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1. Introduction/Problem Statement (1 page)

Many cities are expanding rail transit systems to meet the travel needs of growing populations in
sprawling urbanized areas. Efficient rail transit operation requires adequate transportation
infrastructure and services to support convenient, affordable, and safe travel to and from rail
stations, i.e., first/last mile. For rail transit users who reside in low-density suburban areas, travel
options for first/last mile trips are quite limited, with driving alone to the nearest station's park-
and-ride facility as the most common choice. Many transit agencies and planners are exploring
alternative modes to serve first/last mile trips to increase transit ridership while meeting the
diverse travel needs of different population groups.

The advent of app-based mobility-on-demand (MOD) services has created many exciting
opportunities for transit agencies to build new partnerships with new mobility providers to
supplement existing public transportation with flexible and efficient travel options (Clewlow et
al., 2017; McCoy et al., 2018; Schaller, 2018; Shaheen et al., 2018; Shen et al. 2020;
Schwieterman et al., 2018; Yan et al., 2019). A recent survey by TRB shows that first/last mile
connection is the most common target market of transit agencies-mobility service providers
partnerships, tackling one of the main barriers to transit ridership (Curtis et al., 2019). However,
much of the existing discussion of the cost-effectiveness of using MOD to supplement first/last
mile usually compares MOD pilot services with non-performance-equivalent alternatives, i.e.,
past transit lines serving the areas or different mobility pilots implemented in other areas
(Gifford et al., 2021; Grellier, 2020; Ong, 2019). Prior studies also tend to use the average cost of
pre-existing fixed-route service as the basis for evaluating the cost-effectiveness of MOD
services, which may misinform decision-making because the marginal cost of running a fixed-



route transit in low-demand areas or for first/last mile travel can be substantially higher than the
system-wide average cost.

While contributing to understanding the potential of using MOD in the first/last mile, existing
studies are either exploratory, considering hypothetical MOD services, or are limited to
evaluating particular MOD pilots that involve specific arrangements with transit agencies
(Ashour and Shen, 2022; Ong, 2019; Yan, 2019). For example, published studies that evaluate
Via to Transit, a first/last mile MOD pilot created by transit agencies in the Seattle region in
partnership with a private mobility provider, do not consider privately-operated MOD such as
app-based carpooling, micromobility, and ride-hailing/Transportation Network Companies
(TNCs) (Gifford et al., 2021; Wang and Shen, 2022). In addition, existing studies are typically
limited in considering variations in geographic contexts and users' socioeconomic characteristics
in their assessment of new alternatives, leaving many important issues, including social equity
implications, unaddressed. Rigorous research efforts are needed to fill the significant knowledge
gaps and inform transportation decision-making.

2. Project Objectives (1/2 page)

The main objective of this study is to understand the relative cost-effectiveness of using different
types of MOD services to supplement transit by filling first/last mile gaps compared to
conventional alternatives, especially expanding fixed-route services and supporting driving alone
with park-and-ride facilities. To do so, this study further develops a cost-effectiveness evaluation
approach from a societal perspective and then applies it to selected geographic contexts. In
addition, this study aims to inform transit agencies' decision-making on establishing partnerships
with MOD providers to serve first/last mile trips. Moreover, the research will investigate the
conditions under which the socially more cost-effective alternatives are consistent with the
individual preferences of users from disadvantaged socioeconomic backgrounds. To achieve
these objectives, this research will address the following questions:

1) From a societal perspective, what factors determine the comparative cost-effectiveness of
alternative modes for first/last mile travel? Does lower travel demand density, for example,
increase the likelihood for MOD to be more cost-effective? How do socioeconomic factors
associated with the riders affect the possibility for fixed-route buses to be a more cost-effective
alternative?

2) Under what conditions and arrangements are transit agencies-private service providers
partnerships most cost-effective?

3) From the user's perspective, what factors differentiate the comparative cost-effectiveness
among alternative modes for first/last mile trips? What are the equity implications of each
alternative mode?



3. Proposed Methodology and Data (1 page)

The study addresses the questions above with two methodological components. First, we
substantiate a cost-effectiveness evaluation approach from a societal perspective while
considering social equity implications. Second, we build a transportation simulation procedure
that allows transit agencies to empirically compare the cost of providing first/last mile trips
through MOD with that of traditional service expansion and provision of park-and-ride facilities
for driving.

3.1 Conceptualizing cost-effectiveness of first/last mile travel modes

Building upon the conceptual framework developed in Wang and Shen (2022), we substantiate
and enrich economic cost variables to compare first/last mile travel modes, including:

1) Cost for mobility service providers, including public transit agencies and private service
providers (e.g., TNCs and Via to Transit). This typically includes the costs of labor (i.e., drivers,
service managers, and planning staff), fuel/propulsion, capital, and maintenance.

2) Generalized costs for users from different socioeconomic backgrounds, including monetary
and time costs of travel (waiting time, in-vehicle travel time, access time for first-mile trips, and
egress time for last-mile trips).

3) External costs, primarily environmental externalities, road congestion, and road accidents.

3.2 Alternative Modes Scenario Comparison

We will assess the cost-effectiveness of MOD, including Via to Transit and privately-operated
mobility services (specifically TNCs), against conventional alternatives, including providing
park-and-ride facilities and improving fixed-route services (e.g., service expansion and
frequency increase). Because Via to Transit involves special arrangements between MOD
service providers and transit agencies, and their operation is limited to certain geographic areas
with similar characteristics (e.g., density, sociodemographics), we also consider TNCs as an
alternative first/last mile mode and plan to select two different light rail station areas for
comparative analysis.

For Via to Transit, we plan to use existing service trip data that include the request, pick-up, and
drop-off times (in minutes) for every trip, origin and destination geo-coordinates, trip distance,
and the number of seats requested. For TNCs, we will use publicly available service apps to
estimate the service costs and trip duration for the same trips in the counterfactual scenario
where Via to Transit was unavailable. For transit service improvements and expansion, we will
work with King County Metro (KCM) to obtain the costs for providing performance-equivalent
services for the same trips, assuming the counterfactual scenario where Via to Transit was



unavailable. In the case of driving alone, the primary cost for service provision is the
construction of park-and-ride facilities, which can be estimated using KCM data. To obtain the
travel times for these alternative modes, we plan to use Eclipse SUMO, a free and open-source
software, to simulate the same trips for the three counterfactual scenarios. These estimated travel
times will be monetized considering the different opportunity costs for different users. The
resulting comparative cost-effectiveness will be based on the total cost, consisting of service
provision cost, travel time cost, and externalities which will be measured using an extensive
literature review and publicly-available data on emissions, traffic, and accidents. Fig 1 illustrates
the proposed composition of the different alternative modes and user groups we will investigate.
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Fig 1. Alternative first/last mile modes and user groups

4. Work Plan (Project Tasks) (1 — 2 pages)

The project tasks include the following:

1) Expanding literature review: in this task, we aim to conduct a systematic review of existing
literature on the cost-effectiveness evaluation of transit and MOD pilot projects. We will also
search for prior studies on first/last mile issues and alternatives, mobility-on-demand role in
supporting transit, social equity implications of incorporating MOD into public transit, and up-
to-date findings on external costs of transportation modes.

2) Refining research design: this task will focus on substantiating our research methodology in
light of the literature review conducted in task 1.



3) Collecting and processing data: this task consists of selecting two light rail station areas that
match our criteria and collecting the necessary data, as described in section 3.2.

4) Data analysis and simulation: this task includes the analysis of travel times in simulated and
observed scenarios, estimation of the riders' generalized costs and the external costs associated
with each alternative, and calculation of the total economic cost for each mode/scenario and
selected site.

5) Interpretation of the results: We will compare the different first/last mile alternative modes
based on their economic costs and interpret and discuss the results from transit agencies' and
individual users' perspectives. Our discussion will also consider the social equity implications of
each mode and user group scenario.

6) Writing project report: the research team will produce a project report that will be submitted to
TOMNET for online publication.

7) Writing journal article: the team will prepare a journal article to publish the research design,
results, and policy implications.

5. Project Schedule (1/2 — 1 page)

2022 - 2023

Tasks

Expanding literature review

Refining research design

Collecting & processing data

Data analysis and simulation

Interpreting the results

Writing project report

Writing journal paper




6. Relevance to the Center Theme/Mission (1/2 page)

This project closely aligns TOMNET UTC center's theme of understanding unprecedented
mobility changes and predicting the behavioral impacts of these changes. This project conducts
an innovative and practical simulation modeling and applies the approach to address some of the
important topics identified by the center: equity, vehicle ownership, land use impacts on travel,
and ride-hailing apps. Our results will inform transportation planning practice in this era of rapid
advancement in mobility technology and major societal shifts in demographics and values.

7. Anticipated Outcomes and Deliverables (1/2 page)

This proposed study will generate two significant outcomes. First, it will build a framework for
analyzing and comparing the cost-effectiveness of different first/last mile travel modes, including
new options incorporating MOD, and it will identify and evaluate the factors contributing to each
mode's cost-effectiveness. Second, it will deepen our understanding of practical approaches that
public transit agencies can take to fill first/last mile service gaps and increase transit ridership.

The resulting research approach and findings will serve as valuable references for transit
agencies as they explore innovative and cost-effective ways to improve transit ridership while
promoting transportation equity.

The project deliverables will include a project report and a journal article.

8. Research Team and Management Plan (1/2 — 1 page)
Research Team:

This project will be led by Professor Qing Shen (P1) and Professor Cynthia Chen (Co-Pl), with
two doctoral students working as research assistants.

Management Plan:

The research will be conducted at the University of Washington in Seattle. The project Pls will
work closely with the research assistants and use the Project Schedule (see section 5 above) to
guide the completion of the research tasks (detailed in section 4 above). To ensure high quality
of the research, the P1 will hold weekly project meetings where the research assistants will report
their work progress, and the team will discuss any issues raised and decide on tasks for the next
week. The team plans to use Google Drive to store data and document files, which can
effectively support research collaboration among team members.

The project will require Via to Transit trip data from King County Metro, which is the primary
public transit agency in the Seattle region. The team will build on its existing collaboration with
King County Metro and work with relevant professionals in the agency to access the data. In



addition, the team will involve these professional in refining the research questions and
approaches to make sure that the work will be policy relevant.

9. Technology Transfer Plan (1/2 page)

We will present our research at academic conferences, including TRB. We will also submit a
paper for publication in a peer-reviewed journal. In addition, we plan to use the research as a
basis for seminars and discussions.

10.Workforce Development and Outreach Plan (1/2 page)

This research will provide an important opportunity to involve graduate students as research
assistants in studying critical, timely topics in transportation planning and policy and thus help
them get well-prepared for their future academic or professional careers. Additionally, the work
will help relevant transportation planners and decision-makers gather timely insights into state-
of-the-art approaches to improving public transportation service and addressing social equity
issues and ridership challenges.
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13.Budget Including Non-Federal Matching Funds

Institution: University of Washington

Project Title: Are On-Demand Mobility Services Cost-Effective for First/Last Mile Travel? A
Comparative Analysis

Principal Investigator: Qing Shen

Budget Period: 8/1/20XX - 07/31/20YY

Explanatory Notes;

Budgeted Amount Budgeted Amount Identify Source of

CATEGORY from Federal Share | from Matching Funds Matching Funds
Faculty Salaries $9,310
Other Staff Salaries
Student Salaries $32,057
Fringe Benefits $9,072

Total Salaries & Benefits
Student Tuition Remission $14,940
Operating Services and
Supplies
Domestic Travel $1,621

Other Direct Costs (specify)

Other Direct Costs (specify)

Total Direct Costs | $67,000

F&A (Indirect) Costs $28,893

Matching funds are from:
1) WSDOT TOD, Budget
#63-7128; 2) MIC
TOTAL COSTS | $95,893 $95,893 COMMUTE STUDY
2022, Budget #68-6806; if
necessary 3) my regular
UW faculty salary
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