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Introduction 

This report details the activities and research outcomes of the first year of the Center of 
Excellence on New Mobility and Automated Vehicles (“Mobility COE”). Established 
through cooperative agreement 693JJ32350027 between the Federal Highway 
Administration (FHWA) and UCLA, the Mobility COE researches and disseminates 
research on the impacts of new mobility and highly automated vehicles on land use, 
urban design, transportation, real estate, equity, and municipal budgets.  

The success of the Mobility COE is built on strong partnerships with leading institutions. 
Our core partners—Carnegie Mellon University (CMU), National Renewable Energy 
Laboratory (NREL), Shared-Use Mobility Center (SUMC), University of Alabama (UA), and 
MetroLab Network—bring together a diverse array of expertise and resources crucial for 
advancing the Mobility COE's mission. These partnerships enable us to leverage cutting-
edge research, extensive industry connections, and robust administrative capabilities to 
address the multifaceted challenges of new mobility technologies. 

UCLA, as the primary host institution, provides a solid administrative foundation and 
extensive experience in managing large-scale transportation research initiatives. CMU 
contributes significant expertise in AI/ML, network simulation, and optimization 
methodologies, supported by a history of federal and state funding and strong industrial 
partnerships. UA offers valuable insights from its work in deploying new technologies in 
suburban, small city, and rural areas, ensuring that our research addresses the needs of 
often-underserved populations. NREL brings comprehensive research capabilities in 
energy system analysis, vehicle electrification, and transportation modeling, emphasizing 
equitable and sustainable mobility. SUMC, with its nationally recognized expertise in 
shared mobility and public-private partnerships, enhances our ability to evaluate and 
implement new mobility technologies. MetroLab Network plays a critical role in 
promoting civic research and facilitating collaborations between government, academia, 
and communities. This will ensure the COE engages with extensive external stakeholders. 

The Mobility COE Steering Committee (SC), chaired by FHWA, plays a pivotal role in 
guiding the center’s initiatives. Comprising experts from government, industry, and 
academia, the SC ensures that all relevant perspectives are integrated into the research 
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and activities of the Mobility COE. The diverse expertise of SC members spans core 
technological and service areas essential for new mobility solutions, including land use, 
urban planning, systems analysis, optimization, equity, health, and society. Their guidance 
ensures that the research agenda aligns with strategic goals, remains relevant, and 
addresses the evolving needs of the transportation ecosystem. Another important charge 
of the SC is to leverage their extensive networks to expand the Mobility COE’s 
partnerships to enhance the center's reach and impact. This collaborative approach 
ensures that the Mobility COE remains at the forefront of innovation, addressing the 
most pressing needs in new mobility technologies and their implications for society. 

The diagram below outlines the systematic process the Mobility COE has followed in its 
first year of activities.  

 

The process begins with a Synthesis of Existing Applicable Research to establish a 
foundational understanding and identify known knowledge gaps. This synthesis is 
formalized in the Research Synthesis (Task 3.1) report. Based on this analysis, the COE 
developed the Request for Information (RFI) Solicitation for Knowledge Gaps and 
Research Ideas, which involves gathering input from a wide range of stakeholders. These 
submissions are then subjected to a Classification of Knowledge Gaps and Research 
Ideas, organizing them based on thematic relevance and research potential. 
Subsequently, the Mobility COE and FHWA jointly review and rate ideas on novelty, 
potential impact, and real-world applicability. This step ensures that only the most 
promising and impactful ideas are selected for further consideration. Following this, the 
COE will draft a Five-Year Research Agenda, outlining the long-term research objectives 
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and priorities of the Mobility COE. This draft agenda will then be further developed in 
consultation with the FHWA and Mobility COE Steering Committee, incorporating 
feedback and ensuring alignment with broader strategic goals .The Mobility COE has 
assembled a Steering Committee comprising 10 distinguished individuals from the public, 
private, academic, and non-profit sectors. These members represent various communities 
and diverse perspectives related to land use, urban design, transportation, real estate, 
equity, and municipal budgets. The finalized agenda becomes the Five-Year Research 
Agenda (Task 3.2), which guides the COE's research efforts over the next five years. 
Finally, the COE proceeds to initiate Year 1 & 2 Research (Task 4), kicking off the 
prioritized research projects identified in the agenda. 

This structured approach ensures a comprehensive, stakeholder-informed research 
process that aligns with the Mobility COE's mission to advance new mobility and 
automated vehicle technologies that support improved land use, urban design, 
transportation, real estate, equity, and municipal budgets.  
 
Concurrently, the Mobility COE is engaged in Outreach and Engagement to establish 
connections with and educate stakeholders and knowledge users about research related 
to the Mobility COE’s core themes. 
 
Overall, in its first year, the Mobility COE has engaged in various research activities, 
outreach efforts, and stakeholder engagements to fulfill its mission. This report provides 
an overview of these efforts and a summary of corresponding results, outlined in four 
sections: the synthesis of existing research, the results of the Request for Information 
(RFI) process, outreach and engagement initiatives, and the development of research 
roadmaps. 
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Synthesis of Existing Research on New Mobility and Highly 
Automated Vehicles 

Purpose 

Cooperative Agreement Task 3.1 requires the COE to synthesize existing research on the 
effects of emergent technologies and new mobility services as those technologies are 
deployed at scale. The primary objective of synthesizing existing research is to compile 
and analyze current knowledge on the positive and negative impacts of new mobility and 
automated vehicles. This effort aims to establish a foundational understanding to guide 
future research and policy development. By examining the early effects of emergent 
technologies and new mobility services, this synthesis will identify research gaps and 
inform the development of a comprehensive five-year research program to understand 
impacts when these technologies are deployed at scale. Additionally, it will guide the 
selection of research projects funded by the Mobility COE, ensuring alignment with the 
most pressing needs and opportunities in the field. 

Process 

The COE research team has reviewed nearly 400 academic publications, reports, and 
other forms of expert-produced content regarding the impacts of new mobility and 
highly automated vehicles. The resulting synthesis of applicable literature will be 
published to the Mobility COE’s website before September 27, 2024 at  
https://www.mobilitycoe.org as separate sections that can be linked individually or 
compiled into a customized literature review. Publishing in this modular fashion will make 
the literature review more useful than a single PDF file for government agencies and 
media organizations that may wish to use or link to the content. This report provides a 
summary of key results and conclusions from this review. 

We focused our review on 11 mobility services and technologies and 8 types of impacts.  

Mobility services and technologies Types of impacts 

Vehicle Technology: 1. Safety 

https://www.mobilitycoe.org/
https://www.mobilitycoe.org/
https://www.mobilitycoe.org/
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1. Automated Vehicles 
2. Connected and Automated Vehicles 
3. Connected Vehicles 

Emerging Passenger Mobility Options: 
4. Micromobility: docked and dockless 

bicycles and electric scooters 
5. Ride-hail/Transportation Network 

Companies 
6. Carsharing 
7. Demand- responsive transit and 

microtransit 
Emerging Freight/Goods Movement Options: 

8. Heavy Duty Applications of 
Automated Vehicles 

9. On-Demand Delivery Services  
Business Models: 

10. Mobility-as-a-service and related 
business models 

11. Universal basic mobility 

2. System Efficiency 
3. Social Equity 
4. Municipal Budgets 
5. Land Use 
6. Education and Workforce 
7. Energy and Environment 
8. Health 

 

The summary of synthesis results is provided for each of the 8 impact areas in Appendix 
A. For purposes of this synthesis, Energy, Environment, and Health are combined into a 
single subsection. 

 

Request for Information 

Purpose 

Cooperative Agreement Task 3 requires the Mobility COE to define a research agenda in 
collaboration with the steering committee. To solicit a range of ideas from knowledge 
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producers and users, the Mobility COE conducted a public Request for Information (RFI) 
process. The first RFI issued by the Mobility COE in March and April of 2024 aimed to 
perform a thorough gap analysis via direct engagement with stakeholders to identify 
unexplored areas that can significantly benefit from further study. This analysis is crucial 
for crafting a dynamic five-year research agenda that will undergo annual reviews to 
adapt to the rapid evolution of mobility technologies. The primary intent of the RFI is to 
engage with a diverse range of stakeholders, including public agencies, industry, 
academic institutions, non-profit organizations, and advocacy groups, to identify 
potential research gaps and solicit detailed project ideas or proposals. These 
contributions will help shape the first round of funded projects, which will be executed 
either by the existing six COE core members or external contracted researchers. Also, the 
RFI also identifies external collaborators who are interested in working with the COE, 
including researchers who perform the research and public and private entities who have 
identified and solicited collaboration in certain research areas of urgent needs. 

Participants are encouraged to focus their research ideas on key areas such as Land Use, 
Urban Planning, and Policy; Systems Analysis and Optimization; Equity, Health, and 
Society; or other relevant topics. For more detailed information, please visit the Mobility 
COE RFI page at RFI - Mobility COE. 

Process: 

The RFI process involves several steps designed to gather and evaluate stakeholder 
inputs effectively: 

● Issuance of RFI: The RFI was issued as the first annual RFI to be issued over the 
coming years to continuously engage with stakeholders and gather fresh insights 
as mobility technologies evolve. 

● Submission Formats: Participants submitted their ideas in three formats: 
Knowledge Gaps, Initial Ideas, and Developing Ideas. Each format caters to 
different stages of idea development and allows participants to provide input 
regardless of the maturity of their concepts. 

https://www.mobilitycoe.org/rfi/
https://www.mobilitycoe.org/rfi/
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● Stakeholder Engagement: A diverse range of stakeholders were engaged 
through this RFI. These can include public agencies seeking to leverage COE 
expertise, academic researchers looking to secure funding, and organizations 
interested in collaborative research efforts. 

● Critical Dates and Webinars: The RFI process was structured around key dates, 
including the release of the RFI, a webinar to discuss its contents, and deadlines 
for submission. This first RFI was released on March 6, 2024, with a webinar on 
March 19, 2024, and a submission deadline on April 26, 2024. 

● Evaluation and Selection: Submissions were reviewed by a selection committee 
formed by the COE Leadership and FHWA. Selected ideas were further developed 
with the submitters, and in some cases, multiple ideas were combined to form 
comprehensive research projects to create synergistic research activities and 
collaboration by developing research teams of diverse backgrounds. 

● Collaboration and Project Launch: The COE emphasizes a collaborative 
approach, working closely with stakeholders to refine and initiate projects. 
Selected projects are expected to commence in sequence when the research plan 
is approved. All projects funded by Year 1 and Year 2 COE funding will initiate 
before November 2024. 

By following this structured process, the Mobility COE aims to build a robust research 
agenda that addresses the most pressing issues and opportunities in the realm of new 
mobility and automated vehicles. For additional details on the RFI process and 
submission instructions, please visit the Mobility COE RFI page at RFI - Mobility COE.  

RFI Focus Areas 

The RFI outlined several focal areas critical to understanding and optimizing the impacts 
of new mobility and automated vehicles. This section provides a summary of the three 
primary research thrusts and their respective areas of interest. Detailed information on 
these areas, including additional research gaps and example projects, can be found on 
the RFI website at RFI - Mobility COE. 

https://www.mobilitycoe.org/rfi/
https://www.mobilitycoe.org/rfi/
https://www.mobilitycoe.org/rfi/
https://www.mobilitycoe.org/rfi/
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Thrust 1: Land Use, Urban Planning, and Policy  

This thrust investigates how new mobility technologies, such as connected and 
automated vehicles (C/AVs), impact urban development. Key areas include: 

● Land Use: Examining the potential of new mobility to stimulate mixed-use 
developments and reshape land use patterns for sustainability. 

● Real Estate: Analyzing the effects on parking demand, real estate pricing, and 
the configuration of buildings and blocks. 

● Urban Design: Assessing the demands on urban design, including curb usage, 
green spaces, and pedestrian areas. 

● Public Investments and Costs: Evaluating the impact of new mobility on public 
infrastructure investments and municipal budgets. 

● Reversed Focus: Considering how changes in land use planning can facilitate the 
adoption of new mobility technologies. 

Thrust 2: Systems Analysis and Optimization  

This thrust focuses on enhancing system-level efficiencies, travel demand management, 
energy use, and the resilience and security of transportation systems. Key areas include: 

● System-level Efficiencies: Exploring the impact of C/AVs and transportation 
network companies (TNCs) on demand, congestion, and energy consumption. 

● Travel Demand and Energy Use: Assessing shared mobility platforms' influence 
on travel demand and energy use. 

● System Security: Evaluating responses to hazards, disasters, and cyberattacks. 

● System Safety, Resilience, and Reliability: Examining safety impacts on 
pedestrians, cyclists, and other road users. 

● Commercial and Freight Operational Tools: Investigating how C/AV may 
improve access to goods and services. 
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● Mode Switching and Transfers: Determining the potential role of C/AVs in 
multimodal networks. 

● Policy/Context Case Studies: Understanding policy frameworks supporting new 
mobility solutions. 

● Data Strategy/Data Quality: Exploring data requirements for analyzing system 
impacts. 

Thrust 3: Equity, Health, and Society  

This thrust aims to ensure that new mobility technologies promote equitable benefits 
across all societal segments. Key areas include: 

● Equitable Use of New Mobility/Automated Vehicles: Designing accessible and 
user-friendly systems for all, focusing on individuals with disabilities and 
disadvantaged groups. 

● Equitable Access to New Mobility/Automated Vehicles: Ensuring availability 
and accessibility of services, especially in underserved areas. 

● Equitable Impacts from New Mobility/Automated Vehicles: Understanding 
broader societal impacts, including on workforce dynamics and community well-
being. 

● Economics, Service Provision, Politics, and Governance: Investigating the 
economic development, service provision, and governance frameworks supporting 
equitable urban mobility. 

 Participants were encouraged to propose research ideas and projects that address 
these focal areas, considering the broader impacts of new mobility technologies on 
societal structures, urban and rural landscapes, environmental health, and organizational 
frameworks. The RFI also emphasized the interest in ideas and proposals related to the 
impacts and solutions when new mobility and automated vehicles are deployed at scale 
or strategies for transitioning into that stage. For detailed information on these focus 
areas and additional research gaps, please visit RFI - Mobility COE. 

https://www.mobilitycoe.org/rfi/
https://www.mobilitycoe.org/rfi/
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RFI Results 

The RFI was preceded by an internal gap assessment activity (multiple online working 
sessions in January 2024) to support the RFI development: 

● Ran an internal gaps assessment in January and February to aid in scoping the 
Request for Information. Received a total of 64 knowledge gaps and research 
ideas from sources internal to the COE. 

● Received 61 knowledge gaps and research ideas from the Request for Information 
process between March 6th and April 26, 2024. Submissions came from individuals 
working at federal government agencies, academic institutions, cities, 
metropolitan planning organizations, transit agencies, disability advocates, and 
mobility providers.  

The submissions to the Mobility COE RFI showcase a broad range of research interests 
and priorities. Automation emerged as the most frequently mentioned core competency, 
indicating a strong focus on the development and deployment of automated vehicle 
technologies. Other significant areas of interest include research and collaboration, 
connectivity (V2X), electrification, and energy efficiency. The involvement of a diverse 
group of 78 unique contact persons highlights the collaborative and inclusive nature of 
the RFI process. 

Below are some statistics of research ideas submitted to Mobility COE RFI: 

https://www.mobilitycoe.org/rfi/
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Number of Ideas 

COE Partners 64 

RFI External Submissions 61 

Total 125 

 

Percentage of ideas related to each topic 
Automation 45.6% 

Connectivity, V2X 13.6% 

Health 7.2% 

Land Use and Urban Design 16.8% 

Micromobility 12.0% 

Mobility Equity 18.4% 

Planning, Analysis, and Optimization 16.8% 

Policy and Regulatory Guidance 33.6% 

Real Estate 2.4% 

Ride-hail/Transportation Network Companies 11.2% 

Safety 18.4% 

Universal Access/People with Disabilities 7.2% 

Workforce 3.2% 

 

Percentage of RFI external submissions by submitter’s affiliation 

Public Agency 36% 

Industry 18% 

Academia 44% 

Others 2% 
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Types of submissions 

Knowledge gap 85 

Initial research idea 7 

Developing Idea 33 
 

Overall, the data reflects a vibrant and dynamic research landscape, with stakeholders 
eager to explore various aspects of new mobility and automated vehicle technologies. 
The insights gained from these submissions will be instrumental in shaping the COE's 
research agenda, i.e., five-year roadmap and ensuring that it addresses the most pressing 
concerns of various stakeholders. 

Year 1 & 2 Project Plan Summary 

The COE has developed an ambitious and comprehensive research project plan for Years 
1 and 2, reflecting its commitment to addressing the multifaceted challenges of new 
mobility and automated vehicle technologies and services. Through extensive 
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stakeholder engagement, rigorous evaluation, and strategic prioritization, the COE has 
curated a diverse portfolio of projects that collectively advance our understanding of the 
technological, social, economic, and infrastructural impacts of emerging mobility 
solutions. 

At the core of this research project selection is to better understand the pathways for 
technological innovation and at-scale deployment, particularly in vehicle-to-everything 
(V2X) communication and highly automated vehicle integration. Projects like “Scalable 
V2X Options into the Future” and “Risk-based Assessment of V2X-enabled Traffic 
Systems” aim to enhance the scalability, safety, and effectiveness of V2X technologies. 

The project plan also places emphasis on the significant implications of AVs and shared 
mobility on urban planning and land use. One project “Shifting Spaces: Understanding 
Land Use and Zoning Adaptations for the Autonomous and Shared Mobility Era” is 
exploring how zoning regulations and urban spaces must evolve to accommodate the 
shift from traditional auto-serving facilities to those needed for fleet services and AV 
support. Similarly, a project related to “Parking Charges for AVs” investigates the 
economic and equity implications of parking policies in a world increasingly dominated 
by highly automated vehicles, aiming to develop sustainable financial structures for 
parking management. 

Additionally, the COE is focusing on the integration of AVs into local jurisdictions through 
projects like “Developing a Safety-Centric Framework for the Integration of Highly 
Automated Vehicles in Local Jurisdictions”. This project aims to create a framework that 
local governments can use to safely and effectively integrate AVs into their 
transportation networks, ensuring that safety remains a top priority in the deployment of 
these technologies. 

In the realm of equity and accessibility, the COE is funding projects like “Catalyzing 
Equitable Mobility in Rapidly Developing Suburban Landscapes” and “Evaluation of 
Universal Basic Mobility Program Deployments”. These initiatives explore how new 
mobility solutions can be deployed to enhance access and opportunity for underserved 
populations, particularly in rapidly developing suburban areas and low-income urban 
neighborhoods. These projects are essential for ensuring that technological 
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advancements do not exacerbate existing social inequalities but rather contribute to a 
more inclusive transportation ecosystem. 

Data utilization is another cornerstone of the project selection focus, with projects such 
as “Data for Autonomous Transportation Awareness (DATA)” and “AV Insights: Helping 
Cities Understand and Assess Street Conditions and Uses”. These projects focus on how 
data collected from AVs and other mobility technologies can be used to inform policy 
and operational decisions, improving city management of urban infrastructure and 
enhancing the safety and efficiency of transportation systems. 

Moreover, the project plan is placing a strong emphasis on stakeholder engagement and 
international collaboration. One project named “Stakeholder Engagement Campaign and 
International Collaboration” is designed to facilitate meaningful dialogue among cities, 
private companies, and international research partners. 

Projects such as “Modeling and Simulation Testbeds: A Sandbox for Analysis of New 
Mobility Deployed at Scale” are setting the stage for future research by developing 
advanced tools and frameworks to evaluate new mobility solutions in simulated 
environments. These testbeds provide a safe and controlled space for experimenting 
with different mobility scenarios, offering insights that can be translated into real-world 
applications. These resources will be available to the stakeholders and public through 
the COE clearing house. 

The diverse range of projects funded in Years 1 and 2 exemplifies the COE’s holistic 
approach to addressing the challenges and opportunities presented by new mobility 
technologies. By tackling issues from multiple angles—technology, urban planning, 
equity, data, and collaboration—the COE is laying a strong foundation for the future of 
mobility research and policy. These projects are not only advancing knowledge but also 
paving the way for practical solutions that will shape the transportation systems of 
tomorrow. 
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Year 1 Special Research Project 

Background 

The Vehicle-to-Everything (V2X) programs, including various safety pilot programs (e.g., 
connected vehicle testbeds) and state deployments, has produced valuable data on the 
direct impacts of V2X applications on safety under specific testbed scenarios. These 
scenarios, however, are limited to controlled environments and do not fully capture the 
diverse range of conditions encountered in real-world deployments. To address this gap, 
it is essential to develop capabilities that allow for the evaluation of generic benefits of 
V2X applications under various scenarios. Such tools will enable different agencies to 
assess the benefits and costs of deploying V2X technology within their unique 
infrastructure contexts. 

The primary focus of many pilot programs has been on safety. Despite these promising 
results, there remains a critical need to extend the evaluation framework to include 
generic mobility benefits beyond safety. These include enhancements in energy 
efficiency, reductions in emissions, and overall improvements in transportation system 
efficiency at both facility and network levels. By broadening the scope of evaluation, 
agencies can make more informed decisions about the deployment of V2X technologies. 
This comprehensive approach will facilitate the adoption of V2X by providing a clearer 
understanding of its wide-ranging impacts, thereby supporting investments in smart 
infrastructure that promote safer, more efficient, and environmentally friendly 
transportation systems. The development of robust evaluation tools is a crucial step in 
realizing the full potential of V2X technologies and ensuring their benefits are maximized 
across different urban and rural settings. 

Process 

The Mobility COE initiated the Year 1 project in response to an urgent need identified by 
the FHWA in February 2024. One of the current agency priorities is leveraging 
connectivity (i.e., interoperable V2X technologies) to enhance safety, efficiency, and 
sustainability across the transportation system. FHWA communicated this priority to the 
COE, specifically the urgent need to continue development of a quantitative methodology 
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to derive safety, risk, and reliability requirements for V2X technology and integrate the 
methodology into an easy-to-use tool (to be posted on the COE clearinghouse) for 
agencies or industry to understand the benefit-cost analysis when deploying such 
technologies. The COE swiftly developed a comprehensive research plan in collaboration 
with the Turner Fairbank Highway Research Center and the Volpe Center. This rapid 
response exemplifies the COE's capacity and agile nature to address critical research 
needs promptly, thereby contributing significantly to the advancement of the state of 
practice and the optimal allocation of USDOT resources. 

Project Introduction 

This project is entitled as “Risk-based Assessment of V2X-enabled Traffic System and 
Corresponding System Requirements”. This project addresses the critical need for 
improved cost-benefit analysis (CBA) methods for V2X technologies and the development 
of a decision support tool for deployment by various stakeholders. V2X technology, which 
encompasses both vehicle-side (On-Board Units – OBUs) and infrastructure-side 
components, relies on sensor data, wireless connectivity, and real-time calculations to 
enhance traffic safety and efficiency. 

The project aims to develop a methodology for quantifying safety, risk, and reliability 
impacts when deploying V2X technology. This methodology may be adapted for various 
technologies, applications, and contextual factors. While traditional metrics focus on 
crash and delay reduction, this project also considers emissions, reliability, and the rate 
of unsafe interactions to provide a more comprehensive assessment of deployment 
benefits. Key components and progress include: 

● Development of a General Approach: Leveraging model-based system analysis 
tools to estimate the safety and traffic impacts of different V2X technology 
configurations on different road segments. 

● Selection of Use Cases: Identifying relevant reliability, safety, and traffic-related 
parameters and contextual factors (e.g., road types, weather conditions) that 
prospective cost-benefit analysts may modify based on their own decision-making 
contexts. 
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● Risk Reduction Estimations: Approach enables analysts to provide preliminary 
impact estimates based on available data, model assumptions, and technology 
effectiveness. The approach is flexible enough to adapt and incorporate new data 
sources as systems become more mature and more widely deployed, and more 
data is available. In turn, this will reduce uncertainties and sensitivities in safety 
impacts. 

The current project focused on quantitative impact methodology will be completed by 
the end of 2024. Potentially, the next phase will develop a Cost-Benefit Analysis tool. 

● System Requirements Design: Deriving operational and design-level 
requirements based on identified safety-critical parameters. 

● Improvement of Risk Assessment Framework: Enhancing contextual 
representation, expanding scenario analyses, and refining uncertainty analysis 
tools. 

● Cost-Benefit Analysis: Incorporating cost analysis to assess the adoption of 
infrastructure-side V2X technology, estimating benefits from risk reduction, and 
calculating net present value (NPV). 

● Data Collection Initiatives: Identifying critical data needs for future model 
improvements, including V2X technology reliability, operational conditions, and 
collision data. 

Below are potential outcomes: 

● A tool for analyzing various V2X configurations and their safety benefits on 
different road segments 

● Methodologies for deriving safety, reliability, and connectivity requirements. 

● Targeted data collection strategies to support estimations of safety impact 
assessment. 

This project not only addresses an urgent need identified by USDOT but also 
demonstrates the COE's ability to rapidly respond to critical research demands. The 
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results and tools developed through this project are expected to significantly advance 
the state of practice and contribute to the efficient and effective allocation of USDOT 
resources for public benefit. 

  

Outreach and Engagement 

Purpose 

Outreach and engagement activities are essential for disseminating research findings, 
engaging with stakeholders, and fostering collaboration. These efforts are critical for 
building a broad base of support and ensuring that the Mobility COE's work remains 
relevant and impactful. Effective outreach and engagement help to bridge the gap 
between research and practice, enabling the application of new insights to real-world 
challenges in mobility and transportation. These activities also facilitate the continuous 
exchange of ideas, feedback, and expertise among researchers, practitioners, 
policymakers, and the public, thereby enhancing the overall quality and impact of the 
COE's initiatives. 

 

Steering Committee 

Cooperative Agreement Task 2 required that the Mobility COE assemble a Steering 
Committee composed of 5 - 10 individuals representing diverse perspectives. The Mobility 
COE has assembled a Steering Committee comprising 10 distinguished individuals from 
the public, private, academic, and non-profit sectors. These members represent various 
communities related to land use, urban design, transportation, real estate, equity, and 
municipal budgets. The Steering Committee provides strategic input for the COE, helps 
reach out to core stakeholders, and offers guidance for the selection of projects funded 
by the COE.  
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All the COE steering committee members have been engaged in individual meetings with 
the COE leadership between April and May of 2024. The first in-person committee 
meeting of the COE Steering Committee was at the 2024 Transportation Research Board 

Name Position Organization Category 

Danielle Chou 
(Chair) 

Enabling 
Technologies 
Program Manager 

Federal Highway 
Administration 

Government - 
Federal 

Mark Arizmendi Managing Partner Northwestern Capital 
Partners LLC 

Private - Real 
Estate 

Alan Berger Professor Massachusetts 
Institute of 
Technology 

Academic - Land 
Use 

Tilly Chang Executive Director San Francisco County 
Transportation 
Authority 

Government - Local 

Arielle Fleisher Policy Development 
and Research 
Manager 

Waymo Private - Automated 
Personal Mobility 

Andrew Glass 
Hastings 

Executive Director Open Mobility 
Foundation 

Nonprofit - city 
consortium 

Susan Shaheen Professor University of 
California at Berkeley 

Government - Air 
Quality & Academic 
- New/Shared 
Mobility 

Kim Williams Chief Innovation 
Officer 

Metropolitan Transit 
Authority of Harris 
County (Houston 
Metro) 

Government - 
Transit Agency 

Candice Xie CEO & Co-Founder Veo Micromobility Private - Personal 
Micromobility 

Kevin Gay Head of Safety - 
Autonomous 
Mobility & Delivery, 
Uber 

Uber Private - Automated 
Personal Mobility 
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(TRB) annual Automated Road Transportation Symposium (ARTS 2024) in San Diego. The 
steering committee discussed selected COE-funded projects using Year 1 and Year 2 
funding, as well as provided comments on the five-year research agenda. 

 

Website and Clearinghouse 

In order to serve as a hub for information related to the COE and to disseminate research 
produced by the COE, the Mobility COE has established a website at 
https://www.mobilitycoe.org. This website meets the requirements of Cooperative 
Agreement Task 5.2. On this website, the COE has established a clearinghouse of reports, 
plans, regulations, websites, academic publications, and government documents related 
to automated vehicles and new mobility and implications for one or more of: energy, 
health, land resource management, mobility equity, operations/efficiency, 
resilience/reliability, safety, security, V2X/connected infrastructure, and workforce 
equity. As of June 24, 2024, twenty-two resources are available, with plans to add more 
resources in the future. Below is a current list of categories of resources to be developed 
by the COE. 

● Research Repository: A searchable and categorized database of research 
papers, studies, and analyses, including advanced search functionalities. 
Subcategories should include reports, papers, projects, data, tools, and 
training/courses. 

● Data Center: Access to datasets, visualization tools, and guides on data use and 
interpretation. 

● Tools: Access to open source or online tools available for use; this could be linked 
to an additional website/webpage (such as Github), web tools, or online sand 
box/playground 

● Training and Education: Details about online courses, webinars, workshops, and 
educational materials for different levels of expertise. 

https://www.mobilitycoe.org/
https://www.mobilitycoe.org/
https://www.mobilitycoe.org/
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● Topics: Dedicated pages for key topics in mobility and AV, including articles, 
multimedia resources, and related research; this page will be a hub with all 
information linked to all internal and external resources for the most critical 
selected topics 

● Resources and Links: A compilation of external resources, reading lists, toolkits, 
and guidelines.  

As of June 27, 2024 the Mobility COE has attracted 1,900 website users, 204 mailing list 
subscribers, and 413 LinkedIn Followers. 

 

Webinars and Events 

Cooperative Agreement Task 5.3 expects the Mobility COE to hold or participate in public 
events to discuss and disseminate research with potential stakeholders. In March 2024, 
the COE initiated the Mobility COE webinar series, and, as of June 2024, the Mobility COE 
held two webinars and was involved in one in-person event. 

This webinar series aims to foster a robust discussion of critical (or even controversial) 
issues, emerging trends, and challenges shaping the future of mobility. Through 
structured webinars, the COE seeks to facilitate dialogue, encourage collaboration, and 
promote innovative solutions within the mobility landscape. Another primary objective of 
the webinar series is to explore issues identified in the gap analysis that pose challenges 
for resolution due to limitations in COE resources or their inherent complexity. These 
webinars will provide opportunities to gather insights from top experts and guide 
research directions in those specific areas. 

Date Topic Webinar 
Participants 

YouTub
e Views 

3/19/24 Introducing the Mobility COE & RFI 
Information 

74 20 

https://www.mobilitycoe.org/subscribe/
https://www.mobilitycoe.org/subscribe/
https://www.linkedin.com/company/mobilitycoe/
https://www.youtube.com/watch?v=svYFpkkLWSk
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5/22/24 Cityscapes Transformed: The Road Ahead for 
Highly Automated Vehicle Integration 

52 24 

7/25/24 Reimagining Real Estate: The Impact of New 
Mobility and Autonomous Vehicles (tentative) 

 –  – 

September Scalable or not: V2X and Infrastructure 
Solutions for AV (tentative) 

 –  – 

November The Multimodal Mix: AVs in Public Transit 
Ecosystems (tentative) 

 –  – 

 

Mobility COE leadership and researchers have also identified core conferences and 
events to perform broader stakeholder engagement via invited presentations and panel 
discussion, workshop/technical session organization, and conference posters. The COE 
has designed and printed handouts for distribution at these events. Below is a selected 
examples of the events that the COE leadership and researchers supported in the first 
year: 

● Attended 104th Annual Meeting of the Transportation Research Board (TRB) in 
Washington, DC in January 2024 and shared information about the COE and 
Request for Information (RFI). 

● Attended Automated Road Transportation Symposium (ARTS) 2024. Participated 
in multiple technical sessions and presented at a poster session. 

● Attended and introduced the COE at the United Nations ESCAP Regional Meeting 
on “Enhancing Social Inclusion and Innovations in Urban Transport Systems in 
Asia-Pacific Cities” in Bangkok and online on 18 and 19 June 2024 

● Collaborated with FHWA on a technical session at SAE World Congress 2024 
entitled, “Transportation is a part of real estate, not apart from real estate.” 

https://youtube.com/live/uA9bgkrsYjQ?feature=share
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To sum up, the Mobility COE engaged with stakeholders through one-on-one meetings, 
participation in conferences, and collaborative workshops. These engagements have 
been and will be crucial for building relationships, gathering feedback, and ensuring that 
the Mobility COE's research addresses real-world needs and challenges. 

 

Conclusion 

In its first year, the Mobility COE has made significant strides in understanding the 
impacts of new mobility and automated vehicles. Through comprehensive research, 
stakeholder engagement, and strategic planning, the COE has established a strong 
foundation for its ongoing work. The findings and insights gathered in Year 1 will inform 
future research efforts and support evidence-based policy decisionmaking by 
policymakers, contributing to the effective integration of new mobility technologies into 
the transportation system. The Mobility COE is committed to continuing its mission and 
advancing the state of knowledge in this rapidly evolving field. 
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Appendix A: Literature Review Summary of Results 

Safety 

Vehicle Technology: AVs equipped with Advanced Driver Assistance Systems (ADAS) 
and Automated Driving Systems (ADS) functions have demonstrated significant safety 
benefits. For instance, lane departure warning (LDW) and lane departure prevention (LDP) 
systems could potentially prevent 28 to 32% of road departure crashes in the United 
States [1]. Recent studies utilizing naturalistic data comparing ADS vehicle operations 
with human benchmarks have concluded that ADS vehicles are generally safer than 
human drivers, though additional data from various ADS vendors are necessary for a 
comprehensive safety analysis [2,3]. Moreover, for at-scale deployment analysis, it is 
essential to consider system operational safety throughout the lifecycle of ADS 
deployment and operations, beyond the traditional ADS functional safety analysis [4]. 
Connectivity through vehicle-to-everything (V2X) technology enhances safety by enabling 
real-time communication and data sharing between vehicles and infrastructure. While 
extensive research has already confirmed the safety benefits of various CV applications, 
a gap remains in achieving large-scale deployment. This includes utilizing different V2X 
technologies, developing additional use cases or business models for deployment, and 
ensuring interoperability among multiple CV technologies. Connected and Automated 
Vehicles (CAVs) offer further safety benefits, such as reducing pedestrian injury crashes 
by up to 95% and decreasing traffic conflicts at high penetration rates [5,6]. However, 
most evaluations have relied on traffic simulations, and more real-world testing is 
needed to demonstrate safety at scale [7]. 

Emerging Passenger Mobility Options: Micromobility options, including bicycles and 
electric scooters, present safety concerns, especially in areas lacking dedicated 
infrastructure. Users often resort to sidewalks, creating conflicts with pedestrians, 
particularly older adults and children [8,9]. Additionally, regular cyclists tend to take 
longer detours to avoid dangerous routes [10]. Payment structures, such as per-minute 
pricing, may also encourage unsafe behaviors like speeding [11]. Infrastructure policies 
that separate travel networks or slow motorized traffic can improve safety for 
micromobility users [12]. Ride-hail services have mixed safety impacts. They can reduce 
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drunk driving incidents, contributing to a decrease in severe traffic-related injuries 
[13,14]. However, safety concerns may deter some users, particularly women, from using 
these services [15]. Ride-hail trips may also result in more minor injury crashes compared 
to taxis, possibly due to driver distractions and less experience [16,17]. Carsharing 
services may offer safety benefits through user screening processes, but more research 
is needed to compare safety differences among users and determine the factors 
promoting safer driving [18,19]. Demand-responsive transit and microtransit services can 
enhance safety by offering door-to-door services in areas with unsafe walking routes 
[20]. However, the effectiveness of algorithms in selecting safe stops and ensuring driver 
competency remain concerns, particularly in pilot programs using private contractors [21]. 

Emerging Freight/Goods Movement Options: Vehicle automation in heavy-duty 
applications can reduce crash risks related to driver fatigue, impairment, and distraction. 
Higher levels of automation (Levels 4 & 5) could further enhance safety, but more testing 
is needed before commercial deployment [22]. Inspection of automated trucks can be 
much more efficient as compared to previous practices due to information sharing and 
data-driven preventative monitoring [23]. Vehicle platooning, where trucks travel in 
groups, is a potential intermediary step [22]. Research is needed to understand the 
impacts of higher levels of automation and platooning on safety and crash rates using 
field data. On-demand delivery services increase curb space demand, leading to 
congestion and associated safety impacts [24,25]. Limited observations of robotic 
delivery services suggest few incidents, but larger-scale deployment remains a 
challenge, especially when these small delivery vehicles shares the same right of way 
with vulnerable road users. 

Business Models: Mobility-as-a-service (MaaS) business models rely on collecting 
personal and financial data, raising privacy and safety concerns [26]. There is little 
research on how MaaS impacts safety in practice. Universal Basic Mobility (UBM) aims to 
ensure access to essential transportation services, potentially enhancing safety and 
equity. However, implementing UBM at scale requires significant investment and 
coordination, with gaps in understanding the safest and most efficient methods. 
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Systems Operations and Efficiency 

Vehicle Technology: AVs have been extensively studied using demand modeling and 
agent-based simulations to assess their effects on transportation system operations and 
efficiency, such as congestion and vehicle miles traveled (VMT). Most studies agree that 
AVs may increase VMT and congestion due to increased trip-making and empty travel 
from SAVs [27,28]. Future research opportunities include simulating AVs considering 
heterogeneous populations and incorporating parking to estimate AVs' impact on system 
operations and land use [29]. Again, connectivity has been proved by extensive research 
that they can optimize traffic flow and reduce congestion. However, connecting 
simulation and pilot testing to wide at-scale deployments and providing state and local 
agencies with the necessary resources and tools for early deployment applications in 
diverse operational environments remains a challenge [30]. 

Emerging Passenger Mobility Options: Micromobility, such as bikes and electric 
scooters, presents mixed results regarding sustainability and efficiency. McQueen et al. 
[31] found that micromobility could reduce greenhouse gas emissions (GHG) when 
substituting car trips but could increase GHG when complementing them. Perceptions of 
micromobility as a pleasant experience, especially for e-bikes, and integration with 
public transportation to improve first/last mile access and network efficiency are areas 
of interest [32,33]. Carsharing increases system efficiency by allowing multiple 
individuals to access a single vehicle, which uses less parking space. It works well in 
communities with low vehicle ownership rates or areas with mobility constraints [34,35]. 
However, more research is needed to determine specific pricing conditions and 
sustainability models for carsharing. Demand-responsive transit and microtransit 
systems can enhance efficiency by providing flexible, on-demand transportation, which 
can reduce the need for personal vehicles and improve access to public transit. 

Emerging Freight/Goods Movement Options: Automated trucks can optimize fuel 
efficiency, reduce emissions, and lower operational costs through precise control of 
speed, braking, and acceleration. These vehicles also mitigate driver fatigue and improve 
overall safety by reducing human error. Additionally, the ability of automated trucks to 
operate for longer hours without breaks can increase the throughput of goods and 
improve the reliability of supply chains. Truck platooning, where trucks travel in groups, 
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has received attention for its potential to improve fuel efficiency and reduce congestion. 
Studies have shown that connected eco-driving systems and truck platooning can 
smooth speed profiles, improve safety, and reduce fuel consumption [36,37]. On-demand 
delivery services impact system efficiency positively by reducing shopping trips and 
energy consumption but negatively by increasing delivery vehicle congestion and 
competition for curb space [38–40]. Robotic delivery services are still new, with limited 
empirical evidence on their impact. Studies show mixed results about AVs' effects on 
traffic flow efficiency, depending on modeling conditions [41]. 

Business Models: MaaS potentially reduces private vehicle use and ownership, 
encouraging shifts to active travel modes and public transit [42–44]. Simulation studies 
suggest that MaaS can reduce emissions by up to 54% and decrease transport-related 
energy consumption by introducing car-sharing and bike-sharing services [45,46]. 
However, more research is needed to explore user incentives for MaaS adoption, model 
the integration of multi-travel modes, and understand the collaborative mechanisms 
between public and private sectors in the MaaS ecosystem. Universal Basic Mobility 
(UBM) programs, which provide monetary assistance for transportation, have been piloted 
in several U.S. cities, offering positive preliminary results. Participants reported greater 
travel flexibility and increased use of various transportation modes [47,48]. However, 
most studies focus on survey-based analyses, highlighting a gap in understanding actual 
(revealed) preferences and how UBM affects system-level efficiency, accessibility, and 
equity. More research is needed to design tailored UBM programs that improve efficiency 
and equity for diverse population groups. 

Social Equity 

Vehicle Technology: AV technologies hold significant promise for benefiting vulnerable 
populations and bridging urban-rural disparities. Numerous studies highlight the 
potential of AVs to improve mobility for people with disabilities, elderly individuals, and 
low-income populations by offering accessible and affordable transportation options 
[11,49–52]. AVs provide safe and reliable transportation through advanced sensors and 
navigation systems, incorporating user-friendly interfaces and assistive technologies, 
such as wheelchair ramps and voice-activated controls, empowering individuals with 
disabilities to travel independently and participate more fully in their communities 
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[53,54]. Geographically, AV deployment can address “transportation deserts” in small 
urban, rural, or remote areas, offering on-demand mobility options and connecting 
residents to essential services and opportunities previously out of reach [55,56]. 
However, careful planning and implementation are necessary to ensure AV technologies 
do not exacerbate existing inequalities, addressing concerns like the digital divide, 
affordability, and infrastructure limitations in rural and small urban areas [57–59]. 
Community engagement and inclusive planning processes are critical to ensure the 
deployment of AV technologies is responsive to diverse community needs [60,61]. 

Emerging Passenger Mobility Options: Micromobility programs have mixed social 
equity impacts. Studies in developed countries often find that bikeshare and scooter 
share riders are relatively privileged in terms of income, education, youth, or able-bodied 
status [62]. Docked micromobility systems tend to be unequally distributed 
geographically compared to dockless systems [63]. Agencies may impose equity 
requirements in shared micromobility programs to address these imbalances [64]. 
Although low-income travelers are less likely to adopt bikeshare, those who do may use 
them more intensively for various trip purposes [65,66]. Shared micromobility options 
offer an alternative to private driving, expanding access to jobs and improving health 
outcomes for underserved populations [67,68]. However, more research is needed on the 
social determinants of access to micromobility and the factors predicting ridership 
beyond existing demographics [69,70]. Ride-hail companies can alleviate high car 
ownership costs and reduce mobility gaps across socioeconomic divides by providing car 
trips on an as-needed basis. Most ride-hail users utilize the service occasionally, rather 
than for regular travel. While ride-hail users' socioeconomic characteristics vary by 
region, they often have higher incomes than the typical resident [71]. Evidence from 
California suggests heavy users of ride-hail services, who are more likely to be low-
income and car-free, benefit significantly from these services [72]. Ride-hail services may 
also address racial bias in traditional taxi services, offering more equitable service 
quality [73]. However, access gaps remain, particularly in rural areas [74]. Carsharing 
offers benefits by shifting mobility costs to a per-trip basis, aiding both those with and 
without cars. Carshare users tend to be car-less but relatively affluent [75]. Carshare 
stations are often located in higher-income neighborhoods, which can limit access for 
lower-income populations [76,77]. Public subsidies enabling reduced rates for low-income 
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residents can help expand carshare access and benefits [78]. Demand-responsive transit 
and microtransit programs address geographic, temporal, economic, and social equity. 
These services expand transit access in lower-density areas, fill gaps in transit 
timetables, provide cost-effective commuting options, and improve mobility in 
disadvantaged neighborhoods [20,79]. However, studies are mixed on whether 
microtransit enhances transit ridership or simply replaces it, depending on specific 
demands and existing transportation alternatives [80]. 

Emerging Freight/Goods Movement Options: Heavy-duty AVs have the potential to 
reduce emissions and improve social equity by decreasing residents' exposure to 
pollutants from diesel exhaust, which disproportionately affects low-income 
communities and communities of color living near major goods movement corridors [81–
83]. Automation can facilitate regulations like truck route operations and restrictions on 
truck parking and engine idling, leading to more equitable environmental impacts. 
However, heavy-duty AVs may also displace low-wage jobs, such as truck drivers, 
creating new layers of employment-related social exclusion [84–86]. Policymakers must 
develop robust retraining programs to prevent these workers from being replaced by 
higher-wage tech employees [87]. Further research is needed on the environmental and 
job market impacts of heavy-duty AVs, as well as their potential benefits and risks to 
different socioeconomic groups. 

Business Models: MaaS applications may have mixed impacts on social equity. Digital 
apps facilitating ride-hail services lowered transportation inequities for seniors in Japan 
but maintained rural-urban disparities in Finland [88,89]. Unbanked users, those without 
smartphones, and non-native English speakers may face barriers to using MaaS, 
exacerbating existing mobility challenges [90]. Market dominance by private MaaS 
companies could lead to monopolization and price discrimination, impacting those most 
reliant on public transportation [90]. Overall, MaaS can improve job accessibility but 
requires targeted policy measures to enhance social equity [91]. Universal Basic Mobility 
(UBM) pilot programs have successfully enrolled low-income people of color and 
increased transit use [47]. Ongoing research evaluates UBM programs' economic, social, 
and environmental impacts, but more research is needed to assess their effectiveness in 
addressing transportation inequality compared to alternatives like free or reduced fare 
transit programs [92,93]. 
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Municipal Budgets 

Vehicle Technology: AV adoption has significant implications for municipal budgets. 
Studies suggest that AVs could reduce municipal parking revenues and tax receipts from 
gasoline and diesel fuels, parking, traffic violations, and other revenues by 3-51% across 
various AV/EV/Shared scenarios in different cities [94,95]. Additionally, AVs could reduce 
operating costs for municipal services, such as trash collection, by 32-63% [96]. 
Connectivity through vehicle-to-everything (V2X) technology may increase expenses for 
conduits and signals needed for connected infrastructure systems [94]. Platooning 
behavior could increase vehicle density on bridges, necessitating additional inspection, 
retrofitting, or new design approaches to accommodate increased weight [97]. However, 
V2X technology also presents new revenue opportunities, such as a vehicle miles 
traveled (VMT) fee based on vehicle class enabled by V2I data transmission [97]. Also, 
there is no recommended solution in the literature regarding how state and local 
agencies can scale up the deployment of connected infrastructure that are needed for 
V2X and CAV applications, and research is urgently needed in this area. 

Emerging Passenger Mobility Options: Micromobility impacts municipal budgets 
through permits, operating licenses, and fines for improper use. Initial regulatory 
responses to shared dockless micromobility often constrained operations rather than 
generating revenue [98]. Municipalities may need to subsidize riders, especially low-
income users [69]. While micromobility can enhance quality of life and access to mobility 
[99], the focus has been more on mitigating externalities like improper parking [100] 
rather than enhancing tax revenue. Ride-hail services present a mixed impact on 
municipal budgets. A taxonomy of taxation regimes for ride-hail services shows varying 
levels of municipal power to tax these services, often limiting the ability of cities to 
leverage these services for direct social benefits [101,102]. Carsharing's impact on 
municipal budgets largely revolves around tax revenue from carshare reservations. 
Studies indicate that sales tax revenue from carshare typically exceeds the nominal 
sales tax rate of the city, potentially leading to a net drop in social benefit [103]. 
Excessive taxes on carsharing may boost short-term municipal budgets but raise 
concerns about long-term sustainability and growth of the sector [104]. Demand-
responsive transit and microtransit can be a cost-effective alternative to fixed-route 
services in rural areas with dispersed populations. These services can flexibly meet the 
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needs of a small group of riders better than larger bus services on fixed schedules [105]. 
However, in urban areas with dense populations, microtransit can bloat transit agency 
budgets without scaling efficiently [106]. 

Emerging Freight/Goods Movement Options: Research on the effects of heavy-duty 
AVs on municipal budgets is sparse. However, a study at the University of Oregon 
suggests that using AVs for waste collection could result in significant cost savings [96]. 
Heavy-duty AVs may also affect municipal expenses related to infrastructure 
maintenance and labor costs. 

Business Models: MaaS impacts on municipal budgets are not well-researched, largely 
due to varying definitions and models of MaaS. Successful MaaS implementation 
requires balancing public and private providers sustainably [107,108]. Current research 
focuses on economic spillovers from global deployment rather than direct impacts on 
specific municipalities [109]. The recent failure of MaaS Global highlights the need for a 
viable path to sustainability in this sector [110]. Universal Basic Mobility (UBM) programs 
in the U.S. have primarily been funded through grants from municipal transit 
organizations, state programs, or corporate giving. For instance, Oakland's UBM pilot 
received a $243,000 grant for 500 residents, while LADOT's pilot is estimated at 
$18,000,000, funded through city transit subsidies, corporate giving, and state funding 
[111,112]. The sustainability of these programs post-grant funding remains uncertain, and 
more research is needed to evaluate their long-term implications on municipal budgets 
and financial sustainability of transit organizations. 

Land Use 

Vehicle Technology: AVs are expected to significantly impact urban land use. By 
lowering travel expenses, AVs could lead to urban sprawl, with more pronounced 
horizontal city spread. For example, Moore et al. [113] predicted a 68% increase in the 
horizontal spread of cities in the Dallas-Fort Worth Metropolitan Area due to AVs. AVs 
can also increase trip lengths and promote suburban and exurban development, as 
shown in studies like Nadafianshahamabadi et al. [114] and Gelauff et al. [115]. This shift 
could result in lower density and increased travel demand in these areas. Additionally, 
AVs have the potential to densify existing urban areas by reallocating space from 
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parking to residential, economic, and leisure activities [116]. Zakharenko  [117] noted that 
reduced daytime parking needs could allow for denser economic activity in downtown 
areas. However, the overall impact on land use is complex, with studies indicating both 
positive and negative outcomes, such as increased parking space on the outskirts [118–
120]. Future research should focus on AVs' long-term effects on urban land-use patterns 
and infrastructure adaptation to accommodate new traffic dynamics and parking needs. 
Zoning laws will need to adapt. Scenario-based analyses indicate that increased capacity 
from CAVs could result in varied impacts, including lower travel times and increased 
urban sprawl if not managed properly [121]. 

Emerging Passenger Mobility Options: Micromobility, such as bikeshare and 
scootershare, thrives in well-connected and dense urban environments with a mix of 
establishments and residences. These areas shorten trip distances and times, facilitating 
micromobility trips [122]. A meta-analysis found that ridership increased with population 
density, employment density, bus stops, metro stations, and bike infrastructure [123]. 
However, low-density neighborhoods with fewer young people and zero-car households 
have less access to micromobility services [63]. In the long run, micromobility could 
impact land use by extending the reach of shared transportation services [124]. Ride-hail 
services are more prevalent in dense urban areas where parking is scarce, and public 
transit use is higher. Ride-hail can alleviate curb congestion if a sufficient number of car 
trips are replaced [125]. However, those freed up spots may quickly be taken up by 
drivers who would otherwise have parked elsewhere, parked at a different time, or not 
made the trip by private vehicle at all. Ride-hail drivers compete for curb access, 
temporarily congesting the curb. In lower-density areas, ride-hail users tend to have 
higher incomes compared to urban users [126]. Carsharing is particularly effective in 
dense urban areas with scarce parking, mixed land uses, and close proximity to transit 
hubs. It benefits users who need a car occasionally but do not want to own one [35]. In 
lower-density areas, carsharing is more challenging due to abundant parking and higher 
car ownership rates [127]. Demand-responsive transit and microtransit services are 
designed to offer flexible, point-to-point transportation. These services are cost-
effective in low-density suburban and rural areas where fixed-route services are 
inefficient [128]. In urban areas, microtransit can complement fixed-route transit by 
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providing first-last mile solutions and expanding the service area during off-hours [129]. 
However, the impact on transit ridership in cities is mixed [130]. 

Emerging Freight/Goods Movement Options: Heavy-duty AVs could lead to the 
development of transfer hubs near interstate highways where automated trucks drop 
trailers for human-operated trucks [131,132]. This change in logistics could impact land 
use patterns near these hubs, although specific implications are still emerging and 
require further research. On-demand delivery services, such as ghost kitchens and dark 
stores, have created new real estate opportunities by dispersing firms away from 
traditional retail districts [133,134]. These changes can impact land use by shifting 
commercial activities to less central locations. 

Business Models: MaaS can influence urban land use by bundling multiple 
transportation modes into one interface, potentially inducing mode shifts and generating 
new trips [45], which has implications for urban land use, particularly parking demand. 
Early research suggests that MaaS users are often frequent public transit users [135]. 
Price structures, such as discounted rides and geofencing, can impact user mode choice, 
influencing congestion and parking demand. MaaS schemes that encourage switching 
from private cars to public transit may ease parking demand, while those promoting ride-
hail or carshare could exacerbate congestion [136]. Additionally, MaaS may shift users 
from active transportation modes like biking and walking to public transit and ride-hail, 
with unclear implications for congestion and infrastructure use [42]. Universal Basic 
Mobility (UBM) programs, while addressing transportation equity, have limited research 
on their impact on land use. Future studies should explore how UBM can influence urban 
development and infrastructure planning. 

Workforce and Education 

Vehicle Technology: Understanding shifts in job roles and responsibilities is crucial for 
developing targeted training programs and workforce development initiatives [45]. 
Automation will cause widespread substitution of machines for labor, increasing 
inequality in the short run but potentially beneficial in the long run. While automation 
substitutes for labor, it also complements it by increasing per-worker productivity, which 
can boost earnings and raise labor demand [137,138]. The workforce shift related to AVs 
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depends on their acceptance and deployment timelines, influencing transportation-
related jobs and necessitating accurate AV deployment schedules for effective public 
policies and workforce planning [139,140]. CAVs have the potential to revolutionize road 
maintenance and transportation operations. Successful deployment and operation of 
these technologies depend largely on a knowledgeable, trained, and skilled workforce 
[141,142]. Workforce development is crucial for CAV deployment, maintenance, and repair. 
Caltrans emphasized the importance of addressing labor challenges and fostering state 
efforts to recruit and retain a skilled workforce for CAV deployment [143]. The most 
significant expense associated with CV deployment is labor for installation/deployment 
and personnel training, which accounts for a substantial portion of the costs [144]. 

Emerging Passenger Mobility Options: Early operations of shared e-micromobility 
services heavily relied on independent contractors, with substantial operational costs 
associated with collecting, charging, and distributing dockless e-scooters and bikes 
[145]. Legislation like California's AB5 reclassified independent contractors, shifting the 
labor market toward third-party companies. Technological advances in transportation 
necessitate diversified skillsets, requiring education and workforce development to 
adapt. Workforce development recommendations include partnerships with industry and 
academia, increased investment in workforce development, integration of training into 
pre-apprentice and apprentice programs, and data collection to inform policies [146,147]. 
Ride-hail drivers, often classified as gig workers, lack legal protections on labor rights 
and employment benefits available to traditional employees [148]. Research shows that 
ride-hail drivers come from diverse backgrounds, with many being people of color and 
immigrants [148]. Drivers are attracted to gig work due to schedule flexibility and 
additional income [149]. There is limited research on the interests and capabilities of 
current workers to develop effective workforce development programs. Current 
suggestions include workforce development tools for individuals outside the gig 
workforce and strategies for self-advocacy, such as business planning, leveraging 
platform competition, activism, and using technology to manage the workforce [150]. 
Carsharing has evolved with shared autonomous vehicles, increasing the need to 
understand drivers, barriers, and future shifts [151]. Literature explicitly related to 
education and workforce development in carsharing is sparse, revealing a significant 
research gap. No specific literature was found on workforce development for demand-
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responsive transit and microtransit. The general concern is that low-skilled and low-wage 
workers will be affected by technological substitution, requiring skill transfer 
management. 

Emerging Freight/Goods Movement Options: Studies indicate that automation may 
first affect long-haul trucking, impacting over-the-road drivers who travel on federal 
interstates and highways [152]. Assessing job displacement potential by examining 
alternative positions with similar skill requirements is crucial. A survey found that drivers 
believe automated trucks will reduce the size of the truck driving workforce [153]. The 
introduction of additional technologies in trucking could lead to a shift towards younger 
drivers rather than older drivers. Ghost kitchens can reduce overhead costs from front-
of-house staff and single-facility expenses, affecting demand for hospitality workers and 
food service establishments [154]. A concern for gig economy workers is the risk of 
exploitation if they become overly dependent on a single platform. Delivery service 
workers can increase revenues by switching between services and repositioning to high-
demand areas [155]. On-demand delivery services provide an alternative platform for gig 
work, with ride-hail and delivery platforms competing for workers [156]. 

Business Models: A review of the literature using Google Scholar and ProQuest yielded 
no applicable research, indicating a probable gap in the literature. Increased access to 
education and job opportunities are cited as benefits of Universal Basic Mobility, based 
on robust existing research demonstrating the relationship between mobility and access 
to opportunity and early research on UBM pilot programs [47,157]. Research assessing 
how effectively Universal Basic Mobility policies and programs improve access to 
education and job opportunities is sparse. 

Energy, Environment and Health 

Vehicle Technology: AVs equipped with Advanced Driver Assistance Systems (ADAS) 
and Automated Driving Systems (ADS) can significantly impact energy consumption, 
environmental sustainability, and public health. By optimizing driving patterns and 
reducing human error, AVs can improve fuel efficiency and decrease emissions. However, 
these benefits are contingent upon the market penetration rates and connectivity of AVs. 
Studies indicate that while a network of connected AVs could reduce CO2 emissions by 
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up to 5%, isolated AVs in dense traffic might increase emissions by 11% due to reduced 
speeds [158]. The potential for AVs to induce demand due to easier travel and the 
necessity for empty travel in shared AV fleets can lead to an overall increase in vehicle 
miles traveled (VMT), which might offset some energy savings [159,160]. In terms of public 
health, AVs present a mixed picture. Potential increased emissions can be a public health 
concern. While they can potentially reduce crashes, there is concern that an increase in 
automobile use might detract from healthier alternatives like walking and biking. Public 
health advocates emphasize the need for community input and consent in the 
deployment of AVs to ensure that these technologies do not exacerbate existing 
inequalities in health (e.g., exposure to pollutants), especially for vulnerable populations 
such as the poor, disabled, and rural residents [161]. Connectivity makes it possible for 
AVs to enhance energy efficiency and environmental sustainability through various 
technologies such as Cooperative Adaptive Cruise Control (CACC), platooning, and eco-
driving strategies. These technologies can moderate AV movements, optimize routing, 
and reduce emissions significantly. For instance, dynamic multi-objective eco-routing 
strategies for CAVs have shown potential reductions in greenhouse gas (GHG) and NOx 
emissions by 43% and 18.58%, respectively [162]. Despite these benefits, real-world 
implementation challenges and the need for large-scale deployment pathways remain. 

Emerging Passenger Mobility Options: Micromobility options like e-bikes and e-
scooters offer both energy and environmental benefits by potentially reducing car trips 
and emissions. However, the actual impact depends heavily on the modes of transport 
they replace. While personal e-scooters and e-bikes generally reduce CO2 emissions, 
shared counterparts might increase emissions due to the infrastructure and maintenance 
required [163,164]. Health benefits include increased physical activity and improved air 
quality from reduced car trips. However, safety concerns, such as injuries from collisions, 
highlight the need for designated infrastructure [165,166]. TNCs can reduce emissions by 
promoting pooled rides and providing alternatives to private vehicle ownership. However, 
studies show that most TNC trips are not pooled, and a significant portion involves 
deadheading, leading to additional emissions [167]. The mixed impact on public transit 
use and the potential to reduce alcohol-related collisions are notable. Yet, driver health 
remains a concern, with risks such as stress and fatigue compounded by job insecurity 
[168,169]. Carsharing can reduce net private automobile travel and emissions by replacing 
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more polluting private fleets with cleaner shared fleets. Electric carshare programs 
further reduce tailpipe emissions and expose users to cleaner vehicle types, potentially 
influencing future car purchases [78,170]. However, carshare vehicles also contribute to 
fine particulate emissions from tire friction. The COVID-19 pandemic highlighted 
carsharing as a safer alternative to public transit for those who could not afford a private 
car, demonstrating its role in public health [171,172]. Demand-Responsive Transit and 
Microtransit services can enhance energy efficiency by pooling passengers and reducing 
emissions relative to private vehicle trips, especially if they use zero-emission vehicles. 
However, empty vehicles and deadheading can offset these benefits [173]. Microtransit 
can improve accessibility for underserved populations, providing a door-to-door service 
that traditional public transit cannot always offer [79]. More research is needed to 
understand their full environmental and public health impacts. 

Emerging Freight/Goods Movement Options: Automated heavy-duty vehicles, 
particularly when electrified, can significantly reduce fuel consumption and emissions. 
Automated diesel trucks can cut GHG emissions by 10%, while automated electric trucks 
can achieve a 60% reduction compared to conventional trucks [174]. However, the 
increased mineral intensity of electric trucks' battery manufacturing presents 
environmental trade-offs. Research is needed to assess the environmental impact of 
different fuel sources and vehicle designs. On-demand delivery services can reduce 
shopping trips and energy consumption but may increase delivery vehicle congestion and 
competition for curb space [175]. The energy efficiency of these services varies; meal 
delivery by vehicle is highly energy inefficient compared to bicycle delivery [176,177]. 
Robotic delivery services show mixed results, with energy consumption and emissions 
depending on factors like delivery distance and electrification [50,178]. 

Business Models:  The environmental impact of MaaS depends on service 
implementation and operator incentives. MaaS schemes with shared mobility have the 
potential to reduce energy consumption significantly, but the benefits diminish if ride-
hailing is prioritized over public transit and bike-shares [179]. Public transport operators 
may focus more on public benefits, including reduced environmental impact, compared to 
private operators focused on maximizing revenue [180]. Initial studies suggest that UBM 
can increase transit use and reduce personal vehicle travel, thereby decreasing 
environmental harms [92]. However, more research is needed to understand the full 
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extent of these reductions and their implications for public health and environmental 
sustainability.  
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