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Abstract

Seattle’s Expanded Mobility Portfolio: an evaluation of two commute-focused pilot programs

Elyse O’C. Lewis

Chair of the Supervisory Committee:
Assistant Professor Don Mackenzie

Civil and Environmental Engineering

This thesis explores two cases of private enterprise in the Seattle commuter mode share market:
UberHOP and the Employer Shared Transit Stop (ESTS) pilot program. UberHOP is a service similar
to vanpooling with fixed pick-up and drop-off locations in the primary commute direction during
peak hours, but leverages Uber’s ridesourcing platform to replace fixed departure schedules with
riders matched in real time. The results of an intercept survey and count data found that many
UberHOP riders made UberHOP their primary form of commute mode, and riders predominantly
replaced public transportation modes rather than personal vehicles. Although UberHOP services
were cancelled in Seattle in August of 2016, with larger rider densities per trip, the UberHOP model
can be profitable and environmentally sustainable. Through the ESTS pilot program, the Seattle
Department of Transportation (SDOT) and King County Metro (KCM) identified nine bus stops
within the City of Seattle for stop-sharing with private shuttles that serve employees of (and are
operated by) Microsoft and Seattle Children’s Hospital. Through an analysis of real-time transit
performance data, the study found that, on average, bus transit reliability has not been impacted by
the ESTS pilot program. Based on these cases, it is recommended that public transit agencies
engage with private transportation services to ensure quality, sustainable commute options for

citizens.
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1. INTRODUCTION

In a city with significant geographical constraints and a rapidly growing population (1), traffic
congestion has become a major issue; in 2015, Seattle tied with New York City for the fourth worst
traffic congestion in the US which is astonishing given that the population of Seattle was just over
650,000 compared to NYC’s 8.4 million according to the 2013 American Community Survey (2). To
combat this gridlock, the City of Seattle is constantly looking for ways to manage roadway
congestion and maintain equitable, quality access to citizens (3). To this end, goals for reducing
drive-alone rates during commute hours have been adopted at a state level through the Commute
Trip Reduction (CTR) Law (4). CTR requires cities and counties in Washington state “to reduce the
number and length of drive-alone commute trips” by working with major employers in their
jurisdiction to develop and implement employee commute programs (4). These efforts are
incentivized through commuter tax benefits which allow employers to “receive tax benefits for
providing certain types of transportation benefits” to employees that encourage non-drive alone
commute patterns (5). Additionally, tremendous public initiatives to improve public transit and
non-motorized travel options within the city have resulted in the passage of Sound Transit

packages and the Move Seattle Levy (6,7).

In addition to the public sector in Seattle, the private sector is also working to provide alternative
transportation options to commuters. ReachNow in Seattle has attempted to increase its commute
mode share during the AM peak with special flat rates for drivers (8,9). Uber recently offered
discounts to commuters who started or ended their trip at a light rail station south of the urban
core (10). Beyond simple discounts, however, both Uber and Lyft along with new companies such
as Via and Chariot are offering new types of services for commuters. Uber unveiled UberHOP (a
service similar to a vanpool) in Seattle, Toronto and Manila and UberCOMMUTE (a service similar
to a carpool) in Chicago in 2015 (11). In 2017, Lyft launched Lyft Shuttle (a fixed route, requested

stop service) in Chicago and San Francisco (12). Both Via and Chariot are fixed rate, shared ride
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commute options with Via SUVs starting operations in Chicago, NYC, and Washington DC in 2016,
and Chariot Ford Transit passenger vans in San Francisco and Austin in 2016 along with NYC and
Seattle in 2017 (13-16). All of these services are branded with the goal of reducing drive alone

commutes in order to reduce the congestion and emissions they produce.

This expansion of private services for commuters is generally supported in the City of Seattle. The
Downtown Transportation Alliance, while predominantly comprised of public sector executive
leadership, also includes private sector representation to support the Commute Seattle initiative
(17). Within their resources for individuals and employers, they recommend ride- and carsharing
services (collectively referred to as rideshare by Commute Seattle) as a drive alone alternative and
count rideshare commutes (9%) towards total, non-drive alone percentages (70%) of commute
mode share terminating in Seattle’s urban core (18,19). Additionally, while applicable commuter
tax benefits include transit passes in most cities, employees at participating companies can also use
pre-tax income to pay for UberPool and LyftLine commute trips (20,21). More broadly, employers
are also encouraged to provide shuttle services for employees, particularly shuttle services for first

mile/last mile links to transit and for routes underserved by transit.

This thesis explores two cases of efforts within the City of Seattle to reduce drive alone commutes:
the introduction of a new, private service to the city’s commute choice portfolio, and partnerships
between local employers and transportation agencies to share transit right-of-way. The first study
explores the mode shifts and rider preferences through questionnaire and count data to determine
the sustainability and impact of UberHOP, and the second study uses King County Metro (KCM) bus
tracking data to determine whether or not the Employer Shared Transit Stop (ESTS) pilot program

had a negative impact on transit reliability.

Taken together, these studies suggest that new, private commuter services, if they wish to truly

reduce congestion and emissions, must be developed and implemented with some level of public
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transit partnership. Furthermore, while public agencies should not simply accept any and all
service configurations put forward by private transportation companies, it is ultimately in the best
interest of public agencies to work with private companies and employers to expand commute

service alternatives.



Lewis Seattle’s Expanded Mobility Portfolio (2017) 4

2. UBERHOP IN SEATTLE: WHO, WHY, AND HOW?

This chapter is based on a paper jointly authored with Don MacKenzie, published in Transportation
Research Record: Journal of the Transportation Research Board, No. 2650, 2017, pp.101-111. DOI:
http://dx.doi.org/10.3141/2650-12. Material in this chapter is reproduced with permission of the
Transportation Research Board. None of this implies endorsement by TRB of a product, method,
practice, or policy.

2.1 INTRODUCTION & OVERVIEW OF UBERHOP
Since the introduction and rapid adoption of the smartphone, entrepreneurs have taken increasing

advantage of the new business models and service opportunities provided by this technology.
Companies such as Uber pioneered the app-based platform for ridesourcing in 2010 and have
continued to flourish in this new age of smartphone-enabled transit services; from 2010 to 2014
they expanded from services that solely served the City of San Francisco to services that reach 64%
of the entire US population (22). A U.S. PIRG (the federation of U.S. non-profit Public Interest
Research Groups) study in 2015 found that ridesourcing services were offered in 59 out of the 70

cities reviewed (23).

As Uber continues to grow, they have tried different variations of and expansions on the basic
platform that made them famous, such as UberSUV and UberPOOL. A recent adaptation that looks
to meet the needs of commuters specifically is UberHOP. The service operates along designated
commuter routes within a city during AM and PM peak periods and charges riders a flat fare to
share a ride with up to five other UberHOP riders (24). On December 10, 2015, Seattle, USA became
the first city globally to pilot UberHOP with $5 fares for rides along three of “the city’s most popular
routes” (25). Shortly thereafter, UberHOP also launched in Toronto, Canada with more routes and
even cheaper fares than those initially offered in Seattle (26). Shortly after the initial launch, the
routes offered in Seattle expanded to twelve and changed again in June, 2016 to the final studied
eleven with varying rates for riders (Figure 1). The pricing range also changed during this time:

instead of a flat fare for all routes, prices ranged from $2.50 - $4.50 depending on the route (Figure
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1) with an added promotion of $1 rides during the month of February, 2016 (27). In April, 2016, the

City of Manila in the Philippines became the third city worldwide with UberHOP services (28).

According to the Toronto press release, the goal of UberHOP is to provide citizens with an
alternative to single occupancy vehicles (SOVs) so that they can “rely more on ridesharing and less
on their personal vehicles to help reduce traffic and congestion” (26). While this is a common goal
for cities worldwide, dissenting voices are concerned that UberHOP is “simply one more step
towards the Uber-driven privatization of public transit” (29). At the 2016 Transportation Research
Board (TRB) meeting, representatives from the public, private, and academic research sectors
attended multiple workshops to discuss the present and future effects of shared-use mobility on
transportation networks; among other things, the group recognized that "additional research is
needed to understand the impact of shared-use mobility modes, in particular on-demand
ridesourcing (e.g. uberX, Lyft, Sidecar, etc.)" (30). Given the dramatic growth of ridesourcing
services and the disparity between intentions and outcomes, the need for studies that explore all

varieties of ridesourcing services and the people who use them is clear.

UberHOP services were cancelled in Toronto at the end of July 2016 (25) and in Seattle in mid-
August 2016 (27). Services in Manila were still running as of the end of October 2016 (31). Further,
Uber announced in October 2016 that they plan to launch a new service of minivans and buses
entitled UberEverything in India which will operate similar to UberHOP but with larger vehicles

(32).

Based on an economic analysis of the UberHOP model, having 4 riders per trip or a lower expected
driver hourly wage could make UberHOP profitable (see the Discussion section of this paper for
further details). Therefore, while the UberHOP model did not succeed in Seattle or Toronto, it may

still be a viable model in the correct market. Given this, the exploration of commuter ridesourcing is
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relevant, especially since it highlights important differences in rider choices compared to existing

studies.

One of the most thorough previous studies of ridesourcing users is an intercept survey completed
in May and June of 2014 in San Francisco, which revealed a great deal about the demographics and
motivations of ridesourcing users. In that study, two of the top three reasons for choosing a
ridesourcing platform over another mode were related to trip time (33). The study found that in
most cases, ridesourcing or taxi services provided faster trip times than comparable transit services
and that riders predominantly utilized the ridesharing service in place of a taxi trip (33). The
survey was completed during late afternoon and evening hours in three areas of the city (The
Marina, North Beach, and The Mission) and provides a look at the implications of ridesourcing
mode shifts primarily for evening, leisure activities of young professionals. This is consistent with a
recent study by the American Public Transportation Association (APTA), which found that
standard ridesourcing services (Uber and Lyft); are mainly used for “social trips between 10pm
and 4am” (34). Both reports clearly demonstrate the competition between ridesourcing and taxi
services, and both reports conclude that ridesourcing services, in general, replace personal vehicle

trips and complement existing public transit services.

UberHOP, however, focuses on applying “real-time ridesharing” (35) smartphone capabilities to
commute trips. In 2011, multiple companies tried to leverage real-time ridesharing application
technology to provide “formalized flexible carpooling” (35) within the Seattle Metro Area (SMA).
The state funded a pilot program that targeted commuters crossing the [-520 toll bridge with a real-
time ridematching application developed by a company called Avego; Zebigo was a start-up within
the SMA that launched a similar, less targeted app; and the Washington State Department of
Transportation (WSDOT) also invested in a ridesharing website for the state (36). Neither Avego

nor Zebigo were able to recruit a “critical mass” of drivers and riders, and while Avego attempted to
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narrow its focus to more-targeted [-520 commuter pick-up and drop-off locations (specifically
those frequented by “tech-savvy” Microsoft employees) to obtain necessary rider density, neither
company appears to have lasted more than a year (36). Despite the failure of these real-time
ridematching services, WSDOT still maintains the ridesharing website as a state-wide, formalized,
carpooling program in an attempt to provide commuters with an online, pre-arranged

ridematching option for those looking to carpool (37).

UberHOP is a ridesharing service that bears resemblance to (but is not) a vanpool or carpool
service. While the pick-up location is pre-established, the departure time is not (35). Additionally,
while it bears some similarities to real-time ridesharing, the service relies on paid drivers rather
than fellow commuters to provide the ride. Furthermore, UberHOP is an inherently different form
of ridesourcing service that is distinct from baseline ridesourcing services (e.g. UberX) and serves
different trips than those highlighted by existing studies; it only operates during commute hours,
along designated commuter routes, and only in the direction of the majority of commuter traffic.
This is a new type of ridesourcing service, and as a result, there are no studies to date that consider

its effects.

This study addresses the present lack of information relative to the types of people and vehicles of
which this service is composed in order to begin to understand the implications of the new, unique
form of urban mobility that is UberHOP.

2.1.1 UBERHOP: WHAT IT IS AND HOW IT WORKS

Within the classification scheme presented by Chan and Shaheen in 2012 (35), UberHOP is a
vanpool hybrid; it functions within the context of commuting centers, but breaks the traditional
rigidity of prearranged departure times with the use of real-time ridesharing application

technology (35). UberHOP in Seattle brought commuters from various neighborhoods within the
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city to major employment centers in Downtown, South Lake Union (SLU where the Amazon campus

is located), and SODO (where the Starbucks Headquarters are located).

The app promises a ride every 10-min along any route within the UberHOP network. To achieve
this, when a rider requests a trip along a HOP route, the app will either match that rider with an
existing HOP trip or will request a new vehicle for that rider. To do this, the app assumes that the
rider will walk to the pick-up location from his/her existing location, calculates the walk time
necessary for the rider to reach the pick-up location, and determines whether or not the rider can
make it to an existing HOP ride. This, of course, assumes a previously-requested HOP trip is in
progress. If no other rider has requested a HOP ride within the past 10-min, a new request is
generated and the 10-min clock begins. In this way, HOP trips do not run with pre-determined

departure times, headways, or riders, but only when requested.

The Uber smartphone app only offered the option to request an UberHOP ride in Seattle during the
hours of operation (7AM-10AM and 4:30PM-7:30PM) and during those hours, routes were only
presented in the primary commuting direction. The user interface and the multi-step process that

was required to request an UberHOP trip are shown in Figure 2-1.
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2.2 METHODS AND DATA
The primary source of data regarding UberHOP riders and their preferences was obtained via a

questionnaire administered through an intercept survey. In the process of administering this
survey, additional data was collected regarding the total population of riders and vehicles in a trip
log count sheet. Data were collected over the course of 16 UberHOP shifts (AM and PM) in order to
administer surveys along all 22 routes (11 routes during AM and PM). This yielded 83 survey
responses and observations of 133 trips carrying 165 riders; of the UberHOP riders approached,
83% completed and returned the survey and those respondents, 37 (45%) of rider trips were
observed twice or more. Each respondent only completed the questionnaire once; when
approached, a rider was asked to identify whether he/she had taken the survey previously and all

responses along with total ridership and trips were logged in the count sheet.

2.2.1 SURVEY INSTRUMENTS
The survey instrument was a two-page paper questionnaire that covered the respondent’s

transportation habits, preferences, and demographic information. Respondents were asked the
purpose of the present UberHOP trip, the origin and destination of the trip and how they traveled
to/from the HOP pick-up and drop-off locations; respondents were asked to provide the nearest
cross-streets, not addresses. Beyond this, respondents were asked their usual mode for the given
route as well as the mode they would have used if UberHOP were not an option that day. Questions
were worded without technical jargon and focused on the present situation (the ride they were

taking at that moment) to maintain clarity and simplicity and to reduce hypothetical bias.

Respondents then rated each of 16 factors on a scale of 1 (not at all important) to 5 (very
important) for how important each factor was when considering whether to ride UberHOP or an
alternative mode. These factors were based on those previously identified in the 2014 San

Francisco ridesourcing study, but were adapted to make them more relevant to commuters (33).
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Demographic questions and response options mirror those given in the American Community

Survey (ACS) and the Puget Sound Regional Council (PSRC) Regional Travel Study.

Additionally, a count sheet was developed to track HOP trips observed during data collection. This
sheet considered the make and model of each HOP vehicle, the number of male and female HOP
riders, and the departure times for any given HOP route. Notes for each trip were also maintained
such as when a rider refused a questionnaire and if a rider had previously completed a
questionnaire.

2.2.2 DATA COLLECTION

Two main types of data were collected: count data on vehicle trips and ridership for all routes
starting from the same origin on a given day; and a survey of riders on a specific route (the “study
route”). Data were collected on Mondays, Tuesdays, Wednesdays, and Thursdays during the AM and
PM UberHOP operating hours between June 8th and July 12th, 2016 for a total of 10 observation
days. Fridays were excluded from the study to control for summer riders leaving the city early for
weekend activities. The 22 total routes (11 in the AM and 11 in the PM) were studied over the

course of 9 morning shifts and 7 afternoon shifts.

To survey riders, a graduate student researcher approached potential riders at the route’s pickup
location with a questionnaire on a clipboard and invited them to complete it during their trip. An
undergraduate research assistant waiting at the drop-off location met the HOP vehicle and

retrieved the completed questionnaire(s) at the end of the trip.

Count data were collected for the study route plus all other HOP rides that originated at the same
pickup location as the study route; because many of the stops served multiple routes (see Figure 2-
2), the count data includes riders who confirmed their HOP route but were not asked to complete a

questionnaire.
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FIGURE 2-2. June 13, 2016 - Present UberHOP routes considered in study
Basemap generated from publically available geospatial data files from WSDOT (38) and the PSRC (39)
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With this method, 100 out of the 127 unique riders were invited to complete the questionnaire; of
these, 86 accepted the questionnaire and 83 completed questionnaires were returned,
corresponding to a response rate of 83% (See Table 2-1); the disparity in accepted and completed
questionnaires is due to three surveys that were lost en route. Of the 14 riders on a study route who
did not accept a survey, these were generally riders who arrived at a car shortly before it departed
and the graduate student researcher either did not have time to approach, or the rider was in a rush
and unreceptive to the survey. As the research team gained experience, it was possible to study

multiple routes (originating at the same location) in a single shift.
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TABLE 2-1. Summary of count and survey data for UberHOP vehicles, trips, & riders by route

Davs Counted Count Data Survey Data
Routes (AM};r PM = 0.5) Vehicles Total Veh. | Total Rider Unique Completed Riders Asked to
) Hybrid Pick-up S/C/M*  Sedan Trips Trips Riders Questionnaires Participate**
Ballard/ 2 4 0 12 0 16 17 13 9 10
Downtown
Ballard/ SODO 15 0 0 4 1 5 6 4 1 3
Ballard/ SLU 2 3 0 23 6 32 45 32 21 27
Wallingford/
SLU 15 0 0 2 3 5 5 5 2 2
Wallingforc/ 2 2 0 4 3 9 12 10 7 9
Downtown
U Queen Anne/
SLU 15 1 0 7 3 11 12 9 7 7
L Queen Anne/ 1 0 0 3 2 5 5 4 4 4
Downtown
N Cap Hill/
SLU 15 1 0 8 2 11 12 10 6 7
N Cap Hill/
SODO 15 1 1 5 3 10 12 8 5 7
Cap Hill 2 1 0 2 1 4 5 4 2 2
Downtown
Cap Hill/ SLU 15 1 0 23 1 25 34 28 19 22
TOTAL 14 1 93 25 133 165 127 83 100

*SUV/Crossover/Minivan

**Riders who were asked to complete a questionnaire along the route studied during that shift (rather than all riders observed on study and non-study routes)
Note: since HOP riders logged O/D cross-streets as opposed to specific addresses, many O/Ds fall in the same location, thus the differentiation by

density of O/Ds rather than by points alone

Basemap generated from publically available geospatial data files from WSDOT (38) and the PSRC (39)
Census tract attributes referenced from the KCM Spring 2015 Service Guidelines Report (40) with low-income as defined by KCM (41).




Lewis Seattle’s Expanded Mobility Portfolio (2017) 15

In order to differentiate HOP trips from regular Uber or Lyft or regular carpooling trips, the
graduate student researcher spent each shift at the pick-up location approaching anyone near the
stop who looked like he/she might be a HOP rider or a driver; anyone waiting near the stop was
approached and any drivers who stopped and did not exit their vehicles near the stop were
approached. Drivers were approached to avoid the issue of a late rider arriving just before (or
sometimes just after) the 10-min countdown finished and missing the opportunity to log a trip. This
led to a highly comprehensive trip log data set and high percentage of study route survey coverage.

Moreover, this trip log tracked repeat riders.

Finally, real-time trip time data for driving and for transit along each of the designated HOP routes
was collected during AM and PM shifts using Google Maps to compare actual travel time options for

HOP riders along all routes on multiple days during the study.

Limitations

Although the research team approached virtually all UberHOP passengers using a route on a given
day, and obtained completed questionnaires from 83% of travelers along study routes, the overall
size of our sample is relatively limited (n=83). Nevertheless, the quality of the data set is high and it
is highly representative of the total population of HOP trips and riders. Thus, although the sample
size is too small to support estimation of regression models (e.g. mode choice models) with large
numbers of parameters, we can be confident that the descriptive statistics are highly representative

of the population of UberHOP users in Seattle during the study period.

2.3 DISCUSSION OF RESULTS

2.3.1 WHO RIDES AND HOW THEY MEET THE HOP VEHICLES
First, the survey responses confirmed a few core assumptions relative to UberHOP as a service:

96% of respondents walked from their trip origin to meet their HOP, 94% walked to their

destination from their HOP, and 96% of respondents used HOP for a commute trip. In addition, HOP
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riders are predominantly white, highly educated, high-income, male millennials (Table 2-2). This is
consistent with the neighborhoods of operation and origin/destination (0/D) sheds surrounding
HOP stops as shown in Figure 2-3. While the commute destinations of SLU, Downtown, and SODO
are located in/near both low-income and minority-dense areas, the income and racial makeup of
riders is established by their neighborhoods of origin; with the exception of the Capitol Hill stops,
UberHOP only operated in higher-income, predominantly white neighborhoods of Seattle. While
these neighborhoods draw some of the lower-income HOP riders, the lowest reported income range
by a HOP rider was 50K-74.9K; King County Metro (KCM) defines income status by household size,
and a household income in that range would need to house five to seven people to be considered
low-income (41). According to Forbes, in 2015 the median household income in Seattle was

$73,561 (42); as Table 2-2 shows, the majority of survey respondents fall above this amount.
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FIGURE 2-3. Origin and Destination (0/D) distributions and densities for UberHOP riders
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TABLE 2-2. Demographic attributes and associated primary mode used by UberHOP rider
respondents

Respondents Primary Form of Transit for UberHOP Route
Total % UberHOP Non-Mot. Transit SOV/HOV Other
Gender
Male 51 68% 28% 11% 17% 4% 8%
Female 24 32% 12% 4% 3% 4% 9%
n 75
Age
20-24 6 8% 4% 3% 0% 1% 0%
2530 34 45% 19% 4% 12% 3% 12%
31-34 14 19% 9% 1% 4% 1% 4%
3540 10 13% 6% 3% 3% 1% 1%
41-44 3 4% 1% 1% 1% 0% 0%
45-50 1 1% 0% 1% 0% 0% 0%
51-54 0 - - - - - -
55-60 1 1% 1% 0% 0% 0% 0%
n 69
Race
White 46 61% 24% 8% 15% 5% 9%
Hispanic, Latinoor 5 7% 0% 4% 1% 1% 0%
Spanish origin
Black or African Am. 1 1% 0% 0% 0% 0% 1%
Asian 17 23% 11% 3% 4% 1% 4%

Pacific Islander 0 - - - - - R
Am. Indian or AL Native 0 - - - - - R
M. Eastern or N. African 0 - - - - - R

Other 6 8% 5% 0% 0% 0% 3%

n 75

Education Level

HS/GED 2 3% 1% 0% 0% 0% 1%
2yr Deg. 2 3% 0% 1% 0% 0% 1%
4yr Deg. 34 45% 19% 7% 12% 3% 5%
Graduate Deg. 36 48% 20% 7% 7% 5% 9%
Other 1 1% 0% 0% 1% 0% 0%

n 75

Household Income
less than $50K 0 - - - - - R

$50-74.9K 9 12% 4% 1% 4% 0% 3%
$75-99.9K 19 25% 4% 5% 5% 3% 8%
$100-200K 29 39% 19% 4% 8% 3% 5%
more than $200K 8 11% 5% 1% 3% 1% 0%
No Response 8 11% 8% 1% 0% 0% 1%

n 73

Note: Not all sections sumto 100% due to rounding
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2.3.2 WHY PEOPLE RIDE: STATED MODE CHOICES AND RELATED PREFERENCES

While the demographics of UberHOP riders are similar to other ridesourcing services, their
substitution between modes is different than in previous studies. The APTA study (34) found that
ridesourcing services complement public transit, and the study in San Francisco found that 45%
would have otherwise used a taxi or driven while 33% said bus or rail (33). Comparatively, as
Figure 2-4 shows, if UberHOP were unavailable, 45% said that they would have taken the bus, and a
total of 66% would have relied on public transit or non-motorized modes if UberHOP were not
available. Just 25% would have used another ridesourcing service or a personal vehicle. Given that
the APTA study (34) focused on the recreational nature of the majority of ridesourcing trips, these
user trends suggest that UberHOP was replacing rather than complementing public transit for
commute trips in Seattle. Beyond this, 40% of respondents reported that UberHOP was their
primary commute mode. The trip log data shown in Table 1 corroborate this value and show that, of
the 165 total rider trips counted, 74 (or 45%) were taken by riders who were observed twice or

more.

The distances that riders were willing to walk in order to reach some of the UberHOP stops (Figure
2-3) along with the stated preferences of HOP riders help to explain the substitution of UberHOP for
transit. For HOP locations that were well-connected by public transit such as North Capitol Hill,
Upper Queen Anne, and Downtown, riders walk a mile or less from/to their O/Ds. In contrast,
Ballard and SLU (the routes with the most riders per Table 2-1) riders walked one to two miles to
reach UberHOP services. Given that SLU is difficult to reach without at least one transfer or a long
walk, the relatively high stated preferences for “reliability” and “few(er) transfers” support these

observations (Figure 2-5).

Traveling by car with UberHOP offered a significant time and financial savings over transit. Figure
2-6 plots the travel times by transit and by driving for the UberHOP origins and destinations. While

shorter routes provided transit travel times comparable to travel times for cars, as the distance
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increases, so does the disparity between the travel time required for the two modes, with some
transit times 2.5 to 3 times greater than their equivalent vehicular counterpart. Given this, it makes
sense that the “short(er) time spent traveling” ranks as the second most important factor for
individuals who choose to ride UberHOP (Figure 2-5). Most importantly, the most important factor
for HOP riders was “the low(er) cost of the trip” (Figure 2-5). Since bus fares are $2.75 during peak
periods, this makes 6 out of 11 UberHOP routes (including 4 out of 5 SLU routes) less expensive
than their public transit alternative. This paired with the lower commute time, reliability, and no

transfers made UberHOP a high-quality, desirable commute option.
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Additionally, KCM has recognized SLU and Downtown as regional growth centers, Ballard (near the
existing HOP stop) as a major transit activity center, and generally recognizes that most bus routes
in the City of Seattle require additional hours of service to meet present demand (40). Relative to
their primary, alternative mode of transit, the HOP attributes of “comfort”, “the short(er) wait time
for a vehicle” and “it’s less crowded” fall in the top half of importance for respondents (Figure 2-5).
Given these rider values combined with the top concerns for travel time and cost among current
HOP riders, the present appeal and subsequent shift of riders from public transit services to HOP
makes sense; commuting in a private vehicle with a guaranteed seat for less time and less money
(in many cases) is simply more attractive to riders.

General UberHOP Observations

Given the high rate of return riders and relatively small collection of regular drivers, UberHOP
established a small community of commuters familiar and happy with the service; HOP drivers
consistently enjoyed the guaranteed hourly wage and HOP riders added many positive, exclamatory
remarks to the “other” sections of the rider perceptions portion of the survey. However, beyond this

core community of HOP riders and drivers, both UberX users and drivers remained generally

unaware of or confused by UberHOP.

Over the course of the survey, on occasions when UberX drivers provided a HOP ride, drivers were
often perplexed and upset by the 10-min wait time associated with a HOP ride and also had a
tendency to pick-up or drop-off at locations slightly different than those designated by the app.
Since most pick-up locations are in large parking lots or along a busy street, the lack of physical
definition led to confusion on many occasions. The SODO stop is particularly susceptible to this
issue, because while the designated location is in a specific corner of the Starbucks headquarters
parking lot, it happens to be next to a collection of tables typically used for smoke breaks.
Additionally, the presence of many different Uber, Lyft, and taxi services in the same, large parking

lot make this location confusing for all parties.
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2.3.3 ENVIRONMENTAL AND ECONOMIC CONSIDERATIONS

Beyond the present and potential loss of KCM ridership, the relative emissions related to UberHOP
travel at present are concerning. Given that 68% of HOP trips were taken in an
SUV/Crossover/Minivan (S/C/M) (Table 2-1) and that 79% of trips were taken by solo riders, for
the majority of respondents (52% ) who would have otherwise commuted via public transit (Figure
2-4), their UberHOP commute increases their carbon footprint significantly as shown in Figure 2-7.
Further, the 16% of individuals who replaced a solo UberX trip in a sedan or hybrid with a solo HOP
trip ina S/C/M also increased their carbon footprints. If UberHOP were to achieve its intended goal
of reducing SOV commuter travel, it could reduce emissions with 3 or more riders per trip, even
compared with SOV commuting in a Prius. With 4 or more riders per trip, UberHOP’s minivans and
SUVs could even emit less than a KCM bus with average peak-hour ridership along the city’s top

25% busiest routes that correspond to the HOP routes (40).

While UberHOP services were cancelled in Seattle and Toronto, the model itself can be
economically viable as well as environmentally beneficial. A quick economic analysis of the most
popular route studied, Ballard to SLU, serves to illustrate this. Assuming Uber subsidizes HOP
drivers for their time up to the amount of revenue they would expect to receive as an UberX driver
(43), as Table 2-3 demonstrates, the UberHOP model can generate positive cash flow for Uber with
four or more riders per trip. Furthermore, it can operate without Uber subsidizing the driver’s
earnings with five or more riders per trip, yielding greater revenue than the UberX model for both
Uber and the drivers. For comparison, in 2015 KCM subsidized even its top 25% most productive

routes in the city core during peak commuting hours by $0.01 per passenger on average (40,44).
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Table 2-3. Economic viability analysis of the UberHOP model along the Ballard/SLU route

- Revenue per Trip Revenue per Hour  Hourly Subsidy (from Uber to Driver) Net Hourly
HOEES to Driver to Uber toDriver to Uber Total per Rider Revenue for Uber
1 $ 280]5$ 070 [ $ 560|$ 140 % 2090 | $ 2090 | $ (19.50)
2 $ 560]|%$ 140 |$ 1120 $ 280 $ 1530 | § 765 $ (12.50)
3 $ 840 5$ 210 | $ 1680 $ 420 | $ 9.70 | $ 323 $ (5.50)
4 $ 1120 $ 280 | $ 2240 ($ 560($ 410 | $ 1.03 ([ $ 1.50
5 $ 14.00 | $ 350 | $§ 2800([$% 7.00 Not Req'd NA $ 7.00
6 $ 1680 |$ 420]|$ 3360 $ 840 Not Req'd NA $ 8.40
Assumptions

Average of three route options given by Google Maps = 4.6 mi
Average of travel times collected in the study during peak periods = 13.7 minutes
Maximum possible given trips only in the direction of commute = two paid trips per hour
Uber commission per trip = 20%
Average driver hourly wage = $26.50
Uber provides an hourly subsidy to guarantee average UberX hourly wage for UberHOP drivers

Values for Uber commission and average driver hourly wage in Seattle from source (43).

2.4 UBERHOP CONCLUSIONS & RECOMMENDATIONS

UberHOP is a unique take on vanpooling made possible by modern, real-time ridesourcing
platforms. For Seattle residents who knew about it, it provided a fast, comfortable, on-demand, and
relatively inexpensive commute alternative. While this made it an attractive alternative for those
who already relied on public transit and Uber services for commuting purposes, it did not reach its
target audience of SOV commuters. Beyond that, while a few routes had consistent ridership (those
connected to SLU and Ballard), all routes would need to increase ridership to avoid the present,
high rates of solo riders in large vehicles. However, if the growth mirrored current usage patterns,
this ridership increase would likely take riders predominantly from public transit modes such as

KCM bus routes.

To provide a service that does deliver on the ideals of decreased congestion and emissions, more
targeted marketing to SOV drivers would be necessary. Given the on-demand nature of UberHOP, it
provides users with a heightened sense of reliability and control and, while similar to a bus, is more
intimate and comfortable than a bus. Because of this, it could serve as an excellent gateway

alternative to get people out of their personal vehicles for commuting and other trips.
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Given that trip cost is the number one factor for the current population of HOP riders (Figure 2-4),
developing a rider base from SOV drivers also has the potential to be more stable from an economic
perspective. Although the general patterns in traveler response given by the TCRP suggest that
ridership in higher-income areas is “typically most sensitive to frequency changes” and that lower-
income service areas are typically “more sensitive to fare changes” (46), this rule of thumb likely
does not apply to HOP riders. Since current, transit-alternative HOP riders rank “the low(er) cost of
trip” as their second most important mode choice factor, even though they are predominantly high-

income riders, the existing rider base is likely sensitive to fare increases.

Policymakers facing decisions about whether and how to accommodate UberHOP (or similar
services) in their jurisdictions may wish to consider its sustainability in economic, environmental,
and equity terms. For the levels of ridership observed in Seattle (1.24 passengers per vehicle),
UberHOP’s GHG emissions per passenger mile were higher than driving alone in a standard car or
riding the bus, and we estimate that Uber would have had to subsidize each UberHOP driver at the
rate of about $17 per hour. This suggests that as implemented in Seattle, the service was neither
economically nor environmentally sustainable. However, averaging 4 or more passengers per trip
would yield positive cash flow for Uber, driver earnings comparable to those available from UberX,
and GHG emissions 40% lower than driving alone in a Prius and slightly lower than riding the bus
at average, peak occupancy levels (18.4 passengers per vehicle). And while the low cost per trip and
time savings were attractive benefits of UberHOP, these benefits were not being captured by low-
income or minority riders, likely because UberHOP routes served primarily wealthier and less

diverse areas of the city.

Policymakers and regulators may want to work collaboratively with private sector service
providers to identify how UberHOP or similar services can best complement and strengthen

existing transportation services. In this study, a majority of UberHOP passengers surveyed
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indicated that they would have taken transit (bus or train) if UberHOP had not been available, while
only 5% would have driven. Thus it appears that the service was not achieving to its stated goal of
reducing SOV commute trips. And while UberHOP can be economically and environmentally
competitive with bus travel at average occupancy rates, its application to high-demand routes in the
city core during peak hours means that it was most likely displacing KCM bus trips with the highest
ridership. A more collaborative approach might involve [1] looking for opportunities to use
UberHOP on routes that are poorly or inefficiently served by public transit, [2] servicing of
neighborhoods with a wider range of socioeconomic characteristics, and [3] efforts to ensure that
UberHOP vehicle occupancy is relatively high (4 or more passengers per trip) in order to improve
economic and environmental sustainability, preferably through targeted marketing to SOV

commuters.

While UberHOP failed to develop the ridership necessary to support it in Seattle, the model has the
potential to be both economically and environmentally sustainable. As a result, UberHOP and
similar commuter-focused ridesourcing models will likely continue to grow in cities around the
world. Therefore, more detailed analyses regarding the impact of these services on existing transit
networks should be pursued to support educated policy responses to services such as these in

future.
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3. PRIVATE SHUTTLES AND PUBLIC TRANSPORTATION: EFFECTS OF
SHARED TRANSIT STOPS ON TRAVEL TIME AND RELIABILITY IN
SEATTLE

This chapter is based on a paper jointly authored with Don MacKenzie and Regina Clewlow,
pending publication in Transportation Research Record: Journal of the Transportation Research
Board, in press. Material in this chapter is reproduced with permission of the Transportation
Research Board. None of this implies endorsement by TRB of a product, method, practice, or policy.

3.1 INTRODUCTION & OVERVIEW OF SHARED TRANSIT STOPS
In an attempt to improve private shuttle services provided by major employers for their employees

in the City of Seattle, the Seattle Department of Transportation (SDOT) and King County Metro
(KCM) began the Employer Shared Transit Stop (ESTS) pilot to “test the feasibility of allowing
employer-provided shuttles to use public transit stops while minimizing impacts to public transit
operations” (47). On April 24t, 2017 the pilot began, allowing private shuttles operated by
Microsoft and Seattle Children’s Hospital (SCH) to share nine of eleven bus stops throughout the
city of Seattle that were identified for the pilot program (47). Employers pay a monthly fee for each
stop in exchange for special signage and permission to use of the public right of way (ROW) as a

pick-up and drop-off for employees (48).

Microsoft and SCH both provide private shuttles to employees through their Commute Trip
Reduction (CTR) programs. Shuttle fleets are comprised of community buses and motor coaches as
defined by the Transportation Capacity and Quality of Service Manual (TCQSM) (49). Microsoft
Connector Buses provide an alternative to personal vehicle commuting to their campus in
Redmond, Washington located 13 miles from downtown Seattle (50). SCH’s 22-shuttle system
provides both first mile/last mile connections to the University of Washington (UW) LINK light rail
transit hub as well as along underserved routes (51). SCH’s CTR program has been particularly

aggressive, earning multiple awards for excellence (52).



Lewis Seattle’s Expanded Mobility Portfolio (2017) 31

The ESTS pilot program was met with mixed public opinions. The potential positive benefits
include: 1) cost-sharing in the maintenance and upgrades to transit stops, which could result in
better quality stops overall; 2) employees using shuttle buses can more easily transfer between
private and public transit; 3) formal loading and unloading is safer for all users of the right-of-way;
4) existing transit facilities would have higher overall utilization and improve pedestrian-oriented
investments nearby; and 5) sharing facilities could put less pressure on limited curb space
throughout the transportation network (53) (54). Negative concerns are mostly related to the
existence of such shuttles in general, namely related to their potential to enable gentrification (55)
(56). Beyond this, concerns about the shuttle’s impact on transit have also been raised in response

to the announcement of the ESTS pilot program specifically (48).

The ESTS pilot is a trial to determine what the impacts of allowing private shuttles to utilize public
transit ROW will have on transit services. In a review of literature related to bus transit service
reliability, reliability was consistently held as a critical passenger priority; arguably only second in
importance to “arriving safely at destinations” and that passenger patronage of bus transit is
directly correlated to service reliability (57). Moreover, from an operator’s perspective, low
reliability not only impacts patronage but can contribute “to increased operating costs” as it

“impacts the schedule recovery component of cycle time” (49).

Reliability, however, is an ambiguous attribute that is subsequently difficult to quantify and
measure. In current practice, reliability is typically quantified as on-time performance (OTP).
However, while OTP is an easy metric to calculate, it does not adequately represent reliability as
perceived from a passenger’s perspective. Given that the TCQSM recognizes not only reliability
explicitly in its five key concepts, it also identifies it as a passenger-perspective quality of service

performance measure (49). To address this, recent efforts by innovative transit agencies are
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currently seeking to identify more effective ways to measure reliability from a passenger’s

perspective (58).

Though identifying a single metric for reliability is difficult, it generally relates to time (57). Many
agencies nationally, including KCM, maintain access to General Transit Feed Specification (GTFS)
and APIs of real-time transit performance data (59). The company Swiftly has collected this data
and aggregated it into a format that can be easily queried by tools through its advanced analytics

platform as well as downloaded in CSV format for further analysis.

To determine the ESTS pilot impacts, this paper first reviews practical metrics and analysis
methods for reliability, then applies these methods to the Swiftly data set of KCM bus schedules and
adherence. The three analyses presented in this paper include a standard on-time performance
(OTP) runtime performance assessment per KCM guidelines, a fixed effects panel regression of
schedule adherence at the stop level, and a quantile regression of schedule adherence at the stop

level.

3.2 MEASURING RELIABILITY
While the definition of reliability varies, it consistently involves time, from how actual bus times

relate to scheduled times, to consistency of travel time and minimized waiting times (57). The most
basic and most commonly used metric for reliability is on time performance (OTP) (57). While
“most agencies define reliability in terms of OTP,” the exact time range that constitutes an on-time
bus arrival/departure vary widely depending on the operator, though on average operators
consider a bus on-time if it arrives within the window of 1 min early to 5 min late (60). At KCM,
schedule reliability is measured with an OTP window that only considers late bus arrivals; routes
that experience arrivals more than 5 min late 35% of the time during PM peak periods or 20% of

the time on average are considered non-compliant (61). Any early arrivals are considered on-time.
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Ina 2016 OTP service review, KCM found 60 routes that needed “service-hour investments to

improve reliability” (61).

Percent on-time OTP, though widely used by operators, is considered a sub-par metric throughout
the research literature because it does not adequately capture time reliability from a passenger
perspective. For passengers, waiting time at bus stops is valued “more than any other time
component of their trip” (57). In fact, studies have found that passengers can value waiting time at a
rate of 3 to 5 times their time in-vehicle and that the quality of waiting locations can also be valued
in in-vehicle time equivalents up to 1.3 minutes for a stop shelter (49). Furthermore, passengers
tend to overestimate waiting time, particularly if that waiting time is unpredictable (57). Therefore,
beyond seeking to reach a set percentage of trips/arrivals that are on-time, looking at the arrivals
that fall outside of the “on-time” range and the severity of deviation better captures the passengers’
perception of reliability. Additionally, analyzing schedule adherence at the stop level rather than at
the route runtime level further focuses on the most critical time component of the trip from a

passenger reliability perspective.

Based on this, multiple analyses of reliability were considered to determine the impact of the ESTS
pilot on KCM service reliability. These methods attempt to capture not only the impact of company
shuttles on transit performance from a planning perspective, but also from a user perspective. In a
percent on-time OTP analysis (based on KCM standards), the dependent variable is schedule
adherence of runtime for each of the impacted routes. For the panel regression comparisons, the

dependent variable is schedule adherence at the stop level.

3.3 DATA

3.3.1 SWIFTLY’S DATA AND ANALYTICS PLATFORM
Swiftly, Inc. is a software company that specializes in developing accurate real-time passenger

information and robust data analytics for transit operators. Swiftly Insights is a cloud-based
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platform that processes and archives GPS data from the computer aided dispatch (CAD) and
automated vehicle location (AVL) systems of transit agencies. The platform allows transit agencies,
planners, and researchers to quickly access and analyze GPS data points, both for real-time

monitoring and for analysis of historical data.

Swiftly Insights generates aggregate variables such as schedule adherence in addition to presenting
the basic data pulled from the agency AVLs. Schedule adherence is calculated as the difference
between scheduled bus times and actual bus departure times. These variables can then be analyzed
both through the visualization tools provided within the Swiftly Insights dashboard or through
analyses of CSV downloads of the data.

3.3.2 DATA SET DEVELOPMENT

To determine appropriate date and time ranges for the data, KCM press releases and route
revisions since the start of Swiftly data records (3/23/2016) were reviewed to determine potential
scheduling/routing impacts. For analyses considering before and after effects of the ESTS program,
data was considered from the Monday of 3/13/17 after the implementation of a March 11th, 2017
semi-annual KCM schedule change and until 6/04/17, providing 6 weeks of data on either side of
the 4/24 /17 pilot start date. Multiple study stops fall near the University of Washington Seattle
campus, so it should be noted that classes were in session throughout the study period with the

exception of week 2 of the study when classes were out for spring break.

To determine the routes needed for analysis, the OneBusAway online browser was used to identify
impacted stops and related routes based on the SDOT press release announcing the ESTS pilot
program. According to this release, all but two Children’s stops were introduced on the 4/24/2017
pilot start date (47). These two stops were removed from the study, resulting in a total of nine
shared stops considered as the treatment stops in the study. As shown in the Table 3-1 summary of

treated stop and route information for the study, all of the study stops are low-volume, with only
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one initial stop (A) serving five routes. The majority (7/9) of study stops only serve one to two

routes and all of the study stops are simple curb-side (rather than bus bay) stops.

TABLE 3-1. Treated stops and routes identification and labeling for the study
Stop Identification Direction Company Implem. Routes that

Study Label KCM ID # KCM Street KCM Cross-street  of Travel  Shuttle Date utilize the stop
A 2180 Queen Anne Ave N W Harrison 5t 5 Microsoft |4/24/2017| 1| 2| 8 |13|32
B 10562 | Sand Point Way NE A0th Ave NE M SCH 4f24/2017 |75
C 11420 15th Ave E E Mercer 5t 5 Microsoft |4/24/2017| 10
D 12340 E Madison St 25th Ave E SW Microsoft |4/24/2017| 8 |11
E 13250 19th Ave E E Harrison 5t 5 Microsoft |4/24/2017|12
E 252608 MEASHR S UrienBay RINE w SEH Later (31|32 64 [ F5|58
G 25765 Montlake Blvd NE ME Pacific P M SCH 4/24/2017|65(78
H 29720 NW Market 5t 20th Ave NW W Microsoft |4/24/2017 |44
$ 29920 ME 45 St Mary-Gates Memoral E SEH Later (65|75
1 31970 | California Ave SW SW Spokane 5t S Microsoft |4/24/2017|50|55 (128
K 37920 ME 65th 5t 39th Ave NE W Microsoft |4/24/2017 |62 (71| 76

To develop the control group, schedule adherence reports from the previous year were avoided
given the rapid growth in Seattle. Instead, two types of stops were identified as potential control
stops: upstream (US) stops and different route (DR) stops. US stops are stops located upstream or
before a treated stop whereas DR stops are located in the same geographic area but not along the
same route as a treated stop. US stops were selected because, of a wide variety of factors that have
been found to impact bus reliability, many are directly tied to a given route; factors include driver
experience, length and complexity of route, operating environment, and other route conditions such
as on-street parking, signalized intersections, and direction of travel (62). For both control group
stop types, only low-volume, curb-side bus stops were considered. All stops by type are plotted in

Figure 3-1 for reference.
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FIGURE 3-1. ESTS Pilot Study Stops and Control Stops considered within the analysis
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While stops along nearby streets with comparable surrounding land use and parking patterns as
well as number and type of routes utilizing the stops were held as the ideal for DR control stop
selection, such stops exist for only two of the nine treated stops. As a result, the majority of DR
stops identified were nearby stops in the opposite direction of travel of treated routes/stops, i.e.
stops across the street from treated stops. To try to control for the impact of the differing
directionality, DR stops in the opposite direction of travel from treated stops were only selected if

they experienced similar weekday peak congestion per the Google Maps Typical Traffic™ function.

Based on these requirements, the CSV data download feature in the Swiftly Insights platform was
used to extract the historical KCM data for all potentially impacted routes. The data was
disaggregated into AM and PM peak sets per KCM guidelines: AM peak from 6am to 9am and PM
peak from 3:30pm to 6:00pm (63). All routes in the vicinity of the treated stops operate within
mixed traffic environments as defined by the TCQSM (49). Cumulative Distribution Function (CDF)
plots were used to compare the distributions before the implementation of the ESTS program of the
potential control stops vs the treated stops to determine the best control group for the study. As
shown in Figure 3-2, the DR stops have a different distribution of schedule adherence compared to
the treated stops, especially in the PM peak. In contrast, the US stops have a similar distribution
before the start of the ESTS stop sharing pilot in both the AM and PM peak as shown in Figure 3-2.
Based on this, US stops at a ratio of 3:1 control:treated stops were selected as control stops for the

analysis with one exception.
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As shown in Figure 3-1, treated stop B is downstream of treated stop G. Additionally, stops along
the west and southwestern edges of the University of Washington serve as major transfer hubs for
buses within the region. As a result, control stops for either stop B or G could not be identified
immediately upstream. Control stops for treated stop G were selected from US stops west (or
further upstream of) the transfer hubs that border the University campus. Because stop B is located
near the start of route 75, a route that runs through multiple bus transfer hubs on UW’s campus,
only one US stop could be identified. As a result, stop B has a ratio of 1:1 control:treated stops.
However, because the US control stop serves a second route in addition to the 75, observations are

roughly 2:1 control stop:stop B.

3.4 ANALYSIS METHODS
Four analysis methods were selected to determine ESTS impacts on KCM reliability from the Swiftly

schedule adherence data set. The first analysis most closely adheres to the KCM guidelines for
reliability measurement. It considers the route runtime level and analyzes the data using the tools
provided by the Swiftly platform. From this, percentage of late run times along each route before

and after the ESTS start date are identified.

The second analysis method utilizes panel regression which considers all treated stops along with
US control stops along the same impacted route. Panel regression is a widely-used method in social
sciences and econometrics to analyze a data set in terms of identity and time to consider cross-
sectional and longitudinal relationships and impacts (64). Specifically, a fixed effects panel
regression was utilized to determine the average difference between treated and control stop types,
between weeks within the study, and between stops impacted by the ESTS pilot shuttles and non-
treated stops. A total of 12 study weeks were considered with the ESTS pilot beginning at the start
of the 7t study week. Stops impacted by the ESTS pilot shuttles are the treated stops during weeks
7 to 12, and non-treated stops are all stops in the control group and stops in the treated stop group

during weeks 1 to 6. This model ultimately identifies the average waiting time at the stop caused by
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the introduction of ESTS pilot shuttles. Given that “unreliable transit service will increase average
waiting time,” the model provides a good metric to determine whether the ESTS pilot impacted

transit reliability (49).

The third analysis method considers quantile panel regressions of the 0.90 and 0.95 quantile of
schedule adherence. Because quantile regression focuses on a user-specified portion of a data
distribution rather than fitting an average to the distribution as a whole, it generates models that
more robustly estimate the effect of outliers in a data set (65). It is therefore ideal for assessing the
frequency of severe bus delays and therefore more closely approximates the frequency of low

reliability from a passenger perspective. The quantile regression R package is “quantreg” (66).

Finally, to separate and further investigate individual treated stops, CDF plots were utilized to
identify different distributions of schedule adherence before and after the ESTS pilot start date.
First, the quantiles of schedule adherence at each of the treated stops before and after the ESTS
pilot start date were compared to identify a subset of stops with increased arrival delays after the
start of the ESTS pilot. Quantile regression at the median (0.50 quantile) as well as in the 0.90 and
0.95 quantiles were fitted to the subset of stops to determine if the increase in bus delays was the

result of the ESTS shuttles or some other factor.

3.5 DISCUSSION OF RESULTS
The results of the four analysis methods are discussed below.

3.5.1 ANALYSIS 1 - OTP MEASUREMENT FOLLOWING KCM GUIDELINES

KCM guidelines for reliability identify routes experiencing >35% late arrivals (i.e. arrivals more
than 5 mins past the scheduled time) in PM peak as unreliable and in need of remedial attention
(61). Per these guidelines, Figure 3-3 was generated using the Schedule Adherence by Route feature
on the Swiftly Insights platform to look at the percent on-time OTP of routes impacted by ESTS

shuttle stops before and after the pilot start date (4/24/17). As Figure 3-3 shows, the percent of
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late arrivals increased in most study routes with four (rts 8, 11, 50, 62 which stop at A& D, D, ], and
K, respectively) of the eighteen routes passing the KCM threshold of 35% late arrivals,
Comparatively, only one (rt 8 which stops at A) of the eighteen routes passed the 35% threshold

before the ESTS start date.

KCM
Stop(s) Route Threshold
A 1
2
13
32

N

>
o

75

10—

11
12
65
78
44
50
55
128
62
71 _L
76
Total

H Pre-ESTS
During ESTS

Impacted Buses

AARA D= 20 0000 aw

0.0% 10.0% 20.0% 30.0% 40.0% 50.0%

% Late Arrivals

FIGURE 3-3. Schedule Adherence by Route for routes with Shared Stops before and after the
ESTS Pilot Start Date during the PM Peak
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While this suggests a potential impact on routes, it does not indicate whether these increased
delays are the result of the ESTS shuttles or some additional factors. For example, the 8 is the only
bus that runs along a highly congested east-west thoroughfare near the Amazon campus with a
portion of the roadway under construction. Additionally, the 62 has been receiving remedial
attention since it was created as a combination of two routes discontinued after the LINK light rail
extension in March of 2016. The 50, however, has remained constant in schedule with no published
concerns since early 2016, as has the 11 beyond minor routing changes in September 2016.
Therefore, while this percent on-time OTP route-level analysis suggests the possibility that ESTS
shuttles are affecting on-time performance, additional analysis is necessary.

3.5.2 ANALYSIS 2 - FIXED EFFECTS PANEL REGRESSION

To better identify whether the ESTS shuttles impact bus performance, this second analysis not only
focuses more acutely on the point of impact (the stops), but also introduces a set of control
observations. Additionally, both AM and PM peak periods are considered. Once US control stops
were identified (as explained in the “DATA” section), control and treated stops were compared in a

fixed effects panel regression as specified in Equation 3-1.

Viwe =%; +Yw + BDIW + Eiwt (3'1)
i = stops
w = weeks

t = observations

The model specification includes fixed effects both for stops (;) and for weeks (y,,). The stop-level
fixed effects capture average schedule adherence at each stop, while the week-level fixed effects
capture area-wide variations between weeks such as those caused by seasonality and UW sessions.
A treated dummy variable (D;,, ) is used to specify when treated stops are subjected to the ESTS
pilot program treatment, and the coefficient § represents the average treatment effect. The dummy
variable D;,, has a value of 1 from weeks 7-12 at the treated stops (since week 7 marks the start of

the ESTS pilot program) is 0 otherwise. Table 3-2 shows the results of the regression analysis. The
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estimated treatment effects of the ESTS pilot program are small, and not statistically significant.

This suggests that, on average, sharing stops with private shuttles did not affect schedule adherence
for King County Metro buses at the studied stops. Further, the “Constant” for the models represents
the average schedule adherence in the data set; for both AM and PM peaks, the average arrival time

for buses occurs on-time, only ~2min after the scheduled arrival time.
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TABLE 3-2. Fixed Effects Panel Regression of Schedule Adherence in the AM and PM Peak at
All ESTS Study Stops

Dependent variable:

Schedule Adherence (min)

AM Peak PM Penl:
Week 2 —00.256** —0.582*
[0.063) (0.004)
Weel: 3 —0.115 0.5642%*
[0L0GEG) (0.091)
Weel: 4 —0.015 —0.107
[0.066) (0.092)
Weelk 5 —.653%* —0.837*
[0.066) (0.092)
Weel 6 —0.365%* —0.116
[0L06T) (0.003)
Weel: 7 —0. 270 — 401
[0.0Ga] (0.005)
Weel: 8 —0.063 1.2a5%*
[0.070) (0.008)
Weel 0 —0. 240 0.01G
[0.065) (0,006 )
Weel: 10 —.227** 0.174
[0L0GE) (0,008
Weel 11 — 0054 [.532%*
[0.069) (0.007)
Weel 12 —0.245%* 0.426**
[0.070) (0.100)
Treated Dummy 0.001 0.102
[0L060) (0.037)
Comstant 20344 1.880%*
[0L0G8) (0.085)
Stop Ficed Effects Yes Y=
Observations 37477 37.165
R 0,100 0,077
Adjusted RE 0.099 0.078

Residual 5td. Error
F Statistic

2.641 (df = 37431)
02.904% [df = 45; 37431)

3.763 (AF = 37109)
G0.227** (df = 45; 37109)

Note:

00D *r Rl
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3.5.3 ANALYSIS 3 - QUANTILE REGRESSIONS OF STOP SCHEDULE ADHERENCE

While the fixed effects panel regression considered the average impact of ESTS shuttles on the
treated stops, or impact at the mean, quantile regressions provide a shifted focus. Quantile
regressions of the fixed effects panel data were performed on all stops at the 0.90 and 0.95
quantiles (i.e. the 90t and 95t percentiles) in order to look more closely at the severity of later bus
arrivals. Models were fitted per the same specifications given in Equation 1 and the resulting
coefficients for the intercept and treatment dummy variable are presented in Table 3-3. As shown,
results in the 0.95 quantile are not statistically significant, while results for the 0.90 quantile have a
p-value of 0.028 in the PM peak. The estimated treatment effect implies that schedule adherence
improved as a result of the ESTS pilot. This is an unreasonable causal impact and suggests that
additional factors not present in this analysis impacted the results. To seek further clarification, a

fourth analysis of each stop individually was considered.

TABLE 3-3. Fixed Effects Quantile Regression in the AM and PM Peak for All ESTS Study Stops

Dependent variable: Schedule Adherence (wmin)

AM Penl PM Peal

(.90 (1.25 (.90 (1.05
Treated Thunmy —0.147 —0.141 —(.37G* —0.225
[0.085) [0.135] (0,171 [0.229)
Constant R Vi .14 b.o]2% T.ThE
(0.142] [0.164] [0.18G] [0.2400]

Weekly Fixed Effects Yes Yes Yes Yes

Stop Fixed Effects Y= Y= Y= Vs

Degrees of Freedom 140116 total; 140041 residual 149170 total; 143095 residual

Note: *p= 005 Prpanl
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3.5.4 ANALYSIS 4 - QUANTILE COMPARISONS AND REGRESSIONS OF STOP SCHEDULE ADHERENCE
While the results at both the mid and upper quantiles did not indicate an effect of the ESTS program
on transit performance, an additional analysis was conducted to determine whether or not
individual stops have been impacted. Rather than relying exclusively on the first analysis of an
increase in late runtimes after the start of the ESTS program, schedule adherence before and after
the start of the ESTS program at the stop level were assessed by comparing distributions. Figure 3-
4 presents the cumulative distribution function (CDF) plots of schedule adherence times before and
after the start of ESTS at the treated stops. Most of the stops show little to no difference, as the CDF
curves overlap almost perfectly. Plots B and G, however, represent the stops that have experienced
clear disparities between the distribution of schedule adherence at the stop before and after the
start of the ESTS program. At both stops, buses are consistently later after the start of the ESTS
program, with significantly later arrivals occurring at stop B after the start of the ESTS program.
Based on these variations, treated stops B and G were identified as stops that required additional

attention.
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To determine whether these disparities are the result of the presence of ESTS shuttles or simply the
result of other factors not considered in the analysis, fixed effects panel regressions at the median
(0.50), 0.90, and 0.95 quantile comparing the treated stops to their corresponding control stops
were considered. Table 3-4 presents the estimated treatment effects for stops B and G. Quantile
regression models for stop G failed to reject the null hypothesis that the ESTS shuttles had no

impact on bus schedule adherence during both peak periods and at all quantiles tested.

The models for stop B, however, reject the null hypothesis at the median (0.50) and 0.90 quantile
during the PM peak. As Figure 3-5 shows, an increase in delays at the treated stop B compared to
the US control stop occur after the ESTS pilot begins. The differences between stops are very
statistically significant, many with p-values < 0.0001. Based on this, the model suggests that, while
arrival times at stop B are consistently later than arrival times at the control stop throughout the
study period, buses began arriving even later at stop B after the start of the ESTS pilot. In the
aggregate, these results suggest that the introduction of ESTS shuttles at stop B may have impacted

schedule performance.

TABLE 3-4. Treated Dummy Coefficients for Schedule Adherence at the 0.50 (median), 0.90,
and 0.95 Quantile of Stops B & G during the AM & PM Peak

Treated Dummy Values
for Dependent Variable: Schedule Adherence fmin )

AM Penl PLL Penl:

Models .40 (.20 (1,95 .50 (.90 (1,35
Stop B (0,300 0.73] 1382 L2304+ 2,756 1.0644

(0.311) (1.130] (0,357 (0457 (1.3206) (009371
Stop G —1. 165 — G249 — 0,748 0178 —(1.8842 —1.874

(0.125)  (0.378)  (0.585)  (0.226)  (0.764)  (1.284)
Weekly Fixed Effects = Yes Vs Yes = Yes
Stop Fined Efects (o5 Yes Yies Yies o8 Yies
Deg. of Freedom Stop B G1ET total; 5173 residual 7146 total; 7132 residnal
Deg. of Freedom Stop G 18033 total: 18023 residual 17246 total; 17930 residual

Note: o005, *rpann.nl
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3.6 SHARED STOPS CONCLUSIONS & RECOMMENDATIONS
Many factors impact bus schedule adherence. This study attempts to control for a multitude of

factors through a robust control group development effort in order to study the impact of the
introduction of private shuttles sharing bus transit stop ROW through the ESTS program with
schedule adherence (time) information. While standard KCM reliability analysis methods looking at
OTP at the route level were considered, they were ultimately too zoomed out from the study
locations. Moreover, discrepancies were found at the stop level that did not appear at the route
level and vice versa. Furthermore, stop-level analysis is more likely to capture the perceived reality
of impact caused by ESTS shuttles by better representing what passengers experience and would

consider to be unreliable service.

An aggregate analysis of all nine stops selected for the ESTS pilot study paired against control stops
and considered at the mean as well as at the 0.90 and 0.95 quantile in fixed effects panel
regressions did not suggest a negative impact on public transit performance. At the stop level,
however, one model suggested a potential relationship. Stop B that serves only one route (route 75)
may have been impacted. Stop B is a low capacity bus facility with only one loading area. Given that
capacity and reliability are inherently linked, it is possible that the addition of shuttles stopping at
this low capacity location is the sole cause of the increased bus arrival delays (49). However, given
that none of the other low-volume, single loading zone stops exhibit statistically significant impacts,
the presence of multiple loading areas at a stop should not necessarily be a prerequisite for shared

stop selection.

Based on this analysis, further investigation is needed to determine whether ESTS shuttle sharing is
the sole cause of these delays, and if so, why this stop is the only adversely impacted stop while

others are not. Further, because low-volume pilot stops were selected, results from these stops may
not provide a clear indication of the potential impacts if a wider-spread program made use of busier

stops. Given the apparent minimal to no impact caused by the ESTS shuttle stops sharing ROW with
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transit buses at lower-volume stops, an expansion of the program at similar, low-volume stops is

recommended at this time.

Before a full expansion to busier stops, additional analysis is recommended. For example, if data
from the shuttles in addition to bus data was available, arrival and departure times could be
compared to identify how often actual bus and shuttle times overlap. This would not only serve as a
more detailed analysis of the impacts of shuttles on buses, but would allow for more careful
management of the sharing efforts. If stop sharing expands to larger, more heavily-utilized stops,
interaction with bus riders will increase. Not only that, but with this greater exposure, greater
scrutiny is inevitable. Agencies will need to remain sensitive to public opinion, but ongoing data
analysis and management would make it easier to track and mitigate concerns. Ultimately, real-
time GPS data makes tracking, analyzing, and managing fleet interactions possible. This paired with
the potential for positive utilization of public curb space ROW and the added revenue that a stop
sharing program such as ESTS provides outweigh the minimal negative impacts and warrant

further investigation into expansion options.
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4. SUMMARY & FINAL RECOMMENDATIONS

As the City of Seattle has continued to grow and become denser in recent years, congestion during
peak commute hours has risen as well. Public transit service providers such as King County Metro
(KCM) that share the congested streets of Seattle with personal vehicles have established service
guidelines in order to measure and pursue the goal of quality transportation alternatives for all
Seattle residents (67). A wide variety of new, private companies that harness the power and
convenience of smart phone applications have entered the commute mode market with the stated
goals of reducing drive alone commutes. Given the consistent trend of longer travel times for public
transit over private alternatives, public transit agencies are advised to recognize the need and the
opportunity to partner with new, private commute service providers in order to provide the best
quality of transportation possible. Private companies in turn should also look to partner with public
agencies to establish a symbiotic relationship between alternative services and public transit to

meet their goals of reduced congestion and emissions.

The UberHOP case provides an example of a private service that was designed and implemented
without public partnership. While the stated goals of the service were to reduce congestion and
emissions by shifting drive alone commuters to UberHOP, the service ultimately failed on all counts.
Knowledge of the service’s existence was minimal, resulting in a small ridership. This ultimately led
to a majority of single riders in larger, lower fuel-efficiency vehicles and significant driver dead-
heading. Additionally, many routes overlapped directly with bus routes and the service drew
predominantly from transit riders, not drive alone commuters. While it failed every metric of
sustainability in its implemented form, the UberHOP model has the potential to be sustainable with

a larger ridership.

It is possible for public entities to try and deal with the potential loss of ridership to private
companies by forcing them out through policy initiatives; this, however, is an unreasonable

response that does not ultimately address the root issue. While City of Austin policy makers were
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concerned with safety rather than transit ridership, the result of a ballot measure passage resulted
in the exodus of Uber and Lyft (68). Because the ridehailing services were meeting a demand that
public transit did (and seemingly could) not, new ridehailing services adapted to the new measures
and entered the market to fill the void in transportation services; ultimately, a law was passed at
the state level overturning the ballot measure in question which eventually led to the return of

Uber and Lyft and an even more competitive transportation market (69).

In contrast to examples such as UberHOP or the City of Austin ballot measures that have ultimately
pitted private vs. public entities, the ESTS pilot program studied a partnership between private
companies and public transportation agencies. The real-time bus data used in the study was
cleaned and easily accessed through the Swiftly platform and provided a relatively easy method for
assessing bus service impacts to monitor the public-private relationship. Through this analysis, a
general lack of private shuttle impact on bus schedule adherence was determined. Moreover, the
shuttles are part of programs known to reduce drive alone commute trips and are operated as
first/last mile connections to light rail and/or along routes with significantly longer travel times by
bus. Ultimately, the ESTS pilot program provides a good example of a way in which public agencies
can partner with private companies to provide an improved commute trip for citizens and an

additional source of revenue for the city.

In an attempt to address the issue of congestion from the private sector, companies such as
Amazon, Expedia, Microsoft, Zillow, and others (totaling 17 of the city’s top companies) led by
former Washington State Gov. Christine Gregoire recently launched the Challenge Seattle initiative
(70). While this has the potential to be a step in the right direction, given that KCM, SDOT and
Sound Transit do not appear on the list of Challenge Seattle organizations (while Puget Sound
Energy does), the level of public-private transportation collaboration needed to achieve a

successful program seems unlikely. Presently, all of the private sector companies are in competition
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with each other as well as with the public transit agencies - everyone is competing for ridership.
Ultimately, policies and economics that promote some form of collaboration between these public
and private providers is highly recommended to facilitate a symbiotic relationship, such as the ESTS

case, rather than a competitive relationship, such as the UberHOP case.
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