
Ticket to Opportunity
How Incentives Shape Access and Equity in Public Transit for
Under-Represented Riders in King County

Andrew Heiss
 

 

Georgia State University
aheiss@gsu.edu

JuneMi Jennifer Kang
 

 

Georgia State University
jkang31@student.gsu.edu

1 Introduction
Equitable access to transportation constitutes a pivotal element in the matrix of social
and economic mobility, serving as an indispensable channel for individuals from eco-
nomically disadvantaged and under-represented communities to access vital services,
employment opportunities, and educational facilities. The quest for transportation eq-
uity is imperative in cultivating a just and inclusive society, ensuring that every in-
dividual, irrespective of their socioeconomic standing, is afforded the opportunity to
realize their full potential.

Despite widespread acknowledgment of its importance, a significant gap persists in
our understanding of how various incentive structures within public transit systems
impact ridership among socially and economically vulnerable populations. This gap
is especially noticeable when examining the long-term effects of subsidized and fare-
free transit programs on the travel behavior of low-income individuals. Bridging this
gap is crucial for informing public policy, optimizing resource allocation, and ensuring
equitable distribution of public transit benefits.

In pursuit of narrowing this knowledge gap, our study delves into the ramifications
of diverse degrees of subsidized and fare-free transit in Seattle, Washington, with a
specific focus on the One Regional Card for All (ORCA) LIFT discounted fare program.
Employing an extensive dataset from the King County Metro Transit agency, we scru-
tinize the effects of varied levels and durations of incentives on sustained ridership
behavior. This examination is further enriched by data emanating from a randomized
controlled trial, conducted in collaboration with the Lab for Economic Opportunities
(“LEO”) at the University of Notre Dame in 2019 and 2020, evaluating the influence of
extended-duration fare-free transit passes on individuals with low income. By amal-
gamating census tract-level data with the American Community Survey (ACS) 5-Year
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Data (2009–2021), we ensure a comprehensive understanding of the under-represented
populations within the community.

Our inquiry is steered by two core research questions: Firstly, in what ways do
different levels and durations of incentives within the ORCA LIFT program affect the
long-term ridership behavior of individuals with low income? Secondly, what impact
do extended-duration fare-free transit passes exert on the ridership behavior of this
demographic? Addressing these research questions is crucial for the development of
an exhaustive understanding of the role of incentives in influencing transit use among
low-income populations.

In this paper, we begin by exploring the demographic and geographic character-
istics of King County and the King County Metro (KCM), providing essential back-
ground information. This section looks at how mobility patterns have changed due
to the COVID-19 pandemic and outlines KCM’s initiatives for low-income individuals.
Subsequently, we present a theoretical framework of transportation equity, exploring
various dimensions of transportation equity and subsequently narrow the focus to dis-
tributional equity. A literature review then examines existing research on the impacts
of transportation equity on economic mobility, social capital, and its specific implica-
tions for low-income demographics. We then go on to detail the data analysis strategy
and data cleaning procedures, before presenting the main empirical analyses aimed at
addressing the research questions. In the final sections of the paper we discuss the
findings and outline the policy implications arising from the study.

The implications of this study are multifaceted, providing insights that are perti-
nent for policymakers and urban planners working towards equitable and sustainable
urban development. The analysis of diverse incentive structures within public transit
programs enriches the ongoing discourse on social equity and access to opportunities.
Additionally, the research underscores the significance of adopting evidence-based ap-
proaches in policymaking, highlighting the need for rigor and transparency in causal
inference research designs. In an era of constrained resources and rising inequality, this
study lays the groundwork for future initiatives aimed at enhancing the accessibility of
public transit benefits, especially for communities that are currently under-represented.

2 The Landscape of King County and King County Metro
2.1 Demographic and Geographic Context of King County
With a population surpassing 2.2 million individuals, King County is distinguished as
the most populous county within the state of Washington, and it holds the 13th posi-
tion in terms of population size across the United States. The county incorporates the
dynamic urban center of Seattle, in addition to 38 other cities, presenting a varied land-
scape that encompasses urban, rural, and forested areas. The demographic profile of
King County is marked by its diversity, with the majority of the population under the
age of 18 being people of color, and a linguistic diversity that spans over 200 languages.
King County plays a pivotal role in the socioeconomic fabric of Washington, housing
approximately 30% of the state’s population, 40% of its employment opportunities, and
50% of its payroll (Brough et al., 2022). The narrative surrounding King County Metro
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is intricately tied to the socioeconomic disparities within the region, highlighting the
indispensable role of public transit in fostering equitable access to transportation.

2.2 King County Metro Transit and RCT Data Collection
King County Metro Transit (Metro) plays a pivotal role in the transportation network
of the region, catering to the diverse transit needs of the county’s residents. Prior to the
onset of the pandemic, Metro was facilitating approximately 400,000 trips on an aver-
age weekday, underscoring its vital function in the daily commutes of the community
(Causal Inference for Social Impact Lab (CISIL), 2021). Figure 1 provides a comprehen-
sive visual representation of the western part of King County, served by Metro. It cate-
gorizes neighborhoods1 based on quartiles of median household income and delineates
the existing transit system, including bus routes, RapidRide routes, and the light rail.
This illustration serves to highlight the socioeconomic diversity of the region and the
extensive reach of Metro’s services, emphasizing the reliance on public transit for com-
muting, especially among the working population aged 18–64 and those with income
at or below 200% of the federal poverty level.

Figure 1: Routes of King County Metro and Locations of Community Service Offices (Brough et al.,
2022)

Figure 1 additionally marks the locations of the Community Service Offices (CSOs)
of the Department of Social and Health Services (DSHS) in the region. The paper uti-
lizes data gathered through a randomized controlled trial (RCT) conducted by Brough
et al. (2022). This trial provided up to sixmonths of complimentary public transit access

1Neighborhoods are defined at the census block group level.
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to low-income residents of King County, targeting individuals frequenting the DSHS
CSOs. DSHS inWashington administers a variety of public assistance programs, includ-
ing the Supplemental Nutrition Assistance Program (SNAP) and Temporary Assistance
for Needy Families (TANF). Since 2015, DSHS offices in King County have also played
a role in enrolling individuals in the LIFT program. However, it is predominantly for
the enrollment or renewal of food and cash benefits that DSHS clients visit the CSOs.
The inclusion of CSO locations in Figure 1 offers a holistic view of the infrastructure
pertinent to this study, integrating the elements of public transit and social services
within King County.

2.3 The COVID-19 Pandemic: Changes in Transit and Mobility
Theonset of the COVID-19 pandemic precipitated profound changes in travel behaviors
globally, with King County emerging as one of the initial regions in the U.S. to bear
the brunt of its impacts. The county witnessed a marked reduction in mobility, as
evidenced by a 57% decrease in the average number of census block groups visited by
residents between February and April 2020 (Brough et al., 2021). The utilization of
public transit was subject to an even more drastic decline, plummeting by 74%. These
alterations in mobility patterns were not uniformly distributed across socioeconomic
groups, engendering significant concerns regarding equitable access to transportation
(Brough et al., 2021). More affluent neighborhoods and individuals exhibited a more
pronounced and enduring reduction in travel, prompting critical examinations of the
availability of remote work options and the reliance on public transit across varied
socioeconomic strata.

2.4 Metro’s Fare Policies and Commitment to Equity
In a bid to mitigate the challenges posed by the pandemic, Metro instituted a temporary
suspension of all fares across its array of services, encompassing buses, water taxis, and
Access paratransit, from March 21, 2020, to October 1, 2020. This strategic measure
played a pivotal role in bolstering community support during these tumultuous times.
Nevertheless, fare collection resumed on October 1, 2020, a period that also saw Sound
Transit, another prominent transit provider in the county, suspend and subsequently
reinstate fare collection (Causal Inference for Social Impact Lab (CISIL), 2021).

Metro has demonstrated an unwavering commitment to advancing transportation
equity, particularly through the ORCA LIFT program, which extends discounted fares
to eligible low-income riders. The program has explored a variety of incentive struc-
tures for participants, ranging from no initial load to amounts up to $50, or even several
free months of transit. These incentives are instrumental as they exert a direct influ-
ence on long-term participation and engagement with low-income transit programs. In
October 2020, Metro introduced a subsidized annual transit pass for residents earning
at or below 80% of the Federal Poverty Level and enrolled in certain State cash benefit
programs, amplifying its efforts to enhance transit accessibility for all (Causal Inference
for Social Impact Lab (CISIL), 2021). The fare suspension and reinstatement period, in
tandem with Metro’s initiatives to bolster support for low-income riders, provides a
comprehensive backdrop for the analysis of these policies’ impacts on ridership and
the broader implications for transportation equity within the region.
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3 Theoretical Background
Transportation equity stands as a pivotal element in urban development, ensuring equi-
table access to transportation facilities for all societal segments, irrespective of socioe-
conomic status. This concept intertwines with various normative theories of justice
and equity, such as egalitarianism, libertarianism, utilitarianism, and the capabilities
approach, offering a robust framework to scrutinize and mitigate disparities in trans-
portation access and its extensive implications on society (Lewis et al., 2021).

In the ensuing sections, this paper delves into the dimensions of transportation eq-
uity, shedding light on the integral roles of horizontal and vertical equity. Horizontal
equity underscores the importance of equal treatment for individuals in analogous sit-
uations, championing consistent accessibility to transportation services. Conversely,
vertical equity acknowledges the heterogeneity in individual needs and capacities, ne-
cessitating policies that extend additional support to those in less advantaged positions
or with heightened needs. The discourse also encompasses distributional equity, under-
scoring the imperative for a balanced distribution of the benefits and burdens of trans-
portation systems across diverse demographic groups. This nuanced examination of
transportation equity serves as a foundation, facilitating a comprehensive understand-
ing of the challenges and prospects in cultivating a just and inclusive urban mobility
landscape.

3.1 Horizontal vs. Vertical Equity in Transportation
Transportation equity is manifested in both horizontal and vertical dimensions, each
playing a crucial role in ensuring fair access and distribution of transportation re-
sources (see Figure 2). Horizontal equity emphasizes the equal treatment of individu-
als in similar situations, advocating for uniform accessibility to transportation services
(Litman, 2022). This principle is vital in transportation, as it ensures an equitable dis-
tribution of resources and opportunities, enabling access to transportation services for
all individuals. Horizontal equity manifests in the equitable allocation of resources,
adhering to the principle that individuals should receive benefits proportional to their
contributions and bear costs commensurate with their usage (Litman, 2023). This is
particularly relevant in discussions about the collection and distribution of road user
taxes, as well as the equitable assignment of different vehicles to roadway costs. Addi-
tionally, horizontal equity addresses external costs, including the delays, risks, and pol-
lution generated by travel activities, emphasizing the need to minimize or compensate
for these impacts to prevent disproportionate burdens on specific population segments
(Litman, 2023).

On the other hand, vertical equity recognizes the diversity in individual needs and
capabilities, calling for policies that offer additional support to those in disadvantaged
positions or with greater needs (Bruzzone et al., 2023). This includes considerations
for low-income individuals, minority communities, and persons with disabilities, en-
suring that transportation policies are inclusive and cater to the diverse needs of the
urban population. Vertical equity is expressed through its focus on inclusivity, high-
lighting the imperative of accommodating individuals with disabilities, youths, seniors,
and other groups with specialized mobility needs (Litman, 2022). It underscores the
significance of multimodal planning and universal design requirements, striving for
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Horizontal Equity Vertical Equity

Fair Share External Costs Inclusivity Affordability Social Justice
Ty
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qu
ity Also called fairness or 

equality, this implies that 
people should “get what 
they pay for and pay for 
what they get,” unless 
subsidies are specifically 
justified.

Costs that travel 
activities impose on 
other people, such as the 
delay, risk and pollution, 
are unfair. Fairness 
requires minimizing or 
compensating for such 
impacts.

This considers how 
transportation systems 
serve people with 
disabilities, youths 
and seniors, and other 
special mobility needs. 
This justifies multimodal 
planning and universal 
design requirements.

This considers how 
transportation systems 
affect lower-income 
people. Policies that 
favor lower-income 
people are called 
progressive and those 
that favor higher-
income people are called 
regressive. This justifies 
policies that improve 
affordable modes and 
subsidize low-income 
travelers.

This considers how 
transportation systems 
serve disadvantaged 
and underserved groups, 
and address structural 
injustices such as racism 
and sexism.

Ty
pi

ca
l o

bj
ec

tiv
es • Everybody contributes 

to and receives 
comparable shares of 
public resources.

• Planning serves 
non-drivers as well as 
drivers.

• Affected people are 
involved in planning.

• Minimize external 
costs.

• Favor resource-
efficient modes 
that impose less 
congestion, risk, and 
pollution on other 
people.

• Compensate for 
external costs.

• Accommodate people 
with disabilities and 
other special needs.

• Basic access (ensure 
that everybody 
can reach essential 
services and 
activities).

• Favor affordable 
modes.

• Provide discounts and 
exemptions for lower-
income users.

• Provide affordable 
housing in high-
accessibility 
neighborhoods.

• Protect and support 
disadvantaged groups 
(women, youths, 
minorities, low-
income, etc.).

• Affirmative action 
policies and programs.

• Correct for past 
injustices.

Figure 2: Types and objectives of transportation equity, adapted from Litman (2022)

accessible transportation for all. Furthermore, vertical equity addresses affordability,
scrutinizing the impacts of transportation on lower-income communities and advocat-
ing for policies that enhance affordability and provide subsidies to low-income trav-
elers (Litman, 2023). Lastly, social justice is a central aspect of vertical equity, exam-
ining how transportation systems serve disadvantaged and underserved groups, and
addressing structural injustices such as racism and sexism. It calls for a transportation
system that is accessible, affordable, just, and inclusive, ensuring equal access to trans-
portation opportunities for all individuals, irrespective of their socioeconomic status
or demographic characteristics (Litman, 2023).

3.2 Distributional Equity in Transportation
Distributional equity in transportation is a crucial aspect of this study’s theoretical
framework, highlighting the need for a balanced distribution of transportation-
related benefits and burdens across various demographic groups. The goal is to
prevent marginalized or disadvantaged groups from experiencing a disproportionate
amount of negative impacts or from being excluded from the benefits provided by
transportation systems (Boyd et al., 2022).

This aspect of equity requires a careful analysis of how transportation services are
spatially distributed, how access to opportunities is facilitated, and how transportation
policies affect different demographic groups (Boyd et al., 2022). To effectively address
distributional equity, it is necessary to identify and engage with communities that have
historically been underserved, understand their specific mobility needs, and include
their input in transportation planning and decision-making processes (Boyd et al., 2022;
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Shi, 2021). This approach ensures that resources are allocated fairly, contributing to the
overall well-being of the community (Boyd et al., 2022; Shi, 2021).

Additionally, distributional equity in transportation requires the integration of eq-
uity assessments into transportation decision-making processes. It calls for the inclu-
sion of equitymetrics and indicators in transportation analyses to critically evaluate the
impacts of transportation initiatives on underserved communities (Boyd et al., 2022).
This ensures that decision-making processes are informed and equitable, leading to a
better understanding of transportation equity and its connections to various sectors, in-
cluding housing, community development, governance, economic development, labor
markets, food systems, and tourism (Boyd et al., 2022).

Furthermore, distributional equity emphasizes the importance of using equity anal-
ysis tools to examine the distributional effects of transportation projects (Boyd et al.,
2022). These tools help identify and address potential disparities, ensuring that trans-
portation investments benefit all community members, regardless of their socioeco-
nomic status (Boyd et al., 2022). Through this approach, distributional equity in trans-
portation not only addresses the immediate needs of underserved communities but also
contributes to the broader goal of creating inclusive and equitable urban environments
(Boyd et al., 2022; Shi, 2021).

4 Literature Review
4.1 Transportation Equity on Social Equity
Transportation equity is integral to advancing social equity, as it ensures equitable ac-
cess to transportation services for individuals across diverse demographic groups. By
promoting social inclusion and contributing to community well-being, transportation
equity plays a pivotal role in creating more equitable urban environments. Lewis et
al. (2021) highlight the close association between transportation equity and various
theories of justice and equity, providing a robust framework to address disparities in
transportation access and its wider implications on society. This framework under-
scores the importance of incorporating equity considerations into transportation plan-
ning and decision-making processes, ensuring that the benefits of transportation are
accessible to all members of the community.

The European Union’s commitment to integrating sustainable and equitable princi-
ples within its transportation policies serves as a prime example of how transportation
equity can be embedded in policy and practice. The EU’s policy priorities and cohesion
strategy emphasize the value of equitable and sustainable transportation, showcasing
the potential for policy to drive change and promote social equity (Bruzzone et al.,
2023).

In Los Angeles County, Carter et al. (2013) present a strategic approach to build-
ing a just transportation system, underlining the need for transparent funding, gen-
uine participation, meaningful measurement, capacity building, and equitable business
partnerships. These elements are crucial for ensuring that transportation systems are
developed with equity in mind, directly contributing to enhanced social equity.

Furthermore, the accessibility and equity of urban transport are essential compo-
nents of transportation equity. Shi (2021) explores this relationship in “Research on
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Accessibility and Equity of Urban Transport Based on Multisource Big Data,” using
Kunshan city as a case study. The research provides insights into how improving traffic
accessibility and considering equity in transportation planning can contribute to social
equity, highlighting the interconnectedness of these crucial urban planning elements.

By ensuring that transportation systems are accessible, equitable, and inclusive,
transportation equity plays a vital role in enhancing social equity, fostering a society
where all individuals have the opportunity to thrive, regardless of their socioeconomic
status or demographic characteristics.

4.2 Transportation Equity on Economic Mobility
Accessible and affordable public transit systems hold significant importance for low-
income individuals, who predominantly depend on these services for their daily travel
and access to employment opportunities. Several studies highlight the challenges posed
by inadequate transportation, pointing out the necessity of well-connected regions to
enhance economic mobility levels (Oregon Metro, 2018). The spatial distribution and
accessibility of transportation services are crucial, as they link residents to a wider
range of job opportunities and essential services, fostering equitable growth across
different regions (Bruzzone et al., 2023).

Moreover, transportation plays a crucial role in connecting individuals to economic
opportunities, with extensive transportation networks having the potential to facilitate
social and economic progress (Shi, 2021). Regions with robust connectivity are instru-
mental in promoting higher levels of economic mobility, ensuring that the benefits of
economic development are not confined to specific areas or demographic groups. This
approach contributes to a more balanced and inclusive economic landscape, promoting
equitable growth and development across various regions.

4.3 Transportation Equity for Minority and Low-Income Communities
Transportation inequities disproportionately affect minority and low-income commu-
nities, subjecting them to longer commute times, higher transportation costs, and re-
duced access to opportunities. Carter et al. (2013) provides a comprehensive analysis
of these challenges, calling for targeted interventions and policies to mitigate these
issues. Litman (2023) further emphasizes the need for a holistic approach to address
transportation challenges, integrating equity considerations into transportation plan-
ning and policy-making. This involves a concerted effort from various stakeholders
to implement targeted interventions, improve transportation accessibility, and foster a
more inclusive urban environment.

4.4 Transportation Equity on Social Capital
Transportation access is vital for building social capital, fostering social interactions,
and enhancing community engagement. This is particularly evident in well-connected
transportation networks, which, as illustrated by Carter et al. (2013), play a crucial
role in enhancing social cohesion and community participation. Furthermore, ensuring
equitable access to transportation helps in reducing social isolation, contributing to a
more inclusive urban environment, and fostering a sense of belonging, especially in
marginalized communities. Boyd et al. (2022) highlights the importance of integrating
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equity considerations into transportation planning and policy-making, ensuring the
active participation of underserved communities in the decision-making process, and
understanding their specific mobility needs.

The literature review has offered an examination of the role that transportation eq-
uity plays in bolstering social equity, highlighting the necessity of accessible transporta-
tion services for enhancing opportunities in underserved communities. The discussion
has further delved into the connection between transportation equity and economic
mobility, pinpointing the specific challenges encountered by minority and low-income
communities, and exploring the role of transportation in nurturing social capital. As
attention shifts to the data analysis section, the insights derived from this review will
guide a detailed analysis of how transportation equity impacts social equity.

5 Hypotheses and data

Draft in progress!

This section is incredibly draft-y still—apologies!

Over the past couple decades, King County Metro has worked to improve trans-
portation access throughout its service area and to address transportation equity by
increasing the accessibility and affordability of its services. In March 2017, Metro be-
gan collecting transit use data for lower income individuals that the agency planned on
studying. In March 2019, the agency randomly assigned residents who had used tran-
sit services during the preceding two years to receive a special ORCA LIFT half-price
fare card. For two-thirds of card recipients (the control group), the card also came
preloaded with $10 of free trips. For the remaining one-third (the treatment group),
the card came preloaded with one of several possible larger incentives: $15, $20, $30,
$50, $70, a monthly pass, or a subsidized annual pass for unlimited fare-free trans-
portation on the Metro bus and light rail system. A second wave of the experiment
was launched in December 2019 and ended in April 2020, but was interrupted by the
COVID-19 pandemic, since Metro temporarily suspended all transportation fares in re-
sponse to pandemic-related social lockdowns.

King County Metro’s unique circumstances—a researcher-run experiment inter-
rupted by a pandemic—provides us with a novel opportunity to measure the causal
effect of policies designed to enhance transportation equity. Do government subsidies
increase overall usage of the public transportation system in the future? Does this
encourage further participation in transit-oriented social programs? In this paper, we
interested in the effect of different levels of incentives and subsidized passes on overall
Metro usage and enrollment in Metro’s equity-focused subsidized LIFT program.
Using data collected by King County, we test four hypotheses related to two different
policy treatments and two different outcomes (see Table 1).
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Table 1: Summary of hypotheses, treatments, and variables

Hypothesis Treatments Outcomes

H1 If transit agencies provide larger
incentives, riders will reload
passes with higher values and
with greater frequency in the
future.

Four levels of incentives:
(1) $10, (2) >$10, (3)
shorter pass, (4)
subsidized annual pass

Three measures of future
use after six months: (1)
binary pass reloading, (2)
total value of reloadings,
(3) total count of
reloadings

H2 If transit agencies provide larger
incentives, lower-income riders
will re-enroll in specially
designed programs like ORCA
LIFT.

Four levels of incentives:
(1) $10, (2) >$10, (3)
shorter pass, (4)
subsidized annual pass

Binary reenrollment in
ORCA LIFT

H3 If transit agencies provide
subsidized passes, riders will
reload passes with higher values
and with greater frequency in
the future.

Subsidized annual pass Three measures of future
use after six months: (1)
binary pass reloading, (2)
total value of reloadings,
(3) total count of
reloadings

H4 If transit agencies provide
subsidized passes, lower-income
riders will re-enroll in specially
designed programs like ORCA
LIFT.

Subsidized annual pass Binary reenrollment in
ORCA LIFT

All our treatment variables and our outcome variables come from King County
Metro’s two experimental waves. As seen in Table 1, we analyze incentive treatments
in two ways: (1) the increase in intensity of incentives, ranging from $10 to a subsidized
annual pass, and (2) the offering of a subsidized annual pass, the most intense incen-
tive possible. Similarly, we measure the outcome of transit use six months after the
experiment in two ways: (1) a binary indicator of whether the pass was reloaded, the
total value of pass reloadings, and the total count of pass reloadings, and (2) a binary
indicator of whether the rider reenrolled in the subsidized ORCA LIFT program.

The King County experiment was not a clean randomized control trial (RCT) due
to the interruption of COVID-19 pandemic and due self-selection bias—only those who
were already enrolled in a subsidized program in 2017 and tracked by the agency were
eligible for either the control or treatment condition. Accordingly, we cannot analyze
the data as an RCT and must instead take account of statistical confounding. To help
isolate the causal effect of the different treatments on our two outcomes, we first cre-
ated a directed acyclic graph (DAG) to map out the relationship between treatment,
outcome, and general phenomena that jointly cause—and therefore confound—both se-
lection into the treatment condition and outcomes like pass reloading and program
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reenrollment (see Figure 3). We then collected data to serve as proxies of these dif-
ferent categories of demographic, social, economic, and housing-related confounders
from both King County’s internal administrative data and the US Census’s American
Community Survey (ACS) (see Table 2).

Demographics

EconomicsHousing

Outcome

Social

Treatment

Figure 3: Simplified DAG showing the confounding relationship of rider demographics, housing situ-
ations, social factors, and economic factors on the King County incentive program’s treatments and
outcomes.

We then used the rules of do-calculus (Heiss, 2021; Pearl & Mackenzie, 2020) to
identify sets of variables that would, following statistical adjustment, remove the con-
founding caused by these additional variables in the causal system. After statistical
adjustment, the pathway between the treatment and outcome nodes should be isolated,
yielding an identified causal effect.

We undertake this statistical adjustment through inverse probability weighting
(IPW), following a three stage process:

1. Use each of the confounders to estimate the probability of selection into the treat-
ment using a multinomial logistic regression model (McCaffrey et al., 2013) for
the intensity-of-incentives treatment for H1 and H2 and using a logistic regres-
sion model for the subsidized annual pass treatment for H3 and H4.

2. Use each individual propensity score to calculate inverse probability weights.
This creates a balanced pseduo-population where people in the treatment and
control groups are statistically comparable and unconfounded.

3. Estimate a weighted regression model of the effect of the treatment on the out-
come using the inverse probability weights. The marginal effect of the treatment
variable represents the unconfounded causal effect of the treatment.
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Table 2: Description and sources of all confounding covariates included

Variable Source Level
Demographics

Age King County Individual
Race King County Individual
Language King County Individual
Population ACS Block group
% female ACS Block group
% nonwhite ACS Block group
% working age ACS Block group

Social
% married ACS Block group
% with kids ACS Block group
% with high school education ACS Block group
% enrolled in college ACS Block group
% veterans ACS Block group
% with access to the internet ACS Block group

Housing
% with high rent ACS Block group
% with no car ACS Tract

Economic
% employed ACS Block group
% uninsured ACS Block group
% per capita ACS Block group
% commuting using public transportation ACS Block group
% working from home ACS Block group
% working in an industry heavily affected by COVID* ACS Block group
% below 200% of the poverty line ACS Block group
% below 100% of the poverty line ACS Block group
% using SNAP ACS Tract

* This includes the proportion of the block group working in construction; manufacturing; retail
trade; education, health care, and social assistance; and accommodation and food services.
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6 Results and discussion

Not finished

This section not yet complete. We show main results below, but that’s all—
there’s no discussion of the IPW pseudo populations, covariate/confounder bal-
ance, treatment model results, or any robustness checks. Just pictures for now.

6.1 H1: Incentives and reloading
Puzzling result in Figure 4! Treatment effect is consistently negative! Time framemight
be too short? COVID distorting things? People really don’t use transit as much after
the treatment?

Subsidized Annual Pass - $0

Shorter Pass - $0

>$10 - $0

$10 - $0

−30 pp. −20 pp. −10 pp. 0 pp.
Percentage point change in probability of reloading pass after six months

Effect of incentives on pass reloading

Subsidized Annual Pass - $0

Shorter Pass - $0

>$10 - $0

$10 - $0

−$80 −$60 −$40 −$20 $0
Change in total amount reloaded on pass after six months

Effect of incentives on total value of pass reloading

Subsidized Annual Pass - $0

Shorter Pass - $0

>$10 - $0

$10 - $0

−3 −2 −1 0
Change in total times pass reloaded after six months

Effect of incentives on count of pass reloadings

Figure 4: Average causal effect of different levels of treatment intensity on the probability of reload-
ing a pass, the amount added to the pass, and the number of times a pass is reloaded six months
after treatment

6.2 H2: Incentives and reenrollment
Expected result in Figure 5. More incentives cause an increase in the probability of
reenrolling in the subsidized ORCA LIFT program, since the population of treated in-
dividuals already uses or wants to use the program.
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Subsidized Annual Pass - $0

Shorter Pass - $0

>$10 - $0

$10 - $0

0 pp. 5 pp. 10 pp. 15 pp. 20 pp.
Percentage point change in probability of reenrolling in ORCA LIFT after six months

Effect of incentives on ORCA LIFT reenrollment

Figure 5: Average causal effect of different levels of treatment intensity on the probability reenrolling
in ORCA LIFT six months after treatment

6.3 H3: Subsidized pass and reloading
Puzzling result in Figure 6, similar to H1. Getting a pass reduces probability, amount,
and count. Perhaps a data issue; perhaps too short of a time frame.

Subsidized annual pass

−10 pp. −8 pp. −5 pp. −2 pp. 0 pp.
Percentage point change in probability of reloading pass after six months

Effect of subsidies on pass reloading

Subsidized annual pass

−$20 −$15 −$10 −$5 $0
Change in total amount reloaded on pass after six months

Effect of subsidies on total value of pass reloading

Subsidized annual pass

−0.8 −0.6 −0.4 −0.2 0.0
Change in total times pass reloaded after six months

Effect of subsidies on count of pass reloadings

Figure 6: Average causal effect of receivng a subsidized pass on the probability of reloading a pass,
the amount added to the pass, and the number of times a pass is reloaded sixmonths after treatment

6.4 H4: Subsidized pass and reenrollment
Puzzling result here in Figure 7 too. People less likely to sign up for ORCA LIFT when
getting a pass—but that’s unexpected given the findings in H2.
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Subsidized annual pass

−20 pp. −10 pp. 0 pp.
Percentage point change in probability of reenrolling in ORCA LIFT after six months

Effect of subsidies on ORCA LIFT reenrollment

Figure 7: Average causal effect of receivng a subsidized pass on the probability reenrolling in ORCA
LIFT six months after treatment

7 Conclusion

Not finished

This section not yet complete.
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