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ABSTRACT
Investigating User Reactions to Pricing Strategies at Overcrowded Park and Ride
Facilities

Park-and-Rides are an effective way to increase transit accessibility. However, many
park-and-ride facilities in operation today are overcrowded and the agencies that mange
these services want to determine how to use the limited parking spaces available more
efficiently. User preference survey data for a variety of alternative pricing strategies
collected in the Puget Sound region, which currently does not charge for parking at parkand-rides, was analyzed to determine how effective these strategies might be at
improving the person occupancy of these spaces. Previous work on this topic is very
limited as many current facilities do not utilize any type of pricing strategy, and the
general use of park-and-rides is not well studied. This work attempts to develop some
insight into which types of strategies may best fit the needs of the facility patrons and the
characteristics of a variety of facility types. By asking park-and-ride users generalized
questions relating to the possibility of changing their commute methods to include
carpooling, parking fees, and guaranteed parking spaces, a more broad idea of park-andride users’ preferences was concluded. Statistical tests (e.g., normal tests and chi-squared
tests) were utilized to determine if any facilities in particular were outliers, and this
information was used to identify special characteristics of these facilities. In addition,
logistic regression models were developed to determine a “profile” of transit users and
their preferences toward various pricing schemes.
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Chapter 1
Introduction
Park-and-ride facilities are parking lots that are typically owned and maintained
by a regional transit agency that serve to provide potential transit users a means to more
easily access transit by car instead of walking, bicycling or using other modes. By
allowing users to access transit via their personal vehicles, the effective catchment area of
these facilities is much larger when compared to standard transit facilities, and this allows
a larger portion of the population to access and use transit service.
Park-and-rides are becoming more popular as transit is an economical option for
many commuters who have to travel longer distances. However, park-and-rides by
nature are capacity constrained, and overcrowding can be an issue, which causes access
limitations. Park-and-ride efficiency needs to be better understood to gain insight on how
these facilities are used. This will allow future implementations of park-and-ride
facilities to be operated more efficiently and simultaneously address the needs of transit
agencies and the transit-using public. Park-and-ride efficiency (i.e., the number of people
served by a single parking space in a park-and-ride) has not been well-studied and is
likely an afterthought in many agencies; however, park-and-ride facilities are critical
junctions in which a large portion of the commuting public changes modes from a
personal vehicle to a more roadway congestion-friendly and environment-friendly form
of public transit. In many locations across the United States, park-and-ride facilities are
either free to use or cost very little to the users. Due to this fact, they are rarely profitable
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in their current state and, because of low or nonexistent fees to users, some undesirable
behavior can occur.
It could be considered that the foremost purpose of a park-and-ride facility is to
increase the number of people who can access transit, especially those who could not
otherwise do so. In addition, a secondary purpose of park-and-ride facilities is the
formation of carpools and vanpools, as they are often a convenient location for users to
converge. This also gives each carpool user a reasonable commuting alternative via the
adjacent public transit service in case of a missed carpool. In locations where park-andrides are underutilized (i.e., there are a surplus of empty parking spaces) the formation of
carpools or vanpools is unlikely to affect the primary purpose of a park-and-ride and
should be considered as a reasonable use of the additional parking spaces. However, in
the case of overutilized park-and-rides (i.e., those that are capacity constrained), the users
who wish to carpool or vanpool could be taking desirable parking spaces that would
otherwise be occupied by transit users. Deterring carpoolers and vanpoolers is difficult,
as many park-and-rides have unrestricted access and no simple methods to bar them from
forming at the facility. However, the implementation of a fee may cause carpoolers and
vanpoolers to find alternative locations for gathering, as they would have to pay multiple
fees as the primary carpool vehicle would need to enter the facility multiple times a day.
A very limited amount of research has been done on the preferences of park-andride users. The major limitation of the existing research on park-and-ride efficiency is
that each individual study was very focused on specific goals and did not consider the
multiple issues that could affect patron usage or facility operations. Many of these studies
were narrow user-preference surveys, in which users were asked which features either
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improved the likelihood that they would use any given facility or which features would
turn them away from using the facility. By proposing a wide variety of options and
possible solutions simultaneously, a more accurate depiction of park-and-ride users’ true
feelings toward pricing and other parking management strategies can be obtained.
Furthermore, little research has been done on the impacts of park-and-ride
capacity on overall user and agency costs. The studies that have considered these costs
were very case-specific, and the methods developed are not applicable to any other
facilities that may be experiencing issues.

Research Objectives

The primary goals of this thesis are to develop a broader understanding of parkand-ride use, user reactions to potential pricing strategies and characteristics of individual
facilities that might influence the impact if pricing strategies in the region. The following
objectives have been achieved in this thesis:


Develop robust data collection methods to assess park-and-ride facility
use,



Create data filtering methods to adjust for limitations in the collected data,



Determine general trends for various pricing strategies,



Find statistical outliers of different pricing strategies and develop possible
explanations, and
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Develop logistic regression models to gain deeper insight into users'
willingness to pay for park-and-ride facility access

Data collected from a research study done to assess many of these issues for a
series of park-and-ride facilities in the Puget Sound region in Washington State was used
to complete the objectives listed. This region is currently experiencing overcrowding of
many of their park-and-rides, with some facilities reaching capacity as early as 5:30 AM.
Different types of transit options were available at the park-and-ride facilities, including:
single bus line, multiple bus line, and rail line. Each of these types of facilities required
different data collection strategies, and different considerations in the analysis process.
No facilities in the region currently employ any type of pricing restrictions, and the
regional agencies that operate these facilities are currently in the process of implementing
and assessing several pilot programs to determine what may be the best method of
introducing a parking fee. The data collected provides a more complete understanding of
how these park-and-ride facilities operate, and what the preferences of park-and-ride
users are, which allows the above objectives to be completed.

Chapter 2
Literature Review
Park-and-ride facilities have a long history in the United States. Ad-hoc park-andride facilities first appeared along bus and rail routes during the 1930’s (Noel, 1988).
Since then, the popularity of these facilities has increased significantly, especially in large
metropolitan regions with dense urban cores. By the late 1960’s, many public and private
agencies had well established and institutionalized parking facilities in remote areas
outside the urban center near transit facilities (Bullard and Christiansen, 1983). Over time
these facilities were specifically designed and operated with the idea of encouraging the
use of public transit. A complete history of park-and-rides in the US, along with
legislative action on the state and federal level to promote their use, is provided in Noel
(1988).
The primary goal of a park-and-ride is very clear: to provide an established area at
which people who are in a low-occupancy vehicle can gather and aggregate into higheroccupancy vehicles to complete the main portion of their trip (Turnbull, 1995). These
park-and-ride facilities are typically placed adjacent to public transit stations, which is
done intentionally to improve transit ridership by providing potential users’ easier transit
access. This increases the effective catchment area of transit stops, as potential users of
the transit system have more options to access it.
Earlier park-and-ride facilities did not discriminate between users who parked at
the facility to form a carpool or vanpool and those that parked at the facility to use
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adjacent transit service—both cases were thought to be beneficial to promoting highoccupancy vehicle use. This practice continues at some park-and-ride facilities today.
The use of park-and-ride facilities for car- and vanpool formation is not an issue if the
given facility is underutilized (i.e., there are unused parking spaces), as this still promotes
an increase in average vehicle occupancy. However, the formation of car- and vanpools
at park-and-rides near transit stations can have negative implications when the facility is
overcrowded and parking spaces are limited. At these locations, the spaces taken by those
forming the car- and vanpools restrict transit access and impede transit users’ ability to
use the transit facilities. This can be especially problematic if the park-and-ride facility is
owned and operated by the transit agency whose goal is to promote transit use.

Benefits and disbenefits

Park-and-rides are associated with a number of benefits and disbenefits (Noel,
1988); however, the literature shows that each of these benefits/disbenefits is not always
as straightforward as they may seem. The foremost benefit of a park-and-ride facility is
the promotion of high-occupancy vehicle use (either transit or carpools). The
conventional thinking suggests that converting trips from lower-occupancy vehicles to
higher-occupancy must lower the total vehicle-miles traveled (VMT) in a transportation
network. And, of course, lower VMT is associated with benefits such as a reduction in
harmful vehicle emissions and traffic congestion. These intuitive benefits have been
verified by researchers (Noel, 1988).
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Users also gain the benefit of ease and comfort of using a transit system, as once a
user boards a public transit vehicle they have the opportunity to spend time on other
activities, such as work or leisure. This benefit is becoming more relevant with
increasing prevalence of mobile commuting. The advent of park-and-rides also has
societal implications as well; it reduces overall fuel consumption, and can have a positive
impact on air quality. Park-and-rides can also improve parking conditions in central
business districts, where space for parking is very restrictive. A park-and-ride user also
saves significant fuel costs due to the reduction in an individual’s vehicle miles traveled
per trip. In addition, overall trip costs can be saved, as transit fees are largely subsidized
along with lower or non-existent parking fees. Park-and-ride users also gain the benefit
of reducing the wear and tear on their personal vehicles, which allows depreciation to
occur more slowly, as well as saving on maintenance costs (Bowler et al, 1986; Turnbull,
1995).
However, more recent studies have provided evidence that suggests the presence
of park-and-rides might not always decrease the number of vehicle miles traveled in a
network (Parkhurst, 2000; Meek et al, 2008; Meek et al, 2010). One reason for this
counterintuitive behavior is as follows: the reduction in vehicle miles traveled and the
associated congestion reduction can be offset by the creation of new trips by car that
might not have been made before (both to the park-and-ride and elsewhere). This
phenomenon is commonly known as induced travel demand (Cervero, 2002). Due to the
generation of these induced trips, congestion and emissions reductions may not always
occur when a park-and-ride facility is built. This additional VMT created by the parkand-ride facility might actually be a positive benefit, however, if it increases accessibility
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for a larger pool of potential users by providing them with an opportunity to travel that
they might not have had before the park-and-ride facility was implemented.
Another reason park-and-ride facilities might actually cause increased VMT in a
transportation network is that these facilities do not only attract those transit users who
would have otherwise driven alone. Instead, many users’ alternative to access transit
through a park-and-ride facility would have been walking, bicycling or being dropped off
by someone making an existing trip. Thus, the park-and-ride might actually cause people
to switch from one of these alternative access modes to car, increasing the number of
vehicle miles traveled. Park-and-ride facilities might also be a local congestion problem
as they attract a very high number of vehicles during the busiest time periods of the day.
If these park-and-ride facilities are located in areas that have previous congestion issues,
the additional demand will only serve to exacerbate the problem. Lastly, park-and-rides
enable longer daily travel distances, which will contribute to urban sprawl and
unsustainable land-use patterns. This can help to contribute to several negative
externalities that are not always accounted for.

Additionally, there are several other disbenefits to park-and-ride implementation.
For the most part, park-and-ride facilities are not profitable, as they do not charge for
parking and generate little to no revenue on their own. In the few situations where a
facility does charge a fee for parking, the revenue generated is typically small, and does
not come close to offsetting the cost from construction and maintenance of the facility.
As previously mentioned, localized congestion problems do arise when a park-and-ride
facility is implemented, and this could be an issue if the surrounding network and
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highway system is not designed for the increased demand. There is also the issue of
assuming that any given park-and-ride facility is being used to near-capacity, as to reap
all of the benefits listed above. If a park-and-ride facility is underutilized, these benefits
are lost and the cost might not be justified. This is especially a problem in some parkand-ride facilities in the United States, as there is a historically low share of transit trips
(American Public Transportation Association, 2012), and this makes it difficult to justify
the implementation of park-and-ride facilities except in extremely dense metropolitan
regions.

Studies on park-and-ride efficiency

Very few studies have been performed to assess the use of park-and-ride facilities
with respect to overutilization, parking efficiency and public perception of such issues. It
should be noted that an early study by Hendrickson (1983) showed that commuters are
more likely to change departure time than change modes, as it allows more personal
freedom than the alternative. This relates to the use of park-and-rides, as many facilities
experience issues of extremely early arrivals to the facility, which occurs when users do
not consider other options of accessing transit. Of the studies that have considered parkand-ride efficiency, most have depended on user surveys to develop models of user
behavior. One of the earliest studies used a stated-preference survey of park-and-ride
users and non-users in King County, Washington (Hendricks and Outwater, 1998). At the
time of data collection, many of the lots were already crowded: 12 of the lots operated at
95% utilization or higher, and the average utilization rate at all 115 lots was 71%. Thus, it
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was not surprising that 36% of the survey respondents said that they would be more
likely to use the park-and-ride facility if parking capacity at overcrowded lots were
improved. "Willingness-to-pay" data were also collected in regards to improved capacity
and security: 35% of users said they would pay $2 per day for improvements in capacity
and security. The percentage of users willing to pay for these improvements dropped to
16% and 9%, when the fee increased to $3 per day and $4 per day, respectively. This
survey also polled users on if they would like to see amenities, such as coffee shops, dry
cleaning, or car service stations, added to the facility and if these amenities would
increase park-and-ride use. Although responses were mainly positive for these additions,
the survey results showed that the availability of these amenities did not influence a
users’ choice of park-and-ride facility.
Using the data from the stated preference survey, the authors were able to develop
travel demand models in the King County region to find useful insights on travel patterns,
as well as the effects of limited parking capacity and parking fees at park-and-ride
facilities on trip demand (Hendricks and Outwater, 1998). The models showed that the
utilization of park-and-ride facilities would increase over time, from 85% in 1995 to 93%
by 2010. The study also showed that approximately 27,000 more trips could be made
every day on transit if sufficient parking was provided at each of the park-and-ride
facilities so that none were capacity constrained. It was also found that increasing the
parking fee was the driving factor in reducing facility demand. A $0.50 daily fee would
reduce demand by 24%, and a $1.00 daily fee would reduce demand by 44%. The
authors did not mention where the potentially diverted trips would go if the fee was
implemented.
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Another survey-based study about park-and-ride users' travel behavior was
performed in the San Francisco Bay Area (Shirgaokar and Deakin, 2005). Similar to
King County, many lots in this area were either at or near capacity, with 19 of 49 lots
operating at more than 80% of capacity. The survey indicated that 40% of respondents
were unhappy with the availability of parking at park-and-ride facilities. The study also
confirmed that almost all park-and-ride users utilized the facility as a part of a commute
to work trip, and that 70% of users drive less than 10 minutes to reach the facility.
Vehicle occupancy data were also collected for this study, and the authors discovered that
93-100% of vehicles that parked contained only a single occupant. The survey was
administered by placing it on the windshields of parked cars during the day, so other
access modes to the lot (e.g., kiss-and-rides, pedestrians or bicyclists) were not
considered. However, none of these modes occupy a parking space so this provides a
good idea of the parking space efficiency. Transit use at these lots varied significantly
depending on location: at some lots about 97% of those parked continued to use transit
for the remainder of their trip, while at others this number was just 28%. Those not using
transit primarily used the lot as a means to form pre-arranged or informal carpools. Note,
however, that the San Francisco Bay Area has several key bottlenecks and bridge tools
that can be avoided by high-occupancy vehicles, and casual carpool formation is not an
uncommon occurrence (Baroldo, 1990).
A case-study done in the Toronto area (Mahmoud et al, 2014) found that access
distance and the direction of the transit station are the strongest factors in a user’s choice
of transit station. It was also determined that users who have longer distances to travel
were more sensitive to access station location, as options are much more limited for these
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riders. Not surprisingly, the authors also found that better amenities and higher
connectivity would improve access point utilization.
The last study related to park-and-ride efficiency was performed in Vancouver
(Khandker et al, 2013). In this study, a stated-preference survey was administered in
which park-and-ride users were presented with a variety of fictitious scenarios and asked
to select between three alternatives: drive-all-the-way, transit-all-the-way or park-andride. These three choices were used in a variety of situations and different pricing
strategies. The results indicated that parking fees for all users would reduce demand for
the facility, but could possibly cause users to switch to a "transit all the way" method of
commuting as opposed to driving for the trip instead. This preference of users indicates
that if fees increase, users may not abandon transit use all together in favor of using their
personal vehicle to travel. It was also found that guaranteed parking spaces were very
favorable for park-and-ride users, and the addition of them would be received positively
even if it cost the users' money to possess one.

Strategies to induce mode shift

Overall, very few studies were performed that examined the characteristics of
park-and-ride users and their relation to parking space utilization. The survey done in the
San Francisco Bay Area (Shirgaokar and Deakin, 2005) determined that the majority of
park-and-ride users that occupy parking spaces typically arrive in a single occupant
vehicle. This is not a surprising, and likely is the same in many urban metropolitan areas.
The easiest way to serve more people at park-and-ride facilities is to increase person-
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occupancy of vehicles parking at the facility, as to allow more people to be served by
transit vehicles. This allows the facilities to become more effective without increasing
the capacity of the facility by building additional (and expensive) infrastructure.
The existing research literature contains many studies with suggestions on ways
to improve multi-occupant vehicle use over single-occupant vehicle use; however, these
strategies may sometimes conflict with the goal of increasing efficiency of park-and-ride
facilities. For instance, the promotion of carpools or vanpools is typically understood as
a positive change on a transportation network, as it reduces the number of vehicles on the
network, and reduces congestion. The primary issues with forming carpools or vanpools,
is the matching of schedules, origins, and destinations (Rudjanakanoknad, 2011). When
only considering daily work commute trips, scheduling may not be as large of an issue
when compared to other scenarios, but matching origins and destinations is still a major
concern. An easy and apparent solution is to choose a nearby park-and-ride facility as an
easily accessible location to form a carpool, which is favorable for most users as it gives
them a viable alternative in public transit if their carpool or vanpool is not available on
any particular day (e.g., the user is running late and the vanpool leaves without the user).
Although this saves total travel time for each member of the carpool when compared to
each member taking individual trips, it has detrimental effects on the park-and-ride
efficiency. As previously stated, most vehicles that park at park-and-rides are singleoccupant, particularly those that are in the process of forming carpools. These vehicles
are using a significant number of parking spaces. If parking is constrained at these
locations, this could displace those who wish to park at the park-and-ride facility in order
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to access transit, resulting in a negative impact on transit use in particular, and possibly
the transportation network as a whole, if the displaced transit users then elect to drive.
Other strategies for inducing multi-occupant vehicle use typically fall into two
categories: incentivizing multi-occupant vehicle use, or disincentivizing single-occupant
vehicle use. Many of these schemes either include a variety of pricing schemes or add
some type of non-monetary benefit for multi-occupant vehicles, such as priority lanes on
freeways. The driving factor of mode choice for most users is the difference in travel
times (Valdez and Arce, 1990; Washbrook et al, 2006). However, other studies have
shown that pricing changes can also be an effective method of inducing mode choice
(e.g., Koppelman et al, 1993). A study by Ungemah et al (2006) showed that a flat-rate
simplistic pricing strategy can be a boon to improving vanpool ridership, especially as
gas prices increase. King County Metro in Washington State has shown that having
several methods of paying for transit, either through personal purchasing of a transit pass,
or an agency-subsidized pass purchased through a user's employer (Allen et al, 1999), can
increase transit ridership. Another study done by Concas et al (2005) discovered that
lowering vanpool fees by 10% could increase demand by as much as 7.3% as long as
trips are held under 30 miles, but it was also mentioned that once a trip length exceeds 60
miles the demand becomes less sensitive to pricing. Other studies using traveler demand
models have found similar results: the mere introduction of a parking fee could reduce
the fraction of single-occupant vehicles parking significantly (Hess, 2001; Su and Zhou,
2012). Overall, the literature shows that the population reacts stronger to subsidies to
multi-occupant vehicles, rather than punishing single-occupant vehicles. It should be
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noted that it is more expensive to implement a subsidy program than simply
implementing a fee for single-occupant vehicles.
Another concern of park-and-ride access is the variability of alternative access
with regards to distance from the Central Business District (CBD). Instead of using parkand-ride facilities, some users utilize other modes to access rail transit, such as bus
service. This is problematic when the distance from the CBD is long, as it is likely that
bus service is not as easily accessible for the average potential rail transit user. This in
turn means that park-and-rides are the easiest method of accessing rail transit. As noted
earlier, this produces many problems. Expansion of a park-and-ride is expensive and can
cause increased local traffic congestion. If a park-and-ride is expanded, the increased
vehicle traffic can deter pedestrians and bicyclists from using that facility, as it could
become too hazardous. There is also a possibility of political pressure to convert the
parking areas in nearby locations to transit-oriented-development (TOD) as a possible
alternative to curb the increased vehicle use demand.
Models have been developed to attempt to solve the trade-off issue between
expansion of park-and-ride facilities and other modes (Engel-Yan et al, 2014). However
the authors admit the model omits many of the political, financial and physical factors.
The data required to include these factors are very difficult to collect and implement into
a model.
Priority strategies for multi-occupant vehicles are also often used with much
success at other locations in a transportation network. The most common example in
many large metropolitan regions is the installation of carpool lanes to allow multioccupant vehicles to bypass queues on congested freeways (Texas Transportation
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Institute, 1998). The prevailing thought is that such differentiation between vehicles
would impose severe negative penalties to the single-occupant vehicles through increased
differences in travel times between the two modes (e.g., Dahlgren, 1998; Chen et al,
2005). However, recent research has shown that segregating multi- and single-occupant
vehicles in this way can actually provide benefits to both groups (Cassidy et al, 2009;
Cassidy et al, 2010). Dynamic priority strategies that are only active when multi-occupant
vehicles (like buses) are present have also been shown to provide a good compromise
between multi-occupant vehicle benefits and single-occupant vehicle disbenefits (Viegas
and Lu, 2001; Viegas et al, 2007; Guler and Cassidy, 2012).

Mode shift strategies at park-and-ride facilities

Many of the above strategies can be implemented at park-and-ride facilities to
increase the average occupancy of parked vehicles, but there are many obstacles to do
this effectively. In a typical parking garage scenario, fees (if any) are collected
automatically, through some kind of electronic system. However, in the case of charging
differently for various classes of vehicles, this becomes much more complex and would
require a parking agent to do it manually. In addition to paying a parking agent's wage,
basic facilities, such as restrooms, heated shelters, and so on, would need to be installed
at any given park-and-ride facility. Depending on the parking fee, these costs could be
offset if the revenue generated by the new fee is large enough. The implementation of
the fee would also deter carpoolers from forming inside of the park-and-ride, as each
individual member would have to pay a fee, as well as the carpool vehicle itself having to
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pay a fee twice a day, once for each entrance to the facility. Even though the carpool
vehicle could avoid this by picking up and dropping off passengers off-site, it could be
easier for all members involved to find an alternative location to form a carpool. Priority
parking spaces for multi-occupant vehicles is a simple potential strategy, as signs or
markings could be installed to denote spaces that are only available for those carpooling
into the facility. Enforcement of these restrictions is the primary concern, as either an
agent would have to check the vehicles utilizing these spaces, or observation via
electronics would have to be done. The use of security cameras carries legal
ramifications which could be difficult to overcome. In addition, a primary issue with the
implementation of prioritized spaces is the balance between the number of spaces
designated for multi-occupant vehicles and the fee charged to single-occupant vehicles.
The appropriate balance between these numbers would be critical to the success of this
type of program, otherwise the facility would not be operating as efficiently, and would
induce equity issues.
Another method to approach the carpooling issue is to make the commuting
public more aware of the transit alternatives available to them. A survey conducted for
Washington State employees determined that a major factor for switching from singleoccupant vehicle commuting to multi-occupant vehicle commuting was the knowledge of
multi-occupant alternatives (Lovrich et al, 1999). The people who were most likely to
change commute modes were also the same group of users that were most concerned
about environmental quality, and less concerned about personal convenience and
flexibility.
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Flexible carpooling, which is a strategy where an agency would designate an area
where people can meet to carpool to similar locations, but users do not necessarily
carpool with the same people day-to-day, could be another method to increase personoccupancy of park-and-ride facilities. A study done by Minett (2013) described a system
where this idea could apply to park-and-ride facilities. Larger parking lots near
residences could be designated as carpool formation lots, and then the resulting carpools
could then travel to high demand transit stations in a single vehicle. The system removes
the complexity of forming carpools by eliminating the need to coordinate with
individuals, and only requires groups of people with common destinations. The primary
issue is the return trip of the commute, as forming carpools from the transit facility back
to the carpool facility could be difficult, especially if users are unusually late for any
reason. Surveys on travelers at five popular transit stations in Seattle were performed to
examine the potential benefit of such a strategy. The surveys suggest that at one
overcrowded location (Sumner Station), dedicating 50 spaces for these flexible carpool
vehicles (who would gather at the nearby Bonney Lake bus station) could allow an
additional 100 users to access transit at Sumner. This is equivalent to increasing the
person-occupancy of 50 vehicles at Sumner from 1 to 3. Note, however, that this strategy
has never been tested in practice, but the idea that travelers could gather at nearby
locations to carpool to a transit station remains valid and worthy of further exploration
here.
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Summary of Literature Review

In summary, the literature on park-and-ride facility utilization is limited, but it is
agreed across the literature that there are common characteristics of these facilities that
could be improved. One of the primary issues is the use of limited-capacity facilities. For
park-and-rides that are at or near capacity, increasing the person-occupancy of vehicles
using the facility will allow it to serve more people without increasing vehicle capacity.
The general consensus is that pricing is likely the easiest method of forcing a change in
these facilities; either through fees for single-occupant vehicles, or fees for all vehicles
with the caveat of reduced fees for multi-occupant vehicles. Another possible strategy
would be to provide transit subsidies for those carpooling to the facility. This strategy
could be easier to enforce than attempting a differential pricing system at the parking lot,
might be more palatable to users and might result in the most positive changes.
Prioritizing multi-occupant vehicles could also be a potential strategy, to give easier
accessibility and ease of using the park-and-ride facility as the primary benefit of
carpooling to the transit facility. This could potentially be an easier implementation than
some of the other proposed strategies, as it would simply require new signage that
indicates designated multi-occupant vehicle parking. The enforcement of this strategy has
its own problems, but is still a strategy that could be explored. Single occupant users
may consistently see empty "multi-occupant" spots and feel inclined to change modes.
However, none of these strategies have been field-tested. Even worse, transit agencies do
not have empirical data on user reactions to these potential strategies.

Chapter 3
Data Collection Execution and Organization
To gain a better understanding of how park-and-ride facilities are currently used,
and to gain insight into how the behavior of users might change under various strategies
to improve parking efficiency, data were collected at many park-and-ride facilities in the
Puget Sound Region of Seattle, Washington. Two types of data were collected: an on-site
audit, which captured current use of the facilities and level of overcrowding, and a user
intercept survey, which captured driver behavior and attitudes towards potential parking
management strategies. The on-site audit consisted of entering and exiting vehicle and
person information for ten different sites in the Puget Sound region. The user intercept
surveys were collected at a later time, and covered the same ten sites as the on-site audit,
as well as an additional six park-and-ride facilities that currently experience parking
capacity problems.

Audit Data Collection Goals and Methods

The primary goal of the audit was to develop a true understanding of how park-and-ride
facilities operate. The only data that were available prior to the on-site audit were
aggregated mid-day counts for each park-and-ride, which did not include many important
pieces of information, including: person occupancy of entering and exiting vehicles,
person occupancy of parked vehicles, a detailed count of car and vanpool activity, and

21

consideration for pedestrian-mode exits from the facility. At the beginning of each onsite audit, the number of vehicles currently parked at each facility was counted and
recorded. Members of the data collection team were then stationed at each major vehicle
entrance and exit of the park-and-ride facility. The team members located themselves in
such a way as to see into each vehicle’s windshield to count (or estimate) the number of
passengers. Although this was not possible for all vehicles, the team was able to
accurately estimate person occupancy of these vehicles in the vast majority of cases.
During the data collection period, the total number of vehicles entering and the number of
vehicles exiting the facility were recorded at 5-minute intervals. In addition, the number
of people entering and the number of people exiting the facility by car were also
recorded, as well as the number of people exiting the parking area for non-transit uses
(when possible). This latter number was difficult to observe at some lots, especially those
that had a large footprint. However, the team noted significant non-transit uses based on
field observations.

A simple mass balance procedure was then used to estimate the metrics of interest. The
simplest calculation was for the number of parked vehicles. Let

refer to a particular

analysis interval during the entire data collection period. The number of parked vehicles
at the end of interval

( ) is equal to sum of the number of parked vehicles at the

beginning of the analysis interval (

) and the total number of vehicles to have entered

during that interval ( ) minus the total number of vehicles to have exited during that
interval ( ); or:
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(Equation 1)

If the last time interval of the data collection period is denoted , then
number of vehicles parked at the end of the audit. Also denote
parked at the beginning on the audit period. The quantity

refers to the total

as the number of cars
provides an

estimate of the number of cars parking during the entire audit observation period.

The total number of people to use the park-and-ride that entered in a car during the audit
period,

, is given by:

(Equation 2)

Where
and

is the cumulative number of people to arrive to the lot during the audit period
is the cumulative number of people to leave the lot during the audit period.

The ratio of

to

provides a naïve estimate of person occupancy of parked cars.

However, this ratio does not consider the impacts of kiss-and-ride maneuvers and van- or
car-pools that form within the park-and-ride facility. People who are dropped off at the
facility (i.e., those that access the facility as a kiss-and-ride user) do not require a parking
space and should not be included in the calculation of parked car occupancy; however,
these people are included in the calculation of

since they enter the facility by car and

do not leave. Similarly, those that leave through a car- or van-pool that was formed
within the lot would have had to park within the facility, but are excluded in this naïve
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calculation because they left the facility by car. Thus, a more refined estimate of the
number of people parked at the park-and-ride is:

(Equation 3)

where

is the total number of car- or van-pools leaving the lot during the entire audit

period,

is the total number of kiss-and-ride vehicles to have used the parking area,

and

is the estimate of the total number of people parked. The logic behind this

equation is as follows. Of the total number of people to have entered the lot during the
study period ( ), all would have used a parking space except for those that were part of a
kiss-and-ride maneuver and those driving a car- or van-pool exiting the facility. This
equation assumes that kiss-and-ride vehicles contain two people: one being dropped off
and one driving. The field team estimates that this was true for the majority of kiss-andride dropoffs that were directly observed. Furthermore, it assumes that car- or van-pool
vehicles exiting the lot were single-occupant vehicles when they arrived. While this last
assumption could not be verified empirically, it seems reasonable based on expectations
for car- and van-pool formations. The ratio of
estimate of the person occupancy of parked vehicles.

to

provides a more accurate
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Survey Distribution Methods

The primary goal with the survey was to collect vital information on how parkand-ride users actually use the facility and their feelings on potential parking
management strategies. A copy of the survey can be found in Appendix A. The survey
was thematically broken down into several categories. These are as follows:


Transit Pass Ownership



Origin and Destination



Travel Time



Mode Entering and Mode Exiting



Current Park and Ride Use Preference



Bicycle and Pedestrian Preference



Pricing Strategy Preference



Carpooling Preference



Socioeconomic categories
Transit pass information (questions one and two) was requested from survey

participants to be able to determine how many users utilize a "One Region Card"
(ORCA), and how many users have their transit use subsidized in some capacity. This
information is useful to collect, as if a high percentage of people have their transit
subsidized, then some of those users may not be affected directly by a pricing change at
the facility.
Origin and destination information was also collected (questions three and four),
to be able to develop the actual catchment areas for each park-and-ride facility and
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confirm the popular destinations for the majority of commuters in the Puget Sound
region. This information was used to develop maps of available transit routes and user
origins for each park-and-ride facility. The origin maps for each facility allow visual
confirmation that there are some facilities that are not providing local transit service in
the right locations, and are only giving a small fraction of its user base the option to
access the park-and-ride facility though public transit.
Travel time information was collected through questions five, six, and seven. The
first two questions pertained to the current trip the survey participant was experiencing,
with questions asking for a start and end time to their current trip. Question seven asked
the survey participant to consider how long their trip would be if they were to drive to
their final destination instead of utilizing public transit. This set of questions was
included in the survey to be able to quantify the difference between the time spent for a
transit commute and personal vehicle commute.
Questions eight, nine, and ten pertain to the reason for the survey participant's
trip, and the modes they utilize to reach and depart the park-and-ride facility. The survey
was able to capture the purpose of each survey participant's trip, which is relevant to this
study to ensure that the facilities are being used for appropriate purposes. If the survey
were to find that many users were utilizing the park-and-ride facility for non-work
purposes, this could raise concern for policy-makers, as this is not the intended purpose
of these facilities. The data regarding entering and exiting modes is also vital to the
analysis of this project, as it is important to be able to develop policy decisions that will
support the needs of the actual distribution of modes that utilize the facility. For
example, it would not be appropriate to designate a high proportion of a park-and-ride as
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free parking for multi-occupant vehicles when that facility does not attract many multioccupant vehicles. In addition, understanding the mode split for exiting vehicles is also
important, as the balance between fixed-route transit (bus and train service) and flexibleroute transit (carpools and vanpools) is important when making policy decisions
regarding parking space allocation. It is possible that an agency would want to restrict the
number of flexible-route (e.g., carpools, vanpools, etc.) transit vehicles that are permitted
to utilize a park-and-ride facility, as they are taking spaces that would otherwise be used
by fixed-route transit users.
Current park-and-ride user preference data were also collected with the aim of
determining which park-and-ride facility characteristics produce the greatest incentive to
users. Questions 11, 12, and 13 are structured to be able to distinguish between
coincidental factors, such as close proximity, and personal factors, such as being
environmentally conscious, the desire to save money, and the desire to be able to relax on
a morning commute. In addition to determining park-and-ride preferences, the survey
also asks survey participants about what they would do if parking at the park-and-ride
was not available. This question allows a priority ranking of options to be developed.
For example, a user potentially could prefer to drive to their destination instead of
considering alternative park-and-ride locations. This is an important consideration for
decision makers, as a primary goal of park-and-ride facilities is to make transit as
accessible as possible, so if many current park-and-ride users' next choice would be to
drive to their destination, larger improvements at adjacent park-and-ride locations may
need to be done to ensure retention of these current transit users.
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Questions 14 and 15 regarded the preferences of park-and-ride users and their
willingness to possibly change their commute to include a pedestrian or bicycle mode.
These questions are included to gauge the interest of improving conditions for those that
would be willing to bike or walk to the park-and-ride facility, as these are the most
efficient ways users can access transit, as it does not take away a parking space from
another user, and more people in total get an opportunity to utilize transit.
Questions 16, 18, 19, and 21 all relate to possible policy changes where a fee
would be implemented at the park-and-ride facility. The purpose behind these questions
is to gauge how willing park-and-ride users are to pay for access to the park-and-ride, or
what alternatives they would be willing to consider to avoid the fee. The following
strategies are proposed: a general parking fee, a fee for a guaranteed parking space at the
park-and-ride, using an alternative park-and-ride that does not have a fee, and parking at
an offsite location that is five to ten minutes away from the park-and-ride location to
guarantee an available parking space. These possible strategies allow the survey
participants a variety of alternatives if they are very averse to paying a standard fee at the
park-and-ride location, all of which still permit them to access transit in a reasonable
fashion. Determining which of these strategies would be most appropriate to implement
is the primary goal of the survey distribution.
In addition to proposing the above alternatives to a standard parking fee, several
questions (17 and 20) were asked regarding the potential of carpooling as a method to
avoid the parking fee, or to guarantee a space. This pair of questions aimed to determine
what fraction of current transit users driving alone would put forth the effort to form
carpools to avoid a fee, or guarantee their spot at the park-and-ride facility. Policy
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makers could use this information to their benefit, and highly incentivize carpooling to
the park-and-ride by making the single-occupant vehicles pay a very severe fee while
letting carpools access the park-and-ride without paying.
Questions 22 through 29 are general socioeconomic questions to collection
information about the diverse group of park-and-ride facility users in the Puget Sound
region. These data can be used in conjunction with the above categories to determine if
certain strategies are particularly popular with certain demographics when compared to
others.
By collecting information on all of the above categories, interesting insights could
be developed relating site location to mode entering and exiting patterns, as well as
pricing strategy preference. To collect this information in an effective way, survey
distribution strategies were developed, with the research team equipped with two
different mediums of the survey: an in-person paper version (Appendix A), and a flyer
containing a link to an online version of the survey.
The survey process included 16 sites, with 10 of the 16 sites included in the
auditing process, so this gave the research team an advantage in the planning stages of
survey deployment. The research sites are shown in Figure 1 below, with sites that were
both audited and surveyed in yellow and sites that were only surveyed in red. The
primary goal of the survey distribution process was to be able to offer the option of
completing a survey to as many people as possible, while ensuring they would have
enough time to fill out a significant portion of the survey. The research team considered
approximately two to three minutes to be sufficient for completing a significant part of
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the survey, as the most important questions was contained on the first two pages of the
survey.

Figure 1. Park-and-ride locations in Puget Sound region

If the incoming transit vehicle was known to be arriving soon, the research team then
would cease distribution of paper surveys and begin handing out flyers that contained a
link to an online version of the survey that transit users could complete at their leisure.
This distribution strategy allowed the research team to have a very high exposure rate to
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all park-and-ride users, while still having a high success rate of completed surveys. It
should also be noted that a large portion of the online surveys were distributed through
the transit agency's vanpool mailing list, which is a benefit to the data collection process,
as these types of users do not typically enter the same area as fixed-route transit users do
and therefore, it would have been difficult to capture vanpool user data during the survey
distribution process. If the online survey was not distributed in this method, it is very
likely that the vanpool user contingency would be underrepresented in the sample.
The park-and-ride facilities are characterized in three different styles: single bus
line oriented, multiple bus line oriented, or rail oriented. This is shown in the following
figure with the single bus line facilities in pink, multiple bus line facilities in white, and
rail facilities in purple. For each type of these facilities, a different personnel distribution
strategy was used to ensure a representative distribution of surveys. At the single bus line
oriented facilities, where the vast majority of users converged at a single stop (Issaquah
Highlands, Issaquah Transit, South Everett, etc.), it was a simple strategy of using all 4
research team members at the high-demand stop. In the case that there was a minor stop
in addition to the high-demand stop, a single team member could be afforded to distribute
surveys to that transit stop. In this scenario, the goal was to either offer to each transit
user the opportunity to fill out a paper copy of the survey, or to provide the transit user
with a flyer containing a link to the online version of the survey.
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Figure 2. Map of various facility types

At bus-oriented locations with multiple bus lines that are being utilized at a high
rate (Lynnwood, Eastgate, Federal Way, etc.), a new strategy was required. At most
locations that fit this description, there is a primary transit stop that has busses that serve
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passengers to downtown Seattle, a common destination for commuters. At these
locations, a minimum of two team members were stationed at all times to ensure a large
percentage of these users were captured. The remaining stops were evaluated depending
on the headways of each bus that is served at that location, and the extra team members
were responsible for rotating between all the secondary transit stops, to capture as many
possible transit users as possible. The primary limitation at this station type was being
able to effectively cover many physical locations, as sometimes during the study period
multiple minor-demand buses would arrive within a very tight time window, and it was
difficult for a single team member to reach all transit users simultaneously.
Rail-oriented locations (Sumner, Auburn, etc.) provided a benefit to the research
team by having rigid, simple transit schedules, as the train service was the primary mode
most park-and-ride users were interested in. With known arrival times throughout the
entire period, and the avoidance of having to coordinate between multiple buses, the
research team was able to effectively distribute paper surveys up until about three
minutes before the anticipated arrival at the train station. At that point, the research team
handed out flyers to as many train users as possible. The primary limitation at this transit
facility type was that the number of train platforms outnumbered the research team
members, approximately 4 to 1. This means that there was a lot of physical ground to
cover for each team member, and was sometimes difficult to ensure that every boarding
passenger received a flyer at a minimum, as many passengers arrived to the park-and-ride
facility within the minute before the train arrived to the station.
In summary, there were several types of users that are well-represented in the
user-intercept survey dataset, and some user types that were difficult to survey. The
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primary focus of the research team at the time of survey collection was to capture the
largest fraction of all users at each park-and-ride facility. Most of the attention and effort
was put towards capturing the users that were utilizing the primary transit option at each
location. In other words, most of the resources were spent towards capturing those that
are heading to Seattle via the most popular train or bus routes. In addition to users
accessing the primary transit option, users that form vanpools through the regional
agency's program were also well-represented in the survey, as it was possible to contact
these users via email. These users would have otherwise been challenging to survey, as it
was difficult to locate vanpools that were in the middle of formation. This method of
contact was advantageous, as it gave the dataset an effective avenue of collecting these
users' responses.
The user-intercept survey collection did not have the same benefit when regarding
informal carpools, which do not utilize an official program from the regional agencies.
These users are hard to locate inside of the facility, as they can form at any location, and
do not take very long to form and exit the facility. In addition to informal carpool users,
transit users that utilize scarcely used transit lines (e.g., transit lines going in the opposite
direction of the primary destination: Seattle) were also very difficult to capture, as their
arrivals to the transit facility was sporadic and research team members were not always
effectively able to cover these transit stops.

Chapter 4
Data Analysis
The data analysis process included several stages: analysis of on-site audit data,
data preparation, analysis of summary statistics, identification of outlying characteristics
of park-and-ride facilities, and development of a logistic regression model regarding
willingness to park.
The on-site audit provided insight of how the park-and-ride facilities operated in
real-time, as this information was never collected previous to this study. The audit
confirmed many intuitions of park-and-ride facilities that were formed prior to the audit,
including: extremely low number of carpoolers, many extraneous uses for the park-andride, and extremely high demand. Table 1 below summarizes the findings from the onsite audit.
The data generally supports the expectations of the on-site audit. Two of the lots
included in the on-site audit were audited on a Friday, where many typical users may not
be working due to a variety of possible alternative work schedules. The only remaining
park-and-ride facility that did not fill as quickly as expected was Eastgate Transit Center.
Additionally, each park-and-ride facility that did reach capacity was observed past the
time of full capacity, to keep track of the excess demand of people that may have wanted
to park in the facility, this amount of time varied from facility to facility, but typically
ranged from 30 minutes to 1 hour. The data provided from King County Metro showed
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that this facility does not consistently reach 100% capacity on a daily basis, so this result
is not surprising.
Table 1. Summary of on-site audit data

Lot Name

Day of
week
audited

Start
Time

Auburn

Friday

5:05

Wednesday

5:00

Thursday

Lot
Filled
Time

% Filled

Average Parked
Car Occupancy
(Including Kissand-Rides and
Car- and VanPools)

Kiss-andRide
Maneuvers
Within
Parking
Area

85.8%

1.045

8

90.8%

1.019

125

5:10

n/a1
(8:30)
n/a
(10:00)
7:45

100.0%

1.102

50

Thursday

5:05

9:10

100.0%

1.044

46

Friday

5:10

Lynnwood TC

Monday

Mercer Island
Overlake TC

Eastgate TC
Federal Way TC
Issaquah
Highlands

82.3%

1.046

62

5:15

n/a
(9:10)
7:25

100.0%

1.060

18

Tuesday

5:00

7:50

100.0%

1.081

74

Monday

5:00

7:40

100.0%

1.017

47

Puyallup

Tuesday

5:15

5:23

100.0%

n/a

n/a

Sumner

Wednesday

4:45

5:40

100.0%

1.051

9

Issaquah TC

1

n/a implies that lot did not fill on day of audit

The second set of analyses was a cursory scan of summary statistics which
developed insights which were helpful when considering more complex analysis methods
such as logistic regression models and cluster analysis. The survey distribution effort
yielded a total of 3,355 surveys collected, with a medium split of 2,009 paper surveys and
1,346 online surveys collected. A summary of the survey distribution effort is shown
below in Table 2.
A survey was included in the dataset as long as the park-and-ride user answered
the origin and destination question, as these questions alone were considered valuable
enough to add to the dataset.
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Table 2. Summary of survey distribution effort

Lot Name

1

Total
Paper Online
Lot Penetration
Completed
Surveys Surveys Capacity
Rate1
Surveys

Auburn

172

121

51

633

0.272

Eastgate TC

348

146

202

1614

0.216

Federal Way TC

283

217

66

1190

0.238

Issaquah Highlands

396

217

179

1000

0.396

Issaquah TC

284

197

87

819

0.347

Kenmore

121

20

101

603

0.201

Lynnwood TC

305

221

84

1368

0.223

Mercer Island

108

53

55

447

0.242

Overlake TC

80

54

26

222

0.360

Puyallup

165

105

60

432

0.382

South Everett

148

132

16

397

0.373

South Kirkland

223

159

64

852

0.262

Sumner

138

75

63

343

0.402

Tacoma Dome
Tukwila International
Boulevard
Tukwila Station
Total

262

88

174

2283

0.115

199

159

40

600

0.332

76
3308

45
2009

31
1299

208
13011

0.365
0.255

Penetration Rate refers to the number of Surveys Collected from parked vehicle modes divided by the lot capacity. This provides a

general indication of the fraction of users covered by the survey, although it is not equal to that number.

Survey Data Adjustment

Once the survey data were collected and entered into a spreadsheet, certain
inconsistencies had to be resolved before analysis could begin. One question in particular
raised the most concern was question 10, “How will you leave this park and ride this
morning?” Approximately 48% of users who completed this survey answered the
question in unanticipated ways, especially when considering the dynamic with question
9, “How did you get to this park and ride this morning?” While considering the methods
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in which the surveys were distributed, several entering-exiting pairs were determined to
be unfeasible, and these were adjusted appropriately in the dataset. To adjust the dataset
for this issue, a list of all infeasible mode entering-exit pairs was compiled and is as such:
“Drive Alone” & “Drive Alone”, “Walk” & “Walk”, “Bicycle” & “Bicycle”, “Walk” &
“Bicycle”, and "Dropped off" & “Picked up”.
These pairs are deemed infeasible because of the fact that the subjects would not
travel through the parking station if they utilized a single mode of transportation. In other
words, someone driving alone would not travel through the parking lot on their way to
work. Therefore the pairs listed above (“Drive Alone” & “Drive Alone”, “Walk” &
“Walk”, “Bicycle” & “Bicycle”,) were not represented in the surveys. Variables such as
the “Walk” & “Bicycle”, and "Dropped off" & “Picked up” were also not deemed likely
represented in the survey for similar logical reasons. A subject who would travel using
one of these two pairs would not have been captured by the user-intercept survey
distribution effort.
All of these adjustments were initially made on the mode entering-exit pair, but
then was verified by how other questions in the survey were answered. Questions 11 and
12 contain sub-questions that directly indicate a user's preference of transit amenities and
features. If a particular user indicated that they were a transit user, the original
assumption was confirmed. After this verification process, 94 users remained that could
not be verified through this process. These users were studied further, to investigate if
their origin-destination pair or any other characterizing responses were made in their
particular response. If there was a clear indication of what type of exiting mode was
feasible, the adjustment was made; e.g., if a user listed "Walk" as their mode of exiting,
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and list their destination as a location that was very far away, it was clear that "Walk"
was not their exiting mode from the transit facility, but they likely took transit to their
destination.
This adjustment allowed for the following analyses to be done with a higher
degree of confidence, as the mode entering-exiting pairs make intuitive sense.

Summary Statistics

To be able to determine what interesting insights could potentially be developed,
summary statistics of the entire dataset were computed. Five questions were chosen as
the most pertinent to developing possible alternative pricing strategy plans. The five
questions are as follows:
1. Question 16: Would you still park at this park and ride if a parking fee
was implemented?

2. Question 17: Would you consider carpooling to this park and ride if
carpools did not have to pay the fee?

3. Question 18: Would you be willing to use another park and ride 10-15
minutes away with the same transit service to avoid paying a parking fee
here?
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4. Question 19: What is the maximum amount that you would be willing to
pay to guarantee a parking space at this park and ride?

5. Question 20: Would you consider carpooling to this park and ride if
carpools were guaranteed a space at no charge?

Additional tables of these summary statistics can be found in Appendix C.
An interesting outcome from these summary statistics is that the average fee that a
transit user is willing to pay for a guaranteed space is almost twice as high as a general
parking fee ($0.83 vs. $0.42). It should be noted, however, that the guaranteed parking
space standard deviation is much larger when compared to the standard parking fee
standard deviation, indicating that this average number may be higher due to a
contingency of park-and-ride facility users that are willing to pay a higher price for this
added convenience. These statistics are shown in Table 3 and Table 4 below. This
strategy could be worth exploring at individual locations if enough demand exists for
guaranteed parking as a replacement to a general access fee, as the revenue generated
from the limited number of reserved parking spaces could be equal or greater than the
revenue generated from a general access fee.

Table 3. Amount willing to pay for parking (Q16)
Variable

Obs

Mean

Std. Dev

Min

Max

Standard Parking fee ($)

2718

$0.41927

$0.84049

$0

$5
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Table 4. Amount willing to pay for guaranteed spot (Q19)
Variable

Obs

Mean

Guaranteed Space Fee ($)

2550

$0.8308

Std. Dev Min Max
$1.2447

$0

$10

Table 5. Percent of willing participants for various pricing strategies
Variable

Bus

Train

Both

All

Standard Parking fee (%)

28.36%

27.92%

25.11%

28.00%

Guaranteed Space Fee (%)

46.60%

43.38%

43.40%

45.57%

It is possible that park-and-ride users may feel that if they are paying for a parking
space that "belongs" to them, the parking space is more valuable. Thus, an agency could
lease out every single parking space in a facility to specific people and earn a much
higher profit than if they were charging a much lower general fee to the public.
Anecdotally, through a brief discussion with an employee of a regional agency, a
permit system in which a block of parking spaces are guaranteed has been implemented
in some of the Puget Sound region park-and-ride lots and has been met with a high level
of success. The willingness to participate in such a program is high, with permits selling
out of stock within a matter of hours of the program opening.
This shows that a guaranteed spot-oriented strategy may be a more competitive
method of gaining profitability for park-and-ride facilities, as it includes some inherent
flexibility that a regular general parking fee cannot offer. In the case of a typical fee
system, every user must be willing to pay the fee so the facility can still be utilized to
near-capacity. However, in a more flexible permit system, some spaces could be
unrestricted and serve those that are very averse to paying for park-and-ride access. Even
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with the lost revenue from these unrestricted spaces, a guaranteed space strategy could be
more profitable depending on the price point set for each space, and the percentage of the
lot that is restricted to permit-owners only. The largest negative to a permit-oriented
system would be the management required to ensure the strategy is executed properly
throughout its use, while a general parking fee would be much simpler to implement, as it
could be controlled by an automated gate or other automated systems. The table below
shows the average amount that survey respondents who responded with a non-zero
answer for these two strategies.
Table 6. Summary statistics of users who are willing to pay
Variable

Observations Mean Std. Deviation

Parking Fee ($)

761

$1.497

$0.953

Guaranteed Spot Fee ($)

1162

$1.823

$1.261

The statistics show that even if those that are not willing to pay are removed,
park-and-ride users are willing to pay significantly more for what is the same opportunity
to park inside of the facility. Furthermore, the statistic above is likely a better starting
point for deciding a price point for guaranteed spot permits, as it would be an optional
program, and only those that are willing to pay will participate.
Another note of interest is the comparison of survey questions 17 and 18,
considering the alternative methods to avoid paying a fee at the park-and-ride facility.
For question 17, 24% of survey participants responded that they would consider
carpooling to avoid a parking fee, with 5% of survey participants already carpooling.
However in question 18, 53% of survey participants responded with "Yes" when asked if
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they would utilize a different park-and-ride facility to avoid a parking fee. These
frequency distributions are shown in Table 7 and Table 8.
Table 7. Carpool consideration to avoid a fee (Q17)
Freq. Percent Cum.
Yes

656

24.23

24.23

No

1407

51.98

76.21

I Already Carpool

127

4.69

80.9

I don't know

517

19.1

100

Total

2707

100

Table 8. Using another park-and-ride to avoid a fee (Q18)
Freq. Percent Cum.
Yes

1,435

54.01

54.01

No

1,105

41.59

95.60

I sometimes do

117

4.40

100.0

Total

2657

100

This indicates that the flexibility of driving alone is much more valuable than the
benefits that carpooling could potentially bring to a daily commute. When comparing
question 17 with question 20, which asks if facility users would consider carpooling if it
would guarantee them a spot, shows very similar results with 28% of users claiming that
they would consider carpooling. A chi-squared test was performed and confirmed that
the distributions are statistically the same (χ2=4.86, df=3, p-value=0.182).
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Table 9. Carpool consideration to guarantee a spot (Q20)
Freq. Percent Cum.
Yes
731
27.82 27.82
No
1,290
49.09 76.90
I already carpool
110
4.19 81.09
I don't know
497
18.91 100.00
Total
2,628
100

Identification of Park-and-Ride Facility Outliers

In addition to the data above, an attempt to identify park-and-ride facilities was
made to determine which park-and-rides require more in-depth study. By identifying the
facilities that do not have similar characteristics to the “average” facility, it suggests a
deeper look at these facilities is necessary to determine if there are defining facility
characteristics that support a unique strategy to improve efficiency. This can be done by
first creating the average case for any variable of interest (Mode Entering, Mode Exiting,
Carpool Consideration to guarantee a spot , etc.), by determining the average frequency
distribution across all 16 facilities. Once this is calculated, a chi-squared test was
performed to determine which sites are not statistically similar to this average case. For
this set of tests, the null hypothesis is that each distribution is the same as the average
case, and the statistical significance threshold is set at p-value = 0.05 (i.e., a location with
p-value > 0.05 cannot reject the null hypothesis, and if p-value < 0.05 the location is
statistically different than the average facility). This filtering process will allow
particular facilities to be flagged as unusual locations and be studied further for more
unique strategy considerations.
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In the cases for the data with ordinal pricing data (Questions 16 and 19), a normal
Z-test is performed between each site and the average mean and standard deviation. This
method shows if any individual site has a mean that is statistically different than the mean
of the entire aggregated dataset. This would be relevant if a particular site showed a
statistically significant higher or lower price point than the remainder of facilities, as it
would show a particular willingness or aversion to certain strategies. However, when this
method was performed, no site proved to be statistically different than the aggregate
mean. In addition to checking each individual lot to the mean, park-and-ride locations
were binned together based on their primary mode of fixed-route transit availability.
Similarly to the above analysis, no statistical difference was found between the
willingness to pay between bus-oriented stations and train-oriented stations.
Chi-squared tests were performed for the categorical variables, in an attempt to
find any particular sites that do not match the average frequency distribution. Before the
chi-squared analysis was performed, the data needed to be binned to provide stronger
results from the statistical test. For all variables relating to price directly, any dollar
value 3 or higher was combined into a single response. For the mode-related questions,
bus and train modes were combined into a single entity, representing the public transit
mode as a whole. In addition to these changes, bicyclists and walking users were
combined representing the non-motorized mode, as well as vanpools, carpools, and dropoffs were combined to represent the multi-occupant vehicle mode.
The Mode Entering variable was analyzed using the chi-squared test to determine
if any particular location had a unique distribution of modes, so these facilities could be
studied further to determine what facility qualities would cause this to occur. The
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following facilities were shown to be significantly different than the average facility:
Lynnwood, Sumner, South Kirkland, Mercer Island, Puyallup, Tukwila, Tacoma Dome,
Auburn, Overlake, Issaquah Highlands, and South Everett. There are a variety of
different reasons that these facilities were shown to be statistically different than the
average facility, with the two primary reasons being over or underrepresentation of either
the public transit mode, or the pedestrian mode. For facilities that were either in very
pedestrian-friendly locations (e.g., Overlake or Mercer Island), or very pedestrianhazardous locations (e.g., Eastgate or Tacoma Dome), this was the primary factor for
particular sites becoming statistically different. Additionally, in some other locations,
transfers through other public transit services were either very prevalent (e.g., Lynnwood,
Sumner, Puyallup, Auburn, etc.) or almost non-existent (Mercer Island, South Everett,
Issaquah Transit, Issaquah Highlands, etc.). It is feasible to assume that the location of
these park-and-ride facilities and the available transit service to these park-and-ride
facilities acted as contributing factors for the statistical difference. A frequency chart for
this data is shown below.
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Table 10. Outlying Locations for Mode Entering
Single Occupant
Vehicle

Pedestrian
Mode

Public Transit

Multi-occupant
vehicle

Chi-Square Statistics
(χ2, df, p-value)

Auburn

55.29%

5.29%

22.94%

16.48%

56.88, 3,0.000

Issaquah Highlands

80.41%

8.65%

1.02%

9.93%

31.51, 3, 0.000

Lynnwood

62.5%

6.25%

17.01%

14.24%

34.67, 3, 0.000

Mercer Island

76.64%

12.14%

1.87%

9.35%

14.42, 3, 0.002

Overlake

60%

13.75%

5%

21.25%

17.05, 3, 0.001

Puyallup

64.85%

8.48%

12.12%

14.55%

8.12, 3, 0.044

South Everett

77.62%

9.09%

1.4%

11.89%

11.36, 3, 0.010

South Kirkland

73.46%

3.79%

14.22%

8.52%

14.26, 3, 0.003

Sumner

54.07%

5.92%

19.26%

20.74%

34.32, 3, 0.000

Tacoma Dome

84.11%

1.16%

5.04%

9.69%

17.59, 3, 0.001

Tukwila Station

83.54%

1.27%

0%

15.19%

10.39, 3, 0.016

Average

73.73%

5.58%

8.04%

5.83%

The Mode Exiting variable was separated into two analyses, one for bus-oriented
stations (Lynnwood, Eastgate, Tacoma Dome, Federal Way, Overlake, Mercer Island,
South Kirkland, Issaquah Highlands, Issaquah Transit, South Everett, and Kenmore) and
another for train-oriented stations (Auburn, Sumner, Puyallup, Tukwila International, and
Tukwila Station), as these locations were found as fundamentally different by empirical
observation. The train-oriented stations were each calculated to have p-value > 0.05, so
the null hypothesis was not rejected. For the bus-oriented analysis, Lynnwood, Federal
Way, Eastgate, Overlake, Issaquah Highlands, and South Everett were all shown to be
statistically different than the average frequency distribution, with p-value < 0.05 such
that the null hypothesis can be rejected. The primary mode choice that caused these
locations to be statistically different was the "Multi-occupant" mode, where Eastgate and
Issaquah Highlands had extremely high numbers of vanpool, carpool, and kiss-and-ride
activity when compared to the rest of the facilities. The two facilities had such
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significant levels of multi-occupant vehicle exits, it caused the other listed locations to
also be significantly different than the average, even though these lots may not be that
much different if Eastgate and Issaquah Highlands were omitted. It should be noted that
these two locations were found to have a high number of vanpoolers, which were
captured via email. If the regional agencies were to decide that informal transit was
causing an issue in limiting the number of parking spaces for formal transit users,
Eastgate and Issaquah Highlands would become ideal locations to pilot a policy change
and be able to see the impacts immediately. The mode split is shown below in Table 11.

Table 11. Outlying Locations for Exiting Mode (Q10)
Eastgate Issaquah Highlands Average Distribution
Drive Alone

0.89%

0.51%

0.77%

Pedestrian

1.79%

3.30%

2.06%

Fixed-Transit

88.69%

84.77%

92.23%

Multi-Occupant
Chi-square statistics
(χ2, df, p-value)

8.63%

11.42%

4.94%

9.924, 3, 0.0086

39.209, 3, 0.00

For the question considering willingness to pay for a guaranteed parking space,
Auburn and South Kirkland were facilities that were found to be statistically different
than the average distribution. These two locations are similar in size, albeit have different
primary exiting modes. Auburn was shown to have a significantly higher percentage of
survey participants responding with a willingness to pay a high fee for a guaranteed spot,
with 13% of participants willing to pay at least $3, as opposed to the expected percentage
of 9%. On the other end of the spectrum, South Kirkland appears to be very averse to
paying a high amount, but more likely to consider a more modest fee. The distribution
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indicates that 11% more people at South Kirkland are willing to pay a $1 fee when
compared to the average distribution, but only 5% of people are willing to pay a high fee
(>$3), which is much lower than the expected value of 9% (Table 12).

Table 12. Outlying Locations for Guaranteed Spot Fee (Q18)
Fee for a guaranteed
parking space (In %
responded)

Auburn

South
Average
Kirkland Distribution

$0

59%

48%

55%

$1

14%

36%

25%

$2

13%

12%

11%

$3+

14%

5%

9%

10.583,
3, 0.014

13.275, 3,
0.0041

Chi-square statistics
(χ2, df, p-value)

The chi-squared test for question 20, which asks users to consider carpooling to
avoid paying a fee, yielded mostly insignificant results, with the exception of two
locations. Federal Way and Puyallup Stations were shown to have statistically different
distributions than the expected distribution. The data supports each site for opposite
reasons; Puyallup is overrepresented in the number of users that are willing to start
carpooling, while Federal Way showed a very strong adversity towards the possibility of
carpooling (Table 13).
For the variables: Parking Fee and Using another park-and-ride to avoid a fee, the
chi-squared test yielded results that show that none of the sites have a unique distribution
when compared to the average distribution for these variables.
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Table 13. Outlying Locations for Carpooling to Avoid a Fee (Q20)

Yes
No
I Already Carpool
I don't know
Chi-square statistics
(χ2, df, p-value)

Federal Way

Puyallup

16.90%
56.81%
0.94%
25.35%
16.685, 3,
0.0008

34.07%
47.41%
1.48%
17.04%
8.888, 3,
0.0308

Average
Distribution
25.00%
51.58%
4.36%
19.06%

Regional Analysis

The research team noticed that depending on location in relation to Seattle, there
were some fundamental differences when compared to other regions, as some regions of
park-and-ride facilities are much further from the primary destination of downtown
Seattle than other regions. The southern region contained several transit locations that
were included in the study, such as: Puyallup, Auburn, Sumner, Tacoma Dome, and
Federal Way. The eastern region contained the Issaquah Highlands Transit Center,
Issaquah Transit Center, Mercer Island, Overlake, Eastgate, South Kirkland, Tukwila
International, and Tukwila Park & Ride. The remaining locations were located in the
northern region: Lynnwood, South Everett, and Kenmore. The figure below shows these
park-and-ride facilities grouped by the described regions. These bins were used to
compare each region to the other regions to see if any region was statistically different
than the other regions; however no regions were shown to be statistically different.
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Figure 3. Map of Park-and-ride facilities grouped by region

Mode Analysis

Another behavior observed during the data collection process was the stark
difference between stations that primarily support rail transit, and those that primarily
support bus transit. The rail stations in the Puget Sound region typically reach capacity
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much earlier in the AM peak period when compared to bus stations, sometimes as early
as 5:30 AM. It should be noted that, even though the parking capacity at the rail stations
is full very early, the transit facility still experiences high levels of user traffic, as users in
this region have found alternative ways to access the transit facility.
Bus-oriented stations typically did not experience a significant amount of user
traffic until approximately 5:30. The parking facilities at these types of facilities did not
typically reach capacity earlier than 7:30, and most transit users accessed the transit stops
via the parking facility, in other words at bus-oriented stations users did not have to find
alternative ways of accessing transit. With both types of transit facilities having largely
different access patterns, they may exhibit different preferences to the variety of proposed
pricing strategies. The specific questions relating to parking availability may be of
particular interest, since parking availability is extremely limited at the train-oriented
stations in question. To determine if there is a true difference in survey participant
reactions between types of primary exiting modes, a series of chi-squared tests and
normal tests was done with binned groups based on primary exiting mode.
However, through a chi-squared test, it was found that each of the pricing
variables was found to be statistically indifferent to the overall average of the dataset,
implying that the amount willing to pay is independent of the type of facility. In terms of
the preferential questions regarding carpooling or offsite parking, the only significant
term that appears are train-oriented stations regarding offsite parking (Question 21).
Train-oriented stations appear to have a very low percentage of people that have nearby
offsite parking that serves as alternative parking when the respective park-and-ride
facilities are full. The frequency distribution is shown below in Table 14.
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Table 14. Outlying Mode Types for Offsite Parking (Q21)
Willingness to Park
Offsite
Yes
No
I already do
I don't know
Chi-square statistics
(χ2, df, p-value)

Train
42.48
30.25
2.48
24.79

Average
Distribution
40.75
31.46
4.68
23.11

7.748, 3, 0.05

Logistic Regression

Logistic regression models were developed to identify factors that influence
willingness to pay for either a general parking fee or to receive a guaranteed parking
space. Utilizing this method allows a more complete idea of what causes park-and-ride
users to be willing to pay for the ability to park at their desired facility.
Two dependent variables were chosen for logistic regression modeling:
willingness to pay a general fee to park, and willingness to pay for a guaranteed spot at
the park-and-ride facility. The variables were developed by binning together any nonzero response as an indicator of willingness to pay for these pricing alternatives, and all
zero responses were considered indicators of non-willingness to pay. Independent
variables were selected from the survey if they were characteristics of the individuals
themselves and their personal trip characteristics. The independent variables that were
considered are as follows: the size of facility they frequent, free-flow travel time,
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congested travel time, the difference between congested and free-flow travel time, age,
household size, household income, number of vehicles owned, and gender. The general
form of the model is shown below:
( )
Where

∑

Where F(t) is the output of the logistic function, or in this case, the probability
that a park-and-ride user would be willing to either pay a general fee, or participate in a
guaranteed space program. Additionally αi represents the weight that each independent
variable, xi, has in the model. Different independent variables were considered for each
model and the results are presented below.
For the willingness to pay a general fee to park, only two variables proved to be
statistically significant: household income, and age. This is unsurprising and these are
oftentimes directly correlated and indicate a higher level of financial stability and a
nominal fee to use a park-and-ride would not impact their wellbeing as harshly as it could
other facility users. Alternatively, the odds ratio can be considered to see which factors
have what degree of change to the willingness to pay for parking. For example, someone
in age level 5 is 50 percent (odds ratio = 1.504) more likely to be willing to pay for
parking when compared to age levels 1 through 4. Additionally, it should be noted that
both models do have a low pseudo-R2 which indicates a poor predictive power of the
models, but still does a reasonable job of considering the interactions between the
variables included in the model.
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Table 15. Represented ranges for selected variables in Logistic Regression models
Title

Represented Range

Income Level 2

$30,000 - $59,999

Income Level 3

$60,000 - $89,999

Income Level 4

$90,000 - $119,999

Income Level 5

$120,000 - $149,999

Income Level 6

$150,000+

Age Level 2

25-34

Age Level 3

35-44

Age Level 4

45-54

Age Level 5

55+

Utilizes a Small Lot

Less than 700 spaces

Table 16. Logistic Regression for willingness to pay a general fee to access parkand-ride

Log likelihood =

General Fee
Income Level 2
Income Level 3
Income Level 4
Income Level 5
Income Level 6
Age Level 5
Constant

Observations
LR chi2(9)
Prob > chi2
Pseudo R2

-1279.3966

Coef.
0.194679
0.2795442
0.4462037
0.6779609
1.004894
0.4081195
-1.490324

Odds
Ratio
1.2149
1.3225
1.5624
1.9699
2.7312
1.5040
0.2253

Std. Err.

z

P>z

0.2021101
0.1903445
0.1889227
0.1914951
0.1805634
0.1138635
0.1530436

0.96
1.47
2.36
3.54
5.57
3.58
-9.74

0.335
0.142
0.018
0.000
0.000
0.000
0.000

=
=
=
=

2186
63.1
0
0.0241

[95% Conf. Interval]
-0.20145
-0.093524
0.075922
0.3026375
0.6509963
0.1849512
-1.790284

0.590808
0.652613
0.816485
1.053284
1.358792
0.631288
-1.19036

The model regarding willingness to pay for a guaranteed spot was more receptive
to a number of variables, and was able to utilize five different variables: the difference in
congested and free-flow travel time, household income, age, gender, and lot size at which
the survey was administered. The odds ratios indicate that age is a negative factor when
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users are considering a guaranteed spot permit program, with the oldest age group (ages
55 and up) being 32 percent less likely to participate in a permit program than younger
age groups. Additionally it should be noted as the age groups ascend, they become less
likely to participate in a permit program, as all odds ratios are less than one. Household
income is consistent between all models, with odds ratios greater than one, and shows
that facility users who earn more are more willing to pay a fee to ensure they continue to
use the park-and-ride facility. The model also shows that the difference between
perceived congested and free-flow travel time is higher, then that particular user will be
less likely to pay for a guaranteed spot, which is curious due to the fact that first intuition
would lead one to believe that if congestion is particularly problematic, they would be
more willing to take measures to ensure they do not have to personally drive through
traffic. However, it could be the inclination that if traffic is extremely bad, then a bus
service in particular would be a poor option to be able to complete a commute effectively.
An interaction term was created between the percentage increase between congested and
free-flow travel times and the primary transit mode of each facility. The odds ratio of
1.11 confirms that users at train stations are more likely to pay for a guaranteed space at a
train station, especially if their commute is very long. If the user is accessing transit via
a small lot (defined as less than 700 spaces), then they are also less likely to be willing to
pay for a guaranteed space. This result is counterintuitive as the initial thought is a lowercapacity parking facility would have a higher amount of competition as parking spaces
are very limited. However, it is possible that in a situation involving a small facility, that
there is a more consistent number of users, so there are not too many users competing for
a parking space. The odds ratio shows this impact more clearly, with a value of 0.828
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shows that a user is about 17% less likely to participate in a permit program if they are
utilizing a small facility.

Table 17. Logistic Regression for willingness to pay for a guaranteed parking space at a
park-and-ride

Log likelihood =

Guaranteed Spot
Difference in
Cong. And FF
Travel Time (min)
Income Level 5
Income Level 6
Age Level 2
Age Level 3
Age Level 4
Age Level 5
Female
Utilizes a Small
Lot
Difference (%)×
Type of facility
Constant

Observations
LR chi2(9)
Prob > chi2
Pseudo R2

-1326.5825

=
=
=
=

1947
34.54
0.0001
0.0128

Coef.

Odds
Ratio

Std. Err.

z

P>z

-0.00591

0.9941

0.002888

-2.05

0.041

-0.01158

-0.00025

-0.34438

1.3555

0.193473

-1.78

0.075

-0.72358

0.034822

[95% Conf. Interval]

-0.5217

1.4938

0.193743

-2.69

0.007

-0.90143

-0.14197

-0.52311

0.7087

0.196129

-2.67

0.008

-0.90751

-0.13871

-0.37643

0.5935

0.198753

-1.89

0.058

-0.76598

0.013116

0.304163

0.5927

0.131027

2.32

0.02

0.04736

0.560971

0.401324

0.6863

0.11986

3.35

0.001

0.16640

0.636245

0.281964

1.3257

0.092477

3.05

0.002

0.10071

0.463215

-0.1894

0.8275

0.132814

-1.43

0.154

-0.44971

0.070907

0.107374

1.1134

0.334505

0.32

0.748

-0.54824

0.762991

0.219049

1.2449

0.198173

1.11

0.269

-0.16936

0.607462

57

Chapter 5
Conclusions and Future Work
Park-and-rides are a significant part of the daily U.S. commute in major
metropolitan areas. However, despite their heavy daily use, there has been little research
related to the effectiveness of their planning, design, and operations. Through the audit
and survey process, a greater understanding was developed about the park-and-rides in
the Puget Sound region in Washington State. The methodologies described in this thesis
could be applied to any other region in which more information about overcrowded parkand-rides is desired. The data that could be collected include: detailed person-occupancy
information for the entire site (including carpool and kiss-and-ride estimations),
demographic information about park-and-ride users, determination of appropriate pricing
schemes for entire regions or specific park-and-ride facilities, and the development of
logistic regression models to acquire deeper insights to what may cause facility users to
be more or less willing to pay for park-and-ride facility use. The following conclusions
were reached through this study:
1. A permit system allowing park-and-ride users is likely to be more
effective and potentially more profitable than the application of a
generalized parking fee.
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2. Incentivizing carpooling is also an avenue to improving personoccupancy at park-and-rides and the overall efficiency of park-and-ride
service.
3. Determining the unique characteristics (e.g., facilities such as Puyallup
that may have a high proportion of users willing to form carpools) of
individual park-and-rides is an important consideration, as it can have
implications in the applications of different pricing strategies.
4. Development of logistic regression models allows a more detailed look at
the interactions between all of the characteristics of park-and-ride users,
and what may influence cause them to be more or less willing to pay for
parking at their respective park-and-ride facilities.

A comparison between a guaranteed space and a general parking fee strategy was
done, and it was found that a general parking fee was undesirable in most situations. The
average amount a park-and-ride user is willing to pay is significantly lower when
compared to the average amount for a guaranteed space ($0.42 to $0.83). It was
discovered that creating a program that provided users with guaranteed spaces, allocated
through a permitting process, could be an extremely effective measure to generate
revenue at park-and-ride facilities, as more people are willing to take part in such a
program, and even those who are willing to participate are willing to pay a significantly
higher fee when compared to being charged a general parking fee. A configuration of a
high fraction of reserved spaces and a competitive fee could potentially generate more
revenue than a generalized fee being charged to every user who wishes to use the facility.
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While simultaneously generating competitive levels of funds, there could still be a
fraction of parking spaces that are unreserved, and available on a first-come, first-served
basis, which may be the preferred configuration for some transit users as not everyone
may be able to afford the additional costs of parking.
The incentivizing of carpooling is also a method that could be considered for
park-and-ride facilities to improve efficiency. Since carpooling into a park-and-ride
facility is the simplest way of allowing more people to access public transit, it could be
worthwhile for an agency to consider these changes. The survey results indicated that
approximately 25 percent of the respondents would consider carpooling if it allowed
them to avoid a fee or guarantee them a parking space at their park-and-ride facility of
choice. If only half of the people who consider carpooling actually begin to carpool, the
number of current carpoolers will increase by over three times. This is potentially a large
improvement and certainly warrants consideration for any park-and-ride facility that is
experiencing overcrowding.
Determining the different characteristics of park-and-ride facilities and how they
may affect the preferences of users was also a critical part of the analysis as this could
affect a public agency's decision to install a new facility or implement an expansion at an
existing location. For example, the analysis found that Issaquah Highlands and Eastgate
experience a much higher proportion of informal transit use (carpool, vanpool, etc.) than
the typical location. As these locations also experience an extremely high volume of
traffic every single day, the agency could first try to limit the number of informal transit
riders who utilize the facility before considering expansion or attempting to charge all
users to reduce the number of daily facility users.
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Mode analysis was also performed to see if the basic characteristics that each type
of mode affected the preferences of its users. This analysis was found to be largely
insignificant in this particular case; however, it could be worthwhile to perform this
analysis in other regions, as results could vary depending on regional configurations and
travel demands.
Logistic Regression models were developed to see if a deeper insight into the
profiles of park-and-ride users could be found possibly providing some information that
could be helpful to public agencies on what type of strategies to employ. However, the
survey data were not particularly successful in providing any additional insight. For
instance, the model for willingness to pay a general fee was only able to include the user's
age and personal income as variables. It is unsurprising that these variables correlate
with willingness to pay, as the more affluent users are likely more financially stable and
are able to afford it much easily.

Improvements to the Methodology

The principal methods of analysis for this thesis could be improved in several
ways: improved audit data collection, improved question structure, and inclusion of more
user-specific questions. The audit process had been constrained by virtue of having to
keep track of many moving parts (vehicles). For this work only movements and changes
at the perimeter of the facility could be accurately tracked. If the audit process included
more data collectors, which would allow certain team members to be dedicated to
keeping track of only kiss-and-rides or carpool formation, the estimations would be much
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more accurate than attempting to extract this information from the data that was available
using a series of assumptions. By having extra research team members keeping track of
the lesser-used modes inside of a park-and-ride facility, it would be possible to estimate
the true mode split for both entering and exiting vehicles, which would allow policymakers to form much more informed decisions. One of the largest discrepancies in this
analysis was the difference between the audit data mode split and survey mode split. Both
methods of determining mode split had severe limitations. The audit method was very
good at capturing anything that occurred within the parking limits, but completely missed
the transit-to-transit interactions that were caught by the survey effort. However,
similarly, the survey collection was very good at capturing incoming pedestrians and
fixed-transit users, but very ineffective in capturing a true split of public transit -especially private carpools, as there is no effective way of reaching out to these types of
users. A more robust strategy could be developed to capture all types of users in either a
survey collection effort or an audit data collection effort. The survey itself had several
limitations, with inconsistent question templating and issues with striking a balance
between simple and detailed responses. Several questions could have been structured
better to elicit more accurate responses. For instance, the question regarding each
individual's exiting mode was displayed exactly in the same method as the entering mode
question, which caused many users to feel that the same answer for both questions was
appropriate, even though in the vast majority of cases it was not. Ranking the answers
from most to least likely (e.g., listing bus or train as the two top options) may have lead
survey participants to comprehend the question more clearly, which may have resulted in
them marking down more accurate responses.
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In addition to the above templating issue, questions 21 and 22 could have also
been improved significantly. The essence of question 21 is the same as questions 16 and
18, which only ask for a numeric value of how much a user would like to pay for a
particular strategy. In question 21, two questions are used to get to the bottom of the
issue, which is how much would a user pay for a guaranteed space offsite of the parkand-ride facility. If this question was structured in a way where the survey participant
only had the option to put a numeric value of what they are willing to pay and the final
option of stating "I would not be interested in participating in such a program," then this
would have made the analysis of this question much more straightforward and more
conclusions could have been drawn.
The survey could also have been designed to pull more definitive answers from
survey respondents instead of only getting binary responses for features of park-and-rides
that they either use frequently or approve of having. For example, instead of having
survey participants list all of the reasons why they use a specific park-and-ride, it may
have been more useful if they ranked them in importance relative to their personal needs.
This would give more distinction to the most important and defining features of each
park-and-ride facility. This would also allow for more interesting insights to be
developed regarding intangible features of park-and-rides, and it would possibly allow
these variables to be included in the logistic regression models.
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Appendix A

Survey
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Appendix B

Survey Distribution Summary

Location
Lynnwood
Sumner
South Kirkland
Mercer Island
Kenmore
Puyallup
Federal Way
Eastgate
Tukwila Station
Tukwila International
Blvd
Tacoma Dome
Auburn
Overlake
Issaquah Highlands
Issaquah Transit
South Everett
"Not Sure"
Total

General Survey Location Information
Shorthand Total # Of
Paper Online Capacity
Code
Surveys
LYN
305
221
84
1368
SUM
138
75
63
343
SK
223
159
64
852
MI
108
53
55
447
KM
121
20
101
603
PUY
165
105
60
432
FW
283
217
66
1190
EG
348
146
202
1614
TS
76
45
31
208

Primary
Exit Mode
Bus
Train
Bus
Bus
Bus
Train
Bus
Bus
Train

TKI

199

159

40

600

Train

TD
AUB
OLK
HTC
ITC
SE

262
172
80
396
284
148
47
3359

88
121
54
217
197
132
0
2009

174
51
26
179
87
16
47
1350

2283
633
222
1000
819
397

Both
Train
Bus
Bus
Bus
Bus
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Appendix C

Summary Statistics
Entering Mode Frequency - All Locations
Freq. Percent
Cum.
Drive Alone
2,416 73.659% 73.659%
Walk
157
4.787% 78.445%
Train
4
0.122% 78.567%
Vanpool
23
0.701% 79.268%
Bicycle
26
0.793% 80.061%
Dropped off
221
6.738% 86.799%
Carpool
163
4.970% 91.768%
Bus
259
7.896% 99.665%
Other
11
0.335% 100.000%
Total

3,280

100

Exiting Mode Frequency - All locations
Freq. Percent Cum.
Drive Alone
23 0.704%
0.704%
Walk
93 2.848%
3.552%
Train
625 19.137% 22.688%
Vanpool
102 3.123% 25.811%
Bicycle
2 0.061% 25.873%
Dropped off
5 0.153% 26.026%
Carpool
15 0.459% 26.485%
Bus
2,370 72.566% 99.051%
Other
31 0.949% 100.000%
Total

3,266

100

73

Lot Name

Parking Space Fee

Auburn Station
Eastgate Transit Center
Federal Way Transit Center
Issaquah Highlands Park-and-Ride
Issaquah Transit Center
Kenmore Park-and-Ride
Lynnwood Transit Center
Mercer Island Park-and-Ride
Overlake Transit Center
Puyallup Station
South Everett Freeway Station
South Kirkland Park-and-Ride
Sumner Station
Tacoma Dome Station
Tukwila International Boulevard Station
Tukwila Station
All

$0.48
$0.40
$0.49
$0.48
$0.40
$0.38
$0.51
$0.34
$0.39
$0.42
$0.31
$0.51
$0.36
$0.45
$0.42
$0.40
$0.42

Age
18-24
25-34
35-44
45-54
55+
Total

Frequency Percentage
154
6.35%
539
22.24%
626
25.83%
577
23.80%
528
21.78%
2424
100.00%

Gender
Frequency Fraction
Male
1,230 50.10%
Female
1,176 47.90%
No Response
49
2.00%
Total
2,455

Guaranteed Space
Fee
$0.92
$0.84
$0.89
$0.93
$0.85
$0.74
$0.89
$0.76
$0.83
$0.69
$0.67
$0.96
$0.76
$0.98
$0.78
$0.71
$0.83
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Household Income (thousands of dollars)
0-30
30-60
60-90
90-120
120-150
150+
Total

Frequency
76
339
431
420
361
456
2083

Percentage
3.65%
16.27%
20.69%
20.16%
17.33%
21.89%

