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Preface
Purpose
Approximately 100 years ago, automobiles were a revolutionary transportation option. Their
deployment altered land use and travel patterns and drove the development of transportation
infrastructure, policies, and regulations. Today it is vehicle connectivity and automation that is poised to
bring the next wave of changes to the transportation system in conjunction with related developments
in vehicle electrification, shared mobility, and new mode options such as electric scooters.
While connected vehicles, automated vehicles, and vehicles with elements of both connectivity and
automation have distinct characteristics, functionality, opportunities, and challenges, many foresee
the convergence of connectivity and automation as being critical to achieving the full-scale benefits
of automated vehicle deployment scenarios. Therefore, the focus of this document includes both
connectivity and automation.
This document is intended to provide a
framework (Framework) as metropolitan
planning organizations (MPOs) incorporate
vehicle connectivity and automation into
their metropolitan transportation planning
process and work to guide its deployment
to help meet regional transportation
needs and goals. It is intended to assist
MPOs as they explore the implications of
vehicle connectivity and automation for
the transportation system, its users, and
the concept of mobility. As advancements
in technology are occurring at a fast pace,
the Framework will be a working document
that provides an initial step to exploring the
many factors that will shape deployment.
The recommendations in this document
focus on the aspects of vehicle connectivity
and automation that are within the
responsibility of MPOs and the scope of the
metropolitan planning process.

Example Elements of Vehicle Connectivity and Advanced Driver
Assistance/Partial Automation
Vehicle Connectivity
Vehicle to infrastructure
(V2I)
nn Information exchange
between vehicles and
highway infrastructure to
provide applications such
as red light and stop sign
violation warnings.
Vehicle to vehicle (V2V)
nn Information exchange
between vehicles to
provide applications such
as forward collision warning
and left turn assist.
Vehicle to people (V2P)
nn Information exchange
between highway
infrastructure, vehicles,
pedestrians, and bicyclists
to, for example, provide
collision alerts to
pedestrians, bicyclists,
and drivers.

Advanced Driver Assistance/Partial
Automation
nn Adaptive Cruise Control
nn Automatic Emergency
Braking
nn Blind Spot Detection
nn Electronic Stability
Control
nn Forward Collision Warning
nn Lane Departure Warning
nn Lane Keeping Assist
nn Rearview Video Systems
nn Self-park
nn Traffic Jam Assist
nn Rear Cross
Traffic Alert

Figure 1
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AMPO Vehicle Connectivity and Automation Working Group
The Association of Metropolitan Planning Organizations (AMPO) with the support of the United States
Department of Transportation (USDOT) Federal Highway Administration (FHWA) developed the AMPO
Vehicle Connectivity and Automation Working Group to be a mechanism to:
nn Address knowledge gaps in vehicle
connectivity and automation and

Vehicle Connectivity and Automation

build technical, institutional, and
policy capacity.
nn Incorporate vehicle connectivity and
automation in the planning process
and leverage their benefits.
nn Provide a forum to engage MPOs
and their partner agencies as vehicle
connectivity and automation is
piloted and deployed.
nn Support the USDOT’s vehicle
connectivity and automation efforts.

Source: NHTSA

Figure 2

AMPO Vehicle Connectivity and Automation Working Group Meetings
Identifying the Challenges, Opportunities, and Current State of Practice

composed of a diverse

nn April 4-5, 2017 in Arlington, TX (hosted by the University of Texas, Arlington College of
Architecture, Planning and Public Affairs).

medium, and large

representation of small,

nn Attendee focus: MPOs.

MPOs from around the

Navigating National Deployment: Coordination with Other Transportation Agencies
and Risk Management

nation. Members have

nn July 31 - August 1, 2017 in Cincinnati, OH (in coordination with AASHTO’s Conference
on Performance-Based Transportation Planning, Financing, and Management.

of areas, including policy,

backgrounds in a variety

nn Attendee Focus: MPOs and State DOTs.

operations, modeling,

Planning for Deployment: The Federal Perspective and Coordination and
Collaboration with Transportation Stakeholder Associations and Organizations

and ITS. The working

nn November 13-14, 2017 in Washington DC.

are documented in white

nn Attendee focus: MPOs, Federal agencies, and transportation stakeholder associations
and organizations.
Planning for Deployment: Public and Private Sector Coordination
nn March 5-7, 2018 in Orlando, Florida.
nn Attendee focus: MPOs and the private sector.
Symposium/Peer Exchange
nn November 14-15, 2018 in Denver, Colorado.
nn Gather feedback on the Draft National Framework for Regional Vehicle Connectivity
and Automation Planning.
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The working group is

group’s four meetings
papers that summarize
the key discussion items.
The working group’s
efforts culminated in a
symposium to share its
findings and finalize this
Framework.

Figure 3
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Introduction
Background
Industry progress, research, and legislation related to vehicle connectivity and automation is occurring
at a rapid pace. While elements of vehicle connectivity and automation can be found in the consumer
market, there is still considerable uncertainty regarding deployment timelines and scenarios, how they
will coexist with other emerging technologies such as vehicle electrification and shared mobility, and,
therefore, the impacts on transportation. This uncertainty makes it difficult to represent a future with
vehicle connectivity and automation in the long-range planning process, scenario planning, and other
MPO products, but MPOs are beginning to explore the potential for significant effects on areas illustrated
in Table 1: Potential Impacts of Vehicle Connectivity and Automation on Transportation and Mobility.

Importance of the MPO
The MPO role is critical to the nation. Federal highway and transit statutes require, as a condition for
spending federal highway or transit funds in urbanized areas, the designation of MPOs. MPOs have
the responsibility for planning, programming, and the coordination of federal highway and transit
investments. Their core planning products include the Transportation Improvement Program (TIP),
Metropolitan Transportation Plan (MTP), and Public Participation Plan. 80.7% of the United States
population is urban and overall the nation’s highways move $11,130 billion of freight each year.1,2 MPOs
are stewards of the transportation system within urban areas. With their partner agencies, they serve
as transportation system planners, managers, operators, and developers who shape the transportation
system, maintain safety and equity, and move people and goods regardless of mode choice. MPOs
are leaders for their regions and must keep pace with and support emerging technologies, like vehicle
connectivity and automation, to improve the transportation system.

United States Census Bureau: Urbanized Areas and Urban Clusters, 2010

Urbanized Area
Urbanized Cluster

0

100 Miles

0

500 Mil es

0

50 Miles

Source: U.S. Census Bureau, 2010 Census Urban Area Delineation Program
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Through MPO policy boards, technical committees, and community outreach, and the development
of core MPO products, MPOs build relationships and partnerships with transportation agencies and
decision makers, community organizations, and the public by bringing these stakeholders together
for dialogue and engagement. This allows them to be a critical venue for sharing community values,
concerns, and impacts related to transportation and building consensus on policy and vision across
their respective regions.
As vehicle connectivity and automation is deployed, MPOs will work with their partners to explore
visions of the desired future of transportation to help understand how vehicle connectivity and
automation can help meet regional transportation needs and goals. Through policy development and
investment decisions, MPOs can help guide deployment to the desired scenario for the region and
nation. They will also have an important role in ensuring all transportation users, including youth, low
income, minority, and elderly populations and individuals with disabilities, are provided equal access to
the transportation system and the benefits of vehicle connectivity and automation, and do not receive
a disproportionate share of any negative consequences. MPOs have the opportunity to help weave
vehicle connectivity and automation into the transportation system in a way that is context sensitive to
the existing urban fabric and community vision and helps meet regional goals and needs.

1. U
 nited States Census Bureau 2010 Census Urban Area Facts
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Table 1: Potential Impacts of Vehicle Connectivity and Automation on Transportation and Mobility
Impact Area

Benefits/Opportunities

Challenges/Risks

Safety

l I
mproved safety by reducing driver error and connecting
vehicles to other vehicles, infrastructure and road users. In
the long term, there is potential for significant reductions in
fatal crashes, approaching zero fatalities.

l 
Safety in a mixed fleet environment during early
deployment stages

l 
More stakeholder acceptance of vehicle connectivity
and automation as crash and fatality rates for highway
transportation come in alignment with the rates for other
transportation modes
l 
Improved communications systems accelerate emergency
response

l 
Vehicle connectivity and automation used to “game” the
system and enhance personal advantage at the expense
of public safety or efficient system operation

Considerations for the
Transportation Planning Process
l 
Impact on performance
management and target
setting

l 
Users develop a false sense of security at lower levels of
automation
l 
Stakeholder acceptance of fatalities and serious injuries
in crashes where the cause is not human error or
mechanical failure
l 
Liability of fatalities and serious injuries in crashes where
the cause is not human error or mechanical failure
l 
Protection of privacy interests

Security

l 
Improved communication among vehicles, infrastructure,
and travelers could enhance security

l 
Vehicle connectivity and automation used for illicit
purposes
l 
Security breaches in vehicles and infrastructure systems
could disrupt the transportation system

Operations

l 
Increased capacity and reduced congestion due to vehicles
operating with fewer incidents, reduced headways, and
narrower lane widths
l 
Rich source of sensor data useful for improved operations
and capital investment planning
l 
“Surge” pricing associated with shared fleets of connected
and/or automated delivers benefits associated with
congestion pricing
l 
Allowing in-vehicle activities other than driving—reduces
costs associated with travel time delays

l 
Highway capacity projects being planned or
implemented today not cost effective or relevant as
vehicle connectivity and automation is more fully
deployed
l 
Cost of infrastructure and operational improvements
necessary to support vehicle connectivity and
automation

l 
MPO role in cybersecurity
when funding technology
projects

l 
Implications for the existing
congestion management
process
l 
Impact on performance
management and target
setting

l 
Empty vehicles could cause net increase in traffic and
vehicle miles traveled

9
www.ampo.org

Impact Area

Benefits/Opportunities

Challenges/Risks

Mobility and
mode choice

l 
Expanded mobility for those currently unable to drive

l 
Decreased/elimination of public transportation service
due to shift in mode choice adversely affects transit
dependent populations

l 
Reduced cost of mobility
l 
Improved first and last mile connections with transit
l 
More efficient paratransit options
l 
Reduced need for personal vehicle ownership and
associated expense

Freight

l 
Improved efficiency through applications such as freight
platooning

l 
More mobility options at lower cost increases economic
opportunities
l 
Increased use with ridesharing through pricing mechanisms
could possibly moderate or decrease growth in vehicle
miles traveled

l 
Impact on mode share

l 
Certain public infrastructure needs and decisions may
not be relevant for the future system
l 
Increased vehicle miles traveled (VMT)

l 
Infrastructure stresses and higher maintenance needs
due to increased and concentrated vehicle activity

l 
Impact on performance
management and target
setting

l 
Increased vehicle miles traveled due to improved traffic
flow, additional mobility options, and zero occupancy
vehicles

l 
Incorporation into existing
transportation modeling

l 
Long term infrastructure planning difficult to gauge
as capacity needs outside of traditional markets may
emerge to accommodate demand

l 
Support update of existing
or development of federal
guidance or standards that
enable cohesive, consistent
national deployment

l 
Last mile robotic freight delivery reduces congestion
Transportation
demand

Considerations for the
Transportation Planning Process

l 
With appropriate street design and improvements in safety,
walking and bicycling could become more attractive and
popular
Infrastructure
requirements

l 
Fewer high capacity infrastructure improvements needed
through better operations
l 
Infrastructure improvements to help vehicle connectivity
and automation (e.g., improved lane markings and
pavement maintenance) also help human drivers
l 
Connecting vehicles to infrastructure can drive safety/
operations improvements
l 
Reduced need for conventional signage such as dynamic
message signs

l 
Certain current transportation investments may become
obsolete
l 
Improved infrastructure and infrastructure maintenance
are costly

l 
Incorporation into
investment decisions
through the MTP, TIP, or
project prioritization

10
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Impact Area

Benefits/Opportunities

Challenges/Risks

Funding and
financing

l 
New funding and financing mechanisms. For example, a
shift to fleets of shared electric connected and automated
vehicles provides opportunity to move to VMT charging,
providing more stable funding source than gas tax

l 
Cost of additional infrastructure required to support
vehicle connectivity and automation

l 
Pricing/taxing based on vehicle occupancy level could
incentivize increase in average vehicle occupancy
l 
Partner with private sector for infrastructure to speed
deployment of vehicle connectivity and automation

New
transportation
service markets

Equity

l 
Current funding and financing mechanisms negatively
impacted as individual ownership could transition to
shared fleets and on demand services
l 
Acceleration of decline in adequacy of the gas tax as
revenue source
l 
Loss of local revenue due to a decrease in parking, traffic
citations, and licensing fees

l 
Participation by youth and elderly populations in the
transportation system

l 
Additional infrastructure and operational capacity
needed to meet demand

l 
Greater mobility with less reliance on caregiver drivers for
individuals with disabilities

l 
Design and structure for pick-up and drop-off

l 
Shared vehicles could give disadvantaged populations
access to highway speed travel at lower cost than private
vehicle ownership

l 
Deployment systematically disadvantaging some
transportation system users such as youth, low income,
minority, or elderly populations, households who
primarily use public transportation, individuals with
disabilities or rural communities

l 
Improved mobility for persons now with limited access to
vehicular travel
l 
Vulnerable road users benefit from safety improvements
built into vehicle connectivity and automation

Considerations for the
Transportation Planning Process
l 
Investment decisions
recommended by MPOs
should incorporate scenario
planning that includes a
risk assessment of financial
impacts
l 
Revenue sources for
investments and operations
support all modes
l 
Support an environment
that fosters innovation
l 
Impact on mode share

l 
System security and integrity of the ability to provide
caregiver notifications
l 
Equity incorporated into
the transportation planning
process
l 
Support equitable
deployment scenarios

l 
Impacts to vulnerable road users, including pedestrians,
bicyclists, and persons with disabilities
l 
To the extent that public infrastructure investment and
maintenance is required for deployment, equitably
distributing resources and improvements
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Impact Area

Benefits/Opportunities

Challenges/Risks

Data collection,
housing,
analysis, and
sharing

l 
Vehicle connectivity and automation a potentially
rich data source for highway operations and planning.
MPOs and other transportation agencies use expanded
data to improve their understanding and modeling of
transportation demand

l 
Ensuring accuracy and proper use of data
l 
Cost of managing large amounts of data
l 
Institutional capacity to manage and analyze big data
l 
Tension between data access, privacy, safety, and
security concerns related to any personally identifiable
information contained in the data

Considerations for the
Transportation Planning Process
l 
Evaluation of current staff
resources
l 
Identify data sets
critical to informing the
transportation planning
process

l 
The proprietary nature of private sector data sources
Public
acceptance

Land use

l 
Public views vehicle connectivity and automation as
improving the quality of their highway travel

l 
Public rejects shared vehicle connectivity and
automation altogether

l 
Public embraces ridesharing, increasing average vehicle
occupancy and highway system efficiency

l 
Public concerns over privacy, safety, and other potential
challenges slow adoption

l 
Vehicle connectivity and automation have the potential to
make cities and urban areas more appealing places to live
and work

l 
Vehicle connectivity and automation induce sprawl and
“super-commutes.” They also promote gentrification in
a way that disproportionately impact the availability of
low-income housing

l 
Opportunity to retrofit the built environment to provide
more complete streets and maintain and improve a sense of
place; opportunity for MPOs to be proactive
l 
Shared vehicles reduce need for parking lots/structures,
freeing up space for repurposing to other, higher-value uses
l 
Metered mobility via fleets prompts people to move
residences closer to jobs

l 
Parking/storage for vehicle fleets, especially during
periods of low demand for the vehicles/mobility services
l 
Land use changes and economic impacts as the need
for rest stops, roadside hotels, car repair and service
facilities, and gas stations could decline

l 
Highway capacity improvements done via technology
instead of physical expansion of roadways
Air quality
conformity

l 
Improved air quality

l 
Adverse air quality impacts from VMT increases

l 
Strategies for public
outreach

l 
Coordination between land
use and transportation
l 
While land use impacts are
difficult to predict, MPOs
can play a role in shaping
vehicle connectivity and
automation impacts to land
use and regional vision
l 
Land use as a tool to guide
deployment to meet the
regional and national vision
and goals

l 
Incorporation into air
quality planning
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Impact Area

Benefits/Opportunities

Challenges/Risks

Engagement
and
coordination

l 
Building partnerships with local, state, transit, and federal
agencies, industry, academia, and stakeholder associations

l 
Wide range of knowledge and perceptions of vehicle
connectivity and automation
l 
Stakeholder acceptance and trust of vehicle connectivity
and automation on deployment success
l 
Private sector advancements/deployments force policy/
public sector action in undesirable direction

Considerations for the
Transportation Planning Process
l 
Evolving roles and
responsibilities of
transportation agencies,
industry, the federal
government
l 
Strategies for engagement
and outreach to MPO policy
boards and committees
l 
Strategies for building
partnerships

Employment

l 
New jobs created by vehicle connectivity and automation

l 
Staffing reductions and/or repurposing by freight
companies, transit providers, taxi and ridesharing
services, and related industries as automation increases

l 
Changes in employment
patterns could impact
land use and therefore
transportation needs

13
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Recommendations
This section provides recommendations for next steps and resources in four general areas relevant to
all MPOs:
Engagement, Coordination, and Collaboration
Policies and Investment Decisions
Other Planning Products and Processes
Institutional Readiness

Engagement, Coordination, and Collaboration
Although there is still considerable uncertainty in vehicle connectivity and automation deployment
timelines and scenarios, MPOs should engage their policy boards and decision makers, technical
committees, citizen committees, the public, and their partners in transportation, academia, stakeholder
organizations, and the private sector.
nn Advise policy and decision makers as they make policy and investment decisions that shape the
transportation system
nn Build partnerships to reduce redundancy in activities, efficiently leverage limited financial and staff
resources, and move forward in a unified direction
nn Inform and share information regarding the current reality of vehicle connectivity and automation
deployment to help manage perceptions and expectations and help stakeholders understand the
plausible benefits, challenges, and limitations, as well as uncertainties about how these will develop
as technology is deployed
nn Develop a vision and goals for the desired future of transportation with vehicle connectivity and
automation deployed to help understand how it can help meet regional transportation needs and goals
nn Incorporate the vision, goals, and community values into the MTP and TIP
nn Communicate the vision and goals
nn Include equity in communications
nn Demonstrate successes with vehicle connectivity and automation

Resources:
The following are provided as a resource for MPOs as they engage their policy boards and decision
makers, technical and citizen committees, the public, and their other partners.

14
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nn Vehicle Connectivity and Automation Resource Packet (Appendix A)
The Vehicle Connectivity and Automation Resource Packet provides a compilation of ongoing
activities from transportation agency partners, including federal, state, regional, and local agencies,
academia, stakeholder associations, and private industry. Because vehicle connectivity and
automation is progressing at a rapid pace, this compilation is not intended to be exhaustive, but
provide a broad brush picture of the status of vehicle connectivity and automation across the nation.
nn Vehicle Connectivity and Automation Fact Sheet: What is vehicle connectivity and automation and
what does it mean for transportation? (Appendix B)
The Vehicle Connectivity and Automation Fact Sheet provides a high level overview of vehicle
connectivity and automation.
nn Table 1: Potential Impacts of Vehicle Connectivity and Automation on Transportation and Mobility
Table 1 (pages 9-13) illustrates the potential benefits, opportunities, challenges, and risks for the
transportation system and mobility that MPOs are exploring as vehicle connectivity and automation
is deployed.

Policies and Investment Decisions
MTP: Because the MTP is critical to setting regional policy, engaging the policy board and community,
and guiding long term investment decisions for all modes, the discussion of vehicle connectivity and
automation is an essential component of the MTP and its development process. Through the MTP,
MPOs and their partners will have the opportunity to set policies and investment decisions that will
guide vehicle connectivity and automation deployment towards the scenarios that will best meet the
needs of the region. The policies developed by MPOs should support both the existing transportation
system and the potential future system with vehicle connectivity and automation deployed.
nn Although there is considerable uncertainty in the timeline and scenarios for deployment of vehicle
connectivity and automation, it is important to set a framework by starting to discuss how vehicle
connectivity and automation fits into the vision for the region and its potential impacts on the
transportation system, its users, and mobility. Since vehicle connectivity and automation has the
potential to affect all aspects of transportation, vehicle connectivity and automation should be
considered during discussions on:
• Goals and objectives
• Emerging technologies
• Existing and future conditions
• Technical issues
• Policies and priorities
• Investment scenarios and financial implications

15
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➥ Policy development
• Develop a vision and goals for the desired future of transportation with vehicle connectivity and
automation deployed to help understand how it can help meet regional transportation needs
and goals
—— Identify the opportunities and challenges that vehicle connectivity and automation will
contribute towards the attainment of the vision and goals.
—— Pursue vehicle connectivity and automation deployment scenarios that meet the vision and
goals of the region and do not negatively impact safety, security, operations, reliability, or
mobility
—— Identify existing policy tools that support achieving the desired future
—— Assess the proposed/assumed benefits of vehicle connectivity and automation to confirm
they are being achieved
• Support an environment that fosters innovation
—— Maintain infrastructure in good condition to support the safe operation and testing of
vehicle connectivity and automation
—— Ensure investment decisions support the current transportation system while laying the
groundwork for a future whose infrastructure needs may be less or different from that of
current vehicles
—— In addition to, or in substitution of, traditional infrastructure improvements, explore the
potential to leverage emerging technology to meet transportation system needs
—— Integrate vehicle connectivity and automation-supportive elements into projects. However,
be cognizant not to prematurely select a technology (e.g., 5G, DSRC, satellites) before it
becomes a market or regulatory standard
—— Share accurate information about roadway conditions, including construction related lane
closures, with industry partners or researchers operating automated vehicles within an
MPO’s region
—— Maintain awareness of locations and types of infrastructure readiness
• Support deployment scenarios that do not systematically disadvantage any transportation
system users (such as youth, low income, minority, or elderly populations, households who
primarily use public transportation, individuals with disabilities or rural communities) or
negatively impact vulnerable road users, including pedestrians, bicyclists and persons with
disabilities
• Encourage shared use and other strategies that will mitigate potential increases in
transportation demand and vehicle miles traveled
• Support data sharing and explore opportunities for using vehicle connectivity and automation
as an additional data source for management of the transportation system
—— With transportation partners, support development of a national voluntary repository of aggregate
and secured data that will scrub/clean and secure/protect data (not vulnerable to FOIA)
• Build partnerships and collaborate with transportation partners
• Engage stakeholders for discussions on policy and investment decisions related to vehicle

16
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connectivity and automation
• Facilitate dialogue among the MPO, transit agencies, and the private sector to discuss the future
of transit as vehicle connectivity and automation is deployed

➥ T IP: To be consistent with the direction set by the MTP, vehicle connectivity and automation should
be incorporated into the TIP and its development process.
• Update the TIP process and project evaluation criteria to encourage innovative technology
applications
• Update the TIP process and project evaluation criteria to ensure relevance in evaluating both
traditional improvements and emerging technologies
• Ensure investments for near-term funding to address current needs while also evaluating them
against the background of future scenarios with the deployment of vehicle connectivity and
automation

Resources:
The following is provided as a resource for MPOs to use as they incorporate discussions of vehicle
connectivity and automation into their policies and investment decisions to support both the
existing transportation system and the deployment of vehicle connectivity and automation.
• Shared Use Mobility, Transportation Technology, and Intercity Transit Services, FTA June 2018
Under the Technology section, the subsection on MTP Findings (starting on page 191) provides
an overview of the current state of the practice in how MPOs are incorporating various emerging
technologies, including vehicle connectivity and automation, in their MTP. Shared Use Mobility,
Transportation Technology, and Intercity Transit Services, FTA June 2018.
• Impact Areas Worksheet (Appendix C)
The worksheet is intended to be a tool to help MPOs further explore the potential impacts of
vehicle connectivity and automation.

Other Planning Products and Processes
nn Use modeling and scenario planning to explore future unknowns
• Document assumptions and inputs to prevent them from being misunderstood as outputs
• Be aware of overlaps between scenarios that illustrate impacts shared by scenarios
nn Consider different vehicle connectivity and automation deployment scenarios, similar to those used
for Metropolitan Transportation Plans, in establishing air quality plans for non-attainment regions to
demonstrate opportunities for improving the environment and achieving conformity so not to break
the links for qualified transportation funds
nn Monitor the status of vehicle connectivity and automation
• Be aware of the different dimensions of readiness: vehicle systems technology (largely private
sector driven), supportive infrastructure, responsive institutions, and community acceptance
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• Identify variables such as drivers, levers, and triggers, their tipping points, and data sets to
inform them for scenarios to help identify key milestones in the transformative technology
—— Drivers: Aspects of technology and society that are not controlled by transportation
agencies (e.g., market share)
—— Levers: Activities over which transportation agencies and their government partners have
influence (e.g., investment decisions, land use)
—— Triggers and tipping points: Key points that mark critical shifts in how the transportation
system is operating
nn Be aware of the potential for vehicle connectivity and automation to support performance
measures, target setting, and national goals by providing an additional data source
nn Begin to explore the potential for vehicle connectivity and automation to impact air quality and
transportation conformity
nn Incorporate a discussion of vehicle connectivity and automation into the region’s ITS Architecture Plan
nn Identify new data sets that are critical to inform decisions in the transportation planning process

Resources:
The following is provided as a resource for MPOs to use as they incorporate vehicle connectivity and
automation into other aspects of their planning products and processes.
nn Transportation Scenario Planning for Connected and Automated Vehicles (FHWA)
Coming soon.

Institutional readiness
nn The deployment of vehicle connectivity and automation will require adjustments to MPO
organizational processes and structure
• Identify needs for expanding staff skills sets or restructuring program areas to incorporate
vehicle connectivity and automation into MPO processes (e.g., staff capacity for emerging
technology or data analysis, interpretation, or visualization)
• When possible, provide training or participation in regional, state, or national dialogues on
vehicle connectivity and automation
• Encourage staff to monitor the status of vehicle connectivity and automation
• Ensure staff are aware of how vehicle connectivity and automation impacts their program areas

Resources:
The following is provided as a resource for MPOs to use as they assess their institutional readiness for
vehicle connectivity and automation.
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nn Vehicle Connectivity and Automation Resource Packet (Appendix A)
In addition to providing a resource for engagement, coordination, and collaboration, the Vehicle
Connectivity and Automation Resource Packet is also a resource for MPO staff as they monitor
the status of and participate in dialogues on vehicle connectivity and automation and increase
awareness of how vehicle connectivity and automation impact their program area. As previously
mentioned, it is meant to provide an overview of ongoing activities related to vehicle connectivity
and automation from transportation agency partners, but is not meant to be an exhaustive
compilation.
nn Impact Areas Worksheet (Appendix C)
The worksheet is intended to be a tool to help MPOs further explore the potential impacts of vehicle
connectivity and automation.
nn Sample Statewide Automated Vehicles Procurement Language (Appendix D)
Sample Statewide Automated Vehicles Procurement Language used in Texas.
nn Table 1: Potential Impacts of Vehicle Connectivity and Automation on Transportation and Mobility
In addition to providing a resource for engagement, coordination, and collaboration, Table 1 (pages
9-13) can also help increase awareness of how vehicle connectivity and automation impact MPO
program areas.
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p. 32 | Appendix B: Vehicle Connectivity and Automation Fact Sheet: What is vehicle
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Appendix A
Vehicle Connectivity and Automation
Resource Packet
The Vehicle Connectivity and Automation Resource Packet provides a compilation of ongoing
activities from transportation agency partners, including federal, state, regional, and local agencies,
academia, stakeholder associations, and private industry. Because technology is progressing at a
rapid pace, this compilation is not intended to be exhaustive, but provide a broad brush picture of
the status of vehicle connectivity and automation across the nation.

Associations
nn American Association of Motor Vehicle Administrators (AAMVA)
AAMVA “is a tax-exempt, nonprofit organization developing model programs in motor vehicle
administration, law enforcement, and highway safety. The association also serves as an information
clearinghouse in these areas, and acts as the international spokesman for these interests. AAMVA
represents the state and provincial officials in the United States and Canada who administer and
enforce motor vehicle laws…The association also serves as a liaison with other levels of government
and the private sector.”
• Relevance: AAMVA has an Autonomous Vehicles Information Sharing Group, Autonomous
Vehicle Best Practices Working Group, and Automated Vehicle Information Library.
• http://www.aamva.org/Autonomous-Vehicle-Information-Library/
• https://www.aamva.org/Autonomous-Vehicle-Best-Practices-Working-Group/
nn American Association of State Highway and Transportation Officials (AASHTO)
AASHTO is “a nonprofit, nonpartisan association representing highway and transportation departments
in the 50 states, the District of Columbia, and Puerto Rico … Its primary goal is to foster the
development, operation, and maintenance of an integrated national transportation system. AASHTO
serves as a liaison between state departments of transportation and the Federal government.”
• Relevance: AASHTO has a number of working groups that are addressing vehicle connectivity
and automation and collectively working on AASHTO policy recommendations.
• https://www.transportation.org
nn American Planning Association (APA)
The APA “provides leadership in the development of vital communities by advocating excellence
in planning, promoting education and citizen empowerment, and providing our members with the
tools and support necessary to meet the challenges of growth and change.”
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• Relevance: Resources developed by the APA include a Research Knowledge Base Collection on
Autonomous Vehicles, Preparing Communities for Autonomous Vehicles Report, which summarizes
discussions from their October 2017 symposium, and Automated Vehicle Policy Principles.
• https://www.planning.org/resources/av/
nn American Public Transportation Association (APTA)
APTA is a nonprofit association whose members are public organizations that are engaged in the
areas of bus, paratransit, light rail, commuter rail, subways, waterborne passenger services, and highspeed rail. Members also include large and small companies who plan, design, construct, finance,
supply, and operate bus and rail services worldwide. Government agencies, metropolitan planning
organizations, state departments of transportation, academic institutions, and trade publications are
also part of their membership.
• Relevance: APTA has convened a group of practitioners deploying automated vehicle pilot
projects and is working with agencies on policy recommendations.
• https://www.apta.com
nn Governor’s Highway Safety Association (GHSA)
The GHSA is “a 501(c)(3) nonprofit representing the state and territorial highway safety offices that
implement federal grant programs to address behavioral highway safety issues.”
• Relevance: The GHSA has released a report on Preparing for Automated Vehicles: Traffic Safety
Issues for States report. They also wrote a joint letter with other stakeholder associations to the
United States House of Representatives on the topic of automated vehicle policy.
• https://www.ghsa.org/issues/autonomous-vehicles
nn I-95 Corridor Coalition
The I-95 Corridor Coalition “is a partnership of transportation agencies, toll authorities, public safety,
and related organizations, from the State of Maine to the State of Florida, with affiliate members
in Canada. The Coalition provides a forum for key decision makers to address transportation
management and operations issues of common interest.”
• Relevance: The I-95 Corridor Coalition hosted a conference in June 2016 and a workshop in
December 2017 on vehicle connectivity and automation. They also surveyed their members on
their existing efforts related to vehicle connectivity and automation.
• http://i95coalition.org/projects/connected-and-automated-vehicles/
• http://i95coalition.org/2018/05/25/i-95-corridor-coalitions-cav-workshop-report-released/
nn Institute of Transportation Engineers (ITE)
ITE “promotes professional development and career advancement for its members, supports
and encourages education, identifies necessary research, develops technical resources including
standards and recommended practices, develops public awareness programs, and serves as a
conduit for the exchange of professional information.”
• Relevance: The ITE Connected Vehicle Support project is a research program managed by the
USDOT. As part of this, ITE has developed a task force and discussion group whose membership
is open to anyone.
• https://www.ite.org/technical-resources/topics/connected-automated-vehicles/
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nn ITS America
ITS America “advance[s] the research and deployment of intelligent transportation technologies
to save lives, improve mobility, promote sustainability, and increase efficiency and productivity by:
convening leaders from the public sector, private companies, academia, and research organizations
to create an environment that fosters innovation; promoting a legislative and regulatory
environment that supports investment in and the deployment of intelligent systems; and conducting
research, educating stakeholders, and building awareness of advancements in smart transportation
technologies.”
• Relevance: A compilation of resources, including comment letters and testimony, is available on
their website.
• https://www.itsa.org/connected-vehicle-safety/
• https://www.itsa.org/policy-autonomous-vehicles/
• https://www.itsa.org/policy-connected-vehicles/
nn National Association of City Transportation Officials
NACTO is “an association of 62 major North American cities and ten transit agencies formed
to exchange transportation ideas, insights, and practices and cooperatively approach national
transportation issues” whose mission is “to build cities as places for people, with safe, sustainable,
accessible and equitable transportation choices that support a strong economy and vibrant quality
of life.”
• Relevance: NACTO’s Blueprint for Autonomous Urbanism is not a design guide, but illustrates
vision and policy goals surrounding vehicle connectivity and automation. NACTO also
developed a policy statement on autonomous vehicles.
• https://nacto.org/publication/bau/ https://nacto.org/wp-content/uploads/2016/06/NACTOPolicy-Automated-Vehicles-201606.pdf
nn National Conference of State Legislatures (NCSL)
Representing interests of legislators and staff, the NCSL “mission is to improve the quality and
effectiveness of state legislatures, promote policy innovation and communication among state
legislatures, and ensure state legislatures have a strong, cohesive voice in the federal system.”
• Relevance: The NCSL maintains an autonomous vehicle legislative database.
• http://www.ncsl.org/research/transportation/autonomous-vehicles-self-driving-vehiclesenacted-legislation.aspx
nn National League of Cities (NLC)
The National League of Cities is “a resource and advocate for the nation’s cities and their leaders.”
• Relevance: NLC developed the Autonomous Vehicles: A Policy Preparation Guide, and in
partnership with the Bloomberg Aspen Initiative on Autonomous Vehicles developed interactive
future scenarios for autonomous vehicles.
• https://www.nlc.org/AVPolicy
• http://avfutures.nlc.org/
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nn National Operations Center of Excellence (NOCoE)
“A partnership of AASHTO, the Institute of Transportation Engineers, and the Intelligent
Transportation Society of America with support from the Federal Highway Administration (FHWA),”
NOCoE provides “resources to serve the transportation systems management and operations
(TSMO) community” and “technical services such as peer exchange workshops and webinars,
ongoing assessments of best practices in the field, and on-call assistance.”
• Relevance: Vehicle to Infrastructure Deployment Coalition (V2I DC)
• http://www.transportationops.org/V2I/V2I-overview
nn SAE International
“SAE International is a global association of more than 128,000 engineers and related technical
experts in the aerospace, automotive and commercial-vehicle industries.”
• Relevance: Standard J3016_201609: Taxonomy and Definitions for Terms Related to Driving
Automation Systems for On-Road Motor Vehicles identifies six levels of driving automation
and has been adopted by the National Highway Traffic Safety Administration (NHTSA) and the
USDOT’s Policy on Automated Vehicles.
• https://www.sae.org/standards/content/j3016_201609/
nn Uniform Law Commission (ULC)
The ULC “provides states with non-partisan, well-conceived and well-drafted legislation that
brings clarity and stability to critical areas of state statutory law … It is a non-profit unincorporated
association, comprised of state commissions on uniform laws from each state, the District of
Columbia, the Commonwealth of Puerto Rico, and the U.S. Virgin Islands.”
• Relevance: The ULC Committee on Highly Automated Vehicles is drafting model legislation for
self-driving vehicles.
• http://www.uniformlaws.org/Committee.aspx?title=Highly%20Automated%20Vehicles

Metropolitan Planning Organizations (MPOs), State
Departments of Transportation (State DOTs), and other
transportation agencies
nn Arizona
City of Tempe
• Relevance: The City of Tempe has established a Tempe Innovation Steering Committee on Autonomous
Vehicles, which is producing a white paper and partnering with the Arizona State University.
• https://ifis.asu.edu/content/cscr-projects
Maricopa County Department of Transportation, Arizona Department of Transportation, and
University of Arizona
• Relevance: The Maricopa County Department of Transportation, Arizona Department of
Transportation, and University of Arizona developed a Connected Vehicles Program that
includes a test bed in Anthem, Arizona and the development of their SmartDrive Program, an
application that communicates with emergency responders.
• https://www.maricopa.gov/640/Connected-Vehicles-Program
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nn California
City of Los Angeles Department of Transportation (LADOT)
• Relevance: LADOT has developed a strategy to approach emerging technology, Urban Mobility
in a Digital Age. It is focused around three key concepts: data, mobility, and infrastructure.
• http://www.urbanmobilityla.com/strategy/
Contra Costa Transportation Authority
• Relevance: GoMentum Station “is the nation’s largest secure testing facility for autonomous
and connected vehicle technology. The Contra Costa Transportation Authority and its partners
lead a collaborative effort at GoMentum Station, bringing together automobile manufacturers,
communications companies, technology companies, researchers and public Colorado agencies
with the aim of accelerating the next generation of transportation technologies.”
• http://gomentumstation.net/about/
nn Colorado
Colorado DOT
• Relevance: The Colorado DOT is developing a Smart Mobility Plan, which will be a short term
plan for statewide technology deployment and include a technology toolbox.
• https://www.codot.gov/programs/planning/documents/stac-archives/2018-stac/april_2018/
april-2018-stac-packet-addendum
Colorado Smart Cities Alliance
• Relevance: The Colorado Smart Cities Alliance is “a statewide, multi-jurisdictional, public-privateacademic coalition seeking to make Colorado a leader in the development of intelligent, 21st
century infrastructure, improving everything from transportation and housing to public safety
and the environment for the state’s 5.5-plus million residents.”
• http://coloradosmart.city/
Mobility Choice Blueprint
• Relevance: Mobility Choice Blueprint’s “mission is to create a mobility vision for metro Denver
driven by public and private sectors by developing key strategies to leverage our current assets
using new technologies and provide an integrated system of the future for all.” Partners include the
Colorado DOT, Denver Regional Council of Governments, and the Regional Transportation District.
• https://www.mobilitychoiceblueprint.com/
nn Florida
Central Florida Automated Vehicle Partnership (CFAVP)
• Relevance: The partners include the Central Florida Expressway, City of Orlando, Florida
Agricultural Mechanic University – Florida State University (FAMU-FSU), FDOT, Florida
Polytechnic University, Florida Turnpike Enterprise, LYNX, the NASA Kennedy Space Center, and
the University of Central Florida. The CFAVP “offers a comprehensive multi-modal environment
for research, development, testing, and deployment of emerging mobility technologies and
solutions.” Projects under the CFAVP include the SUNTRAX testing site, the Driver Assisted
Truck Platooning pilot, the PedSafe collision avoidance system, SR434 Connected Vehicle Pilot,
and the I-75 FRAME (Florida’s Regional Advanced Mobility Elements) project.
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• http://centralfloridaavpg.com/ http://www.suntraxfl.com/
• http://www.fdot.gov/traffic/its/projects_deploy/cv/MapLocations/DATP.shtm
• http://www.cflsmartroads.com/projects/CVAV.html
City of Orlando
• Relevance: The City of Orlando was one of five cities recognized as 2017 Smart Cities Council
Challenge winners and through their collaboration with the CFAVP.
• http://www.cityoforlando.net/greenworks/smart-cities-initiative/
Florida Automated Vehicles (FAV) Initiative
• Relevance: Led by the FDOT, the “FAV Initiative is helping to educate the public by engaging
stakeholders, developing research and pilot projects, and creating awareness of the
technologies and how they support FDOT’s vision statement.”
• http://www.automatedfl.com/
LYNX Autonomous Vehicle Initiative
• Relevance: The Autonomous Vehicle Initiative was developed by LYNX, the public transit
provider for Orange, Seminole, and Osceola Counties in partnership with the City of Orlando,
the Florida Department of Transportation (FDOT), and MetroPlan Orlando. Its objective is to
understand the implications of autonomous vehicle technology and its application for future
transit service through strategic research and integrated demonstrations. Possible implications
identified for future exploration include partnerships, policies, technical issues, financial issues,
infrastructure requirements, and workforce needs.
• https://metroplanorlando.org/wp-content/uploads/2018-0622-MetroPlan-TSMO-AutomatedTransit-Systems-Jamison.pdf
Miami-Dade MPO
• Relevance: Miami-Dade MPO Connected and Autonomous Vehicle Task Force’s mission is “to
enhance interagency dialogue and collaboration, and to facilitate connected and automated
vehicle project development and deployment within Miami-Dade County.
• http://www.miamidadetpo.org/connected-autonomous-vehicle-program.asp
nn Georgia
Atlanta Regional Commission (ARC)
• Relevance: In September 2017 and 2018, ARC held ConnectATL, which brought together
over 300 local government officials and transportation experts to discuss the emerging
transportation technology issues. This event is anticipated to continue annually.
• https://atlantaregional.org/news/transportation-mobility/eight-takeaways-connectatl-arcssummit-future-mobility/
nn Illinois and Missouri
East West Gateway Council of Governments (EWGCOG)
• Relevance: EWGCOG released a St. Louis Region Emerging Transportation Technology Strategic
Plan in June 2017.
• https://www.ewgateway.org/wp-content/uploads/2017/08/emergingtranstechstratplan.pdf
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nn Kansas and Missouri
Mid-America Regional Council (MARC)
• Relevance: MARC developed an Autonomous and Connected Vehicle Framework that was
released in October 2018.
• http://marc.org/Regional-Planning/Innovation/Transportation-Innovation/Autonomous-andConnected-Vehicle-Framework
nn Michigan
Michigan DOT
• Relevance: Michigan DOT’s Connected Vehicles Concept Program includes the evaluation of
three subsystems (on board equipment, roadside equipment, and network subsystem) along
with the Connected Vehicles Test Bed.
• http://www.michigan.gov/mdot/0,1607,7-151-9621_11041_38217-,00.html
Southeast Michigan Council of Governments (SEMCOG)
• Relevance: In April 2017, SEMCOG held the Reimagining Transportation: Transforming Southeast
Michigan summit, which included panel discussions on vehicle connectivity and automation.
• https://semcog.org/Blog/reimagining-transportation-transforming-southeast-michigan-10132
nn Minnesota
Governor’s Office
• Relevance: In March 2018, Minnesota Governor Mark Dayton issued an executive order to
establish an advisory council on vehicle connectivity and automation.
• https://www.dot.state.mn.us/newsrels/18/03/7-executiveorder.html
nn Nevada
Nevada DOT
• Relevance: Nevada DOT strives to be a national leader in testing, licensing, and regulation.
Their initiatives include collaboration with the Northern Nevada Intelligent Mobility Living Lab
on big data research, working with WayCare to harness in-vehicle data, participating in Audi
Countdown to Green, which connects certain Audi models with NDOT’s traffic signal network,
and partnering with the USDOT, UNR, and National Center for Atmospheric Research on the
Integrating Mobile Observations Project Connected Snowplows to test communications for
snow plows.
• https://www.nevadadot.com/mobility/avcv
nn New York
New York State Association of Metropolitan Planning Organizations (NYSAMPO)
• Relevance: NYSAMPO is “a coalition of the fourteen MPOs in New York State, which have
committed to work together toward common goals.” They have eight technical working groups.
In October 2017, their Regional Transportation System Management and Operations (RTSMO)
Working Group released a whitepaper on Establishing a Regional Planning Framework for
Connected and Automated Vehicles.
• http://www.ampo.org/wp-content/uploads/2018/04/Establishing-a-Regional-PlanningFramework-for-CAV-NYSAMPO.pdf
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nn Oregon
Oregon Metro
• Relevance: In June 2018, Oregon Metro released a Draft Emerging Technology Strategy as part
of their 2018 long range plan.
• https://www.oregonmetro.gov/sites/default/files/2018/07/02/Metro-Emerging-Tech-Strategy06-2018-Public-Review-Draft.pdf
Portland Bureau of Transportation
• Relevance: The Portland Bureau of Transportation has launched a Smart Automated Vehicles
Initiative (SAVI). As part of this, their City Council adopted a Connected and Automated
Vehicles Policies and developed Interim Administrative Rule TRN-14.34 – Connected and
Autonomous Vehicles.
• https://www.portlandoregon.gov/transportation/73493
nn Texas
City of Arlington, Texas
• Relevance: The City of Arlington, Texas has partnered with Drive.ai on a one-year pilot program.
The pilot will use vehicle connectivity and automation to provide transportation in the city’s
Entertainment District.
• http://www.arlington-tx.gov/news/2018/08/22/arlington-partners-drive-ai-offer-street-selfdriving-vehicle-service/
North Central Texas Council of Governments (NCTCOG)
• Relevance: NCTCOG is including the consideration of vehicle automation as part of its long-term
transportation strategy.
• https://www.nctcog.org/trans/plan/vehicles/auto
Waco MPO
• Relevance: The Waco MPO has a Subcommittee on Connected and Automated Vehicles.
• https://www.waco-texas.com/cms-mpo/page.aspx?id=208
nn Virginia
Virginia DOT
• Relevance: The Virginia DOT has developed a Connected and Automated Vehicle Program and
Connected and Automated Vehicle Program Plan.
• http://www.virginiadot.org/programs/connected_and_automated_vehicles.asp
nn Washington
Puget Sound Regional Council (PSRC)
• Relevance: The topic of the PSRC Regional Freight Mobility Roundtable’s October meeting was
vehicle connectivity and automation.
• https://www.psrc.org/whats-happening/blog/freight-roundtable-hosts-panel-self-driving-technology
Washington State DOT
• Relevance: Washington State DOT has an internal Cooperative Automated Transportation Work Group
and has pilot projects focused on winter operations, traffic signals, and automated work zone vehicles.
• https://www.wsdot.wa.gov/travel/automated-connected/home
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Transportation Research Board (TRB)
TRB “facilitates the sharing of information on transportation practice and policy by researchers and
practitioners; stimulates research and offers research management services that promote technical
excellence; provides expert advice on transportation policy and programs; and disseminates
research results broadly and encourages their implementation.” TRB administers the NCHRP, which
is “sponsored by the member departments (i.e., individual state departments of transportation) of
AASHTO, in cooperation with the FHWA.”
• Relevance:
• NCHRP 20-24(98): Connected and Automated Vehicle Research Roadmap and NCHRP 20-102:
Impacts of Connected Vehicles and Automated Vehicles on State and Local Transportation Agencies
http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=3752
• NCHRP Research Report 845: Advancing Automated and Connected Vehicles: Policy and
Planning Strategies for State and Local Transportation Agencies
http://www.trb.org/Main/Blurbs/176418.aspx
• Strategies to Advance Automated and Connected Vehicles Briefing Document
http://www.trb.org/Main/Blurbs/176508.aspx
• Regional Transportation Systems Management and Operations Committee (AHB10)
Subcommittee on Connected and Autonomous Vehicles
https://sites.google.com/site/trbrtsmocommittee/subcommittees/connected-autonomous-vehicles

University Affiliated
nn Texas A&M Transportation Institute (TTI)
TTI “develops solutions to the problems and challenges facing all modes of transportation. The
Institute conducts over 700 research projects annually with over 200 sponsors at all levels of
government and the private sector.”
• Relevance: Connected Transportation is one of TTI’s focus areas. They have several connected
transportation facilities including their Campus Transportation Technology Initiative, Connected
Infrastructure Lab, Connected Vehicle Assessment Simulation Test Bed, Connected Work Zone,
Proving Grounds Research Facility, Texas AV Proving Ground Partnership, and Transit, Bicycle
and Pedestrian Safety Test Bed.
• https://tti.tamu.edu/research-focus-areas/connected-transportation/
• https://tti.tamu.edu/research-areas/connected-transportation/
nn University of Maryland Center for Advanced Transportation Technology Laboratory (CATT Lab)
CATT Lab’s mission “To foster the development and application of innovative approaches to existing
and emerging transportation needs through research, education, and deployment assistance.”
• Relevance: The CATT Lab’s current efforts include focuses on data, Automated Small Vehicle
Transportation, and partnership with the I-95 Corridor Coalition.
• http://www.catt.umd.edu/research
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nn University of Michigan MCity Test Facility
The MCity Test Facility is a “proving ground for testing connected and automated vehicles and
technologies in simulated urban and suburban driving environments.”
• https://mcity.umich.edu/our-work/mcity-test-facility/
nn University of Virginia Center for Transportation Studies
The Center for Transportation Studies research program activities include areas such as ITS,
transportation planning and logistics, traffic simulation, freight, safety, sustainable transportation,
infrastructure management, and traffic operations.
• Relevance: The Center for Transportation Studies has a Connected Vehicle/Infrastructure
University Transportation Center (CVI UTC) Consortium and Connected Vehicle Pooled Fund
• http://www.cvi-utc.org/
• http://www.cts.virginia.edu/cvpfs/

U.S. Department of Transportation (USDOT)
The USDOT was established by an act of Congress on October 15, 1966. Its mission is to “serve the
United States by ensuring a fast, safe, efficient, accessible and convenient transportation system
that meets our vital national interests and enhances the quality of life of the American people, today
and into the future.”
• Relevance:
• USDOT Intelligent Transportation Systems (ITS) Joint Program Office (JPO) Connected Vehicle Basics,
Connected Vehicle Research Area, Vehicle-to-Infrastructure (V2I) Resources, Connected Vehicle Pilot
Deployment Program, and Low-Speed Automated Shuttles: State of the Practice Final Report
• https://www.its.dot.gov/cv_basics/cv_basics_20qs.htm
• https://www.its.dot.gov/research_areas/connected_vehicle.htm
• www.its.dot.gov/v2i
• https://www.its.dot.gov/pilots/
• https://rosap.ntl.bts.gov/view/dot/37060
• Connected Vehicle Reference Implementation Architecture (CVRIA)
• http://local.iteris.com/cvria/
• USDOT FHWA National Dialogue on Highway Automation
• https://ops.fhwa.dot.gov/automationdialogue/index.htm
• Preparing for the Future of Transportation: Automated Vehicles 3.0 (AV 3.0) identifies USDOT
Automation Principles, discusses the roles for different levels of government and the private
sector in automation, and discusses implementation strategies.
• https://www.transportation.gov/av/3
• National Highway Traffic Safety Administration (NHTSA) Automated Vehicles for Safety
• https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety?_ga=1.36236516.5908
60771%2520.1489006632
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Other
nn Securing America’s Future Energy (SAFE)
SAFE “unites prominent military and business leaders to develop and advocate for policies that
improve America’s energy security …”
• Relevance: In June 2018, SAFE released America’s Workforce and the Self-Driving Future:
Realizing Productivity Gains and Spurring Economic Growth. The research explores the potential
future economic and labor market impacts of automated vehicles.
• https://avworkforce.secureenergy.org/
nn KPMG
KPMG’s “U.S. Manufacturing Institute’s Automotive Center is an open forum where industry experts
share knowledge, gain insights, and collaborate on timely and relevant issues facing the automotive
and transportation market.”
• Relevance: In 2017, KPGM released Islands of Autonomy: How Autonomous Vehicles Will Emerge
in Cities Around the World.
• https://assets.kpmg.com/content/dam/kpmg/za/pdf/2017/11/islands-of-autonomy-web.pdf
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What is vehicle connectivity and
automation and what does it mean for
transportation?
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FACT SHEET

What is vehicle connectivity and automation
and what does it mean for transportation?

Connected vehicles are connected through interoperable wireless communications to other vehicles, transportation infrastructure, and transportation
system users.
Automated vehicles use on-board and remote hardware and software to perform driving functions. The National Highway Traffic Safety Administration
(NHTSA) has adopted the Society of Automotive Engineers (SAE) Automation Levels.
While there are vehicles in the current fleet with elements of both connectivity and automation, there is still considerable uncertainty in how exactly full
scale deployment will play out. Although this makes it difficult to predict its impacts with certainty, transportation agencies are exploring what it means for
the transportation system and its users.
Vehicle connectivity and automation has the potential to greatly benefit the transportation system and its users. However, transportation agencies are closely
monitoring this technology to ensure its deployment occurs with minimal disruptions and negative impacts to the transportation system and its users.

Example Elements of Vehicle Connectivity and Advanced Driver Assistance/Partial Automation
Vehicle Connectivity

Advanced Driver Assistance/Partial Automation

Vehicle to infrastructure (V2I)

l 
Adaptive Cruise Control

Information exchange between vehicles and highway
infrastructure to provide applications such as red light and stop
sign violation warnings.

l 
Automatic Emergency Braking

Vehicle to vehicle (V2V)
Information exchange between vehicles to provide applications
such as forward collision warning and left turn assist.
Vehicle to people (V2P)
Information exchange between highway infrastructure,
vehicles, pedestrians, and bicyclists to, for example, provide
collision alerts to pedestrians, bicyclists, and drivers.

l 
Blind Spot Detection
l 
Electronic Stability Control
l 
Forward Collision Warning
l 
Lane Departure Warning
l 
Lane Keeping Assist
l 
Rearview Video Systems
l 
Self-park
l 
Traffic Jam Assist
l 
Rear Cross Traffic Alert

www.ampo.org
www.ampo.org
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Potential Opportunities and Challenges as Vehicle Connectivity and Automation is Deployed
Opportunities

Challenges

l 
Improved safety due to reduced user error

l 
Safety in a mixed fleet environment during early deployment

l 
Increased capacity, reduced congestion, and fewer high capacity
improvements due to the potential to operate with fewer incidents, decreased following
distances, and narrower lane widths

l 
Security from vulnerabilities and intrusions to connected elements

l 
Improved first and last mile connections with transit
l 
With appropriate design, moderated or decreased growth in vehicle miles traveled and
increased ridesharing, public transportation use, bicycling, and walking
l 
New funding and financing mechanisms and the potential to leverage private sector
funds

l 
Increased vehicle miles traveled due to improved traffic flow, additional mobility
options, and zero occupancy vehicles
l 
Decrease in public transportation use due to the alternative mode options
l 
Impacts to current funding and financing mechanisms as individual ownership could
transition to shared fleets or on demand services
l 
Cost of infrastructure required to support the new technology

l 
Expanded mobility for those currently unable to drive

l 
Potential for deployment to disadvantage some transportation system users or impact
vulnerable road users

l 
Increased efficiency for freight movement through improved efficiency and applications
such as freight platooning

l 
Induce sprawl or encouraging “super-commutes”

l 
Additional data source

l 
Certain transportation investments may become obsolete

l 
Potential to retrofit the built environment and provide more complete streets — for
example to repurpose parking

Society of Automative Engineers (SAE) Automation Levels

Vehicle Connectivity and Automation

Source: SAE

www.ampo.org
www.ampo.org

Source: NHTSA
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Impact Areas Worksheet
Impact
area

Issue
Improved safety by
reducing driver error
and connecting vehicles
to other vehicles,
infrastructure, and road
users

SAFETY

More stakeholder
acceptance of vehicle
connectivity and
automation as crash and
fatality rates for highway
transportation come in
alignment with the rates
for other transportation
modes
Improved
communications systems
accelerate emergency
response
Safety in a mixed fleet
environment during early
deployment stages
Vehicle connectivity
and automation used
to “game” the system
and enhance personal
advantage at the expense
of public safety or
efficient system operation
Users develop a false
sense of security at lower
levels of automation

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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APPENDIX C
Impact
area

Issue

SAFETY

Stakeholder acceptance
of fatalities and serious
injuries in crashes where
the cause is not human
error or mechanical failure
Liability of fatalities
and serious injuries in
crashes where the cause
is not human error or
mechanical failure
Protection of privacy
interests
Other: _______________
_____________________
_____________________
_____________________

Impact
area

Issue

SECURITY

Improved communication
among vehicles,
infrastructure, and
travelers could enhance
security
Vehicle connectivity and
automation used for illicit
purposes

Opportunity/
benefit
challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

Security breaches in
¨ 
Opportunity/
vehicles and infrastructure
beneﬁt
systems could disrupt the
n 
Challenge/risk
transportation system
Other: _______________
_____________________
_____________________
_____________________

www.ampo.org

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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Impact
area

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

“Surge” pricing associated
with fleets of connected
n 
Opportunity/
and/or automated
benefit
vehicles delivers
¨ 
Challenge/risk
benefits associated with
congestion pricing

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Allowing in-vehicle
activities other than
driving—reduces costs
associated with travel
time delays

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Issue
Increased capacity and
reduced congestion due
to vehicles operating with
fewer incidents, reduced
headways, and narrower
lane widths

OPERATIONS

Rich source of sensor
data useful for improved
operations and capital
investment planning

Highway capacity
projects being planned or
implemented today not
cost effective or relevant
as vehicle connectivity
and automation is more
fully deployed
Cost of infrastructure and
operational improvements
necessary to support
vehicle connectivity and
automation
Empty vehicles could
cause net increase in
traffic and vehicle miles
traveled
Other: _______________
_____________________
_____________________
_____________________

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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APPENDIX C
Impact
area

Opportunity/
benefit
challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

Expanded mobility for
those currently unable to
drive

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Reduced cost of mobility

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Issue

benefit
¨ 
Challenge/risk

benefit

MOBILITY AND MODE CHOICE

¨ 
Challenge/risk
Improved first and last
mile connections with
transit

n 
Opportunity/

More efficient paratransit
options

n 
Opportunity/

benefit
¨ 
Challenge/risk

benefit
¨ 
Challenge/risk

Reduced need for
personal vehicle
ownership and associated
expense

n 
Opportunity/

Decreased/elimination
of public transportation
service due to shift in
mode choice adversely
affects transit dependent
populations

¨ 
Opportunity/
beneﬁt

Certain public
infrastructure needs and
decisions may not be
relevant for the future
system
Increased vehicle miles
traveled (VMT)

benefit
¨ 
Challenge/risk

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
Other: _______________
_____________________
_____________________
_____________________
www.ampo.org

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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FREIGHT

Impact
area

Opportunity/
benefit
challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

Improved efficiency
through applications such
as freight platooning

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Last mile robotic freight
delivery reduces street
congestion

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Infrastructure stresses
and higher maintenance
needs due to increased
and concentrated vehicle
activity

¨ 
Opportunity/
beneﬁt

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Opportunity/
benefit
challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

More mobility options
at lower cost increases
economic opportunities

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Increased use with
ridesharing through
pricing mechanisms
could possibly moderate
or decrease growth in
vehicle miles traveled

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

With appropriate street
design and improvements
in safety, walking and
bicycling could become
more attractive and
popular

n 
Opportunity/

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Issue

Other: _______________
_____________________
_____________________
_____________________

TRANSPORTATION
DEMAND

Impact
area

Issue

benefit
¨ 
Challenge/risk

benefit
¨ 
Challenge/risk

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

benefit
¨ 
Challenge/risk

benefit
¨ 
Challenge/risk

benefit
¨ 
Challenge/risk

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

39
www.ampo.org

APPENDIX C

TRANSPORTATION
DEMAND

Impact
area

INFRASTRUCTURE REQUIREMENTS

Impact
area

Issue
Increased vehicle miles
traveled due to improved
traffic flow, additional
mobility options,
and potentially zero
occupancy vehicles
Other: _______________
_____________________
_____________________
_____________________

Issue
Fewer high capacity
improvements needed
through better operations

Opportunity/
benefit
challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

Infrastructure
improvements to help
vehicle connectivity
and automation
(e.g., improved lane
markings and pavement
maintenance) also help
human drivers
Connecting vehicles
to infrastructure can
drive safety/operations
improvements
Reduced need for
conventional signage
such as dynamic message
signs

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

Long term infrastructure
planning difficult to gauge ¨ 
Opportunity/
as capacity needs outside
beneﬁt
of traditional markets may
n 
Challenge/risk
emerge to accommodate
demand

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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APPENDIX C

INFRASTRUCTURE
REQUIREMENTS

Impact
area

Issue
Certain current
transportation
investments may become
obsolete
Improved infrastructure
and infrastructure
maintenance are costly

Other: _______________
_____________________
_____________________

FUNDING & FINANCING

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

_____________________

Impact
area

Opportunity/
benefit
challenge/risk

Issue
New funding and
financing mechanisms. For
example, a shift to fleets of
shared electric connected
and automated vehicles
provides opportunity to
move to VMT charging,
providing more stable
funding source than gas tax
Pricing/taxing based on
vehicle occupancy level
could incentivize increase
in average vehicle
occupancy
Partner with private
sector for infrastructure
to speed deployment of
vehicle connectivity and
automation
Cost of additional
infrastructure required
to support vehicle
connectivity and
automation

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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FUNDING & FINANCING

Impact
area

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Greater mobility with
n 
Opportunity/
less reliance on caregiver
benefit
drivers for individuals with
disabilities
¨ 
Challenge/risk

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Additional infrastructure
and operational capacity
needed to meet demand

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Issue
Current funding and
financing mechanisms
negatively impacted as
individual ownership
could transition to shared
fleets and on demand
services
Acceleration of decline in
adequacy of the gas tax
as revenue source

Loss of local revenue due
to a decrease in parking,
traffic citations, and
licensing fees
Other: _______________
_____________________
_____________________

NEW TRANSPORTATION
SERVICE MARKETS

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

_____________________

Impact
area

Opportunity/
benefit
challenge/risk

Issue
Participation by youth
and elderly populations in
the transportation system

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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NEW TRANSPORTATION
SERVICE MARKETS

Impact
area

Issue
Design and structure for
pick-up and drop-off

EQUITY

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
System security and
integrity of the ability
to provide caregiver
notifications
Other: _______________
_____________________
_____________________
_____________________

Impact
area

Opportunity/
benefit
challenge/risk

Issue
Shared vehicles could
give disadvantaged
populations access to
highway speed travel at
lower cost than private
vehicle ownership
Improved mobility for
persons now with limited
access to vehicular travel

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

Vulnerable road users
benefit from safety
improvements built into
vehicle connectivity and
automation

n 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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Impact
area

Issue

EQUITY

Deployment
systematically
disadvantaging some
transportation system
users such as youth,
low income, minority,
or elderly populations,
households who
primarily use public
transportation, individuals
with disabilities or rural
communities
Impacts to vulnerable
road users, including
pedestrians, bicyclists and
persons with disabilities
To the extent that public
infrastructure investment
and maintenance is
required for deployment,
equitably distributing
resources and
improvements
Other: _______________
_____________________
_____________________
_____________________

Opportunity/
benefit
challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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DATA COLLECTION, HOUSING, ANALYSIS, AND SHARING

Impact
area

Issue
Vehicle connectivity and
automation as a potentially
rich data source for
highway operations and
planning. MPOs and other
transportation agencies use
expanded data to improve
their understanding and
modeling of transportation
demand

Ensuring proper use and
maintaining accuracy in
data sharing

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
Cost of managing large
amounts of data

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
Institutional capacity to
manage and analyze big
data

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
Tension between data
access, privacy, safety,
and security concerns
related to any personally
identifiable information
contained in the data
The proprietary nature
of private sector data
sources

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
Other: _______________
_____________________
_____________________
_____________________

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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Impact
area

Issue

PUBLIC ACCEPTANCE

Public views vehicle
connectivity and automation
as improving the quality of
their highway travel
Public embraces
ridesharing, increasing
average vehicle occupancy
and highway system
efficiency
Public rejects shared
vehicle connectivity and
automation altogether

Public concerns over privacy,
safety, and other potential
challenges slow adoption

benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk
¨ 
Opportunity/
beneﬁt

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
Other: _______________
_____________________
_____________________

LAND USE

n 
Opportunity/

n 
Challenge/risk

_____________________

Impact
area

Opportunity/
benefit
challenge/risk

Issue
Vehicle connectivity and
automation have the
potential to make cities
and urban areas more
appealing as places to live
Opportunity to retrofit
the built environment to
provide more complete
streets and maintain and
improve a sense of place;
opportunity for MPOs to
be proactive

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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Impact
area

Issue
Shared vehicles reduce
need for parking lots/
structure, freeing up
space for repurposing to
other, higher-value uses
Metered mobility via
fleets prompts people to
move residences closer
to jobs

LAND USE

Highway capacity
improvements done via
technology instead of
physical expansion of
roadway
Vehicle connectivity
and automation induce
sprawl and encourage
“super-commutes.”
They also promote
gentrification in a way
that disproportionately
impact the availability of
low income housing
Parking/storage for fleets,
especially during periods
of low demand for the
vehicles/mobility services
Land use changes and
economic impacts as
the need for rest stops,
roadside hotels, car repair
and service facilities, and
gas stations could decline
Other: _______________
_____________________
_____________________
_____________________

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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Impact
area

Issue
Improved air quality

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit

AIR QUALITY
CONFORMITY

¨ 
Challenge/risk
Adverse air quality
impacts from VMT
increases

n 
Challenge/risk
Other: _______________
_____________________
_____________________
_____________________

ENGAGEMENT &
COORDINATION

Impact
area

¨ 
Opportunity/
beneﬁt

Issue
Building partnerships
with local, state, transit,
and federal agencies,
industry, academia, and
stakeholder associations
Wide range of knowledge
and perceptions of
vehicle connectivity and
automation
Stakeholder acceptance
and trust of vehicle
connectivity and
automation on
deployment success

¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Opportunity/
benefit
challenge/risk

n 
Opportunity/
benefit
¨ 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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ENGAGEMENT &
COORDINATION

Impact
area

EMPLOYMENT

Impact
area

Issue
Private sector
advancements/
deployments force policy/
public sector action in
undesirable direction
Other: _______________
_____________________
_____________________
_____________________

Opportunity/
benefit
challenge/risk
¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Issue

Opportunity/
benefit
challenge/risk

New jobs created by
vehicle connectivity
and automation

n 
Opportunity/
benefit
¨ 
Challenge/risk

Staffing reductions and/or
repurposing by freight
companies, transit providers,
taxi and ridesharing services,
and related industries as
automation increases

Other: _______________
_____________________
_____________________
_____________________

¨ 
Opportunity/
beneﬁt

n 
Challenge/risk
¨ 
Opportunity/
benefit
¨ 
Challenge/risk

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Likelihood
within 10
years

Likelihood
beyond 10
years

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

¨ Low
¨ Medium
¨ High
¨ Unknown
¨ N/A

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?

Alignment with
regional needs,
vision, goals, and
objectives

Conflicts with
regional needs,
vision, goals, and
objectives

Drivers,
triggers,
or levers

Potential
MPO
actions

Potential
partner
actions

Resources
needed

Plausible
alternate
scenarios?
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Sample Statewide Automated Vehicles
Procurement Language
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Appendix E
AMPO Vehicle Connectivity and
Automation Working Group White Papers
Identifying the Challenges, Opportunities, and
Current State of Practice
AMPO Connected and Autonomous Vehicles Working Group Meeting 1:
April 4-5, 2017 in Arlington, Texas
Approximately 100 years ago, automobiles were a revolutionary transportation option. The deployment
of this technology drove infrastructure development, the development of transportation policies and
regulations, and altered land use and travel patterns. The deployment of the automobile resulted in
considerable economic benefits and improved the quality of life for the majority of the American population.
Today, we are faced with what some see as the connected and autonomous vehicle (C/AV) revolution. While
some C/AV technologies are already in use, there is considerable debate on the exact timeline for full scale
deployment of these technologies and the impacts they will have on the transportation system and society.
Regardless of these unknowns, C/AV has the potential to bring major changes as well as considerable
benefits for the American population.
Metropolitan planning organizations (MPOs) are stewards of the transportation system within their
metropolitan planning areas. They work with other stakeholder agencies to ensure its safe operation, and
therefore are focusing on the safe deployment of C/AV technologies with minimal disruptions or negative
impacts to the transportation system and its users. MPOs are also leaders in the field of transportation.
They must keep pace with, leverage, and support emerging technologies, like C/AV, and their potential to
improve the transportation system. In addition, MPOs must maintain communications with their stakeholders
to inform them about C/AV and other transportation related issues while understanding stakeholder values
related to these topics.
With this in mind, the Association of Metropolitan Planning Organizations (AMPO) has assembled
a Technical Working Group to identify how to best leverage the benefits of C/AV development and
deployment. In early 2017, AMPO mobilized the C/AV Technical Working Group to support MPOs as they
incorporate C/AVs into their planning process and products. The Working Group will hold four meetings over
the course of approximately one year with its efforts culminating in a national symposium. The goals of the
Working Group are to be a mechanism to:
nn Build technical, institutional, and
policy capacity
nn Leverage C/AV benefits

nn Advance C/AV in planning
nn Support the United States Department of
Transportation’s (USDOT) C/AV efforts

nn Address knowledge gaps
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The AMPO C/AV Technical Working Group held its first meeting from April 4-5, 2017 in Arlington,
Texas. The group was hosted by the University of Texas at Arlington’s College of Architecture, Planning,
and Public Affairs (CAPPA) and the North Central Texas Council of Governments (NCTCOG). This
meeting identified current policy, practice, and activities at MPOs, as well as challenges and needs,
opportunities, and next steps. Its discussions focused solely on the MPO perspective. Subsequent
meetings will incorporate coordination with other C/AV stakeholders, such as State DOTs and industry.
Many MPOs have encountered challenges as they try to incorporate C/AV into their scenario planning
and long range planning processes and MPO products. A summary of these challenges is presented
below. It is important to recognize that within each of these challenges lies opportunity. Throughout
the national discussion there is a tendency to refer to C/AV and other transportation related emerging
technologies as disruptive, carrying a negative connotation. Yet, the future of C/AV deployment and
impacts is not set in stone. MPOs have a great opportunity to influence how these challenges are
handled, and to shape the future of our nation’s transportation system. The private sector has been
moving quickly towards development and implementation of C/AV technologies, so the efforts and
products of this Working Group are critical for MPOs to have as soon as possible.
Many of the challenges with C/AV relate to the unknowns surrounding their implementation and
deployment. The unknowns make it difficult to have confidence in how to represent a future with C/AV
technology in the long-range planning process, in scenario planning, and in MPO products, such as the
Metropolitan Transportation Plan and Transportation Improvement Program (TIP). How can an agency
or organization plan for something when there is so much uncertainty? Despite the many unknowns,
MPOs can still make confident decisions by focusing on what we do know about these technologies,
understanding what kinds of things MPOs and other transportation agencies can influence (or might
want to), exploring the desired future (and perhaps the undesirable) through scenario planning, and
building the MPOs capacity to develop suitable technical, institutional, and policy responses as the
C/AV technologies emerge.
While MPOs will not be able to know the future of C/AV implementation with certainty, existing tools
such as scenario planning can help MPOs initiate discussions in the metropolitan transportation plan
with decision makers, policy makers, and stakeholders about the range of possible outcomes, as well
as strategies for identifying and implementing timely responses when these are needed. Scenario
planning can be challenging because the data, processes, and questions we are seeking to answer are
formulated in terms of our past experience and priorities. Using scenario planning to assess plausible
future outcomes and the consequences of different scenarios will help MPOs understand which
elements of the system may change, which may remain constant, and which are most critical with
respect to adjusting the types of investment and investment priorities the MPO is considering. The
scenarios can also reveal the “levers” that might speed or delay the emergence of C/AV technology,
as well as decisions that C/AV technology might affect. Using the outcomes of these exercises, MPOs
can independently and collaboratively with other transportation agencies and stakeholders identify
the desired future for C/AV deployment and implementation from the perspective of transportation
needs, desired outcomes, and the feasible levers of influence. The above process will need to be done
in planning cycles to revisit what we know, what has changed, and how this affects our strategy as
transportation agencies. This information will enable MPOs to plan and make investments for a C/AV
future that optimizes the benefits of this technology for the transportation system and users.
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Some of the specific challenges the Working Group identified are the following:
Challenge: Unknowns and Uncertainty – What is the timeline for deployment? There are vehicles
with connected and autonomous vehicle technology features in the fleet today. However, it is
difficult to predict when full fleet penetration will occur and how deployment will be phased in. It is
also difficult to predict how deployment will be phased in on a nationwide scale. There are currently
numerous pilots, but they mainly focus on a regional scale.
Challenge: Unknowns and Uncertainty – What are the implications of C/AV deployment for safety
and security? There is much speculation that the deployment of C/AVs will drastically improve
safety by reducing user error. There are concerns about ensuring safety during deployment and
especially under the conditions of a mixed fleet environment and that existing standards, guidance,
and requirements keep pace with the deployment to maintain the safety of the transportation
system. There are also concerns about ensuring security to prevent vulnerabilities and intrusion that
could disrupt the transportation system.
Challenge: Unknowns and Uncertainty – How will C/AV technology impact capacity and
congestion? A possible outcome of C/AV implementation and deployment is reduced incidents
related to user error and a more efficient traffic flow thereby increasing capacity, reducing
congestion, and encouraging an increase in vehicle miles traveled. Project development for large
scale transportation projects can often encompass a ten-year time frame. Transportation agencies
can use the scenario planning process described earlier to help understand future transportation
needs to help prevent the projects they are planning or implementing today from being obsolete
when C/AVs are more fully deployed.
Challenge: Unknowns and Uncertainty – How will C/AVs impact mobility and mode options
for transportation system users and the transport of goods? C/AVs may expand mobility for
those currently unable to drive. Related specifically to the transit mode, there are a wide range
of scenarios: at one end, C/AVs could increase transit efficiency through better first and last mile
connections, while at the other end, C/AVs could eliminate the need for transit systems entirely by
providing shared mobility on demand everywhere at affordable prices. For freight transport, it is
possible that C/AV technology will have a positive effect on throughput using applications such as
freight platooning.
Since C/AVs have the potential to drastically change mobility and mode options, what impact will
they have on land use and equity? There are some concerns that without strong land use planning
and policy, C/AVs could induce sprawl and encourage “super- commutes” or conversely that
C/AVs could promote gentrification, but in doing so disproportionately impact the availability of
low income housing. While C/AVs could enhance equitable access to transportation, some fear that
building or adapting facilities specifically for such vehicles will systemically disadvantage some
users of the system, such as youth, low income, minority, and elderly populations, households who
primarily use public transportation, and rural communities.
Challenge: Unknowns and Uncertainty – What are the implications to funding and the operation,
structure, roles, and responsibilities of transportation agencies? What is the estimated cost for the
infrastructure required to support this technology? Who will pay for its implementation? How will
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C/AV technology impact current funding and financing mechanisms? MPOs develop long range
plans which forecast needs, priorities, revenue, and sometimes projects using a twenty-year
horizon. How will the roles and responsibilities of transportation agencies, the federal government,
and industry evolve? How will existing standards and policies evolve with C/AV implementation?
Technology can move at a fast pace so there will be a need to provide consistency in deployment
of C/AV infrastructure. Existing standards and guidebooks, such as the Manual on Uniform Traffic
Control Devices and A Policy on Geometric Design of Highways and Streets, will need to be updated
to be relevant to and provide guidance on a transportation system designed to accommodate C/
AVs. How will C/AV technology fit into the performance management provisions required by USDOT,
which are currently being implemented? While C/AV may assist transportation agencies with
meeting targets, adjustments to the measures and processes may need to be made once C/AVs are
more fully deployed.
Challenge: Data. There is already a prolific amount of data relating to roadway condition and
operations from a diverse range of sources. Transportation agencies collect data relating to the
physical condition and operation of their assets. Private companies, such as Inrix, Waze, and
TomTom, collect data that support planning as well as traffic management and operations. The
piloting and deployment of C/AVs provides yet another data source. While this is an opportunity
to use the data to help with the management of the transportation system, develop partnerships,
and even provide a potential source of funding, it is also a challenge to share and best utilize data
coming from different data owners. How will MPOs handle the exponential increase in data quantity
from C/AVs? How can new types of data be used by MPOs (i.e., windshield wiper use, brake use,
etc.)? How much will C/AV data cost? How will privacy concerns be addressed and will there be
pushback from travelers on using this data? Given the organizational structure of MPOs, there
is an opportunity to serve as the regional clearinghouse for data. However, collecting, cleaning,
maintaining, and utilizing such a massive amount of data will require significant staffing and
financial resources and is often not typically a function performed by MPOs or other transportation
agencies. There are also challenges in extracting useful information from the available data, and fully
understanding its implications for planning.
Challenge: Coordination with Stakeholders. MPOs are required to coordinate with their
stakeholders. This includes sharing information to inform them of issues, gathering feedback
to understand stakeholder concerns and values, and including them in the development of the
metropolitan transportation plan and TIP. MPO stakeholders have a wide range of knowledge
and views towards C/AVs. Regarding knowledge of C/AVs, some stakeholders are not aware that
there are cars in the current fleet with C/AV technology features, while others follow the issue
closely and are well versed on the subject. Regarding perceptions towards C/AVs, some MPOs
have encountered stakeholders who view C/AV technology as having more negative impacts than
positive and believe the deployment should be prevented, while other stakeholders whole-heartedly
support C/AV technology and feel it will be the solution to all challenges facing the transportation
system. MPOs have an opportunity to share information regarding the current reality of C/AV
deployment and manage perceptions so stakeholders are able to understand the plausible benefits,
challenges, and limitations of the technology, as well as uncertainties about how these will develop
as the technology is deployed. Gaining support from stakeholders and building or strengthening
partnerships can serve as important strategies to help maintain confidence in MPOs as they prepare
for C/AV technology deployment and implementation.
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Challenge: Staying Informed. C/AV technology is a fast-paced issue. There are pilots, test beds,
and research, legislation and policy formation, and industry progress occurring nationwide. This can
make it challenging for MPOs and their stakeholder agencies, who are tasked with numerous other
responsibilities, to keep up with the plethora of information available, to evaluate it effectively, and
incorporate it into their investment decisions. In addition, MPOs focus on medium and long term
(i.e., 5 years, 20 years) while C/AV technologies change monthly.
Challenge: Role of the Private Sector. The private sector, including automobile manufacturers,
automotive aftermarket suppliers, and technology companies, has been focused on developing and
implementing C/AV technologies for the last several years. MPOs should work to include these new
stakeholders in the planning process to ensure regional plans and projects are coordinated with
private sector plans and to help MPOs stay informed.
Challenge: MPO Technical, Institutional, and Policy Capacity. Since C/AV technology is an
emerging issue and the many unknowns make it difficult to incorporate into the planning process,
MPOs are still building technical, institutional, and policy capacity. MPOs have been vocal about the
need for training about the technology and about planning strategies to address it, for increased
availability of best practices or case studies, and for peer exchanges.
In order to better understand the role that MPOs will serve in the deployment and development
of C/AV technology the Working Group developed the following graphic, which shows how C/AV
technology may impact the metropolitan planning process and provides insight as to how C/AV
technology can be incorporated into planning products.

How to Envision the Planning Opportunity

Vehicle Automation
Connected Vehicles

OPERATIONS &
MANAGEMENT
System Largely
in Place

ENHANCEMENTS
-Smart Signals-

-Privacy-

-Ramp Metering-

-Security-

-iCones-

Autonomous Vehicles

LONG-TERM
INFRASTRUCTURE
INVESTMENTS
-System Optimization-Community Values-

-SafetyBased on the AMPO C/AV Working Group Meeting #1, the following recommendations were developed
to help MPOs build their technical, institutional, and policy capacity related to C/AV technology
implementation and deployment.
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Training and Technical Assistance: The Working Group recommended that training and technical
assistance in the form of best practices, case studies, research, peer exchanges, workshops, and
coordination with U.S. DOT and university transportation centers or research institutes be developed
to assist them in incorporating C/AVs into their planning processes and products. Specific focus areas
discussed are listed below. For a compilation of existing resources, see the C/AV Working Group
Meeting #1 Read-ahead Packet and Resources attachment. In addition, the U.S. DOT is developing
additional resources especially related to deployment timelines and scenario planning for C/AV. The
following areas of concern will need to be discussed (and revisited as C/AV technologies become more
widespread):
nn Analysis of the potential impacts of C/AV on travel demand, travel patterns, land use, housing
location choices, and mode share
nn Case study demonstrating the funding and piloting of a C/AV related project through the
metropolitan transportation plan and TIP
nn Data collection, management, analysis, and reporting
• Roles and responsibilities for transportation agencies and others in the C/AV field
• Data needs determination
• Funding data needs
• Incorporation of data into scenario planning and transportation demand models
nn Existing and possible future expansions or development of new funding sources
nn Identification of infrastructure needs and cost estimates for these needs
nn Deployment of C/AVs beyond the regional scale
nn Incorporation of C/AV technology into the metropolitan transportation plan and TIP, including
development and use of criteria related to C/AV for project evaluation, prioritization, and
performance assessment
nn Incorporation of C/AV technology into scenario planning, including how to use scenarios to handle
future uncertainty
nn Identification of a spectrum of plausible scenarios for C/AVs using scenario planning
nn Risk assessment for C/AV—specific areas discussed within this topic include overbuilt infrastructure
and the potential implications of altered travel patterns, such as vehicle occupancy of less than one
and potential increased vehicle miles traveled and wear and tear on roads
nn Timeline for realistic phased deployment of C/AVs
Information Exchange: The Working Group recommended developing a mechanism, such as a
clearinghouse or digest through a partnership with a university transportation center or a newsletter,
to help facilitate their ability to gather and interpret information related to C/AV status and research.
They also recommended the development of a template, which they coined “C/AV 101,” to help them
educate and share information with stakeholders. They advised that several templates would need to
be developed to target various stakeholder groups, including board members and other decision and
policy makers and the public.
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Regulations and Guidance: The Working Group emphasized the need for consistent guidance at the
national level from the U.S. DOT and its operating administrations to ensure consistent implementation
and deployment of C/AV technology nationwide. They also stressed the importance of coordination
and consistency at the regional and state levels.
This is the first in a series of four whitepapers that will be developed by the Working Group over the
course of 2017-18. Each of the four whitepapers and related meeting materials will be made available
on the AMPO website and can be found at www.ampo.org.

Navigating National Deployment:
Coordination with Other Transportation
Agencies and Risk Management
AMPO Connected and Autonomous Vehicles (C/AV)
Working Group Meeting 2:
July 31, 2017 – August 1, 2017 in Cincinnati, Ohio
The AMPO C/AV Technical Working Group held its second meeting from July 31, 2017 – August
1, 2017 in Cincinnati, Ohio. The first day of meetings was held in coordination with the American
Association of State Highway and Transportation Official’s (AASHTO) Conference on PerformanceBased Transportation Planning, Financing, and Management. AASHTO and AMPO’s C/AV Working
Groups held a joint meeting entitled “Transporting Cars, People, and Planning into the Self-Driving
Future.” The meeting discussed how public agencies are addressing C/AV technology and specifically
focused on coordination opportunities with state and local transportation agencies. The AMPO C/AV
Working Group met on the second day to further discuss coordination opportunities and identify risks
associated with C/AV deployment and implementation. This white paper summarizes the discussions of
both meetings. The objectives of the meetings included identifying:
nn C/AV policy development and implementation, especially focused on the opportunities and
challenges of navigating regulatory concerns;
nn Incorporation of C/AV technology into the planning process at State DOTs, metropolitan planning
organizations (MPOs), and localities related to partnership opportunities and areas where
partnership is needed to facilitate C/AV deployment and implementation;
nn Actions that State DOTs, MPOs, and other transportation agencies can take now to prepare for C/AV
technology;
nn The risks associated with C/AV deployment and implementation and potential strategies to manage
those risks; and
nn Resources to assist MPOs and other transportation agencies moving forward.

100
www.ampo.org

APPENDIX E
The discussion of ongoing activities related to C/AV technology emphasized the need for coordination
among State DOTs, MPOs, and other transportation agencies to provide opportunities to increase
awareness of C/AV related activities being undertaken by the public and private sector, build synergy
among these efforts, reduce redundancy in activities, and efficiently use and leverage limited financial
and staff resources. Coordination could help transportation agencies move forward as leaders and with
a unified direction for deployment and implementation. Effective coordination could also ensure the
technology best supports the operation of the transportation system and the needs of its users.
The participants identified unique characteristics and opportunities within the structure and core
functions of MPOs and State DOTs to determine how to best focus their efforts related to C/AV
technology. MPOs are stewards of the transportation system within their metropolitan planning areas.
The MPO process already functions as a unique forum for discussion, building partnerships, and achieving
consensus on policy and vision across a wide range of agencies, stakeholders, and decision makers
through MPO policy boards, technical committees, and community meetings as well as the development
of planning products, including the Transportation Improvement Program (and metropolitan
transportation plan. These venues could provide a forum for regional stakeholders and policy makers to
discuss and work through challenges and opportunities associated with C/AV technology and its impact
on the transportation system. MPOs can also use these activities to strengthen existing partnerships,
invite new partners, and engage these partners on critical C/AV topics. These activities also provide
an opportunity to educate stakeholders on the status of C/AV technology and its benefits to the
transportation system, and highlight the MPO’s value to the region and state.
The discussion on coordination needs and opportunities went beyond state and local transportation
agencies to identify additional stakeholders at the regional, state, and national levels. The participants
were interested in how the roles and responsibilities of transportation agencies and their partnerships
may evolve especially relating to the private sector.
nn Other government agencies (e.g., federal agencies and emergency management)
nn Private organizations (e.g., original equipment manufacturers and insurance agencies)
nn Associations (e.g., the Institute for Transportation Engineers [ITE])
The discussion highlighted the opportunity for coordination with the freight industry in particular.
Since C/AVs have the potential to increase capacity and reduce congestion, they could improve the
movement of freight by reducing bottlenecks. Many feel C/AV technology cannot move forward
without vehicle electrification, or at least will not achieve its full potential without it. C/AV technology
and electrification could benefit freight movement by supporting the advancement of truck platooning
and virtual weigh stations, which have the potential to expedite transport while facilitating compliance.1
Under the topic of coordination, federal partnerships and navigating regulatory concerns were
discussed. The participants discussed government regulation of C/AV technology and identified
possible areas of standardization that would aid implementation and deployment. Many expressed
the need for overarching guidance at the federal level to support consistent expansion of existing
efforts across municipal and state borders and to help facilitate uniform, efficient, and effective C/AV
deployment and implementation nationally. At the same time participants cautioned that flexibility in
regulations, policy, and guidance must be provided to ensure that C/AV technology is not constrained
by regulations, especially those that were developed for human-operated vehicles.
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Because the full range of implications of C/AV technology is unknown, the participants posed
questions and identified risks that need to be explored further. They suggested understanding societal
adaptation to past technologies and examining what helped spur their widespread implementation.
For example, what made communities give up parking to implement electric vehicle charging stations,
airports to provide free cell phone charging stations, or businesses to provide free Wi-Fi in public
spaces? Were there financial incentives, pressure relating to maintaining or creating a desired image, a
desire to keep up with “cutting edge” technologies, or all of the above? Or in the case of cell phones,
how was regulation handled in relation to earlier services such as land line phones, or earlier uses of the
radio spectrum? Some of the specific risks explored include the following:
Safety – As discussed during the AMPO C/AV Working Group Meeting #1, while many predict that
C/AV technology will dramatically improve safety, there are concerns with ensuring safety during
deployment, especially under mixed fleet conditions. A further concern is maintaining security to
prevent vulnerabilities and intrusions to vehicles and connected elements of infrastructure that
could disrupt the transportation system. The participants also explored stakeholder acceptance and
expectations related to safety. Will enough stakeholders trust (and continue to trust) the concept
of C/AVs to carry through on the regulatory and system support required for full deployment? Since
it is not realistic to expect an elimination of crashes and fatalities, how will stakeholders accept
fatalities and serious injuries due to C/AV crashes where the cause is not human error or mechanical
failure? What are the liability concerns related to such crashes?
Environmental Justice and Equity – The participants shared the concern of ensuring all
transportation users, including youth, low income, minority, and elderly populations and individuals
with disabilities are provided equal access to the transportation system and the benefits of C/AV
technology, and do not receive a disproportionate share of any negative consequences as C/AVs
are deployed and implemented. While C/AV technology could improve access for those currently
unable to operate a motor vehicle, such as individuals with disabilities and seniors, there is concern
regarding how implementation and deployment will be phased in to communities around the nation.
To the extent C/AVs require public infrastructure investment and maintenance for deployment, it will
be challenging to distribute resources and improvements equitably to ensure that all communities
are capable of supporting C/AV use, and that lower income communities are not the last to receive
access to the technology. By law, publicly supplied or subsidized C/AV services must be equally
available to all populations. Private services supplied by C/AV operators must also be provided
on a non-discriminatory basis. For example, how can equitable access be ensured in terms of cost
structures and services provided by transportation service providers and other organizations whose
core priority is profitability rather than provision of services? How can equitable access be ensured
when access to the service happens through technologies such as cellular data services that may
not be as widely available in lower income communities?
Vulnerable road users, including pedestrians, bicyclists and persons with disabilities may also be
negatively affected by C/AV deployment, from the perspective both of equity and safety.2 For
example, it has been predicted that the deployment of C/AVs may necessitate non-motorized
modes to carry transponders to communicate with technology and ensure their visibility. While the
transponder could be incorporated into something such as a cell phone or perhaps small standalone
beacon devices, it remains a challenge to distributed such devices equitably, especially to youth,
elderly, and homeless populations, and to ensure their use. It is not clear (as with many aspects
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of modern connected technologies) whether such devices would be accepted by the general
population or whether they might be perceived as too invasive. These concerns could be significant
enough to deter people from transitioning to C/AVs.
Stakeholder Expectations, Acceptance, and Unpredictability – As discussed in the AMPO
C/AV Working Group Meeting #1, stakeholders have a wide range of knowledge and views of
C/AVs — including unrealistic expectations regarding C/AV technology as a mechanism to solve
all transportation problems. Through their existing processes, transportation agencies can assist in
educating their stakeholders about the known and unknown characteristics of the new technologies,
and in developing realistic expectations. Concerns were also raised that C/AVs will be used for illicit
purposes or that some transportation system users will attempt to “game” the system by using the
technology to behave illegally or in ways that enhance personal advantage at the expense of public
safety and efficient system operation. For example, there are concerns with keeping the technology
installed in vehicles and elements of roadway infrastructure secure from intrusions: even in the
absence of malicious cyberattacks and intrusions, access to signal phasing and timing systems or
“insider” knowledge of AV algorithms must be prevented. The participants also explored whether
the safety expectations of C/AVs could promote unsafe pedestrian behaviors by giving pedestrians
a false sense of security.
Data Sharing – The discussions also identified data sharing as both a risk and an opportunity. While
data is essential to planning and operations for the public and private sector, sharing data can be
a risk depending on its use, accuracy, and whether the user understands the limitations of the data
and uses it appropriately. In addition, there is tension between data access, privacy, safety, and
security concerns related to personal information contained in the data. The proprietary nature of
private sector data sources also poses a challenge to public agencies that might benefit from access
to such data for system management, and to private firms who fear the disclosure of trade secrets
or market position as well as exposure to regulation. Agencies suggested it would be beneficial
if the private sector (e.g., auto manufacturers, ride sharing companies, and providers of travel
navigation apps) could assemble a scrubbed version of data for transportation agencies to use for
planning purposes. Still, the allure of data collected in large quantities by the private sector is great.
Current data resources used by planning agencies often include public surveys (e.g., household
travel surveys, on-board transit surveys, and commercial vehicle surveys). But these surveys are
costly and therefore may only be conducted every five to ten years (or even less frequently), and
finding other more plentiful and less expensive sources of data is desirable.
Incorporation into Current Planning Process and Decision Making – The significant amount of
uncertainty in exactly how C/AV implementation and deployment will occur and its implications for
travel behavior and current funding and financing mechanisms makes it challenging for transportation
agencies to incorporate C/AVs into long range planning. Travel behavior is likely to be different in ways
we do not currently understand. Will we make more trips, longer trips, or trips to destinations different
than those we frequent today? What might the cost structure be for C/AV trips? Tools such as
scenario planning may help us frame the problems, but they cannot help with the key unknowns. Thus,
a significant challenge is how transportation agencies can ensure that today’s investment decisions
will remain useful in the future? How can transportation agencies position themselves to ensure future
needs are met as land use, travel demand needs, and mode splits change?
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The discussions at the joint AASHTO/AMPO workshop closed with the identification of actions
transportation agencies can take now to prepare for C/AV technology and of resources to assist
transportation agencies moving forward. Participants concluded that it will be important to have
discussions related to the overarching community visions and goals for each region. How do these
visions and goals evolve with the introduction of C/AVs and the implications they have for human
behavior? How can C/AVs support or impede these visions and goals? Based on these discussions,
transportation agencies can identify policies and actions to encourage the positives and discourage
the negatives. Although it will be impossible to fully assess the implications, these discussions can
help identify critical elements and make near-term decisions that will remain relevant in the fact of
various possible future developments.
Internally, transportation agencies can conduct self-assessments to identify strengths and gaps related
to C/AV implementation and deployment. They can also dedicate staff and restructure organizationally
to ensure staff resources are allocated to monitoring status of C/AV technology, coordinating with
government and nongovernment stakeholders, and including C/AV discussions in the State and MPO
planning process and documents. Transportation agencies can continue to build and strengthen
partnerships and become more proactive in areas where their existing core functions, roles, and
responsibilities naturally allow them to do so. In this way, they can keep their stakeholders engaged
and ensure C/AV technology is visible and effectively addressed on MPO agendas, in the planning
process, and MPO products. MPOs can explore the application of C/AV technology in daily business
practices and the transportation system, and the question of what technologies can be implemented
today to facilitate the transportation system in meeting the needs of transportation system users and
best advancing system efficiency and safety. Such decisions are not always grand in scope or scale.
For example, applications of C/AV technology in enhancing work zone safety or connecting automated
snow plows with detailed infrastructure awareness could improve safety and efficiency in operations
and maintenance.
The continued use of scenario planning in transportation planning to explore levers of change and
plausible future scenarios was emphasized as a valuable tool. Scenario planning and computer models
do not show the future, but can help transportation agencies understand what might happen under
various deployment scenarios, the risks associated with those scenarios, and through commonalities
between scenarios and the present and future, the importance of specific technological and social
developments in moving from the present to the various possible futures. The participants also
suggested framing transportation planning in terms of creating access and mobility for people and
goods, significantly enhancing mobility to those who have considerable limitations such as the legally
blind or paraplegics, creating an environment that can evolve and change as C/AVs are implemented
and deployed, and embracing C/AV incrementally as they are deployed, and as the benefits and
challenges become clearer.
The participants identified many resource needs to assist MPOs as they incorporate C/AV technology
into their planning process and products, including:
nn A better understanding of infrastructure investment needs and costs;
nn A “C/AV 101” template or toolkit that could be used to educate and share information with
stakeholders. Several variations of the template or toolkit will probably be required to target
different stakeholder groups, from board members and other decision and policy makers to
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members of the public, as well as for stakeholders interested in different issue such as cybersecurity
or environmental justice;
nn A template or framework for inclusion of C/AV considerations into MPO products and investment
decisions. The participants suggested identifying key questions and considerations to include as
discussion items in the metropolitan transportation plan;
nn How to incorporate risk related to C/AV technology into transportation planning and investment
decisions. The participants suggested identifying events, milestones, or other factors that can
be used to foreshadow the course of future development, or as “triggers,” or leading indicators
suggesting what actions should be taken in the planning process, as well as methods to identify
strategies or products to manage those risks should certain types of development start to emerge;
nn The option to include a shorter horizon for long range planning since the technology is moving quickly;
nn Support from the federal government to promote data sharing among the public and private
sector (with reasonable safeguards against the unauthorized release of personal or proprietary
information) to assist transportation agencies in accessing data for planning and operations;
nn Overarching guidance at the federal level that provides flexibility and supports expansion of existing
efforts across municipal and state borders and to help facilitate uniform, efficient, and effective
C/AV deployment and implementation nationally;
nn Sharing of best practices as well as lessons learned among transportation agencies on topics
including policies, partnerships, and data;
nn Clarifying roles for federal, state, and local agencies and for the private sector in ensuring the safe
and efficient operation of the transportation system; and
nn Better venue for dialogue and coordination with technology drivers and companies.
This is the second in a series of four whitepapers that will be developed by the AMPO C/AV Working
Group over the course of 2017-18. Each of the four whitepapers and related meeting materials will be
made available on the AMPO website and can be found at www.ampo.org.
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Planning for C/AV Deployment:
The Federal Perspective and Coordination and
Collaboration with Transportation Stakeholder
Associations and Organizations
AMPO Connected and Autonomous Vehicles (C/AV)
Working Group Meeting 3:
November 13-14, 2017 in Washington, DC
The AMPO C/AV Technical Working Group held its third meeting from November 13-14, 2017 in
Washington, DC. The first day of the meeting was a focused discussion between the AMPO C/AV
Working Group and its federal partners in the United States Department of Transportation (U.S. DOT)
and United States Environmental Protection Agency (U.S. EPA). The second day of meetings included
the federal partners along with a diverse group of AMPO’s peer agencies, such as the Conference on
Minority Officials, Eno Center for Transportation, I-95 Corridor Coalition, Institute of Transportation
Engineers C/AV Task Force, National Organization of Development Organizations, National Association
of Regional Councils, and Transportation Research Board. The objectives of the meetings were to identify:
nn The roles, responsibilities, relationships, and opportunities for collaboration between local, regional,
and federal agencies and peer associations and organizations on issues related to C/AVs
nn Topics of concern to these partners, their relevance to MPOs, and potential for collaboration on
topics identified as high priority areas
nn Gather perspectives on issues already identified as concerns for MPOs in earlier working group
meetings, including:
• Challenges, concerns, and needs as C/AVs are addressed in the transportation planning process,
such as:
—— Training, tools, and technical capacity building
—— Data collection, analysis, and modeling
—— Staffing and resources
• Policy level structure and guidance
• Differences in planning and infrastructure needs, challenges, potential benefits, and applications
of CV and AV
• Strategies for incorporating C/AVs in metropolitan transportation plan and Transportation
Improvement Program (TIP)
• Strategies for establishing effective planning practices and scenario planning processes
• Key triggers (e.g., adoption rate and introduction of emerging technology) in C/AV deployment
and implementation
• Current or upcoming projects and initiatives or opportunities for coordination and collaboration
among meeting attendees
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The meeting opened with the agencies providing an update of the status of activities, opportunities,
challenges, and needs related to C/AVs in their agencies and organizations. The discussion highlighted
the congruence of opportunities, challenges, and needs shared by the diverse attendees participating
in AMPO’s C/AV Working Group meeting series. Topics discussed during this meeting overlapped in
some cases with topics identified at the previous working group meetings, including:
nn Institutional readiness
• Staff capacity building
• Incorporating C/AV into organizational processes and structure
nn Integration into the transportation planning process
• Need for a C/AV vision for the region and nation
• Policies and investment strategies to support both current needs and the vision for the desired
future
• “Future-proofing” investment decisions so they will not be rapidly outdated by the introduction
and implementation of new technology
• Balancing the needs, priorities, and maturity levels of the different states (especially for
multistate MPOs)
nn Engaging policy boards and stakeholders on C/AV technology
• Raising awareness
• Educating and informing
• Managing expectations
nn Potential C/AV impacts on revenue sources
• AV electrification and gas tax revenue
• Changes in VMT or road usage (e.g. zero-occupant vehicles)
• New approaches to tolling and revenue collection
nn Managing uncertainty of the impacts of C/AV deployment scenarios on the regional and national
transportation system
• Potential indirect impacts include
—— Land use and built environment changes
—— Repurposing/reclaiming parking
—— Managing pickup/drop off activity with shared AVs
—— Shift in balance between personal travel and goods movement
nn Modeling benefits and limitations
• Models are helpful (if they are not too complicated) in assessing a range of “what ifs” related to
future scenarios
• Models are built on expectations derived from our knowledge of past behavior and may be
misleading when applied to a future with considerably more uncertainty
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• Documentation is critical to prevent model assumptions and inputs from being misunderstood
as outputs
—— There is evidence of a “herd effect” in how models are set up (where different models start
using assumptions because others used them previously, without any clear rationale for
using that specific assumption in the first place).
• Models can help understand the “limits of the possible” (e.g. bottlenecks in pick-up/drop-off
capacity for shared AVs)
• No amount of modeling can reduce the intrinsic uncertainty of how people will respond to and
use the new technologies as they are deployed in greater and greater numbers
nn Equity and Environmental Justice considerations in deployment and transportation system
investments
nn Cybersecurity for vehicles and data
nn Data Management
• Collection, storage, analysis, and sharing of data generated by C/AV vehicles and infrastructure
• Data generated by public infrastructure as a potential revenue source
• Exploring quid pro quo arrangements with communications providers (e.g. trading right-of-way
access for access to data and information channels)
nn Freight
• Deployment timelines and needs may differ compared to lightweight vehicles and transit
• Automation of freight and delivery may significantly change personal shopping travel
nn Transit
• Deployment timelines and needs may differ compared to lightweight vehicles and freight
• Cost effectiveness of certain types of services may change (e.g. paratransit, last-mile access)
• Relationship between app-enabled private transport and public transit may become more
complex, and require new approaches to funding, revenue management, and interoperability
nn Transportation Network Companies/ridesharing
• Relationship to transit is complex (see above)
• May entail shifts in ownership and use of private vehicles
• May continue to be disruptive even without C/AV
The attendees also discussed many new topics. A significant new item discussed by the working group
was C/AV deployment impact on infrastructure stresses and loadings. The U.S. DOT is conducting
research to explore how the platooning of vehicles may affect loadings on bridges and ramps, which is
especially of concern for long span bridges and ramps. In order to reduce loadings, it may be necessary
for vehicle platoons to increase following distances prior to arriving at long span bridges and ramps.
Attendees also explored the possibility for existing spans to be reinforced and design guidelines
updated. In addition, the driving precision of C/AVs may allow them to track with much greater
precision within a lane, which has the potential to increase stresses on pavements and an increase in
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rutting. This could also necessitate a careful examination of current design practices.
The attendees also discussed the importance of considering the full range of emerging technologies
(e.g., Smart Cities, electrification, shared carpooling, and crowdsourcing) and the potential for their
impacts to coalesce for a larger scale of influence not only on the transportation system, but also on air
quality and other secondary impacts. As technology spurs changes to vehicles (e.g., efficiency), mode
choice, fuels, technology, travel demand, and land use and the built environment will be significantly
impacted. Attendees also expressed concern that different technologies (e.g. connected vehicles,
automated vehicles, and cooperative automated vehicles) are often bundled together for discussion,
even though their needs, benefits, impacts and potential deployment scenarios and timeframes are
likely to be quite different.
The discussion moved to the impacts of C/AV technology on the performance measures implemented by
MAP-21 and the FAST Act. The attendees identified potential opportunities for C/AV technology to aid
in achievement of the measures, such as improved safety and reduced congestion due to less frequent
incidents caused by human error, but identified uncertainty in congestion and air quality impacts related
to vehicle miles traveled in C/AV deployment and adoption scenarios. Attendees also wondered how the
measures may need to evolve as deployment and implementation of C/AV moves forward.
In trying to address the uncertainty in deployment and implementation, attendees suggested three
strategies. The first to make investment decisions that support the future transportation system with
or without C/AVs—ensuring the community understands that what is implemented today will make
their lives better today and in the future as technology is deployed and implemented. Second, to make
investment decisions that support and guide the transportation system to the desired future. Finally, to
identify specific elements to help guide incorporation of C/AV technology into transportation planning
processes and stakeholder involvement:
nn Potential deployment scenarios (e.g., early adoption and contained deployment scenarios such as
low speed automated shuttles serving corporate or academic campuses, mixed fleet scenarios, and
full deployment/market share penetration)
• Explore in terms of different MPO contexts, for example, the differences in impacts, adoption,
and potential MPO actions on major city centers, mid-sized city centers, suburbs, corporate/
university campuses, major highways/urban areas, and rural areas.
nn “Drivers”: aspects of technology and society that are not controlled by transportation agencies (e.g.,
market share)
nn “Levers”: activities that transportation agencies and their government partners have influence over
(e.g., land use and investment decisions)
nn Triggers, tipping points, and timelines: key moments that define important shifts in how the
transportation system is operating (due to the presence or absence of expected effects from
“drivers” or “levers”)
nn Four dimensions of readiness: vehicle systems technology (largely private sector driven), supportive
infrastructure, responsive institutions, and community acceptance.
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A major focus of the meeting was potential collaboration and partnerships to address the issues
brought up by the meeting participants. Attendees identified the need for support at the federal level
which might include:
nn New policies and regulations, as well as adjustments to existing policies and regulations
nn Guidance for planning and investment decisions to ensure interoperability, safety, equity, and
consistency in national deployment and implementation
nn Guidance on effective use of funding and investment as the technology spurs significant changes to
the transportation system.
At the state, local, and regional levels, the attendees suggested establishing policies that might:
nn Help manage land use and the built environment,
nn Manage congestion, spikes in VMT, and air quality impacts
nn Maintain the transportation agency’s role as stewards of the transportation system who ensure all
modes and users (especially vulnerable road users such as bicyclists, pedestrians, and persons with
disabilities) have access to a safety, equitable, and efficient transportation system.
At all levels an overarching vision is needed at the national level, consistent with the federal planning
factors, and; at the state, regional, and local levels to guide specific investments and policies. However,
while guidance, policies, and visions are needed, attendees recognized that it is important to provide
flexibility and not stifle the potential applications and benefits of C/AV technology.
Based on the discussion, the attendees identified the following as high priority tools and resource needs:
nn Development of a matrix, such as the following one, that identifies issues related to C/AV
deployment and implementation, the associated impacts (benefits and consequences), potential
MPO actions, and opportunities for partnerships.

Issue

Impacts (benefits
and consequences)

Likelihood of
impact

Intensity of
impact

Importance
regionally/
nationally

Role/potential
actions of MPO

Role/potential
actions of MPO
partners

nn Identification of C/AV deployment scenarios to assist MPOs as they explore the uncertainty of
C/AV technology in their transportation planning processes (foundational work on such scenarios is
underway at FHWA for release in 2018)
nn Identification of the high priority leadership roles for MPOs and their partners related to C/AV
deployment and implementation, including in areas that have not traditionally been their purview,
such as coordination of public and private activities.
nn Identification, for example in the form of a matrix, the specific drivers, levers, and dimensions of
readiness described above:
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Likely
associated
outcomes

Triggers

Tipping
points

Timeline (near-,
mid- or long-term)

Role/potential
actions of MPO

Role/potential
actions of MPO
partners

Drivers

Levers

Dimensions of
Readiness
Vehicle systems
technology

Infrastructure
Institutional
Community

nn Development of a vision for the transportation system at different scales (national, state, regional,
and local).
nn Development of a self-evaluation kit for MPOs related to C/AV deployment and implementation.
nn Establishment of a forum for regular dialogue among MPOs and their partners, for example in the
form of a quarterly conference call.
nn Development of venues and resources for capacity building
nn At the federal level, development of an integrated source for notices on available resources, ongoing
activities, and other materials.
nn Development of Federal guidance for priority investment decisions through public involvement at
national, state and regional level, and through consultation with private sector stakeholders
This is the third in a series of four whitepapers that will be developed by the AMPO C/AV Working
Group over the course of 2017-18. Each of the four whitepapers and related meeting materials will be
made available on the AMPO website and can be found at www.ampo.org.
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Planning for C/AV Deployment:
Public and Private Sector Coordination
AMPO Connected and Autonomous Vehicles (C/AV)
Working Group Meeting 4:
March 5-7, 2018 in Orlando, FL
The AMPO C/AV Technical Working Group held its fourth and final meeting from March 5-7, 2018 in
Orlando, Florida. The objectives of the meeting were to:
nn Share initiatives in Florida involving partnerships between the public and private sectors
nn Discuss the relationship between the public and private sectors and identify how to establish
effective partnerships and coordination practices between them.
During the meeting, the AMPO C/AV Technical Working Group heard presentations from:
nn The Central Florida Autonomous Vehicle Partnership (CFAVP)
nn The City of Orlando
nn The Florida Department of Transportation (FDOT)
nn The Florida Turnpike Enterprise
nn LYNX, the public transit provider for Orange, Seminole and Osceola counties
nn SUNTRAX
nn The University of Central Florida (UCF)
The following is a brief summary of initiatives shared by the presenters. The presentations in their
entirety can be found on the AMPO C/AV working group web page.
The City of Orlando’s Smart and Sustainable City initiative is helping to accomplish their vision to
“become the most environmentally friendly, socially inclusive, technology-enabled, and economically
vibrant city in the southeast” and “one of the most sustainable and resilient cities in the nation.”3
The initiative is building partnerships and employing information and communications technology to
enhance infrastructure, livability, workability, sustainability, and resilience. They were one of five cities
nationwide recognized as 2017 Smart Cities Council Readiness Challenge winners. As part of this
program, they developed a smart cities roadmap and framework, which include focus areas of public
safety, solid waste, energy and green building, and transportation. Within the transportation focus area,
their activities include:
nn Partnering with General Motors, the FDOT, the American Automobile Association, and the UCF on
research and development for in-vehicle navigation systems.
nn Achieving bronze level Bicycle Friendly Community designation from the League of American
Bicyclists through implementing thirty bike share stations with 300 bicycles, over 350 miles of urban
trials, bike lanes, and signed routes, and six bicycle repair stations.
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nn Deploying electric vehicles for the City Hall motor pool and electric vehicle charging stations within the city
nn Testing electric vehicle buses for LYNX and LYMMO
nn Being recognized as one of ten United State Department of Transportation Autonomous Vehicle
Proving Grounds through the collaboration with the CFAVP. The CFAVP “offers a comprehensive
multi-modal environment for research, development, testing and deployment of emerging mobility
technologies and solutions.”2 The partners include Florida’s turnpike, FDOT, the City of Orlando, LYNX,
the NASA Kennedy Space Center, Florida Polytechnic University, UCF, Florida Agricultural Mechanic
University - Florida State University (FAMU-FSU), and the Central Florida Expressway Authority.
nn Developing the Autonomous Vehicle Mobility Initiative (AVMI) with the FDOT, MetroPlan Orlando,
and LYNX. The objective of AVMI initiative is to understand the implications of autonomous vehicle
technology and its application for future transit service through strategic research and integrated
demonstrations at different levels of autonomy. Possible implications identified for exploration
include partnerships, policies, technical issues, financial, infrastructure requirements, and workforce
needs. The effort also seeks to deploy an autonomous shuttle pilot.

Source: Florida Department of Transportation4

nn Two other partnerships in the region are the SR434 pilot and I-75 Florida’s Regional Advanced
Mobility Elements (FRAME), which fall under the Advanced Transportation and Congestion
Management Technologies Deployment Grant, and SUNTRAX. The partner agencies under the
SR434 pilot and I-75 FRAME include the FDOT, MetroPlan Orlando, the UCF, the City of Orlando, the
CFAVP, Orange County, Osceola County, Seminole County, LYNX, Maitland, and the City of Winter
Park. They seek to address pedestrian and bicyclists safety, vehicular safety, mobility for users who
choose not to drive, emerging technology, crash related congestion, and congestion during peak
hours using connected vehicle and other technologies.
SUNTRAX is a partnership between Florida Polytechnic University, the FDOT, CFAVP, and Florida’s
Turnpike. Its vision is not to become a continuously evolving, internationally recognized center for the
development of Automated Driving Systems. Phase 1 of the initiative is underway and construction of
Phase 2 will begin at the end of this year. Both phases are expected to open in 2020.
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Source: SUNTRAX5

In addition to the initiatives it is partnering in above, the FDOT is also leading several C/AV efforts. The
Florida Turnpike Enterprise, part of the FDOT, is underway with:
nn A 143-mile pilot project for driver assistive truck platooning
nn The Coastal Connector: Florida’s Next Generation Corridor is a high level study evaluating new
transportation corridor alternatives
nn The seven-mile Colonial Parkway Future Technology Corridor, includes smart intersections, incident
detection systems, fully connected vehicles, automated vehicle detection, and dynamic/adaptive signals.
The FDOT also has several connected vehicle data initiatives, including:
• ITS input quality assurance
• Automated traffic signal performance measures and intersection movement counts
• A data sandbox to facilitate data sharing and collection
• A regional integrated corridor management system
After learning about the project level efforts, the working group heard from the UCF about their
research on general crash avoidance effectiveness estimation, crash reduction prediction, and
specifically connected vehicle technology and its safety benefits under fog conditions and reduced
visibility conditions. Their research shared that since nearly 90% of crashes are caused by driver
physiological conditions or driver error, there are opportunities for connected vehicle technology and
driver assistive to reduce, but not eliminate crashes. Their findings include:
nn The connected vehicle and driver assistance technology perform better for heavy trucks than light
vehicles avoiding 40.88% of heavy vehicle crashes compared to 32.99% of light vehicle crashes.
nn None of the tested connected vehicle and driver assistance technology had an effectiveness greater than 70%.
After the presentations, the working group discussed the role of the MPO in C/AV technology.
MPOs play a critical role in transportation planning and the economy as over three quarters of the
population live under the boundaries of an MPO. In carrying out transportation planning, they help
share community values, concerns, and impacts and serve as a venue for building relationships
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and partnerships by bringing stakeholders together for dialogue and engagement. While the message
from the private sector to transportation agencies has generally been to do nothing more than maintain
infrastructure in good condition and provide data on events such as closures and construction, the MPOs
confirmed the approach discussed in their previous meetings:
nn Maintain an environment that fosters innovation
nn Establish a desired vision of the future transportation system with C/AVs
nn Based on the vision, identify actions (i.e., policies and investment decisions) within the metropolitan
planning process and products to support the desired future
nn Through scenario planning and exploratory modeling, understand plausible deployment scenarios and
their range of implications and risks to the transportation system, specific modes, and the behavior of
transportation
nn Educate and inform MPO policy boards, other relevant decisions makers, and MPO stakeholders on
C/AV status and critical issues
nn Help ensure equity, safety, and traffic operations are maintained
The working group identified additional strategies including:
nn Do not prematurely select a preferred technology (e.g., 5G vs. DSRC)
nn Expand MPO staff skills to include expertise in planning for and managing emerging technologies
nn Make investment decisions that support both the current and future transportation system
nn To help address uncertainty, explore the future in incremental transitions—for example, looking at the
next five years, up to ten years in the future, and finally the full twenty years out.
• This could be visualized as a cone of uncertainty with the narrowest part of the cone representing
the present and the greatest overlap of potential future scenarios. The height and width of the cone
would represent time and uncertainty respectively
—— Scenario planning may help narrow the cone
—— Potential investment decisions
could be identified as projects
common to all or most of the
cone or projects at the narrow
end of the cone that support
both the current and future
transportation system
—— Needs at the widest end of the
cone could be thought of more
generally by program type or
corridor need (e.g., capacity
improvements along a corridor
within certain mileposts)

Source: Maricopa Association of Governments. Scenarios depicted are for
illustrative purposes only.
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The working group then discussed the relationship between the public and private sectors and how
to establish effective partnerships and coordination practices between them. To be most effective,
they felt that transportation agencies (federal, state, regional, and local levels) should establish regular
coordination practices among themselves and other agencies (e.g., transit and land use agencies,
emergency response, and academia) and stakeholders to keep informed on the status of C/AVs in
their region and the nation. Based on the presentations, they identified key private sector partners to
coordinate and build partnerships with, including:
nn Automakers/original equipment manufacturers

nn Freight and logistics companies

nn Tier one suppliers

nn Developers

nn Technology manufacturing companies

nn Proving ground operators and designers

nn Technology firms

nn Toll operators

In building partnerships, the working group specifically identified the need for collaboration between
MPOs, transit agencies, and the private sector to begin discussing the future of transit as C/AV
technology is deployed. There are some predictions that C/AVs will remove the need for transit and
therefore feel further transit investments should be a low priority. However, others feel transit will
continue to play a critical role in providing mobility for transportation users and shaping land use, and
see C/AV technology as helping to expand transit access by improving first and last mile connections.
In these discussions, MPOs can help share the value that transit provides to mobility and equity.
The working group discussion continued by identifying what they as transportation agencies need from
the private sector. Their needs were primarily related to data sharing opportunities. The private sector
and new technology can generate an immense amount of data. For example, new technology could
provide real time data sources such as windshield wipers turning on and off as well as non-real time
data like origins and destinations. As discussed during previous working group meetings, addressing
data quality, security, and privacy concerns continue to be a concern. The working group suggested the
development of a national voluntary repository of aggregate and secured data. Through this repository,
data would be scrubbed of personal information, secured, and not be vulnerable to Freedom of
Information Act requests.
This is the final paper in a series of four whitepapers that will be developed by the AMPO C/AV
Working Group over the course of 2017-18. Each of the whitepapers and related meeting materials will
be made available on the AMPO website and can be found at www.ampo.org. Following the completion
of the whitepaper series, AMPO will develop a national framework for regional C/AV planning that will
be shared and vetted at a workshop with C/AV stakeholders. The framework will be provided on the
AMPO website in 2019.
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