (1.490)
(Constant) 3.121 13.242 17.789*
(1.496) (1.808) (2.014)
Adj. R? 0.231 .089 .057
N 195 195 195

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

If people did take account of the price differential between the gas tax and the mileage fee, then
vehicles with high fuel efficiency would show a greater reduction or smaller increase in miles
driven than vehicles with lower fuel efficiency. Regressions were run using the EPA mileage
estimates as an explanatory variable for the changes in miles driven for all vehicles. There is a
small decrease in miles driven for higher mileage EPA vehicles which is consistent with the
expectation, but it is very small and not statistically significant. Looking at the VMT group
alone, the coefficients imply that the higher EPA mileage vehicles showed a greater increase or
smaller decrease in Oregon and total mileage than the lower EPA vehicles. These coefficients
also are small and are not statistically significant, but the implication is that these small
differences do not seem to have affected the changes in driving for this group. There was a small
but statistically significant decrease for total miles with higher EPA vehicles for the RH group.
This is something of an anomaly since the off-peak mileage charge for these vehicles was on
average less than half of the gas tax per mile. However, there was still a relative increase for the
higher EPA vehicles, so the result is consistent with expectations. There was virtually no effect
on rush hour miles for this group, and this would also be consistent since the 10-cent-per-mile
charge for this driving was many times the gas tax per mile.
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5.0 VARIATIONS IN RUSH HOUR MILEAGE
CHANGES

One of the notable findings in the initial analysis of the effect of mileage charges was the
relatively large and statistically significant reduction in rush hour mileage associated with the use
of congestion pricing. Vehicles subjected to the 10-cent-per-mile charge were found to reduce
their rush hour mileage by 13% compared to baseline mileage and by 22% compared to the VMT
group. In addition to the change in total mileage, the data on rush hour mileage was collected
separately for each weekday and for a.m. and p.m. rush hours. Hence, it is possible to examine
the changes in behavior in more detail to see if there is a uniform reduction in rush hour mileage
or if there are patterns to the changes.

Table 5.1 shows the a.m. and p.m. comparisons for each of the groups. The data for the control
group is presented for completeness, but the small sample size prevents any substantive
conclusions. For the VMT and RH groups, there are fairly similar changes between the a.m. and
p.m. totals, indicating that the ability to adjust behavior does not seem to be affected by the
direction of travel. As noted in the initial analysis, the VMT group actually increased its rush
hour mileage in response to the pricing system. It appears that this group was grouping more of
its travel around the rush hour trips since all mileage changes other than rush hour were
reductions. The rush hour group reduced its a.m. mileage by a little more than the p.m. mileage,
but the differences are small.

Table 5.1 Changes In Total Rush Hour Miles by A.M. and P.M. (Weekday)

Paired Differences

Group Time Period Sig. Percent

Mean t-ratio (2-tailed) Change
Control AM., 4.359 1.378 0.202 25.14%
Control P.M. 1.533 0.538 0.604 7.61%
VMT AM., 1.339 1.565 0.121 13.23%
VMT P.M. 1.589 2.199 0.030 12.03%
RH AM. -2.777 -3.132 0.002 -14.32%
RH P.M. -2.724 -3.021 0.003 -11.98%

However, Tables 5.2 and 5.3 show that there is substantial variation by day in the changes that
occur. In particular, the RH group showed relatively small changes on Fridays and relatively
large changes on Wednesdays and Thursdays. This is consistent with other reports of higher
demand and lower price elasticity for rush hour travel on Fridays. For example, SR91 charges its
highest congestion rates during the Friday afternoon peak. This would argue that for efficiency

the toll may have to be varied by day of the week as well as by time.
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Table 5.2 Changes In A.M. Rush Hour Miles By Weekday

Paired Differences

Group Time Period Sig. Percent
Mean t-ratio (2-tailed) Change
Control Monday 7:00-9:00 A.M. 0.842 1.555 0.154 28.43%
Control Tuesday 7:00-9:00 A.M. 1.643 1.818 0.102 49.27%
Control Wednesday 7:00-9:00A.M. 0.661 1.031 0.330 17.75%
Control Thursday 7:00 9:00 A.M. 0.197 0.260 0.801 5.08%
Control Friday 7:00-9:00 A.M. 1.013 1.314 0.221 29.38%
VMT Monday 7:00-9:00 A.M. 0.029 0.164 0.870 1.58%
VMT Tuesday 7:00-9:00 A.M. 0.359 1.624 0.108 17.13%
VMT Wednesday 7:00-9:00 A.M. 0.472 2.136 0.035 23.46%
VMT Thursday 7:00-9:00 A.M. 0.214 0.997 0.321 10.11%
VMT Friday 7:00-9:00 A.M. 0.263 1.459 0.148 12.91%
RH Monday 7:00-9:00 A.M. -0.520 -2.486 0.015 -15.54%
RH Tuesday 7:00-9:00 A.M. -0.297 -1.372 0.173 -7.95%
RH Wednesday 7:00-9:00 A.M. -0.682 -2.573 0.012 -15.78%
RH Thursday 7:00-9:00 A.M. -1.002 -4.578 0.00 -24.02%
RH Friday 7:00-9:00 A.M. -0.278 -1.226 0.223 -7.40%
Table 5.3 Changes In P.M. Rush Hour Miles By Weekday
Paired Differences
Group Time Period Sig.
Mean t-ratio (2-tailed) | Percent Change
Control Monday 4:00-6:00 P.M. 0.892 1.215 0.255 27.24%
Control Tuesday 4:00-6:00 P.M. 0.209 0.267 0.796 4.92%
Control Wednesday 4:00-6:00 P.M. 0.371 0.453 0.661 8.22%
Control Thursday 4:00 6:00 P.M. -0.025 -0.039 0.969 -0.60%
Control Friday 4:00-6:00 P.M. 0.086 0.187 0.856 2.17%
VMT Monday 4:00-6:00 P.M. 0.665 3.723 0.000 28.40%
VMT Tuesday 4:00-6:00 P.M. 0.279 1.290 0.200 10.73%
VMT Wednesday 4:00-6:00 P.M. -0.021 -0.092 0.927 -0.74%
VMT Thursday 4:00-6:00 P.M. 0.101 0.499 0.619 3.56%
VMT Friday 4:00-6:00 P.M. 0.564 2.587 0.011 21.59%
RH Monday 4:00-6:00 P.M. -0.310 -1.313 0.192 -7.39%
RH Tuesday 4:00-6:00 P.M. -0.423 -1.632 0.106 -9.53%
RH Wednesday 4:00-6:00 P.M. -0.593 -2.435 0.017 -12.84%
RH Thursday 4:00-6:00 P.M. -0.982 -4.323 0.000 -20.79%
RH Friday 4:00-6:00 P.M. -0.416 -1.511 0.134 -8.74%
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6.0 EFFECT OF TRANSIT SERVICE ON MILEAGE
CHANGES

6.1 PERCEPTION AND ACTUAL DISTANCE

As noted earlier, the survey question related to the distance in blocks to the nearest transit stop
that could take participants where they want to go. While there is no way to adjust for the
subjective element, it is possible to compare the actual distance to the nearest transit stop with
the survey response. Four blocks represents approximately one-quarter mile for standard block
sizes in Portland. The percentage of respondents indicating that transit was available within four
blocks was compared with the percentage that had actual transit stops within one-quarter mile.
The match was relatively close with about 10% fewer people reporting useful transit within four
blocks relative to those with actual transit within one-quarter mile. Since the responses of less
than four blocks and the actual distance of one-quarter mile did not necessarily correspond to the
same household, this can best be viewed as the average difference between the two measures. It
is not known how much is due to errors in estimating distance and how much is due to the
perception that the transit available was not useful.

Next, a simple correlation was done between number of blocks reported and the actual distance
to the nearest transit stop. Correlation between the reported blocks to transit and actual distance
to nearest stop and to nearest frequent service stop were both about 0.3. This indicates that
distance and estimated blocks were somewhat consistent, but that there appears to be wide
variation in the relationship between estimated and actual distance. In other words, people seem
to estimate the distance fairly well on average, but individual estimates vary quite a lot, with
overestimates by some being offset by underestimates by others. This reinforces the importance
of doing the analysis with actual distance, since this is the information that would be available to
analysts reviewing proposed pricing systems.

6.2 TRANSIT ACCESS AND MILES DRIVEN

There are two relevant methods to evaluate the relationship between transit service and miles
driven from the experiment. The first is to examine the baseline miles driven and see whether
various measures of transit distance or service affect the observed variation in baseline miles
driven. The second is to use the same variables to see if they help explain differences in
response to the mileage charges.

Table 6.1 shows descriptive statistics for the regression models using distance to transit derived
from the survey. Table 6.2 shows regression results for rush hour miles and total miles. For
example, the coefficient on transit access shows a statistically significant reduction of two peak
period miles per weekday compared to an average of 6.8 miles per vehicle. On the other hand,
good access to transit had a smaller and not statistically significant effect on the total number of
miles driven. Of course, this result is subject to the concern that people who want to take transit
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choose to live near it, so this analysis shows no causality. However, people had a fixed location
at the time of the experiment, so the effect of transit proximity on changes in mileage would be
directly attributable to the transit availability. This effect was found, but it was not quite
statistically significant. Table 6.3 shows that people who reported good access to transit showed
a reduction of almost three-quarters of a mile per weekday in rush hour driving with a t-ratio of
1.8 as compared to people who did not report good transit access. There was also a reduction of
about 1.5 miles per day in total driving, but this was not statistically significant.

Table 6.1 Descriptive Statistics for the Full Sample- Self-Reported Transit Access

Variable N Mean | Std. Deviation
Avg. Peak Miles/Weekday 195 6.780 5.101
Avg. Total OR Miles/Day 195 27.286 16.463
Avg. Total Miles/Day 195 30.843 19.508
Difference in Peak Miles/Weekday 195 -0.160 2.756
Difference in Total OR Miles/Day 195 -3.176 7.817
Difference in Total Miles/Day 195 -3.984 9.521
Number of Vehicles in HH 195 1.518 0.612
Number of Persons in HH 195 1.759 0.731
Gender Dummy (Male) 195 0.462 0.500
HH Income $40K+ Dummy 195 0.697 0.461
At Least 1 Person in HH Emp. FT Dummy 195 0.667 0.473
Always Drive, Even if Transit Available Dummy 195 0.405 0.492
Commuting w/o Car is Hassle Dummy 195 0.697 0.461
Need Car b/c Sched. Changes Often Dummy 195 0.241 0.429
Transit Access LT 4 Blocks Dummy 195 0.631 0.484
Children Under 16 in HH Dummy 195 0.277 0.449
Speed More Imp't Than Cost Dummy 195 0.544 0.499
Willingness to pay Tax/Toll Dummy 195 0.518 0.501
Gas Price Affects Travel Choices Dummy 195 0.708 0.456
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Table 6.2 Baseline Period Regressions- Rush Hour Miles Per Vehicle per Weekday and Total Miles per

Vehicle per Day Self-Reported Transit Access

Variable Rush Hour Total
Number of Vehicles in HH -(3_4023: _(%213;;‘
Number of Persons in HH 1(233(1);: (‘1‘;;?)
Gender Dummy (Male) (:1 giz) ((l)ggg)
HH Income $40K+ Dummy 2(35(3)23: <§I§Zg>
At Least 1 Person in HH Emp. FT Dummy (ggig) (88(2);)
Always Drive, Even if Transit Available Dummy (ggzé) (ggg(l))
Commuting w/o Car is Hassle Dummy 2532?: ((l)igg)
Need Car b/c Sched. Changes Often Dummy (ggg) (61 .79534;;
Transit Access LT 4 Blocks Dummy -(2_203;;: (:(I)Zg)
Children Under 16 in HH Dummy (12..93062:; (?igz)
Speed More Imp't Than Cost Dummy (ggéé) (?gig)
WTP Tax/Toll Dummy (8232) ((1);33)
Gas Price Affects Travel Choices Dummy (11.;51993) (8332)
Constant e i
(3.104) (4.338)
Ad R 0.231 0.051
N 195 195

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

Table 6.3 Change Regressions- Rush Hour Miles per Vehicle Per Weekday and Total Miles per Vehicle Per

Day Self-Reported Transit Access

Variable Rush Hour Total
Number of Vehicles in HH ((1)3(5)(3)) (li4(f79)
- _ sk
Number of Persons in HH (-(1)349‘?) (2_'28227)
0.116 2.982*
Gender Dummy (Male) (0.275) (1.989)
_ % _
Rush Hour Group Dummy (1_'352;7) (-%;(8)3)
Control Group Dummy (gggi) ((1)1347‘)
HH Income $40K+ Dummy -0.456 -1.489
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(-0.928) (-0.855)
At Least 1 Person in HH Emp. FT Dummy (8(1)’%) ((l)égg)
Always Drive, Even if Transit Available Dummy (:8(1)22) A:;ng:
Commuting w/o Car is Hassle Dummy (:(1)22;)) (fg(l)?)
Need Car b/c Sched. Changes Often Dummy (:(1)2?‘21) ((l)égg)
Transit Access LT 4 Blocks Dummy (:(1);32) (:igzg)
Children Under 16 in HH Dummy (?2(5)3) (?32(2))
Speed More Imp't Than Cost Dummy (8?2?) ((1)253)
WTP Tax/Toll Dummy (83‘21 ) (8222)
Gas Price Affects Travel Choices Dummy (:8%?) (:832)
Constant (iiggi) (:?):;(7);)
Adj. R 0.104 0.056
N 195 195

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

This data is relatively unique in that it allows us to examine the relationship between transit
access and either miles driven or changes in miles driven in response to the mileage charge.
Most transit studies focus on mode choice or on the amount of transit use. While mode choice
and transit use information is useful, it does not provide direct information on the effect of transit
on miles driven. For example, increased transit use might reflect more trips rather than a
reduction in driving.

Previous research has found that use of transit is also affected by the amount of service available
(Peng et al. 1997). This was addressed by generating various measures of service available
within various distances of the residence. The measures of quantity used were the number of
routes available within a specified distance and the number of frequent service routes available.
Regressions using these measures of service available within various distances found small and
not statistically significant effects for more service on mileage driven or changes in mileage
driven. Therefore, these results are not reported.

Table 6.4 shows descriptive statistics for the regression models using distance to transit variables
derived from household locations using a GIS. Table 6.5 shows the effect of distance to transit
service on peak miles driven in the baseline period. The surprising finding is that the further one
is from transit the less peak period driving is done; but this coefficient is small and not
statistically significant. Perhaps even more surprising is that Table 6.5 also shows that distance
to transit does affect total driving in the baseline period, with each additional mile to a transit
stop leading to a statistically significant increase of 1.27 miles in average daily mileage. All of
the regressions reported here were also run using distance to frequent service as the variable.
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The results were consistent with the use of simple distance to transit and distance alone appeared

to be the better measure, so these are the results reported.

Table 6.4 Descriptive Statistics for the Full Sample- GIS-Based Transit Access

Std.
Variable N Mean Deviation
Avg. Peak Miles/Weekday 177 6.710 5.271
Avg. Total OR Miles/Day 177 26.291 13.627
Avg. Total Miles/Day 177 29.359 14.855
Difference in Peak Miles/Weekday 177 -0.239 2.754
Difference in Total OR Miles/Day 177 -3.405 7.766
Difference in Total Miles/Day 177 -3.788 9.217
Number of Vehicles in HH 177 1.514 0.623
Number of Persons in HH 177 1.763 0.746
Gender Dummy (Male) 177 0.446 0.499
HH Income $40K+ Dummy 177 0.695 0.462
At Least 1 Person in HH Emp. FT Dummy 177 0.667 0.473
Always Drive, Even if Transit Available Dummy 177 0.435 0.497
Commuting w/o Car is Hassle Dummy 177 0.706 0.457
Need Car b/c Sched. Changes Often Dummy 177 0.237 0.427
Speed More Imp't Than Cost Dummy 177 0.537 0.500
WTP Tax/Toll Dummy 177 0.508 0.501
Gas Price Affects Travel Choices Dummy 177 0.689 0.464
Children Under 16 in HH Dummy 177 0.271 0.446
Distance to Closest Transit Stop (Miles) 177 0.440 1.959
Table 6.5 Baseline Period Effect of Distance to Transit on Miles Driven
Peak Miles Total Miles
Variable Driven Driven
- ok - *k
Number of Vehicles in HH 2717 7.156
(-3.963) (-3.544)
sk sk
Number of Persons in HH 1.476 6.006
(2.729) (3.773)
Gender Dummy (Male) -1.423 -2.068
(-1.762) (-0.869)
kk *
Rush Hour Group Dummy 2.408 5280
(3.130) (2.331)
Control Group Dummy 1.476 -0.210
(0.830) (-0.040)
kk
HH Income $40K+ Dummy 2.805 3.229
(3.038) (1.924)
At Least 1 Person in HH Emp. FT Dummy -0.061 0.007
(-0.072) (0.003)
Always Drive, Even if Transit Available Dummy 0.217 -2.959
(-0.278) (-1.290)
kk
Commuting w/o Car is Hassle Dummy 2.220 4.328
(2.599) (1.721)
Need Car b/c Sched. Changes Often Dummy 1.675 3.814
(1.925) (1.488)

25




- %
Distance to Closest Transit Stop (Miles) 0.195 1.271
(-0.996) (2.209)
Children Under 16 in HH Dummy 1.226 1.950
(1.386) (0.749)
Speed More Imp't Than Cost Dummy 0.501 1.209
(0.655) (0.536)
WTP Tax/Toll Dummy -0.105 0.207
(-0.143) (0.096)
Gas Price Affects Travel Choices Dummy 0.909 -1.783
(1.135) (-0.756)
kk
Constant 2.781 21.106
(1.873) (4.829)
Adj. R? 0.247 0.178
N 177 177

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

Table 6.6 shows that each additional mile to transit results in a statistically significant increase of
0.23 miles in peak period usage in response to the mileage fees, holding everything else constant.
Since there is a fairly substantial reduction in peak miles in response to the fees, it means that
people with close transit access reduce their mileage by more than people without close transit
access. Also, Table 6.6 shows that for each additional mile to transit, daily mileage increases by

0.3 miles, but this result is not statistically significant.

Table 6.6 Effect of Distance to Transit on Changes in Miles

Change in Change in
Peak Miles Total Miles
Variable Driven Driven
Number of Vehicles in HH 0.578 1.544
(1.514) (1.147)
- - k3k
Number of Persons in HH 0.404 2.944
(-1.343) (-2.772)
Gender Dummy (Male) 0.217 2.300
(0.484) (1.450)
- k% _
Rush Hour Group Dummy 1.570 2.611
(-3.667) (-1.728)
Control Group Dummy 0.179 -0.832
(0.181) (-0.238)
HH Income $40K+ Dummy -0.544 -0.609
(-1.059) (-0.336)
At Least 1 Person in HH Emp. FT Dummy -0.061 0.388
(-0.128) (0.232)
sksk
Always Drive, Even if Transit Available Dummy 0.058 4.338
(0.135) (2.835)
Commuting w/o Car is Hassle Dummy -0.979* 2812
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(-2.060) (-1.676)
Need Car b/c Sched. Changes Often Dummy -0.816 0.249
(-1.684) (0.146)
%
Distance to Closest Transit Stop (Miles) 0.234 0.313
(2.150) (0.815)
Children Under 16 in HH Dummy 0.763 2819
(1.549) (1.623)
Speed More Imp't Than Cost Dummy -0.079 1330
(-0.185) (0.884)
WTP Tax/Toll Dummy 0311 0.016
(0.760) (0.011)
Gas Price Affects Travel Choices Dummy -0.262 0.102
(-0.589) (0.065)
Constant 1.272 -2.177
(1.540) (-0.747)
Adj. R’ 0.146 0.050
N 177 177

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

Both the peak period prices and the off-peak prices were different for the VMT and RH groups,
so this might create different incentives for use of transit. Regressions were run on the
subsamples to see if there were different responses in the two cases. Unfortunately, the small
sample sizes yielded few statistically significant results. There did appear to be a larger effect of
access to transit for the rush hour response of the congestion pricing group, but the low statistical
significance of the coefficient cautions against reliance on the specific magnitude.

6.3 EFFECT OF TRANSIT ACCESS

In the Oregon mileage experiment, access to transit had an effect on how much people changed
their mileage in response to prices. The effect is largely associated with distance to a transit stop
rather than with measures of the level of service. Obviously, this was a very limited experiment
and the findings should be applied to other situations with great care. However, these findings
imply that road pricing is likely to be more effective in reducing rush hour mileage in areas with
good access to transit. The effect is small but statistically significant. Less clear is whether there
would be any effect of access to transit on total mileage.
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7.0 EFFECT OF HOUSEHOLD INCOME ON MILEAGE
AND CHANGES IN MILEAGE

In the initial analysis of the data, a set of demographic variables was included to examine the
effect of demographic differences in baseline mileage and changes in mileage due to the mileage
fees. However, the data set has additional information that was not analyzed in the earlier
review. A number of refinements in the demographic data were examined for their effect on
either baseline mileage or changes in mileage. Most of the refinements showed little additional
information as compared to the initial results; however, the income data did allow for more
refinement of the results. One interesting result in the early review was that people with
household income above $40,000 per year drove more than those with lower incomes, but the
higher income groups reduced mileage a little more in the experiment. The latter effect was
small and not statistically significant, but it runs counter to the expectation that higher income
households would be less affected by the pricing and so would reduce their mileage by less. The
only income data reported was for the categories “under $20,000,” “over $20,000 and less than
$40,000,” “over $40,000 and less than $60,000,” and “over $60,000.” The dummy variable used
in the initial analysis was simply for household income above $40,000. To refine the estimates
of the effect of income, all of the income groupings were used. The “over $60,000” group was
chosen as the omitted one since the “under $20,000” category had a small sample size.

The results of including the more refined income categories are reported in Tables 7.1 and 7.2.
Table 7.1 confirms the finding that higher income households did have greater mileage per
vehicle, but there are also substantial differences between the “under $20,000” and the “between
$20,000 and $40,000” income levels, with the lowest income group showing much lower,
although often not statistically significant, mileage levels than the other groups. Table 7.2 shows
that the income group that had the smallest reduction in total mileage due to the mileage charge
was the $20,000 to $40,000 group. While this result alone does not show much, it raises the
important issue that the impact on different income groups will vary. One possible explanation
for this result is that the higher income households have more flexibility to change behavior in
response to the charges than the middle income households, and the low income households have
more incentive due to financial constraints. In any case, it implies that the financial impact is not
monotonic with respect to income.

Table 7.1 Baseline Period- Effect of Income On Rush Hour Miles per Vehicle per Weekday, Total Oregon
Miles per Vehicle per Day, and Total Miles per Vehicle per Day

Variables Rush Hour Oregon Total Miles
. . -2.684** -7.867** -8.146**
Number of Vehicles in HH (4.036) (3362) (-2.890)
. 1.536%* 5.106%* 4.497*
Number of Persons in HH (2.943) 2.78%) 2.039)
Gender Dummy (Male) -1.308* -0.073 0.463
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(-1.760) (-0.028) (0.147)
At Least 1 Person in HH Emp. FT Dummy (8222) (:gizg) (:(l)ggg)
Always Drive, Even if Transit Available Dummy (822 ;) (:gggg) ( 006014;)
kk
Commuting w/o Car is Hassle Dummy 2('223321) ((2)3431?) ((1)2?2)
* *
Need Car b/c Sched. Changes Often Dummy ( 00'75291) (52'908779) (62903 083)
. -2.105%* -0.447 -1.776
Transit Access LT 4 Blocks Dummy (2.907) (0.175) (-0.579)
*
Children Under 16 in HH Dummy (12'827683) (Tig;) (‘1"4913;)
Speed More Imp't Than Cost Dummy ((1)(7)22) (???i) (?ggg)
0.556 1.472 1.428
WTP Tax/Toll Dummy (0.782) (0.589) (0.475)
. . 1.08 0.75 0.538
Gas Price Affects Travel Choices Dummy (1.404) 0277 (0.165)
-2.938 -5.816 -7.568
HH Income Dummy Less Than $20,000 (-1.852) (1.042) 1.127)
-1.537 -1.24 -1.353
HH Income Dummy Between $20,000-$40,000 (1.505) (0.345) (-0.313)
HH Income Dummy Between $40,000-$60,000 (ig;;) (:32(7)2) (3(1;;)
Constant 6.024** 24.619** 30.080**
(3.375) (3.92) (3.982)
Adj. R? 0.224 0.071 0.043
N 191 191 191

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence

Table 7.2 Effect of Income On Change in Rush Hour Miles per Vehicle per Weekday, Change in Total
Oregon Miles per Vehicle per Day, and Change in Total Miles per Vehicle per Day

Variables Rush Hour Oregon Total Miles
Number of Vehicles in HH ((1)‘1‘1 g) (822‘3‘) (i ?;g)
Number of Persons in HH (:?gg) _(?i46;§:;;< -(2_29222:
Gender Dummy (Male) (:8(2)22) (22._9452012 (32._107672#;
Rush Hour Group Dummy (146%;; (fggz) (?41146%)
Control Group Dummy (00_.333) (ggg;) ((1)(2)53)
At Least 1 Person in HH Emp. FT Dummy (:8?22) (82?2) ((l)égg)
Always Drive, Even if Transit Available Dummy (:8;32) 3;2423;; i;gg?:
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Commuting w/o Car is Hassle Dummy (__10';‘6426) (:?(5)32) (ng(l))
Need Car b/c Sched. Changes Often Dummy (:(l)ggf) (:8232) (8323)
Transit Access LT 4 Blocks Dummy (__02'.93213;; (__2251873 6*) (:igg)
Children Under 16 in HH Dummy ((1)2?2) (i gig) 52;5)
Speed More Imp't Than Cost Dummy (:ggg;) ((1)223) ((1):;;2)
WTP Tax/Toll Dummy ?l %1551) (8 i 22) (8222)
Gas Price Affects Travel Choices Dummy (:8 ;;?) (8812) (g(l)gj)
HH Income Dummy Less Than $20,000 (:gigz) (g:g) ((l)g;‘;)
HH Income Dummy Between $20,000-$40,000 (gig;) ?1.?8735; (ig;z)
HH Income Dummy Between $40,000-$60,000 (:(l)g;i) (g;gg) (gigg)
Constant 1.791 0.713 -4.439

(1.802) (0.241) (-1.188)
Adj. R? 0.144 0.108 0.05
N 191 191 191

** Significant at the 99% level of confidence
* Significant at the 95% level of confidence
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8.0 COMPARISON WITH OTHER EXPERIMENTS

There have been a variety of other experiments that have imposed some form of mileage charge
on participants. Since the experiments varied substantially, it is not possible to make simple
comparisons among them. However, each experiment evaluated certain items that are important
in determining the overall impact of the mileage charges.

The Puget Sound Regional Council (2008) reports on an experiment that imposed congestion
pricing on vehicles in the Puget Sound. This experiment equipped vehicles with a GPS-based
system that tracked all vehicle usage and reported this to a central database. Vehicles were
assessed mileage charges that varied by time of day and road class. Several of the key findings
are very consistent with the findings from this experiment. Vehicles subject to tolls showed a
13% reduction in miles on tolled roads and a 12% reduction in miles per week (p. 12). While the
specific amount and imposition of the tolls differed, the general magnitude was similar to the
charges levied in this study, and the mileage reductions were also quite similar.

Since this was also a short-term experiment, all of the concerns regarding behavior while in an
experiment and the lack of long-term options for adjusting apply as well. In addition,
participants in this experiment also did not see any actual reduction in congestion, as would be
expected if this behavior applied to the entire population, so the result is purely a price effect and
would overstate the impact of actual congestion pricing since the improved travel time would
partially offset the disincentive created by the pricing system. Nevertheless, the rough similarity
between the results of the two experiments provides additional confidence that the observed
results are reasonably representative of the short-run response to congestion pricing.

Other reported findings from the Puget Sound experiment are also consistent with the findings
reported here. For example, they also found that the demand response was less pronounced with
higher incomes and more pronounced with better transit options available.

The Puget Sound study looked at congestion pricing but did not include a flat mileage charge as
part of the experiment. In contrast, a study in Minneapolis looked at converting fixed costs of
automobile usage into a flat mileage charge (Abou-Zeid et al. 2008). This experiment included
both flat mileage charges and differential charges between the peak and off-peak. The flat fee
group was subdivided, with some paying 5 cents, 10 cents, 15 cents or 20 cents per mile. The
peak period group could pay a fee as high as 25 cents per mile. Hence, this experiment was in
many ways similar to the Oregon experiment. However, the small sample size and complex
pricing system resulted in a lack of statistically significant findings. The nature of the
experiment was somewhat different since the Oregon experiment was based on replacing a
recurring charge (the state fuel tax) with an approximately equivalent mileage charge.
Nevertheless, drivers in each experiment were faced with a mileage charge that was offset by
reductions in other charges. While the findings were not statistically significant, they were
consistent in direction with the findings in the Oregon study.
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9.0 CONCLUSIONS

The results reported here offer more of an introduction into the analysis of the effect of mileage
fees on behavior than any definitive conclusions. As noted in the report on the initial analysis of
this data, the respondents are by no means a random sample of the population and various
characteristics of the experiment may have biased some of the results. Nevertheless, the findings
are informative with respect to the likely impact of prices on behavior and some of the factors
that may influence the behavioral response. The most important conclusion is that congestion
pricing caused a reduction in peak period driving. In addition, the shift from fuel taxes to VMT
fees caused people in the experiment to change their behavior. However, the analysis here offers
some additional insight into factors that are likely to affect these responses.

The experiment was designed to allow evaluation of how participants’ attitudes affected their
response to the pricing systems. Attitudes do appear to have some relevance to these responses,
but the changes in response to one key question across surveys raises concerns about how
reliable attitude information is and whether it provides much information about likely responses
to pricing.

There has been concern that replacing the gas tax with a mileage fee would encourage more
driving with less fuel efficient vehicles while discouraging driving with more fuel efficient
vehicles since the cost per mile to the less fuel efficient vehicles would decline while the cost per
mile to the more fuel efficient vehicles would increase. There was a very small but not
statistically significant effect of EPA mileage ratings on the changes in behavior in response to
the shift from the fuel tax to a flat mileage fee. This is a reasonable result since the change in
cost per mile was relatively small compared with other costs of driving. In addition, this only
reflects the changes in use of a given vehicle and does not reflect the possibility that a permanent
change might affect the probability that a person would choose a more fuel efficient or less fuel
efficient vehicle. However, given the very small observed effect, this would not seem to be a
significant issue.

The ability of congestion pricing to help manage the use of roads is based on the expectation that
demand to use the roads varies by time of day. Effective congestion pricing would be easier to
implement if the changes in demand were fairly consistent from day to day. Unfortunately, this
does not seem to be the case. Analysis of the changes in rush hour driving by day of week and
morning versus evening leads to the conclusion that the morning-evening responses are fairly
similar but that there are substantial differences by day of the week.

Some of the other noteworthy findings from this report are that the availability of transit does
affect how much people reduce their driving in response to prices. While the estimated
coefficients should be treated with caution, they are among the first direct estimates of how the
availability of transit service affects how people respond to mileage pricing. It also appears that
household income affects how people respond to prices but that the relationship between income
and changes in behavior is not a simple linear one. These findings may lead to more refined
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research on the relationship between road pricing and changes in behavior and better design of
pricing systems.
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