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Abstract: A transit trip involves travel to and from transit stops or stations. The quality of what are
commonly known as first and last mile connections (regardless of their length) can have an important
impact on transit ridership. Transit agencies throughout the world are developing innovative
approaches to improving first and last mile connections, for example, by partnering with ride-hailing
and other emerging mobility services. A small but growing number of transit agencies in the U.S. have
adopted first and last mile (FLM) plans with the goal of increasing ridership. As this is a relatively
new practice by transit agencies, a review of these plans can inform other transit agencies and assist
them in preparing their own. Four FLM plans were selected from diverse geographic contexts for
review: Los Angeles County Metropolitan Transportation Authority (LA Metro), Riverside (CA)
Transit Agency (RTA), and Denver Regional Transit District (RTD), and City of Richmond, CA.
Based on the literature, we developed a framework with an emphasis on transportation equity to
examine these plans. We identified five common approaches to addressing the FLM issue: spatial gap
analysis with a focus on socio-demographics and locational characteristics, incorporation of emerging
mobility services, innovative funding approaches for plan implementation, equity and transportation
remedies for marginalized communities, and development of pedestrian and bicycle infrastructures
surrounding transit stations. Strategies in three of the plans are aligned with regional goals for
emissions reductions. LA Metro and Riverside Transit incorporate detailed design guidelines for the
improvement of transit stations. As these plans are still relatively new, it will take time to evaluate
their impact on ridership and their communities’ overall transit experience.

Keywords: public transit; first and last mile; emerging mobility services; multimodality; transporta-
tion equity; sustainable transportation; suburban and rural transit

1. Introduction

A “transit trip” inevitably involves modes other than just transit. To use transit, an
individual must first get from their origin to the transit stop and then from the transit stop
to their destination. These trips to and from transit stops are commonly referred to as “first
mile” and “last mile” trips, though they vary in length as well as mode. The first and last
mile trips are a crucial component of transit planning as the success of transit depends on
the provision of sufficient access to and from transit stops [1–3]. Nonetheless, there is a
dearth of peer reviewed research in this important aspect of transit which has a potential
to increase the transit ridership [4].

Planning for improved transit access is practiced worldwide through different innova-
tive approaches. In Asia, Singapore is rolling out its National Cycling Plan with strategies
of utilizing the bicycle as a first and last mile mode to connect Mass Rapid Transit [5]. In the
UK, the Milton Keynes Council provided a more detailed strategy for mode aggregation for
first and last mile travel including emerging mobility and on demand transit with the tradi-
tional fixed route transit. The Cambridge railway station developed a mobility hub concept
for transit station improvement by integrating buses, taxis, and bicycles [6]. In New South
Wales, Australia, the transit authority is experimenting with on-demand mobility options
with a goal of providing customers with personalized services [7]. Europe has developed a
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Sustainable Urban Mobility Plans (SUMP) to guide cities with making strategies to shift
communities towards more use of sustainable mode of transport with an emphasis on
public transit [8]. Additionally, new concepts are evolving for more multimodal integration
at the local level such as Mobihub where different sustainable and shared modes are linked
at the neighborhood level [9]. However, the US is far behind such innovative approaches
for achieving multimodality and transport sustainability. Although Europe is significantly
ahead of the curve in restricting car access, some cities in the US such as New York and
San Francisco have started implementing projects for car free zones in certain areas by
providing more transit and active transport access [10].

Compared to other western countries, public transit in the US has lower per capita
trips and service quality [11]. The public transit condition is also worse in the US compared
to other car-oriented countries. US transit ridership has declined since 2014 while the
operating costs have increased [12]. The share of walking and cycling which are the main
modes that people use to access transit is considerably lower in the US compared to other
western countries [13]. Car ownership, car use, and fuel consumption per capital are much
higher in the US compared to other western countries [14]. Whereas in Europe and in
other parts of the world, public transit has attracted a broader cross-section of society,
the US transit customer base is limited to mainly two markets: downtown commuters
and the transit dependents, who are mainly low-income people who live close to transit
stops [11,15]. In the US, there is also a lack of complementary multimodal policy, regional
integration policy, restrictive automobile policy, and land-use policy that exacerbates the
declining transit ridership [11]. The average farebox ratio is 35 percent compared to
44 percent in Europe and 56 percent in Canada [16]. The US transit system is mainly
dependent on funding from the state level and federal level, both of which are recently
reducing funding [16,17]. These funding cuts are compelling transit agencies to cut service
and further reducing ridership [18,19].

According to the American Public Transportation Association, 45 percent of Americans
have no access to public transportation [20], a number that is much higher compared to
Europeans [21]. However, without service expansion, many Americans could access transit
if they had better connections to rail stations and transit stops. As a part of a broader
effort to increase ridership through connection improvements, transit agencies in the US
have started focusing on innovative first and last mile strategies [22]. Expanding access to
transit through the first and last mile access improvements can help communities realize
the numerous health and economic benefits that transit generates [20,23–27]. As public
transit innovations are much more challenging in the US context [28], a review of the
current innovative practices planned by some transit agencies can help others innovate as
well. Therefore, in this study, we are focusing on the service innovations that different local
transit agencies in the US are advancing to improve first and last mile access to transit.

Transit agencies in recent days are being pushed to address the first and last mile
(FLM) issue by changes in the emergence of new mobility services (e.g., ridehailing, electric
bike-share, electric scooter-share) which have contributed to important differences in the
travel patterns of millennials in comparison to previous generations. On one hand, research
links the rise of emerging mobility services such as ridehailing services (e.g. Uber, Lyft )
and bike-share systems to the recent decline in transit ridership as they substitute some
portion of transit trips [29,30]. On the other hand, millennials, who are the leading users
of emerging mobility services [31], also use transit more compared to Generation Xers
and Baby Boomers [32]. These phenomena are pressing the transit agencies to leverage
the potential of the new mobility services for providing first and last mile access. While
European cities are investing in connecting public transit with active modes and new
mobility services [28,33], the US is far behind in similar approaches. A study using different
European city data shows that the average share of bike-share trips connecting to transit is
34% and overall, 3% of transit trips connected to bike-share trips [34]. In the case of the US,
the integration of the new mobility with transit is still in its infancy. Some transit agencies
have responded by integrating their service with new mobility services in innovative ways,
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such as door to door service, micro-transit, free rides for bike-share users, vouchers for
ride-hailing in transit deserts, etc., though often on a limited and ad-hoc basis. Integrating
transit with other modes can attract more commuters to transit by improving first and last
mile service as well as transit service itself [35].

Federal policy is also pushing transit agencies to address the issue of first and last
mile access. The Federal Transit Administration (FTA) is an agency under the United States
Department of Transportation which provides assistance (both technical and financial) to
the local level public transit agencies. Transit funding in the US is a combination of federal
funds, state funds, and local funds (usually sales tax), with fares covering a small share of
costs [36]. A large portion of the transit capital expense is covered by the FTA funds [36].
Therefore, change in the focus of the FTA will likely influence the planning practice of the
local transit agencies. The focus of the Federal Transit Administration (FTA) has recently
moved towards the “complete trip” concept, rather than only the transit portion of the
total trip [37,38]. Current federal funding for active transportation projects that improves
transit connection provides an additional motivation for transit agencies to examine first
and last mile access in a holistic way [39]. Transit agencies are beginning to respond to
these policies. Several transit agencies in the US have recently adopted plans or studies
focused on the first and last mile connection, going beyond traditional practices, such as
filling sidewalk gaps.

These first and last mile studies and plans offer a holistic approach to integrating
various transit innovations and have the potential for long-lasting impacts through their
financing and implementation strategies. As most of these plans are relatively new, they
may both inspire and serve as models for the development of such plans by other transit
agencies. An evaluation of these plans with respect to issues such as transportation equity,
the inclusion of new mobility, and innovative approaches in first and last mile problem-
solving could help other transit agencies advance first and last mile planning and practices.
Additionally, learning from this study will be not only helpful for the other transit agencies
in the US, but also helpful for transit agencies and local authorities across the world
for achieving their goal of increasing ridership and shifting communities towards more
sustainable modes. Toward these objectives, this paper addresses the following questions:

• Broadly, how is transportation equity considered in these FLM plans?
• What are the different transportation themes around which the FLM plans developed,

and what are the different transport issues covered by the FLM plans?
• How do different geographic, built environments, and various socio-demographic

contexts contribute to different strategies in the FLM plans?
• How are emerging transportation technologies and services, environmental and cli-

mate change, and transit induced gentrification addressed in the FLM plans?
• How are these FLM plans measuring their stated goals, such as increasing ridership

or improving service for existing riders?
• What is missing from these FLM plans? Are there areas of importance to transit that

these FLM plans are not covering?

2. Materials and Methods
2.1. First-Last Mile Strategic Plans

We identified eleven FLM publications in total through online searches. These publi-
cations can be divided into two categories: first and last mile strategic plans (four plans)
and first and last mile strategies studies (seven studies). This paper focuses on the former
category of publications because they represent a more developed consideration of the first
and last mile problem by transit agencies than the strategies studies, which may be the first
step towards a plan. For simplicity, we will use the term “FLM plans” to refer to the four
first and last mile plans. The broad goals of these FLM plans are to maximize multimodal
efficiencies, enhance transit connectivity, and increase transit ridership.

The selected FLM plans are from both the regional and municipal levels: Los Angeles
County Metropolitan Transportation Authority (LA Metro) [40], Riverside Transit Agency
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(RTA) in Southern California [41], Denver Regional Transit District (RTD) [42], and the City
of Richmond in Northern California [43]. The Riverside Transit and Denver RTD plans have
substantial rural components as these two transit agencies serve both urban and rural areas.
Among these four systems, only the Riverside Transit system includes just bus service;
the other systems have both bus and rail service. Table 1 provides additional information
on the selected transit agencies, which vary not only in their geographic size, population
served, and densities, but also in socio-demographic and economic characteristics. Every
data provided in the table are from 2017, except otherwise mentioned in the table. All the
agencies except the City of Richmond were going through a decline in ridership which
may have been a motivation for focusing on the FLM issue to improve accessibility and
increase ridership. One common aspect of all the transit agencies is their low fare box ratio,
which is very common in the US context.

Table 1. Comparison of the Selected Study Areas.

Characteristics LA Metro City of Richmond Riverside Transit Denver Regional
Transit District (RTD)

First and last mile (FLM)
Plan Publication Year 2014 2019 2017 2019

Urbanized Area Population 12,150,996 108,853 1,932,666 2,374,203

Density (per square mile) 2344 3603 4139 4789

Service Area (square mile) 1433 52.51 2500 2342

Median Income (US dollar) 68,093 61,045 66,964 68,377

% Poverty 17% 15.7% 15.6% 15.1%

% Zero Car Households 12.2% 8.1% 5.3% 9.4%

Ridership Per Capita (2018) 32.45 NA 10.43 44.10

Ridership Trend Declined Increased Declined Declined

Modes Included Bus and Rail Bus, Rail, Ferry Bus Bus and Rail

% Black 7.76% 20.2% 6.15% 8.48%

% Hispanic 48.6% 42% 49.6% 29.7%

Fare Box Ratio 0.177 NA 0.138 0.247

% Commuters Use of
Transit, 2018 5.69% 14% (2017) 1.16% 5.86%

% Commuters Use of
Active Transport, 2018 3.67% 2.47% 3.20% 7.66%

Source: American Public Transit Association, Census Data, and National Transit Database [44–49].

2.2. Framework for Analysis

As this review of the FLM plans is a completely new approach, we looked into similar
types of plan review articles to define our methods of review. Doran et al. (2021) developed
a framework to analyze the consideration of the equity aspect of the regional level trans-
portation plan of Canada [50]. Marsden (2001) reviewed selected local plans of England
based on how the strategies of the plans were developed and how they meet the overar-
ching goals of the government [51]. Noerager and Lyons (2002) reviewed 48 statewide
transportation plans in the US based on a framework consisting of eight elements including
financial component, public involvement aspect, state-level transport issues, performance
measures, etc. [52]. Handy and McCann (2011) used a framework to assess the six selected
Metropolitan Planning Organizations to explore whether the federal funding for bicycle
and pedestrian projects has led to increasing attention for pedestrians and bicyclists in
the transportation planning process [53]. These studies show that an explicit or implicit
framework is important in guiding the review process.
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To appraise the four selected plans, we developed an analysis framework based on
extensive literature reviews, examples of international first and last mile and transit access
improvement planning, and research questions described in the previous section. We
subdivided the analysis framework into three parts:

1. the process of the plan preparation,
2. strategies used for FLM,
3. the intended outcome of the FLM plan.

Transportation equity is one of the key components of this analysis as one study
estimates that 60 percent of the transit trips in the US are taken by people of color, people
with low-income, and people who may not able to own, operate, and maintain a car [54].
Although transportation equity is one of the elements of the framework under the intended
outcome section, we also examined how the plan-making process and how different
strategies of the plan have addressed the equity issue. In addition to equity, we considered
how the FLM plans address transit coverage and ease of connection, as according to
Weyrich and Lind (2009) these are important qualities of a good transit system [55]. The
elements of the framework and the qualities we were looking for with respect to each
element are described in the following section and a summary of the elements is provided
in Table 2.

Table 2. Summary of the Analysis Framework.

Framework Content Description

The Process of Plan Preparation

Public Participation How the public were engaged during the plan-making and
plan-implementation processes

Strategies Used for FLM

Socio-spatial gap analysis and stop/station level strategies
Plan’s analysis of spatial gaps in service by considering the
socio-demographics and disadvantaged populations for
developing stop/station level strategies

Micro-level Detail Design Strategies Plan’s focus on the design-based approach for improvement of
the micro-level transit stop/station and the ADA compliance

Strategies for Integration of Suburban and Rural Services Plan’s integration of both suburban and rural services

Strategies for Integration of Multimodality Plan’s strategy of achieving multimodality

Strategies for Integration of New Mobility Services Plan’s emphasis on the integration with other modes, especially
new mobility services with transit

Active Transportation Infrastructure Development Strategies Plan’s strategy of improving active transport infrastructure

Financing and Implementation Strategies Proposal for funding for the plan’s strategy implementation

Gentrification Consideration
Plan’s focus on affordable housing surrounding a transit
stop/station to combat gentrification due to transit
service improvement

The Intended Outcome of the FLM Plan

Environmental Benefit Plan’s stated quantification of environmental benefits

Transportation Equity Plan’s focus on achieving transportation equity

Success Measure Indicators Different success measurement indicators used to measure the
outcome of the different strategies of the FLM plan

2.2.1. The Process of Plan Preparation

Public participation: The Intermodal Surface Transportation Efficiency Act of 1991
required transportation agencies to put more emphasis on public involvement [56]. Public
involvement in the transportation planning process is crucial as it enriches the whole
planning process, provides credibility to the plan, and ensures that the plans are responsive
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to the needs of the public [57,58]. Public involvement is also important for ensuring
procedural equity, or the requirement for inclusivity and participation of underprivileged
groups in the processes [59]. Planners should be concerned about equity in all levels of
the plan as Weinstein and Sciara (2006) describes, “equity concerns emerge at different
times in different projects, from the very conceptual stages of project planning to well after
implementation” (page 181) [60]. However, Stehlin and Tarr (2017) note that although the
plan formulation process includes different stakeholder participation, plan implementation
often lacks those [61]. Therefore, it is the responsibility of transportation planners to
ensure that all stakeholders, especially local residents, are able to effectively participate in
the entire planning process and that their voices are heard and incorporated in the FLM
plan-preparation and implementation phases. We assess each FLM plan based on public
participation in both the plan-making and plan-implementation phases.

2.2.2. Strategies Used for FLM

Socio-spatial gap analysis and stop/station level strategies: Transportation planning and
investment decisions are heavily influenced by spatial, social, and demographic factors [62].
Providing appropriate coverage of the transit service in different areas of a community,
especially in low-income communities, is important for addressing the transit access gap
issue as well as the equity issue. We assess stop/station level strategies for each of the
plans in conjunction with socio-demographics of the riders served, built environment,
consideration of geographical gap in service, and other site characteristics.

Micro-level detail design strategies: As FLM plans mainly focus on the micro-level
transit stop/station connection and accessibility improvement, a detailed design guideline
component can greatly assist the plan in visualizing the strategies. This design guideline
can also assist the large transit agencies to communicate their ideas at the local level.
Additionally, in recent days, design considerations incorporate the aspect of Planning
for All Ages and Abilities [50]. We assess each FLM plan based on their inclusion of a
micro stop/station level design guideline for meeting the needs of all types of mode users
and all segments of the population, especially addressing Americans with Disabilities Act
(ADA) compliance.

Strategies for integration of suburban and rural services: Focusing on the suburban compo-
nent by extending the coverage can be attributed to transit agencies’ initiative to recapture
suburban commuters as jobs moved to suburban locations [63]. Although adequate tran-
sit provision is difficult in suburban areas, it can play a significant role in workers’ job
access [64]. In rural and small urban areas, the benefits of transit services may exceed
the costs [65]. European countries are also heavily focusing on transit integration in
low-density suburban areas to improve transit service access through first and last mile
strategies [7,66]. We examine the degree to which FLM plans address the needs of suburban
and rural commuters.

Strategies for integration of multimodality: Multimodality is beneficial for travelers and
transit play a significant role in achieving multimodality [67]. Development of the transfer
station is important, as quality and facilities in the transit transfer station can appreciably
improve the travel experience of the multimodal passengers [68]. In addition, some
transit agencies are currently experimenting with integrated payment-based approaches
for seamless transitions within multimodal trips. We assess each of the FLM plans based
on the strategies used for achieving multimodality, ease of access, and integrating payment
systems across modes.

Emerging mobility services integration: The effects of emerging mobility services on
transit and how transit can integrate with these emerging services are growing concerns in
transit planning [69,70]. New micromobility modes such as dockless and docked e-bike and
e-scooters are also becoming important FLM modes [71,72]. Transit riders are already using
these new mobility services for the first and last mile connections [73,74]. Nonetheless, in
North America, the early implementation of the bike-share systems was more opportunistic
than strategic [75–77]. Research finds if planned properly, these new mobility services such
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as bike-share and ridehailing can complement transit [30,70,78], increase bicycling [79],
and reduce competition in the mobility market [80]. The flexible pattern of the emerging
shared mobility service can encourage people to use those modes rather than using cars
as FLM mode of travel [72]. We assess the degree to which the FLM plans integrate new
mobility services with transit and focus on infrastructure improvement to support these
services so that they complement transit rather than substitute it.

Active transportation infrastructure development strategies: Studies show that bicycling
and transit mostly act as complementary modes [81] and that the design of active transport
infrastructure can increase both active transport and transit mode share [82,83]. The Federal
Transit Administration’s (FTA) 2011 Final Policy Statement on Eligibility of Pedestrian and
Bicycle Improvements under Federal Public Transportation Law (76 FR 52046) states that
“All pedestrian improvements located within one-half mile and all bicycle improvements
located within three miles of a public transportation stop or station shall have a de facto
physical and functional relationship to public transportation” [39]. This expanded the
scope for the integration of bicycle and pedestrian improvements funds to improve the
accessibility to transit. Currently, transit agencies are eligible for funds for bicycle and
pedestrian improvement from a long list of programs provided by the FTA [84,85] and
from other federal funding sources [86]. Distinct plans for first and last mile access to
transit can be a way of utilizing these funds and exploring new funding options to improve
the transit system. The development of the active transport infrastructure should be done
in conjunction with transit as this practice benefits active travel and transit as well as the
health and wellbeing of the community [87]. Thus, selected FLM plans are an assess based
selection and distribution of infrastructure projects that enable active transport as an access
mode to transit.

Financing and implementation strategies: In some places, local transit agencies use
different innovative sources of funding beyond the farebox, such as land value capture [88],
toll-road revenues, special district tax, etc. However, state and federal subsidies remain the
most important source of transit revenue [89]. Financing is the most important component
of a transit plan as currently most of the funding for transit is generated from the federal
subsidy rather than fares from riders (Table 1). Therefore, each of the FLM plans is assessed
based on innovative financing and project implementation strategies.

Gentrification consideration: While increasing transit investment in low-income areas
can help improve mobility and accessibility, a growing concern is the fear of gentrification
associated with transit investments. Recent research suggests that transit infrastructure
can be a driver of gentrification [90] by increasing the housing prices near transit stop and
displacing low-income households. Gentrification is much less of an issue in European
cities and in some Asian cities, where transit service is more ubiquitous, compared to the US
where transit service is uneven and relative advantage of access is high [91,92]. This trend
in the US has severe equity implications as transit induced gentrification may push the
low-income who were the main transit riders from transit high access locations and further
reducing ridership [93]. We assess the FLM plans based on their consideration of combating
gentrification through affordable housing strategies surrounding transit stop/ stations.

2.2.3. The Intended Outcome of the FLM Plan

Environmental benefits: Transit, as a potential substitute for driving, is widely acknowl-
edged as a means of reducing transportation carbon emissions [94,95]. The assessment of
each FLM plan will examine the estimated environmental benefits as an outcome reported
in the plan.

Transportation equity: In many cases, transportation project outcomes either exclude
or adversely affect disadvantaged communities [96,97]. Studies have found that equity
is inadequately addressed in transportation planning [98,99]. Transit service is especially
important for disadvantaged populations, and one study found that strengthening first
and last mile access has more impact on low wage job accessibility than improving transit
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service frequency [3]. We examine each of the FLM plans based on the extent to which the
outcome of the plan will meet the transportation needs of disadvantaged populations.

Success measure indicators for different FLM strategies: Finally, the inclusion of indicators
for specifically measuring the success of the different proposed strategies of the plan with
a defined time horizon is a necessary element of each plan. All the selected FLM plans are
assessed based on the inclusion of the success measure indicators.

3. Review of the FLM Plans
3.1. The Process of Plan Preparation
Public Participation

Three of the four selected plan making agencies conducted a public participation
process while preparing their FLM plans, though not all proposed public participation
in the plan implementation phases. In the case of Denver Transit, the resident of the
community and other stakeholders were extensively involved during the plan-making
process through pop-up events at different locations and online surveys. Comments
were collected through social media, an interactive online map showing transit stations,
and a designated page on the Denver RTD website. However, the proposal for public
participation in the implementation process is weak in the Denver RTD plan.

In the LA Metro document, public participation in the plan-making process is not
explicitly outlined. However, this document provides directions for including stakeholders
when developing the connectivity of transit stations at the local level.

In the case of Richmond, the public was involved through focus meetings, work-
shops, employers focus groups, phone interviews, and pop-up events. Additionally, the
plan directed that public input will be required in selecting the tools of the multimodal
strategies for the FLM plan. Public involvement is further emphasized at specific project
implementation levels in Richmond.

The Riverside Transit Plan also followed an extensive public outreach process to learn
from citizens through workshops, community events, meetings, and surveys at transit
stations. However, the proposal for public participation at the implementation level is not
briefly explained in the Riverside Transit plan.

Thus, most of the selected FLM plans lack a public participation component either at
the preparation level or at the implementation level.

3.2. Strategies Used for FLM
3.2.1. Socio-Spatial Gap Analysis and Stop/Station Level Strategies

All the FLM plans offered innovative approaches to address the geographical gap in
transit service while simultaneously considering the socio-demographic context of the site
in developing strategies at the stop/station level.

The Denver RTD FLM plan classified transit stations based on their urban or rural
context (i.e., urban core, urban, suburban mixed, suburban residential, and rural) so that
the FLM strategies could be applied based on site-specific context. In addition to the
classification typologies, six overlays were developed based on locational characteristics. A
detailed planning toolkit was developed based on reviews of best practices and adapted
based on the local context. Fifteen transit stops and stations were initially selected to
use the toolkit. Each of the planning strategies was evaluated based on the urban-rural
typologies and the six overlays.

Similar to Denver RTD, Riverside Transit also developed station typologies based on
urban and rural locations. Station rankings were developed for each of the typologies based
on transit ridership, land use mix, demographics, geographic, and project development
potential criteria. An FLM strategies toolbox was developed based on the review of best
practices that will be applied based on the regional, local, and site conditions.

The LA Metro developed a design-based concept named “Pathway” to increase the
speed of active travel, to reduce point to point distance, and to support multimodal transfer
activity. A detailed network identification, design, and implementation strategies were
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developed under this framework to make transit access safe and efficient. Additionally,
a series of checklists were developed to evaluate existing site conditions and to define
improvement requirements.

The City of Richmond plan is different from the other FLM plans as their transit system
is an amalgamation of different transit agencies operating in the San Francisco Bay Area.
In addition, the city transit system incorporates the ferry, which is a unique mode of transit
in comparison to the other locations. Their plan focuses on infrastructure improvements of
the three-transit hubs, namely the Richmond BART Station, the El Cerrito del Norte BART
Station, and the Richmond Ferry Terminal. A series of FLM projects were considered and
ten priority projects were selected. Strategies for intermodal station improvements were
included to ease the transfer experience of passengers.

Overall, the Richmond planning document is the most detailed regarding micro-
level site-specific strategies, whereas the other FLM plans use case study sites to illustrate
planning strategies. This was possible in Richmond as the planning jurisdiction is small
compared to others.

3.2.2. Micro-Level Detail Design Strategies

Among the four FLM plans, LA Metro and Riverside Transit provided design guide-
lines for stop/station level access improvement. The LA Metro followed a unique design-
focused approach named “Pathway.” A Pathway toolbox was developed and through
illustrative approaches (designs and models) toolbox components are described for se-
lected transit stations. Although not as extensive as LA Metro, Riverside Transit also
developed prototype designs for their ideal transit station as a form of mobility hub with
necessary interconnected facilities. Whereas aforementioned in Europe, mobility hubs are
already prevalent in planning practice as a means of strengthening multi-modality and
transit access. Both of these transit agencies considered the ADA compliancy while devel-
oping the checklist of site-level conditions. Both Denver RTD and the City of Richmond
do not provide much detail about the design guidelines for the transit stop/station devel-
opment. Nonetheless, Denver RTD considered the ADA requirements while developing
stop/station level strategies so that the locations with a nearby population that require
ADA accessibility receive higher priority. The City of Richmond Plan conducted a detailed
existing condition and needs assessment (including the ADA compliance status of the site).

3.2.3. Strategies for the Integration of Suburban and Rural Services

Except for Richmond’s FLM plan (which does not have suburban or rural areas), all the
other selected FLM plans have strong suburban elements to significantly reduce personal
car dependency in those areas. The Denver RTD and Riverside Transit incorporates
strategies for rural stations through integrating a separate rural station typology. The
Denver RTD Plan mentions that the implementation of the FLM strategies in suburban
and rural typologies will have the highest potential in increasing transit ridership. The
Riverside Transit also focuses on suburban integration by incorporating suburban typology
in their station typologies. The LA Metro focuses on transit-friendly zones in the form of
sub-regional centers that will act as a transit hub for suburban neighborhoods. The LA
Metro planning document cites the requirement of the Countywide Sustainability Planning
Policy (CSPP) for creating an alternative mode of transportation in suburban communities.

As suburban typologies usually consist of low-density areas where the bike and pedes-
trian networks are under-developed, these areas would benefit from the recommended
bike and pedestrian infrastructure improvement, transit-oriented development, and place-
making strategies. Therefore, the integration of suburban and rural components of these
FLM plans indicates the agencies’ commitment towards attracting more suburban and
rural commuters towards transit in locations where reductions to personal car dependency
have been challenging.
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3.2.4. Strategies for the Integration of Multimodality

Multimodal integration is a key goal and is outlined in detail in each of the FLM plans.
The Denver RTD Plan focuses on a project for developing a multimodal wayfinding system
and signage system. Additionally, they focused on the safety issue of the transfer passen-
gers in their urban station typology. Richmond’s plan highlights “key travel corridors”
which refers to priority corridors for implementing multimodal connectivity projects. They
also considered an intermodal station improvement strategy for easing the transfer activity.
The LA Metro cites the Regional Transport Plan’s requirement of considering multimodal
planning in all transportation planning projects. The “Pathway” concept heavily focused
on different strategies to improve the multimodal transfer experience of the riders. The
Riverside Transit Plan similarly focuses on multimodal enhancements in their stations
through design with an emphasis on accommodating transfer activity on several urban,
suburban, and commercial station typologies. Table 3 summarizes the different multimodal
options these FLM plans have considered.

Table 3. Different Multi-modal Mobility Initiatives and Incorporation of New Mobility Services.

Multimodal Options LA Metro City of
Richmond

Riverside
Transit

Denver
RTD

Autonomous shuttle 4 4

Bike Share 4 4 4 4

Carshare 4 4 4 4

Carpooling Integration/Incentive 4 4 4

Commuter Tax Benefit 4

Electric Vehicle Priority 4 4

Free Event Transit Service 4

Guaranteed ride home 4 4 4

Integrated App 4 4 4 4

Micro Transit/Shuttle 4 4 4 4

On-Demand Vehicle 4 4 4

Park and Ride/kiss and ride 4 4 4

Ridehailing Incentive 4

Rideshare priority parking 4 4

Ridehailing pick and drop off zone 4 4 4 4

Rolling Lane/Bike Lane 4 4 4 4

Scooter Share 4 4 4 4

Signage and Wayfinding 4 4 4 4

Sidewalk/Pedestrian Priority 4 4 4 4

Smartphone App for Seamless Mobility 4 4 4

Taxi Incentive/Integration 4 4

The LA Metro, the Denver RTD, and the Riverside Transit have considered the inte-
gration of new mobility services into their transit apps. Richmond also considered this
innovation in their review. The incorporation of diverse multimodal options in the FLM
plans indicates that selected transit agencies are continuously seeking to improve the
integration of transit services with other modes of transport.
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3.2.5. Strategies for the Integration of New Mobility Services

New emerging mobility services that can heavily influence how people use transit
and complete their FLM connections are focused on all the selected FLM plans. The
Denver RTD developed a “Mobility Working Group” constituting of mobility practitioners
from different agencies across the Denver region to consider the impact of technology on
the future of transportation and the FLM plan’s solutions. The City of Richmond also
focuses on emerging shared mobility services that can contribute to FLM solutions. The
LA Metro emphasizes how car-share, bike-share, and bike stations can be integrated into
the “Pathway” design guidelines to improve station access. The Riverside Transit also
incorporates bike-share in their prototype design of transit stations and mobility hubs.
Overall, these initiatives highlight the forward-thinking attitude of these selected transit
agencies by utilizing the potential benefits of emerging transportation options and easing
their negative effects on transit.

3.2.6. Active Transport Infrastructure Development Strategies

All the planning documents focus on substantial investment in active transportation
infrastructure as this is the most common mode people use to connect to transit. The Den-
ver RTD focuses on developing bicycle and micro-mobility parking and storage in transit
stations, providing bicycle amenities, private micromobility parking, improving pedes-
trian infrastructure, improving bicycle and micromobility infrastructure, and pedestrian
scale lighting.

The City of Richmond also focuses on developing new infrastructure to make bicycle
and pedestrian connections to mobility hubs, improving crossings, creating new sidewalks,
bike racks, and pedestrian islands.

The LA Metro focuses on the Pedestrian Environment Quality Index and the Bicycle
Environment Quality Index to assess the quality of infrastructure along access routes to
the transit stations. The “Pathway” details design guidelines on how to construct new
infrastructure for active transportation improvement.

The Riverside Transit developed a checklist of pedestrian infrastructure and bicycle
deficiencies for their initial assessment of transit stations. Based on the results of their initial
assessment, the recommendation for infrastructure improvement is provided. One key
aspect is that Riverside Transit provides general and specific cost estimates of pedestrian
and bike infrastructure for selected stations. This approach will be helpful in better planning
for these infrastructures and can be followed by agencies who want to make FLM plans in
the future.

One important aspect associated with transit trips is transfer activity, as 64% of the
LA Metro’s one-way trips consist of at least one transfer [40]. This transfer activity is often
largely dependent on the active transport network connected with the transit station and
all the selected plans consider this issue while developing strategies for transit stations.

Overall, these investments in active transportation infrastructure will create a win-win situ-
ation for transit agencies by increasing both the mode share of transit and active transportation.

3.2.7. Financing and Project Implementation Strategies

All the FLM plans emphasize the financial component for plan implementation. The
funding options proposed by the Denver RTD includes future FTA innovative mobility
grants, local funds, Business Improvement District fund, funds from property owners,
mobility service providers, FTA public transportation innovation grants, Congestion Mit-
igation and Air Quality Improvement grants, and fees from micromobility providers.
The Riverside Transit describes three approaches for ensuring project funding, namely
Developers Condition of Approval (COA), Transportation Uniform Mitigation Fees, and
Public-Private Partnership. Additionally, the Riverside Transit FLM plan mentions the
identification of the Capital Improvement Project (CIP) that can be incorporated with the
recommended FLM projects. The LA Metro lists a range of funding options from other
plans and strategies such as the Sustainable Community Strategy (SCS), Metro Long Range
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Transportation Plan, Bicycle Transportation Strategic Plan, and Short-Range Transportation
Plan. Not limited to these funds, the LA Metro FLM plan also lists private initiatives that
can contribute to the FLM strategy. Richmond’s Plan is specific in terms of funding sources
which includes federal funding through their MPO, Bay Area Air Quality Management
District Fund, Grant Programs, Caltrans Active Transport Program, and fees on private
e-scooter companies.

Thus, for implementing FLM projects, these agencies explored and recommends a
variety of innovative sources of funding for improving transit.

All the FLM plans strongly focuses on implementation strategies. The Denver RTD
and Riverside Transit list different organizations responsible for the implementation of
the FLM strategies. The Richmond Plan provides detailed implementation strategies for
each project. The LA Metro provides a detailed list of agencies and also a timeframe
for implementation.

3.2.8. Gentrification Consideration

Measuring the gentrification aspect of the transit development is rather difficult but
important to understand the service reach to the disadvantaged groups. All the plans,
to a different extent, have focused on affordable housing strategies surrounding transit
stop/station to address this issue. The LA Metro Plan is most extensive in considering the
affordable housing issue with respect to Transit-Oriented Development (TOD) as their FLM
plan has to comply with the goals set by other regional-level plans. Other plans also address
the strategy of affordable housing development surrounding the transit stop/station so
that the low-income population can reap the benefits of transit service improvement. The
affordable housing strategies around transit development will likely minimize the effect of
gentrification and give transit access to the low-income transit-dependent people and will
increase ridership.

3.3. The Intended Outcome of the FLM Plan
3.3.1. Environmental Benefits

Three of the plans from the State of California cite their compliance with the State’s
regulations. The FLM plan of LA Metro reports that it will assist in achieving the emission
reduction goal of the region (i.e., reducing greenhouse gases by 9% by 2020 and by 16% by
2035). City of Richmond and Riverside Transit FLM plan also indicates that the FLM plan
will be the supporting document for achieving that goal (AB32: an 80% reduction below
the 1990 level by 2050) [100]. On the other hand, the Denver RTD plan does not mention
or quantify any environmental or greenhouse gas emissions reduction goals they want to
achieve through their FLM plan. The City of Denver has a climate action plan which aims
for an 80% reduction of greenhouse gas emission by 2050 [101]. Still, it is quite interesting
that the Denver RTD plan does not mention any of these requirements in its main FLM
plan document.

Three of the four selected FLM plans’ devotion towards achieving regional emission
goals indicate mainstreaming of regional climate action goals through transit plans and the
transit agencies’ commitments towards achieving those emission reduction goals.

3.3.2. Transportation Equity Outcome

Transportation equity, a necessary component of any transit plan, is both directly and
indirectly mentioned in all four FLM plans outcomes. In a broader sense, the entire idea of
making the FLM plan is attached to achieving transportation equity as these plans aim to
integrate different means of travel options to transit and to improve accessibility for under-
served populations. Thus, analysis of equity of the FLM plans considers different aspects,
namely the design of projects specifically for the low-income population, distribution of
infrastructure investment, access to jobs by transit, and consideration of the affordable
mode for the first and last mile trip.
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The Denver RTD explicitly mentions a targeted program of special discount cards
and low-income passes. This is already a proven approach as several agencies have seen
positive effects of providing subsidized passes on transit ridership [102]. The Denver RTD
also mentions a commuter tax benefit program in their FLM plan.

The City of Richmond explicitly mentions affordable options for low-income residents
and specifically oriented their project strategies to serve the needs of the low-income
population. They also consider equity and access issues in the deployment of autonomous
shuttles and in providing e-scooter permits that will provide mobility options for people
who do not bike, do not own bikes, or cannot afford a private vehicle. In the case of
infrastructure development, Richmond notes that active transport infrastructures should
directly serve the community of concern by referring to previous socially inequitable
infrastructure investment practices in the region.

The LA Metro explicitly mentions that achieving equity is one of the targets of
the “Pathway” program, as 75% of the transit riders of LA Metro has income less than
25,000 US dollars [40]. Their focus is on creating mobility solutions for peoples who can-
not afford, operate, or want to forgo private vehicles. In addition, the LA Metro’s FLM
strategies focus on providing more job access by transit to balance the job housing ratio in
the region.

Riverside Transit also heavily focuses on different aspects of equity. Through the
mobility hubs, Riverside Transit wants to increase transportation options for disadvantaged
communities. The Riverside Transit’s industrial and business park station typologies aim
to provide jobs in close proximity to the transit station.

The numerous equity considerations by the FLM plans indicate that in the process
of making transit more efficient and reaching a different segment of the population, the
agencies are not neglecting the fact that transit also aims to provide mobility options for
disadvantaged populations.

3.3.3. Success Measure Indicators for Different FLM Strategies

Except for the LA Metro Plan, none of the plans provide any metric for measuring
planning outcomes of different types of strategies proposed in the plan. Although three
plans list emission reduction and transportation equity as the outcome, only the LA Metro
also specifically describes quantifies different expected outcomes from proposed strategies
and the time horizon associated with those outcomes. The ridership target of the LA Metro
includes attaining an 8% increase in rail and bus rapid transit (BRT) ridership within 3
to 5 years and attaining a 12% increase in rail and BRT ridership within 20 years. Of the
FLM plans, only the LA Metro Plan includes performance measure tools. The LA Metro
developed a Light Rail Transit FLM strategic model to measure the impact of changes in
nonmotorized access to the stations. In addition, “Ridership+” is a tool that the LA Metro
can use to forecast the change in ridership due to the implementation of first and last mile
strategies. Two analysis frameworks were developed focusing on changes in ridership due
to the change in non-motorized access to stations and change in motorized access to the
station. A combination of these tools can provide an assessment of the impact of the FLM
strategies on achieving the goals of the plan.

4. Discussion

These FLM plans consider the fact that transit is a part of a much larger ecosystem
of modes and focuses on building a mobility ecosystem around transit. All the plans
were aligned with the attainment of broad societal objectives such as auto reduction and
transportation equity. In addition, FLM plans also focus on the branding of the transit
as a system by providing appropriate value propositions through the proposed FLM
strategies so that transit can attract a larger ridership base and compete with other modes.
As research found that riders are not abandoning transit, rather using it less [103], this
access improvement and new value proposition through FLM plans can potentially attract
customers to use the service more frequently.
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Although the four FLM plans are from different socio-economic and transit agency
context, we find five common approaches related to how these plans address the different
FLM issues, namely spatial gap analysis with a focus on socio-demographics and loca-
tional characteristics, incorporation of emerging mobility services, innovative funding
approaches for plan implementation, equity and transportation remedies for marginalized
communities, and emphasis on pedestrian and bicycle infrastructures surrounding transit
stops. Additionally, most of them linked the FLM plan strategies with their regional level
transportation goals.

Some similarities can be between plans as Riverside Transit developed a detailed
checklist for assessing the conditions of transit stations similar to LA Metro and developed
station typologies similar to the Denver RTD. All the FLM plans except the Denver RTD
have a close connection with the region’s emission reduction goals. Except for the LA Metro
plan, others heavily researched the best practices of different agencies and organizations
while formulating their strategies. This is an important takeaway for transit agencies who
want to prepare FLM plans in the future.

Different approaches are noticeable from different types of agencies for developing
the FLM plan. LA Metro, a large transit agency, has placed more resources to produce
documents with details in designs for transit station access improvement. The “Pathway”
concept was a unique approach to address the design and connectivity of first and last mile
solutions. Denver RTD, also a large transit entity, has assigned more focus on developing
strategy toolkits for guiding the development of stations rather than design. FLM plan
from the City of Richmond is different from the other plans in many aspects as it was
a city-level plan which emphasized an exact specific number of projects to address the
FLM issues.

Although only LA Metro and Riverside Transit focused on the micro-level detailed
design, it can be an important element of any FLM plan due to the recent COVID pandemic
situation. The detailed stop/station level design should address how transit agencies can
handle the overcrowding issue for ensuring safety, especially on the major transfer stations
where many vehicles arrive at the same time [104]. Thus, future FLM plans by other transit
agencies should include a separate section of strategies addressing micro station level
detail design guidelines for crowd management to ensure safety and gain the confidence
of the customers.

An important aspect of FLM plans within the US context is the focus on access and
innovative funding mechanism. As transit agencies experience deeper funding cuts, ex-
panding the sources of funding can help agencies become more self-reliant in their service
delivery. Transit stop/station access improvement strategies will help agencies expand ac-
cess without too much focus on increasing routes. This will lead to more effective utilization
of transit funds with improved access and service delivery. Additionally, increased access
and service quality improvement through different FLM strategies will likely increase
ridership and thus, the fare box ratio.

Although public involvement in the planning process was visible in most of the plans,
the proposal for incorporation of the public in the plan implementation process is still a
concern, except for the City of Richmond. This element of the FLM plan has room for
further improvement. Transit agencies who want to prepare FLM plans in the future can
consider this issue while preparing their plan. Additionally, transit planners should keep in
mind that infrastructure components of FLM plans need to maintain distributional equity
to better serve communities of concern. This can be achieved through the consideration of
procedural equity by involving different segments of local communities in the plan-making,
strategy development, and implementation processes.

The lack of strategy specific success measurement indicators in all the plans other than
LA Metro is a glaring omission that should be considered by other transit agencies while
preparing their plans. Although the transit agencies will measure the ridership periodically,
more analytical tools should be developed for a quantitative assessment of each of the
different strategies which include the changes that can be achieved and the risk associated
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with those assessments. Additionally, measuring rider’s satisfaction is a major concern
and future FLM plans can include an option for detail before and after rider satisfaction
surveys. These elements should be an important part of any FLM plan as measurement
based on only overall ridership (as ridership can increase for several other reasons) will
likely mislead transit agencies regarding their plan outcomes.

Table 4 provides an overall rating (based on two “+” systems) of the four plans on the
selected analysis criteria, where “++” indicates a better condition than “+.”

Table 4. The Rating of Each Plan on Selected Criteria.

Criteria LA Metro City of
Richmond Riverside Transit Denver RTD

The Process of Plan Preparation

Public Participation (+) (++) (+) (+)

Strategies Used for FLM

Socio-spatial Gap Analysis and Stop/station
Level Strategies (++) (++) (++) (++)

Micro-Level Detail Design Strategies (++) (+) (++) (+)

Suburban and Rural Integration Strategies (++) NA (++) (++)

Multimodality/Integrated App-based Strategies (++) (+) (++) (++)

New Mobility Integration Strategies (++) (++) (++) (++)

Investment in Active Transportation Strategy (++) (++) (++) (++)

Financing and Implementation Strategies (++) (++) (++) (++)

Gentrification Consideration (++) (+) (+) (+)

The Intended Outcome of the FLM Plan

Transportation Equity (++) (++) (++) (++)

Environmental Benefits (++) (++) (++) ()

Success Measure Indicators for Different
FLM Strategies (++) () () ()

5. Conclusions

The four FLM plans reviewed in this article come from diverse geographic and
socio-economic contexts. We reviewed the selected plans based on the planning process
used to produce the plan, the different strategies of the plan, and the outcomes of these
plans. The review of our selected transit agencies FLM plans show they are increasingly
focusing on how to make the transit more accessible, more multimodal, and overall, viable
transportation alternative to address the mobility needs of the community. The review
of their planning documents revealed some common approaches among agencies for
addressing the FLM connection problems. Some of the innovative strategies in these plans
such as the creation of mobility hubs, integration of new mobilities, micro transit, etc. are
already being implemented in different European cities for transit access improvement.
How these strategies assist in improving transit ridership in the US context in comparison
to the European context can be an interesting future research topic. Nonetheless, there are
some key issues important to transit planning such as public participation, micro-level
design approach, and strategy-specific success measure indicators that are either weak or
missing from some of these plans. Several findings of this study can be helpful for other
transit agencies in preparing their FLM plans for their communities.

Overall, all these plans have initiated a new thinking process for transit where agencies
start thinking from the micro-scale of stops and begin generating proposals of how these
stops can be used as a starting point of multimodal access. One of the major benefits of such
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a plan is to bring all the projects and funding ideas related to the first and last mile access
in one platform. These plans bring together all the strategies that can boost the transit
ridership, as single standalone FLM strategies are unlikely to have a significant impact on
increasing ridership. These FLM plans diversified from solely relying on transit-dedicated
funding sources to other sources of funding that could also be tapped to improve transit.
This theme of these FLM plans can inspire other transit agencies to prepare FLM plans for
their communities.

With the outbreak of COVID-19, adding to the challenges that transit agencies are
facing, FLM planning provides a critical opportunity for transit agencies to recapture the
attention of their ridership base and promote the various FLM options that may be attractive
to users in the post-COVID-19 era. With this new challenge in mind, the outcomes of this
study, especially the public participation portion, becomes more relevant as it can guide
transit agencies to prepare FLM plans to address the current needs of the communities they
are serving.

If properly implemented, this new approach of thinking can also lead to a ground-
breaking change in system performance and an increase in ridership. Rather than focusing
on the traditional approach of addressing transit ridership by introducing newer tech-
nologies, increasing fleets, and increasing service frequency, this new planning process
focusing on the micro-level connectivity of the system and providing spaces for current
and emerging transportation options could lead to a new period of transit in the US. The
outcomes of these plans can increase the mode share of active transport in these communi-
ties and can help achieve any emission reduction goals of the community. As these plans
are still relatively new, and it will take time to measure the impact on ridership and overall
transit experience. When the data on the outcomes of these plans become available, future
research can investigate more detail on the impact of these plans on their communities.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available in a publicly accessible repository that does not issue
DOIs. The data presented in this study are openly available in reference number [40–43].

Acknowledgments: The author wants to convey special thanks to Susan Handy, University of
California, Davis, and Zhi Chen for their kind suggestions and for proofreading the article.

Conflicts of Interest: The author declares no conflict of interest.

References
1. European Environmental Agency. The First and Last Mile—The Key to Sustainable Urban Transport. Available online: https:

//www.eea.europa.eu/publications/the-first-and-last-mile (accessed on 15 December 2020).
2. Polzin, S. First Mile–Last Mile, Intermodalism, and Making Public Transit More Attractive. Available online: https://www.

planetizen.com/node/93909/first-mile-last-mile-intermodalism-and-making-public-transit-more-attractive#_ftn1 (accessed on
15 December 2020).

3. Boarnet, M.G.; Giuliano, G.; Hou, Y.; Shin, E.J. First/last mile transit access as an equity planning issue. Transp. Res. Part A Policy
Pract. 2017, 103, 296–310. [CrossRef]

4. King, D. What Do We Know About the “First Mile/Last Mile” Problem for Transit? Available online: https://transportist.org/20
16/10/06/what-do-we-know-about-the-first-milelast-mile-problem-for-transit/ (accessed on 26 January 2021).

5. Tay, H. Cycling Infrastructure as a First Mile Solution for Mass Transit Access in Singapore: A Study of MRT Ridership in
Singapore Towns. Master’s Thesis, Massachusetts Institute of Technology, Cambridge, MA, USA, 2012.

6. WSP; England’s Economic Heartland Strategic Alliance. First/Last Mile International Best Practice Review; England’s Economic
Heartland Strategic Alliance: Aylesbury, UK, 2019.

7. Transdev. First-and Last-Mile Solutions; Transdev: Issy-les-Moulineaux, France, 2018.
8. Rupprecht Consult; Rupprecht, S.; Brand, L.; Böhler-Baedeker, S.; Brunner, L.M. Guidelines—Developing and Implementing a

Sustainable Urban Mobility Plan; European Commission: Brussels, Belgium, 2019.
9. Mobihub. What Is a Mobihub? Available online: https://mobihubs.eu/ (accessed on 26 January 2021).

https://www.eea.europa.eu/publications/the-first-and-last-mile
https://www.eea.europa.eu/publications/the-first-and-last-mile
https://www.planetizen.com/node/93909/first-mile-last-mile-intermodalism-and-making-public-transit-more-attractive#_ftn1
https://www.planetizen.com/node/93909/first-mile-last-mile-intermodalism-and-making-public-transit-more-attractive#_ftn1
http://doi.org/10.1016/j.tra.2017.06.011
https://transportist.org/2016/10/06/what-do-we-know-about-the-first-milelast-mile-problem-for-transit/
https://transportist.org/2016/10/06/what-do-we-know-about-the-first-milelast-mile-problem-for-transit/
https://mobihubs.eu/


Sustainability 2021, 13, 2222 17 of 20

10. Nguyen, T. San Francisco, New York City: Why Cities Are Creating Car-Free Zones. Available online: https://www.vox.com/
the-goods/2019/10/28/20932554/new-york-san-francisco-car-free-zones (accessed on 26 January 2021).

11. Buehler, R.; Pucher, J. Demand for Public Transport in Germany and the USA: An Analysis of Rider Characteristics. Transp. Rev.
2012, 32, 541–567. [CrossRef]

12. Federal Transit Administration. National Transit Summary and Trends: Office of Budget and Policy; Federal Transit Administration:
Washington, DC, USA, 2018; pp. 1–50.

13. Buehler, R.; Pucher, J. Walking and Cycling in Western Europe and the United States. TR News 2012, 280, 34–42.
14. Transportation—International Comparisons. Available online: https://internationalcomparisons.org/environmental/transportation/

(accessed on 22 January 2021).
15. Garrett, M.; Taylor, B. Reconsidering social equity in public transit. Berkeley Plan. J. 1999, 13, 6–27. [CrossRef]
16. Lindquist, K.; Wendt, M.; Holbrooks, J. Transit Farebox Recovery and US and International Transit Subsidization: Synthesis; Washington

State Department of Transportation: Olympia, WA, USA, 2009.
17. American Public Transportation Association. Economic Implications from Proposed Public Transportation Capital Funding Cuts;

American Public Transportation Association: Washington, DC, USA, 2018.
18. Bliss, L. Transit Ridership Depends on Bus Service, Study Finds—Bloomberg. Available online: https://www.bloomberg.com/

news/articles/2018-06-04/transit-ridership-depends-on-bus-service-study-finds (accessed on 27 January 2021).
19. Boisjoly, G.; Grisé, E.; Maguire, M.; Veillette, M.P.; Deboosere, R.; Berrebi, E.; El-Geneidy, A. Invest in the ride: A 14 year

longitudinal analysis of the determinants of public transport ridership in 25 North American cities. Transp. Res. Part A Policy
Pract. 2018, 116, 434–445. [CrossRef]

20. American Public Transportation Association. Public Transportation Facts. Available online: https://www.apta.com/news-
publications/public-transportation-facts/ (accessed on 15 December 2020).

21. Poelman, H.; Dijkstra, L. Measuring Access to Public Transport in European Cities; European Commission: Brussels, Belgium, 2015.
22. Lesh, M.C. Innovative Concepts in First-Last Mile Connections to Public Transportation. In Urban Public Transportation Systems;

American Society of Civil Engineers: Reston, VA, USA, 2013; pp. 63–74.
23. Besser, L.M.; Dannenberg, A.L. Walking to public transit: Steps to help meet physical activity recommendations. Am. J. Prev. Med.

2005, 29, 273–280. [CrossRef] [PubMed]
24. Lachapelle, U. Walk, bicycle, and transit trips of transit-dependent and choice riders in the 2009 United States National Household

travel survey. J. Phys. Act. Health 2015, 12, 1139–1147. [CrossRef]
25. Lachapelle, U.; Frank, L.D. Transit and health: Mode of transport, employer-sponsored public transit pass programs, and physical

activity. J. Public Health Policy 2009, 30. [CrossRef] [PubMed]
26. Chaix, B.; Kestens, Y.; Duncan, S.; Merrien, C.; Thierry, B.; Pannier, B.; Brondeel, R.; Lewin, A.; Karusisi, N.; Perchoux, C.;

et al. Active transportation and public transportation use to achieve physical activity recommendations? A combined GPS,
accelerometer, and mobility survey study. Int. J. Behav. Nutr. Phys. Act. 2014, 11. [CrossRef] [PubMed]

27. Rissel, C.; Curac, N.; Greenaway, M.; Bauman, A. Physical Activity Associated with Public Transport Use—A Review and
Modelling of Potential Benefits. Int. J. Environ. Res. Public Health 2012, 9, 2454–2478. [CrossRef]

28. American Public Transportation Association. Being Mobility-as-a-Service (MaaS) Ready; American Public Transportation Associa-
tion: Washington, DC, USA, 2019.

29. Clewlow, R.R.; Mishra, G.S. Disruptive Transportation: The Adoption, Utilization, and Impacts of Ride-Hailing in the United States;
Institute of Transportation Studies: Davis, CA, USA, 2017; Volume 44, pp. 1307–1323.

30. Graehler, M.; Mucci, R.A.; Erhardt, G.D. Understanding the Recent Transit Ridership Decline in Major US Cities: Service Cuts
or Emerging Modes? In Proceedings of the 98th Annual Meeting of the Transportation Research Board, Washington, DC, USA,
13–17 January 2019; pp. 1–19.

31. Circella, G.; Fulton, L.; Alemi, F.; Berliner, R.M.; Tiedeman, K.; Handy, S. What Affects Millennials’ Mobility? PART I: Investigating
the Environmental Concerns, Lifestyles, Mobility-Related Attitudes and Adoption of Technology of Young Adults in California; National
Center for Sustainable Transportation: Davis, CA, USA, 2016.

32. Sakaria, N.; Stehfest, N. Millennials and Mobility: Understanding the Millennial Mindset and New Opportunities for Transit Providers;
Transportation Research Board: Washington, DC, USA, 2013.

33. BiTiBi—Combining Bicycles and Trains in European Cities. Available online: http://www.bitibi.eu/ (accessed on 22 January 2021).
34. Fernández, A.C. The Contribution of Bike-Sharing to Sustainable Mobility in Europe. Ph.D. Thesis, Technischen Universität Wien,

Vienna, Austria, 2011.
35. Chowdhury, S.; Hadas, Y.; Gonzalez, V.A.; Schot, B. Public transport users’ and policy makers’ perceptions of integrated public

transport systems. Transp. Policy 2018, 61, 75–83. [CrossRef]
36. Transportation for America. The Basics on How Public Transit is Funded; Transportation for America: Washington, DC, USA, 2015.
37. Opstelten, R. The Way Forward to Complete Trips for All. pp. 11–45. Available online: http://onlinepubs.trb.org/onlinepubs/

Conferences/2019/DRT/FTACombined.pdf (accessed on 17 December 2020).
38. Federal Transit Administration Competitive Funding Opportunity: Integrated Mobility Innovation (IMI) Demonstration Program.

Available online: https://www.transit.dot.gov/regulations-guidance/notices/2019-09269 (accessed on 17 December 2020).
39. Federal Transit Administration. Final Policy Statement on the Eligibility of Pedestrian and Bicycle Improvements Under Federal Transit

Law; Federal Transit Administration: Washington, DC, USA, 2011; Volume 76, pp. 52046–52053.

https://www.vox.com/the-goods/2019/10/28/20932554/new-york-san-francisco-car-free-zones
https://www.vox.com/the-goods/2019/10/28/20932554/new-york-san-francisco-car-free-zones
http://doi.org/10.1080/01441647.2012.707695
https://internationalcomparisons.org/environmental/transportation/
http://doi.org/10.5070/BP313113028
https://www.bloomberg.com/news/articles/2018-06-04/transit-ridership-depends-on-bus-service-study-finds
https://www.bloomberg.com/news/articles/2018-06-04/transit-ridership-depends-on-bus-service-study-finds
http://doi.org/10.1016/j.tra.2018.07.005
https://www.apta.com/news-publications/public-transportation-facts/
https://www.apta.com/news-publications/public-transportation-facts/
http://doi.org/10.1016/j.amepre.2005.06.010
http://www.ncbi.nlm.nih.gov/pubmed/16242589
http://doi.org/10.1123/jpah.2014-0052
http://doi.org/10.1057/jphp.2008.52
http://www.ncbi.nlm.nih.gov/pubmed/19190584
http://doi.org/10.1186/s12966-014-0124-x
http://www.ncbi.nlm.nih.gov/pubmed/25260793
http://doi.org/10.3390/ijerph9072454
http://www.bitibi.eu/
http://doi.org/10.1016/j.tranpol.2017.10.001
http://onlinepubs.trb.org/onlinepubs/Conferences/2019/DRT/FTACombined.pdf
http://onlinepubs.trb.org/onlinepubs/Conferences/2019/DRT/FTACombined.pdf
https://www.transit.dot.gov/regulations-guidance/notices/2019-09269


Sustainability 2021, 13, 2222 18 of 20

40. Los Angeles County Metropolitan Transportation Authority; Southern California Association of Governments- SCAG. First/Last
Mile Strategic Plan Planning Guidelines; Los Angeles County Metropolitan Transportation Authority: Los Angeles, CA, USA, 2014.

41. Kuruppu, R.; Forgiarini, J.; Singleton, M.; Punsalan, J.; Smith, D.; Chamberlin, B.; Bonilla, J.A.; Schmidt, N.; Sahimi, M.; Gennawey,
S.; et al. Final Report/First & Last Mile Mobility Plan; Riverside Transit Agency: Riverside, CA, USA, 2017.

42. Denver Regional Transportation District. First and Last Mile Strategic Plan; Denver Regional Transportation District: Denver, CO,
USA, 2019.

43. Nelson/Nygaard Consulting Associates Inc. Richmond First Mile/Last Mile Transportation Strategic Plan Final Report; Nel-
son/Nygaard Consulting Associates Inc.: Washington, DC, USA, 2019.

44. American Public Transportation Association. 2019 Public Transportation Fact Book. Available online: https://www.apta.com/
wp-content/uploads/APTA_Fact-Book-2019_FINAL.pdf (accessed on 28 July 2020).

45. Data USA. Data USA: Los Angeles County. Available online: https://datausa.io/profile/geo/los-angeles-county-ca (accessed on
28 July 2020).

46. Data USA. Data USA: Riverside County. Available online: https://datausa.io/profile/geo/riverside-county-ca (accessed on 28
July 2020).

47. Data USA. Data USA: Richmond. Available online: https://datausa.io/profile/geo/richmond-ca/ (accessed on 28 July 2020).
48. Data USA. Data USA: Denver. Available online: https://datausa.io/profile/geo/denver-co/ (accessed on 28 July 2020).
49. Federal Transit Administration. The National Transit Database (NTD). FTA. Available online: https://www.transit.dot.gov/ntd

(accessed on 28 July 2020).
50. Doran, A.; El-Geneidy, A.; Manaugh, K. The pursuit of cycling equity: A review of Canadian transport plans. J. Transp. Geogr.

2021, 90, 102927. [CrossRef]
51. Marsden, G.; Wootton, J. A Review of Local Transport Plans in England. In Proceedings of the AET European Transport

Conference, Cambridge, UK, 10–12 September 2001.
52. Noerager, K.; Lyons, W. Evaluation of Statewide Long-Range Transportation Plans; US Department of Transportation: Washington,

DC, USA, 2002.
53. Handy, S.; McCann, B. The Regional Response to Federal Funding for Bicycle and Pedestrian Projects. J. Am. Plan. Assoc. 2010, 77,

23–38. [CrossRef]
54. Clark, H. Who Rides Public Transportation; The American Public Transportation Association: Washington, DC, USA, 2017.
55. Weyrich, P.M.; Lind, W.S. Good Urban Transit: A Conservative Model; Free Congress Foundation: Alexandria, VA, USA, 2009.
56. Niemeier, D. Linking Social Context with Transportation Planning and Funding; US Department of Transportation: Washington, DC,

USA, 1996; pp. 674–688.
57. Keefer, L.E. Citizen Participation in Transportation Planning. In Transportation Planning for a Better Environment; Springer: Boston,

MA, USA, 1976; pp. 411–416.
58. Khisty, C.J. Citizen involvement in the transportation planning process: What is and what ought to be. J. Adv. Transp. 2000, 34,

125–142. [CrossRef]
59. Bullard, R. Addressing Urban Transportation Equity in the United States. Fordham Urban Law J. 2003, 31, 1183.
60. Weinstein, A.; Sciara, G.C. Unraveling equity in HOT lane planning: A view from practice. J. Plan. Educ. Res. 2006, 26,

174–184. [CrossRef]
61. Stehlin, J.G.; Tarr, A.R. Think regionally, act locally? Gardening, cycling, and the horizon of urban spatial politics. Urban Geogr.

2017, 38, 1329–1351. [CrossRef]
62. Meyer, M.D. Transportation Planning Handbook, 4th ed.; John Wiley and Sons: Hoboken, NJ, USA, 2016; ISBN 9781118762356.
63. Kneebone, E.; Holmes, N. The Growing Distance between People and Jobs in Metropolitan America; Brookings: Washington, DC,

USA, 2015.
64. Hooper, K.S. TCRP Synthesis of Transit Practice 14; National Academies Press: Washington, DC, USA, 1995.
65. Godavarthy, R.P.; Mattson, J.; Ndembe, E. Cost–Benefit Analysis of Rural and Small Urban Transit in the United States. Transp.

Res. Rec. 2015, 2533, 141–148. [CrossRef]
66. Barrett, S.; Santha, N.; Khanna, A. On-Demand Public Transport: Key Learnings from Global Pilots; LEK: New York, NY, USA, 2019.
67. Van Nes, R.; Bovy, P.H.L. Multimodal traveling and its impact on urban transit network design. J. Adv. Transp. 2004, 38,

225–241. [CrossRef]
68. Hernandez, S.; Monzon, A. Key factors for defining an efficient urban transport interchange: Users’ perceptions. Cities 2016, 50,

158–167. [CrossRef]
69. Jelovchan, C.; Kapatsila, B.; Mohiuddin, H.; Williams, J.; Spears, S.; Anthony, J. Iowa City Automated Vehicles Adaptation & Equity

Plan; Office of Outreach and Engagement at the University of Iowa: Iowa City, IA, USA, 2019; pp. 1–100.
70. Hall, J.D.; Palsson, C.; Price, J. Is Uber a substitute or complement for public transit? J. Urban Econ. 2018, 108, 36–50. [CrossRef]
71. Fitch, D.; Mohiuddin, H.; Handy, S. Investigating the Influence of Dockless Electric Bike-Share on Travel Behavior, Attitudes, Health, and

Equity; UC-ITS-2019-03; Institute of Transportation Studies, The University of California, Davis: Davis, CA, USA, 2020.
72. Shaheen, S.; Chan, N. Mobility and the sharing economy: Potential to facilitate the first-and last-mile public transit connections.

Built Environ. 2016, 42, 573–588. [CrossRef]

https://www.apta.com/wp-content/uploads/APTA_Fact-Book-2019_FINAL.pdf
https://www.apta.com/wp-content/uploads/APTA_Fact-Book-2019_FINAL.pdf
https://datausa.io/profile/geo/los-angeles-county-ca
https://datausa.io/profile/geo/riverside-county-ca
https://datausa.io/profile/geo/richmond-ca/
https://datausa.io/profile/geo/denver-co/
https://www.transit.dot.gov/ntd
http://doi.org/10.1016/j.jtrangeo.2020.102927
http://doi.org/10.1080/01944363.2011.526537
http://doi.org/10.1002/atr.5670340107
http://doi.org/10.1177/0739456X06288093
http://doi.org/10.1080/02723638.2016.1232464
http://doi.org/10.3141/2533-16
http://doi.org/10.1002/atr.5670380302
http://doi.org/10.1016/j.cities.2015.09.009
http://doi.org/10.1016/j.jue.2018.09.003
http://doi.org/10.2148/benv.42.4.573


Sustainability 2021, 13, 2222 19 of 20

73. Fitch, D.; Mohiuddin, H.; Handy, S.; Policy Brief. Electric Bike-Share in the Sacramento Region is Replacing Car Trips and
Supporting More Favorable Attitudes Towards Bicycling. 2020. Available online: https://escholarship.org/uc/item/8gm3w9qp
(accessed on 28 December 2020).

74. King, D.A.; Conway, M.W.; Salon, D. Do For-Hire Vehicles Provide First Mile/Last Mile Access to Transit? Transp. Find. 2020,
1–7. [CrossRef]

75. Nelson Nygaard. Sonoma County Transportation Authority—Mode Shift Plan—Bike Share Feasibility; Nelson Nygaard: Washington,
DC, USA, 2016.

76. Griffin, G.P.; Sener, I.N. Planning for bike share connectivity to rail transit. J. Public Transp. 2016, 19, 1–22. [CrossRef]
77. Walker, A. Cities Can Boost Transit Ridership by Adding More Bike Share—Curbed. Available online: https://www.curbed.

com/2019/2/28/18240650/cities-transit-ridership-bike-share-uber (accessed on 18 August 2020).
78. Mcleod, S.; Scheurer, J.; Curtis, C. Urban Public Transport: Planning Principles and Emerging Practice. J. Plan. Lit. 2017, 32,

223–239. [CrossRef]
79. Fitch, D.T.; Mohiuddin, H.; Handy, S.L. Examining the effects of the Sacramento dockless e-bike share on bicycling and driving.

Sustainability 2021, 13, 368. [CrossRef]
80. Pike, S.; Kazemian, S. Why Do Some Transit Agencies Form Shared-Use Mobility Partnerships while Others Do Not? Institute of

Transportation Studies: Davis, CA, USA, 2020.
81. Singleton, P.A.; Clifton, K.J. Exploring Synergy in Bicycle and Transit Use. Transp. Res. Rec. 2014, 2417, 92–102. [CrossRef]
82. Replogle, M.A.; Parcells, H. Linking Bicycle/Pedestrian Facilities with Transit: Enhancing Bicycle and Pedestrian Access to

Transit—Google Books. Available online: https://books.google.com/books/about/Linking_Bicycle_pedestrian_Facilities_wi.
html?id=AFhPAAAAMAAJ (accessed on 26 July 2020).

83. Cervero, R.; Caldwell, B.; Cuellar, J. Bike-and-ride: Build it and they will come. J. Public Transp. 2013, 16, 83–105. [CrossRef]
84. U.S. Department of Transportation. Federal Highway Administration FTA Program & Bicycle Related Funding Opportuni-

ties. Available online: https://www.transit.dot.gov/regulations-and-guidance/environmental-programs/livable-sustainable-
communities/fta-program-bicycle (accessed on 28 July 2020).

85. Advocacy Advance. First Mile, Last Mile: How Federal Transit Funds Can Improve Access to Transit for People Who Walk and Bike;
Advocacy Advance: Washington, DC, USA, 2014.

86. U.S. Department of Transportation. U.S. Department of Transportation Transit, Highway, and Safety Funds—Funding—
Bicycle and Pedestrian Program—Environment—FHWA. Available online: https://www.fhwa.dot.gov/environment/bicycle_
pedestrian/funding/funding_opportunities.cfm (accessed on 1 August 2020).

87. Buehler, R.; Götschi, T.; Winters, M. Moving toward Active Transportation: How Policies Can Encourage Walking and Bicycling;
University of Zurich: Zurich, Switzerland, 2016.

88. Mathur, S. Innovation in Public Transport Finance; Routledge: Abingdon, UK, 2016.
89. Pucher, J. Equity in transit finance: Distribution of transit subsidy benefits and costs among income classes. J. Am. Plan. Assoc.

1981, 47, 387–407. [CrossRef]
90. Dawkins, C.; Moeckel, R. Transit-Induced Gentrification: Who Will Stay, and Who Will Go? Hous. Policy Debate 2016, 26,

801–818. [CrossRef]
91. Revington, N. Gentrification, Transit, and Land Use: Moving Beyond Neoclassical Theory. Geogr. Compass 2015, 9,

152–163. [CrossRef]
92. Padeiro, M.; Louro, A.; da Costa, N.M. Transit-oriented development and gentrification: A systematic review. Transp. Rev. 2019,

39, 733–754. [CrossRef]
93. Pollack, S.; Bluestone, B.; Billingham, C. Maintaining Diversity in America’ s Transit-Rich Neighborhoods; Dukakis Center for Urban

and Regional Policy: Boston, MA, USA, 2010; pp. 1–68.
94. Litman, T. Evaluating Public Transit Benefits and Costs Best Practices Guidebook. 2020. Available online: https://www.vtpi.org/

tranben.pdf (accessed on 25 July 2020).
95. Hodges, T. Public Transportation’s Role in Responding to Climate Change; Diane Publishing: Collingdale, PA, USA, 2010.
96. Kent, M.; Karner, A. Prioritizing low-stress and equitable bicycle networks using neighborhood-based accessibility measures. Int.

J. Sustain. Transp. 2019, 13, 100–110. [CrossRef]
97. Grisé, E.; El-Geneidy, A. If we build it, who will benefit? A multi-criteria approach for the prioritization of new bicycle lanes in

Quebec City, Canada. J. Transp. Land Use 2018, 11, 217–235. [CrossRef]
98. Manaugh, K.; Badami, M.G.; El-Geneidy, A.M. Integrating social equity into urban transportation planning: A critical evaluation

of equity objectives and measures in transportation plans in North America. Transp. Policy 2015, 37, 167–176. [CrossRef]
99. Karner, A.; Niemeier, D. Civil rights guidance and equity analysis methods for regional transportation plans: A critical review of

literature and practice. J. Transp. Geogr. 2013, 33, 126–134. [CrossRef]
100. California Air Resource Board. AB 32 Global Warming Solutions Act of 2006. Available online: https://ww2.arb.ca.gov/

resources/fact-sheets/ab-32-global-warming-solutions-act-2006 (accessed on 28 December 2020).
101. Denver Department of Public Health and Environment. Climate Action Plan; Denver Department of Public Health and Environ-

ment: Denver, CO, USA, 2018.

https://escholarship.org/uc/item/8gm3w9qp
http://doi.org/10.32866/001c.12872
http://doi.org/10.5038/2375-0901.19.2.1
https://www.curbed.com/2019/2/28/18240650/cities-transit-ridership-bike-share-uber
https://www.curbed.com/2019/2/28/18240650/cities-transit-ridership-bike-share-uber
http://doi.org/10.1177/0885412217693570
http://doi.org/10.3390/su13010368
http://doi.org/10.3141/2417-10
https://books.google.com/books/about/Linking_Bicycle_pedestrian_Facilities_wi.html?id=AFhPAAAAMAAJ
https://books.google.com/books/about/Linking_Bicycle_pedestrian_Facilities_wi.html?id=AFhPAAAAMAAJ
http://doi.org/10.5038/2375-0901.16.4.5
https://www.transit.dot.gov/regulations-and-guidance/environmental-programs/livable-sustainable-communities/fta-program-bicycle
https://www.transit.dot.gov/regulations-and-guidance/environmental-programs/livable-sustainable-communities/fta-program-bicycle
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/funding/funding_opportunities.cfm
https://www.fhwa.dot.gov/environment/bicycle_pedestrian/funding/funding_opportunities.cfm
http://doi.org/10.1080/01944368108976521
http://doi.org/10.1080/10511482.2016.1138986
http://doi.org/10.1111/gec3.12203
http://doi.org/10.1080/01441647.2019.1649316
https://www.vtpi.org/tranben.pdf
https://www.vtpi.org/tranben.pdf
http://doi.org/10.1080/15568318.2018.1443177
http://doi.org/10.5198/jtlu.2018.1115
http://doi.org/10.1016/j.tranpol.2014.09.013
http://doi.org/10.1016/j.jtrangeo.2013.09.017
https://ww2.arb.ca.gov/resources/fact-sheets/ab-32-global-warming-solutions-act-2006
https://ww2.arb.ca.gov/resources/fact-sheets/ab-32-global-warming-solutions-act-2006


Sustainability 2021, 13, 2222 20 of 20

102. Taylor, B.; Haas, P.; Boyd, B.; Hess, D.B. Increasing Transit Ridership: Lessons from the Increasing Transit Ridership in the 1990s; MTI
Report 01-22; Mineta Transportation Institute: San Jose, CA, USA, 2002; pp. 1–180.

103. TransitCenter. Who’s on Board 2019: How to Win Back America’s Transit Riders; TransitCenter: New York, NY, USA, 2019; pp. 1–90.
104. Gkiotsalitis, K.; Cats, O. Public transport planning adaption under the COVID-19 pandemic crisis: Literature review of research

needs and directions. Transp. Rev. 2020, 1–19. [CrossRef]

http://doi.org/10.1080/01441647.2020.1857886

	Introduction 
	Materials and Methods 
	First-Last Mile Strategic Plans 
	Framework for Analysis 
	The Process of Plan Preparation 
	Strategies Used for FLM 
	The Intended Outcome of the FLM Plan 


	Review of the FLM Plans 
	The Process of Plan Preparation 
	Strategies Used for FLM 
	Socio-Spatial Gap Analysis and Stop/Station Level Strategies 
	Micro-Level Detail Design Strategies 
	Strategies for the Integration of Suburban and Rural Services 
	Strategies for the Integration of Multimodality 
	Strategies for the Integration of New Mobility Services 
	Active Transport Infrastructure Development Strategies 
	Financing and Project Implementation Strategies 
	Gentrification Consideration 

	The Intended Outcome of the FLM Plan 
	Environmental Benefits 
	Transportation Equity Outcome 
	Success Measure Indicators for Different FLM Strategies 


	Discussion 
	Conclusions 
	References

