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Executive Summary

Autonomous vehicles (AVs)—vehicles that can operate with little or no human involvement—are
now being introduced for regular use in cities throughout the United States and the world. While AVs are
currently too expensive and their technology inadequately developed to operate at a large scale, the AV
industry could eventually become a multi-billion-dollar engine of the economy, fundamentally
transforming the way we get around (Schwartz 2018). AV technology could be used not only to replace
drivers in passenger cars, but also used for public transit vehicles, freight-carrying trucks and even
automated goods-carrying robots.

The way in which AVs are rolled out has the potential to either increase social equity and
environmental sustainability or reinforce entrenched inequities and accelerate climate change
(Freemark et. al 2022). AVs could make transportation more affordable for low-income families and
people of color, while cutting down on traffic, pollution, and greenhouse gas emissions, since AVs are
likely to be electric (Tessum et al. 2021). Or AVs could increase vehicle miles traveled (VMT), traffic,
pollution, suburban sprawl, and racial segregation (Wadud, MacKenzie, and Leiby 2016). If, for instance,
the convenience of commuting by AV provokes a suburban exodus, residential segregation could
increase, equity in access to opportunity could decline, and pollution could rise, much as was
experienced after the development of the interstate highway system (Baum-Snow 2007; Rothstein
2018).

Land use in particular will play a crucial role in shaping the impact that AVs have on equity and
environmental sustainability. Existing land use patterns will greatly influence the speed and locations at
which AVs are adopted within a community, which will then influence further developments in land use.
And, since AVs are likely to be electric, planning for electric grid infrastructure and AV planning are
mutually related, which could have a considerable impact on how AVs operate, as well as on the design
of the built environment. Historical evidence from previous transportation technologies suggests that
AVs will significantly alter land use patterns, and, in turn, these land use patterns will influence the
further deployment and integration of AV technology. But local and state governments, working with
individuals and organizations, can shape AV rollout through land use policy, leveraging tools related to
zoning, curb use, development planning, and more to help ensure that AVs help generate a better society
for all. So far, however, there has been little concrete action on the part of cities and states around the
United States to associate the AV ecosystem with new approaches to land use policy.

This toolbox is therefore designed to help policymakers and other interested stakeholders prepare
for mass AV rollout to maximize benefits to equity and environmental sustainability. The toolbox takes
learnings from five historical transportation examples to propose actions for the future. It contains
recommendations for policies and practices tailored for different types of communities. These
recommendations are designed to be applicable to both freight and passenger service and apply to
situations where AVs are used on all trips or just on some trips as part of multimodal trip taking, such as
through ride-shared, car-sized AVs combined with public transportation.

This toolbox comprises various policy recommendation fact sheets, including several that can help
policymakers identify ways to disincentivize the sprawl and increased VMTs that may come from AVs,
such as:

» Amending zoning codes to allow for increased housing density in urban cores and other population
and job centers to help disincentivize AV-generated sprawl. These policies can include reduced
parking minimums and allowing land formerly used for unnecessary parking and road space to be
reallocated for other purposes, such as housing, parks, walking/biking lanes, and community
amenities. Codes can also be altered to require traffic impact assessments that focus more on reducing
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total VMT than on preventing vehicular delay, and allow for more efficient locations and
configurations of freight distribution centers, since they will no longer need to be located near where
potential drivers live. They will also not need the same amount of parking as would be required if all
drivers were human and were parking at these centers.

Refining street curb regulations to promote shared AV use by devoting dedicated space on each block
for passenger pick-ups and drop-offs, providing quality access to public transit services, appropriately
charging for curb use, and allowing for reliable freight deliveries. Effective real-time operations
management and enforcement are also necessary to support the effective rollout of such regulations.

Altering policies related to greenfield development with the goal of preserving land for agricultural
use and ensuring the preservation of natural ecologies, since AVs might encourage development on
greenfields on the outskirts of urban areas due to both suburbanization and land needs for AV-related
infrastructure. This can include updating comprehensive plans to outline long-term goals and
strategies for managing growth and development in areas that are currently natural or agricultural,
updating land use ordinances to limit development in peripheral areas, creating environmental
regulations and standards, and incentivizing infill or brownfield development over greenfield growth.

Expanding the transportation network to invest in public and active transit. Communities can also
think carefully about where to locate transportation expansions in suburban and rural areas so that
freight, information technology servers, and AV parking needs are distributed efficiently and do not
negatively disrupt local ecosystems or communities with low incomes and communities of color.

This toolbox also offers suggestions for how leaders can take advantage of the opportunities that AVs

may provide through reduced parking needs and road space, making land newly available in urban
cores. Recommendations to help leaders take advantage of these new opportunities include:

Transforming street designs to prioritize pedestrians and shared uses, leveraging space freed up by
more efficient vehicle navigation and less need for parking. This could involve creating roadways
where only AVs can enter (potentially reserving lanes for AV transit vehicles) and creating dedicated
space for shared vehicles and light mobility technologies, such as bikes and scooters.

Amending right-of-way management to create managed lanes for AV buses and other transit options
that are integrated into the broader mobility system. Governments have the opportunity to consider
congestion pricing and reinvesting the resulting revenue in transit options, which could include AV
bus service. Communities can carefully design geofences for AV-only spaces by considering the
efficiency and VMT implications of geofence locations.

Strategically managing publicly owned land to prevent valuable properties from being used to
promote the use of motorized individual transportation through AVs or otherwise. Government and
community leaders may dedicate this land for uses that advance their equity and sustainability goals,
such as affordable housing, public parks, community facilities, public transportation projects, or
freight distribution centers.

These policy ideas require effort from local, regional, and state governments to be implemented.

Communities may need to implement policies in a unique way, responding to their specific needs that
are not universally shared. Different communities have varying political, economic, and social contexts
that may make some policies more or less feasible than others. The successful implementation of each
policy, moreover, may require an enforcement strategy; ensuring that curb space is fairly allocated, for
example, relies on communities taking the steps to guarantee that residents and visitors follow the rules.

All of these policies should be created in partnership with community members who have been
historically harmed by transportation and land use decisions, such as people of color, people with
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disabilities, and people with low incomes. Our community engagement fact sheet offers suggestions for
how to ensure that community engagement with historically excluded and marginalized populations is
central to AV and land use decisions.

While this toolbox focuses on policy and practice related to land use and AVs, other policies and
initiatives will be needed to ensure that AVs increase equity and environmental sustainability. These
may include subsidies to incentivize ridesharing, requiring a percentage of, or all, shared AVs to be
compliant with the Americans with Disabilities Act to meet the needs of people with disabilities, and
implementing usage fees rather than regressive gasoline taxes, which could force non-AV users to
subsidize AV riders (Barnes and Turkel, 2017). The land use tools discussed in this toolbox should
complement these other tools.

A one-size-fits-all set of recommendations is unlikely to work for leaders hoping to adapt their land
uses and land use policies to prepare for and respond to AV rollout. Suburban communities may face
increasing development pressures from residents, freight centers, and data farms, while cities may
benefit from increased land available for other uses after the rollout of AVs—but may have to plan for
new curb usage, increased VMT, and even potentially depopulation. Therefore, this toolbox is designed
to help communities identify their “type” and then connect them to recommendations that fit their
expected future conditions.

Box 1.1 Definitions

Several of the key terms used in this toolbox include (we provide more details in the appendix,
available on the Transportation Research Board website):

= Autonomous vehicles (AVs) combine an automated driving system with a vehicle to perform a
dynamic driving task (meaning steering, accelerating, braking, and signaling) within the public road
right-of-way (they differ from automated vehicles, like automated metros, which operate on dedicated
track). The AVs we describe in this toolbox are capable of level 4 (high driving automation) or 5 (full
driving automation); they thus go beyond driver assistance technologies such as cruise control. AVs
will most likely be mostly electric and will thus need charging infrastructure. AVs may be
implemented in both passenger and freight contexts, and could come in a variety of forms, such as:

= Robotic, small-goods carrying vehicles that could run on sidewalks but not carry passengers;
= Passenger-car sized vehicles that could replace typical cars and light trucks;

»  Van-sized vehicles that could provide shared travel services on lightly frequented routes;

»  Bus-sized vehicles that could serve a key role in the public transportation network; and

=  Trucks of various sizes designed to carry freight.

= Land use includes the following elements. It can be altered by land use policy.

» The form of buildings in an area (e.g., towers versus single-family homes for residences).
Building form could specifically include the shape of buildings to adapt to, or orient, different
modes of transportation.

= The use of buildings or land in an area (e.g., for residences or for warehousing).

= The preservation of land for largely non-built needs (e.g., for natural or agricultural use).

= Transportation infrastructure itself, meaning the facilities needed to convey and store vehicles
in the transportation system.

= Equity refers to the point at which an individual's race, ethnicity, gender, socio-economic status,
sexual orientation, physical abilities, or other individual characteristics do not determine their
opportunities or outcomes.

= Environmental sustainability means that human interaction with the natural environment and its
constituent elements leaves it able to persist in a steady state into the future.



» Built environment refers to the man-made structures, features, and facilities in which people live and
work.

1. A quick start guide to using this toolbox

We have prepared this toolbox to provide policy recommendations tailored to the specific context
and needs of individual communities—keeping in mind that community engagement should always be
integrated into any planning process. In this sense, we propose a series of steps for users to navigate this
toolbox in the most effective way possible. However, users should feel free to leverage any of the content
in this document in whatever fashion they consider to be the most valuable for their needs and
circumstances, especially when it comes to policy levers. We include links throughout the toolbox that
allow users to navigate easily from one section to another at a single click. We have identified six key
steps to take to move forward with planning for the links between AV technology and land use.
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Step 1. Gather a diverse team of stakeholders to plan your community’s AV
policies!

This is your opportunity to change your community for the better! Think about what objectives you
have when it comes to preparing for the rollout of AVs and potential future land use changes. Think
about who you’re planning for. This brainstorm can help you use this toolbox more effectively. Make
sure to integrate a full spectrum of your community into your team, including those with low incomes,
people who live in rural areas, people with disabilities, people with limited English proficiency, veterans,
and people of color. Also make sure that land use stakeholders and transportation stakeholders are
working closely together at every step of this process.

Step 2. Learn about how AVs and land use are linked

In Chapter 2 of this toolbox, we detail how AVs and land use intersect, while emphasizing the
importance of public policy in this context. We identify historical examples of how transportation
technologies can transform our landscape and show how community engagement is critical to uplift
peoples’ needs. In Appendix A (available on the Transportation Research Board website), learn more
about the evidence informing this toolbox, and in Appendix B, explore the historical connections
between five different transportation technologies and land use outcomes.



Step 3. Identifying your community type

In Chapter 3 of this toolbox, learn how to identify the community type that best describes your area.
Figure 1.1 summarizes how to identify your community type. We describe this figure in more detail in

Chapter 3.

Figure 1.1 Identifying your community type

What is your

community
type?

Above the US
median in
population

and job
densities

High Development Pressure

Above the US median for at least
two of these metrics; population
change, change in number of
jobs, and change in medianrent

HighCaror
Truck Reliance

Low Caror
Truck Reliance

Low Development Pressure

Above the US median for at least
two of these metrics; population
change, change in number of
jobs, and change in medianrent

HighCaror
Truck Reliance

LowCaror
Truck Reliance

Moderate
Density

Above the US
median in
either
population or
job density
only

Low Density

Below the US
median in
both
population
and job
densities

High Development
Pressure

Low Development
Pressure

High Development
Pressure

Low Development
Pressure

HighCaror
Truck Reliance

LowCaror
Truck Reliance

HighCaror
Truck Reliance

LowCaror
Truck Reliance

HighCaror
Truck Reliance

LowCaror
Truck Reliance

HighCaror
Truck Reliance

LowCaror
Truck Reliance

1. The car-heavy urban core

2. The dense multi-modal community

3. The established hub

4. The underinvested area

5. The sprawling suburb

6. The walkable suburb

7. The mature suburb

8. The suburban town
center

9. The exurban fringe

10. The rural center

11. The metropolitan edge

> 12. The rural town

Note: A community has a high car or truck reliance when it is above the US median for at least two of these metrics; car ownership
rate, car commuters, and rail freight miles per capita. Otherwise, it should be considered having low car or truck reliance.

No one knows their community better than residents and other local stakeholders. We encourage
users to use your best judgement to identify your community type, even in ways that extend beyond the
model we propose. In other words, if our model suggests a community type that, after your
consideration, does not really reflect the context and conditions of your area, you should feel free to
leverage the information about another community type that you consider to be the best fit.

Step 4. Learn about your community’s needs and the expected impacts of

AV rollout

Once you have identified the community type for which you want to conduct planning, review the
applicable community factsheet in Chapter 4 to learn about the expected relationships between AV
rollout and land use and the recommended policy responses. Below, in Table 1.1, we list each of the
community types and the policy tools that are likely most relevant for their respective needs. Click on
the links to immediately navigate to the community types and policy fact sheets.



Table 1.1 Relevant issues for different community types

Policy area

Expansion of

transit

Use of the
curb
Greenfield
development
owned land

AN A 4| Streetdesign
<
<

A\ X < | Rightofwa

Publicly

Community type
1. The car-heavy urban core

Community
engagement
Zoning

<. | Building code

2. The dense multi-modal

community
3. The established hub

RN
&

4. The underinvested area

SNEN

5. The sprawling suburb

6. The walkable suburb

«
NEN
«

7. The mature suburb

SSENENESENENEN

«
«

8. The suburban town
center
9. The exurban fringe

10. The rural center

SSENENEN

11. The metropolitan edge

SNEN
«
SNENENEN

12. The rural town

ENE N NN N NS U RN

SSENEN
«

v v

Step 5. Review relevant policy sheets

Review the policy sheets for your community type in Chapter 5 to learn about the specific policy
levers at your disposal. These sheets include information about how a particular public policy relates to
the AV ecosystem in the context of historical lessons, what specific actions can be taken to advance
equity and environmental sustainability, and which stakeholders are relevant for policy implementation.
We provide details about how policies may be implemented in a variety of fashions for different
community types.

Step 6. Choose and develop relevant metrics

In Chapter 6, we explore how communities and stakeholders can use metrics to 1) gauge the
intensity with which AVs are being used and AV-oriented infrastructure is being developed in your
community, and 2) measure outcomes for this AV rollout and potential policies being implemented in



response. We offer a list of metrics for each of these purposes, but we encourage you to build on them
and create metrics that best serve your needs and context.

What next?

If you're having trouble thinking through how the toolbox might best be used in your community,
consider examining the five example use cases we present in Chapter 7. These examples walk through
the use of the toolbox in several different contexts.

If you want to think through additional approaches to study and plan for the AV ecosystem, check out
our conclusions in Chapter 8. References are available in Appendix D, also downloadable on the
Transportation Research Board website.

Good luck!
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2. Introduction

Transportation technologies play a major role in influencing the shape of the urban environment. In
turn, the shape of the urban environment has a major role in influencing the use of transportation
technologies. Technology is not inherently good or bad; its impact depends on how it is used. Policy can
make the difference between AVs having positive or negative impacts on society and the environment,
and in many cases, policies can set off a chain of path dependencies. Proactive planning and
policymaking are essential to ensuring that the AV ecosystem helps communities achieve their goals.

This relationship between policymaking and outcomes has been evidenced by the ways in which new
and transformative transportation technologies have influenced patterns of land use—and how land use
patterns have impacted the rollout of such technologies. For example, the expansion of the U.S. highway
system, primarily in the decades following World War II, drastically changed the way people move,
where they live, and how land is used. Highways made car travel cheaper and easier, while contributing
to suburbanization (Baum-Snow 2007). They encouraged a shift in freight transportation from railways
and canals onto trucks. They also spurred economic growth in areas near roads, while contributing to
economic decline in sections of inner cities adjacent to highways and in small towns far from them. This
produced a cycle of continuous feedback; increased demand for driving encouraging increased
investment in new highways.

Similarly, streetcar technology had a cyclical relationship with land use. Before streetcars were
introduced, the physical scope of cities was largely constrained by the distance someone could commute
by walking (Jucha 1979). As the first large-scale motorized transportation option affordable to
individuals with working-class professions, streetcars enabled peri-urban areas to become “streetcar
suburbs,” offering housing in less densely populated settings but within commuting distance of jobs.
This led to large expansions in urban land area, with less dense housing developed in patterns that
closely tracked the linear extension of streetcar routes (Jucha 1979; Warner 1978; Xie and Levinson
2010). These newly developed areas then experienced higher land costs and shaped the location of
future streetcar lines.

Another technological rollout that interacted with land use to impact social equity and
environmental sustainability was the containerization of freight transportation. Container shipping
radically transformed freight transportation by reducing costs, increasing the ability to monitor
movement, and enabling intermodal freight, meaning transporting goods on multiple modes. The
globalization of production and shipping that this enabled altered economic activity around the world
(Hesse 2008). Containerization's preeminence in global freight movement enabled increasing flows of
global trade. Containerization altered port locations; this required the construction of massive container
terminals surrounded by acres of flat land to handle large ships and their goods, while freeing up land
along waterfronts for redevelopment. Containerization also contributed to the growth of suburbanized
distribution centers and warehouses designed around truck access and to the creation of truck-oriented
big box stores. To learn more about these and other technologies, see Appendix B, available on the

Transportation Research Board website.

Similar to these past examples, AVs are likely to interact with land use in multiple ways. Road design,
combined with public investment in new infrastructure, may affect how easily and quickly AVs roll out
in certain communities. For example, Liu et al. (2019) predict that AVs will operate more efficiently in
communities with many roundabouts, since AV traffic could merge efficiently, with shorter queueing
times (Godsmark et al. 2015). Land use will also determine the availability of space for needed AV
infrastructure and technology, such as communication networks, which require equipment like cameras,
radars, and lidar sensors, and which may be located on roads and other public urban spaces.
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Furthermore, in the context of the fast rollout of electric vehicles, most companies investing in AVs have
implied that their products will be electric. This means that the infrastructure needed for AVs will be
inextricably linked to that of electric vehicles, including the location of charging stations, or even
electrified roads that charge vehicles while driving. Land use may also affect the location of facilities for
storing the routers and servers that AVs run on (Sudhakar 2023).

AVs are likely to then go on to further influence land uses. Some scholars predict that AVs could
reduce car ownership, mainly because their more efficient algorithms could facilitate car sharing—
although this phenomenon did not occur with ride hailing, despite being predicted (Cohen and Hopkins
2019; Grush and Niles 2016; Othman 2022; Zhang 2017). AVs may also reduce parking demand, with
one estimate pointing to up to 60 percent of parking area being freed up, and a consequent 20 to 25
percent reduction in the cost of developing multifamily housing due to not having to include as many
parking spaces (Riggs, Appleyard, and Johnson 2020).1 AVs may free up urban space through more
efficient road use. Roads are designed to account for human error, but AVs could—in theory—drive
safely in narrower lanes and stay closer to other vehicles, reducing traffic congestion and the need for
road space overall (Friedrich 2016; Securing America’s Future Energy 2018; Wagner 2016). Congestion
could also be ameliorated by AVs thanks to their built-in traffic monitoring systems (Atiyeh 2012). The
public space that was previously dedicated to parking or driving could then be used for a myriad of
purposes, such as transit or bike lanes, expanded sidewalks, parklets, retail, or restaurants. Or this land
could also be used for housing, increasing the size or number of residential units per lot.

Another consistent prediction in the scholarly literature, however, is that AVs will increase VMT,
even with traffic monitoring systems and a shrinking overall number of cars (Burns et al. 2012; Fagnant
and Kockelman 2015; International Transport Forum 2015). AVs may motivate people or businesses to
locate further from urban centers to lower their land costs. This could increase the population in outer
suburbs and rural regions (Gelauff et al. 2017; Kim et al. 2015; Meyer et al. 2017), particularly given the
post-pandemic movement toward working from home. One model estimates that AV service could lead
to a 4 percent population reduction in inner cities and a 3 percent population increase in outer suburbs
(Thakur et al. 2016).

In Figure 2.1, we illustrate potential ways that AV technology may relate to land use over time, Based
on our review of available scholarship.
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Figure 2.1 Potential relationships between AV technology and land use
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Perhaps the most important thing to keep in mind when designing land use policy and practice to
prevent these negative outcomes is that each community is different, and as such, there is no one-size-
fits-all approach. Any policy decision, whether or not related to AVs and land use, should be grounded in
extensive and meaningful engagement with groups historically marginalized or excluded from decision-
making processes. These groups may include people with low incomes, renters, people who identify as
LGBTQ+, people with disabilities, and people of color. While this toolbox provides insights into
engagement methods and best practices, it is a complement to more detailed guides to community
engagement that users should also consider using in their planning efforts.2

. .

Meaningful community engagement necessitates a deep understanding of the needs of historically
oppressed groups before decisions are even proposed. This can be done through comprehensive
planning, but should also be undertaken on a regular basis even when planning processes are complete.
Fostering trust and ongoing partnership with communities is necessary since many of the communities
that have experienced the most oppression and are most excluded have lost trust with their local
governments over time.

Although community engagement typically plays a role in local policymaking, it often
disproportionately involves promoting the views of individuals with higher incomes and education
levels, who are more likely to have the time and capacity to attend public events.3 This can inadvertently
perpetuate exclusionary practices rather than fostering equity. Therefore, designing community
engagement to be accessible to people who have been excluded, such as by providing translation,
childcare or selecting venues that are compliant with the Americans with Disabilities Act, is of the
utmost importance. For specific recommendations on enhancing equity in engagement processes, refer
to our community engagement policy fact sheet. In addition, planners and policymakers can foster a
deeper culture of equity within their land use and transportation systems in the following ways (Stacy et
al. 2022):

» Create a community equity council to weigh in on reform decisions. Such councils consist of
residents and leaders from neighborhoods with low incomes and communities of color that have

13
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limited access to opportunity and who have historically been harmed by land use policies. Members of
such groups should be given decisionmaking power and be paid for their time.

Create a mobility equity framework or transportation justice framework, with the process led
by the equity council. A mobility or transportation justice framework is an internal framework for
centering transportation justice and equity in everything an agency does. Mobility frameworks include
major guiding policies for the agency, including for its strategic plan, service guidelines, and climate
action plans.

Undertake internal efforts to foster an antiracist culture, emphasizing equity in hiring, board
representation, and strategic planning, while acknowledging and rectifying past inequities.

Foster collaboration across land use, transportation, and community development to promote
transit-oriented development and equitable access to opportunities, incorporating community input.

Utilize data to target investments and improvements in areas that will most benefit marginalized

populations, addressing transportation needs for work, shopping, healthcare, and community
activities.
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3. Identify your community typology

This toolbox details how the rollout of the AV ecosystem could impact land use patterns—and how
land use patterns could shape the deployment of these vehicles. There is no one-size-fits-all approach to
ensuring that AVs contribute to socially equitable and environmentally sustainable outcomes that
promote quality of life for all. States, localities, and neighborhoods differ in their spatial forms, political
environments, budgetary resources, and staff capacity. They also vary in terms of their governance
levers, such as their zoning policies, building code rules, budget allocations, and street designs—some of
which are also mediated by state government policy. This means that each community is best served a
tailored policy approach shaped by its context.

We developed a typology of communities to help policymakers and other stakeholders identify what
kind of community they are working in, the likely impacts of AVs on their communities, and what
approaches would be feasible and effective at encouraging an AV rollout that is sustainable and
equitable. To learn more about how we developed the typology, see Appendix C, available on the
Transportation Research Board website.

The purpose of this community typology is to make it easier for a community (which can mean
policymakers, staff, community members, and interested residents) to get started with planning for AVs.
However, even if a particular policy lever is not included in the recommended policy levers for a
particular community type, people can still employ these policy levers if they feel that it serves the needs
of their community. Everyone using this toolbox is encouraged to use the policy levers creatively
regardless of their community type. For example, even if there is low development pressure in a specific
community, community members may still find tools suggested for high development pressure areas
useful to help them to improve the quality of life for their residents. When a community takes a baby
step towards changing its path dependencies, it may still represent progress in achieving revolutionary
changes for the community in the long run. In other words, your current type of community should not
prevent you from dreaming big.

We have developed a series of prototypical community types, defined by their characteristics. We
think that the following three measures, which we describe in further detail later in this chapter, are
most relevant to how AVs and land use will interact in a given community:

= Community density

= Development pressure

= Car and truck reliance

To use this chapter, first consult the matrix in Figure 3.1 to identify one of the 12 community types
that might apply to you. If you want to learn more about the measures we have developed to
differentiate communities, read on in this chapter. Otherwise, feel free to move on to Chapter 4 to
examine the fact sheet for your community type.
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Figure 3.1 Identifying your community type
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Note: A community has a high car or truck reliance when it is above the US median for at least two of the following metrics: car
ownership rate, car commuters, and rail freight miles per capita. Otherwise, it should be considered having low car or truck reliance.

You should consider a “community type” to be applicable to any scale, from an entire state to a
specific neighborhood. When identifying what type of community you will be planning for, it is
important to consider surrounding communities or jurisdictions to determine what scale is appropriate
for planning purposes. For example, you may be trying to plan for a low-density community that has
experienced population loss but that is well connected through transit to a booming urban core, and
these are all within the same city. In that case, consider reviewing tools and recommendations that

would apply to an entire city or metropolitan area in order to get a full picture of the planning landscape
in which a smaller community sits. Community types can differ within a single metropolitan region or
city and AV policies should not be implemented without taking adjacent communities and the broader
region into account. Local or community-oriented AV policies have to coalesce in order to ensure
seamless travel and interoperability among communities and to ensure that no harm is done to nearby
communities.
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Measure 1: Community Density

Why does density matter for the AV ecosystem?

Density means the concentration of people and uses located in a particular area; density can be defined
in terms of population per area. AV rollout is likely to be influenced by community density, and vice-
versa. The rollout of streetcars in the late 19t and early 20th centuries, for example, was associated with
the creation of mid-rise suburban neighborhoods ringing cities around the United States. Recent bike
sharing systems, meanwhile, have attracted significantly more users in the densest neighborhoods than
those with lower densities. AVs may have different impacts on changing land uses, depending on
neighborhood density, and neighborhoods with varying densities may adopt different forms of AVs.

How is density relevant to passenger movement? How is density relevant to freight services?

Density is relevant to passenger movement In dense neighborhoods, small-scale robotic AVs
because denser places may entail shorter travel may be useful for distributing packages. AV-
distances and because less dense places often served freight distribution facilities may become
rely more heavily on private cars vs. other modes common in neighborhoods with low levels of

of transportation. density, where they can be placed easily.

Low density community

Such communities feature single-family
homes spaced relatively far from one
another. Many low-density communities are
rural or on the edge of metropolitan areas.
Such communities may be complemented by
warehousing or manufacturing employment.

Medium density community

Such communities constitute most of US
urban areas. They are typically suburban in
form, with a mix of single-family homes,
duplexes, and other small- to mid-rise
buildings. They may be complemented by
employment in office parks.

High density community

Such communities feature large buildings and
many residents and/or workers on a small
amount of land. Manufacturing or industrial
employment uses are less common in this
type of area because of the difficulty
accessing them by truck.

Source: Images generated by Microsoft Bing Al.
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Does your community have high or low density?

We encourage you to use your best judgement to answer this question. If you want to compare your
community with others throughout the country, you can use two metrics: (A) population density,
defined as the weighted number of residents per square mile and (B) job density, defined as the number
of jobs per square mile. To calculate each metric, you can use free data from the US Census Bureau, like
the American Community Survey 5-year estimates.

Table 3.1 below offers more details on how cities and towns (Census places) across the United States
stack up in terms of their density. Based on Table 3.1, if your community is above the median for both
metrics, then you may consider your community as having “high density.” Denver, Colorado is an
example of such a city. If your community is above the median only for one of the two metrics, then it
can be considered as having “medium density,” like Scottsdale, Arizona is (below the median for job
density but above the median for population density). Finally, if your community is below the median
for both metrics, then you can consider this place as having “low density,” like Huntsville, Alabama.

For some these calculations we used a weighted density measure. For Metric A, we calculated
population density at the census tract level, and we then aggregated these values for each place
(municipality), weighted by the population in each tract. This weighted measure reflects the density of
the neighborhood where the typical person lives in the community. (We did not use weighted density
for Metric B, job density.)

Take the following example of a place that is comprised of two census tracts, one with 9,000 people
and a density of 1,000 people per square mile, and another tract with only 1,000 people but a density of
100 people per square mile. The weighted density for the whole place is 1,000*0.9 + 100*0.1 =910
people per square mile, since 90 percent of the people live in the first tract and 10 percent live in the
second tract.

We use weighted density to account for places that may have a large area but in which the population
may still be concentrated in a small area within. For example, with a simple population density
calculation, Anchorage, Alaska would appear as one of the least dense places in the US, due to its massive
surface area. However, most of Anchorage’s population is concentrated in a smaller area, which is more
relevant for planning purposes.
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Table 3.1 Development pressure metrics

Metric A: Population density (weighted by tract population)
How to calculate this metric: 2021 population / 2021 square miles, weighted by tract population
Distribution of places by population density
Edwards, Colorado
2004
Huntsville, Alabama
Colorado Springs, Colorado
150 -
g Austin, Texas
3
S
= 100 -
S
9
g
=
=
50
New York, New York ----+
0-
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Population per square mile
Low end: 75.4 1st quartile upper Median (the typical | 3" quartile upper | High end: 65,142
Example: Edwards, limit: 1,944 city): 3,164 limit: 5,153 Example: New
Colorado Example: Example: Colorado | Example: Austin, York, New York
Huntsville, Springs, Colorado Texas (not shown)
Alabama

Source: U.S. Census American Community Survey 5-year data at the place (municipal) and census tract levels, 2021. Data can be
downloaded at https://data.census.gov/

Notes: Histograms are limited in their horizontal axes to illustrate the frequency distribution more clearly. Hence, the full spread of
these values is not captured by the charts, and cities like New York are not shown.
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Metric B: Job density
How to calculate this metric: 2019 employment / 2019 square miles
Distribution of places by population density
Prudhoe Bay, Alaska
500 +
Peoria, Arizona
400 -
g
s 3004
u;: Columbia, Missouri
5
g 200 +

§ Austin, Texas

100 -

Ellisburg, New Jersey ----+
04 =T
0 1000 2000 3000 4000 5000
Jobs per square mile
Lowend: 1 1t quartile upper Median (the typical | 3" quartile upper | High end: 28,471
Example: Prudhoe limit: 143 city): 470 limit: 1,366 Example:
Bay, Alaska Example: Peoria, Example: Example: Austin, Ellisburg, New
Arizona Columbia, Missouri | Texas Jersey (not
shown)

Source of data for metric B: Longitudinal Employer-Household Dynamics, at the census tract level, 2016 (we used 2016 to obtain
data for all census tracts in the US but you may be able to use a more recent year for the assessment of your own community). Data
can be downloaded at https://onthemap.ces.census.gov/

Notes: In this case, we do not use a weighted measure of density, but evaluating job density with a weighted measure is also an

option.
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Measure 2: Development Pressure in the Community

Why does development pressure matter for the AV ecosystem?

Development pressure refers to the degree to which a community is experiencing the need to expand its
infrastructure and public services—such as those related to housing, transportation, utilities, healthcare,
and public safety—given an increase in population and/or employment, or associated changes, such as
growth in income and housing values. A community experiencing high development pressure and thus
actively building new infrastructure may design some of that new infrastructure with AVs in mind. For
example, new housing developments may be built with fewer parking spaces if AVs reduce the need for
them and land-use regulations are modified accordingly. Conversely, lower development pressure may
correlate with depressed economic activity and wages, which may slow the rollout of AVs in that
community.

How is development pressure relevant to passenger How is development pressure relevant to
movement? freight services?

Places with high development pressure experience A community with high development

rapid growth, which in turn increases demand for pressure may experience growing

higher passenger movement capacity—but all that demand for goods that need to be

growth may slow movement due to congestion. delivered, even as rising land values push
Development pressure also provides more existing freight-related facilities further
opportunities for new infrastructure to be adapted from the city center. Conversely, a

to new technologies. shrinking community may find itself with

unused freight infrastructure that could
be repurposed.

Low development pressure community

This kind of community may be experiencing
population loss, for example if it historically
specialized in an industry that is declining or
moving elsewhere. This kind of community
may have lots of vacant lots and aging
infrastructure. While the cost of living is low,
wages and economic opportunities may also
be low or scarce.

High development pressure community

These communities may experience rapid
population growth due to large new
employment centers or booming economic
sectors establishing in their region. These
places may need to develop new
infrastructure and increase the supply of
housing to satisfy a growing demand.
Expanding the capacity for passenger and
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freight transportation becomes critical for
these communities.

Source: Images generated by Microsoft Bing Al.

Does your community have high or low development pressure?

We encourage you to use your best judgement to answer this question. If you want to compare your
community with others throughout the country, we propose that you use a combination of three
metrics: (A) change in population, (B) change in the number of jobs, and (C) change in median rent. You
can use data from the US Census Bureau, like the American Community Survey 5-year estimates. If you
have access to more recent rental data from a source such as CoStar or MLS, you can use those,. Note,
however, that these data are skewed toward multifamily properties and higher-cost units, so using a
combination of ACS and proprietary data sets, along with any other rental registry or other local data,
will provide the most complete picture.

Table 3.2 below compares U.S. cities and towns (Census places) on these three metrics. If your
community is above the median for two or more of these metrics, then it likely has “high development
pressure.” An example is Phoenix, Arizona, which is above the median for all the three metrics. If your
community is above the median for one or none of the metrics, then it likely has “low development
pressure.” An example is Memphis, Tennessee, which is below the median for all three metrics.

Table 3.2 Development pressure metrics

Metric A: Population change
How to calculate this metric: (2021 population - 2011 population) / 2011 population
Distribution of places by population change
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=
S 1004
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~
g
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T
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Low end: -71%
Example: Paradise,
California (not
shown)

1t quartile upper
limit: 0.7%
Example: New
York, New York

Median (the typical
city): 6%

Example: El Paso,
Texas

3rd quartile upper
limit: 13%
Example: Tampa,
Florida

High end: 363%
Example: Horizon
West, Florida (not
shown)
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Source: U.S. Census American Community Survey 5-year data at the place (municipal) level, 2011 and 2021. Data can be downloaded
at https://data.census.gov/

Notes: Histograms have been limited in their horizontal axes to illustrate the frequency distribution more clearly. Hence, the full
spread of these values is not captured by the charts. Paradise, California, at the low end of the data, lost more than two thirds of its
population in ten years due to wildfires in 2018.4

Metric B: Jobs change
How to calculate this metric: (2021 jobs — 2017 jobs) / 2017 jobs
Distribution of places by jobs change
Omaha, Nebraska
200
Baltimore, Maryland
Jacksonville, Florida
150
(7]
8
S
Q
S 100
S
~
g
=
=
50 -
<----- Panola, Cleaton, Kentucky ----4
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0 .
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Percentage change in jobs, 2017 to 2021
Low end: -100% 1st quartile upper Median (the typical | 34 quartile upper High end: 1,100%
Example: Panola, limit: -1% city): 5% limit: 10% Example: Cleaton,
Oklahoma (not Example: Example: Omaha, Example: Kentucky (not
shown) Baltimore, Nebraska Jacksonville, shown)
Maryland Florida

Source: U.S. Census American Community Survey 5-year data at the place (municipal) level, 2011 and 2021. Data can be downloaded
at https://data.census.gov/

Notes: We use 2017 as the base year instead of 2011 because the American Community Survey 5-year estimate does not provide
total jobs for 2011. An alternative data source for change in employment can be the Local Area Unemployment Statistics program,
run by the U.S. Bureau of Labor Statistics: https://www.bls.gov/lau/data.htm
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Metric C: Rent change

How to calculate this metric: (2021 median rent - 2017 median rent) / 2017 median rent
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50 1

Number of places

<«--- Dardenne Prairie,
Montana

Distribution of places by rent change
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Prairie, Montana
(not shown)
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limit: 10%
Example:
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Wisconsin
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city): 13%
Example: Tucson,
Arizona

3rd quartile upper
limit: 23%
Example: Austin,
Texas

High end: 102%
Example:
Charlestown,
Rhode Island (not
shown)

Source: U.S. Census American Community Survey 5-year data at the place (municipal) level, 2011 and 2021.

at https://data.census.gov/

Data can be downloaded

Notes: We use 2017 as the base year instead of 2011 because the American Community Survey 5-year estimate does not provide
median rent for 2011. An alternative data source for change in rent or housing costs can be Zillow’s Home Value Index, “A measure

of the typical home value and market changes across a given region and housing type.” It can be accessed at:

https://www.zillow.com/research/data/
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Measure 3: Car/Truck Reliance

Why does car and/or truck reliance matter for the AV ecosystem?

Car or truck reliance means that a high share of people or goods move via private motorized vehicles or
trucks, respectively, as opposed to public transit, non-motorized vehicles, or rail. While high car usage
could reflect demand to drive, we use the term reliance here to emphasize that in many cases, people do
not have choices beyond car use. Higher car or truck reliance in a community may make it more likely to
rapidly embrace AVs for passengers or freight transportation because the people, industries, and
infrastructure are already oriented towards private motorized vehicles. Conversely, communities with
low reliance on cars or trucks may experience a slower AV roll out, as residents may not be as interested
in private vehicle trips, or its infrastructure may prioritize rail. (Communities with more active transit
systems may more readily adopt AV transit options.) Reliance on cars or trucks also influences land use
(and the other way around) by designating land near highways for industrial uses, or by requiring lots of

parking in new real estate developments.

How is car reliance relevant to passenger
movement?

High reliance on cars means that a greater
share of people travel by private vehicle and
fewer use public transit, bikes, walking, or other
forms of non-motorized transportation. Car
reliance can mean substantial highway

congestion and lack of alternatives to get around.

How is truck reliance relevant to freight services?

Communities heavily reliant on trucks move
freight in this fashion, as opposed to using
alternatives like rail or ship for long-distance
shipping, and cargo bike for local shipping. Truck
reliance can mean roadways are packed with
tractor-trailers delivering goods.

Community with low reliance on cars or
trucks

These communities tend to be denser, which
optimizes the use of shared and active modes
of transportation due to reduced distances.
They tend to be larger urban centers with
enough people to justify sizable investments
in public transit. In terms of truck reliance,
they could also be communities with
connections to major rail or maritime freight
routes.
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Community with high reliance on cars and
trucks

These communities tend to be less dense,
with car and truck infrastructure, such as
highways and street parking, dominating the
built environment. Many of these
communities could be suburban or rural,
where few potential users and long distances
discourage investment in public transit.

Source: Images generated by Microsoft Bing Al.

Does your community have high or low car and truck reliance?

We encourage you to use your best judgement to answer this question. If you want to compare your
community with others throughout the country, you can approximate car and truck reliance using three
metrics: (A) car ownership rate (percent of occupied housing units with at least one vehicle available),
(B) car commuter rate (percent of workers aged 16 years and older that commuted to work by driving
alone), and (C) rail freight miles per capita.

We leverage this measure of rail capacity as a counter to truck reliance, since places will be more
reliant on trucks if there is no rail available. Proprietary sources of data, if available, can also help
communities better understand their rail and commercial vehicle demand, such as Geotab, INRIX,
Bentley, and Replica. Proprietary sources for rail would be particularly useful, since the Bureau of
Transportation Statistics data for rail freight miles per capita (which we use for Measure C) includes
pass-through miles, which are not likely to affect the communities they are passing through in the same
way as measures of tons of freight by origin and destination or other similar measures. And, given the
emergence of e-commerce, there should be as much emphasis on medium-duty vehicle congestion (e.g.,
parcel delivery vans), as there is on heavy-duty vehicles (e.g., tractor trailers). When possible, these
types of supplemental datasets should be included in a community’s assessment of its current car
reliance.

Table 3.3 compares U.S. cities and towns on these three metrics. If your community is above the
median for two or more of these metrics, then you may consider your community as having “high
reliance on cars/trucks.” Examples include Arlington and Fort Worth, Texas, which are above the mean
for all the three metrics. If your community is above the median for one or fewer metrics only, it likely
has “low car/truck reliance.” An example is Fort Lauderdale, Florida, which is below the median for all
three metrics.
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Table 3.3 Car/Truck Reliance Metrics

Metric A: Car ownership rate

How to calculate this metric: Percent of occupied housing units with at least 1 vehicle available
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Source: U.S. Census American Community Survey 5-year data at the place (municipal), 2021. Data can be downloaded at

https://data.census.gov/
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Metric B: Car commuter rate

How to calculate this metric: Percent of workers who commuted by driving alone

Distribution of places by car commuting rate
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Metric C: Rail freight miles per capita

How to calculate this metric: Rail freight miles per 100,000 residents

Distribution of counties by rail freight miles per capita
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Source: US Bureau of Transportation Statistics, at the county level.

Notes: The chart does not include information about counties with zero miles of freight railways because of the large number of
counties without freight railways.
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Linking the measures from the community typologies with expected
impacts of automated vehicles

Using the elements of the typology, we review the scholarship and the historical case studies to

analyze how the AV ecosystem might impact each type of community. We consider five outcomes that
are likely to be particularly important in affecting how AV roll out affects community land use, and vice-
versa:

Car ownership: The individual ownership of AVs by households, as opposed to firms operating ride
hailing or other transportation services;

Car use: Vehicle miles traveled (VMT) by AVs;

Capacity to change built environment: In terms of financial, regulatory, and legal capacity by public and
private actors, and in terms of land availability to develop new infrastructure;

Residential movement: Patterns of residents moving to, from, and within a community; and

Freight: Both in terms of the use of trucks for freight, as opposed to rail, cargo ships, and cargo bikes,
and the use of motorized vehicles for product delivery.

We describe these impacts in detail in the appendix, available on the Transportation Research Board

website, by using previous scholarship to estimate impacts. Our premises when generating predictions
include:

Density is linked to average trip distances and availability of undeveloped space (higher densities
likely result in lower average trip distances and less undeveloped space available for new
construction).

Development pressure is linked to resident incomes and wages. For example, communities with high
economic activity and higher-paid jobs will attract more people and thus experience higher
development pressure.

Areas with higher car reliance have less public transportation or alternative modes available.

We describe the impacts in more detail in the fact sheets related to each of the community types in

the community fact sheets section that follows.
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Creating a typology of communities based on density, development
pressure, and car/truck reliance

We build out 12 community types in Table 3.4, created by intersecting the three measures of
community typologies described in the previous section.

Table 3.4 Matrix of Community Types

Density Population Car and truck reliance

change or High or moderate car and | Low car and truck reliance

development truck reliance

pressure
High High pressure 1—The car-heavy urban 2—The dense multi-modal
density core community

Low pressure 3—The established hub 4—The underinvested area
Moderate | High pressure 5—The sprawling suburb 6—The walkable suburb
density Low pressure 7—The mature suburb 8—The suburban town center
Low High pressure 9—The exurban fringe 10—The rural center
density Low pressure 11—The metropolitan edge | 12—The rural town

These community types could describe either a full jurisdiction (e.g., county or city) or to a part of
that jurisdiction. For example, a single county might include neighborhoods that match the descriptions
oftypes 1,4, and 7.

We illustrate how the typology could be applied across different parts of a region in Figure 3.2. We
then provide details about each of the typologies in fact sheets in Chapter 4.
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Figure 3.2 The community types, displayed across a prototypical region
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Over time, communities might transform from one type to another due to demographic or economic
trends, or because of intentional decisions by local policymakers to foster that change. A community’s
political leadership, for example, could choose to implement policies that would encourage densification
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of residential housing and the reduction of car dependence over time. Geography can also play a role: for
example, a low-density suburb could experience high development pressure because it is located near a
large, growing city, eventually increasing its density and decreasing its car reliance. This is also an
example of how elements of the typology might interact with one another.

Limitations of the Community Typology

The toolbox’s typology is a simplification. Every community is unique and has characteristics that
make it difficult to directly compare with another place. Moreover, the typology is based on binary or
ternary metrics which are also simplifications. In reality, communities are more likely to stand
somewhere on a spectrum than at one end or another. Finally, a community' characteristics may not be
their desired characteristics, especially when it comes to advancing equity and sustainability. Some
communities may believe that they are moving in a particular direction or hope to implement policies
that encourage that movement. As such, communities may want to locate themselves in the typology
based on both where they stand today and where they want to be in the future.

Other characteristics of communities may play a role in mediating the relationships between the
rollout of the AV ecosystem and land use. Community demographics, geographic environment, resident
incomes, and political environment may influence these relationships, and could be part of planning for
AVs. And, a community’s geography and relative location within a metropolitan area should be
considered when preparing for AVs. Communities may need to work across jurisdictions to address
challenges at the metropolitan scale.
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4. Learn about your community’s features, expected impacts of AVs,
and potential policy solutions

In this section, we provide fact sheets for each of the community types, with policy concepts you can
leverage to guide the interactions of the AV ecosystem with land use. Toolbox readers may consider

leveraging the user tool in Chapter 3 of the toolbox to identify which community type and policy area is
most of interest.

Below are links to each of the community types:

1. The car-heavy urban core

2. The dense multi-modal community

3. The established hub
4. The underinvested area

5. The sprawling suburb
6. The walkable suburb
7. The mature suburb

8. The suburban town center

9. The exurban fringe

10. The rural center

11. The metropolitan edge
12. The rural town
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Community Type 1: The Car-Heavy Urban Core Jump to the quide

What are the features of this community type?

This type of community features high population and employment densities, a growing
population, high development pressure, and high reliance on cars and trucks. This community type
is common in quickly growing areas of the world, where towers line highways, and some US cities and
neighborhoods also feature these characteristics. In these communities, both passengers and freight
currently rely on travel by road to complete almost all trips. As an example, parts of Arlington, Texas
could be classified as this community type.

Fast growth exposes this type of community to a
number of potential problems: increasing air
pollution and roadway congestion; declining levels of
accessibility to employment and other needs; and
inequities in access to opportunity generated by the
high costs of owning and maintaining a car.

What might this community look like?

Our historical case studies, available on the
Transportation Research Board website, suggest
several challenges this type of community may face in
achieving a more equitable, environmentally
sustainable future. Reliance on cars and trucks as the
primary means to travel tends to be self-reinforcing;
congestion encourages more road building, which
cements roadways as the key transportation links
between residences, jobs, and other local services. In
the meantime, people who cannot afford to drive are
left behind—and pollution from automobiles affects all
residents—with people of color and less-wealthy
communities often suffering the most. But, lacking an alternative, car and truck-based travel remains the
primary mode.

[ == =

Source: Image generated by Microsft Bing Al.

Our analysis of historical examples also suggests that this community type could face economic
challenges related to freight movement if it continues on its current path. This type of community relies
on trucking to serve goods delivery, which can suffer from the effects of growing congestion. Other
alternatives, like cargo bikes or freight rail service, are unlikely to be easy to implement; biking uptake
requires neighborhoods with streets designed for cycling, rather than large roadways. This reality may
delay freight deliveries and reduce the ability of people in the region to get goods on time and
affordability.

Expected relationships between the AV ecosystem and land use in this community type

In this community type, AVs could be associated with increased car travel due to their convenience
and lower travel costs. This could be associated with higher rates of traffic congestion—meaning more
resident time spent in movement and longer travel times for freight delivery. In this sort of growing
community, this could be associated with higher housing costs for neighborhoods with the best
accessibility. Without policy intervention, this type of community may become even more oriented
toward travel with cars and trucks with single occupants than it currently is. Because of the difficulty
serving areas with higher densities, this may result in sprawl of both residences and employment to
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areas further from the center. A community of this
type may have impacts on the broader metropolitan
area by requiring the use of land further away for
uses such as freight distribution.

Roadway
dependence

Recommended AV-related policies to
enhance equity and environmental

Path dependencies High rates of
Increased Hhout Boll cihgestion
sustainabilit highway i 9 P
—Y truct] intervention for this pollution,
construction community type inaccessibility

To ensure that the rollout of AVs contributes to
improved quality of life, equity and environmental
sustainability, several policy options are particularly
relevant for this community type.

Sprawling
land uses

* Encourage mixed-use, walkable neighborhoods.
Because of this community’s automobile
dependence, AVs could worsen accessibility to
regional destinations because of more congestion. Using zoning to encourage neighborhood-level
retail, employment, and services could help encourage people out of cars and trucks (see zoning policy
sheet). This could be a particularly advantageous policy if linked to improvements designed to
promote cycling and walking. New street infrastructure could enable the use of cargo bikes and small-
scale robot freight transporters to transfer goods between urban warehousing locations and
residences, retail outlets, and businesses. These alternatives to trucking are likely infeasible with most
roadway infrastructure being designed for high levels of throughput and (see street design policy
sheet).

* Devote dedicated space to passenger pick-up and drop-off. The rise of ride-hailing options has
substantially increased the number of people being picked up and dropped off along streets in many
crowded areas, but those passenger movements often require people to skirt around parked cars and
risk traffic crashes. They also make it difficult for people with physical disabilities to use these
services. AVs could make ride-hailing options more widely available, but better access is necessary to
ensure people can equitably and safely use them. Localities could devote specific pick-up and drop-off
zones throughout a community in order to ease access, and work with AV transportation providers to
ensure that their vehicles stop there. On blocks with a high density of retail and other businesses,
multiple or large zones may be needed.

= Promote access to affordable housing in areas adjacent to jobs. Because the heavier traffic
associated with AV rollout could make areas with high levels of access to employment and other
opportunities more appealing, communities could invest in affordable housing to ensure a diversity of
people can afford to live there. This policy is particularly important in communities where congestion
levels are high and where alternatives to traveling by car are limited or nonexistent. Even with the
ability to travel by ride-hailed AVs, people with limited means will have their movement restricted if
they have to travel longer distances to get to their daily needs, since most such services are likely to
operate on a model that charges for travel by the mile (see zoning policy sheet, greenfield
development policy sheet, and publicly owned land policy sheet).
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= Invest in AV transit options and freight delivery systems that take advantage of highway
infrastructure. This community type features a large amount of space devoted to roadways. Devoting
lanes to transit or freight, or using congestion pricing to regulate access, could be an option to
maintain metropolitan mobility. Dedicating lanes for these high-priority uses could ensure reliable
travel for priority road users (freight and transit), and encourage car-owners to switch to alternative
modes (see street design policy sheet and right of way policy sheet).

= Allow conversions of auto-oriented uses. As this type of community adapts to change, it may need
fewer parking lots, garages, and other auto-oriented uses. The community may consider incentivizing
the redevelopment of those uses, such as through zoning policies or financial incentives (see zoning
policy sheet and building code policy sheet).

A mix of uses
throughout
neighborhoods

An alternative Less need for

Densification of !uture'enablleld by driving to
urban land uses puhllc‘pullcm? accomplish
promoting equity daily activities

and sustainability

Better access to AV
ride-hail and
freight options
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Community Type 2: The Dense Multi-Modal Community jump to the quide

What are the features of this community type?

This type of community features high population and employment densities, high levels of
population change and development pressure, and low reliance on cars and trucks. Many
communities like this were originally developed a century ago and have experienced substantial growth
over the past few decades thanks to the construction of new, high-density, mixed-use buildings.
Throughout this community, apartment buildings are mixed in with offices, retail, and restaurants, and
people can meet most of their needs within the
neighborhood. People mostly travel by foot, bike, and
transit, and it is well-connected to the rest of the What might this community look like?
region. Because the community it is so popular,
however, it is increasingly unaffordable, and public
services might struggle to keep up with growing
demand And because its stores and restaurants are
well-visited, the area’s streets are increasingly filled
with cars. As an example, parts of Seattle, Washington
could be classified as this community type.

Our historical case studies, available on the
Transportation Research Board website, suggest
several challenges this community may face in
achieving a more equitable, environmentally
sustainable future. Our analysis of the rollout of bike
sharing systems shows that this type of dense, wealthy
community was especially likely to successfully attract
users, because of its residents’ disposable incomes and
the convenience of destinations for people in the area.
This history suggests that the rollout of passenger-serving AVs could also be successful here; people
who live, work, and visit this community have the means to afford it. But this may mean that fewer
people take transit. This community type may also face some challenges related to freight services. If AV
delivery reduces the cost and time required to receive a package, residents may receive even more
deliveries by truck.

Source: Image generated by Microsoft Bing Al.

Both of these trends could result in substantial congestion on the community’s streets. This could
make walking and biking around the community less appealing and expose people to higher levels of air
and noise pollution. At the same time, this community may face challenges sharing the limited curb
space among many types of users.

Expected relationships between the AV ecosystem and land use in this community type

In dense, multi-modal communities, AVs may be particularly well used, thanks to the high incomes of
residents and the general appeal of traveling to and from this community. This may increase traffic
congestion, both from carrying passengers and freight, as well as pollution. The increasing use of AV
services, in turn, may lead to competition for curb access. If AVs make the community even more
appealing than it currently is, the community may become increasingly off-limits to people with low and
moderate incomes.
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Recommended AV-related policies to
enhance equity and environmental

sustainability

Without policy intervention, this community may
experience challenges in the coming years. It may
attract wealthier residents who want to take

Increasing
resident wealth

. . . . . i M
advantage of its mix of uses and high quality of life, Peaple without "i‘i‘i&?ﬁl“jiﬂ“ dependence on
the means to drive
. : Y] s : - i intervention for this AVs for travel
resulting in gentrification and displacement of low being priced out e s

and moderate-income families in the area. These
wealthier residents may dilute the aspects of the
community that currently work well, such as its good
access to transit and variety of nonmotorized travel
options, because they are more likely to afford
individual AV services and AV freight delivery.

Fewer transit riders
and a less effective
transit system

To ensure that the rollout of AVs contributes to
improved quality of life, equity and environmental sustainability, several policy options are relevant:

= Create a policy for curb use that encourages shared vehicles and effective freight transport.
Given the high densities of this community and high likelihood of a fast rollout of the AV ecosystem,
ensuring that street curbs are well managed is of paramount importance. This community should
work to develop a curb use plan that replaces street parking with drop-off and pick-up zones for AV
passengers and freight. The high densities of this community mean that this policy is likely to be most
effective if it prioritizes people using shared services, such as AV buses and AV ride-hailing (see use of
the curb policy sheet).

= Further develop high densities in zones near transit. Because of this community’s appeal for
development, it will continue to be able to attract new investors in the coming years. To take
advantage of this situation, this community should consider altering its zoning policies to allow the
construction of large-scale housing and mixed-use buildings in the areas that are best served by the
local transit system. Higher densities may be most effective if implemented in association with the
rollout of AV bus services, which could complement rail networks. New, dense housing developments
could also incorporate affordable housing. (see zoning policy sheet and publicly owned land policy
sheet).

= Create nonmotorized zones in active portions of
the community. This community type has a high
density of people. It also has many retail and
restaurant options. To enhance quality of life, this
community could consider creating pedestrian- and
cycling-only zones where deliveries are only

Encouraging higher
densities in the core
of the community

An alternative

allowed at certain times of the day. This policy could — future enabledby | ve sftorsents aad
be associated with a geofencing program in pyests anc cirts public policies local economic
for shared uses promoting equity

development

surrounding areas that limits the entry of non- and sustainability
autonomous vehicles to improve pedestrian safety
(see street design policy sheet and right of way

policy sheet).

More movement
within and
through the area

= Penalize individual and empty car use. The
rollout of AVs could be associated with more
driving, especially if vehicles circle the streets empty
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rather parking. This community could consider implementing a fee on empty cars driving, including
privately owned cars (see right of way policy sheet).

Community Type 3: The Established Hub Jump to the quide

What are the features of this community type?

This type of community features high population and employment densities, low levels of
population change and development pressure, and high reliance on cars and trucks. This
community is the common downtown type in many cities that experienced rapid growth in their
services and financial sectors in the 1970s through 1990s. it often features office towers surrounded by
parking lots and parking garages. Those buildings, in turn, are surrounded by wide streets that are
designed to move thousands of cars every hour. This
community type has little mix of uses (the few retail
establishments and restaurants it has are oriented What might this community look like?

toward the downtown office lunch crowd) and has
struggled to retain its economic dynamism, especially
in the period after Covid-19, when many of its
buildings suffered from high vacancy rates. As an = o e |

I
i

example, parts of Aurora, Illinois could be classified as
this community type.

g

This community does have relatively effective
public transit options linking it to other parts of the
metropolitan area, but those options were often
designed with a higher number of workers using them
than is now common because of the high number of
people working from home. It has some public
amenities, such as the city central library and
downtown parks, but those amenities are often empty
of users on weekends and at night.

y Microsoft Bing Al.

Source: Image enerate
Our historical case studies, available on the

Transportation Research Board website, suggest several challenges this community may face in

achieving a more equitable, environmentally sustainable future. Our analysis of the construction of

highways helps explain how this community was built almost entirely around serving the needs of

people who drive to and from work. The results are streets that are uncomfortable to walk or cycle on,

and a lack of diversity in the local economy.

The rollout of the AV ecosystem could reinforce conditions if people switch from today's human-
drive cars to autonomous cars, both with single-occupancy predominating. It is unclear, in addition,
whether the community will be able to revitalize its downtown if the high rates of office vacancy
continue.

Expected relationships between the AV ecosystem and land use in this community type

In an Established Hub, the rollout of AVs may reinforce existing travel patterns of people working in
the office towers. If people continue to commute to work with private cars—AVs or not—the community
will continue to need substantial parking, but this would not be the case if people switch to ride-hailed
AVs, which could park elsewhere (or drive someone else). Or, a community could choose to geo-fence
downtown-oriented AVs and keep vacant ones parked within downtown so that they are readily
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available for an outbound ride at a moment’s notice.
This might be more optimal from an energy demand
or maintenance perspective than allowing vacant AVs
to roam until called.

Declining economy
and higher
vacancy rates

Because this community has limited large retail
options and its delivery needs are concentrated in a
few large buildings, the automation of freight services Sanonmesiin . : S
may not have much of an effect on the community’s bl ook s, A0 Sl

streets. Nevertheless, this situation could change if MmUY, tyoe
the neighborhood shifts to more residential uses.

Path dependencies

Challenges using
shared transportation
options, more drivers
and single-rider AVs

Recommended AV-related policies to
enhance equity and environmental

sustainability

Without policy intervention, this community may
experience challenges. Because the community is structured around providing car access, the rollout of
the AV ecosystem could simply mean replacing drivers with AVs, potentially worsen congestion if empty
AVs drive instead of parking. At the same time, the AV ecosystem could further decrease for office and
commercial real estate values in the area, making downtown towers less appealing as it becomes more
appealing to travel to other parts of the metropolitan area to find office space.

To ensure that the rollout of AVs contributes to improved quality of life, equity and environmental
sustainability, several policy options are particularly relevant for this community type:

= Support the redevelopment of parking lots and parking garages into a broad mix of uses. This
community has large quantities of land devoted to parking. The rollout of AVs offers an opportunity to
redevelop parking into housing and a full mix of uses. This transition could help improve the local
economy and reduce its reliance on many office uses whose occupants have come to work from home
post-pandemic (see zoning policy sheet and building code policy sheet).

= Redesign streets to encourage the use of multiple transportation modes and develop the local
economy. This community’s streets are currently
unappealing to walk and bike on. The community
should invest in redesigning streets, including
cycling lanes, widened sidewalks, and landscaping,
that encourages people not to drive. Moreover, these
improvements could be integrated into plans for
pedestrian-oriented uses, such as sidewalk cafes
(see street design policy sheet).

Support for street
improvements that
prioritize pedestrians
and cyclists

1 : An alternative Improved street
= Charge single-occupancy vehicles for the use of Redevelopment future enabledby | infrastructure and
= . . of offices into mixed- public policies charges for single
streets and parking. If the community remains use buildings i oo occupancy
congested, stakeholders may consider implementing Hhd sustainghifty e

a congestion charge for the use of streets and on-
street parking. This charge could be integrated into
AV ride-hail and AV freight systems and help
discourage single-occupancy car trips.

Less need for
parking and street
right-of-way

= Plan for goods delivery needs. This community
may not immediately experience much change
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resulting from AV freight. Even so, as the community considers changes in its future, it may benefit
from long-term plan for freight. Specifically, it should consider how to best leverage curb space to
reduce delivery times and prevent competition among curb users. Moreover, it should evaluate
opportunities to implement, and potential necessary regulations of, small-scale delivery robots (see
use of curb policy sheet and street design policy sheet).

Community Type 4: The Underinvested Area Jump to the quide

What are the features of this community type?

This type of community features high population and employment densities, low levels of
population change and development pressure, and low reliance on cars and trucks. This
community type is relatively common in Rust Belt cities that, a century ago, had high rates of growth due
to surges in manufacturing, but now which have suffered from some challenges due to the movement of
industrial jobs to other parts of the country and the world. These types of communities are typically
surrounded by suburban areas with higher wealth and,
often, better job access. Their residents also face some
persistent challenges, such as exposure to pollution, What might this community look like?
long distances to suburban work, and high levels of —zr ;
disinvestment, which perpetuate inequality. As an
example, parts of Cleveland, Ohio could be classified as
this community type.

Despite the challenges faced by this type of
community, it nonetheless often features some assets
that differentiate it, such as access to public
transportation, well-constructed and architecturally
unique buildings, and nearby public amenities, such as
libraries and parks.

Our historical case studies, available on the
Transportation Research Board website, suggest
several challenges this community may face in
achieving a more equitable, environmentally 4
sustainable future. Our analysis of the rollout of ride- Source: Image enerated by Microsoft Bing Al.
hailing, for example, shows that this technology was
introduced more quickly in higher-income neighborhoods, and that service has been provided more
comprehensively there. Communities like this may face difficulties accessing new AV services.

This type of community may also face some challenges related to the rollout of AV freight. The
relatively low land values may attract investment in warehousing and distribution facilities, which could
provide jobs for local residents but increase their exposure to air pollution and truck congestion. Dense,
low-income neighborhoods in many US cities already suffer from higher rates of toxic sites, air pollution,
and noise pollution. The AV ecosystem could exacerbate these difficulties if it is not implemented in an
equitable manner.

Expected relationships between the AV ecosystem and land use in this community type

In this community type, AVs could increase car travel due to their convenience and lower travel
costs; on the other hand, given the relatively lower incomes of residents of this community, they may be
more likely to use shared ride-hailing options, if available. Residents are likely to continue to use public
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transportation for many of their trips, especially if AV
transit expands options. The AV ecosystem could also
impact the use of key parcels throughout this
community. Because land values are relatively low,
many parcels may be purchased by AV ride-hail
operators or AV freight operators for parking,
maintenance facilities, charging areas, and

Historic underinvestment
and limited
access to opportunity

distribution locations. This could bring new jobs to Limited AV options | Path dependencies g Eering
: . . . and polluting land : w“hm’l" policy ; gat ;
the community but also reduce quality of life in the redovelopment | Intervention forthis | environmenta
community type impacts

area by diminishing the residential and mixed-use
nature of many of this community’s streets.

Recommended AV-related policies to
enhance equity and environmental

sustainability

Without policy intervention, this community type’s

residents could fail to benefit from the AV ecosystem'’s rollout, while suffering from higher levels of
pollution. Path dependencies could thus worsen inequities in access and reinforce the disproportionate
exposure of this community to environmental health hazards. To ensure that the rollout of AVs
contributes to improved quality of life, equity and environmental sustainability, several policy options
are particularly relevant for this community type:

Low land values

» Invest in AV public transit. Given the fact that this community’s residents are already
disproportionally likely to use public transportation, implementing an effective AV-based transit
system could substantially improve the connectivity of this community and attract high ridership. AV
buses, for example, could provide frequent, all-day travel options that ensure that residents are able to
move around the region and access jobs and public services. Improved accessibility by public transit
could also improve the economic situation of this community (see expansion of transit policy sheet).
Even if AV transit is not available, investments in human-driven transit options would also play an
important role in improving accessibility for this community’s residents.

= Mandate a fair distribution of AV-based freight,
distribution, garage, and maintenance facilities
throughout the region. This community may
disproportionately suffer from the negative
environmental impacts of the implementation of
freight systems and vehicle maintenance, because
of low land values. This community should work to
ensure that the implementation of these uses is

Provision of AV
ride-hail and AV
transit services

fairly distributed across the entire region(see An alternative EXpandec
: : P Increased future enabled by accessibility
zoning policy sheet) and ensure that these facilities investment in public policies to opportunity
the area promoting equity throughout the

meet environmental standards, such that they do
not expose residents to outcomes such as toxic
waste runoff and pollutive emissions (see
greenfield development policy sheet).

and sustainability region

Improved outcomes
for neighborhood
= Pilot AV-friendly redevelopment through reildans
building code changes. Because of the low land

values, it may be easier to test new forms of

development that respond to the particular needs
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of AVs, such as building code changes that enable new buildings to allow AV freight delivery robots to
enter buildings and drop off packages. This could put this community at the forefront of AV-adapted
building designs (see building code policy sheet).

Community Type 5: The Sprawling Suburb Jump to the quide

What are the features of this community type?

This type of community features moderate population and employment densities, high levels of
population growth and development pressure, and high reliance on cars and trucks. This
community type was built over the past few decades and is located on the edge of the metropolitan area.
[ts residents earn relatively high incomes and mostly live in large, single-family homes. Before Covid-19,
they often commuted downtown to get to the office, but now they are more likely to work from home.
They can meet most of their daily needs by ordering
online or driving to shopping centers near their homes.

As an example, parts of Overland Park, Kansas could be What might this community look like?
classified as this community type.

Because of its moderate densities and high levels of
development pressure, people in this community now
get around almost entirely by car. People who move
here for the well-funded, high-quality public services
do not have many public transportation options, and
shops and restaurants are not within walking or biking
distance. The residents are heavily reliant on goods
delivery, since they order a large share of their
purchases.

Our historical case studies, available on the
Transportation Research Board website, suggest
several challenges this community may face in
achieving a more equitable, environmentally & D
sustainable future. Our analysis of the rollout of the Source: Image generated by Microsoft Bing Al.
national highway system in the United States shows
how infrastructure investments helped spur the development of communities such as this. Yet as the
highway system continued to extend, the areas originally developed near roadways lost appeal. This
history indicates that this type of community could experience a loss in its appeal over time in the
context of the rollout of the AV ecosystem, if new neighborhoods take its place.

This community type may also face some challenges related to freight services. If AV-provided goods
delivery further reduces the cost and time required to receive a package, residents of this type of
community may receive even more deliveries by truck. This may expose surrounding communities to
higher levels of traffic congestion from truck travel through the area.

Expected relationships between the AV ecosystem and land use in this community type

In this community type, the rollout of the AV ecosystem could increase car travel substantially.
Because shared-use services (like shared ride-hail or transit) are unlikely to be effective for most trips,
most people are likely to travel alone for most trips, even if they are not doing so to get to the office. At
the same time, for the reasons noted, truck travel is likely to increase to serve the need for goods
transport. This may increase congestion on the arterial roads surrounding the community. Finally,
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because of the lack of travel options other than
driving, this community type is likely to remain
difficult to move into for people who cannot afford
the cost of personal travel.

Recommended AV-related policies to
enhance equity and environmental

sustainability

Without policy intervention, this community type
may experience a number of challenges in the coming
years. Because of this community’s high car and truck
dependence, if the AV ecosystem substantially
reduces travel costs, the level of traffic on
surrounding roadways may grow, lowering quality of
life. Because of the lack of travel options, high
housing costs, and the predominance of single-family
homes, this community may remain unaffordable for
many potential residents.

To ensure that the rollout of AVs contributes to improved quality of life, equity and environmental

Resident dependence on
goods delivery
for most products

Increasing
deliveries in the
context of
cheap AVs

Path dependencies
without policy
intervention for this

Mare difficulty
accessing goods and

services outside area -
community type

Higher congestion on the
surrounding arterial
reads network

sustainability, several policy options are particularly relevant for this community type:

= Create a distribution center for freight from a variety of companies at the edge of the
community. A new freight distribution center could ensure that, as shipping increases, AV trucks have
a place to go in the community. This distribution center could be designed to have small-scale delivery
robots and allowances for cargo bike use, to allow for centralized package pick-ups instead of
individualized deliveries (see greenfield development policy sheet and publicly owned land policy

sheet).

= Use land-use policy to encourage the creation of a dense, mixed-use, walkable town center,
with multiple types of housing and access to retail and services. This community could implement

a policy of higher density levels in this area and
make room for people of various backgrounds by
ensuring that there are subsidized affordable
housing units here.

= Link the community center with a variety of
non-motorized travel options and AV shuttles.
Without policy change, such a village center could
quickly become overwhelmed with AV traffic
moving people individually to and from the center.
But if this community invested in high-quality
sidewalks, cycling routes, and greenways, it could
ensure that a large share of the traffic to the village
center occurs in non-motorized travel modes or in

shared options, such as on-demand AV shuttles (see

street design policy sheet).

= Encourage an increase in housing density This
community’s moderate housing density levels have

Establishing a
village center with
a mix of living
options, retail, and
restaurants

An alternative
future enabled by
public policies
promoting equity
and sustainability

New options to live
affordably in the
community

A mix of residents
and less greenfield
development

Lower travel and
housing
aptions for people
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been reinforced by land-use rules that prevent the construction of anything other than single-family
homes. Because of this, the community is unable to accommodate substantial new population, despite
interest in living here; as a result, housing costs go up and new construction must occur elsewhere—
endangering the ecosystems of surrounding areas. This community could change this dynamic by
reforming zoning laws to allow moderate density housing, such as duplexes and six-plexes (see zoning

policy sheet).

Community Type 6: The Walkable Suburb Jump to the quide

What are the features of this community type?

This type of community features moderate population and employment densities, high levels of
population growth and development pressure, and low reliance on cars and trucks. This
community is located near the city center and was developed along streetcar lines in the first half of the
20th century. It features a mix of building types, including single-family homes and walk-up apartment
buildings. It also has a mix of uses, including neighborhood cafes and businesses, that provide services to
residents and enable them to fulfill their needs without
having to leave. As an example, parts of Bloomington,

Minnesota could be classified as this community type. What might this community look like?

This community has frequent and reliable public
transportation connections with the rest of the city. It
also has relatively pedestrian- and cycling-friendly
streets, encouraging many residents and visitors not to
drive. Thanks to its quality of housing stock, access to
services, and connections to the rest of the region, this
neighborhood has attracted a growing population over
the years. That said, local zoning policies have largely
left its housing stock unchanged for many decades,
which has limited the community’s ability to respond
to growing housing demand.

Our historical case studies, available on the
Transportation Research Board website, suggest
several challenges this community may face in ' J
achieving a more equitable, environmentally Source: Image generated by Microsoft Bing Al.
sustainable future. Our analysis of the rollout of
electric vehicles suggests that this community may see a slower adoption of AVs, since road space is
limited (there is less space for chargers) and residents already enjoy good mobility (residents may not
need the travel options new technologies provide).

In terms of freight, however, increasing demand for goods delivery by both residents and businesses
may clog the streets and result in competition over access to the curb. More truck traffic could increase
air and noise pollution.

Expected relationships between the AV ecosystem and land use in this community type

In this community type, the rollout of the AV ecosystem may have limited impacts on the movement
of passengers, as they currently use public transit, biking, and walking to be meet most of their needs.
High development pressure brought on by continued good accessibility of the neighborhood, combined
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with limited housing construction, may result in
gentrification. AV freight, however, could lead to more
deliveries, causing more congestion, air and noise
pollution, and competition for curb access.

Increasingly congested
neighborhood
streets

Path dependencies
without policy
intervention for this
community type

Difficulties
accessing the
curb

Meore people choosing
to drive or ride in
single-person AVs

Recommended AV-related policies to
enhance equity and environmental

sustainability

Without policy intervention, this community type
may experience a number of challenges in the coming
years. The rollout of the AV ecosystem could worsen
the community’s existing challenges with access to the curb. This could make it more difficult for people
who ride public transportation or shared AV ride-hail services, while delaying deliveries by making it
more difficult for trucks and other cargo haulers to park. These difficulties could worsen quality of life in
the community and reduce the community’s appeal in terms of being a good place to walk, bike, or take
transit.

Challenges using shared
transportation options

To ensure that the rollout of AVs contributes to improved quality of life, equity and environmental
sustainability, several policy options are particularly relevant for this community type:

= Provide the space for AVs to replace privately driven cars. To encourage the use of shared AVs,
the community may consider developing an AV ride-hailing program. It could also designate AV
parking spaces in busy commercial areas, so that they do not drive empty. These spaces could
prioritize shared-use AVs operated as a fleet (see building code policy sheet).

= Work with the local transit authority to improve transit service and potentially implement AV
bus options. This community already has good bus service. But the community could use AV
technology to complement the existing workforce; as transit agencies continue to struggle with
operator shortages, AV options may allow agencies
to maintain or increase service levels on existing or
expanded routes (see expansion of transit policy
sheet).

Better options for shared
rides, such as shared
ride-hail and public transit

= Ensure the effective use of curb space to
maximize use of shared vehicles. Given the
competition for access to the curb, this community

should work to develop a plan for efficient, fair curb An alternative Establishment of a
Th ld 1 . -st t k Faster pick-ups future.enah_le.d by cork

use. This could mean replacing on-street parking e/ s public policies Y el

with pick-up and drop-off zones, and providing promoting equity program

and sustainability

preference for people with disabilities, people using
shared services, and freight delivery. The
community may consider establishing a time-based
curb use program, in which access fees are charged
by time of day and amount of time used. (see use of
curb policy sheet)

More efficient use
of the curb
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* The neighborhood could reform its zoning regulations to encourage a denser mix of housing
units to accommodate new residents. Given the community’s population growth, building new
housing can help ensure affordability. But current zoning rules make this difficult; in some cases,
current buildings would be prohibited under today’s zoning code. Reforming these rules to allow mid-
rise buildings could help address this issue (see zoning policy sheet).

Community Type 7: The Mature Suburb Jump to the quide

What are the features of this community type?

This type of community features moderate population and employment densities, low levels of
population growth and development pressure, and high reliance on cars and trucks. This
community type was developed in the second half of the 20t century to respond to growing population,
car use, and increased household purchasing power. It was often constructed outside larger cities, and
integrated a mix of single-family homes, small-scale apartment buildings (especially along arterial
roads), and drive-up strip malls where people can visit
retail outlets, restaurants, and office parks. This
community enabled upwardly mobile middle-class What might this community look like?
families to live in newer or larger homes, but in recent
decades has suffered from declining home values, high
vacancy in retail space, and reduced quality of life
thanks to longer commutes to jobs and underfunded
public services. This community has had difficulty
attracting new residents and has not had much new
construction in recent years. As an example, parts of
Livonia, Michigan could be classified as this community

type.

This type of community has relatively easy access
to the city center, a high level of green space, and high
levels of housing affordability. It offers redevelopment
potential if new demand for construction arrives in the
area.

Our historical case studies, available on the Source: Image generated by Microsoft Bing Al.
Transportation Research Board website, suggest
several challenges this community may face in achieving a more equitable, environmentally sustainable
future. Our analysis of the rollout of bike sharing technology shows that this technology was
implemented more quickly, and used more effectively, in areas with high population and employment
densities. This history indicates that, if AVs follow a similar pattern, this type of community may struggle
to attract services using this technology that effectively improve accessibility for its residents.

This community type may also face some challenges related to AV-provided freight services. Its
moderate densities may make it difficult to distribute goods through light modes, such as cargo bikes
and small-scale AV robots. This could increase truck congestion. This type of community may also have
difficulty attracting freight-related warehousing and distribution, due to a lack of available land on large
parcels and with good access to highways and rail systems.
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Expected relationships between the AV
ecosystem and land use in this community
type

In this community type, the rollout of the AV
ecosystem could increase car travel substantially.

Declining, moderate
density residentia
and commercial patterns

Because shared-use services (like shared ride-hail or T Difficult to serve
. ) ) . Degrading of lacal with.:n ol via shared AV

transit) are unlikely to be effective for most trips, thoper ke e ) erieesorsmd

most people are likely to travel alone. At the same S N R

time, truck travel is likely to increase to facilitate
goods transport. This increase in congestion could
reduce the appeal of the community, reducing
property values and discouraging reinvestment in the
community’s strip malls and business parks.
Ultimately, people may have to rely on AVs to travel
to other areas to fulfill their daily needs.

Increased
congestion

Recommended AV-related policies to enhance equity and environmental sustainability

Without policy intervention, this community type may face slow but continued decline in the context
of AV rollout. Path dependencies could result in increased congestion, which would reduce the ability of
residents to access opportunities in other parts of the region, while diminishing the appeal of local retail
and office offerings. These changes would be particularly difficult for low-income residents with limited
income to afford spending on travel. To ensure that AV rollout contributes to improved quality of life,
equity and environmental sustainability, several policy options are relevant:

* Encourage the transformation of strip malls and business parks into walkable centers. This
community is filled with underperforming strip malls and business parks. These areas, with large
parking lots and—in the post-pandemic period—high vacancy rates, are prime candidates for
redevelopment because they can accommodate density without displacing residents or businesses.
This community could implement zoning changes that encourage higher densities and a mix of uses,
including residential apartments, office space, retail, and restaurant uses, in these areas. The
community could also change its building code to make it easier to convert commercial properties to
other uses (see zoning policy sheet and building code policy sheet). Together, these areas could thus
become new centers for this community and provide for economic development.

= Pilot small-scale freight delivery options in
certain parts of the community. Though cargo
bikes and AV robots are unlikely to be able to
effectively serve the entire community, in areas
near distribution hubs, those options could
supplement or replace truck freight delivery. The

Allowances for higher
densities through mixed-

use center and elimination

of parking minimums

3 3 3 3 An alternative Creatior
cc_)mr.nun}ty could pllgt th1§ approach to f.relght S s ity | tionchdetsr
distribution by working with a goods delivery investment in public policies where driving is

. . . . i the area promoting equity not reguired
company and implementing this new option in one and sustainability

area. Implementing this approach may also require
adapting streets and curb management for
automated delivery vehicles (see street design
policy sheet and use of the curb policy sheet)

Ability to provide
transit and

small-scale freight
options
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= Identify key corridors for the implementation of better transit services, including some
operated with AV buses. This community’s moderate densities make it difficult to provide cost-
effective transit service. With AV buses, however, this could change due to reduced operating costs.
This community could invest in establishing AV transit services on key routes to provide residents an
alternative to driving and reduce competition with freight movement (see transit expansion policy
sheet and right of way policy sheet).

= Eliminate parking requirements. The single-family neighborhoods of this community are aging.
Parking requirements for new developments—often one to two parking spaces per housing unit—
impede new construction, particularly of multi-family apartment buildings and accessory dwelling
units. This community can take advantage of the AV ecosystem to reduce or eliminate those
requirements and encourage more investment (see zoning policy sheet and building code policy
sheet).

Community Type 8: The Suburban Town Center Jump to the quide

What are the features of this community type?

This type of community features moderate population and employment densities, low levels of
population growth and development pressure, and low reliance on cars and trucks. This
community was developed in the first half of the 20t century and has remained relatively stable in the
decades since. It features a combination of single-family homes and walk-up apartments, as well as
commercial space scattered about, particularly on the major streets. Many of its residents have aged in
place and, though the neighborhood was initially
appealing as a place for the upwardly mobile working
class, the income of new households entering the What might this community look like?
community has declined in the last few decades. Many
residents of the area work service-sector jobs and take
advantage of the area’s relatively affordable housing.
This community has struggled to attract much new
development, and, though it has some stores and
restaurants within easy access, it has not been able to
fund many public services to the level of the newer
suburban developments elsewhere in the region. As an
example, parts of Anderson, Indiana could be classified
as this community type.

Because of a combination of the built form of the
community and its demographics, this area’s residents
are less dependent on cars to get around than many
other suburbs in the metropolitan area. There are bus
routes that run along the community’s main streets,
and there are sidewalks in front of every home and
retail store. The community has been installing some new cycling infrastructure, but it is not yet
developed enough to feel safe enough for many amateur bikers to use.

Source: Image gnerated by Microsoft Bing Al.

Our historical case studies, available on the Transportation Research Board website, suggest several
challenges this community may face in achieving a more equitable, environmentally sustainable future.
Our analysis of the rollout of bike sharing systems suggests that this community will struggle to be
attractive to private-sector investors in AVs, at least at first, because of its moderate densities and
relatively low wealth. This means that there may be inadequate service for those who want to use ride-
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hailing to get around. Nevertheless, this community is
affordable—both in terms of housing and
transportation. It is accessible to the city center. And it
has plenty of room to grow—if community members
can help make the case for new investment.

Cheaper AV-provided
transportation options for
passengers and freight

Expected relationships between the AV
ecosystem and land use in this community

type

In this community type, the rollout of the AV
ecosystem may be delayed by lack of private sector
investment. Nonetheless, over the long term, the
availability of AV service may reduce the likelihood
that people in this community use transit, walk, or
bike. The community’s bus service today—while better
than in some parts of the metropolitan area—nonetheless is relatively infrequent and can be unreliable.
AV ride-hailing options may improve access considerably for neighborhood residents. The availability of
low-cost AV freight options may be an obstacle for local businesses in this community, since it may
encourage residents to buy more from online stores, rather than shop locally.

Path dependencies
without policy
local economy mlelventm—n for this and pedestrians

community type

Fewer transit
riders, bikers,

Mare driving and
a degraded

Less business
for local stores

Recommended AV-related policies to enhance equity and environmental sustainability

Current residents of the area are more likely to walk, bike, or take transit than those living elsewhere
in the region, but that may change with the introduction of relatively cheap ride-hailing AV options. This
could result in environmentally damaging VMT. Cheap delivery could reduce the ability of local stores to
compete with chains that can deliver goods quickly. This could damage their business model and empty
out this community’s downtown. To ensure that AV rollout contributes to improved quality of life,
equity and environmental sustainability, several policy options are relevant:

= Work with the transit agency to implement frequent bus routes, potentially made possible
thanks to AV operation. One mechanism that this community can leverage to reduce the likelihood
that its residents replace their walking, biking, and transit trips with single-occupancy AV trips is
improving bus service. Better bus service could ensure that people in the community are able to travel
conveniently by transit. This approach would also reinforce the core of the community by better
connecting it with the rest of the region (see transit
expansion policy sheet and right of way policy sheet).

Better regional and local
access to places and
goods with AV buses and
local delivery robots

= Ensure that the state government mandates that AV
ride-hail services are available for all parts of the
metropolitan region. In order to address the fact that
this community may face challenges attracting AV ride-

hailing service, this community could advocate for Fesiinpenit oy More interest
.. . . uture enabled by n resi < i
state-level policies that require private operators to Avejivensted public policies Bkl o

community city

provide adequate service (e.g., with a minimum waiting B businesses
time) to all parts of the metropolitan area, including

this community. This kind of policy would ensure some
fairness in the availability of ride-hailed AV options into
the future. While such regulations are not necessarily
handled through land use, communities may incentivize

Expanded local
business activity
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more equity in service through right of way policies that enable AV ride-hailing in specific or all areas
(see right of way policy sheet).

= Pilot a robot delivery program that provides cheap and easy deliveries from local businesses
and restaurants to residents. The community could work proactively to support its local businesses.
It could work with a private contractor to implement a network of AV delivery robots that connect
retail and restaurants with their customers. This delivery network could allow local businesses to
compete with offerings from other parts of the metropolitan area and improve the local economy.
These services may require changes to street design and curb management (see street design policy
sheet and use of the curb policy sheet).

= Support public-private partnerships to redevelop parcels into dense housing options on key
sites. Taking advantage of the improved bus service, this community could proactively seek to
reinvest in underused or vacant parcels at the center of the community (avoiding greenfield
development). The community could integrate both market-rate and affordable housing into new
buildings to allow a diversity of people from different backgrounds to live there (see greenfield
development policy sheet and publicly owned land policy sheet).

Community Type 9: The Exurban Fringe Jump to the quide

What are the features of this community type?

This type of community features low population and employment densities, high levels of
population growth and development pressure, and high reliance on cars and trucks. This
community is at the far edge of the metropolitan area and is currently largely agricultural and natural in
terms of uses. The few residential uses it has currently are in the form of farming homes, though that
situation is changing rapidly. Over the past several years, there has been growing demand to live in the
region as a whole, and the result has been an outward
sprawl of development into the hinterland. This
community is one example of where this sprawl is now  What might this community look like?
headed. As an example, parts of Goodyear, Arizona
could be classified as this community type.

The new development that has occurred is mostly
in the form of large single-family homes. These homes
are widely spaced and are designed with two- or three-
car garages to accommodate the transportation habits
of the people who are expected to live in this area.
There are no public transportation options and poor
access to biking and walking trails.

This community does have access to some retail
options, such as in the form of big-box stores located
within a few miles of many of the homes. These stores
are located off highways and also can only be accessed
by people who are driving. People who live in this area Bt
hold a variety of jobs, but few go all the way downtown  Source: Image generated by Microsoft Bing Al.
to offices.

Our historical case studies, available on the Transportation Research Board website, suggest several
challenges this community may face in achieving a more equitable, environmentally sustainable future.
Our analysis of the implementation of bike sharing systems suggests that this type of community is
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unlikely to be particularly attractive to travelers using
transportation modes that are not single-occupancy
automobiles. The low density of this community,
combined with no mix of uses and roads that are
hostile to everyone who is not in a car or truck, make
serving people who want to use other transportation
modes difficult.

Continued outward sprawl
of tract homes

Path dependencies Destruction of
Need to drive or be without policy agriculture and

The land use of this community, combined with its driven to go anywhere | - intervention for this ccoloples
lack of a variety of transportation options, makes it communtytype
environmentally unsustainable. Its construction
requires eliminating agricultural or ecologically
sensitive land. And its residents must drive long
distances to get anything done—increasing pollution.

Reliance on single-
occupancy cars

Expected relationships between the AV
ecosystem and land use in this community type

In this community type, the rollout of the AV ecosystem may have little effect without policy change.
The low housing densities of the area are likely to mean that, even if people in the community switch to
AVs, they will continue to need to own their own vehicles for daily travel. Ride-hailed AV services would
not come frequently enough to serve most of the travel demands of people who live in this area. People
in this community, however, would potentially benefit from better freight delivery options with the
rollout of AVs, however, since they could be relatively close to new distribution and warehouse facilities
serving the rest of the metropolitan area.

Recommended AV-related policies to enhance equity and environmental sustainability

Because this community is already physically structured around providing access for car users, the
rollout of the AV ecosystem could simply mean replacing drivers with AVs. In this way, AVs could
reinforce the continued outward sprawl experienced in this community. They will likely have to be
privately owned, as people will not be able to rely on shared rides to get around the community. The
reliance on privately owned cars could make it difficult for people from all backgrounds to afford living
in this community. Not only would they be required to own an AV outright to be able to fulfill their daily
needs, but they would also have to have the ability to own a single-family home.

To ensure that the rollout of AVs contributes to improved quality of life, equity and environmental
sustainability, several policy options are particularly relevant for this community type:

= Implement a greenbelt to protect the community’s most environmentally sensitive and
agriculturally important areas. This community could work actively with the state government and
surrounding jurisdictions to establish a greenbelt that preserves sensitive land. This would reduce the
amount of land available for new development, but in the process, it would help discourage
construction in places that might be better preserved for other, non-developed uses (see greenfield
development policy sheet).

= Encourage the creation of mixed-use nodes where community residents can take advantage of
shopping and basic services without having to drive. To provide residents options that do not
require driving, the community could zone for one or more mixed-use nodes that provide basic
services (see zoning policy sheet).

53



» Create shared-use streets for child’s play. Because of the community’s low densities, its streets are
unlikely to be congested with traffic anytime soon. As a result, AVs offer an opportunity to create new
shared spaces where children can play with their neighbors. This could require certain parts of the
community to be reserved only for AV access, but it could have considerable benefits in terms of
expanding public space. This would also require assurances that AVs are safer than human-driven
vehicles (see street design policy sheet and right of way policy sheet)

= Experiment with small-scale AV shuttles to support travel around the community. Though this
community’s densities are too low to support traditional transit—even with the reduced labor costs
made possible by AVs—other options are feasible. This community could implement an AV shuttle for
travel within the community, such as between homes. While not an intervention that could necessarily
be tackled through land use, this policy could provide an essential resource for young, old, and
disabled residents who are looking for ways to get around.

Community Type 10: The Rural Center Jump to the quide

What are the features of this community type?

This type of community features low population and employment densities, high levels of
population growth and development pressure, and low reliance on cars and trucks. This
community type features a bustling, walkable downtown in a small town surrounded by agricultural or
natural land. The center includes shops and restaurants, and even a few apartments, allowing people to
walk and cycle around to get to most needs. This community was originally built a century or more ago
and has flourished thanks to migrants coming in from
larger cities elsewhere in the country and because of
tourism. Because of its attractiveness, this community What might this community look like?
has faced challenges in terms of housing affordability,
and some residents may no longer be able to live here
if they cannot find an alternative place to live. As an
example, parts of Lebanon, New Hampshire could be
classified as this community type.

Because of its high levels of development pressure,
this type of community has been able to fund effective,
quality public services for residents. It struggles,
however, to provide residents access to goods from
large retail centers. And while residents are able to
move around much of the community by walking and
biking, because of the low densities in the town center,
public transportation options are nonexistent.

A community where it is
easier to live without
driving or being driven

Our historical case studies, available on the

Transportation Research Board website, suggest e
| . : Development of future enabled by Shared streets
several challenges this community may face in mixed-use node public policies for children
) . . . with basic services promoting equity
achieving a more equitable, environmentally and sustainability

sustainable future. Our analysis of the rollout of
streetcar systems shows that this technology helped
encourage the development of relatively dense
neighborhoods, similar to this community type. But
once the streetcar networks were eliminated, affected
areas were left with few mechanisms to grow. This

Creation of a small-scale
AV shuttle around
community

54



history indicates that this type of community, without
alternatives, may have difficulty accommodating
growth of new residents in the coming years unless it
provides for some transit options.

Limited ability to
accommaodate freight
travel and little demand
for shared travel

This community type may also face some

challenges related to freight services. Because of the
low densities in this community, it may be unable to Degradation of the

Path dependencies Requirement

community's ability to without policy that residents
. . . . g int tion for thi travel away for
secure reliable, rapid goods delivery, even with AV provide services i i e

trucks. Because of this community’s small streets,
deliveries by large truck may be difficult to provide.
This could restrict the ability of shops and restaurants
to receive the goods they need.

Increased car
mileage

Expected relationships between the AV
ecosystem and land use in this community

type

In this community type, the rollout of the AV ecosystem could increase car travel substantially.
Because shared-use services (like shared ride-hail or transit) are unlikely to be effective for most trips,
most people are likely to travel alone, and they may use AV services to travel to get goods at big-box
stores further away. At the same time, for the reasons noted, truck travel is likely to increase in the
community in order to serve the need for goods transport. This may be difficult, however, because the
streets of the community were built decades ago and not necessarily designed for truck movement. This
may limit the ability of stores to operate in the community, which could degrade the area and, in turn,
result in more development far from the town, which would encourage yet more travel.

Recommended AV-related policies to enhance equity and environmental sustainability

Because this community has difficulty accommodating deliveries and does not have the
transportation infrastructure to accommodate large amounts of travel, retail and commercial uses may
increasingly move out. This could require residents to travel more to accomplish their basic needs. At
the same time, the community may face continued challenges related to access to affordable housing
because of gentrification. This may make life difficult to afford for people who work in the community’s
stores and restaurants. To ensure that AV rollout contributes to improved quality of life, several policies
are relevant:

* Create a distribution center for freight at the edge of the city center. A freight distribution center
could ensure that, as shipping increases, AV trucks have a place to go. This center could be designed to
have small-scale delivery robots and allowances for cargo bike use, to allow residents and business to
be able to access their goods. Proper zoning levers and changes, as well as management of greenfield
development, could help in this endeavor (see zoning policy sheet and greenfield development policy
sheet).

= Link that distribution center to a retail outlet that provides essential goods for residents and
local businesses. The distribution center could be linked to a retail outlet, like a mini big-box store,
providing useful goods to people of the community. Freight transportation could be done through
lanes equipped for AV technology. This could ensure that people are still able to access their daily
needs without having to travel long distances outside the community to do so (see right of way policy
sheet).
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= Invest in housing affordable to existing residents and people providing essential services. This
community has experienced rising housing costs due to its attractivity. This has made it difficult for
people who provide important services—such as working at restaurants and the local health clinic—
to afford living there. As a result, they have had to travel longer distances, increasing congestion and
pollution, while upping their own transportation costs. These issues could get worse with AVs. The
community could consider investing in affordable housing to provide these individuals access to
housing they can afford, which should be paired with the appropriate zoning and building code
changes that would enable this type of housing to be built (see zoning policy sheet and building code

policy sheet).

= Cooperate with regional and statewide stakeholders to create transit operations that extend
beyond the community. Because of the community’s low densities, people are likely to continue
taking most motorized trips using private cars, AV or not. To ensure that people can access the
community without having to rely on a car, the community could consider working with regional and
state stakeholders to establish a regional transit service, potentially operated by AV buses, that
enables travel between communities (see transit expansion policy sheet).

Creating more affordable
living options for all
residents in the community

An alternative Shorter distances
future enabled by to work and less
public policies
promoting equity
and sustainability

Continued
economic vitality
for local congestion

businesses on the road

Lower transportation
costs for service workers
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Community Type 11: The Metropolitan Edge Jump to the quide

What are the features of this community type?

This type of community features low population and employment densities, low levels of
population growth and development pressure, and high reliance on cars and trucks. This
community type is at the edge of the metropolitan area, relatively close to recently developed suburbs
but also currently largely occupied by agricultural and natural uses. This community is crisscrossed by
large highways and though it has some current residents, they do not work in the other parts of the
metropolitan area, as the region has grown to them
over time. This community is entirely served by cars
and trucks, with no other options for getting around. What might this community look like?

As an example, parts of Brandon, Mississippi could be o :
classified as this community type.

Because of its location, this community type is
appealing to long-distance shippers and freight
operators. They already have rest stops along the
highways that run through the area. And they are
having an increasingly difficult time affording paying
for land in other parts of the metropolitan area that are
closer in, and where new residential development is in
demand.

Our historical case studies, available on the
Transportation Research Board website, suggest T =
several challenges this community may face in — =
achieving a more equitable, environmentally / / / ) : ‘
sustainable future. Our analysis of the rollout of freight Source: Image generatd by Microsoft Bing Al.
containers shows that this type of community has
become increasingly popular for distribution facilities and warehouses because, though the price of land
is increasing, it is still both relatively cheap and relatively close to customers throughout the
metropolitan area, so trucks can serve people and businesses with the packages they order.

If AV trucking reduces transportation costs, this community could face further growth pressure in
the coming years. Shipping companies may seek to develop new facilities that allow them to move
products from trucks traveling cross-country to those that are serving the metropolitan area itself. This
is especially likely to be the case if AV trucking and distribution can be conducted with minimal human
labor since communities such as this one are located far from centers of population. Without
coordination, our examination of the history of freight containers suggests that these facilities may be
scattered throughout the area, rather than centrally located, such as near freight rail hubs. All in all,
these circumstances could result in more conversion of greenfield land into developed areas and higher
vehicle miles.

Expected relationships between the AV ecosystem and land use in this community type

In this community type, the rollout of the AV ecosystem may be associated with a substantial
expansion of trucking, combined with associated warehouse and distribution facilities. This may expand
congestion on the region’s highway system and increase the transformation of agricultural and natural
land to fill the needs of the freight system. This could have detrimental effects on the environment and
increase the distance between farms and the centers of population.
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Recommended AV-related policies to
enhance equity and environmental

sustainability

The rollout of the AV ecosystem could further
reduce the cost of freight shipping and distribution,
which could expand the demand for new facilities on
the edge of metropolitan areas, such as in this g s v Ll P e
community. This could threaten agricultural and community type
natural land and further increase VMT, which could
mean more air and noise pollution. To ensure that AV
rollout contributes to improved quality of life, equity
and environmental sustainability, several policy
options are relevant:

Demand for increased
shipping to consumers
in the metro area

Path dependencies More vehicle

miles to move
goods

Maxxing out of current
facility space

= Develop cooperative arrangements between
shippers to coordinate facilities in a certain area. This community could work to establish
agreements between shippers to develop a single coordinated freight warehouse and distribution
facility. This kind of coordination could reduce VMT and ensure that the negative impacts of such
facilities are not widely distributed across the community (see greenfield development policy sheet)

= Encourage intermodal shipping, with a focus on moving goods by freight rail if possible. Freight

distribution by truck has taken on an increasing share of the market in the United States for decades
This has had negative consequences, including more congestion on the national highway system

(resulting in more damage to roads) and higher levels of pollution (because freight trains are far more

efficient than freight trucks). This community could consider developing mechanisms to encourage
more freight rail options, such as by locating coordinated warehouse and distribution facilities in
areas very close to railways, and even building railway spurs when necessary to make the final
connection (see greenfield development policy sheet and transit expansion).

= Consider implementing a greenbelt policy to ensure the continued survival of agriculture and

the preservation of key natural spaces on the region’s edge. Because of the fact that currently
agricultural and natural (e.g., forested or swamp land) areas have low land values, they can be easily
purchased for conversion into freight-focused developed uses. This community can consider
identifying key areas of land that deserve protection, whether for continued agricultural use, or to
guarantee the persistence of certain ecologies. A
greenbelt strategy could focus development in key
areas (see greenfield development policy sheet).

Public policies that support
coordinated facilities
and links to freight rail

= Limit competition for new businesses between
individual jurisdictions by preventing the use of
economic development subsidies for freight-
related uses. Competition between jurisdictions for

An alternative

jobs in the United States has often resulted in states, I future enabled by Limited

. iy T iy s i ici development on
counties, and cities subsidizing new employment to freight distribution | _PuPIEROleR greenfield areas
attract it into their communities. But this has been and sustainability

shown to have had little meaningful impact on
actually increasing job availability. While not a policy
necessarily conducted through land use levers, this
community could consider signing an economic
development non-compete compact with other

Less pollution
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jurisdictions in the region to avoid siphoning off public resources in this way.

Community Type 12: The Rural Town Jump to the quide

What are the features of this community type?

This type of community features low population and employment densities, low levels of
population growth and development pressure, and low reliance on cars and trucks. This
community is small, outside of a metropolitan area, and surrounded by agricultural and natural land. All
of its residents live in single-family homes or trailers, and while it has a town center, it has just a few
uses: A church and a diner, notably. Residents in this community are relatively low income; most work
in agriculture in the surrounding areas and have
families that date back generations in the area. The
community’s residents need their cars to get to other What might this community look like?
parts of the region, but within the town, they can live E
relatively car-light, thanks to close connections
between neighbors and light traffic on the roads that
pass through the town. As an example, parts of North
Adams, Massachusetts could be classified as this
community type.

This community has attracted little economic
development in the last few decades. Its lack of
connection to a major employer, and long distance
from the nearest large city, mean that it has not
brought in much investment in recent years. That has
not necessarily been to the detriment of residents,
since they have taken advantage of the limited change
in the community to have low housing costs.

That said, community residents do have some Source: Image generated by Microsoft Bing Al.
challenges related to accessing goods. Though it is
possible to receive deliveries to homes in the area, it typically takes much longer to receive them in this
community than in places nearer to the metropolitan area. There are big-box stores located along the
highway a few dozen miles away, but they can be hard to get to because of the tight and winding roads
that head there.

Our historical case studies, available on the Transportation Research Board website, suggest several
challenges this community may face in achieving a more equitable, environmentally sustainable future.
Our analysis of the rollout of ride-hailing shows that this sort of community never received the travel
options offered by ride-hailing companies, due to limited potential ridership. The densities in the town
simply are not high enough—and the people who might use the service do not have high enough
incomes to afford the cost of trips. This has meant that people in this community who do not have access
to a car—or are not able to drive one—do not have many options other than relying on others to get
them around the community, or simply walking from place to place in the community.

Expected relationships between the AV ecosystem and land use in this community type

In this community type, the rollout of the AV ecosystem may have little effect without policy change.
The low housing densities of the area are likely to mean that, even if AV technology is present, people in
the community will likely have to own their own cars. Ride-hailed AV services would not come
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frequently enough to serve most of the travel
demands of people who live in this area. Given the
community’s low densities, the area may also not
experience much of a change in terms of accessing
additional products, because delivery services may be
limited in the area.

Low resident incomes
and limited growth
in the area

Lack of additional Path dependencies Inability to
without policy

Recommended AV-related policies to estment | intervention for this e
enhance equity and environmental

community type
sustainability

AV service may have little impact on this
community, either for passengers or for freight. This,
in turn, could cut the community’s residents off from
the potential benefits of improved mobility offered by
the vehicles. Members of the community may buy private AVs to ride in, but those cars are likely to

Reliance on walking and
single-occupancy cars

continue to be more expensive than human-driven cars for many years. As such, the promised expansion
in mobility offered by robot-driven vehicles may not extend to this community at all. Even so, that might

be a positive thing for the environment: It could mean people in the area continue to walk around for
many of their local needs. To ensure that the rollout of AVs contributes to improved quality of life,
several policy options are relevant:

= Encourage the state government to invest in intercity AV buses to improve connections with
other parts of the region. While the community had access to intercity buses several decades ago,

that access is now gone after ridership declined and the cost of providing daily bus service increased.
The community, as a result, is isolated from the surrounding region and residents cannot make short
trips to other towns nearby without a car. The community could consider working with the state
government to introduce intercity AV bus service that provides a new option for getting around (see
transit expansion policy sheet).

= Cooperate with nearby retailer to establish a branch presence in the town, served by AV freight
services. There is a big-box store located several dozen miles from this community, but it can be
difficult for people of this community to get to, especially those who do not have car access. The store
does not offer delivery options. The community could work with the retailer to open a branch location
within the town that provides a subset of goods to residents. The branch location could be located in
the center, near the church, and could be served by AV freight shuttles that transport products from
the larger store down the road. This would improve
residents’ ability to get the products they need. Such
an intervention could be supported by the
appropriate zoning changes (see zoning policy
sheet).

A community where it is
easier to live without

driving or being driven

Experiment with small-scale AV shuttles to

. An alternative \n\.-csf.lnn:n. in

support travel around the community. Though Expanded future enabled by ket
. . . . s opportunity for bli lici buses an
this community’s housing and population densities residents Plisstid gisiasend AV-served
and sustainability retail outlet

are too low to support a traditional transit system—
even with the reduced labor costs made possible by
AVs—other options are feasible. Specifically, this
community could implement a small-scale AV shuttle
just to provide travel within the community, such as
between homes. This could provide an essential

Better access to
goods and
nearby cities
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resource for young, old, and disabled residents who are looking for ways to get around. At the same
time, if this community implements this technology, it should be careful that this does not replace
walking, which plays an important transportation role in this community. While this is not an
intervention necessarily conducted through land use levers, it could benefit from the appropriate
street design and right of way policies (see street design policy sheet and right of way policy sheet).
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5. Explore policies to address potential challenges and capitalize on
opportunities at the intersection of AVs and land use

In this section, we provide fact sheets for each of the community types and policy concepts for
practitioners to leverage as they are planning approaches to link the AV ecosystem with land use. You
can use the tool in Chapter 3 to identify which community type and policy area is most relevant to you.
Here are links to the policies we discuss in this section:

Community engagement
Building codes

Street design

Use of the curb

Zoning

Expansion of the transportation network

Right of way management

Greenfield development

Publicly owned land

Chapter 7 provides examples of how different agencies and/or stakeholders can think through policy
options to address the needs and circumstances of their communities in the context of the AV ecosystem
and land use. These examples include:

A state department of transportation

A city department of housing and urban planning

A metropolitan planning organization

A university

A neighborhood association
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Policy: Community Engagement Jump to the quide

Community engagement obstacles to AV ecosystem equity and
environmental sustainability

Historically, engagement practices and public involvement related to
transportation and land use have prioritized the perspectives of people with
higher incomes, White people, and homeowners (Einstein, Glick, and Palmer 2020). For example, new
developments, especially multifamily buildings, often require special permits or other approvals from
planning or zoning boards, which hold public hearings to receive feedback from the community. During
these sessions, members of the public can provide input, and local governments formally seek these
opinions through notifications to adjacent property owners or neighbors regarding proposed
developments. But older people, men, longtime residents, voters in local elections, and homeowners are
significantly more likely to participate in these
meetings (Einstein, Palmer, and Glick 2018).
These individuals tend to express strong

What is community engagement?

opposition to new housing construction, a Local government community engagement
sentiment that they hold more strongly than do refers to the process by which local
members of the general public. governments involve and interact with

community members in decision-making
processes, policy development, service delivery,
and other initiatives that directly affect their

Deep and meaningful community engagement
with historically excluded populations is

necessary to ensure that land use changes related lives and well-being. This engagement can range
to AVs increase equity and sustainability rather from one way information sharing to consulting
than reinforce the inequities already built into our with community members, collaborating with
current land uses and zoning codes. community members, and even empowering
community members by supporting grassroots
How could community engagement be initiatives and capacity building initiatives.

altered to respond to the AV ecosystem
equitably and sustainably?

Genuine community engagement means earning trust from, listening to, and understanding the
needs and challenges of a community before proposing solutions. It also means shifting power
structures to give more power in decisionmaking to historically excluded communities, such as people
of color, people with low incomes, and people with disabilities. Some methods for increasing equity in
community engagement include the following (drawn from Stacy, Christina Pierhoples, Karolina Ramos,
Donovan Harvey, Sonia Torres Rodriguez, Jorge Morales-Burnett, and Sabina Morris. 2022. “Disrupting
Structural Racism: Increasing Transportation Equity in South Dallas.” Urban Institute):

Achieve this by hosting events at locations people frequently
visit, like recreation centers, schools, or service centers, or by partnering with grassroots or
community-based organizations that regularly serve these populations. Another key approach is
hiring local residents to conduct outreach within communities of color and low-income areas, which
can further enhance inclusive engagement.

= Online participation in community engagement
tends to favor higher-income and White individuals, often excluding those without access to
computers or broadband. That said, this approach creates opportunities for those unable to attend in-
person meetings due to being immunocompromised or having constraints like childcare duties or lack
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of transportation. By providing both in-person and online engagement options, the likelihood of
inclusive participation increases. Offering multiple discussion opportunities, including smaller
sessions for people with similar backgrounds (e.g., those who do not speak English), can enhance
comfort and encourage engagement.

While it may not be
financially feasible to pay everyone who attends community meetings, offering compensation when
possible can enhance inclusivity by removing financial barriers for low-income community members
and demonstrating that their time and expertise are valued. Localities should especially consider
compensating residents in key leadership roles, such as committee members and leaders, and
advertise these positions to underrepresented groups. Additionally, offering travel vouchers, child
care, and food at meetings can help increase regular participation.

After analyzing input and making decisions,
leaders should update community members both in person and online about outcomes and next steps,
and give people the opportunity to share their experiences with the engagement process. Without
transparency about post-engagement actions, the trust built during the input process can be
undermined. To foster long-term trust and transparency, it's crucial for community members to
clearly understand what comes next, including how their input was utilized and the timeline for
implementation.

Communities should continuously assess the
inclusivity of their engagement processes in real time. For instance, towns and cities should gather
demographic data on participants to determine if they reflect the overall population. They should seek
to identify if historically marginalized and excluded groups are underrepresented. Additionally, staff
and policymakers should conduct in-depth discussions and focus groups with community members to
identify successful aspects of the process and areas for improvement.

Community engagement plays a crucial role in informing,
shaping, and implementing the goals and strategies within a comprehensive plan. Comprehensive
planning can help local leaders better understand the unique needs and desires of a community and
ensure that engagement comes before policies are proposed. Localities should be sure to engage
community not only in the design of the plan, but also in the implementation and evaluation of the
plan over time.

Community benefits agreements can serve as a formalized
mechanism for communities to participate in decision-making processes related to development
projects or initiatives that may impact them. CBAs are negotiated agreements between developers,
community groups, and sometimes local government agencies. They outline specific benefits and
commitments that the developer agrees to provide to the community in exchange for community
support or acceptance of the project. These benefits often include provisions for affordable housing,
job opportunities for local residents, environmental protections, infrastructure improvements, and
other community investments.
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Policy: Zoning

Zoning obstacles to AV ecosystem equity and environmental

Jump to the quide

sustainability

Zoning regulations play a critical role in how AV technology will affect equity

and environmental sustainability. Since individuals' willingness to endure longer

commutes may drive migration from cities to suburbs or exurbs, density allowances will be crucial in
influencing the extent of urban sprawl facilitated by AVs. AVs will also open up land for development
through less need for parking, but minimum parking requirements could hinder the pace at which land
is repurposed for more efficient, equitable, and sustainable purposes. Zoning determines the availability
of space for AV infrastructure, including communication networks such as cameras, radars, and lidar
sensors, plus the location of charging stations (Liu et al 2019; Stein 2021). Zoning may also affect the
location of parking, which is likely to be situated outside urban cores, and of space for routers and

servers necessary for AV software (Sudhakar
2023). And current zoning regulations may limit
how efficiently AVs will be able to operate at a
large scale when trying to pick up and drop off
passengers (Riggs, Appleyard, and Johnson, 2020;
Stein 2020).

Zoning may regulate many components of
freight delivery that are relevant to the equitable
and sustainable rollout of AVs. For example,
zoning regulates the location, shape, and
operation of distribution centers, and the size and
configuration of loading areas (Richards 2018). As
AVs become more prevalent, the most efficient
location and configuration of distribution centers

What is zoning?

Zoning involves a government dividing land
into different "zones," each with specific
regulations for new development. Zones can be
designated for single uses (like residential or
industrial), multiple compatible activities, or
governed by form-based regulations focusing on
building density, size, and shape. Planning rules
within each zone dictate whether development
permission is granted, specifying outright and
conditional land uses, lot sizes, building forms,

-3 1

and allowable delivery times may change, since they will no longer need to be near potential employees

and will need less employee parking.

How could zoning codes be altered to respond to the AV ecosystem equitably and

sustainably?

Several changes to zoning could help the rollout of the AV ecosystem to be more equitable and

environmentally sustainable:

= Consider upzoning. Reforming zoning codes to allow for increased housing density in the urban core
could help disincentivize AV generated sprawl by reducing housing costs and dissuading people from
moving into the suburbs or exurbs where housing and land are cheaper (Greenaway-McGrevy and
Jones 2023; Stacy et al 2023). While some places use urban growth boundaries to mitigate sprawl,
these can inadvertently increase housing costs in the urban core (Ball et al. 2012). However, pairing
urban growth boundaries with upzoning can help to mitigate sprawl while also reducing housing costs
(Mathur 2013). Increasing investments in public transit and reducing investments in highways can

also help mitigate sprawl.

= Support Transit-Oriented Development (TOD). Local leaders can support TOD to create compact,
walkable, pedestrian-oriented, mixed-use communities centered around high-quality train systems.5
This could help minimize the increase in VMTs likely to be caused by AVs and help support access to

65


https://clarionassociates.com/whats-new/zoning-urban-freight-system/

opportunity for people with low-incomes, people of color, and people with disabilities. Some policies
to help support TOD include upzoning near transit stops, siting affordable housing developments that
are accessible for people with disabilities close to accessible transit stops, and reducing or waiving
parking requirements near transit.

Employ adaptive reuse. Leaders could also consider altering zoning codes to support adaptive
reuses which allow for the redevelopment of existing buildings for other purposes, such as allowing
easier conversion of commercial properties to housing, turning former industrial warehouses into
cooperative spaces, or converting former shopping malls into workforce development centers.
Adaptable site designs could also help accommodate the dynamic nature of AV traffic. This could
include considerations for drop-off/pick-up zones, charging stations, and designated AV lanes. These
types of adaptive reuses can allow the building stock to respond to changing demographics and needs
as AVs become more widely available, plus increase access to opportunity and environmental
sustainability. Amending zoning codes to allow for alternative uses on parcels zoned for one use can
support these types of reuses.

Use zoning to increase environmental justice. While allowing for adaptive reuse and other reforms
can be helpful, zoning rules should be carefully designed to ensure the health and safety of residents
while also paying close attention to the racial equity of proximity to pollution emitting uses. Zoning
can be used to ensure equity in exposure to environmental toxins by ensuring that polluting industries
are not near residential zones, particularly communities of color who have disproportionately borne
the burden of living near such facilities (Tessum et al. 2021).

Reduce parking minimums and amend rules for opened up road space and parking lots. As AVs
become more prevalent, planners can amend parking minimums and zoning codes to allow for land
formerly used for parking (and road space) to be used for other purposes. They could also institute
parking maximums that incentivize the use of AVs, particularly ride hailed or shared AVs. If zoning
codes evolve with AVs, they could open up land that used to be used for parking (and road width,
which may be shrunk) for other uses like housing, green spaces, walking/biking lanes, and community
amenities that serve people with low incomes and people of color.

Alter regulations on access points. AVs may require fewer but more strategically placed access
points to buildings, considering their precision and reduced need for wide turning radii. As such,
leaders should re-evaluate existing regulations regarding the minimum number and type of access
points. This can cover potential changes in traffic flow, safety considerations, and land use efficiency.

Require traffic impact assessments to focus on total VMT. Traffic impact assessments predict the
impact that proposed changes in land use will have on traffic and are often used for new
developments and zoning reforms (Combs, McDonald, and Leimenstoll 2023). Conventional traffic
impact assessments prioritize cars at the expense of other modes, undermining efforts to build more
sustainable, multi-modal transport systems and encouraging single-use development in suburban and
peripheral areas, where existing surplus traffic capacity minimizes the need for mitigation
(DeRobertis et al. 2014; Walters, Bochner, and Ewing 2013). Local leaders could require traffic impact
assessments that focus more on reducing total VMT rather than on vehicular delay to help minimize
these potential negative impacts and maximize benefits for the environment. They could also require
equity impact assessments, health impact assessments, and/or environmental impact assessments for
these reforms and developments, but balance should be struck between requiring too many
assessments which may mitigating development and progress, versus too few which may cause
leaders to miss important impacts of such reforms.
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» Amend zoning codes to allow for freight distribution in new areas and formats. Zoning codes can
be amended to allow for more efficient locations and configurations of distribution centers. Changes
have already taken place with the rise of e-commerce and will likely continue as AVs become more
prevalent (Richards 2018). For instance, delivery is moving away from infrequent activity by large
vehicles and toward more frequent activity by smaller vehicles, necessitating different types of
loading spaces. If AVs accelerate that trend, it will be important to amend zoning codes to allow for
these efficiency increases while also avoiding negative environmental or equity impacts. See the
building code fact sheet for more information about how building codes can be amended to allow for
new types of freight delivery.

Which stakeholders are relevant to implementing zoning codes?

In most US states, local governments are the primary decisionmakers about zoning. State
governments, however, can preempt local zoning laws by either disallowing certain types of reforms or
requiring them. If designed well, having the state government establish a baseline for zoning in
communities throughout the state can help to increase efficiency, equity, and sustainability as AVs
rollout.

Developers are also likely to play an important role in influencing zoning policy, since most large
projects undergo negotiations between those who are leading developments and the government with
zoning authority. Ensuring that developers have a clear sense of how to integrate AVs into their project
plans can smooth the way.

What can we learn from historical examples related to zoning code changes?

The expansion of the interstate highway system revolutionized travel, residential patterns, and land
utilization. Highways facilitated cheaper and more convenient car travel, fostering suburbanization and
shifting freight transport from railways to trucks (Baum-Snow 2007). Highways, however, often
exacerbated racial disparities by displacing communities of color during their construction and then by
segregating communities of color far from opportunity. Moreover, highways contribute to air, water,
noise pollution, and the destruction of natural habitats, not only through increased VMT but also
because localities have enabled sprawling development through accommodating zoning. Similar impacts
could arise with AVs unless zoning and other policies are intentionally crafted to address their
deployment.

How could implementing zoning code changes differ based on community type?

Upzoning, changes to parking requirements, and traffic impact assessments will be most relevant for
denser communities with high development pressure (including community types 1 and 2), as well as
for less-dense locations near the urban core where density could still help to reduce exurban sprawl (6
and 8). Zoning code amendments for distribution centers will be most relevant to suburban and rural
communities (such as community types 5,9, 11, and 12).

What does community engagement look like for zoning and what are best practices?

Homeowners and people who are White are overrepresented in community engagement for zoning,
which reinforces inequities in our housing markets (Einstein, Palmer, and Glick 2018). As AVs are
deployed, care should be taken to ensure that people of color and renters, along with other historically
excluded populations, such as people with low incomes and people with disabilities, are deliberately
engaged in the process and given a voice in decisionmaking processes. For best practices on how to

transfer this power, see the community engagement fact sheet.
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POliCV: Building Codes Jump to the quide

Building code obstacles to AV ecosystem equity and environmental
sustainability

Building codes are typically designed around human-driven cars. This has the impact of increasing
the sizes of parking garages, since they assume that people need a margin of error to be able to navigate
tight turns. Building codes also assume that visitors’ cars will be parked during their stay, as opposed to
ride-hailed vehicles that will leave after drop-off (see the for more details).

Building codes sometimes include provisions
for freight delivery. For example, larger buildings What are building codes?

are often mandated to include delivery docks Building codes mandate minimum human health
explicitly to enable drop-offs without blocking the and safety standards for structures, and
street. Yet these docks are not designed for

typically incorporate construction standards,

variation in truck size, for instance, and thus are accessibility requirements, fire safety rules,

unable to accommodate alternative vehicle sizes, electrical, plumbing, and mechanical

such as small-scale robot freight delivery systems. regulations; energy efficiency standards; and

The mandated scale of delivery docks could be rules related to permits and inspections. The

changed by the code to encourage a diversity of International Code Council produces an

delivery options. International Building Code that is used by some
communities, but codes vary by state and city

How could building codes be altered to throughout the US. The city of Seattle, for

respond to the AV ecosystem equitably example, follows an amended version of the

and sustainably? 2018 International Building Code; the city’s code

also must abide by statewide requirements

AV rollout could change several aspects of the introduced by the Washington State Building
transportation system that are relevant to Code Council.

building codes. AVs may be better able to

negotiate tight turns; they may have doors in different locations; and they may come in new shapes and
sizes that do not have to fit a human. AVs may also reduce the need for any kind of parking, a baseline
assumption in almost any current building code. Several changes to building codes could respond to the
rollout of the AV ecosystem:

= Allow for AV-only parking garages. Building codes can be reformed to allow for AV-only garages,
equipped with electric chargers or options for vehicle-to-grid electrification. To reduce garage
footprint (and thus reduce cost of construction, plus encourage better use of the limited space
available in many urban environments), codes could be rewritten to allow for reduced distance
between spaces, tighter turning radii, and reduced width of parking spaces themselves. These changes
reflect the fact that, when parked, AVs do not need to be accessible by people through doors (or could
be accessed via doors in the front or back of vehicles, depending on design), and they can navigate
around garages with less error than human drivers. Because AVs—Ilike the rest of the vehicle fleet—
are likely to be electrified and powered with batteries, they may be heavier on average than the gas-
powered vehicles in common use today, at least given the same size. This would be a particular
concern if vehicles were packed more tightly against one another. As such, building codes could be
rewritten to ensure that garages can handle the increased weight of such cars. Localities should
implement this policy carefully so as to ensure it does not increase parking overall.
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= Amend codes to allow for different types of freight delivery. Building codes often make
allowances for freight delivery through special loading areas (these are often required for larger
buildings to prevent on-street loading). With AVs, codes could be rewritten to allow buildings with a
lower level of expected freight delivery to accept deliveries through small-scale freight-carrying
electric AVs. This would require codes to allow the creation of new rules for the passage of such
vehicles into buildings, such as through tight tunnels, or different sorts of entryways that do not have
to be accessible to humans.

Which stakeholders are relevant to reforming building codes?

In most states, local governments are primary decisionmakers when it comes to building codes. But
state governments, state building code councils, and the International Code Council can
implement minimum standards for localities to ensure uniform building design changes to
accommodate AV services for freight and passengers. Having the state government establish a baseline
for building codes in communities throughout the state can assist landlords and developers that are
considering constructing buildings.

The ultimate implementers of building codes are landlords, architects, and developers, who
choose how renovated and new buildings are adjusted to reflect the law. For them to adapt to AV rollout,
they must have a clear sense of what the building code entails. This means that they should be made
fully aware of how the code works and what changes might be made possible with AVs. In some cases,
landlords that own large, continuous parcels of land (such as universities or hospitals) may consider
adapting their buildings as a group to new building regulations. This could enable them to provide
neighborhood-wide small-scale robot AV freight delivery within and between buildings, with the goal of
reducing the trucking footprint in the area.

How could implementing building code changes differ based on community type?

Changes to building codes designed to encourage eased AV-land use connections in the case of
parking garages are likely to be more useful in the densest areas, where garages are more common
(including community types 1, 2, and 3), though they may also be meaningful in less-dense locations
where there have been recent efforts to introduce higher density levels.

Changes that enable AV-freight delivery may be particularly common in areas where distribution and
warehousing facilities exist or are being planned, such as community type 11. In these areas, building
codes can be adjusted to reflect the need to accommodate a variety of vehicle sizes. At the same time,
small-scale delivery robot AVs could serve most community types.

What can we learn from historical examples related to building code changes?

The widespread introduction of electric cars has already begun to influence thinking about building
codes in cities throughout the United States. Because of their heavier weights, these vehicles require
adjustments to load requirements in parking garages. This situation is likely to become more of a
concern in the coming years as electric cars become more popular and as AVs are likely to be mostly
electric. Consider that the introduction of the freight container also had some influence on building
codes historically. The design of the container itself resulted in the creation of specialized warehouses
and distribution facilities designed to allow tractor-trailer trucks to unload directly into the facilities.
Codes in numerous cities and states were adjusted to allow for this freight transfer.
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What does community engagement look like for building codes and what are best
practices?

Residents can play a key role in public policy related to building codes. Historically, engagement
practices and public involvement have both prioritized the perspectives of people with higher incomes,
White people, and homeowners. Ensuring that any building code reforms incorporate the perspectives
of a more diverse group of individuals is necessary to guarantee equitable planning for the AV
ecosystems, including potential future residents of new housing developments (as opposed to only
current residents) or employees of an industrial or transportation facility. For more guidance on
engagement with historically excluded populations, see the community engagement fact sheet.
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Policy: Street Design

Street design obstacles to AV ecosystem equity and environmental

Jump to the quide

sustainability

Because of the dominance of the automobile in American life, most streets are
designed to prioritize their movement. For city streets and suburban arterials, this

often means wide lanes, little room for sidewalks or bike lanes, and no dedicated facilities for transit.
These conditions make travel difficult for people who do not have access to their own cars by slowing
their movement and making them more likely to get hit by a car. This disproportionately negatively
affects people of color and people with low incomes. In addition, the prioritization of automobiles over
other modes of mobility has led to negative environmental impacts such as particulate pollution and
carbon emissions. Local policymakers have a large degree of latitude over how much street space should
be devoted to different users and needs; they have the opportunity to make significant changes related

to this issue.

Street design also has important implications
for freight. Currently, many city streets and
suburban arterials are designed to accommodate
tractor-trailer trucks, which need broad turning
radii and adequate space for streetside
deliveries. Nimbler and smaller vehicles—both
possible with the rollout of AVs—could make
this less of a concern. Freight vehicles are also
subject to the challenges of competition with
other traffic and human-driven cars sitting in
delivery areas, which can delay deliveries.
(These outcomes are particularly important
when it comes to the use of curb space; see the

curb space policy sheet for more details).

How could street design be altered to
respond to the AV ecosystem equitably
and sustainably?

What are the components of street design?

Streets constitute a large share—sometimes
even the majority—of publicly owned land in
urban areas. Public policy can thus play an
important role in influencing how streets look
and work—and importantly, what types of
transportation they prioritize. Streets can be
designed to host a whole variety of different
users, including pedestrians, bikers, buses, rail
transit, delivery vehicles, and automobiles. They
can integrate landscaping, lighting, and signage,
too. Making choices about how much space in
the public right-of-way should be devoted to
different uses is a key decision to be made by
local departments of transportation and has

Mmainrimnacte nn curranndina land nieac

If AVs achieve their promised goals of increasing street safety compared to human-driven cars and
trucks, occupy less street right of way, need less parking, and provide new transportation services in
different types of vehicles, localities and state governments may consider altering their approaches to
street design. In addition to the access and site design recommendations detailed in the zoning and
building code section, several street design changes could encourage further social equity and
environmental sustainability in the context of an AV rollout:

= Prioritize pedestrians. Localities could invest in street design upgrades that maximize safety for
walkers, whether or not AVs rollout broadly. There are a number of options to achieve this goal, such
as implementing additional pedestrian crossings (such as crosswalks), installing curb bulb-outs that
shorten pedestrian crossing distances, and devoting more street space to sidewalks rather than car
lanes. Localities can also install additional stop signs, speed bumps, and signalized intersections to
reduce car speeds. In some cases, where good transit options or other shared AV vehicles are
available, entire blocks could be pedestrianized. If AVs do not turn out to be safer than human
drivers, these changes could be particularly important to ensure safety for all.
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= Creating AV-only environments. If AV technology is associated with a substantial reduction in
vehicle speeding, combined with better lane compliance, localities can leverage it to create AV-specific
zones where street design is less oriented toward compensating for the mistakes made by human
drivers. In these zones, local departments of transportation can introduce narrow lanes and tight
corner radii at intersections. The first of these transformations can open up more street space for
sidewalks or other modes of transportation; the second can reduce the likelihood of pedestrians being
hit by cars because of fast-moving traffic. In order to introduce these transformations, localities may
have to limit entry by all but AVs, though experimentation with these changes in areas with human-
driven vehicles may also produce useful outcomes. One option could be to introduce AV-only zones in
neighborhoods built from scratch. In these areas, localities may consider working with AV
manufacturers to ensure that the vehicles automatically respond to pedestrian movement, either
through automated sensors, or through pedestrians being able to indicate their presence, such as
pressing a button.

» Enabling different vehicle sizes and types. Vehicle lanes are currently designed practically
exclusively for cars and trucks. This may no longer make sense once vehicles of various sizes enabled
by AV technology are introduced. In particular, if AV robots become relatively commonplace as a
means to move goods around neighborhoods, it will be necessary to ensure that they have adequate
space on the public right-of-way. These types of vehicles could reduce emissions and congestion
compared to the trucks that now carry most freight if they are able to more efficiently carry goods. On
the other hand, larger trucks may have economies of scale, allowing them to use less VMTs to deliver
the same amount of goods. Localities could experiment with approaches to enabling the use of these
vehicles on certain streets.

» Creating dedicated space for shared vehicles, public transit, and light mobilities such as bikes
and scooters. The arrival of AVs could make it more feasible to devote space on the street specifically
to vehicles that maximize the use of the public right-of-way. Certain street lanes, for example, could be
reserved for shared vehicles, such as transit buses or AV vans, to maximize lane throughput in terms
of the number of passengers carried through an area (see the right of way management policy sheet
for more details on this issue). At the same time, localities may make way for more light mobilities,
such as bikes, scooters, and freight-carrying bicycles through dedicated lanes that are protected from
the surrounding traffic or off-street entirely, such as those seen on the right side of figure 5.1. This
could encourage more people to get out of cars, thus reducing negative environmental impacts that
may occur due to AVs.
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Figure 5.1 Cycling Infrastructure Types

Bike Lane Buffered Lanes Protected Lanes

Bike Boulevard “Sharrow” Off-street
Shared Use Trail

Source: Freemark et al. (2022).

Which stakeholders are relevant to revising street designs?

Local governments play the most important role in making policy choices related to city street and
suburban arterial design. They generally have control over most neighborhood streets and they install
sidewalks and bike lanes. Nonetheless, state departments of transportation often impose standards
related to vehicle lanes and crossings. Moreover, state governments typically control a large share of
arterial streets (as well as highways); they manage the design of these facilities directly. States could
enable the transformation of streets to support more equitable and environmentally sensitive uses of
the public right of way. Local leaders can also utilize the National Association for City Transportation
Planning Official’s (NACTO) Blueprint for Autonomous Urbanism, which offers recommendations for a
comprehensive overhaul of how our streets are designed, allocated, and shared to increase the
likelihood that AVs will result in substantive safety, sustainability, and equity gains.®

The federal government also has an important role to play through the Federal Highway
Administration’s Manual on Uniform Traffic Control Devices for Streets and Highways. This Manual
defines baseline standards for city streets, arterials, and other surface transportation facilities, and was
last updated in 2023. However, the Manual does not currently address AVs directly. At the same time,
the National Highway Traffic Safety Administration makes policies related to what types of vehicles are
considered roadworthy. AV technology could change the design of many of the vehicles now carrying
passengers and freight—and, in the process, reduce roadway congestion and pollution—but those
designs must meet federal rules to be allowed on the public right of way. Currently, the federal
government has limited the number of AV test vehicles allowed nationwide.

How could implementing street design changes differ based on community type?

Communities with less car and truck dependency and higher densities (such as community types 2, 4,
and 6) may be most apt for transforming their public rights-of-way. These communities can leverage AV
technology to maximize throughput by encouraging shared vehicles and transit and expanding space for
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pedestrians and bikers. They may also be most ready to create zones where only AVs are allowed to
enter the street. This may be most feasible in the communities with high development pressure and
where new neighborhoods can be constructed, such as in communities 6 and 10.

At the same time, street design transformations designed to encourage different types of goods
delivery may be most effective in relatively dense communities with high car and truck reliance, such as
community types 1, 3, and 5. In each of these areas, experimenting with goods delivery by AV robot
could be an effective mechanism to encourage reduced traffic.

What can we learn from historical examples related to street design changes?

The creation of bicycle sharing networks in cities around the world has been associated with a
number of major changes to the public right of way. Notably, cities have chosen to associate the rollout
of this technology with new bike lanes and dedicated space along the sidewalk—sometimes expanded—
to store bikes. Bike share systems have helped encourage the reduction of the space taken up by cars on
streets. AV technology could follow a similar approach.

What does community engagement look like for street design?

People who live along, businesses located along, and people who frequently travel to or through
streets being considered for street redesigns should be directly integrated into discussions about the
right types of transportation modes to prioritize and the best ways to ensure that the street can
contribute to a community becoming more socially equitable and environmentally sustainable.
Nonetheless, decisions about street design should not be limited to those individuals alone, especially
since evidence shows that engagement processes are often biased by the disproportionate involvement
of homeowners and people with higher incomes. Other users of the street and potential users of the
street should also have their views integrated into the process. For more guidance on engagement with
historically excluded populations, see the community engagement fact sheet.
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POliCV: Use of the Curb Jump to the quide

Curb use obstacles to AV ecosystem equity and environmental

tainability 0
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The choice about who or what has access to a curb reflects a community’s
priorities. The curb might be set aside for parking by residents or businesses, v
suggesting that the local goal is to encourage car access for people who live or
who shop there. Or, it might be devoted to traffic lanes, so as to speed car movement along the street. It
might include ample space to drop off passengers
and goods, giving preference to people and things
moving in and out of the area. Finally, it might What is the street curb?
have some mix of all three—plus, perhaps, space
for trash receptacles, bike storage, and seating.

Little-mentioned but very important for the
function of the street, the curb is the key site of

Management of curb space will play a major interaction between people moving and people
role in the rollout of AVs and could influence arriving or departing from destinations. The
whether AVs lead to further automobile curb is used for a variety of purposes, including
dependency or a greater mix of transportation vehicular parking; sanitation; loading and
modes. With the recent rise of ride-hailed unloading of goods; drop offs and pick-ups of
passenger cars and bike-sharing systems, curb passengers; bicycle storage; and sometimes
access is already undergoing major changes that streetside cafes and other extensions of nearby
may accelerate in the context of AV rollout. land uses. Because of the wide array of needs,

the curb is a contested space that must be
How could curb use be altered to respond managed if it is to contribute to the surrounding

to the AV ecosystem equitably and community. Managing the curb’s limited space
sustainably? requires compromising between various needs.
sustainably s

AVs could lead to substantial growth in demand for curb access, if it is associated with more ride-
hailed trips and automated deliveries. However, public policy can influence the trajectory of the AV
ecosystem in ways that shift the type of demand for curb access. First, will AVs be associated with
greater use of shared vehicles or will they encourage more single-occupancy automobile travel? Second,
will automated freight delivery increase congestion and emissions, or enable more efficient movement
of goods and reduce VMT? Localities may consider several policy options to encourage greater equity
and environmental sustainability in the context of AV rollout:

= Devote dedicated space to passenger pick-up and drop-off. The rise of ride-hailing options has
substantially increased the number of people being picked up and dropped off along streets in many
crowded areas, but those passenger movements often require people to skirt around parked cars and
risk traffic crashes. They also make it difficult for people with physical disabilities to use these
services. AVs could make ride-hailing options more widely available, but better access is necessary to
ensure people can equitably and safely use them. Localities could devote specific pick-up and drop-off
zones throughout a community in order to ease access, and work with AV transportation providers to
ensure that their vehicles stop there. On blocks with a high density of retail and other businesses,
multiple or large zones may be needed.

* Provide quality access to public transit services. To encourage environmentally sustainable transit
use, bus services could benefit from a portion of the curb specifically devoted to their passengers’
needs, a convenience available in some places but not everywhere. This could allow riders easier
access onto transit and encourage them to use buses—automated or not—rather than single-
occupancy automobiles. This bus-dedicated area could include benches and lighting and be associated
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with curb bulb-outs to reduce the difficulty getting on the bus (see for more
information).

= Charge for curb use, prioritizing shared vehicles. To incentivize the use shared vehicles over
single-occupancy and private automobiles, localities could charge for curb use, including for parking,
drop-offs and pick-ups. These charges would encourage shared vehicle use by effectively distributing
that fee among more passengers. Fees could also vary based on the time of day, day of the week, real-
time demand, characteristics of the vehicle (such as lower fees for electric or small cars), or the
characteristics of the passenger (such as waiving fees for older residents or people with mobility
disabilities).

= Devote a portion of the curb to freight deliveries. If AVs substantially reduce shipping costs,
delivery orders may increase. Delivery vehicles can create unsafe situations when, lacking
alternatives, they stop illegally next to parked cars or on crosswalks, and they can increase congestion
due to frequent stops. To prevent this, communities could designate frequent freight loading areas,
potentially with dynamic, time-dependent rules. They could also consider ways to enable small-scale
robot AVs to operate.

Which stakeholders are relevant to revising curb use?

Local governments typically manage curb use. They often create and enforce policies related to
where on-street parking is allowed, whether people must pay to park, who is allowed to park (e.g.,
residents or the general public), and how drop-offs or deliveries are handled. Their ability to manage
dropoffs requires close collaboration with commercial delivery services.

In addition, major developers and landlords, such as universities and hospitals, often work with
local governments to prioritize certain users along streets near their facilities. In some cases, these
organizations own private streets where they set policies. State departments of transportation may
also impose policies about curb use on state roads.

How could implementing curb use changes differ based on community type?

The communities with the highest population and employment densities—community types 1, 2, 3,
and 4—will likely have the greatest need to revise curb access regulations because they may have the
most competition between users.

Moderate-density communities can also consider changing curb access (types 5, 6, 7, and 8),
especially when evaluating how to implement new transit and shared transportation options in the
context of AV technology, or how to encourage certain models of AV ownership or use.

What can we learn from historical examples related to curb use?

The rollout of the container freight system introduced standard semi-trailer trucks to streets
throughout the world. In many cases, these trucks replaced smaller parcel trucks. Semi-trailers are quite
large and without dedicated loading space, often block travel lanes, increasing congestion. These
vehicles were not designed to operate effectively in dense urban areas. If the AV rollout is associated
with new freight vehicle designs, especially smaller ones, it ease challenges of curb access for freight and
improve the ability of trucks to operate in dense areas without snarling traffic, particularly if rolled out

in tandem with building design changes.
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What does community engagement look like for curb use?

Residents and businesses along streets being considered for changes related to their curb use should
be directly engaged in revising curb access regulations. Other users of the street—such as people who
bike or ride buses along it—should also have their views integrated into the process. For more guidance
on how to conduct engagement with historically excluded populations, see the community engagement
factsheet.
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Policy: Greenfield Development

Greenfield development obstacles to AV ecosystem equity and

Jump to the quide

environmental sustainability

Greenfield development presents both advantages and challenges for advancing
environmental sustainability and social equity. On the one hand, it offers the opportunity to design
communities from scratch, allowing planners to implement innovative and sustainable solutions that
cater to the specific needs of residents. This fresh start enables efficient land use, integration of green
spaces, and the establishment of effective and sustainable infrastructure with social equity in mind. On

the other hand, greenfield development can
contribute to urban sprawl and all the challenges
that come with it, including increased car
dependency, longer commute times, and
environmental degradation due to habitat loss
and increased carbon emissions from
transportation (Heid 2004).

The introduction and widespread adoption of
autonomous vehicle (AV) technology may impact
greenfield development in two ways. First, AVs
could lead to increased sprawl and the
development of new communities on the outskirts
of urban areas. The convenience of AVs enabling
occupants to engage in other activities during
commutes may make users more inclined to

What is greenfield development?

Greenfield development takes place on
previously undeveloped land. It tends to occur in
and around rural areas, highways, or areas of
suburban expansion. Greenfield development is
not tied or constrained by any preexisting
structures or infrastructure (which
differentiates it from brownfield development,
for example). The new development can be of
any land use variety, such as industrial,
commercial, residential, or infrastructure.
Greenfield development can refer to isolated,
small-scale new structures or the development

endure longer travel times. This could result in the expansion of suburban and exurban areas as people
seek lower housing costs and larger properties in the periphery, a prime opportunity for greenfield
development. Additionally, the development of AV-related infrastructure could highly rely on greenfield
development. This would include the creation of AV parking facilities, charging stations, server farms,
and dedicated lanes or routes optimized for AVs. AV-enabled freight could also leverage greenfield
development to develop new industrial parks and distribution centers optimized for AVs.

How could greenfield development be managed or regulated to respond to the AV

ecosystem equitably and sustainably?

AV technology could trigger an increase in greenfield development by incentivizing sprawl and
requiring or facilitating the development of new infrastructure. But only in rare cases can greenfield
development provide better outcomes compared to development in vacant or underutilized parcels of
land within already established urban areas. Public policies may be able to set guardrails that limit
urban sprawl and guide the development of new infrastructure to infill or brownfield options. Localities
and states may consider several policy options to encourage development that can enable higher quality

of life in the context of AV rollout:

= Create a new or updated comprehensive plans. Developing comprehensive plans allows
jurisdictions to outline long-term goals and strategies for managing growth and development in
greenfield areas. These plans typically include considerations for transportation, environmental
conservation, housing affordability, economic development, and community amenities. The plan
can set goals or priorities for each of these considerations by making recommendations
regarding land use designations and urban growth boundaries. Localities should establish
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explicit strategies or considerations related to the development of new industrial and freight
infrastructure, especially distribution centers (Godschalk and Rouse 2015).

Update land use ordinances to limit development in peripheral areas. Localities may
review and revise their zoning or land use codes (see zoning policy sheet for more information)
to preemptively establish open space, environmental, or conservation zones in areas susceptible
to greenfield development. This could effectively create urban growth boundaries. They may
also relax certain land use restrictions in vacant or underutilized parcels within established
urban areas to incentivize denser development. Municipalities could also carefully review and
revise where they currently use industrial or transportation zones to guide new AV-related
infrastructure, including that affecting freight, to areas closer to the urban footprint. These
efforts would require extensive planning, so localities can make informed predictions of new
development needs, including where these developments would be more likely to be located
absent any zoning changes, and where they should be located to maximize societal value. States
may get involved in this process through preemption by establishing rules that govern how local
governments do zoning,.

Create environmental regulations for greenfield development. Implementing
environmental regulations and standards could ensure that necessary greenfield development
projects adhere to requirements for protecting sensitive ecosystems, wildlife habitats, water
resources, and air quality (Forsyth et al 2016). Localities and states have several tools at their
disposal to achieve this:

o Environmental Impact Assessments (EIAs). Localities or states may require
developers to conduct EIAs before initiating greenfield development projects to help
evaluate potential environmental impacts.

o Wetland and Riparian Buffers: Localities or states may ban development in areas
around shorelines, wetlands, or streams to help preserve critical ecosystems, maintain
water quality, and prevent erosion.

o Stormwater Management Regulations: Cities or states may require that new projects
include the installation of retention ponds, permeable pavement, green roofs, and other
stormwater management practices. These measures could control runoff and mitigate
the risk of flooding, erosion, and pollution.

o Tree Preservation Requirements: Cities or states may also require new projects to
preserve existing trees and vegetation to maintain biodiversity, enhance air quality, and
mitigate the urban heat island effect. Regulations may specify tree protection zones and
requirements for planting native species.

o Erosion and Sediment Control Measures: Localities or states could require new
projects to include erosion control barriers, sediment basins, vegetative stabilization,
and construction phasing to minimize disturbance to natural terrain and prevent
sediment runoff.

Incentives for infill or brownfield development over greenfield. Local and state
governments can offer incentive programs to encourage developers and other stakeholders to
adhere to specific planning goals that prioritize infill and brownfield development. Greenfield
development has a big appeal in that land in undeveloped areas is relatively more affordable.
Localities may need to shift the cost structures of urban development so infill and brownfield
developments are better options. Some incentive tools include:
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o Tax incentives: Governments can offer property tax abatements or exemptions for infill
or brownfield projects.

o Density Bonuses: Governments may grant density bonuses to developers who choose
to build within designated infill or brownfield areas so they can construct additional
floors or units beyond what is typically permitted under zoning regulations.

o Grants and Subsidies: Governments can provide grants, subsidies, or low-interest
loans to offset the costs associated with infill or brownfield development.

o Fast-Track Permitting and Regulatory Streamlining: Governments may streamline
the permitting process and expedite regulatory approvals for infill or brownfield
development projects.

o Infrastructure Investments: Governments can invest in infrastructure improvements
and public amenities in infill or brownfield areas to catalyze redevelopment and attract
private investment.

o Fee Waivers or Reductions: Governments may waive or reduce various development
fees, impact fees, or permitting costs associated with infill or brownfield projects.

Which stakeholders are relevant to revising greenfield development?

Local governments typically make choices related to greenfield development in incorporated
areas. They may regulate this through zoning codes, environmental regulations, and incentive
structures. In some cases, state governments may also exert some influence over greenfield
development across all these policy levers, except for zoning, which is by and large a prerogative of local
jurisdictions due to home rule. However, more states are increasingly using preemption power to guide
the way local jurisdictions regulate land use and zoning.” For unincorporated areas, where there could
be several greenfield development opportunities, county or state governments may be best positioned
to use policies to manage or regulate greenfield development. National parks, wilderness areas, national
wildlife refuges, military reservations, and public-domain land are all administered or owned by the
Federal government.8 Finally, specific government agencies, at different jurisdiction levels, may have a
role in executing or shaping greenfield development: local or regional planning departments,
environmental protection agencies, transportation departments, or public utilities and services
providers.

How could greenfield development pressures differ based on community type?

The communities with the lowest population and employment densities—community types 9, 10, 11,
and 12—will tend to be more susceptible to experiencing greenfield development due to AV rollout
since there is more availability of undeveloped land. Among these communities, those with high or
moderate car and truck reliance—the exurban fringe and the metropolitan edge—may see the highest
pressure to allow greenfield development, since AV technology may have a bigger impact and there
would be more incentives and need to develop an ecosystem and infrastructure for it. This, in
combination with the availability of undeveloped land, makes these communities highly susceptible to
greenfield projects. Among these two, the exurban fringe, which is already facing high development
pressure due to growth in residents and/or jobs, will face the biggest pressure to build in its
undeveloped land stock. It is important that these types of communities take preemptive steps to either
prevent or guide future greenfield development to maximize societal gains, promote social equity, and
minimize environmental impacts.
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What can we learn from historical examples related to greenfield development?

Highways made car travel cheaper and more convenient. They raised people’s tolerance for longer
commutes, which enabled a process of suburbanization driven by lower housing costs and more space
availability. In the same fashion, highways encouraged a shift of the freight transportation system from
railways and canals onto trucks. As part of this process, agricultural and natural land was converted into
other uses to make room for industrial, housing, and commercial infrastructure. As a result, highways
led to reduced biodiversity, mainly because they fragmented habitats and exposed other habitats to
impact by humans, and because of direct mortality. The loss of agricultural land had negative
environmental consequences, including issues in stormwater management, recharging of water aquifers,
open space preservation, and air purification.

What does community engagement look like for greenfield development?

As explained, greenfield development takes place in areas without prior development or
infrastructure, so identifying immediately affected communities to engage in decision-making is
complex. Most likely, a jurisdiction may interact or engage with environmental groups, some of which
may have strong connections to surrounding or nearby communities. Regardless, stakeholders should
engage with communities likely to be affected by some proposed development, rural communities,
homeowners, potential future residents, and people who may indirectly be affected by new
developments, such as visitors, commuters, workers, and people who benefit from the environmental
assets of a given location. Workshops and focus groups may facilitate in-depth discussions, fostering a
deeper understanding of affected community needs and preferences. Employing visual aids such as
maps, diagrams, and simulations can help residents visualize the potential impact of the development.
Transparent communication channels, such as newsletters or dedicated hotlines, should be established
to address inquiries promptly and keep interested parties informed throughout the process. One option
to achieve this is to appoint liaisons or community ambassadors to facilitate ongoing dialogue and build
trust. For best practices on how to transfer this power, see the community engagement fact sheet.
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Policy: Expansion of the transportation network Jump to the quide

Transportation network obstacles to AV ecosystem equity and

environmental sustainability

The current transportation network in the US incentivizes individual car travel
over public transit by investing almost four times more in highways as in mass
transit or rail.? The proliferation of AVs could exacerbate this situation by making

people more willing to travel in cars over longer distances, possibly inducing sprawl that has historically
generated an unequal provision of public goods and services, residential segregation, and pockets of

poverty (Nechyba and Walsh 2004).

How could the transportation network
be expanded to respond to the AV
ecosystem equitably and sustainably?

Rethinking the way we manage and invest in
our transportation infrastructure will be
paramount to ensuring that AVs lead to
increased equity and environmental
sustainability. This should be closely tied to
right-of-way management; as transportation
networks are expanded, leaders should consider
how they can be planned up front with managed
lanes as part of the network. Other
recommendations include:

* Invest in public and active transit. Investing
in public and active transit could help reduce
the likelihood that AVs increase VMT, which
would then lower future road maintenance

What does it mean to expand the transportation
network?

The expansion of a transportation network
can encompass various elements depending on
the needs, goals, and constraints of the region or
area being served. Some common components
that might be included are:

Roads and Highways

Public Transit

Cycling and Pedestrian Infrastructure
Airports and Air Routes

Ports and Waterways

Intelligent Transportation Systems (ITS)
Intermodal Facilities

Ridesharing and Mobility Services

costs. Investments in transit can also encourage more development in infill areas rather than
construction on greenfield land in suburban locales. This can have the benefit of reducing impacts on
sensitive ecologies and limiting greenhouse gas emissions.

» Think carefully about the location of highway expansions in suburban and rural areas so that
freight, servers, and AV parking needs are efficiently located and do not disrupt local ecosystems or
communities with low incomes or communities of color. Engaging deeply with communities in these
areas will be central to this careful planning. Limiting highway expansion also has the benefit of, again,
reducing the potential for environmentally destructive urban sprawl.

= Invest in AV transit. If more cost-efficient transit services can be provided by switching to automated
operations, stakeholders might consider investing in AV transit options to increase access to
opportunity for people of color (who disproportionately ride transit) and to increase reduce
transportation-related greenhouse gas emissions and air pollutants (Stacy and Fernandez 2024).10
Cost savings could be used to improve service quality to further reinforce these benefits. If AV transit
does not substantially reduce operations costs, communities should consider upping their investment

in human-driven transit options.
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» Invest in freight rail. To mitigate potential adverse effects from autonomous freight delivery, such as
increased VMT due to more frequent, smaller deliveries, decision-makers may explore investing in
freight rail infrastructure to counterbalance any upsurge in freight VMT. This investment in freight rail
could be associated with the construction of freight distribution hubs designed to ensure easy
connections between railways and last-mile delivery options.

Which stakeholders are relevant to expanding the transportation network?

The Federal government and state governments are key decisionmakers when it comes to
funding, planning, constructing, and maintaining the nation’s transportation network, but local
governments also have control over the transportation system by using federal and state funds for
transportation projects within their jurisdictions. Metropolitan Planning Organizations can also be
crucial for local transportation network expansion by helping to coordinate transportation planning and
investment across multiple jurisdictions within a metropolitan area or larger region.

How could needs related to the expansion of the transportation network differ based on
community type?

The expansion of public transit will be most relevant and financially feasible in dense areas, such as
community types 2 and 3, but even more so in dense areas that are currently car dependent, such as
type 1. Careful planning around transportation infrastructure expansion in suburban and rural areas for
freight, parking, and servers will be most relevant for community types 5, 7, 9, and 11.

What can we learn from historical examples related to expanding the transportation
network?

The expansion of the interstate highway system revolutionized travel, residential patterns, and land
utilization, but also fostered suburbanization and a shifting of freight transport from railways to trucks
(Baum-Snow 2007). While urban sprawl may have made some Americans better off than they were
prior to the rise of sprawling cities (largely because urban sprawl has created opportunities for
significantly higher levels of housing and land consumption for most households), they also led to: 1)
unproductive congestion on roads, 2) high levels of metropolitan car pollution, 3) the loss of open space
amenities, and 4) unequal provision of public goods and services across sprawling metropolitan suburbs
that give rise to residential segregation and pockets of poverty (Nechyba and Walsh 2004). As AVs
become more prevalent on the roads, care needs to be taken in the expansion of the transportation
network to ensure that these negative effects of sprawl do not worsen.

What does community engagement look like for expanding the transportation network
and what are best practices?

Current and future users of transportation networks, as well as residents of areas in which these
investments might take place, should all be considered for input. Deep and meaningful community
engagement with historically excluded populations such as people of color, people with low incomes,
and people with disabilities should be at the core of any transportation expansion decision. This means
investing early in trust building with these communities to hear what their preferences are long before
proposing solutions. It does not mean going into a community and telling them why they should want
whatever expansion has already been decided upon. For more guidance on engagement with historically
excluded populations, see our community engagement fact sheet.
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Policy: Publicly owned land Jump to the quide

Public land use obstacles to AV ecosystem equity and environmental sustainability

In the US, about 29 percent of land surface area is owned by the Federal government and 9 percent
by state and local governments (Congressional Research Service 2020). Cities, suburbs, and even small
towns use land they own for a variety of purposes, such as for public facilities, affordable housing,
conservation, parks and recreation, and all sorts of public infrastructure. But some of the land they own
is underused. Local governments need to balance competing priorities when deciding on the best use of
this valuable and scarce resource at their disposal.

The introduction and widespread adoption of AV technology may impact local governments’ use of
publicly owned land in two contrasting ways. On one hand, AVs may put pressure on local governments
to use their land for the development of AV-
supporting infrastructure. This could include the

creation of charging stations, dedicated lanes or What is publicly owned land?
routes optimized for AVs, and communication Publicly owned land refers to land that is
centers critical for effective AV navigation. AV- owned by a government entity rather than by
enabled freight could also tap onto local private individuals or corporations. Examples
governments and their land for the development include land for parks, government buildings,
of new industrial parks and distribution centers and roads, bridges, airports, and other
optimized for AVs. transportation infrastructure. In the US, the

On the other hand, AVs could lead to federal government alone owns more than a
significant reduction in traditional parking quarter of all land, much of it devoted to parks
infrastructure needs, freeing up vast amounts of and recreational preserves. State and local
valuable land currently dedicated to parking lots governments own about an additional 9 percent
and structures, which, in some cases, are local of the nation’s land. Many cities also have high
government property or could become local concentrations of public land; in Los Angeles, for
government property. The efficient operation of example, almost 800,000 properties are owned
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AVs may also prompt reevaluations of

transportation infrastructure, potentially leading to reduced road widths and expanded pedestrian
zones, which may be owned by local governments. Local governments will need to adapt their planning
strategies to harness the transformative potential of AVs, ensuring that urban development remains
equitable, accessible, and conducive to higher quality of life.

How could the use of publicly owned land change to respond to the AV ecosystem
equitably and sustainably?

AV technology may put pressure on local governments to dedicate valuable publicly owned land for
the benefit of AV use, but it may also free up more space and increase a local government’s inventory of
land. Since the land is directly owned by government, this is one of the policy options for which the
public sector may have the most direct leverage over, making it an effective way to shape the way in
which the AV ecosystem may impact land use.! Localities and states may consider several options to
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encourage use of publicly owned land in a way that enables higher quality of life in the context of AV
rollout:

= Update land use ordinances to establish desired uses for publicly owned land. Localities
may incorporate specific land use designations and regulations for the land they own that are
tailored to their unique objectives (see zoning policy sheet for more information). Some of these
uses or objectives may include affordable housing, public parks, community facilities, public
transportation projects, or freight distribution centers. Localities may preemptively reform their
land use codes to prevent publicly owned land from being used to advance motorized individual
transportation through AVs or otherwise. States may participate in this process by using
preemption power to regulate how localities zone their land.

= Design and issue requests for proposals (RFPs) to develop publicly owned land. Local and
state governments can issue RFPs or requests for qualifications (RFQs) to solicit interest from
developers, investors, or nonprofit organizations for projects that fit the objectives of the
municipality. By developing this land, local and state governments would effectively prevent it
from later on being used for potential AV-supporting infrastructure that would not be in
alignment with sustainably improving quality of life.

= Modify or leverage street design for newly freed up spaces. If future AV prevalence leads to
a more efficient use of road space, local governments could change their rules for street design
to achieve different objectives, such as prioritizing pedestrians and better managing different
vehicle types (see the street design policy sheet for more information).

= Establish different mechanisms to retain control over how publicly owned land is used.
Local and state governments may rely on different levers to retain control over the use of land
they own and ensure better alignment with their objectives for better quality of life and
sustainability. Such mechanisms include creating land disposition authorities, development
agreements, long-term lease agreements, or land banks.

Which stakeholders are relevant to managing publicly owned land?

Federal, state, and local governments, as owners of the applicable land, have the ultimate
authority over its use. This control may be exercised through specific agencies or authorities, such as
departments of transportation or housing authorities. These governments may still need to follow
applicable norms or regulations, such as existing land use ordinances. Mayors may also require approval
from their respective city councils, while state governments may require state legislative approval. Local
and state governments should scrupulously follow established norms, regulations, and processes for the
management or disposal of its property and assets when making decisions over publicly owned land.

How could publicly owned land be managed or used differently based on community
type?

likely to face pressures from car and AV industries to use valuable land, including publicly owned land,
for AV-supporting infrastructure. This pressure may be more critical in communities that also have high
or moderate density—community types 1, 2, 3, and 4. In these communities, land is scarcer and, thus,
local and state governments should be more scrupulous in terms of how they use their assets in a way
that delivers maximum possible social goods, whether that is through transportation-related
infrastructure or not.
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What can we learn from historical examples related to the use and management of
publicly owned land?

Bike sharing, ride hailing, and electric vehicles provide some examples of how new technologies have
affected how governments use their proprietary land. Bike sharing increased competition for curb space
to incorporate docking stations onto curbs. Similarly, ride hailing services increased the demand for
curb access, although examples of cities dedicating curb space to new uses or changing practices for
managing access are limited. Ride-hailing services have decreased demand for parking in central urban
areas and at locations that typically have large, dedicated parking facilities such as airports and
stadiums. In some cases, these facilities may be or include government property.

What does community engagement look like for curb use?

In a context of rising AV use, local and state governments may be subjected to pressure to dedicate
publicly owned land for AV-supporting infrastructure. However, it will be important to balance these
pressures with input from other stakeholders, including people who live, and businesses located, close
to the corresponding land sites, but also historically marginalized communities that could be affected or
benefited by the counterfactual use of publicly owned land (for example, potential residents of future
affordable housing built on city-owned land that is used instead for an AV parking site). Tenants of
publicly owned land or developers may also need to be considered in decisions regarding the use of
these properties, either because they may have rights or interests over them. Other stakeholders, such
as affordable housing and environmental sustainability advocacy groups and urban planning experts,
should also be involved. Governments may host town hall meetings, public forums, and online surveys to
gather input from the community to understand their needs, preferences, and concerns regarding the
potential uses of publicly owned land, either at the level of specific sites or more generally. Moreover,
incorporating participatory planning methods such as charrettes or design workshops can empower
residents to actively contribute ideas and collaborate in the decision-making process. For best practices
on how to transfer this power, see the community engagement fact sheet.
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Policy: Right of Way Management Jump to the quide

Right of way obstacles to AV ecosystem equity and environmental
sustainability

Current right of way management on roads may not be the most efficient for a
world in which AVs are prevalent, either with human-driven cars or without. As
lane widths become narrower and lane capacities increase in a scenario with high AV adoption, there is
a chance to redistribute road space to accommodate other modes or needs, such as extending the
sidewalk or implementing alternative transportation options (Infrastructure Victoria 2018).

Right of way management changes will also be
needed for curb space management as AVs
become more prevalent. The most common way What is right of way management?
that local governments provide access to curb
space for shared mobility, such as car sharing,
bike sharing, and loading zones for ride-hailing,
is through the public right-of-way. See our Curb
Management Fact Sheet for more.

Right-of-way management refers to the
process of determining and regulating the
allocation and usage of space within
transportation corridors. This includes roads,
highways, railways, waterways, and airspaces.

. The goal of right-of-way management is to
How could right of way management be & grrotway 5
ensure safe and efficient movement of people

amended to respond to the AV and goods while minimizing conflicts and
ecosystem equitably and sustainably? maximizing the capacity of the transportation
infrastructure. This can include land acquisition,
zoning and land use planning, traffic controls
and signals, permitting, and easements and

Below is a list of ways by which leaders can
manage the right-of-way to help ensure that
AVs benefit equity and environmental
sustainability.

= Create managed lanes for AV busses and other transit and give them the priority in the right of
way. Since AVs can drive closer together, allocating freeway lanes exclusively to AVs may have
benefits. While managed lanes that only allow AVs may reduce conflicts with human-driven vehicles
and provide a controlled environment for AV testing and deployment, they may have equity
implications given that AVs will likely be too expensive in the short to medium term for people with
low incomes (Hussain, Ghiasi, and Li 2016). These managed lanes may also crowd out bus rapid
transit lanes, which have the benefit of leading to fewer emissions and increasing equity, compared
with private or ride-hailed AVs. Managed lanes and right-of-way preferences for AV busses and other
transit may be the best option for deploying AVs in a way that is safe, equitable, and sustainable.

= Consider congestion pricing and reinvest revenues into transit. Congestion pricing—charging
more for road use at certain times of day and in certain locations—can help mitigate the traffic
that AVs are likely to cause. Congestion pricing may be most effective when leaders reinvest the
profits gained into local public transit systems and other equitable means of travelling so that
riders are more likely to shift from cars to transit rather than to just a different time of day.
Congestion pricing can raise equity concerns, though, so leaders should consider implementing
discounts or exemptions from this pricing for people with low incomes and people with
disabilities (National Association of City Transportation Officials, 2019).

» Carefully design geofences. Geofences are virtual boundaries that restrict where AVs can travel.
AVs at Level 4 or higher often need to be restricted to areas already mapped in detail using LIDAR
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and other sensing techniques.12 Level 5 AVs will involve removing these fences, but this will may
artificial intelligence that can make abstractions and inferences and become smarter as they are
being used. Until then, geofences can help lower response times, reduce systemwide VMT across
all modes, and ensure uniform access to shared AVs. When defining geofences, leaders should
consider both the efficiency and VMT implications of the geofence location, as well as the equity
in access to shared AVs for people of color and people with low incomes.

= Open up new land for pedestrians and bicycles. AVs are likely to require less road space
compared to conventional vehicles, creating additional room within the public right-of-way for
pedestrian and bicycle pathways. Local leaders could help to reduce VMT and improve health
outcomes by using some of this newly opened land for pedestrian and bicycle paths and giving
additional right-of-way preferences to these active modes of transit.

» Integrate with the transit system. Leaders can consider integrating AVs with existing public
transit systems to provide first-mile/last-mile connectivity to improve overall mobility options.
This could include designated pick-up and drop-off zones for AVs at transit hubs or coordinating
AV services with public transit schedules to enhance accessibility and convenience for
passengers.

= Use carrots and sticks to discourage empty VMTSs. Leaders might consider regulating right of ways
by imposing fines or fees on empty cars in city centers to minimize empty VMT, and/or by using
subsidies for ride pooling to offset some of the VMT that is likely to occur as AVs become more
prevalent. However, leaders should balance these tools to ensure that they do not offset the benefits of
reduced parking in central cities; i.e., if these taxes are too high, they could discourage cars from
parking in less dense inner suburbs and maintain the need for parking in central cities. One way to do
so might be to tax empty VMT and parking, which should encourage shared uses. Leaders will need to
carefully balance the tradeoffs between the need for less parking and increased VMT as AVs continue
to grow in popularity on our roads.

Which stakeholders are relevant to right-of-way management?

Right-of-way management will likely require the development of new regulatory frameworks to
govern the operation of AVs within transportation corridors. This may involve establishing rules and
standards for AV behavior, safety certification requirements, and liability considerations. Additionally,
regulations may need to address issues such as data privacy, cybersecurity, and ethical decision-making
algorithms for AVs. A uniform set of regulations would be ideal, but states, localities, and metropolitan
planning organizations will also likely need to generate rules that are specific to their regions.

How could needs related right of way management differ based on community type?

Right-of-way management will be most relevant in dense areas with high traffic volume, such as
community types 2 and 3, but even more so in dense areas that are currently car dependent such as type
1. Because rural roads can be the most dangerous, however, right-of-way management is also important
for less dense communities such as types 9, 10, 11, and12.

What can we learn from historical examples related to right of way management?

The historical example of streetcars offers insights into the transformative impact of transportation
technologies on the management of right-of-way. Similar to AVs, streetcars operated within the public
roadway right-of-way, utilizing dedicated metal railways powered by electricity. Streetcars
revolutionized urban transportation from the late 1800s to the mid-1900s, fundamentally altering the
size and layout of cities. Before streetcars, city expansion was limited by walking distances. However,
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the introduction of streetcars extended the reach of urban areas, facilitating the emergence of "streetcar
suburbs."” These suburbs provided housing in less densely populated settings within commuting
distance of urban jobs, leading to the expansion of urban land areas.

In a contemporary context, this historical parallel underscores the importance of managing right-of-
way to accommodate emerging transportation technologies like AVs. Just as streetcars influenced urban
development patterns, AVs have the potential to reshape transportation networks and urban
landscapes. Proper management of right-of-way is essential for optimizing space utilization, facilitating
efficient and equitable transportation access, and promoting sustainable urban growth in the era of
autonomous vehicles.

What does community engagement look like for right of way management and what are
best practices?

Community engagement plays a crucial role in right-of-way management, particularly concerning the
integration of AVs into urban environments. Community engagement with historically excluded and
marginalized populations is essential for ensuring that right-of-way management strategies related to
autonomous vehicles are inclusive, responsive, and aligned with the needs and aspirations of the
communities they serve. By fostering dialogue, building trust, and promoting collaboration, effective
community engagement can lead to more equitable, sustainable, and resilient urban transportation
systems. For more tips on how to ensure that engagement is with historically excluded populations, see
the community engagement fact sheet.
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6. Use metrics to assess AV rollout and land use change

Avaried and well-rounded set of measures is essential because of the uncertainties inherent in the
rollout of the AV ecosystem. For example, since we do not know how quickly, and to what degree,
autonomous freight and passenger services will become available, it will be up to future users of the
toolbox to self-diagnose and identify mechanisms to address their needs. Our focus when it comes to
metrics is on increasing social equity and environmental sustainability.

Overall, these metrics are designed to:

1) Help practitioners and other stakeholders develop public policies, regulations, and plans related
both to the AV ecosystem and land use tailored to the characteristics of their communities, and

2) Provide practitioners and other stakeholders the means to monitor for negative and positive
impacts accruing to their communities of interest as the AV ecosystem is deployed.

We recommend that policymakers and community members interested in planning for AV rollout
begin identifying how they could begin data collection on each of the metrics we define below, so that
they are ready for roll out as it occurs. We developed these metrics based on other work. Our review of
the scholarship informed our understanding of what issues policymakers and others should be looking
for when identifying how AVs could affect land uses (e.g., previous research has demonstrated that AVs
could substantially reduce demand for parking). And our analysis of five historical case studies of
transformative transportation technology informed our identification of steps practitioners should take
to track changes over time (e.g,, if, as with the development of highways, AVs result in substantially
higher levels of VMT, planners should be concerned about the role of the AV ecosystem in leading to
environmentally destructive patterns of sprawl).

The metrics we have developed are designed to apply to multiple geographical levels, such as states,
metropolitan areas, counties, cities, neighborhoods, and even districts, such as the areas surrounding
hospitals. Because the AV ecosystem will have land use impacts, we point to strategies to ensure
coordination between transportation and land use planning agencies, since both have to be involved to
ultimately achieve outcomes that meet our overall goals of increased equity and environmental
sustainability.

Box 6.1 About the Term “Metric”

While there is no consensus on the difference between the terms metrics and indicators, in most
cases, metrics are defined as quantitative, raw measures, while indicators tend to be used in the context
of a specific program or activity to assess their performance.!3 Because our toolbox is not evaluating any
specific program or activity, but rather a large array of conditions and policy approaches and options,
we believe the former definition better fits the needs of this document. Moreover, to avoid confusion for
toolbox users whose primary goal should be to leverage the toolbox, not get caught up in semantics, we
use only the term metrics moving forward.

Tracking the AV rollout

As communities navigate the proliferation of AVs, it is crucial to establish comprehensive metrics and
tracking mechanisms so communities and decisionmakers can monitor changes and impacts, while
making appropriate revisions to their strategies, including to redress emerging disparities ensure
equity.

We propose the following metrics.
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1

2)

3)

1)

5)

6)

7)

8)

Total Number of AVs Registered: The absolute number of AVs registered within a community,
providing a baseline for tracking growth over time. The source of this type of information will vary
by area. In some cases, this data could be collected and managed by state or city departments of
motor vehicles, departments of transportation, traffic police or law enforcement agencies, or other
transportation authorities. Some jurisdictions may first need to make decisions on how information
on fleet sizes is collected and managed, and by whom.

Frequency, Duration, and Origin-Destination of AV-Based Trips: This set of metrics offer
insights into usage patterns and trends. For example, times of the day or days of the week during
which AVs are used more often, geographic areas or roads most used by AVs, and types of trips (e.g.,
for commuting or recreation). These insights could inform better land use planning decisions by
tackling policy areas more likely to be impacted by AVs. This type of information would need to be
collected by AV technology providers and jurisdictions and authorities would need to reach
agreements with these private entities to ensure access to these data for policymaking purposes.
Such agreements could be made when negotiating operation licenses for these companies.

Share of Commuters Using AV Services: This metric indicates the degree of reliance on
autonomous transportation for daily commuting. This metric could be approximated by observing
patterns in the previous metric. For example, whether a great share of all trips happens from
Monday to Friday, during peak hours, and between common residential and labor centers within a
city. Otherwise, the data for this metric could be collected via household surveys.

Share of Overall Travel Conducted Using AVs: The percent of all passenger miles traveled that
take place in an AV is the key metric to understand the intensity of AV rollout and how common or
even essential this technology becomes in a given community. Means of transportation are more
commonly collected via surveys. However, this information may be complemented by
administrative data from different government entities, such as transit and transportation
authorities.

Descriptive Data on AV Ride-Hailing Companies: AVs will most likely be operated by private
companies, which will provide the communication and technology services that enable these
vehicles to function, even if individually owned. As such, it is important for communities and
stakeholders to understand how these firms operate, including by collecting information about
business models, governance rules, staff structure, fleet size and types, among others. This
descriptive data could provide insights for more effective land use planning.

Share of Local Freight Deliveries by AV Freight Vehicles: This metric will help assess the
penetration of autonomous technology in the logistics and goods movement sector for more
effective land use planning, particularly around the use of the curb for the pickup and delivery of
goods, the management of rail for freight, and the development of distribution centers. This type of
information would most likely be collected through surveys of businesses.

Survey-Based Public Opinions: Conducting surveys to gauge public opinions and perceptions
related to AVs offers valuable insights into community acceptance, use, concerns, and preferences
regarding autonomous transportation. This information will also be critical to identify potential
equity issues in the deployment and impacts of this technology. This survey could be combined with
the household survey mentioned in metric 3.

Readiness of Streets and Public Infrastructure: Communities could monitor changes in public
infrastructure aimed at accommodating AVs. Changes in street and lane management (including the
full right-of-way), parking garages, traffic cameras and other on-street tech equipment, and curb
design, could not only signal an intensified adoption of AVs but also its impact on the built
environment. This assessment could be conducted by on-the-ground visual surveys.
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9) Change in Jobs and Economic Dependency: Monitoring changes in the number of jobs in freight,
warehousing, and transportation sectors, as well as assessing economic dependency on these
sectors relative to the overall economy, helps assess potential workforce disruptions and economic
shifts, revealing significant levels of AV adoption. Public administrative data could be used for this
purpose, such as that from the Bureau of Labor Statistics and the Current Population Survey.

By systematically tracking these metrics, cities and states can effectively monitor the progression of
AV deployment, identify emerging trends and challenges, and proactively adapt policies and strategies
to maximize the benefits of AV technology in relation to land use, while addressing potential risks and
concerns.

Outcome metrics

As communities and their stakeholders navigate AV rollout, it is key to establish clear outcome
metrics to assess the effectiveness and impact of related land use policies. The purpose of this toolbox is
to help communities achieve improvements in the quality of life of their communities in an equitable
and environmentally sustainable manner. Outcome metrics provide the necessary framework for
policymakers and other stakeholders to measure progress on this goal and identify areas for
improvement. Without robust metrics in place, we risk implementing policies that fall short of their
intended outcomes or inadvertently exacerbate existing challenges. Below, we provide measurable
outcome metrics related to expanding quality of life, social equity, and environmental sustainability. For
each metric, we describe what outcome communities should consider aiming for.

It is important to note that different communities have different priorities or even interpretations of
what quality of life means. The set of metrics we propose are neutral in nature, and each toolbox user
and other related stakeholders will need to determine which metrics are relevant for their specific
priorities and contexts. Communities will also need to set their own targets for each of these metrics
based on these priorities and contexts.

We outline potential key outcome metrics to track the impacts of recommended actions related to
land use planning in the context of a future with AV prevalence. While we separate metrics that could be
used exclusively for the purpose of assessing social equity outcomes, all other outcome metrics related
to quality of life and environmental sustainability should be collected and analyzed in a way that makes
it possible to disaggregate information by demographic characteristics such as age, gender,
race/ethnicity, income, and disability. This allows stakeholders to conduct equity assessments across all
metrics and dimensions.

Quality of life

1) Road Injuries and Fatalities. This metric tracks the number of injuries and fatalities resulting from
all traffic accidents, including those involving AVs. Monitoring these incidents will not only allow
policymakers and regulators to assess the effectiveness of AV safety measures and regulations, but
also how these may interact with certain types of street design or land use features. One example is
related to curb management and lane widths. This information can be collected through existing
traffic incident reporting systems, emergency services dispatch, or traffic cameras. Incidents
involving AVs should be reported by the companies to the applicable agencies. Outcome to aim for:
Reduced road injuries and fatalities over time.

2) Commuting and Travel Times. This metric measures the time it takes for individuals to commute
or travel using AVs compared to traditional modes of transportation. This matters because reducing
travel times enhances productivity, improves quality of life, and reduces congestion and
environmental impacts. By tracking commute and travel times, policymakers can evaluate the
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3)

4)

5)

efficiency of AV networks, identify bottlenecks or inefficiencies in transportation systems, and
prioritize investments in infrastructure or service improvements. This information can be collected
from transit authorities, AV firms, and household surveys. Outcome to aim for: Reduced travel
time over time.

Spatial Mismatch. This metric assesses the gap between where jobs are located and where job
seekers live in terms of distance and accessibility. Large gaps can harm both employers and
potential workers. Employers may have positions that go unfilled, and potential workers may be
discouraged from seeking available jobs by commuting costs that outweigh take-home pay.14 This
metric can reveal the extent to which land use initiatives or changes in interaction with AVs may
mitigate or exacerbate spatial mismatch and access to opportunities. Data on the location of job
openings can be obtained from third-party data providers, and these locations may be compared to
specific areas in a community, such as public housing sites, housing voucher holders, or low-income
tracts. Outcome to aim for: More employment opportunities available for workers over time.

Accessibility of AV services at transit stations. This metric assesses the ease with which
individuals can access AV services from transit stations, considering factors such as proximity,
affordability, and service frequency. Integrating AV services with public transit hubs can enhance
first- and last-mile connectivity, particularly for underserved communities, older adults, and people
with disabilities. Information to build this metric could be sourced directly from AV companies or
transit authorities. Outcome to aim for: Increasing share of transit stations with easy access to
integrated AV services over time.

Housing Costs. Housing affordability is vital for quality of life as it directly impacts individuals'
well-being and socio-economic stability. Affordable housing ensures that individuals and families
can allocate their resources effectively, allowing them to meet other essential needs. Outcome to
aim for: Reduced housing costs over time.

There are several ways in which a community may assess the affordability of housing within a
community, usually relative to income levels. We provide a list of more specific options below:

a) Median Rent: The median rental price in market-rate housing.

b) Rent-to-Income Ratio: This ratio compares median rent to median household income,
indicating the percentage of income spent on rent. A lower ratio suggests greater affordability.

c) Housing Wage: The hourly wage a household must earn to afford a typical rental unit without
spending more than 30 percent of income on housing, as recommended by the US Department of
Housing and Urban Development.

d) HUD’s Rental Affordability Index: An index that considers rent prices, household income, and
other factors to provide an overall measure of rental affordability in a market.

e) Median Home Price: The median price of homes sold in the market.

f) Median Monthly Housing Payments: The monthly housing payments a family incurs to cover
mortgage repayment, maintenance costs, fees, prorated insurance, and tax payments.

g) Home Price-to-Income Ratio: This ratio compares median home prices to median household
income, indicating the affordability of purchasing a home. A lower ratio suggests greater
affordability.
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h) NAR’s Housing Affordability Index: The National Association of Realtors (NAR) develops an
index that measures whether a typical family earns enough income to qualify for a mortgage
loan.

i) Foreclosure Rate: A lower foreclosure rate suggests greater stability in the housing market and
may indicate more affordable homeownership options.

Social equity

1)

2)

3)

4)

Affordability of AV Ride-Hail or Transit Services. This metric assesses the financial accessibility
of AV transportation options for residents within a community. Affordability ensures that AV
services are inclusive and not limited to only those with higher incomes, thereby reducing
disparities in mobility and the opportunities to which effective mobility gives access. Monitoring this
metric would allow policymakers to identify any affordability barriers and implement measures to
address them, such as subsidies, fare capping, or boost supply in a way that brings down prices. It is
important to monitor changes in AV service prices compared to inflation and wages. Policymakers
and stakeholders can track these prices through market studies. Outcome to aim for: Lower
inflation- and income-adjusted costs to use shared transportation services over time.

Availability of AV Services in Equity Zones. Equity zones are designated neighborhoods or areas
of historical disinvestment where policymakers have implemented intentional efforts to improve
equity by encouraging investment. Equitable access to transportation is crucial for promoting social
inclusion and economic opportunity, so ensuring the availability of AV services in these zones can
help address transportation-related disparities by providing residents with convenient and reliable
mobility options. Policymakers and stakeholders can collect this information through market
studies about the areas serviced by AV companies and public agencies. Outcome to aim for: Higher
levels of transportation services offered in historically underinvested communities over
time.

Demographic Characteristics of AV Users Versus General Population. Understanding the
demographic makeup of AV users helps policymakers assess the technology's adoption patterns and
its impact on different segments of the population. By examining factors such as age, income, gender,
race/ethnicity, and residential location, policymakers can identify disparities in AV adoption and
tailor outreach efforts or service provision to better meet the needs of diverse communities. At the
individual level, this kind of data is highly sensitive. Policymakers and stakeholders need to reach
carefully crafted data sharing agreements with AV companies to obtain this type of data, most likely
in an aggregate format. Another option to obtain this information is by conducting household
surveys that ask about AV use (similar to those mentioned in the previous section) and demographic
characteristics. Outcome to aim for: AV use that is increasingly representative of the
population overall over time.

Share of Local AVs that are ADA-Compliant. This metric measures the proportion of AVs within a
community that meets the accessibility standards outlined in the Americans with Disabilities Act
(ADA). Ensuring that AVs are accessible to individuals with disabilities is essential for promoting
equitable mobility and social inclusion. This metric enables policymakers to better understand gaps
in inclusive transportation, which they may address through a diversity of policies or initiatives,
possibly related to land use. Reporting on ADA-compliance should be mandated for AV companies
and other entities using AVs. Outcome to aim for: An increasing share of AV passenger vehicles
that is fully ADA-compliant over time.
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Environmental Sustainability

1)

2)

3)

4)

5)

6)

Share of Local AVs that are Electrically Powered. Electric AVs can significantly reduce
greenhouse gas emissions and local air pollution compared to conventional fuel vehicles, and in so
doing, contribute to improving environmental sustainability and public health. This metric could be
affected by specific land use-related practices or initiatives, such as those related to the availability
and location of charging stations. That said, more electric vehicles, whether autonomous or not,
result in better environmental outcomes only if compared to a counterfactual of the same number of
fossil fuel-powered vehicles. Information to build this metric should be reported by AV service
providers and other entities using AVs. Outcome to aim for: An increasing share of AV passenger
and freight vehicles that is electrifically powered.

Vehicle Miles Traveled by Type of Vehicle. This metric assesses the distribution of vehicle usage
across different modes of transportation and vehicle types. A higher share of individual car use,
compared to passengers using transit and ride hailing, means a higher environmental impact in the
form of carbon emissions and exhaust from tires and brakes. For AVs, the data to calculate VMT
could be sourced directly from the entities managing them: e.g., AV suppliers, ride hailing platforms,
or transit authorities. For all other vehicles, VMT is usually estimated using traffic counters, which
are electric sensors placed on a sample of roads to count how many vehicles pass them. The
technology used for this purpose would need to be able to identify the type of vehicle it registers
(e.g.,, individual passenger vehicles, taxis, freight trucks, buses, etc.). Outcome to aim for: Reduced
VMT per capita in single-occupancy vehicles over time.

Share of new development occurring on infill versus greenfield land. This metric compares the
proportion of new development projects located on infill sites—urban areas that already have
infrastructure and development—versus greenfield sites—undeveloped land in suburban or rural
areas. Prioritizing infill development promotes efficient land use, reduces urban sprawl, preserves
natural habitats, and maximizes existing infrastructure investments. Information for this metric can
be collected by local, regional, and state authorities that regulate any new development in the
applicable community. Outcome to aim for: An increasing share of new development on infill
land over time.

Density of new development for residential and non-residential uses. This metric measures the
intensity of new land development, expressed as the number of housing units or commercial spaces
per acre or square kilometer. Higher development density reduces the need for expansive land
development, thereby preserving natural habitats and agricultural land. Additionally, it promotes
more efficient transportation systems and encourages walking and public transit use, leading to
lower greenhouse gas emissions and mitigated environmental impact. Information for this metric
can be collected by municipal authorities that regulate any new development in the applicable
community. Outcome to aim for: Higher densities of new development over time.

Number of parking spaces (both private and on-street). Excessive parking infrastructure can
have adverse environmental impacts by inducing car dependency, consuming valuable land,
increasing impervious surfaces, and contributing to traffic congestion and urban heat island effects.
A community may utilize satellite imagery and geospatial technology to systematically analyze and
map parking areas across the city, including both on-street parking and private parking lots, while
complementing the data with ground surveys for accuracy validation. Outcome to aim for:
Reduced number of parking spaces per capita over time.

Rate of underutilized land conversion. This metric evaluates the pace at which underutilized or
vacant land, including parking lots, is repurposed for productive uses facilitated by AV adoption and
use. Using land use to leverage AV technology presents opportunities to reclaim valuable urban
space for housing, parks, commercial activities, and green infrastructure. This information could be
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7)

collected by the applicable municipal authorities that regulate and approve new developments and
changes to the build environment, such as sidewalks. Outcome to aim for: Increased
development on underutilized land over time.

Carbon emissions per capita. This metric calculates the amount of carbon dioxide and other
greenhouse gas emissions generated within a community or region. Reducing carbon emissions is
essential for achieving sustainability and climate resilience goals. For this purpose, we recommend
following the World Resources Institute, C40 Cities, and the ICLEL15 Policymakers and communities
should track emissions from transportation-related sources to better understand the potential
impact of AVs in this area. Outcome to aim for: Reduced per-capita carbon emissions over time.
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7. Implementing the toolbox: Examples for how this toolbox could be
used

This toolbox is designed to be used by a variety of stakeholders in the fashion that best meets their
needs. In this section, we provide five examples of how users could leverage information from the
toolbox to support the goals of achieving greater equity and environmental sustainability. The five
examples are linked below:

A state department of transportation

A city department of housing and urban planning
A metropolitan planning organization

A university
A neighborhood association

Each use case is a prototypical example with invented organizations, place names, and projects, to
help people to imagine how the AV ecosystem may rollout, and what policies they can undertake to
address its potential land use implications.

Users should feel free to deviate from the exact uses described here to best meet their needs and
goals.
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Use case 1: State Department of Transportation

Context

Cascadia, the recently created 51st state, has established one of the most ambitious policies to reduce
harmful global and local pollutants from its transportation sector. Through a long consultation process,
Cascadia’s Department of Transportation (CSDOT) established statewide CO2 emission targets for the
sector that are aligned with the United States’ international climate commitments and which are
designed to eventually achieve a complete decarbonization of the sector by 2050. As part of its proposed
strategies to achieve this goal, CSDOT has identified land-use planning as a key element to reduce
emissions, by making modes such as walking and cycling feasible throughout all communities in the
state. However, it has not created any guidance or concrete plans to support local government agencies
in aligning their transportation and land-use planning and investment.

SwiftDrive, the new AV ride-hailing company that has thus far only been operating in its native
California, has been making plans to enter the Cascadian market. As part of its plans, SwiftDrive met
with CSDOT to share its intended timeline of starting a pilot program in the coastal city of Havenfield as
soon as next year, but with plans to expand to all major cities in Cascadia in the next five years. CSDOT is
responsible for permitting AV operations in the state, but due to the novelty of this technology, CSDOT
has not yet had the opportunity to consider how the rollout of an AV service would affect its CO2
emission targets and is especially concerned about the impact that a cheap AV ride-hailing service might
have on planning decisions made by local authorities.

For this use case, table 7.1 lists major stakeholders with a meaningful role to play in affecting the
rollout of the AV ecosystem in the context of land use policy.

Table 7.1 Stakeholders

csDoT Responsible for transportation strategy in the state and permitting for AV
services

Cascadia’s State | Responsible for land use strategy in the state, but with limited power of

Planning enforcement. Mainly works as a technical partner to local authorities

Agency (CSSPA)

Local Ultimately responsible for land use plans for their jurisdictions. Will take

authorities (e.g., | guidance from CSSPA, but they are not necessarily bound by CSSPA’s decisions
cities and

counties)

Local advocacy | Representing diverse causes

organizations

Residents Facing day-to-day challenges of the existing mobility system

SwiftDrive AV ride-hailing company, interested in receiving an operating permit from
CSDOT to expand their market in Cascadia

Using the toolbox to link land use and the AV ecosystem

After the meeting with SwiftDrive, CSDOT decides to use this toolbox to plan next steps as it prepares
for SwiftDrive’s arrival. With its CO; targets, CSDOT has a clear goal of reducing emissions from the
transportation sector, but it understands that a one-size-fits-all solution is difficult given the different
types of communities within the state (from dense and urban Havenfield to the sprawling agglomeration
of small, rural towns in its wine country). CSDOT therefore works with CSSPA to use the toolbox to
develop plans for the future. The organizations follow the steps summarized in figure 7.1.
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Figure 7.1 How a state government could leverage the toolbox to plan for the AV ecosystem
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Below, we detail the steps that are described in figure 7.1.

1. CSDOT staff, in conjunction with CSSPA, go to Chapter 3 of the toolbox to classify the different
types of communities in the state for which it will build development plan guidelines that align
with its CO; targets. After conducting a classification exercise based on density, development
pressure, and the current car and truck reliance of its communities, it notices that most of its
communities fall within four categories:

a. The car-heavy urban core

b. The sprawling suburb

c. The rural center

d. The rural town

2. With this understanding, CSDOT and CSSPA staff go to Chapter 4 of the toolbox to learn more
about the expected interactions between a potential AV rollout and land use outcomes in each of
the community types. They notice that the potential impacts of an AV rollout in each community
can be markedly different, which will require different guidance for each type of community.
The state agencies learn that, absent the proper land-use levers, it could see the following
impacts in its different communities:

a. The car-heavy urban core could see an increase in car use due to the higher number of
AVs that will coexist with the current privately owned car stock. Given existing
infrastructure, it could risk sprawling due to higher tolerance for longer commutes.

b. The sprawling suburb’s car usage will likely increase due to the fact that the shared use
of AVs will likely not be effective for most trips, meaning that most people are likely to
travel alone, even if they are not doing so to get to the office.

c. The rural centers could see an increase in travel because shared-use services are
unlikely to be effective for most trips; most people are likely to travel alone.

d. The rural towns could see an expansion of trucking, combined with warehouse and
distribution facilities. This may expand congestion on the highway system and increase
the transformation of land to fill the needs of the freight system.

3. Having noted these potential impacts, CSDOT staff go to Chapter 2 of the toolbox to learn about
the past and select what goals, in addition to the goal of CO; reduction, the agency wants to
pursue with the guidance it will prepare for each different community type. Agency staff decide
that ensuring that AVs support the access to the necessities of residents is a key goal.
Specifically, staff want to support residents living in:

a. The quickly expanding suburb communities who are heavily reliant on their private
vehicles and might need alternatives to their cars to conduct their daily activities, and
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b. Those living in the quiet, clustered rural town who are aging and are having difficulties
with accessing healthcare.

4. Armed with all of this information, CSDOT and CSSPA staff start a community engagement
process, in conjunction with local transit agencies and other local government entities in a few
communities representative of each community type. Agency staff use the community typology
factsheets to prepare a presentation showing how the rollout of SwiftDrive might impact each
community they are engaging with and the historical examples from the appendix (available on
the Transportation Research Board website) to hypothesize what could go wrong with the
deployment of new technologies. They also include their goals of access and CO2 emissions
reductions in their presentation. In the communities they have selected for engagement, they
conduct a shared-planning exercise with the local transit agency, community members, and local
advocacy organizations. They realize two things:

a. That their assumptions of residents from the quiet, clustered rural town were true; the
quickly ageing population is having difficulty in accessing specialized healthcare centers.

b. That, while their assumption about reliance on private vehicles of the quickly expanding
suburban communities is true, residents there do not feel that AVs will solve their
problems since they see rush hour traffic on the main commuting highway, 1-104, as
something the state should solve.

5. With this new information, CSDOT and CSSPA staff go to Chapter 5 of the toolbox to identify the
policies that would support their revisited goals. CSDOT staff find some useful guidance that will
help create an AV permitting process that prioritizes its revised goals. Since CSSPA is not
implementing any policies but simply providing guidance to local authorities, they use the policy
factsheets to create a tailored guidance document for each of their community types knowing
that ridesharing could be the tipping point for AV services being deployed in the state and that
some of their communities are especially vulnerable to changes to freight distribution brought
about by AVs. Specifically, Cascadia’s agencies recommend local jurisdictions implement the
following actions and policies:

a. Havenfield, its car-heavy urban core, should consider the possibility of redesigning its
roads to dedicate more space to pedestrians, cyclists, and transit, considering that AVs
make a more efficient use of road space.

b. The state’s sprawling suburbs could create a distribution center for freight from a
variety of companies at the edge of each community, use land-use policy to encourage
the creation of mixed-use community centers, with multiple types of housing and access
to retail, link community centers with a variety of non-motorized travel options, and
encourage an increase in housing density.

¢. The rural centers of the state could encourage the transformation of strip malls and
business parks into mixed-use walkable urban centers, pilot small-scale freight delivery
options in certain parts of the community, identify key corridors for the implementation
of AV transit services, and eliminate parking requirements to support neighborhood
redevelopment.

d. The rural towns could develop cooperative arrangements between shippers to
coordinate facilities, encourage intermodal shipping with a focus on moving goods by
freight rail if possible, limit competition for new businesses between individual
jurisdictions by preventing the use of economic development subsidies for freight-
related uses, and consider implementing a greenbelt policy to ensure the continued
survival of agriculture and the preservation of key natural spaces on the region’s edge.

6. CSDOT and CSSPA then refer to Chapter 6. Use metrics to assess AV rollout and land use change
to develop metrics that would enable them to track the success of their policies and plans, and
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make adjustments if needed. For example, for Havenfield, they decide to track road injuries and
fatalities, to see if the roads that were redesigned to dedicate more space to pedestrians, cyclists,
and transit riders are creating safer conditions for those vulnerable road users. They look for the
source of this data and find that it is collected by the CSDOT’s Office of Traffic Safety. They then
add a Monitoring and Evaluation section to their plan that suggests requesting this data every
year. If injuries and fatalities are stable or rising, their plan calls for conducting a road safety
inspection in cooperation with owners’ of the dangerous roads, to determine how to more safely
integrate AVs with other road users. For the other community types, CSDOT and CSSPA conduct
a similar process of identifying relevant metrics and their associated data sources, creating a
plan for data collection and analysis, and indicating the stakeholders to coordinate with and the
actions to take if the metrics indicate that their policies and actions are not having the desired
impact.

Outcomes

After creating its guidance document, CSDOT and CSSPA hope that it will serve as a foundation for
additional services that might wish to operate in Cascadia. Their main goals remain the same: achieving
CO2 emission reductions and improving access to necessities of the population. But they are realistic
about the expectation that the policy guidance they provided might take years to implement. They still
believe that their goals will be achieved by encouraging Havenfield to prevent additional sprawl, and by
encouraging some modal shift towards non-motorized modes of transportation and shared modes such
as SwiftMile’s services.

Anecdotally, they have heard that older adult residents of the quiet, clustered rural towns are really
enjoying SwiftMile’s service, and that it has helped them to access both healthcare, and other
opportunities such as some of the wineries and other entertainment venues which were previously hard
to reach without a car.
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Use case 2: City Department of Housing and Urban Planning

Context

Starling City is an American city that experienced rapid growth in its service and financial sectors in
the 1970s through 1990s. This led to high population and employment densities. But recently, it has had
low levels of population change and development pressure, combined with a persistently high reliance
on cars and trucks. Its downtown features large modernist office towers, many of them surrounded by
parking lots and parking garages. Both buildings and parking are surrounded by wide streets that are
designed to move thousands of cars every hour. The road construction boom of the last few decades tore
over historic neighborhoods and resulted in the segregation of communities by urban highways. While
public transportation options exist, these have not been prioritized by Starling City Transportation
Department (SCTD), and most bus routes thus have low frequencies. Residents have therefore had to
rely on their private vehicles to access job opportunities, which creates a negative pressure on
household finances, since they have to spend large portions of their incomes on owning, insuring, and
maintaining their cars. In addition to this, most families that were able to afford suburban houses left the
city core over the past few decades, but many kept their jobs within city limits. This has led to increasing
congestion during rush hours from suburban commuters that has made public transit an even slower
option.

The mayor of Starling City made a campaign promise that she would work to cut commuting times of
Starling City residents by one third. Leadership from SCTD and Starling City’s Department of Housing
and Urban Planning (SCDHUP) have therefore been considering ways in which they can reduce
commuting times for residents to fulfil the mayor’s campaign’s promise.

Knowing their goals, WayGo, the autonomous shuttle company that has been carrying out testing in a
warehouse just outside of Starling City, has just approached the mayor to offer to implement an
autonomous shuttle route that would connect residents from the wealthy neighborhood of Golden Oaks
to downtown, where office space predominates. The mayor tasked staff from SCTD and SCDHUP to
evaluate the proposal and decide on a path forward.

For this use case, table 7.2 lists major stakeholders with a meaningful role to play in affecting the
rollout of the AV ecosystem in the context of land use policy.

Table 7.2 Stakeholders

SCTD Responsible for transportation strategy in Starling City and
permitting for AV services

SCDHUP Responsible for land use strategy and zoning in Starling City

Local advocacy Representing diverse causes, including racial equity, pro-status quo

organizations and (NIMBYs), and environmental groups

neighborhood groups

Residents Facing day-to-day challenges of the existing mobility system

WayGo AV shuttle company wishing to try its technology in the real world

Using the toolbox to link land use and the AV ecosystem

SCTD and SCDHUP staff decide to use the AV Toolbox to plan next steps as they prepare to decide on
WayGo’s proposal. The steps they undertake to do this are summarized in figure 7.2.
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Figure 7.2 How city government stakeholders could leverage the toolbox to plan for the AV
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Below, we detail the steps that are described in figure 7.2.

1.

SCTD and SCDHUP staff go to Chapter 2 of the toolbox, as well as the online appendix, to identify
how new technologies might impact their travel time reduction goals. They confirm their
knowledge of the impacts that Black residents endured due to the expansion of urban highways
in the recent past and realized that while reducing commuting times for everyone in Starling City
is a good goal, they would like to improve the lives of those residents who were segregated by
urban highways first. They therefore go to Chapter 6 of the toolbox and identify metrics that
specifically target an equitable rollout of AVs.
Staff from these entities then go to Chapter 3 of the toolbox, and using the suggested metrics,
self-classify Starling City as an Established Hub community type. Looking through the
established hub factsheet, SCTD and SCDHUP staff realize that WayGo’s proposal could reduce
the need for parking in the downtown area, as residents might decide to use the shuttle service
instead of using their private cars.
With this information, SCTD and SCDHUP staff task WayGo to start a community engagement
process with residents of those communities that have been disrupted by highway construction
(including the neighborhoods of Southside Flats and Pineview Heights) to take into account
their thoughts on WayGo’s proposal. They learn from the community engagement factsheet to
do so. After some negotiation, WayGo agrees to do a broader engagement process that includes
both residents of these neighborhoods and from Golden Oaks.
During the community engagement process, WayGo and city officials realized that it would be
very unlikely that Golden Oaks residents would forego their cars to use the shuttle service.
However, residents from Southside Flats and Pineview Heights do see the service as a possible
commuting option, though they are concerned about the service’s cost and are skeptical about
how it would be better than the existing bus network, which has long wait times.
With this new information, SCTD and SCDHUP staff go to Chapter 5 of the toolbox to identify the
policies that would support their new goals and that would cater to the concerns of Southside
Flats and Pineview Heights residents. In preparation for a potential project launch, SCTD and
SCDHUP decide to implement the following changes:

a. They redesign streets connecting Southside Flats and Pineview Heights to the

downtown area to incorporate bus-only lanes that would be used by the AV shuttles.
b. They start the process to create a policy to charge single-occupancy vehicles for the use
of streets and parking in the core downtown area.
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¢. Knowing that parking needs will be reduced, they support the redevelopment of parking
lots and parking garages into a broad mix of uses by changing zoning in the downtown
area.

6. Once the redesign of the streets is completed, they allow WayGo to operate multiple AV shuttle
routes from Southside Flats and Pineview Heights to Downtown Starling City. To incentivize
them to operate these routes, and to help residents of these neighborhoods with the cost of
commuting, the city decides to subsidize these routes and make them free to use for all users for
a trial period of one year. They consult Chapter 6. Use metrics to assess AV rollout and land

use change to explore metrics they could use to assess the impact of WayGo’s service during
the trial period, and settle on “Commuting and Travel Times,” commuting costs (“Affordability of
AV Ride-Hail or Transit Services”), and mode shift from private cars to the shared shuttle
(“Vehicle Miles Traveled by Type of Vehicle”).

Outcomes

After the routes had been operating for one year, SCTD conducted a survey with riders to analyze the
outcomes of the pilot project. Residents from Southside Flats and Pineview Heights reported
improvement in their commute times, as well as lower transportation costs resulting from the lower fuel
and maintenance costs of using the cars less frequently. Residents are still hesitant to rely entirely on
the AV shuttle and give up their private vehicles, but some of them reported that they were considering
reducing the number of cars in their household.

While the changes in zoning regulations and charges for single occupancy vehicles have not been yet
implemented, SCTD expects that car commuting will go down, leading to reduce carbon and local
pollutant emissions.
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Use case 3: Metropolitan Planning Organization

Context

Sunrise Transportation Planning Board (STPB) is the designated Metropolitan Planning Organization
for the Veridian Bay Metropolitan Area. The area encompasses multiple urbanized areas and is home to
6 million people. This number has been steadily growing over the past decade and is expected to reach
7.5 million by 2050. The largest urban center within Veridian Bay is Marina Vista, which is home to 1.5
million residents. As population increases, the number of trips taken by residents is expected to increase
from 19 million daily trips today to 24 million by 2050.

As part of its federally mandated activities, STPB is currently planning the latest update to its Long-
Range Transportation Plan (LRTP) which will guide the region’s transportation investments and policy
during the 2030-2050 period. Members of STPB have agreed on three main objectives for the LRTP: 1.
Expand economic opportunities for the area’s increasing population, 2. Achieve the area’s “Vision Zero"
objectives (meaning eliminating roadway fatalities), and 3. Protect the environment from harms caused

by the transportation system.

To achieve these objectives, STPB is planning to work with the area’s local transit agencies to
increase investments in regional rail, expand its regional bus-rapid transit network, and complete the
regional network of interconnected cycling paths. Through these investments, STPB is also hoping to
leverage land-use policies to create Transit Oriented Development projects where new rail, BRT, and
cycling nodes are going to be developed. STPB has also been following very closely the latest
technological developments coming out of the West Coast, where multiple companies seem to be on the
verge of deploying autonomous freight trucks, a technology that would need to be integrated into STPB'’s
LRTP to ensure it does not end up clashing with its three objectives.

For this use case, table 7.3 lists major stakeholders with a meaningful role to play in affecting the
rollout of the AV ecosystem in the context of land use policy.

Table 7.3 Stakeholders

STPB Designated Metropolitan Planning Organization for the Veridian Bay
Metropolitan Area and in charge of developing the Long-Range
Transportation Plan

Veridian Bay advocacy Representing diverse causes, including neighborhood associations,

organizations and racial equity organizations, transit advocates, business owners and

neighborhood groups chambers of commerce, and environmental groups

Transit agencies and Plan and operate transportation services in the municipalities that

operator(s) comprise the Veridian Bay Metropolitan Area, manage and maintain
roadways

Local/municipal Oversee local governance, economic activity and land use planning

governments and management in the various municipalities that comprise the

Veridian Bay Metropolitan Area

Using the toolbox to link land use and the AV ecosystem

STPB staff decide to use the AV Toolbox to create policy guidance that will ensure the integration of
future AV trucking services into the LRTP. The steps they undertake to do this are summarized in figure
7.3.
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Figure 7.3 How a metropolitan planning organization could leverage the toolbox to plan for the AV
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Below, we detail the steps that are described in figure 7.3.

1.

STPB staff go to Chapter 3 of the toolbox to classify the Veridian Bay Metropolitan Area into one
of the community typologies. When doing so, they realize that since the area is comprised of
multiple urban centers, there are potentially different typologies under which it can be
classified. Marina Vista, for example, could be classified as a dense multi-modal community, with
low levels of car ownership and high population and employment densities. However, most of
the other urban centers that form part of the metropolitan area can be better classified as
sprawling suburbs that have much higher reliance on cars and trucks, yet still have moderate
population and employment densities. STPB staff therefore decide to use these two community
types as potential blueprints for their AV policy recommendations.
When reviewing Chapter 4 of the toolbox, STPB staff note the potential for AV freight services to
increase traffic throughout the region, especially as population increases and more people rely
on delivery services which could become cheaper if done by AVs. This also raises a concern
regarding access to curb space, especially in Marina Vista, which is already crowded with
existing delivery and ridehailing services. Cheaper last-mile delivery services will likely increase
the pressure on this already scarce resource. Finally, the staff note a concern about the potential
impact on current delivery workers, who would lose income if these services become
automated.
With this information, STPB staff go to Chapter 5 of the toolbox and identify a policy and a
development project that can be included in the LRTP and that would support their goals:

a. Curb use policies, specifically for Marina Vista.

b. Multiple freight distribution centers in some of the secondary urban centers.
With these initial ideas, STPB staff start their community outreach process. This includes a
statistically representative survey of residents throughout Veridian Bay and five focus groups
with different interest groups including neighborhood associations, racial equity organizations,
transit advocates, business owners and chambers of commerce, and environmental groups.
After the community outreach process, STPB tweaked their initial goals to also include a goal on
equitable distribution of benefits and transportation opportunities. They agree to monitor
progress towards these goals with the following indicators from Chapter 6. Use metrics to

assess AV rollout and land use change: Availability of AV Services in Equity Zones,
Affordability of AV Ride-Hail or Transit Services, Demographic Characteristics of AV Users
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Versus General Population, Share of Local AVs that are ADA-Compliant, and Total Employment
in Delivery-and Freight-related Jobs.

6. Finally, STPB staff propose to include in the LRTP the development of a curb use policy for
Marina Vista that includes the digitization of existing curb uses, the development of a real-time
curb-use system that would dynamically alter the allowable uses and prices of curb space by
time of day depending on demand, and the trial of small robot AV services that would replace
delivery by vans. They allocate resources to train staff of local transit agencies on how the policy
would work and the tools they will use to implement and enforce it. STPB staff also propose the
creation of six distribution centers throughout the region.

Outcomes

While the draft of the LRTP is currently available for public comment, STPB staff expect its proposals
for dealing with AV freight services will lead to a more organized rollout of these services that will have
a lower impact on overall traffic in the Metropolitan Area. This in turn, should reduce the environmental
impact, and improve the overall safety of the entire transportation system. Furthermore, the creation of
the six distribution centers will create new jobs that can absorb some of the jobs lost as delivery services
become automated. This will therefore support STPB’s goals of increasing economic opportunities and
equitable distribution of opportunities.
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Use case 4: University

Context

Harborview College is one of the oldest post-secondary academic institutions in the city of Pinecrest
Harbor. The modern Pinecrest Harbor has grown around the college to become a bustling city of
800,000 inhabitants. The original college campus predates the modern city, and as both the city and
university have grown, the campus has expanded to now include buildings both in Downtown Pinecrest
Harbor, but also in the suburbs of Cedarwood Hills and Sunset Ridge.

Many students manage busy schedules that take them from the main downtown campus to one of the
other campuses in a single day for classes. While Pinecrest Harbor is a dense city, commuting to either of
the campuses takes almost an hour. Furthermore, public transportation options between the downtown
campus and the other campuses are very limited, plus require multiple rail and bus connections. This
has led most students to drive when taking classes on one of the suburban campuses.

DriveSense Technologies, a startup that came out of Harborview College’s incubator (the StartUp
Nexus), approached the college president to propose an on-demand AV shuttle service that would
connect all three campuses. While DriveSense’s shuttle services would prioritize students and college
staff, and have fixed starting and ending points at the college’s campuses, they are proposing that the
service would be open to the public. The president is intrigued about the proposal, but also concerned
about how the system would affect its existing parking contract, interact with the public transit system,
and how the mayors of the three cities might perceive it.

For this use case, table 7.4 lists major stakeholders with a meaningful role to play in affecting the
rollout of the AV ecosystem in the context of land use policy.

Table 7.4 Stakeholders

President of Harborview College | Ultimate decisionmaker for DriveSense’s proposal. Needs to
maintain good relationships with the mayors of all three towns
where the College has buildings

Facilities and Contracting Tasked with evaluating DriveSense’s proposal and follow the
Directors for Harborview College | directions from the President

Mayors of Pinecrest Harbor, Interested in creating stronger economic links between the
Cedarwood Hills, and Sunset three towns. Would prefer that a private company runs their
Ridge transit system

DriveSense Technologies Eager to rollout their newly developed technology

Students and staff of Harborview | Potential users of the AV shuttle, facing day-to-day challenges
College, as well as neighboring of the existing mobility system

residents

Using the toolbox to link land use and the AV ecosystem

Harborview College’s president has tasked its facilities and contracting directors to analyze the
proposal and suggest next steps. The steps they undertake to do this are summarized in figure 7.4.
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Figure 7.4 How a university could leverage the toolbox to plan for the AV ecosystem
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Below, we detail the steps that are described in figure 7.4.

1. College staff go to Chapter 2 of the toolbox to start doing some background research on how
technologies in the past have shaped urban form. They take note of some of the potential
impacts, especially about how new technologies have displaced other services and the impact
that this might have on the college’s existing infrastructure, in particular their new parking
buildings that were just completed three years ago.

2. College staff then go to Chapter 3. They notice that, even though their main campus is in
Pinecrest Harbor, which would be considered a dense multi-modal community, the college as a
whole is more reminiscent of a sprawling suburb, with high reliance on cars for travel between
campuses.

3. Staff then go to Chapter 6 to identify some potential metrics which they could use to analyze
DriveSense’s proposal. They acknowledge that DriveSense’s proposal, particularly because of its
on-demand component, would be well suited to the college’s needs, and help with reducing
students’ reliance on cars. This reduced car dependence could lead to lower costs and
productivity gains, as they can use the commute time to do schoolwork.

4. What really excited the college staff was learning about the potential reduced need for parking.
They were developing plans to build even more parking structures, but the shuttle might allow
them to allocate that land to other uses like student accommodation and commercial activities
(e.g., grocery stores, restaurants, and recreation centers). This will not only generate additional
revenues for the college, but also further reduce the need for students to travel by car.

5. With this information, college staff assemble a presentation for the college president, with plans
to then reach out to local mayors and transit agencies. They highlight the opportunities for both
the college and all three towns to use this proposal as a way to explore how low-cost, on-
demand AV shuttles could expand their transit services. Their presentation includes proposals
of key metrics to evaluate the success of the AV shuttle: number of trips, average travel times
between campuses, and the share of riders that are college students or staff versus local
residents.

109



Outcomes

After the routes had been operating for one year, Harborview College’s school of transportation
conducted a series of rider surveys and analyzed usage data provided by DriveSense to track their
selected metrics. The survey respondents were overwhelmingly positive about the shuttle, with most
student riders using the shuttles to replace previous car trips. However, ridership by non-students is
still limited, potentially since the new infill developments with housing and commercial spaces at the
three campuses are just breaking ground. City and college staff are expecting a new exchange of
residents between the three towns as the new commercial spaces are set to open in the next four years.
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Use case 5: Neighborhood association

Context

Silverleaf Heights Neighborhood Association (SHNA) represents the interests of some residents of
the Silverleaf Heights neighborhood in the city of Oakridge Meadows. In the 1980s, SHNA advocated
against the construction of a rail station that would connect the neighborhood with the rest of the city.
This has led to the neighborhood retaining a small-town character. Its residents, many of whom have
lived in their homes for over forty years, are starting to see an influx of young neighbors, primarily first-
time homebuyers who see the neighborhood as a place to live within city limits, but without the hustle
and bustle of more central neighborhoods in Oakridge Meadows. Household incomes in the
neighborhood are amongst the highest in the city, and many residents hold considerable sway with local
politicians.

Most of the incoming residents consider themselves liberal and care deeply about the environment.
Additionally, these new residents are open to exploring forms of transportation other than their private
cars, such as transit and cycling. However, they mostly agree with SHNA'’s decision to oppose the
construction of a transit station in the neighborhood in the 1980s, as this would have likely changed the
quaint atmosphere that drew them to Silverleaf Heights.

Oakridge Meadows’ city government, through its Department of Transportation (OMDOT), has been
developing a plan to welcome the newly developed AV ecosystem into the city; they are calling this plan
their AV Playbook. The playbook will include policies that are supportive of different services, including
AV buses, AV ridehailing, and AV deliveries. The city is keen on demonstrating leadership in the tech
space, as it is competing to become a second Silicon Valley, and its policies have been very favorable to
testing new technologies with its residents.

SHNA conducted a meeting with its members, during which it became clear that the goals of old and
new residents did not align. The Association therefore created a standing committee to analyze Oakridge
Meadows’ AV Playbook and develop a stance for the SHNA that will be submitted for voting in the next
meeting in two months.

For this use case, table 7.5 lists major stakeholders with a meaningful role to play in affecting the
rollout of the AV ecosystem in the context of land use policy.

Table 7.5 Stakeholders

SHNA Represents the interests of the Silverleaf Heights Neighborhood

SHNA AV Tasked by SHNA to evaluate the city’s AV Playbook in the light of the interests

committee of Silverleaf Heights’ neighbors

oMDOT Author of the playbook. Interested in being welcoming of new AV services in
line with the mayor’s plans to become a second Silicon Valley

Mayor Ultimate decisionmaker for the playbook. Can be swayed by powerful residents

from Silverleaf Heights

Using the toolbox to link land use and the AV ecosystem

Members of SHNA AV committee turn to the playbook to analyze the potential impacts that the AV
playbook’s suggested policies would mean for their neighborhood, and better inform their own position
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as they prepare to either support or oppose it. The steps they undertake to do this are summarized in
figure 7.5.

Figure 7.5 How a neighborhood association could leverage the toolbox to plan for the AV
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Below, we detail the steps that are described in figure 7.5.

1.

SHNA AV committee members start exploring Chapter 2; they were surprised by the many ways
past technologies had influenced their current neighborhood character. They realized, for
example, that investments in highways that crisscrossed Oakridge Meadows had segregated
their community from the historical Black neighborhoods just south of Silverleaf Heights and
that a long-gone streetcar line had initially spurred the development of the neighborhood.
Another thing that catches their attention from Chapter 2 is how public sector support through
policies and investments in the past has led to an increase in car reliance. One of the things that
most members of SHNA agree on is that they would like to see fewer cars speeding across the
neighborhood. They wonder if the AV Playbook’s support for testing AV technologies could lead
to a swarm of AVs in their neighborhood.

After exploring the historic examples, SHNA AV committee members go to Chapter 6 to explore
suggested metrics. They are interested in metrics that describe overall travel conducted in AVs,
road injuries and fatalities, and the share of AVs that are electric. They feel these metrics capture
most of the concerns they heard in the SHNA meeting, and therefore will be useful when
engaging with OMDOT staff to ensure they have thought through these impacts in Silverleaf
Heights.

SHNA AV committee members now go to Chapter 5 to see how the policies proposed in the AV
playbook compare. They notice that most policies in the playbook are focused on supporting AV
deployment, but do not discuss other implications such as right-of-way considerations, changes
in street design, and curb use that are mentioned in this toolbox. All these considerations are
relevant for Silverleaf Heights.

With this information, the SHNA AV committee prepares a report and presentation for the full
SHNA. They recommend that SHNA cannot be supportive of the AV playbook unless OMDOT
staff conducts a detailed evaluation of the possible impacts that their suggested policies would
have in Silverleaf Heights with respect to traffic and road injuries and fatalities. Furthermore,
they are weary of the apparent blank check that OMDOT would be giving AV companies, so they
suggest that OMDOT should ensure that the infrastructure in Silverleaf Heights would be
amenable to AVs; this means that a traffic study would be needed to see if an increase in AVs
would impact street parking, traffic, and curb use.
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Outcomes

With the lack of support from SHNA, OMDOT staff see the political support for their AV Playbook
dwindle. The mayor cancels the project. AV companies still deploy their vehicles in the city, but without
any guiding policy documents, OMDOT staff scramble to come up with reactive policies to control the
number of AVs deployed. This leads to a piecemeal of policies without a clear direction. Silverleaf
Heights sees a large influx of small AV delivery robots, since most residents rely on delivery services for
takeout and shopping.
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8. Conclusion

This toolbox is designed to assist policymakers and other stakeholders across the United States think
about how they can plan for the rollout of the AV ecosystem. Though we may have to wait many more
years for this technology to be widely available for passenger and freight use, planning in advance can
help ensure that AVs contribute to achieving greater equity and environmental sustainability in our
communities. We think there is plenty of opportunity for communities to use AV technology for the
better.

We have made evident, however, that previous transformative transportation technologies have not
always produced outcomes that advance equity for all, or that ensure environmental sustainability. The
creation of streetcar networks improved accessibility for many, but it also made commuting more
expensive for people who had previously been able to get to work for free. Highway infrastructure made
it possible to travel from one end of a metropolitan area to the other, but it also created air and noise
pollution, while contributing to suburbanization and racial inequities in access to opportunity. AV
technology, too, could improve mobility for many—but its services may not benefit everyone if it is too
expensive to use. And it may encourage the destruction of natural ecologies if it is associated with less
difficult travel to exurban locales.

We therefore encourage communities nationwide to think about their goals and use this toolbox to
plan for the AV ecosystem and land use. Acting proactively can help identify potential problems before
AV service becomes commonplace. And it can ensure that the effects of AVs are not purely a product of
technological determinism, but also reflect public policy.

We hope this toolbox helps communities identify the issues they are likely to face, while giving them
some tools to advance their work. It can be the start of years' worth of planning to ensure the technology
has positive impacts.
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