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The smart city landscape is a complex and dynamic space. In a rapidly changing 

environment, transportation leaders are in need of a way to readily identify local mobility 

challenges, narrow in on the solutions that will maximize prospects for success, and 

connect with peer cities to advance an agenda of collective action. Building upon the 

experiences of the USDOT Smart City Challenge, the proposed Smart City Playbook 

represents an advance in the mobility conceptualization of smart cities. Using clustering 

as a means for organizing cities along multiple dimensions, the Playbook composes a 

selected landscape of 36 cities into four dominant clusters – Reimagining Cities, Dense & 

Dynamic Cities, Renaissance Cities, and College Towns – each comprised of different 

combinations of micro-foundations. The clusters facilitate development of solutions 

among analogous cities, while the micro-foundations provide insight into a city’s unique 

character and indicate places in other cities that are experiencing similar conditions. 

Driven by the analysis, the Playbook outlines a systematic framework for generating use 

cases and proposes short-listed solution sets for each of the four clusters. Together cities 

have the power to leverage their talent, expertise, and solutions to shape the evolving 

marketplace and direct investment towards the communities most in need. 
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Chapter 1: Introduction 

The Smart City landscape is a complex and dynamic space. Metropolitan areas 

are faced with managing rapid population shifts, anticipating evolving cultural needs, and 

addressing social and economic inequity. In a rapidly changing environment, 

transportation leaders are in need of a way to readily identify local mobility challenges, 

narrow in on the solutions that will maximize prospects for success, and connect with 

peer cities to advance an agenda for collective action. Building upon the experiences of 

the USDOT Smart City Challenge, the proposed Smart City Playbook represents an 

advance in the mobility conceptualization of smart cities. 

The USDOT Smart City Challenge was a groundbreaking federal grant 

opportunity that served as a catalyst for cities to rethink the role that technology plays in 

addressing community challenges. Launched in December of 2015, the Challenge invited 

mid-sized cities across America to develop ideas for an integrated transportation system 

that would use data, applications, and technology to help move people, goods, and 

information more quickly, cheaply, and efficiently. Phase I generated 78 vision 

statements, from which the USDOT selected seven finalists, including the City of Austin, 

to develop technical approaches in Phase II with a number of key partners. Ultimately, 

the City of Columbus was selected as the winner of the Challenge and leveraged the $40 

million in federal funding and $10 million from Vulcan to unlock an additional $90 

million in local investment. While the City of Columbus has moved forward with its 

plans for implementation, the other finalists and cities have continued building upon the 

momentum to make steady progress. 

Recognizing the benefits of collaborating across a wide body of stakeholders, the 

City of Austin in partnership with the Texas Department of Transportation (TxDOT) 
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sought to elevate the community of practice by including other Texas cities. The Texas 

Technology Task Force, a strategic advisory group for TxDOT, engaged transportation 

agencies from nine other cities across the state and empowered local leadership to 

develop teams representative of the region’s diverse mobility interests. Nine teams from 

across the state representing ten cities as well as a team of researchers from the 

University of Texas at Austin Center for Transportation Research, Texas A&M 

Transportation Institute, and Southwest Research Institute, came together in December 

2016 at the inaugural Texas Mobility Summit. The Summit provided the platform for 

Texas transportation leaders, policymakers, researchers, and industry representatives to 

identify common challenges, shared goals, and collective action items.  Furthermore, a 

commitment was made to continue the collaboration, and the teams of public agencies 

and researches formed the Texas Innovation Alliance. The Alliance continues to evolve 

and is dedicated to serving Texas communities by advancing mobility and innovation.  

Through the experience of the Smart City Challenge and in developing the Texas 

Innovation Alliance, there is recognition from transportation leaders, policymakers, and 

researchers to redefine their role in civic innovation. The 21
st
 century is presenting 

questions such as “Where do I begin?,” “Who are the best models from which to learn?,” 

and “With my limited time and resources, what can I do today to prepare our city for the 

future?” In the wake of uncertainty, identification of the strongest starting point, 

connection with city peers who are facing similar mobility challenges, and participation 

in an action network are required so that leadership are learning from and developing 

solutions with one another in real-time. This proposed Smart City Playbook offers a 

systematic framework for characterizing a community’s needs, presents an intelligent 

structure for engaging with peer cities, and facilitates knowledge and technology transfer. 
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1.1 PROPOSED SMART CITY PLAYBOOK 

To navigate the complexity and uncertainty in the evolving marketplace, a Smart 

City Playbook is needed to guide leadership in readily identifying local mobility 

challenges, narrowing in on the solutions that will maximize prospects for success, and 

connecting with peer cities to advance an agenda for collective action. Although many 

conceptual frameworks exist, there is no comprehensive body of knowledge synthesizing 

the lessons learned from the USDOT Smart City Challenge experience. Furthermore, 

there is a need to extend best practices beyond the seven finalist cities to apply them in a 

greater variety of cities and communities. While many guidebooks are vendor driven, the 

proposed Smart City Playbook is rooted in community challenges and offers a systematic 

framework for using data to generate local use cases and propose short-listed solution 

sets. 

The proposed Playbook reveals an intelligent structure to emerging smart city 

markets. Using clustering as a means for organizing cities along multiple dimensions, a 

selected landscape of 36 cities is studied at the city and census tract levels. Informed by 

the analysis, a methodology for generating use cases is outlined and short-listed solution 

sets for each cluster are proposed. The four step process is summarized accordingly: 

 Data Collection. Population, socioeconomic, health and environment, mobility, 

and technology information is collected from a number of sources for 36 cities. 

 Macro- and Micro-Level Cluster Analyses. Cities are classified into four 

dominant clusters to identify main pressure points and census tracts are 

characterized into eleven micro-foundations to provide deeper insights into local 

mobility challenges. 
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 Use Case Development. Example use cases are generated in the form of travel 

narratives to assist transportation leaders and policymakers in understanding 

community needs, mobility barriers, and desired outcomes. 

 New mobility Strategies. For each of the four clusters, a set of new mobility 

strategies consisting of technical, policy, and stakeholder engagement components 

is recommended for transportation leaders and policymakers. 

1.2 VALUE PROPOSITION 

A Smart City Playbook is essential for transportation leaders and policymakers 

seeking to develop, evaluate, and prioritize new mobility initiatives. Beginning with the 

community needs, cluster analysis can serve as a guide to understanding patterns of 

population, socioeconomic, health and environment, mobility, and technology challenges. 

Second, use cases that personify a traveler’s journey enable transportation leadership to 

effectively apply individual or groups of technologies within community context. Finally, 

new mobility strategies developed in concert with a network of peer cities can accelerate 

the deployment, adoption, and scaling of solutions. Collectively, these tools empower 

transportation leaders to leverage their combined talent, expertise, and solutions to shape 

the evolving marketplace and direct investment towards the communities most in need. 

1.3 DISSERTATION SUMMARY 

Based upon an extensive collection of key person interviews, experience and 

analysis of the USDOT Smart City Challenge, and understanding gained in developing an 

Alliance of innovative transportation leaders in Texas, this dissertation proposes a Smart 

City Playbook for transportation leaders and policymakers to use in navigating the ever-

evolving smart city landscape. Chapter 2 describes the principles of a smart city, makes a 

case for beginning with new mobility, defines core values, offers lessons learned from the 
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USDOT Smart City Challenge, and describes the theory of cluster analysis. Chapter 3 

describes the systematic framework used in classifying cities and census tracts and 

applies the methodology to a selected body of 36 U.S. cities. Chapter 4 defines the four 

city clusters and eleven census tract micro-foundations, synthesizing the information to 

identify main pressure points, new mobility strategies, and reflect upon the potential 

outcomes of a do-nothing scenario. Chapter 5 concludes by making recommendations to 

transportation leaders and policymakers seeking to develop new mobility strategies in an 

era of disruption, summarizing the benefits of the approach, and suggesting areas of 

future research. 
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Chapter 2: Background & Literature Review 

Before embarking upon the smart city journey, it is important to establish a 

common understanding. This section describes first principles and core values, the smart 

city process, lessons learned from the USDOT Smart City Challenge, and the theory of 

cluster analysis. In setting the stage, transportation agencies will have a clearer 

understanding of how to identify peer cities within the community of practice, develop 

use cases, and propose respective new mobility strategies.  

2.1 FIRST PRINCIPLES & CORE VALUES 

In order to develop strategies for launching “Smart City” programs, it is important 

to establish an underlying foundation. First, “Smart” itself has many connotations and has 

become a brand for indicating a new paradigm in delivering government services. 

Second, cities – defined as places of local identity – are best positioned for serving all 

communities by connecting citizens to their larger contexts. Third, mobility is the most 

compelling starting point because it is fundamental to connecting people, goods, and 

information to places of opportunity. Finally, a set of core values is shared among the 

leading smart cities that defines their ethos in approach. Building upon these tenets, three 

organizing principles and four core values are identified to focus local leaders in 

developing mobility strategies for smart city programs. 

2.1.1 Why “Smart”? 

The term “smart” has evolved into a branding mechanism designed to indicate 

that a new paradigm is being employed. In the proposed Playbook, “smart” is used to 

refer to a mentality of developing community-based, technology-enhanced solutions. It 

represents a shift from a traditional model towards an innovative one. This section 
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provides a brief history of the smart movement as it relates to the delivery of government 

services and highlights three characteristic transformations. 

A fundamental change in approach from reactive to proactive enables smart 

agencies to anticipate evolving customer needs. Passive transportation agencies will wait 

until a mandate from the Mayor’s office or citizen complaints have directed the agency to 

problem areas before taking action. With advances in technology, agencies now have the 

capability to identify issues and predict points of failure before they happen. For 

example, the City of Austin mapped the pattern of lightning strikes in major storm events 

with street light outages in order to appropriately staff their maintenance crew and reduce 

signal down time (Dale, 2016). With population shifts, changing cultural attitudes, and 

rapid advances in technology, it will continue to be imperative for public agencies to 

show initiative in serving their communities. 

In conjunction with being proactive, smart agencies are shifting their strategic 

planning horizons from the short-term to the long-term. Instead of focusing on the 

week-to-week challenges or preparing for the reelection cycle, agencies are building 

programs to withstand administrative turnover and offer sustainable improvement to 

communities. One challenge, however, in extending an agency’s outlook is that risks 

associated with unknowns are also expanded. Particularly in the area of emerging 

technologies, it is unclear how to evaluate the public adoption rate, societal benefits, 

capital and maintenance costs, and regulatory environment needed to ensure success. In 

order to effectively manage the risks associated with long-term strategic planning, 

scenario planning and use case development are tools that agencies may use and will be 

discussed in further detail later in this chapter. 

Finally, a change from subjective to objective decision-making provides smart 

agencies the ability to use data to quantify challenges, inform the resource allocation 
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process, and evaluate the performance of projects. When leadership depends solely upon 

personal judgment, misperception often leads to less than optimal results. Instead a 

combination of information and intuition can be used to guide leaders through the 

complex decision-making process required of smart cities (Row, 2015). In New York 

City, the New York City Taxi and Limousine Commission released a historical data set 

of trip records. As a result of opening the information up to the developer community, 

new insights – travel time to the airport, impact of significant weather events on traffic, 

and concentration of nightlife activity – have informed citizens, policymakers, and 

transportation leadership (Schneider, 2015). As cities transition to a culture of data-driven 

decision making, creating an open platform for integrating disparate data sets will prove 

essential. 

In summary, the smart agency is one that develops strategies in a proactive, long-

term, and objective manner to create sustainable solutions. By leveraging the collective 

ingenuity of people to solve problems, public agencies have the power to shift the 

paradigm in the delivery of government services. The next section will discuss why cities 

are best positioned to activate stakeholders and connect with the community. 

2.1.2 Why Cities?  

This Playbook defines cities beyond the municipality to be dynamic teams of 

multiple partnering agencies working together to serve places of local identity. By 

understanding how citizens perceive the city, construct images, and interact with the 

urban fabric at the block, neighborhood, and district levels, local leaders can align the 

delivery of government services with community mental models. Consequently, cities 

can become the platform on which public agencies, research institutions, industry, 

community organizations, and citizens come together to solve problems. This approach 
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requires a range of government agencies to work together to provide citizens with a 

seamless experience. For new mobility projects, the city, county, and state transportation 

departments must work in conjunction with the transit agency, metropolitan planning 

organization, toll authority, industry, research institutions, community partners, and 

others to develop, finance, and deliver solutions. In this collaborative approach, the city 

forms connective tissue by linking communities with the region, performing cross-

functional problem solving, and innovating with the confidence of political leadership.  

Furthermore, the city is the primary touchpoint between citizens and their 

government. If a resident is late to work because the bus was running behind schedule, is 

unable to walk safely to the grocery store due to lack of sidewalk, or is confused by the 

unexpected construction and detour, the city has failed its community. Regardless of 

which agency is at fault, a negative image of the city develops and trust in the 

government is broken. Cities are uniquely positioned to engage communities in the 

process, inviting citizens to define the problems, facilitate adoption of solutions, and 

provide feedback to incorporate in the next iteration. Since cities are the most in tune 

with their local challenges, they serve as the appropriate bridge between community and 

region, state, and federal affairs. 

Cities are multifunctional, enabling linkages between mobility and energy, health, 

housing, education, employment, and quality of life. For example, a citizen’s ability to 

afford living in a neighborhood with access to healthy food options is directly related to 

his combined housing and transportation budget. Economic and planning policies enacted 

at the local level, such as mixed-use or transit-oriented development, have the potential to 

incentivize more sustainable growth patterns where government services become more 

accessible. Utilizing data from a multitude of sources – census, land use, housing prices, 

employment information, and others – also assists in providing the analysis needed to 
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make more informed decisions. As the nexus of social, technological, economic, and 

political factors, cities are the appropriate focal point for launching smart programs. 

Finally, cities offer a local scale adept for innovation. For emerging technologies, 

a pilot-learn-scale model of deployment is needed to test and evaluate projects before 

deploying at full scale. Cities that work directly with their communities are best suited for 

developing and implementing smart program trials. Furthermore, local leadership and 

political will serve as champions for innovation. A combination of mayoral, council, and 

agency support create the environment necessary and shared attitude towards risk 

necessary for innovation to flourish. 

2.1.3 Why Mobility? 

There are a number of domains and subdomains within the portfolio of smart 

cities. Included are public safety, administration, city planning and operations, buildings, 

housing, energy, water, transportation, education, healthcare, workforce development, 

social programs, and others. The proposed Playbook makes a case for using new mobility 

as a starting point, describing its potential to create opportunity, demonstrating its 

foundational relationship to other smart city domains, and illustrating the urgency of the 

challenges. 

Access to safe and affordable transportation options has a direct impact upon an 

individual’s opportunities to access healthcare, housing, education, and employment. The 

Martin Prosperity Institute conducted a study examining levels of economic segregation 

as the product of three factors that bear on socioeconomic class: income, education, and 

occupation (Martin Prosperity Institute, 2015). As identified in Table 1, four of the ten 

most economically segregated large U.S. metros are in Texas: Austin, San Antonio, 

Houston, and Dallas. The size, density, and land use patterns of these cities affect how 
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people commute to work. On the other hand, cities – such as Portland, Oregon – that have 

implemented transit-oriented development, increased alternatives to driving alone, or 

instantiated policies to improve services to underserved communities have been more 

successful in providing residents with access to services. A focus on mobility enables 

cities to initiate smart programs that address a major barrier for citizens’ quality of life. 

Table 1: Large Metros with Highest & Lowest Segregation Levels 

 
(Martin Prosperity Institute, 2015) 
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Mobility plays a central role in the citizen’s daily life. Whether one is going to 

work, school, or the grocery store, travel is required. Citizens take on average about 30 

trips per week (Bureau of Transportation Statistics, 2015). Each trip is an opportunity for 

the city to shape the citizen’s travel experience into a positive or a negative one. Factors 

such as reliability, accessibility, affordability, convenience, and comfort contribute to 

travel behavior decisions regarding time of day, mode choice, and route planning. Drivers 

spend on average 55 minutes behind the wheel every day, and improvements in the 

transportation system can return time to citizens to spend with family or be more 

productive (Bureau of Transportation Statistics, 2015). For many, travel is a regular pain 

point, creating an opportunity for cities to make dramatic improvements in the daily lives 

of its citizens.  

The transportation landscape is transforming at a pace where the rate of 

population growth, infrastructure needs, and technological advancement are challenging 

cities’ ability to provide quality mobility services. Cities are being asked to do more with 

increasingly limited funding. Due to inadequate investment, 65 percent of the major roads 

in the United States are rated in less than good condition, one in four bridges require 

significant repair or cannot handle today’s traffic, and 45 percent of Americans lack 

access to transit (ASCE, 2013). Investment in mobility is essential to economic growth 

and prosperity of communities. Globally, more people live in urban areas than in rural 

areas, with 66 percent of the world’s population projected to be urban by 2050 (United 

Nations, 2014). Emerging technologies – including connected and automated vehicles, 

predictive data analytics, and sensor-based infrastructure – necessitate expertise, public-

private partnerships, and a pilot-learn-scale model of deployment. In order to prepare 

cities for the disruption that is coming, a new paradigm in civic innovation is needed to 

manage these changes proactively. 
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2.1.4 Core Values  

There are four core values which the leading smart cities have adopted in 

governing their approach to mobility: Community, Collaboration, Choice, and Culture of 

Innovation. These core values serve in setting the tone of the smart city team, aligning 

decisions with overall mission, and prioritizing projects. Cultivating a team that embodies 

the core values is essential to maintaining focus on the vision and ensuring success. 

Community is at the heart of all smart city initiatives. In beginning with the 

challenges that people face, cities can develop solutions that are rooted in genuine 

community need. There is a tendency for transportation agencies to focus on the 

technology and then search for the problem. This has led, however, to incongruences 

between government solutions and community problems. Without first engaging 

stakeholders, use cases are misunderstood, undefined, or treated uniformly. Through 

focus groups and other stakeholder engagement methods, transportation agencies have 

the opportunity to better identify barriers to transportation, existing gaps in the transit 

system, and factors that influence travel behavior.  

Collaboration is critical to unifying the fragmented transportation system. The 

responsibility of designing, building, operating, and maintaining the transportation 

network falls upon a number of actors - city, county, and state transportation departments, 

local transit agencies, metropolitan planning organizations, regional mobility authorities, 

councils of government, tolling authorities, and others. From the community’s 

perspective, the system should operate seamlessly. Overcoming jurisdictional boundaries 

and working together for the greater community is fundamental to developing holistic 

solutions. Furthermore, an integrated data system is crucial to exchanging real-time 

information in a manner that supports all stakeholder decision making processes. By 

building relationships and maintaining open channels of communication, cities can come 
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together to share in knowledge and technology transfer – creating a network of active 

collaboration. 

Choice of transportation options is necessary for enabling a higher quality of life 

for all communities. Restricted access or lack of options has limited the opportunities 

available to a number of communities. For example, the citizens of the Del Valle 

neighborhood in central Texas do not have a local grocery store with healthy food options 

(Rhode, 2016). In the Lyndon neighborhood of Columbus, Ohio, the lack of healthcare 

services available to expecting mothers has contributed to an infant mortality rate four 

times the national average (City of Columbus, 2016). For the low-income who rely upon 

transit, the relationship of housing and employment become even more interdependent. 

By creating a mobility marketplace where people have access to a range of transportation 

options, families and individuals have greater freedom to select services based upon their 

affordability, convenience, and comfort levels.  

Finally, a culture of innovation is necessary for cities to tackle 21
st
 century 

problems. The ability of an organization to anticipate changes, respond to obstacles, and 

adapt in the face of transformation impacts the quality and delivery of government 

services. When cities are slow in implementing solutions, communities suffer. Cities 

seeking to develop a culture of innovation should evaluate their attitude towards risk. 

Leadership who demonstrate a willingness to test, iterate, and validate solutions are able 

to create an ecosystem that enables innovation to flourish. In the right environment, 

agencies are encouraged and empowered at all levels to engage in creativity, 

collaboration, and continuous improvement.  
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2.2 THE SMART CITY PROCESS 

In developing new mobility programs, or other smart city dimensions, it is more 

important to focus on the process than the product. Creating a smart city is an intensive 

journey during which team members develop a common culture of shared experience. 

Figure 1 outlines an iterative framework for developing a smart city and includes the 

following steps: 1) Build a winning team, 2) Craft a bold vision, 3) Develop a technical 

approach, 4) Implement and evaluate, and 5) Fail and avail, or nail and scale. Each of 

these steps is explained in greater detail in the following sections. While each is 

described as a discrete step, the decisions are interrelated, cyclical, and inform one 

another. 

 

 

Figure 1: Smart City Process 
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2.2.1 Build a Winning Team 

Teamwork makes the dream work. To develop holistic and integrated solutions, 

smart city teams are interdisciplinary, multi-jurisdictional, creative, technical, and 

community focused by nature. Organizationally, there are multiple layers of involvement 

and the structure will vary according to the complexity and needs of each city. In general, 

there are three tiers:  

 Strategic Core – The innermost tier includes a limited number of executive 

decision makers. Their primary leadership responsibilities include identifying 

needs, prioritizing projects, and allocating resources. 

 Subject Matter Expert Network - Based upon the needs of each project, the 

strategic core will tap into a brain trust – an extended group of subject matter 

experts who possess expertise in particular areas. For example, data architecture, 

connected vehicles, or public communications require specialty skill sets. By 

embedding subject matter experts in project development, the strategic core can 

strengthen collaboration and the quality of the solutions being developed. 

 Broad Base of Stakeholder Support - The outermost tier includes broad 

supporters from interested stakeholder groups and offers an effective way to 

engage the community in identifying needs and generating ideas. 

Utilizing each tier as appropriate and adjusting individuals as needs arise is crucial for 

maintaining agility. Once quality and committed individuals are identified, the next step 

involves creating a unity of purpose – a vision and set of values that all team members 

affirm. 

2.2.2 Craft a Bold Vision 

The whole is greater than the sum of its parts. When creating a team of 

individuals representing different agencies, interests, and abilities, it is crucial to agree 
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upon a set of common values and identify clear goals. Inherent in smart cities is the 

desire to be bold – focusing on the most complex challenges that require innovative 

solutions. The first stage of the USDOT Smart City Challenge was to develop a 30-page 

vision document. Cities invited stakeholders to participate in visioning exercises, 

identifying challenges, brainstorming solutions, and reimagining the transportation 

system. The results were captured, use cases were generated, and ideas were synthesized 

into strategic documents for each city to use in attracting industry partners and 

investment. Key qualities that the seven finalists exhibited in their Phase I proposals 

include clearly defined goals, community-based use cases, and a compelling narrative. 

The messaging associated with each proposal enabled the cities to successfully 

communicate their vision to the public, political champions, potential partners, media, 

and ultimately USDOT. A well-defined vision and communications strategy provide the 

foundation for developing each project in greater detail. 

2.2.3 Develop a Technical Approach 

The devil is in the details. Once the vision and use cases are clearly defined, the 

team can begin developing a technical approach. In this phase, specific implementation 

plans describe how the team intends to execute the projects. The second stage of the 

USDOT Smart City Challenge included developing the following items for the technical 

and budget applications: technical approach, data management approach, management 

approach, staffing approach, capacity and capability, cost/budget information, 

organizational information, and letters of commitment from partners/team members. 

According to the Notice of Funding Opportunity – Phase 2, applicants were required to 

develop “the technical approach for implementing and operating the demonstration 

project, including task descriptions, schedule, milestones and deliverables, performance 
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measures, program management approach, and a detailed description of how the 

demonstration will be implemented” (USDOT, 2016). In preparing to implement 

technical solutions, it is critical to not lose sight of the community-based vision 

established in the previous step.  

2.2.4 Implement & Evaluate 

Vision without execution is simply idealism. Armed with a vision and technical 

approach, a team is in position to implement and measure its success. Constructing 

hypotheses is an effective way to begin the cycle of validation and assists in identifying 

performance measures to determine if the team has achieved its goals. For example, the 

City of Austin would like to assess whether increasing access to affordable mobility 

options will result in a shift from drive-alone behavior to alternative modes of 

transportation. Key performance measures might include a neighborhood’s mode share 

by trip purpose across multiple socioeconomic classifications. Conducting a before study 

is a crucial step in establishing baseline metrics to accurately measure improvements. 

With an evaluation plan in place, implementation can begin and the team can monitor the 

results. 

2.2.5 Fail & Avail, Nail & Scale 

Failure is but a stepping stone; success is but a springboard. Due to the trial nature 

of smart city projects, a pilot-learn-scale model of deployment is the most appropriate to 

enable cities to quickly test and iterate based upon the outcomes. If a project is 

unsuccessful upon its initial deployment, failure and its risks can be effectively managed 

at a small scale. The team can respond, adjust, and deploy an updated version of the 

project – carefully incubating the solution in conjunction with the community. If a project 

is successful, the team can build upon its lessons learned in order to scale, replicate, and 
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transfer best practices. Throughout this phase, feedback mechanisms enable the team to 

learn from missteps, validate its hypotheses, and amplify success. 

2.2.6 Scope of This Playbook 

While this Playbook will make recommendations for all five steps, the focus will 

be upon providing strategies for the second step, “Crafting a Bold Vision.” Cluster 

analysis will be described as a tool for identifying common groups of community needs. 

Next, smart city use cases will be generated based upon priority needs. Finally, new 

mobility strategies for each cluster will be recommended based upon the experience of 

the Smart City Challenge finalists, Texas Innovation Alliance teams, and substantive 

body of work available through other recent USDOT grant opportunities – including 

technological considerations that will guide teams in the next step of developing a 

technical approach. 

2.3 LESSONS LEARNED FROM THE USDOT SMART CITY CHALLENGE 

The following section outlines ten sets of recommendations to State DOTs and 

cities/regions based upon the experience of the seven Smart City Challenge finalists. The 

first two sets, “Generating the Right Framework” and “Developing a Manageable Process 

and Timeframe,” are generally geared towards State DOTs interested in creating a smart 

state strategy. The remaining eight sets will be more applicable to cities seeking to 

develop their own smart city programs. Overall, the Smart City Challenge offers a deep 

reservoir of advice in the areas of strategic planning, organizational models, stakeholder 

engagement, social equity, emerging technologies, communications, and legacy 

development.  
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2.3.1 Generate the Right Framework 

DO: Identify Critical Vision Elements and Common Goals. The twelve vision 

elements outlined by USDOT were successful in starting concrete conversations around 

key topics that were previously discussed in abstract terms, if they were discussed at all. 

Furthermore, it encouraged systems thinking regarding the relationship of each element 

to one another. As a result, USDOT achieved its objective of encouraging cities to 

propose integrated and comprehensive solutions. The common outcomes identified by 

USDOT included improving safety, enhancing mobility, addressing climate change, and 

creating ladders of opportunity. With national goals clearly established, all applicants 

were able to align local, regional, and federal goals as they saw appropriate. 

DO: Create Healthy Competition. The challenge format of the grant application 

generated constructive dialogue and elevated the profile of smart cities to a national 

stage. Furthermore, the leadership of the USDOT created a positive and collaborative 

environment in which cities could exchange ideas with one another and refine individual 

solutions while advancing the goals of the collective. Phase I applications were made 

publicly available and finalists were encouraged to incorporate ideas proposed by other 

cities. In addition, the workshop held in Washington, DC for the seven finalists was a 

positive and immersive experience for all participants. Cities recognized the value in 

working together to address common challenges on topics such as data architecture, 

policymaking, procurement practices, industry engagement, and emerging technologies. 

DON’T: Be Prescriptive. Although prioritization of the twelve vision elements 

was useful in guiding cities on where to focus their energy, many cities would have 

preferred the opportunity to perform their own prioritization or select an appropriate 

subset from the twelve. By requiring applicants to address all twelve, the cities that are 

not well-positioned for certain areas, particularly freight, produced diluted value 
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propositions compared to ones where they could self-select according to their respective 

strengths. A framework that focused on the four national goals and offered the vision 

elements as a toolbox for cities to use and customize as appropriate would have been a 

more flexible model. 

DON’T: Concentrate Future Resources in a Single City. There is debate as to 

whether USDOT should have selected a single city or multiple cities to win the Smart 

City Challenge. In order to demonstrate a proof of concept, USDOT made a strategic 

decision to award one city funding while offering the other six finalists the opportunity to 

engage industry partners and galvanize local leadership. Going forward, a State DOT 

should diversify its portfolio of investments to address a range of large urban, small 

urban, and freight priorities. 

2.3.2 Develop a Manageable Process & Timeframe 

DO: Guide Cities through a Multi-Staged Process. The Smart City Challenge 

Process consisted of Phase I: Vision Narrative and Phase II: Technical Approach. Phase 

II also included a workshop in Washington, DC hosted by USDOT, a meeting in each 

finalist city hosted by local leadership, and a pitch in Washington, DC to USDOT. The 

two phases were critical to igniting excitement around the concept, connecting the most 

advanced cities in a leadership community of practice, and providing the greatest 

opportunity for program longevity. State DOTs seeking to launch Smart State efforts 

would benefit from mentoring cities through a gradual progression of activities that build 

upon one another and create a foundation of shared experience. 

DO: Address Sequencing through Identified Milestones. USDOT defined the 

strategic planning horizon to be projects that were implementable within a three-year 

timeframe, requiring cities to focus on projects that were concrete and actionable. Cities 
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were charged with balancing achievable outcomes with bold vision. By focusing on the 

near-term, USDOT ensured that project proposals were focused on delivering results 

while encouraging rapid innovation.  

DON’T: Disrupt Cities. A major drawback of the USDOT Smart City Challenge 

process was the amount of attention and devotion of resources required for a city to be 

competitive. The process was highly involved – including managing an extensive 

network of stakeholders, combing through hundreds of vendor solicitations, and 

participating in a European tour during the critical part of Phase II – which resulted in 

tradeoffs between maintaining essential city operations and capitalizing on an opportunity 

to become the city of the future. For future programs, State DOTs should be considerate 

of the staffing capacity, time commitment, and resource levels available in each city to 

justify a return on investment. 

DON’T: Compress the Timeframe at the Expense of Quality. The USDOT Smart 

City Challenge was announced on December 7, 2015; Phase I applications were due on 

February 4, 2016; and Phase II applications were due on May 24, 2016. Within six 

months, seven cities had developed a vision for a 21
st
 century mobility system, proposed 

numerous innovative pilot projects, and tackled significant questions in the areas of 

transportation equity, open data, and the liabilities associated with emerging 

technologies. Due to the breadth of the application’s scope, cities made tradeoffs in level 

of detail, quality of the end products, and set aside unanswered questions for future 

consideration. While the compressed timeframe may have been necessary for a variety of 

factors, it would be important for a State DOT to solicit input on developing a reasonable 

timeline and discussing levels of expectations in conjunction with stakeholders.  
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2.3.3 Build an Effective Team 

DO: Encourage Collaboration across Multidisciplinary Stakeholders. In order to 

build capacity and capability for the grant application team, each lead agency conducted 

extensive outreach to a broad range of stakeholders. Key stakeholders included the city 

transportation department, other city departments such as public works and/or offices of 

innovation, research institutions, transit agencies, metropolitan planning organizations, 

regional mobility authorities, state departments of transportation, utilities, chambers of 

commerce, political offices, and community organizations. By implementing a policy of 

inclusivity, the diversity of the team enriched the dialogue, enabled comprehensive 

problem solving, and empowered individuals to take ownership of the vision. 

DO: Articulate Clear Roles and Direction. Managing a Smart City Challenge 

application team was an exercise in organic project management. In speaking with each 

of the seven finalists, there is no single best governance model. Rather, each city 

developed a structure that adequately reflected the nature of the lead agency, responded 

to the needs of the local context, and asked stakeholders to evolve with the process. The 

seven finalists employed a range of centralized and decentralized models with major 

organizational components including a body of decision makers, functional areas led by 

team captains, a brain trust, external advisors, and an extended network of stakeholder 

affiliates. The most successful cities from an organizational standpoint were ones where 

the lead agency clearly articulated individual roles, suggesting how one could contribute 

to the larger effort, and offered direction rather than explicit instructions so as to not 

inhibit innovation. The teams that could most readily adapt and evolve were able to 

anticipate change, respond to new stipulations, and synthesize ideas across functional 

areas.  
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DON’T: Create an Overly Complex Organizational Structure. In order to address 

the complexity of the challenges, one downfall can be to create an equally complex 

organizational structure. This can lead to new silos where functional areas are operating 

in isolation from one another. It is better to start simple and allow the organization to 

develop in response to the needs of the organization as a whole. For example at the onset 

of Phase II, the City of Austin formed twelve functional areas, each led by a team 

captain: 1) Two-Way Open Data Portal, 2) Urban Analytics and Policy Research, 3) 

Connected Traveler Initiative, 4) Packaged Mobility Services, 5) Regional Operations 

Management Center, 6) Intelligent Sensors, 7) Travel Access Hubs, 8) 

Automated/Connected Vehicles, 9) Electric Fleets, 10) Scalability/Replicability and 

Knowledge Transfer, 11) Commercialization, and 12) Ladders of Opportunity. The 

original separation of the teams, in particular data management and data analysis, made it 

difficult to approach problems holistically. As a result, teams combined, realigned, and 

evolved to generate solutions that would better meet the needs of the community. In 

developing a smart city organizational structure, it is recommended to move from general 

to specific, creating focused teams only as the need arises for dedicated expertise. 

DON’T: Impose a Rigid Governance Model. For smart city organizations, it is 

important to generate a flexible governance structure that is capable of adapting based 

upon the context, goals, and values of the organization. As the finalists transitioned from 

Phase I to Phase II of the Challenge, the organizational structures were revisited and 

modified to best attack the technical approach portion of the application. The emergent 

cellular model is a distributed network characterized by continuous and organic 

innovation, allowing for flexibility and responsiveness to information (Bradshaw, 2007). 

With the pace of technology rapidly advancing and customer needs quickly evolving, an 
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organic organization that proactively reconfigures will be crucial to anticipating and 

preparing smart cities for the future. 

2.3.4 Craft a Unified Vision 

DO: Start with the Community Needs and Prioritize Use Cases. Beginning with 

community-driven needs is critical to understanding the challenges that people are facing 

on a day-to-day basis. By developing personas and identifying pain points from the 

perspectives of different communities, cities can formulate the parameters of the 

problem. With clearly defined problem statements, cities have a strong basis of 

understanding for introducing technologies within an appropriate context and engaging 

the private sector to formulate meaningful solutions. For example, San Francisco 

developed four user scenarios: Nicole – the Complex Commuter, Juan – the Late Night 

Worker, Margo and Steve – Suburban Visitors, and Michael – Local Business Delivery in 

the City (City of San Francisco, Phase I, 2016). Another example is the four types of 

districts identified by the City of Columbus: Residential District – Linden, Commercial 

District – Easton, Downtown District – Urban Core, and Logistics District – 

Rickenbacker (City of Columbus, Phase II, 2016). 

DO: Synthesize Disparate Voices. A group of individuals that lacks cohesion of 

team will also lack cohesion of ideas. In order to overcome the obstacles associated with 

coordinating a variety of stakeholders, the lead agency should instill a unity of purpose. 

By setting the tone, galvanizing leadership, and building consensus around common 

goals, the lead agency ensures messaging discipline and is more successful in crafting a 

compelling narrative. For instance, the City of Columbus focused its communications 

campaign around the Linden neighborhood, engaging the community and partners in 

addressing the high infant mortality rate. Headlines such as “How Columbus is Using 
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Transit to Reduce Infant Mortality” and “Smart Cities Tap Technology as Remedy for 

Inequity” served to build public awareness and activism throughout the Challenge.  

DON’T: Define Success as Winning. In the context of nationally competitive 

grants, it is easy for applicants to focus on winning as the primary outcome. Winning, 

however, is about starting a movement in a city. Success is defined based upon a city’s 

ability to meet or exceed its self-defined goals. While it was required that cities respond 

to the four outcomes and twelve vision elements, an assessment of how the national 

values aligned with those of the city was important to ensure that the Smart City 

Challenge was advancing the community’s vision rather than replacing it. Furthermore, 

many finalists have espoused the invaluable experience gained in simply participating in 

the process. Cities have made significant strides in collaboration, familiarity with 

emerging technologies, and preparations for the challenges of the 21
st
 century. The City 

of Pittsburgh was able to submit a portion of its Smart City Challenge application for the 

Advanced Transportation and Congestion Management Technologies Deployment 

(ATCMTD) grant and was awarded nearly $11 million to deploy smart traffic signal 

technology along ‘Smart Spine’ major travel corridors (USDOT, 2016). By placing 

emphasis on the process over the product, cities can measure success in the agility, 

innovation capability, and stakeholder connectivity of the innovation ecosystem that they 

are able to cultivate. 

DON’T: Be Impeded by Analysis Paralysis. With the prospect of so much 

potential that emerging technologies have to offer, cities can become enamored with what 

is possible and lose sight of making tangible progress. In general, there are two stages in 

crafting a bold vision: discovery and definition. Discovery entails the brainstorming, 

exploration, and generation of ideas. All possibilities are valid during this stage. Then, 

each idea is assessed according to a set of criteria for its validity. For example, criteria 
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may include technological maturity, political will, return on investment, community 

impact, sustainability, and goal alignment. Based upon how each project scores, projects 

are prioritized and selected for the next stage. Definition involves clearly stating the 

problem, identifying stakeholders, developing the project’s elements in greater detail, 

suggesting a timeline, proposing a budget, and outlining first steps. Knowing when to 

transition from discovery to definition is critical for moving forward and can be 

determined based upon the timeframe allotted and the consensus of the leadership around 

a minimum viable product. 

2.3.5 Engage the Community 

DO: Tap into City Pride. The Smart City Challenge was a great opportunity to 

engage the public and encourage citizens to reimagine the future of their community. 

Tapping into city pride is the quickest way to garner support for smart city programs and 

weave innovation into the fabric of the city. Mayor Steve Adler of the City of Austin 

describes the rapid population growth as existential to the identity of the city. Without the 

ability to innovate, Austin’s character is threatened and the quality of life risks 

deteriorating (Adler, 2016). In Pittsburgh, Mayor Bill Peduto derives his strength from 

the community’s ability to rally around the flag, encouraging citizens to continue their 

legacy of rebuilding to protect the city’s way of life (Peduto, 2016). Smart city programs 

have the power to unify citizens, government, and stakeholders in a way that everyone 

takes ownership in making a difference in their local community. 

DO: Engage Community Organizations. Community partners are a tremendous 

resource in becoming ambassadors for smart city initiatives and for bridging the digital 

divide. They can serve as a feedback mechanism for providing input as well as 

encouraging citizens to become more comfortable with technology. Community activists 
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are more in tune with the needs, challenges, and complexities of the people and are a 

valuable resource in developing context sensitive solutions. For example, the City of 

Austin invited Joana Perez to share her perspective as a resident of the Del Valle 

community and participate actively in the strategic planning process. Through her 

involvement, the City of Austin learned of the food desert challenges the community 

faces, improved its understanding of neighborhood accessibility, and identified factors 

that impact travel behavior in a more tactile way that could not be discerned from data 

alone. By embedding community members in the process, they become advocates for 

smart city programs and problem solving is contextualized. 

DON’T: Over-Promise and Under-Deliver. During the Smart City Challenge, it 

was difficult to balance engaging the community with managing expectations. With the 

six in seven chance that the city would not be selected as the winner, local leadership 

worked to ensure the community that the efforts, partnerships, and conversations initiated 

during the Smart City Challenge would continue beyond the application submission. In 

order to manage the relationship between government and community, cities were 

cautious to not create hype that would lead to a void in investment or resentment from 

stakeholders that could potentially set back plans to continue after the Challenge. Also, 

the compressed time frame did not allow for a comprehensive community engagement 

strategy where all citizens had an opportunity to provide input, review, and approve the 

proposal. Since the Smart City Challenge award in June of 2016, the finalists have further 

engaged the community to determine if the applications were on the right track, refine 

their ideas, and make adjustments as necessary.  

DON’T: Isolate Communities. In the spirit of moving efficiently, cities can 

unintentionally isolate communities that have been historically underserved. The Smart 

City Challenge was successful in encouraging transportation agencies to consider the 
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impacts of the transportation network upon social equity issues, including digitally 

excluded, elderly, disabled, low-income, and unbanked populations. For example, Kansas 

City focused its efforts in East Side neighborhoods, places where historic access to 

opportunities were limited. Underserved segments of the population are in need of 

digitization in order to help advance the economic and social environment, and solutions 

to address public safety concerns inhibiting growth and opportunity (City of Kansas City, 

2016). In selecting sites to conduct initial pilot programs, cities were conscious of how to 

replicate the solutions in other areas of the city and complement smart city programs with 

traditional infrastructure investment. While smart city projects may begin in a particular 

innovation corridor or district, it is important for cities to consider scalability strategies so 

that all communities are elevated, not only a select few.  

2.3.6 Engage Industry 

DO: Define Needs before Seeking Solutions. Before reaching out to the private 

sector, it is strongly advised for cities to first define their needs. Without adequate 

understanding of the challenges the city is trying to solve, cities run the risk of the private 

sector attempting to impose unnecessary solutions upon them. During the Smart City 

Challenge, finalists were inundated and overwhelmed by sales teams, which made it 

frustrating to filter through proposals that may or may not be applicable. Cities created 

new forums to encourage industry to shift from a vendor-driven to a civic-industry 

partnership model. In Silicon Valley fashion, San Francisco setup a website to engage 

potential industry partners. Within a week, they had received several millions of dollars 

in commitments and proposals for solutions that could address their four use cases. The 

City of Austin hosted a vendor workshop where almost 100 different companies were 

represented. Following the workshop, the City of Austin secured several million in 
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commitments and has continued to strengthen many of its relationships, developing many 

of them into sustainable partnerships. Cities who are proactive in defining their needs and 

outlining guiding principles – such as use case definition, platform agnosticism, 

interoperability, open data sharing, intellectual property, privacy, security, and others – 

will more effectively manage their relationships and successfully engage industry 

representatives on their own terms. 

DO: Distinguish between Vendors and Partners. In developing sustainable smart 

city programs, it is important to distinguish between vendors and partners. Generally, 

vendors will attempt to sell public agencies a solution that they may or may not need with 

commercial profitability as the primary objective. On the other hand, partners are willing 

to contribute resources and engage collaboratively with public agencies in the 

development of solutions with the primary objective being community benefits. The 

Boston Smart City Playbook brings this issue to light, stating in Play 1 “Stop sending 

sales people.”  

Send us someone who knows about cities, someone who wants to walk in 

the shoes of our City workers or talk to residents about what they love 

(and don’t love!) about Boston. Send us someone who’s looking for more 

than a 30-minute pitch or a relationship to manage. We’d love to have a 

relationship with you—but it needs to be a real one. 

Cities are in a position where they need industry representatives who are willing to build 

and foster relationships, put skin in the game, and ultimately do business in a way that 

best serves the community. Table 2 compares and contrasts vendors and partners. 
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Table 2: Vendor vs. Partner Characteristics 

VENDOR PARTNER 
Solutions are imposed Solutions are co-developed 
Risk pushed onto City Risk sharing 
Sales approach Mutual understanding, open dialogue, trust 
Hesitant to commit Readily commit to contributing 
Technology is the starting point Community is the starting point 

DON’T: Jump at Every Opportunity. There are vendors whose angle is to 

seemingly solve problems for low-cost and rely upon the city to not have sufficient 

expertise, capacity, or resources to evaluate their proposal. Cities who encounter this 

siren should be cautious and seek guidance. With emerging technologies, the market has 

not yet determined an appropriate price point, making it difficult to know how much a 

solution is worth. Furthermore, technology is advancing at a pace that cities are hesitant 

to purchase a solution that will soon become obsolete. Other considerations focus on who 

bears the cost and responsibility for installation, operations, and maintenance. These are 

risks that should be managed, priced, and allocated or shared accordingly. A forum where 

public agencies can share lessons learned and connect with points of contact for past and 

on-going partnerships would support cities and hold vendors accountable.  

DON’T: Assume Industry Understands the City Perspective (or Vice Versa). 

Communication gaps around the pace, equity, regulations, risk, and technology exist on 

both the public and private sector sides. Industry often misunderstands that cities can 

move extremely slow and at other times extremely fast. For example, the procurement 

process can be particularly lengthy but is required for the purposes of transparency and 

accountability. On the other hand, cities must move immediately on matters concerning 

public safety or political directive, requiring leadership to make the best decisions 

possible with the information available. While the private sector has the freedom and 

flexibility to choose their target market, it is the responsibility of the public sector to 
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serve all communities equitably. In particular, pricing of services becomes a delicate 

balance for issues related to technology. Certain populations either do not have access to 

technology (e.g., low-income), do not have the digital literacy to use the technology (e.g., 

elderly), or have other inhibiting factors (e.g., language barriers, unbanked, etc.). When 

developing a technology related solution, it is the city’s duty to work with its partners to 

develop a comprehensive solution that addresses the complete needs of the community. 

Industry typically perceives regulations as stifling to innovation. It is the role, however, 

of the government to protect the safety, privacy, and security of its citizens. When 

industry representatives work with policymakers, there is an opportunity to advance 

innovation for the public good. For example, the State of Michigan passed legislation in 

2016 that allows autonomous vehicles to operate on any Michigan roadway and created 

the Michigan Council on Future Mobility. The policies and task force were developed in 

collaboration with transportation agencies, researchers, and the automobile 

manufacturing industry. As public entities, agencies are not allowed to fail with taxpayer 

dollars. Emerging technologies present risks that require careful management, 

community engagement, and a well-constructed communications strategy. Cities in 

working with industry partners can employ a pilot-learn-scale model of deployment to 

share or allocate risks to the best-suited entity. Finally, emerging technologies are new 

and complex systems with which many public agencies are unfamiliar. An informational 

process is required to familiarize public agencies with the benefits, barriers, and policy 

implications for emerging technologies. When executed properly, continuous learning 

can be used to build trust and strengthen relationships between public agencies and 

industry representatives. 
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2.3.7 Address Issues of Equity 

DO: Focus on the Needs of Underserved Communities. There are certain 

populations that have been historically underserved, and as a result have been limited in 

their access to opportunities. In the City of Denver, nearly one of every four children 

lives in an area of concentrated poverty. Through the installation of kiosks in West, 

North, and Northeast neighborhoods, the City sought to provide those without bank 

accounts, smartphones, or credit cards with access to information and cash-only payment 

options (City of Denver, 2016). Another example, the construction of the interstate 

highway system was designed to improve interstate commerce and has been a 

tremendous boon to the economy of the United States. However, it has created physical 

and socioeconomic barriers, dividing communities and separating populations into the 

haves and have-nots. Smart cities are in a position to provide mobility services that 

connect rather than isolate communities, enabling improved access to healthcare, 

affordable housing, education, and employment.  

DO: Empower Community Ambassadors. Identifying leaders within the 

community and equipping them with the tools, authority, and skills necessary to actively 

participate in the smart city process is instrumental to the success of the program. 

Community ambassadors serve as a bridge between the government and community, 

providing input to develop solutions and suggesting feedback based upon citizen 

responses. Another role they provide is in facilitating public adoption of emerging 

technologies. As pilot projects are implemented, community ambassadors can become 

advocates for digital inclusion and hold the city accountable. 

DON’T: Prioritize Equity at the Expense of Success. While there is a need to 

address the challenges of underserved communities, smart city projects should be 

introduced in the environment that best enables long-term success. This may require 
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initial testing in a closed environment, such as a research campus, or in a controlled 

environment, such as a low-speed arterial, where there are a limited number of variables 

that can be monitored. Depending on the level of technology readiness, political climate, 

appetite for risk, and other factors, it may be more appropriate to deploy a pilot project in 

an environment of lower complexity before transitioning it to an environment of higher 

complexity. It may also be appropriate to deploy multiple pilots in a range of 

environments to better understand how the solution performs under different conditions. 

This enables a city to build upon its lessons learned in the first piloting phase before 

intensifying its operations. If pilots are not carefully nurtured through progressive stages, 

cities run the risk of a causing a misstep whose ramifications create a substantial setback 

to future smart city programs that they intend to implement. Low hanging fruit and quick 

wins are essential for establishing a foundation of trust with the public for smart city 

programs. In addition, these proofs of concept enable political leadership to continue 

supporting innovation as essential to improving delivery of government services. Starting 

small and starting simple will enable greater flexibility and provide results-based 

experience that can be used in developing better programs for all communities.  

DON’T: Avoid Difficult Topics. The ability for a city to confront its inadequacies 

openly is critical for developing solutions to the tough challenges. Identifying problems 

related to historical decisions, changing demographics, gentrification, cultural diversity, 

and risk aversion are important topics for discussion. For example, the City of Austin 

historically segregated minorities in the Koch and Fowler city plan, which in 1928 

proposed the creation of a “Negro District” — making it the only part of the city where 

African-Americans could access schools and other public services (Zehr, 2015). The City 

of Austin used the Smart City Challenge as a catalyst to highlight economic segregation 

and galvanized the community to develop solutions to the pressing issue. When cities 
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take ownership of their problems, it opens the opportunity for stakeholders to come 

together to engage one another in open dialogue and develop collaborative solutions. 

2.3.8 Tackle Emerging Technologies 

DO: Anticipate Transformations. Change is happening and transportation 

professionals are faced with a choice of whether to act or react. Emerging technologies – 

including big data, connected and automated vehicles, and sensor-based infrastructure – 

have already begun to shift the paradigm of transportation services. In addition, new 

business models and the sharing economy have disrupted business as usual. Shifts in 

vehicle ownership and demographics are also impacting transportation planning 

decisions. The Texas Department of Transportation’s Texas Technology Task Force has 

developed an Emerging Technology Portfolio, shown in Figure 2, which includes a 

number of technologies that are relevant to 21
st
 century transportation agencies. In 2017, 

USDOT published Beyond Traffic 2045: Trends and Choices to encourage cities to think 

about the impact of technologies on the long-term planning horizon. In addition, the 

Smart City Challenge’s twelve vision elements were successful in providing cities with a 

toolbox of advanced capabilities. To proactively meet the demands of the 21
st
 century, 

cities should familiarize themselves with the benefits, barriers, and policy implications of 

emerging technologies and understand how they may be used appropriately to solve 

community challenges. 
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Figure 2: Emerging Technology Portfolio 

DO: Evaluate the City’s Appetite for Risk. A city’s willingness to embrace 

innovation directly impacts its ability to attract private investment and stimulate 

economic growth. There are different approaches to innovation, including first mover, 

fast follower, and a wait-and-see approach. Each has its own advantages and 

disadvantages. First movers have the ability to define the smart city landscape and be part 

of ground floor developments for new solutions. A drawback is that there is higher risk 

associated with unproven technologies. Fast followers have the opportunity to learn from 

previous mistakes of others and adjust accordingly. While they may not be the first to 

pilot and may lose out on some opportunities, fast followers focus on preparing the 

environment to be well positioned to quickly achieve full-scale implementation. Those 

who employ a wait-and-see approach are generally the most conservative. As a result, 

they typically only implement well proven solutions with a higher success rate, yet lose 
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out on opportunities to achieve benefits sooner. Cities who wait too long to act risk 

becoming irrelevant and sacrifice community service. 

DON’T: Impose Technology Where It Is Not Needed. Not all 21
st
 century 

problems require a technological solution. Some may necessitate new processes, business 

models, or patterns of development. For example, procurement processes may be 

simplified in length of time or amount of paperwork; new models for monetizing data 

may be explored; or transit-oriented development may be encouraged through value 

capture and land use policies. The Smart City Challenge was effective in encouraging 

cities to start with the problem and view technology as a tool. This philosophy should be 

carried out in future smart city organizations. 

DON’T: Rely upon Developing All Solutions In-House. Cities have limited 

capacity and capability and should only develop solutions in-house to the extent that it 

makes sense from a return on investment standpoint. Smart cities are successful in 

leveraging the strengths of each of their stakeholder groups to achieve the vision. In 

particular, the public sector is best positioned to identify the areas of highest community 

need, prioritize goals, spearhead stakeholder engagement, and communicate the vision. 

Research institutions offer specialized expertise and analytical capabilities that can 

support smart city programs. Furthermore, research institutions are neutral and 

responsible for objective evaluation. Industry provides additional expertise and 

technological capabilities beyond those of the public agency. App development, for 

example, is one area in which it is often more cost effective for a public agency to 

contract out to the private sector. Overall, it is important that each stakeholder is 

contributing value and sharing risk in the most optimal manner. 
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2.3.9 Formulate a Communications Strategy 

DO: Develop a Brand to Elevate the Image of the City. Branding improves 

recognition and crystalizes smart city values. It enables the public, stakeholders, and 

potential partners to identify the city as innovative and connect smart city initiatives into 

a narrative that resonates with the larger community. For example in the City of 

Pittsburgh’s Smart City Challenge Video, residents from steel mills are depicted as being 

at the center of the industrial revolution. The video explains that these are the same 

people who are now at the heart of the technological revolution of smart cities. The City 

of Columbus also effectively connected its branding, as shown in Figure 3, by building 

upon its community-centered image to launch Smart Columbus.  

 

Figure 3: Smart Columbus Branding 

Branding builds financial value and creates an umbrella for marketing smart city 

programs. 

DO: Craft a Compelling Narrative. Storytelling is critical to describing the 

motivation for creating a smart city program and explaining the outcomes of smart city 

projects. Without a clear understanding of why innovation is necessary or what the city 

hopes to achieve, smart city programs will not gain a political champion, garner public 

support, or secure investment. The City of Columbus early on identified the Lyndon 

neighborhood with an infant mortality rate that is four times the national average as an 

opportunity to tackle a high priority community challenge as well as a messaging 

platform that would resonate with community partners and investors. The narrative that 



 39 

envelops the smart city programs makes a difference in how projects are perceived and 

impacts the city’s ability to continue innovating. 

DON’T: Use Jargon. Smart city projects include systems that can be complex and 

difficult to understand for those who do not have specialized knowledge. For example 

dedicated short range communication (DSRC) is an open source protocol for wireless 

communication. It is also a technology that enables cars to talk with one another, 

informing drivers of when cars are stopped ahead or if another vehicle is running a red 

light. Simplified language facilitates communication of technical concepts to non-

technical audiences. A good communications strategy with a compelling narrative can 

make a difference in the support and successful implementation of the smart city projects. 

DON’T: Overextend City Resources. The Smart City Challenge was an intensive 

process with several communications requirements that while valuable became onerous. 

Finalists were required to submit a 75-page technical application, publish a video that 

showcased Autodesk’s capabilities, make a technical team pitch, and deliver a 10-minute 

Mayor pitch, in addition to launching traditional and social media campaigns. It is 

recommended that in the early stages of smart city development that a communications 

strategy be formulated with clear talking points and consistent messaging. 

2.3.10 Create a Sustainable Legacy 

DO: Develop a Modular Blueprint. To support the scalability and replicability of 

smart city projects, it is important to develop a modular blueprint. These simple 

frameworks can then be transferred to other areas and tailored to fit the context. For 

example the City of Austin developed a concept for connected corridors that could be 

easily deployed throughout the city. This has been a successful approach and the City is 
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continuing to develop the model to support seven corridors that were identified in $720 

million bond package that passed in November of 2016.  

DO: Capture a Basis of Knowledge and Learn from Other Cities. Aggregating 

lessons learned is important for building upon the experiences of others. Rather than 

working in isolation, the Smart City Challenge finalists have formed a community of 

practice and will continue to support one another in areas of smart city development. 

Several networks have developed smart city programs in the aftermath of the Challenge, 

including Transportation for America’s Collaborative, US Ignite’s Global City Team 

Challenge (GCTC) SuperClusters, Intelligent Transportation Society of America (ITS 

America), MetroLab, the Smart Cities Lab, the Texas Innovation Alliance, and others. 

These peer exchange groups will be a valuable body of support in identifying national 

priorities, developing standards and guidelines, and evaluating technology readiness 

although cities will need to choose how to use their time and resources wisely. 

DON’T: Focus Solely on Mobility. While this Playbook has made a case for 

starting with mobility, smart city programs should grow to incorporate other domains. 

For example, USDOT partnered with DOE and Vulcan to strengthen the relationship 

between transportation and energy, encouraging cities to address climate change in the 

Smart City Challenge. Data is another key area in which valuable insights can be gained 

from branching out beyond mobility. Kansas City connected with its healthcare service 

providers to identify when patients missed doctor’s appointments due to lack of 

transportation and offered to reschedule the appointment and offer a ride. Continue to 

connect mobility with other smart city domains will be important to growing civic 

innovation. 

DON’T: Lose Momentum. While the Smart City Challenge was a six-month long 

process, the effort should not dissipate. The finalists have continued to meet and move 
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their plans forward, seeking investment from other sources. Leadership is critical to 

sustaining the effort and instantiating innovation. In Texas, nine teams representing a 

cross-section of transportation agencies from ten cities and three research institutions 

have come together to leverage their collective talent, expertise, and solutions by forming 

the Texas Innovation Alliance. As cities continue to progress, identifying clear next steps 

is critical to advancing the larger movement. 

2.4 CLUSTER ANALYSIS  

Cluster analysis includes a variety of numerical methods where the primary 

objective is to find target groups of similar entities in a sample of data (Aldenderfer & 

Blashfield, 1984). Target groups are identified by dividing the population into 

homogeneous segments with similar attributes that are considered as or related to the 

motivational basis for the targeted behavior or by the behavior itself (Haustein & Nielsen, 

2016). It has been successfully used for targeted interventions to increase the use of 

sustainable transport modes (Schubert & Kamphausen, 2006). This dissertation applies 

cluster analysis in order to develop targeted smart city strategies for communities that 

share common characteristics. 

2.4.1 Literature Review 

In transportation research, cluster analysis has been utilized in developing 

typologies for traffic flow, infrastructure, people, and places. These approaches can be 

divided by the factors that are used as a basis for segmentation: congestion patterns 

(Nelson & Fields, 2006; Guardiola et al., 2014), socioeconomic factors (e.g., Ryley, 

2006; Hildebrand, 2003), attitudinal factors (e.g., Anable, 2005; Pronello & Camusso, 

2011), travel behavior (e.g., Heine et al., 2011; Prillwitz & Barr, 2011), as well as built 

environment factors (e.g., Hunecke et al., 2010; Scheiner, 2006). There are also a number 
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of studies that combine indicators in order to develop new aggregate measures (Bhat et 

al., 2002; Klinger et al., 2013). This dissertation applies cluster analysis across 

socioeconomic, mobility, built environment, and technological factors. 

Socioeconomic, Attitudinal, and Psychological Factor Studies. The analysis of 

people’s characteristics is relevant to understand how people will react to possible 

transport policy measures (Steg & Viek, 1997; Schade & Schlag, 2003). Therefore, the 

definition of traveler typologies through the segmentation of the population in terms of 

attitudinal, sociological, and psychological variables could allow the definition of a set of 

policies tailored to different groups (Pronello & Camusso, 2011). Pronello & Camusso 

use Exploratory Factor Analysis (EFA) and a subsequent cluster analysis to deepen the 

knowledge on market segmentation in order to define more people-oriented transport 

policies. The results are significant in defining which behavioral mechanisms 

policymakers have to consider in transport planning in order to shift travelers’ choices 

towards new mobility. 

Mobility Factor Studies. Travel behavior has been seen mainly as a function of 

pure socio-demographic attributes; however, several researchers in the last few decades 

have argued that individuals’ personality, attitudes, and perceptions have a great 

influence in predicting it. Research results point out that people are more affected by their 

own perception of modes rather than the mere existence of the options (Hesse & 

Trostorff, 2000; Kuhnimhof et al., 2006). 

Built Environment Studies. Kawabata and Shen (2006) analyzed three cities – 

Boston, Los Angeles, and Tokyo – and showed that zones with high job accessibility by 

public transport are limited to small portions of the metropolitan area. It is clear that 

public transport accessibility is a variable influencing commuter behavior, inducing 

people to use the car and creating social differences and disadvantages in accessing 
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economic opportunities. For better understanding the diversity of motorization process in 

different cities, Priester et al. studied 41 megacities worldwide and classified them into 

six categories with a detailed description of the nature of each cluster (Priester et al., 

2013). Lu et al. performs a cluster analysis using the data from 25 cities in China, 

including both megacities (e.g., Beijin and Shanghai) and small cities (e.g., Liaoyang and 

Baoji). In particular, data is collected from different years for seven cities so that the 

historic development path could be drawn to better understand how Chinese cities 

developed over time (Lu et al., 2015).  

Technological Factor Studies. Kandt et al. (2015) compared attitudinal, 

geographic, and traveler characteristics to provide better strategic input for realist 

scenario-building and ex-ante assessment of sustainable transport policy. Six clusters 

were identified: 1) Traditional car-oriented, 2) Pragmatic transit-skeptics, 3) Green travel-

oriented, 4) Pragmatic transit-oriented, 5) Technology-focused individualists, and 6) 

Innovative access-oriented. It was found that smartphone ownership and openness to 

using an electric car were significant indicators to characterizing the technology-focused 

individualists and innovative access-oriented clusters. Policy recommendations for these 

two groups were focused on leveraging the propensity to use technology and encouraging 

further use of alternative modes. 

Combinatorial Factor Studies. It is a prominent debate within transport 

geography whether and how far spatial and material characteristics such as urban form or 

transport infrastructure influence individual travel behavior (Klinger et al., 2013). Early 

work by Thomson shows the interdependence between specific means of transport and 

their corresponding infrastructure systems on the one hand and urban form characteristics 

on the other. His work identified for the first time, different levels of car-dependence and 

transit effectiveness (Thomson, 1977). The debate has continued, with one group of 
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scholars stating that urban form features, often referred to as the 3 D’s of Density, 

Diversity, and Design, explain travel behavior to a considerable degree (Cervero and 

Kockelman, 1997); whereas other researchers are skeptical about such an impact (Gordon 

& Richardson, 1997; Snellen, 2001). Regarding the policy implications, the two parties 

have been described as ‘interventionists’ and ‘skeptics’ respectively, since the former 

argue that planning policies and urban design measures are important tools to change 

travel behavior, while the latter doubt the usefulness and prefer a free-market-oriented 

approach (Breheny, 1992; Schwanen et al., 2001). 

“Mobility cultures” are defined as specific socio-cultural settings consisting of 

travel patterns, the built environment, and mobility-related discourses – i.e. they are 

defined by both the material and socially-constructed dimensions of the transport system 

(Deffner et al., 2006; Klinger et al., 2013). Mobility cultures can be useful in trying to 

understand how the needs of one mobility segment differ from that of another. In the 

context of smart cities, mobility cultures also include a segment’s relationship with 

technology. The EU project SEGMENT identified eight attitude-based segments in seven 

European partner cities (Anable, 2013). Klinger et al. operationalized “urban mobility 

cultures” based on both subjective and objective factors and assigned 44 German cities to 

six segments (Klinger et al., 2013). 

Building on this body of research, this dissertation performs a cluster analysis to 

identify “new mobility cultures” and better understand the characteristics of each market 

segment. The cultures will be used as a basis for use case development, which will in turn 

be used to formulate strategic planning recommendations. Together, they will constitute 

an approach for a city seeking to understand its community needs and develop 

meaningful new mobility solutions. 
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2.4.2 Theory 

Understanding the influence of socioeconomic, built environment, mobility, and 

technological characteristics of the communities in the Smart City Challenge and Texas 

Mobility Summit cities involves three steps. The first one is data and variable 

refinements, where a factor analysis is performed to reveal the interdependencies between 

variables. Second, a cluster analysis is conducted. This section outlines the most common 

methods for performing cluster analysis. Finally, results are interpreted in preparation for 

use case development.  

2.4.2.1 Data and Variable Refinements 

There are numerous characteristics that can be associated with smart cities. The 

first step, therefore, is to choose the right variables for analysis. It is recommended that 

variables not be too similar, express relevance, and include a sufficient number that 

adding or deleting one variable will not significantly affect the results. When a large 

number of variables are used or if groups of variables seem to be correlated with one 

another, factor analysis should be used to pre-process the data before performing the 

cluster analysis. 

Factor analysis helps reduce a correlated data set with a large number of variables 

into a data set with considerably fewer factors. In particular, interrelationships among a 

large number of variables (socioeconomics, mobility characteristics, and built 

environment attributes) are analyzed and then represented in terms of common, 

underlying factors. Some variables might have a high degree of correlation, such as GDP 

and household income, which may lead to a multicollinearity problem and incorrect 

cluster results (Li et al., 2010). The derived factors not only represent the original data 

parsimoniously, they often result in more reliable segments when used in the cluster 

analysis procedure. 
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Let X be an m x n data matrix consisting of socioeconomic fata from m census 

tracts on n variables. First, the input data matrix is standardized using the principal-

components approach. Each of the original variables is expressed as a linear combination 

of a common set of factors, and in turn each factor is expressed as a linear combination of 

variables, where the j
th

 factor can be represented as 

P𝑗  =  u𝑗1x1  +  u𝑗2x2  +  … + u𝑗𝑛x𝑛,  (1) 

where 

x𝑖 = i
th

 column from the standardized data matrix Xs; xki is the element in the k
th 

row and i
th

 column of this matrix; 

P𝑗 = the j
th

 column of the factor score matrix representing the scores of each 

respondent on factor j; P = [P1, P2,…, Pr] is the factor-score matrix with r 

retained factors; and 

u = loadings that characterize how the original variables are related to the factors. 

Loadings are derived by the procedure in such a way that the resulting factors Pj’s 

are optimal. The optimality criterion is that the first factor should capture as much of the 

information in Xs as possible, the second factor should be orthogonal to the first factor 

and contain as much of the remaining information in Xs as possible, the third factor 

should be orthogonal to both the first and second factors and contain as much of the 

remaining information in Xs as possible, and so forth. 

Each value of the original data can be approximated as a linear combination of the 

factors: 

Xkj  ≈  pk1f1j  +  pk2f2j  +  … +  pkrf rj (2) 

where 

 pkr = factor score; and 

 frj = factor loading. 
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 If r = n, that is, if the number of factors is equal to the number of variables, there 

is no data reduction. For the purpose of data reduction, r factors are sought to represent 

the original data, where r is less than n. It is often a good idea to run the segmentation 

model with and without preprocessing of the data through factor analysis to determine 

which set of results make the most sense. 

2.4.2.2 Cluster Analysis 

Generally, there are two approaches to clustering, namely a priori methods and 

post-hoc methods (Wedel & Kamakura, 2000). In a priori methods, an analyst uses 

domain knowledge to segment entities into different groups (e.g., male and female). In 

post-hoc methods, the analyst relies upon data analysis to identify groupings of entities. 

There are two broad categories of post-hoc methods: 1) Traditional Methods and 2) 

Newer Probability-Based Methods. Traditional methods are based on using a distance 

measure or similarity metric to determine how far or near an entity is from another in the 

population. Probability-based methods identify groupings in the population from which a 

sample of entities has been selected for the segmentation analysis. This dissertation will 

focus on two traditional methods: Ward’s and k-means. 

Traditional cluster analysis refers to a range of techniques that are available to 

identify groupings within complex and multidimensional data. To group entities, 

systematic methods are needed to reduce the complexities associated with the 

combinatorial dimensions by which each entity can be described. As a first step to 

reducing the complexity, a metric is defined to characterize the extent of similarity 

between the objects being clustered. Typically, a distance metric is used and serves to 

compress a multidimensional space into a single dimension. Next, methods are used to 

assign elements to different groups based on the degree of their similarity. A systematic 
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approach to traditional cluster analysis includes the following steps: 1) Data and Variable 

Refinements, 2) Segment Formation, and 3) Interpretation of Results. 

Segment Formation. After developing a matrix of associations between the 

individual entities in every pair, the cluster analysis may begin. There are two basic 

classes of methods: 1) Hierarchical Methods and 2) Partitioning Methods. Hierarchical 

methods build up or break down the data row by row. Partitioning methods break the data 

into a pre-specified number of groups and then reallocate or swap data to improve some 

measure of effectiveness. 

The hierarchical method selected for exploration is that pioneered by Ward 

(1963). Ward’s procedure is as follows: 

1. Initialize each entity as representing its own cluster. 

2. Join the two entities that are closes on some chosen measure of distance. 

3. Join the next two closest entities, either joining two entities to form a 

cluster or attaching an entity to an existing cluster. 

4. Return to Step 3 until all items are clustered. 

Using Ward’s procedure, clusters are formed based on minimizing the loss of 

information associated with grouping entities into clusters. Loss of information is 

measured by summing the squared deviations of every entity from the mean of the cluster 

to which it is assigned. Clusters are assigned in an order that minimizes the error sum of 

squares (ESS) from among all possible assignments, where ESS is defined as 

ESS =  ∑ (∑ Xij
2 −

1

nj
(∑ Xij

nj

i=1
)

2nj

i=1
)k

j=1   (3) 

where Xij is the factor of interest for the i
th

 individual in the j
th

 cluster; k is the number of 

clusters at each stage; and nj is the number of individuals in the j
th

 cluster. The result is a 

dendrogram depicting the clustering of all entities.  
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Interpretation of Results. After forming segments using one of the previous 

methods, one can interpret the results and link them to managerial actions. Smart city 

strategy development can be based on the results of the analysis. Issues to consider are 

how many clusters should be retained, how good the clusters are, and how the clusters 

should be profiled. 

2.5 USE CASE DEVELOPMENT  

Use cases are narrative models that describe how a user desires to interact with a 

system to achieve a specific goal. They serve as tools to guide the development of 

solutions, identifying priority characteristics rather than prescribing the answer. Use cases 

can then in turn drive strategic planning decisions by helping transportation leaders and 

policymakers to understand community needs and then evolve a holistic mobility system 

to support the users. 

2.5.1 Why are Use Cases Important? 

Well-written use cases offer smart city teams an invaluable guidebook. By 

formalizing a coherent story that describes how an individual interacts with an existing or 

proposed system assists in identifying current challenges and future opportunities for 

improvement. Use cases improve communication among team members, build consensus 

around common system requirements, and discover gaps between the requirements and 

delivered services. 

Storytelling is a powerful technique that is useful in bridging technical and non-

technical communication gaps. Use cases support meaningful discussion, and 

collaborative effort enhances the success of any team. As a result, team members are able 

to contribute their perspectives within a common context. 
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Use cases identify user priorities, goals, and system performance measures that 

define success for the team. Sharing a common vision enables the team to work together 

to develop a solution that meets the desired system requirements. Furthermore, it focuses 

the team’s energy on what is most important to users and reduces scope creep. 

Use cases also bring to light areas in which the existing or proposed system is 

performing inadequately. The team can then focus on the missing features, collecting 

additional data, conducting further community engagement, or including other services to 

improve the solution. Consequently, the next iteration will be more successful. 

2.5.2 Components 

Protagonist and Setting. Use cases are mental models that begin by identifying 

the protagonist, or primary actor. The protagonist initiates an interaction with the system 

to accomplish some goal (Cockburn, 2001). The protagonist represents a segment of 

users that have common characteristics and goals. The setting describes the preconditions 

within which the protagonist operates. For emerging technologies, such as those utilized 

by smart cities, use cases are a good brainstorming tool. Ask, “Given the new technology, 

which steps in the use case no longer add value to the use case goal?” Create a new story 

for how the protagonists reach their goals (Steve Adolph, 2001). A dive-and-surface 

approach may be used by creating a high-level model how the system could work and 

then iterating with domain experts. 

Scope and Level. Scope describes the extent of the system under consideration, 

helping to discern the tasks for which the team is and is not responsible. Scope generates 

accountability by identifying who is responsible for each task. Level indicates the degree 

of detail and organizational hierarchy to which the goals belong. Goals may be expressed 



 51 

at the enterprise, system, and subsystem levels and may correspond to the protagonist, 

organization, or external stakeholder perspectives. 

Stakeholders and Interests. Stakeholders are supporting actors with a vested 

interest in the behavior of the system under discussion. Examples include the public, 

regulatory bodies, and agency boards of directors. Stakeholders may be external actors 

that provide input to the system under design. 

Goals. Goals are the main objectives that the protagonist seeks to achieve. 

Delivering a service promise is a topmost goal, achieved through subgoals. The subgoals 

can be broken down into sub-subgoals, ad nauseam. Use cases define a range of goals, 

indicating minimum and ideal requirements. This assists the team in developing a 

minimum viable product.  

Main Success Scenario and Extensions. Scenarios describe the step-by-step 

process that the protagonist takes. Interactions can be unpacked as necessary. 

Alternatives are also included to identify variations of the success scenario, including 

failure scenarios. This helps the team to prioritize the backbone activities before 

developing systems to support the extensions. 

2.5.3 New Mobility Use Cases 

This dissertation develops use cases for each of the corresponding segments 

identified in the cluster analysis. By creating a narrative around a protagonist 

representative of a larger segment, it assists smart city teams in focusing on a tangible 

workflow. The set of use cases forms the basis for the strategic planning activities of this 

Playbook. 
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2.6 STRATEGIC PLANNING 

Strategic planning is an organizational management activity that is used to set 

priorities, focus energy and resources, and develop a common vision in anticipation of a 

changing environment. It is an effort that outlines fundamental decisions and actions, 

shaping and guiding the direction of the organization. Effective strategic planning 

articulates the direction, necessary actions, and success measures. 

2.6.1 Why is Strategic Planning Important? 

Strategy defines action. Strategic planning offers a formalized roadmap that 

describes where the team is going and how they are going to get there. In providing a 

sense of direction, the smart city team can align goals of multiple internal and external 

stakeholders, driving the team’s energy towards a common purpose. Success of the team 

is defined through measurable outcomes.  

2.6.2 Strategic Planning Process 

There is no one right way to conduct strategic planning. It is important to select a 

process that is appropriate for the context of involved stakeholders. Within the smart city 

process described previously, strategic planning is comprised of crafting a bold vision 

and developing a technical approach. This dissertation will focus on the former, using the 

use cases derived from the cluster analysis to propose new mobility strategies that are 

tailored to their market segment.  

2.6.3 New Mobility Strategic Planning 

Strategic plans for each of the four clusters are developed. Components include 

identification of main pressure points; proposed technical, policy, and stakeholder 

engagement strategies; and a do-nothing scenario. The body of strategic plans will 

constitute a Playbook that makes recommendations for specific market segments.  



 53 

Chapter 3: Methodology 

In this dissertation, 36 cities are selected for analysis with the goal of making 

recommendations to policymakers and transportation leaders for strategically deploying 

mobility as a solution to social and economic challenges. This section will review the 

data sources, describe the analyses performed, and provide a framework for use case and 

strategy development. Taking into account the population, socioeconomic, health and 

environment, mobility, and technological characteristics of each place, the cities and 

census tracts are organized into clusters and micro-foundations, respectively. The 

analysis forms the basis for proposed use cases and short-listed solution sets are proposed 

for each cluster.   

3.1 SELECTED SMART CITY LANDSCAPE 

In developing the cluster analysis model, 36 cities, as well as their corresponding 

metropolitan statistical areas (MSAs) and census tracts, were selected and clustered 

according to 20 different attributes. Table 3 lists the cities with their corresponding MSA. 

The 16 cities that formed the basis of the selection included the seven finalists of the 

USDOT Smart City Challenge and the additional nine cities that are participating in the 

Texas Innovation Alliance. To supplement the original cohort, 20 other cities are chosen 

to provide an appropriate, robust, and well-defined cross-section of diversity that would 

be representative of a U.S. typology. Factors taken into consideration during the selection 

process include locations of other USDOT programs – such as the Connected Vehicle 

Pilot Deployment Program, innovative local policies – such as transit-oriented 

development, as well as first-hand experience of the researcher. The cities selected for 

this analysis are not intended to be a complete list, but rather serve as models that are 

pioneering the smart city landscape.  
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Table 3: Selected Smart City Landscape 

City MSA 

Austin, TX
*/**

 Austin-Roundrock Metro Area 

Columbus, OH
*
 Columbus, OH 

Denver, CO
*
  Denver-Aurora-Lakewood, CO 

Kansas City, MO
*
  Kansas City, MO-KS 

Pittsburgh, PA
*
 Pittsburgh, PA 

Portland, OR
*
  Portland-Vancouver-Hillsboro, OR-WA 

San Francisco, CA
*
  San Francisco-Oakland-Hayward, CA 

Arlington, TX
**

 Dallas-Fort Worth-Arlington, TX 

Bryan, TX
**

 College Station-Bryan, TX 

College Station, TX
**

 College Station-Bryan, TX 

Corpus Christi, TX
**

 Corpus Christi, TX 

Dallas, TX
**

 Dallas-Fort Worth-Arlington, TX 

El Paso, TX
**

  El Paso, TX 

Fort Worth, TX
**

 Dallas-Fort Worth-Arlington, TX 

Houston, TX
**

 Houston-The Woodlands-Sugar Land, TX 

San Antonio, TX
**

 San Antonio-New Braunfels, TX 

Ann Arbor, MI Ann Arbor, MI  

Baltimore, MD Baltimore-Columbia-Towson, MD  

Boston, MA Boston-Cambridge-Newton, MA-NH 

Boulder, CO Boulder, CO 

Buffalo, NY Buffalo-Cheektowaga-Niagara Falls, NY 

Charlotte, NC Charlotte-Concord-Gastonia, NC-SC 

Charlottesville, VI Charlottesville, VA 

Chicago, IL Chicago-Naperville-Elgin, IL-IN-WI 

Cleveland, OH Cleveland-Elyria, OH 

Detroit, MI Detroit-Warren-Dearborn, MI 

Los Angeles, CA Los Angeles-Long Beach-Anaheim, Ca 

New Brunswick, NJ New York-Newark-Jersey City, NY-NJ-PA  

New York, NY New York-Newark-Jersey City, NY-NJ-PA 

Philadelphia, PA Philadelphia-Camden-Wilmington, PA-NJ-DE-MD 

Phoenix, AZ Phoenix-Mesa-Scottsdale, AZ 

Seattle, WA Seattle-Tacoma-Bellevue, WA 

South Bend, IN South Bend-Mishawaka, IN-MI 

St. Louis, MO St. Louis, MO-IL 

Tampa, FL Tampa-St. Petersburg-Clearwater, FL 

Washington, DC Washington-Arlington-Alexandria, DC-VA-MD-WV 

TOTAL  

 
* Smart City Challenge Finalist 

** Texas Innovation Alliance Partner   
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3.2 MACRO- & MICRO-MODEL DEVELOPMENT 

A macro-model is developed to analyze the cities at both the city limit as well as 

metropolitan statistical area (MSA) levels to account for local and regional 

characteristics. The macro-model is most useful for developing big picture strategies and 

identifying peer cities. Market baskets of common characteristics indicate groups of cities 

that have similar needs and may work collaboratively towards a collective mobility 

agenda. By coordinating their efforts, cities have the power to advance the development 

of policies and solutions, shaping the mobility marketplace to drive investment towards 

communities most in need. 

To supplement the macro-model, a micro-model at the census tract level is also 

analyzed. The goal is to provide detailed information at a degree of granularity that 

would be more useful for transportation and political leadership related to their city. 

Within an individual city, the micro-model identifies priority candidates for investing in 

underserved communities, indicating where applications could be replicated, and reveals 

how strategies may need to adapt when scaling solutions. Connecting the results across 

cities, eleven micro-foundations form the basis for knowledge and technology transfer. 

Furthermore, the results provide insights into the community of practice enabling 

leadership to extract meaningful lessons learned from other cities and apply them within 

local contexts. The combination of intra- and intercity information at the micro-level is a 

powerful tool to advancing smart city solutions in an era of rapid transformation. 

The macro-level and micro-models are intended to be used in conjunction with 

one another. The macro-model aligns the priorities of multiple cities with one another to 

generate a shared vision and united approach to common challenges. The micro-model 

enables leadership to refine and tailor strategies to each unique context. Together they 

organize an incubator for new mobility solutions. 
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3.3 DATA COLLECTION 

Data is collected from the 2010 Census, the 2015 American Community Survey 

(ACS), the 2009 National Household Travel Survey (NHTS), the 2002 Vulcan Project, 

and the 2016 Esri Market Potential database. Variables include population, 

socioeconomic, health and environment, mobility, and technological characteristics. 

Table 4 summarizes the data used for this dissertation and a detailed description an 

analysis of individual attributes may be found in Appendix A. 

Table 4: Data Selected for Analysis 

Type Attribute Source 

P Population Total 2015 Census 

P Population Growth 2010 Census, 2015 ACS 

P Population Density 2015 ACS 

SE Educational Attainment 2015 ACS 

SE Median Household Income 2015 ACS 

SE Persons in Poverty 2015 ACS 

SE Unemployment Rate 2015 ACS 

SE Age, 65 years and over 2010 Census 

SE Age, 15-29 years 2010 Census 

SE Housing Affordability 2015 ACS 

HE Persons with a Disability 2015 ACS 

HE Vacant Housing Units 2015 ACS 

M Commuters who Carpool 2015 ACS 

M Commuters who Use Public Transit 2015 ACS 

M Commuters who Walk 2015 ACS 

M Workers with 1 Vehicle Available 2015 ACS 

M Workers with 2 Vehicles Available 2015 ACS 

M Person Miles Traveled 2009 NHTS 

HE Greenhouse Gas Emissions 2002 Vulcan Project 

T Market Potential Index 2016 Esri Market Potential 

   
 

P Population 
SE Socioeconomic 

HE Health & Environment 

M Mobility 
T Technology 
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The U.S. Census Bureau conducts a decennial census of everyone residing in the 

United States on the census date of April 1. In 2010, there were 10 questions on the form, 

which included key demographic information such as gender, age, race, household 

relationship and whether the housing unit was rented or owned. Data from the 2010 

Census is available from the national level down to the block level. 

The ACS is an ongoing survey that provides vital information on an annual basis 

about the United States population. It includes detailed socioeconomic data such as 

educational attainment, employment, and commuting characteristics. Data from the 2015 

ACS is available from the national level down to the block level. 

The NHTS is commissioned periodically by the Federal Highway Administration 

and includes a detailed travel diary on daily trips taken in a 24-hour period (FHWA, 

2009). Respondents record information about means of transportation used, travel time, 

vehicle occupancy, and miles traveled. Data from the 2009 NHTS is available from the 

national level down to the individual level.  

The 2002 Vulcan Project was a NASA/DOE funded effort under the North 

American Carbon Program (NACP) to quantify North American fossil fuel carbon 

dioxide (CO2) emissions at space and time scales of high granularity. The purpose is to 

aid in quantification of the North American carbon budget, to support inverse estimation 

of carbon sources and sinks, and to support the demands posed by higher resolution CO2 

observations (in situ and remotely sensed). The detail and scope of the Vulcan CO2 

inventory has also made it a valuable tool for policymakers, demographers, social 

scientists and the public at large.  

Esri's Market Potential database for the United States measures the likely demand 

for a product or service. Esri computes Market Potential by combining 2016 Tapestry 

Segmentation data with 2014 data from Gfk MRI. Over 2,000 attributes measure likely 
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demand for a wide variety of products and services, including automobiles, civic 

activities and political affiliation, clothing, electronics, internet usage, financial and 

insurance products, groceries, and health. The database provides the expected number of 

consumers and a Market Potential Index (MPI) at a number of geographic levels.  

3.2 PROCESS 

Using the data set described above, a five step process is performed: 1) Factor 

Analysis, 2) Cluster Analysis, 3) Interpretation of Results, 4) Use Case Development, and 

5) Strategic Planning.  

3.2.1 Factor Analysis  

Correlation between the 20 attributes is examined at both the macro- and micro-

levels. Some attributes have an extremely high degree of correlation with one another and 

therefore one or more variables are removed from the model. For example at the macro-

level, commuters who carpool was highly correlated to workers with two or more 

vehicles as well as density; density was retained in the model as a primary indicator along 

which to differentiate clusters. A factor analysis was performed to map the remaining 

attributes into composite factors to reduce the correlations. For example at both the 

macro- and micro-levels, household income and educational attainment are closely linked 

and combined in Socioeconomic Opportunity. Tables 5 and 6 show the factor loadings 

for the macro- and micro-level analyses, respectively. Socioeconomic opportunity is an 

important indicator a community’s access to healthcare, affordable housing, education 

and workforce development, and centers of employment. Urban Development is 

important for distinguishing urban from suburban environments. Neighborhood Maturity 

is critical for identifying communities who may desire to age in place. Transit-

Orientation is a significant indicator of the inclination to use new mobility services.   
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Table 5: Factor Analysis for Macro-Model 

Factors / Segmentation Variables Factor 1 
Socioeconomic 

Opportunity 

Factor 2 
Housing-

Mobility 

Factor 3 
Age and 

Activity 

Factor 4 
Age and 

Poverty 

Population Total 0.149 -0.559 0.689 -0.236 

Population Growth -0.735 0.073 0.325 0.084 

Population Density 0.149 -0.88 0.175 -0.169 

Age, 65 years and over  0.575 -0.358 -0.016 0.617 

Age, 15-29 years  -0.514 0.001 -0.532 -0.614 

Educational Attainment  -0.737 -0.332 -0.241 0.09 

Median Household Income -0.794 0.337 -0.026 0.271 

Housing Affordability  -0.029 -0.871 0.146 -0.09 

Persons in Poverty 0.707 0.191 -0.227 -0.523 

Unemployment Rate 0.875 -0.036 -0.151 -0.155 

Persons with a Disability 0.876 0.223 -0.174 0.212 

Commuters who Use Public Transit -0.06 -0.662 -0.255 0.372 

Commuters who Walk -0.279 -0.517 -0.616 0.012 

Workers with 1 Vehicle Available 0.473 -0.578 -0.427 0.009 

Greenhouse Gas Emissions 0.414 -0.123 0.453 -0.202 

Market Potential Index -0.803 -0.389 0.094 -0.191 

Table 6: Factor Analysis for Micro-Model 

Factors / Segmentation Variables Factor 5 
Socioeconomic 

Opportunity 

Factor 6 
Urban 

Development 

Factor 7 
Neighborhood 

Maturity 

Factor 8 
Transit-

Orientation 
Population Total -0.372 0.001 -0.541 0.38 

Population Growth -0.201 -0.18 -0.346 0.123 

Population Density 0.355 -0.591 -0.035 0.465 
Age, 65 years and over  -0.1 0.202 0.778 0.181 

Age, 15-29 years  0.355 -0.567 -0.41 -0.349 

Educational Attainment  -0.521 -0.68 0.237 -0.065 

Median Household Income -0.807 -0.21 0.143 -0.006 

Vacant Housing 0.663 0.119 0.035 -0.302 

Housing Affordability  0.485 0.198 -0.082 0.427 
Persons in Poverty 0.785 0.303 -0.228 -0.094 

Unemployment Rate 0.723 0.334 0.043 0.027 

Persons with a Disability 0.581 0.46 0.371 0.023 

Commuters who Carpool 0.182 0.46 -0.478 0.008 

Commuters who Use Public Transit 0.561 -0.462 0.174 0.418 
Commuters who Walk 0.325 -0.679 -0.004 -0.198 

Workers with 1 Vehicle Available 0.721 -0.32 0.04 -0.065 

Workers with 2 Vehicles Available -0.75 0.327 0.042 -0.153 

Person Miles Travelled -0.544 0.328 -0.269 0.186 
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3.2.2 Cluster Analysis 

Next, multiple cluster analyses are performed at the MSA, city, and census tract 

levels using Ward’s procedure described in Chapter 2. The Decision Pro Marketing 

Engineering for Excel Software package was utilized for the analysis. The software is 

built as an Excel Add-In and enables customized data entry for segmentation as well as a 

number of other applications. The following subsections describe a sensitivity analysis 

regarding different model specifications. 

3.2.2.1 Varying the Combinations of Cities 

The combination of cities selected for clustering impacts the types of clusters 

identified. By including College Station in the original analysis of 16 cities, a unique 

combination of attributes was revealed. Namely, the city exhibits a high percentage of 

young, well-educated, and low-income persons – representative of the student base 

attending the primary university. Subsequently, additional cities where the university was 

thought to play a central role in the social and economic activity were included in the 

analysis. In building upon the characteristics identified in College Station, an important 

typology – College Towns – are identified in the final analysis. 

Of the original 16, Pittsburgh was found to be unique for its decline in population 

at a time when other cities are growing rapidly. In order to better understand what other 

attributes were related, other cities who are experiencing declining populations were 

included in the analysis. As a result, a group of Renaissance Cities are identified in the 

final analysis. 

 Another unique situation is that of New York City, who exhibits a population 

total and density significantly greater than that of any other city. By identifying this 

difference in scale at the macro-level analysis, it indicates that its census tracts would 

require additional analysis to generate the granularity of results desired. It also reinforces 
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the concept that New York City is a global city and that its attributes may be more 

aligned with its peers such as London, Paris, and Shanghai. This is a topic for future 

research.   

The inclusion of Phoenix and Tampa also enabled the identification of high 

concentrations of elderly and disabled populations that are significantly higher than those 

found in the other cities. This information is useful in that these are cities are currently 

confronted with challenges that other cities will be facing in the coming years. As one of 

the Connected Vehicle Pilot Deployment locations, Tampa will be a critical city to watch 

for how they implement the technology and engage their underserved communities. 

3.2.2.2 Varying the Combinations of Attributes  

 The combination of attributes used for clustering is the most sensitive area of 

analysis; that is, the attributes have the greatest effect on the outcome of the clusters 

identified. This analysis has focused on population, socioeconomic, health and 

environment, mobility, and technology characteristics as a means to ascertain information 

about priority new mobility deployment areas and the corresponding strategies that are 

needed. Multiple attributes are included in each category and some attributes apply to 

multiple categories. In adjusting the types of attributes included in the cluster analysis, 

four primary factors are identified that classify the census tracts according to 

socioeconomic opportunity, urban development, neighborhood maturity, and transit-

orientation. 

 Multiple analyses were run that included and excluded race as an attribute to 

determine how it would impact the clustering of cities and census tracts. Clusters of 

primarily Hispanic communities were significant to identify areas where it is important to 

provide travel information in multiple languages. Race is also important to inform a 
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stakeholder engagement strategy by providing additional cultural context. Ultimately, 

race was removed from the model specification as it was determined that it does not 

directly imply a new mobility strategy; however race was included in developing a 

profile for each cluster to inform the development of use cases and new mobility 

strategies. 

 Other attributes may be considered in future research. The data used in this 

analysis is open data that is publicly available. If a city wanted to supplement the open 

data with that from internal sources, such as departmental transportation or public works 

information, as well as that from industry partners, such as freight or origin-destination 

information, the clustering model could provide additional insights.   

3.2.2.3 Varying the Number of Clusters  

The number of clusters impacts which communities are identified as significantly 

different to warrant a distinct new mobility strategy. The macro-level model was 

analyzed for three, four, and five clusters before making an appropriate selection. Figure 

7 shows the dendrogram for the clustering of all 36 cities and was used to inform the final 

selection of four clusters.  

The micro-level model was analyzed for six through twelve micro-foundations in 

order to select a typology that adequately represented a diverse cross-section for each 

city. Figure 8 shows the dendrogram for the clustering of census tracts. With twelve 

micro-foundations, it was discovered that what was considered average for one cluster of 

cities was considered underserved for another cluster of cities. Ultimately, eleven micro-

foundations were selected so that an average across all 36 cities could be used as a 

baseline frame of reference. 
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3.2.2.4 Criteria for Selecting Clusters  

The criteria identified for making a final cluster selection are that the clusters 

must be 1) diverse, 2) robust, 3) well-defined, and 4) intuitive. Diversity refers to the 

importance of distinguishing different baskets of community needs from one another. In 

order to generate an appropriate cross-section across the 36 cities, it is important to 

provide leadership with a minimum of three micro-foundations clusters specific to their 

city. The three micro-foundations will generally correspond to high-, medium-, and low-

priority. Robustness reflects a critical mass of cities or census tracts that exhibit similar 

characteristics to one another to constitute a cluster. For example, College Station was 

originally identified as a unique cluster of one; however, upon the inclusion of additional 

cities, a robust cluster of College Towns was identified. Well-defined refers to a cluster’s 

strength of compactness around a centroid of common characteristics. If a cluster is 

sparse, it could indicate that there are multiple clusters that should be separated. Finally, 

intuitive is associated with a cluster’s direct connection to a corresponding new mobility 

strategy. As a counterexample, if there is a cluster of census tracts with high percentages 

of single parent households with children under 18 years, dog owners, and persons who 

enjoy playing sports, this may be useful information for locating a new recreational park 

but does not strongly imply an intelligent transportation strategy. Together these four 

criteria are applied towards the final macro- and micro-level cluster selection. 

3.2.3 Interpretation of Results  

The clusters are not the end in themselves. Four macro-level clusters and eleven 

micro-foundations are identified. The clusters are described in greater detail in the next 

chapter and individual information may be found in the Appendix. An explanation of 

how cluster analysis is a useful mechanism for revealing patterns, identifying strategic 

priorities, and leveraging a network of innovators is described in this section. 
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Cluster analysis can assist in diagnosing a city’s strengths and challenges, 

identifying innovative ways to shape its mobility future. The driving force in shaping the 

new mobility marketplace is a network of cities who actively collaborate with and learn 

from one another to advance solutions, policies, and discourse. In leveraging expertise 

and resources, cities can optimize their collective capacity to better serve their 

communities. 

Different strategies correspond to different clusters. Rather than the typical one-

size-fits-all approach, the proposed Playbook uses the analysis to develop a unique 

profile of each cluster and recommends short-listed solutions specific to local context. 

The synthesis of the information facilitates knowledge and technology transfer within an 

individual city as well as between analogous peers.  

3.2.4 Use Case Development  

The following section outlines a process for developing use cases for each micro-

foundation. The most effective way to employ use cases is at the level of an individual 

city so that the solutions may be developed in context. A use case identifies a 

representative protagonist and develops a corresponding mobility narrative. The setting is 

described as well as scope and level, stakeholders and interests, goals, and success 

scenarios and extensions. Use cases are used to drive the strategic planning process by 

providing concrete examples for transportation leaders and policymakers to consider. 

Figures 4 and 5 show the relationship between use cases and strategic planning. 

Protagonist and Setting. Each micro-foundation may be used to generate a 

representative citizen experience. Information regarding the family or individual’s age, 

gender, number of children, income level, and race may be included to inform the 

mobility needs.  
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Goals. Understanding the primary objectives of each use case highlight whether 

the protagonist values safety, mobility, environmental, or community goals. Insight into 

benefits and barriers from the perspective of the user inform how the strategy is framed 

and deployed. 

Scope & Level. Concepts for pilot and full-scale deployments may be developed. 

Other considerations may include a short-, mid-, and long-term implementation plan. 

Stakeholders & Interests. Identifying nuances within a community or other 

external stakeholders and their respective interests is important for mapping the social, 

political, and economic networks of cities. In creating coalitions of support for similar 

goals, communities and cities can align themselves with financial and political support. 

Main Success Scenarios and Extensions. Benefits and barriers may be identified 

to form a package of proposed new mobility strategies. Low hanging fruit as well as 

longer-term efforts are identified to provide guidance to cities in developing their 

individual smart city roadmaps. 

Example Use Case. In its Smart City Challenge application, the City of Portland 

offered several use cases (City of Portland, 2016). One describes a protagonist, Iraida. 

She is a visually impaired citizen who lives on a fixed income. She can get to basic 

services like the grocery stores and the laundromat by walking or using transit, but needs 

her son to drive her to medical appointments and to major shopping areas. She has a cell 

phone, but not a data plan, and is not necessarily comfortable using app technology. This 

use case was used to generate new mobility strategies such as safe pedestrian and transit 

routing, improved traveler information for ADA infrastructure, and hands-on training on 

how to use the tools, programs, and services. 
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Figure 4: Use Case Template 

 
 

     
 

 
 

 
 

 
 

 

Figure 5: Strategic Framework 

Use Case 

Protagonist & Setting 
Suburban Communities        Underserved Communities        Urban Communities 

Goals 
 

 Safety 

 Mobility 

 Environmental 

 Community 

Scope & Level 
 

 Pilot 

 Full-Scale  
 

Stakeholders & Interests 
 

 Neighborhood s 

 Policymakers 

 Industry 

 Institutions 
 

Main Success Scenario & Extensions 
Near-Term                                Mid-Term                                Long-Term 

 

Technical Areas 

Next Generation Vehicles 
& Services 

 Automated Vehicles 

 Connected Vehicles 

 Electric Vehicles 

 Shared Mobility 
 

Infrastructure 

 Connected Corridors 

 Smart Stations 

 Road Side Units and 
Smart Signals 
 

 

Data & Information 

 Sensors 

 Data Management 
Centers 

 Integrated Payment 
Platforms 

 

Policies 

Travel Demand Management   Complete Communities 

Land Use & Planning    Education & Workforce Development 

Environmental      Economic Development 

 

 
Stakeholder Engagement 

Stakeholder Groups    Digital Inclusion 

Main Messages     Outreach Techniques 
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3.2.5 Strategic Planning  

The use cases serve as the starting point for new mobility strategic planning 

efforts. Based upon past and ongoing pilot project efforts, recommendations are made for 

cities in their approach to next generation vehicles, sensor-based infrastructure, big data, 

and ladders of opportunity. Also included, are suggested policies and stakeholder 

engagement strategies for each of the four dominant clusters. Together, these three 

components offer a comprehensive approach for specific use cases that coalitions of cities 

may collaborate on to accelerate the development of new mobility solutions and policies. 

Technical Areas. A critical part of any new mobility strategy is the technical 

component. It is important to place technology within the context of community and use 

it as a tool, not a solution in itself. Technical areas of focus include 1) Next Generation 

Vehicles and Services, 2) Infrastructure, and 3) Data and Information. The technical areas 

are structured in this way to enable cities to identify the right public agencies or divisions 

as well as attract industry that are organized in a complementary fashion. 

Policies. To support the introduction and adoption of new mobility strategies, a 

policy package should be in accompaniment. Areas of focus include travel demand 

management, land use, environmental, and economic development. By connecting 

technology with policy, cities can make data-driven decisions regarding their 

prioritization and application of limited resources.  

Stakeholder Engagement. The approach to engaging the right body of 

stakeholders will fluctuate for each use case and should be tailored to each community’s 

context to maximize impact. Areas of focus include outreach techniques, stakeholder 

groups, digital inclusion, and main messages. It is important to engage the stakeholder 

community early and often, and applying the right methods at the right time can make a 

significant difference.   
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Chapter 4: Results, Analysis, & Recommendations 

4.1 FOUR CITY CLUSTERS 

The city-level cluster analysis identifies four clusters: 1) Reimagining Cities, 2) 

Dense and Dynamic Cities, 3) Renaissance Cities, and 4) College Towns. Figure 6 shows 

the cities that correspond to each cluster. Figure 7 describes in greater detail through a 

Ward Dendrogram the level of similarity between aggregates of cities. The clusters 

represent groups of city peers that are experiencing similar mobility challenges and may 

benefit from advancing a common agenda for action. By aligning technical, policy, and 

stakeholder engagement strategies with other cities within the same cluster, transportation 

leaders and policymakers can leverage their collective purchasing power and influence to 

shape the smart city market. As cities learn from one another in real-time, the clusters 

may be used to contextualize lessons learned, enabling cities to identify solutions that are 

more relevant and maximize their prospects for success. Looking across clusters, 

transportation leaders and policymakers can anticipate challenges from other cities who 

are more advanced in their smart city development and avoid repeating the same 

mistakes. As a whole, the clusters represent a multidimensional action network that cities 

may utilize to leverage talent, resources, and solutions. 

To consider regional implications, a clustering analysis is performed on MSAs. 

Figure 8 shows the MSAs that correspond to each cluster. In particular, Phoenix, 

Portland, and Seattle shift from Dense and Dynamic to Reimagining because while there 

is substantial public transit infrastructure in the urban core, the cities are surrounded by 

an auto-oriented suburban ring of development. Other changes to note are Corpus Christi, 

El Paso, and Tampa that have shifted into the Renaissance cluster due to the breadth of 

the socioeconomic challenges they are facing. While regional awareness is important, 

city clusters are used as the basis for the Playbook as it aligns with political leadership. 
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Figure 6: City Cluster Analysis Results  
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Figure 7: Dendrogram of Cities 
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Figure 8: MSA Cluster Analysis Results  
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4.2 ELEVEN MICRO-FOUNDATIONS 

Cities are not homogeneous; additional detail is needed to formulate technical, 

policy, and stakeholder engagement strategies. In order to supplement the city-level 

cluster analysis, eleven micro-foundations are identified at the census tract level. Figure 9 

shows the Ward Dendrogram of micro-foundation groupings. In particular, three major 

categories are identified: Suburban, Underserved, and Urban. Table 7 lists the micro-

foundations and characterizes them along four dimensions. The micro-foundations enable 

transportation leaders and policymakers to identify patterns of mobility needs at a higher 

level of granularity to assist in tailoring solutions for specific communities. Using the 

micro-foundations as a diagnostic tool, transportation leaders and policymakers can 

develop new mobility solutions that are tailored to the diverse needs of each community. 

 

Figure 9: Dendrogram of Micro-Foundations 
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Table 7: Micro-Foundation Characteristics 

Attribute 
Suburban Micro-Foundations 

A H I 

Socioeconomic Opportunity 
Medium Medium High 

Mobility Culture 
Auto-Oriented Auto-Oriented Auto-Oriented 

Built Environment 
Stable Suburban Growing Suburban Growing Suburban 

Public Health 
Average Young & Active Average 

 

Attribute 
Underserved Micro-Foundations 

B K F D G 

Socioeconomic Opportunity 
Low Low Low Very Low Very Low 

Mobility Culture 
Multimodal Multimodal Multimodal Multimodal Transit-Oriented 

Built Environment 
Stable Interurban 

Declining 
Interurban 

Growing 
Interurban 

Declining 
Interurban Stable Urban 

Public Health 
Average Elderly & Disabled Young & Active Elderly & Disabled Average 

 

Attribute 
Urban Micro-Foundations 

C J E 

Socioeconomic Opportunity 
Medium Medium Medium 

Mobility Culture 
Multimodal Bike/Ped Transit-Oriented 

Built Environment 
Growing Interurban Growing Urban Growing Urban 

Public Health 
Young & Active Young & Active Young & Active 
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4.3 HOW TO USE THE PLAYBOOK 

The Playbook is intended to equip transportation leaders and policymakers with 

the tools needed to navigate the nebulous smart city landscape. In a rapidly evolving 

market, it can be difficult to know where to start, what the best practices are related to 

emerging technologies, and how to leverage limited resources. Transportation leaders and 

policymakers would benefit from guidance in establishing a baseline of mobility needs, 

prioritizing pilot projects, and connecting with city peers who are in alignment with local 

initiatives. Typical smart city resources approach cities uniformly; however, the 

clustering methodology described in Chapter 3 reveals important dimensions along which 

cities differentiate themselves from one another. The Playbook represents an advance in 

the mobility conceptualization of smart cities, addressing shortcoming of other resources 

and offering a process for formulating answers to the following questions: 

1) How is my city unique? 

2) How is my city positioned within the smart city landscape? 

3) What is the collective agenda for action that my city should pursue in 

collaboration with other cities? 

The Playbook uses clustering as a diagnostic tool to identify patterns of mobility 

needs and organizes cities into groups who would benefit from aligning their smart city 

agendas with one another. By working together, cities can minimize duplication of effort 

and accelerate generation of appropriate solutions. A strategic framework for developing 

a portfolio of technical, policy, and stakeholder engagement strategies is presented. For 

each of the four city clusters identified, the following section defines the main pressure 

points each is experiencing, proposes a short-listed solution set, and describes the 

consequences of a do-nothing scenario. This information enables transportation leaders 

and policymakers to craft a unique value proposition as well as contextualize lessons 



 75 

learned from other cities. In mapping the network of smart cities and their relationship to 

one another, the Playbook reveals an intelligent structure for optimizing the smart city 

community of practice. 

4.2.1 Reimagining Cities  

The largest delegation of cities is characterized as “Reimagining Cities” to 

indicate their imminent need to pivot. Their historic approach to transportation has been 

one of building additional capacity, a decision that has been enabled by ample right of 

way and an auto-oriented culture, but is now creating significant operational and 

maintenance burdens. As these cities look forward to the next generation of mobility, 

they will need to change course in their approach to support a multimodal transportation 

system or confront the realities of worsening congestion. 

4.2.1.1 Main Pressure Points  

Reimagining Cities are facing acute pressures from rapid population growth, 

limited accessibility, and sprawling patterns of land development. The confluence of 

these factors necessitates a multimodal approach to transportation and land use. Solutions 

will need to consider how to drive mobility-oriented development in a way that manages 

urbanization equitably and sustainably.  

Between 2014 and 2050, the United States is expected to grow by more than 78 

million with 87 percent of the population residing in urban areas by 2050 (United 

Nations, 2014). The Reimagining Cities are projected to experience this growth at a more 

rapid pace. Between 2010 and 2015, the Reimagining Cities grew at a rate of 8.7 percent 

on average with many areas growing at rates above 10 percent, while the United States 

grew at a rate of 4.9 percent on average. In addition to an increase in population, 

households are adding new vehicles and emissions to the already congested road 
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network. In 2014, peak auto commuters in Houston (61 hours; $1,490), Dallas-Fort 

Worth-Arlington (53 hours; $1,185), Austin (52 hours, $$1,159), Denver (49 hours; 

$1,101), San Antonio (44 hours, $1,002), and Columbus (41 hours, $933) experienced 

annual delay and congestion costs of over 40 hours – an entire workweek. The rapid 

growth in these major urban areas is creating significant demands upon the transportation 

system that will require transportation agencies to think beyond adding capacity to an 

already overextended network. 

The auto-oriented approach to transportation in these cities has created an 

accessibility crisis. In particular, members of underserved communities are challenged to 

reach activity centers of employment, education, or healthy food. While there may be 

recognition to shift travelers away from drive alone behavior, there are few transportation 

alternatives to consider. In these cities, only three percent of workers use public 

transportation to commute as compared with the 24 percent of their Dense and Dynamic 

counterparts. Similarly, there is a discrepancy between funding priorities to support 

multimodal programs. For example, the City of Portland has a longstanding tradition of 

supporting transit, bike, and pedestrian initiatives while the City of Austin has only begun 

a recent exploration of alternatives through Capital Metro’s Project Connect, the Austin 

Strategic Mobility Plan, and the establishment of a Multimodal Community Advisory 

Committee in January of 2017. With limited investment in public transportation 

infrastructure, there is a self-reinforcing cycle between low ridership and inadequate 

services. In order to break this cycle, a multi-pronged approach to create new mobility 

options, influence travel behavior, and secure multimodal investment will be critical. 

The Reimagining Cities have also enabled sprawl patterns of land development to 

expand the transportation service area beyond the urban core to include a multitude of 

satellite suburbs. The low-density, single-use, and auto-dependent communities have 
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decentralized the transportation system and will require a different mobility solution than 

the Dense and Dynamic cities that are more compact. The lowest of the four clusters, the 

Reimagining Cities have an average population density of 2,780 persons per square mile. 

As a rule of thumb, it is recommended that service areas have a minimum population 

density of 3,000-4,000 persons per square mile to support a basic level of local bus 

service (ITE, 1989). As emerging technologies and new business models are redefining 

transit operations, the Reimagining Cities will need to consider fixed and flexible, public 

and private, as well as local and regional models. Furthermore, the Reimagining Cities 

will need to prepare for the risk that the introduction of automated vehicles may enable 

people to live farther from the urban core – exacerbating sprawl, increasing congestion, 

and contributing to air pollution. 

4.2.1.2 Short-Listed Solution Set  

Technical. To address the lack of options and influence travel behavior, the 

Reimagining Cities should create a mobility marketplace. The marketplace enables 

people of all communities to equitably and seamlessly access transportation options that 

are affordable, reliable, and convenient. Using the limited public transit infrastructure to 

their advantage, Reimagining Cities are able to attract private transit providers to meet 

the demand for regional interconnectors as well as flexible first- and last-mile solutions. 

Key criteria to consider when prioritizing pilot candidates for launching a mobility 

marketplace are rapid growth, high density, and barriers to socioeconomic opportunity. 

Smart stations may be designated as anchors of development needed to support first- and 

last-mile services and connected corridors may be instrumented with intelligent sensors 

to support connected and automated regional services. Identifying pockets of low-

income, high carpool users and young urbanites with a propensity for using shared 



 78 

mobility services may represent early adopter communities. The patterns of micro-

foundations identified in this Playbook will assist Reimagining Cities in mapping 

potential locations for smart stations and building a network of connected corridors. 

Policy. In order to sustainably manage the expected growth in population, the 

Reimagining Cities should develop integrated transportation and land use policies. By 

identifying and cultivating smart stations as nodes of higher-density, multi-use, mobility-

oriented development, the Reimagining Cities can create the conditions necessary to 

support an ecosystem of public and private transit services. In concert, promoting transit 

services along connected corridors as a more affordable and convenient option to driving 

alone can incentivize travelers to change modes. Examples include dedicating high 

capacity lanes that can double as technology lanes to test connected and automated 

technologies, increasing parking costs, or designating curb space for shared mobility 

providers. Other policies to address peak-hour congestion may include working with 

major employers to subsidize transit, encourage flex hours, or support telecommuting. 

Stakeholder Engagement. The Reimagining Cities face a significant barrier in 

overcoming an auto-oriented culture. A feedback loop is needed to understand if new 

mobility solutions are impacting travel behavior and effectively evaluate mode shift 

strategies. As transportation leaders and policymakers seek to generate new 

transportation alternatives, it will be important to understand the needs of transit-

dependent populations and their challenges with the current system. The micro-

foundations identified in the Playbook serve as indicators, but first-hand insights are 

recommended for transportation leaders and policymakers to become champions as they 

work with private transit providers to meet the needs of their communities. For example, 

there are over 45 different languages spoken in the Rundberg neighborhood in Austin. In 

order to develop a mobility marketplace that meets the needs of the residents, a digital 
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inclusion strategy that provides information in multiple languages will be key to ensuring 

the solution is accessible for all. It will also be critical for the stakeholder approach to be 

regional in its scope, from both an agency as well as community perspective. With a 

significant number of people living in the suburbs and commuting into downtown, 

additional outreach will be needed to proactively manage growth and coordinate 

transportation investments on a regional scale. 

4.2.1.3 Do-Nothing Scenario  

If the Reimagining Cities are unable to adapt, their limited resources will be 

insufficient to maintain their regionally expanding infrastructure network, congestion will 

choke their economies, and their underserved populations will be further isolated from 

opportunities. Without affordable or convenient transportation options, the auto-oriented 

culture will become entrenched and reinforced through land use policies that are unable 

to attract or sustain an equitable private transit market. In addition, there is a risk that 

automated technologies may be introduced in ways that enable greater sprawl, increase 

vehicle miles traveled, and worsen air quality. If transportation leaders and policymakers 

refuse to think regionally, the transportation system will continue to be fragmented and 

multimodal investments will remain out of reach. Building upon their strengths, however, 

the Reimagining Cities have an opportunity to reinvent the transit system as a public-

private enterprise and in the process redefine the city of the future. 

4.2.2 Dense & Dynamic Cities  

The most populous faction represents the cities who are both “Dense and 

Dynamic” in nature. With concentrated urban development, these cities have been able to 

support multimodal infrastructure; however, neighborhoods are evolving to a point where 

they are becoming unaffordable and new mobility business models are competing with 
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traditional transportation services. In order to avoid the pitfalls of disruption, these cities 

will need to reconcile legacy and new mobility systems or endanger their historic 

character. 

4.2.2.1 Main Pressure Points  

Dense and Dynamic Cities are challenged with an affordability dilemma, 

discontinuities in first- and last- mile connectivity, and negative impacts to environmental 

quality. The combination of these stresses demands a systems approach mass mobility. 

Solutions will need to consider how to integrate and fund a seamless transportation 

experience in a way that preserves neighborhood identity. 

When infrastructure and transportation projects are upgraded, development-

induced displacement can occur. Property values and rents rise, destabilizing some 

communities that have strong traditional and cultural significance in the city. Over 10 

percent of the owner-occupied housing in the Dense and Dynamic Cities are spending 30 

percent or more of their household income on monthly housing. Neighborhoods in places 

such as San Francisco, DC, and Chicago are becoming gentrified, leading to a 

suburbanization of poverty. Powerful policies are needed to enable low-income residents 

to gain an equity stake in the revitalization of their communities and mitigate the 

unintended consequences of redevelopment.  

Although an established public transit infrastructure exists in the Dense and 

Dynamic Cities, there are still significant first- and last-mile gaps in the system. Barriers 

to using public transit include low level of service, lack of available route, or the 

inconvenience of too many transfers. This has created an opportunity for private transit 

services to meet the growing travel demand. While most new mobility services have been 

shown to be complementary to public transit, substituting for more personal vehicle trips 
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than public transit trips; it is still unclear, however, if they will lead to an increase or 

decrease in vehicle miles traveled (Center for Automotive Research, 2016). Concerning 

microtransit specifically, 70 to 80 percent of the first users of Bridj in Boston were transit 

riders, and for this population Bridj is in direct competition with traditional transit 

operators (Bacon, 2015). Transportation leaders and policymakers will need to carefully 

evaluate the impact of new mobility services to public transportation revenue streams and 

consider how to best minimize the risk of increasing vehicle miles traveled. 

As the most populous group, the Dense and Dynamic Cities face environmental 

quality issues. The Los Angeles, New York, and Chicago metropolitan areas are the top 

three contributors in the United States to annual tons of carbon dioxide. With the prospect 

of automated vehicles leading to more travel, the Dense and Dynamic Cities will need to 

be cognizant of encouraging travel choices that minimize greenhouse gas emissions. In 

addition, several cities are considered non-attainment areas and consistently qualify for 

funding from the Congestion Mitigation and Air Quality (CMAQ) program. Fleet 

electrification, traffic signal coordination, and advances in on-board diagnostics represent 

opportunities for the Dense and Dynamic Cities to collectively improve air quality.  

4.2.2.2 Short-Listed Solution Set  

Technical. Building upon the strong transportation bones of the city, the Dense 

and Dynamic Cities are best positioned to tackle the first- and last-mile problem by 

integrating public and private transit services. With high degrees of urban density, shared 

mobility providers can leverage the built-in customer base. In conjunction, vehicle fleets 

present an opportunity to accelerate the adoption of electrification, connected, and 

automated technologies. While each technology will mature at its own pace, 

transportation leaders and policymakers can prioritize the synergy as an ideal. In its 
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Smart City Challenge application, San Francisco proposed a framework using four use 

cases to promote a path for Shared Electric Connected Automated Vehicles (SECAVs) 

(SFMTA, 2016). To support access to a plethora of transportation options, the Dense and 

Dynamic Cities may advance mobility as a service models that enable the packaging of 

multimodal services in a subscription service. Coupling this emerging business model 

with affordable housing policies could encourage residents to forego owning a vehicle in 

an effort to reduce overall household housing and transportation budgets. 

Policy. Gentrification is a complex issue that will require transportation leaders 

and policymakers to link transportation accessibility with housing affordability. 

Philadelphia recognizes that the city cannot afford to slow development; and yet should 

seek to encourage growth while protecting long-term homeowners and creating 

neighborhoods that are economically and racially diverse (Young, 2015). The city has 

implemented the Longtime Owner-Occupants Program, which provides a tax break for 

homeowners whose property assessments increase by 300 percent or more in the course 

of one tax year. Another risk Dense and Dynamic Cities face is the potential loss in 

public transit revenue due to the influx of private mobility services. Alternative funding 

streams should be considered. For example, in December 2016 New York Public Transit 

Association recommended a fee on transportation network companies, similar to the New 

York City taxicab surcharge used to fund the MTA, to support upstate and downstate 

public transit (NYPTA, 2016). In addition, if public transit and taxi services are reduced, 

policies will need to be in place to ensure underserved communities, particularly 

paratransit-dependent individuals, are receiving equitable access. As the Dense and 

Dynamic Cities move forward, an affordability and accessibility agenda will be a focal 

point. 
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Stakeholder Engagement. In order to overcome the digital divide, additional 

outreach will be needed to identify the best methods for connecting underserved 

communities with the mobility options they need. The integration of public and private 

transit providers will depend upon accessing a digital platform, typically through a 

smartphone. Public input on potential alternatives such as kiosks, public Wi-Fi hotspots, 

pre-loaded transit cards, or utilizing other public digital resources such as libraries will be 

critical to the public acceptance of new mobility. 

4.2.2.3 Do-Nothing Scenario  

If the Dense and Dynamic Cities fail to retool, long-term residents will be priced 

out of historic neighborhoods, the public and private transit service providers will 

compete for market share, and air quality will worsen. Public transit agencies must 

innovate and integrate with private transit providers to address the first- and last-mile 

connectivity problem, or inconvenience will continue to be a barrier for changing drive 

alone behavior. In addition if automated technologies are introduced without regard for 

sustainability, vehicle miles traveled may rise, idling time may increase, and vehicle 

emissions may escalate in the already polluted urban areas. Furthermore, policies are 

needed to uphold private transit providers to equity standards and ensure that underserved 

communities remain affordable. Capitalizing on the well-establish infrastructure and 

transit-oriented culture, the Dense and Dynamic Cities have an opportunity to create a 

seamless transportation experience and in the process preserve the identity of their cities. 

4.2.3 Renaissance Cities  

The corps of cities who will need to overcome the most ingrained challenges are 

the Renaissance Cities. Once industrial centers of economic activity, a series of 

recessions has led to significant loss in manufacturing jobs, urban implosion, and deep 
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poverty. As these cities strive to revitalize their urban core, mobility will need to be hand 

in glove with economic redevelopment or disruption may slide them into another 

downward spiral. 

4.2.3.1 Main Pressure Points  

Renaissance Cities are struggling to tackle multiple dimensions of socioeconomic 

challenges, including limited socioeconomic mobility, public health considerations for 

elderly and disabled communities, and urban implosion. The convergence of these 

challenges has created a cycle of poverty. Mobility solutions will need to empower 

people to move from poverty to economic independence in order to achieve sustainable 

and systemic change. 

Socioeconomic mobility is characterized by an individual’s ability to move 

between classes of opportunity based upon income, education, and occupation. The 

Renaissance Cities are performing the poorest in all three of these categories. The median 

household income in these cities is $32,700; only 25 percent of the persons aged 25 years 

and over have a bachelor’s degree or higher; and there is an average unemployment rate 

of 14 percent. For households with limited mobility options, they face barriers in 

accessing healthcare, education, and employment opportunities. Furthermore, workforce 

development initiatives will be needed to recalibrate workers to meet the demands of the 

new mobility industry. The Renaissance Cities have an opportunity to elevate 

socioeconomic mobility to the top of the policy agenda by encouraging equal access for 

people of every income, ability, and talent level. 

The Renaissance Cities have high concentrations of elderly and disabled 

populations, which have distinctive implications for the mobility system. Research has 

shown that seniors who are unable to drive or have limited mobility choices often 
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experience a loss of self-esteem and feelings of isolation (Source, 2015). In the 

Renaissance Cities, 12 percent are 65 years and over and another 12 percent of persons 

under the age of 65 years have a disability. Providing affordable alternatives to driving 

enables older adults or those with disabilities to maintain their independence as long as 

possible. In particular, transportation leaders and policymakers should consider how new 

mobility services can better connect these communities with healthcare services, grocery 

stores, and activity centers. In partnering private transit providers with local advocates, 

the Renaissance Cities can improve overall public health by delivering convenient 

mobility services to citizens who rely upon driving alternatives. 

The economic shocks of past decades, combined with population shifts and 

changes in the housing market, have provoked a wave of urban implosion. While other 

urban areas are growing rapidly, an exodus of people have left the city limits or the 

region altogether. For example, Detroit and Cleveland experienced a population decline 

of 5.1 percent and 2.2 percent, respectively, between 2010 and 2015. Other cities, such as 

Pittsburgh and South Bend, have begun to bounce back with downtown revitalization 

efforts. Many neighborhoods are faced with high percentages of vacant and abandoned 

homes, requiring intensive demolition and rehabilitation efforts. The City of South Bend 

launched its 1,000 Homes in 1,000 Days initiative under Mayor Pete Buttigieg. By day 

1,000 the City had taken action on 1,122 properties, repairing nearly 40 percent (City of 

South Bend, 2015). In order to combat the effects of urban implosion, the Renaissance 

Cities will need to incorporate mobility-oriented development principles into community 

reinvestment strategies. 
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4.2.3.2 Short-Listed Solution Set  

Technical. The Renaissance Cities should use mobility as a vector into addressing 

the complex socioeconomic challenges underlying poverty. Shared mobility services may 

be used to connect communities with healthcare services, education and workforce 

development opportunities, and centers of employment. The micro-foundations identified 

in the Playbook may be used to identify priority pilot candidates for establishing 

connected corridors that most benefit underserved communities. The City of Pittsburgh 

proposed a network of ‘Smart Spines’ using fixed assets – streetlights and traffic signals, 

storm-water pipes, electric lines, and even city staircases – to deploy new sensors and 

communications equipment to lay the groundwork for connected and automated vehicle 

testing (City of Pittsburgh, 2016). To open the multimodal system to all, a single payment 

platform should be developed to enable households without bank accounts, credit cards, 

or online payment systems to access new mobility options. This platform would also 

enable cities to subsidize a public-private transit system that directly serves disadvantages 

households. 

Policy. Economic redevelopment plans are prime opportunities for introducing 

new mobility services while addressing urban blight. Connected corridors that are 

designated as proving grounds for connected and automated vehicle technologies may be 

identified to coincide with tax incentives to attract and grow businesses. As private transit 

services are introduced, Renaissance Cities may identify new revenue streams to support 

equitable access for communities in need. For instance, Oakland sells permits for car-

sharing curb space. These funds go to reduce car-sharing costs for low-income 

communities (MTI, 2012). To address neighborhoods that have been rendered vacant and 

abandoned, innovation districts may be established to incentivize development with tax 

increment financing or other value capture mechanisms. Combined with exercising 
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economic development levers, mobility can become the connective tissue for linking 

underserved with opportunities. 

Stakeholder Engagement. Many of the communities in the Renaissance Cities 

will require a high-tech, high-touch approach to stakeholder engagement. Expanded 

efforts are needed to include disadvantaged communities in mobility planning. 

Empowering a network of Smart Ambassadors – community activists –may facilitate 

bridging the disconnect between government and neighborhoods. A digital inclusion 

strategy will also be needed to support individuals without smart phone technology or 

banking relationships. Technology tutorials or free rides on new services may be 

effective in overcoming public acceptance barriers. For example, Uber is partnering with 

senior organizations and piloting discounted programs in a few cities, including 

Columbus and Phoenix (Quoted, 2015). The program enables older customers to book 

rides through a phone operator and bypassing smartphone apps entirely. UberASSIST is 

another initiative that specially trains drivers to help passengers get into the vehicle, load 

scooters, and fold wheelchairs. The Renaissance Cities can learn much from pilots in the 

larger, denser cities and swiftly implement programs of their own tailored to specific 

communities. 

4.2.3.3 Do-Nothing Scenario  

If the Renaissance Cities cannot break the cycle of poverty, urban conditions will 

continue to worsen and community will suffer. Without coordinated economic 

development and mobility solutions, income inequality will worsen and people will have 

limited opportunities to improve their socioeconomic status. In neighborhoods that have 

fallen into disrepair, property values will continue to decrease, families will leave, and 

the city will become overburdened with rehabilitation costs. As new mobility services are 
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introduced, there is a risk in further isolating disadvantaged communities. A digital divide 

will lead to inequalities between those who have the equipment and literacy to access 

transportation options and those who do not. Using the redevelopment opportunities to 

their advantage, the Renaissance Cities have the potential to reinvent themselves and 

become leaders in community-centric mobility. 

4.2.4 College Towns  

The final class of cities includes College Towns where a dominant university 

plays a central role in the social and economic activity of the area. With a nexus of talent 

and expertise, these cities have a highly skilled workforce; however, universities are 

increasing in population, expanding in footprint, and are competing to meet the growing 

cultural demands for technology. New mobility will not withstand a fragmented system; 

cities and universities will need to coordinate transportation services and traffic 

operations, or stress town and gown relations. 

4.2.4.1 Main Pressure Points  

Cities and universities in College Towns are charged with jointly supporting 

services for universities that are increasing in population, expanding in footprint, and 

demanding the conveniences of technology. The mixture of these challenges creates a 

unique dynamic – one characterized by economic segregation between the significant 

student base and the more mature population and another characterized by the town and 

gown relationship. Solutions will need to approach the transportation system holistically 

in a way that fosters a symbiotic partnership between city and university. 

University enrollment is continuing to increase, placing stress upon university and 

city resources. Between 2004 and 2014, enrollment in degree-granting postsecondary 

institutions increased 17 percent, from 17.3 million to 20.2 million (NCES, 2016). An 
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increase in student population is disproportionately experienced by the cities in the 

College Towns. For example, Texas A&M University makes up 24.8 percent of Bryan-

College Station and the University of Michigan constitutes 21.4 percent of Ann Arbor 

(Florida, 2016). Between 2015 and 2025, Texas A&M University is expected to grow 

from 59,500 to 70,000 students, an increase of 17.6 percent (Texas Higher Education 

Coordinating Board, 2015). The student population is on average between 18-24 years of 

age, well-educated, and low-income. Many rely upon transit, biking, and walking as their 

primary mode of transportation. Keeping these characteristics in mind, cities and 

universities can develop a smart city portfolio that best supports a growing community of 

individuals without access to a vehicle. 

To accommodate the expanding student body, universities are also expanding 

development. With Main Campus almost entirely built out, the University of Colorado at 

Boulder is facing rising enrollment, cramped and outdated research facilities, as well as 

full classrooms and residence halls. Its vision for East Campus, 197 acres of developable 

land, will expand CU-Boulder’s campus by roughly 60 percent in area and building 

capacity (UC-Boulder, 2011). Ensuring new development is accessible to both the 

university and urban cores is critical to supporting a connected community. Managing 

relationships with surrounding neighborhoods is also important to maintaining a positive 

relationship between the city and university. Neighbors who live next door to students 

often complain of noise, litter, obscenity, traffic, and parking. Stakeholder engagement 

throughout the process to ensure that long-term residents are also benefiting from 

improvements is vital to mitigating negative externalities. 

Universities use technology in order to attract top talent in a highly competitive 

student and faculty market. It is especially important for the College Towns to innovate 

in order to position themselves relative to the university environments in larger cities. 
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College Towns can tap into their built-in early adopter community of tech savvy 

individuals who are inclined to try new services to attractive creative industry 

partnerships. Students and researchers are an ideal beta testing market for pilot projects 

and campuses offer controlled environments suitable for testing emerging technologies 

such as connected and automated vehicles. The University of Michigan Transportation 

Research Institute (UMTRI) conducted the USDOT Connected Vehicle Safety Pilot and 

has built the MCity testing facility. Working with the City of Ann Arbor, dedicated short-

range communications (DSRC) devices were installed on the roadside and traffic lights to 

support the pilot. Future work is planned to expand upon the work and attract industry 

investment into the university and region. Strengthening partnerships, universities and 

cities can work together as living laboratories to fuel research and development for 

emerging technologies.  

4.2.4.2 Short-Listed Solution Set  

Technical. Leveraging the closed campus as a proving ground for emerging 

technologies and piloting new services, College Towns should focus on pre-competitive, 

early-stage next generation vehicles. The environments can be structured with varying 

degrees of complexity to guide technologies safely through increasing levels of 

technology readiness. In particular, V2X solutions for bicyclist and pedestrian 

applications may be advanced by setting appropriate speed limits, creating safe buffer 

zones, and standardizing signalization for human-vehicle interfaces. Furthermore, the 

scale of the College Towns is amenable to simple routes from university to downtown. 

The College Towns that are nimble enough to offer a cross-section of necessary testing 

conditions will attract industry seeking to conduct complete ecosystem testing in closed, 

controlled, and open environments. The university also generates a significant amount of 
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economic and cultural activity for the region. Special events, such as graduations and 

athletic competitions, create opportunities to stress test services and technologies. Many 

universities are using apps to assist people in navigating to the event, find parking, 

highlight event details, share notifications, and estimate traffic conditions following the 

event. In response to the Kyle Field expansion at Texas A&M University, a smartphone 

app called “Destination Aggieland” was developed to help fans get to and from the game 

as safely as possible and improve the overall game weekend experience (TTI, 2014). An 

effort of “Every Day is Game Day” has been launched to extend the app’s capabilities to 

a broader transportation context. Using the strengths of the university, College Towns can 

build out smart city programs to activate and engage the early adopter community in 

accelerating development of emerging technologies.  

Policy. The university and city should coordinate on identifying a common set of 

goals that are in alignment with one another. Mobility strategies for fleet management, 

traffic operations, and transit subsidies are important considerations. Many universities 

own and operate their own fleet of vehicles, and several have initiated partnerships with 

companies such as Car2Go to offer students access to a shared fleet of vehicles. Policies 

that encourage electrification or reduce the number of vehicles on campus that require 

parking facilities can reduce lifecycle costs. Coordinating traffic operations, particularly 

for special events that require exceptional lane closures and detours, can prove beneficial 

to alleviating congestion and improving the experience for both visitors and residents. As 

a major employer in the region, there is an opportunity for subsidizing shared mobility 

services for those who live in the surrounding areas. Building off the concept of the all-

access card that enables students, faculty, and staff to access buildings, pay for meals, or 

ride bus, services could be extended to include a larger suite of mobility options. These 

benefits could be offered through the university or the city, who may be able to include 
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other social programs such as access to digital services or food stamps. The College 

Towns can become the model for other cities in how to structure university and city 

partnerships to define a collective policy agenda that accelerates the adoption and scaling 

of new mobility solutions. 

Stakeholder Engagement. In navigating the College Towns, it will be essential 

to canvas both university communities and neighborhoods. The high percentage of 

Millennials, represent an early adopter community that the College Towns may target for 

their propensity and familiarity with technology. In particular, the usage patterns of apps 

and social media can be informative to developing a plan to roll out smart city programs. 

It is also of import to acknowledge the economic segregation that has resulted from the 

university-city dichotomy. When looking across all metropolitan areas, the College 

Towns rise to the top of the list in economic segregation due to the town-gown divide in 

educational attainment (Martin Prosperity Institute, 2012). Additional stakeholder 

engagement is needed to understand the mobility priorities of faculty, researchers, 

administrators, low skill workers, and residents. This information can be used to shape a 

comprehensive smart city program that can effectively address the increases in student 

population, expanding footprint, and demand for technology. 

4.2.4.3 Do-Nothing Scenario  

If the College Towns do not develop a coordinated approach to new mobility, 

optimization of university and city resources cannot occur. As student population 

increases and university footprints expand, relations between the university and city will 

become increasingly strained. The community will become further economically 

segregated as those within the university network have access to mobility benefits that 

others do not. In addition, College Towns will miss the opportunity to attract industry 
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investment if they are unable to present an offering that can compete with the universities 

located in more urban environments. Building a partnership that relies upon each other’s 

strengths, the universities and cities of the College Towns can elevate their joint image as 

incubators for the new mobility. 

4.2.5 Opportunities for the Action Network  

The four clusters described in this section form the basis for a larger action 

network. The clusters represent a conceptual framework for enabling individual cities to 

align themselves with others who are experiencing similar challenges, position 

themselves in the market to attract industry investment, and formulate a collective agenda 

for action that accelerates the development of new mobility solutions. The micro-

foundations provide additional information for cities to contextualize the lessons learned 

from other cities as well as scale pilot projects within their own. The intelligence 

underlying the network also facilitates knowledge and technology transfer. Participation 

in the larger action network provides opportunities for cross-pollination of ideas as cities 

learn from one another, share risk, and embrace bold experimentation. Working together, 

cities can ride the wave of disruption by joining forces in a movement for igniting civic 

innovation. 
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Chapter 5: Conclusions & Future Research 

Mobility is at an inflection point. Faced with rapid population shifts, 

transformative technologies, and increasingly acute socioeconomic inequities, cities must 

act swiftly and purposely to create conduits for change. Cities cannot operate in isolation 

or be weighed down by the gravity of inertia. Failure to act will lead to loss of 

investment, missteps in policy, and imprudent applications of technologies. By working 

together, cities have the power to leverage their collective talent, expertise, and solutions. 

Clustering offers an improved strategic model – generating a dynamic framework for 

cities to readily identify shared challenges, coordinate development of common solution 

sets, and shape the evolving marketplace to direct investment towards the communities 

most in need. 

Building upon the experiences of the USDOT Smart City Challenge, a Smart City 

Playbook is created to guide transportation leadership and policymakers in navigating the 

nebulous smart city landscape. Using clustering as a means for organizing cities along 

multiple dimensions, the Playbook recommends an intelligent structure for engaging 

cities in a community of practice. The Playbook breaks the landscape down into four 

dominant clusters, each comprised of different combinations of micro-foundations. The 

micro-foundations provide insight into a city’s unique character and indicate places in 

other cities that are experiencing similar conditions. The clusters offer a body of peers 

who are appropriately positioned to advance an agenda of mutual benefit. When used in 

conjunction with one another, the information enables transportation leadership and 
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policymakers to build upon their individual city’s strengths and work cooperatively with 

other cities to surmount disruption. 

The Playbook represents an advance in the mobility conceptualization of smart 

cities. Generally, a one-size-fits-all approach is administered uniformly across cities or 

nationally, leading to incongruities between context and application. The clusters and 

micro-foundations identified in the Playbook offer granularity needed to contextualize 

practices and policies. Different strategies are proposed for different clusters, 

recommending a menu of actions that reinforces the advantages of each cluster. As a 

result, transportation leaders and policymakers are able to consider solutions that are 

more relevant and maximize prospects for success.  

Clustering is not an end in itself; but rather a useful tool in diagnosing a city’s 

mobility challenges and identifying what a city may do to influence its future. Detailed 

knowledge of the challenges and opportunities facing each cluster can enable 

transportation leaders and policymakers to align industry partners with community needs. 

The information may also be used to assess whether a first mover, fast follower, or joint 

partnership strategy will be more advantageous when deploying emerging technologies. 

Finally, cities still face many unknowns; and participation in a network of clusters offers 

a forum in which cities may agreeably shed light on unanswered questions. 

The smart city market is in its formative stages, and now is the opportune time for 

cities to work collaboratively in shaping, influencing, and driving innovation. Clustering 

offers a mental model for organizing cities that have common mobility challenges and 

aligns those who may share a mutual agenda to readily achieve consensus around shared 
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goals. In harnessing the collective power of a multidimensional structure, cities may build 

upon their individual strengths and engage one another in pursuing common approaches 

to technology, policy, and stakeholder engagement. Ultimately, this Playbook will equip 

cities with the right tools, contextualized information, and an intelligent network needed 

to proactively prepare for the new mobility. 

5.1 RECOMMENDATIONS 

Understand what makes your city unique. Whether it is a well-established 

public transportation infrastructure or ripe redevelopment opportunities, understanding 

what sets your city apart from the pack is key to positioning yourself within the larger 

marketplace. The clustering tools described in this Playbook can assist transportation 

leadership and policymakers in identifying patterns of micro-foundations to prioritize 

mobility needs. Analyzing multiple dimensions of population, socioeconomic, mobility, 

health and environment, and technology characteristics can illuminate communities 

where additional investment may be needed as well as match them with the most 

appropriate solution set. Armed with this baseline information, the city can build upon its 

strengths to develop a game plan for tackling its most pressing challenges. In a 

competitive environment, the cities who play to their strengths will be able to more 

readily engage the right stakeholders, secure investment, and deploy solutions. 

Understand your city’s position within the smart city landscape. Knowledge 

of which cities are similar and which cities are different from yours – and how – is 

valuable. The clusters identified in this Playbook suggest four groups of cities who are 
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experiencing similar challenges and are therefore well-suited to advance a common 

agenda for action. Cities can work with others in their cluster to align technical, policy, 

and stakeholder engagement strategies. Examples could include deploying automated 

vehicles in comparable environments, collecting common data sets, or providing 

statewide economic incentives for ridesharing. In addition, cities within the same cluster 

are likely to be interested in similar offerings from industry partners and could leverage 

their collective purchasing power to procure goods and services at a discounted rate. 

Working across clusters, cities can take advantage of diversity in leadership; that is, one 

cluster will excel in an arena where another cluster may not. In capitalizing upon the 

strengths of each, cities can have continual access to the best practices by learning from 

one another in real-time. As a result, an individual city may craft a unique value 

proposition such that the network of cities is elevated as a whole. 

Think global, act local. The clusters and micro-foundations described in the 

Playbook enable transportation leadership and policymakers to contextualize new 

mobility practices and policies. What works for one city, may not necessarily work for 

another. Instead of transplanting solutions directly, cities can extract the relevant 

information and interpret how lessons learned from one environment may apply in their 

own. This process of translation facilitates and accelerates knowledge and technology 

transfer, enabling cities to minimize the trial and error associated with piloting emerging 

technologies. When maintaining a pulse on national activities, cities can use the Playbook 

as a guide for adapting the solutions of other cities to fit their own purposes. 
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Participate in a multidimensional action network. Active collaboration in a 

community of practice will be a government game changer. The transportation system is 

complex, interdependent, and quickly evolving, necessitating an organizational 

framework capable of evolving with it. When evaluating the value proposition of a new 

or existing organization, cities should consider how to maximize their limited time and 

resources in conjunction with their preexisting commitments. Considerations may include 

alignment with local goals, quality of the network, ability to achieve results quickly, 

access to expertise, connections with industry partners, and opportunities for leveraging 

resources. This Playbook can serve as a resource for intelligently identifying sister cities. 

The cities who choose to link and align themselves with other civic innovators will 

emerge as leaders in their ability to attract investment, rapidly deploy solutions, and 

shape the marketplace.  

Foster a culture of innovation. To develop an engine of entrepreneurship, cities 

should cultivate an environment with the right conditions for supporting innovation. 

Without the proper conditions, new and creative ideas cannot thrive. Capturing the 

experiences of the Smart City Challenge finalists, this Playbook offers guidelines for 

empowering innovators and creating a collaborative ecosystem that welcomes ingenuity. 

5.2 BENEFITS OF THE APPROACH 

Simplicity. The clustering methodology described in the Playbook is easily 

accessible to technical and non-technical audiences. Conceptually, it is logical for cities 

with similar needs to work together to advance a common agenda. The Playbook 
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provides a common language and way of thinking that enables transportation leaders and 

policymakers to communicate with one another as well as with a broader group of 

stakeholders. 

Adaptability. Clustering is a process-oriented methodology that may be applied 

to any number of dimensions of a smart city, including those beyond transportation. 

Furthermore, it is dynamic and may be utilized to monitor the smart city landscape as it 

evolves. By combining city-specific data sets with those that are openly available, cities 

can refine the clusters or identify additional micro-foundations at higher levels of 

granularity, such as the census block. The flexibility with which the methodology may be 

applied to meet a city’s specific needs gives it an advantage over other methodologies 

that are rigid or prescriptive in their specifications. 

Pattern Discovery. The clustering methodology described in this Playbook 

assists transportation leaders and policymakers in identifying patterns of mobility needs 

within their own city as well as networking with other cities who are experiencing similar 

challenges. For example, South Bend is able to recognize its concentration of 

underserved communities located along Western Avenue and connect with Pittsburgh 

who is considering deploying automated transit vehicles along ‘Smart Spines’ to better 

serve its neighborhoods of need. The ability to recognize underlying relationships of 

socioeconomic and mobility characteristics enables transportation leaders and 

policymakers to make more informed decisions. 

Short-Listed Solutions. The Playbook recommends a menu of priority actions 

for cities within each of the four clusters to take. The proposed strategies include 
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guidance on technical, policy, and stakeholder engagement areas to ensure that the 

solution sets are comprehensive in nature. Opposed to a uniform one-size-fits-all 

approach, the Playbook recommends strategies that are more relevant and therefore 

maximizes a city’s prospects for success.  

Network Optimization. When cities think in terms of a broader network instead 

of individually, transportation leaders and policymakers can optimize their collective 

capacity, mitigate risk, and leverage resources. Cities can link with those who are 

experiencing similar challenges in order to develop common approaches to mobility 

solutions. A city may take the lead as a first mover on a particular project, while others 

lend their support as fast followers. This Bernoulli effect for innovation enables dynamic 

risk sharing across the network of cities. 

Knowledge & Technology Transfer. Cities can learn from one another in real-

time to take advantage of the best practices in multiple arenas. One group of cities may 

be leading fleet electrification while another is focusing on deploying adaptive signals. 

Once each group has reached proof of concept, they can share the technologies along 

with lessons learned with the other group – saving time, money, and energy. 

The Multiplier Effect. With the smart city landscape in flux, industry partners 

and foundations are seeking to maximize their return on investment as well as create 

standard, interoperable solutions that apply to multiple cities. The clusters described in 

this Playbook represent market segments of smart cities who are likely to be interested in 

similar industry offerings. Cities who work together to leverage their cooperative 



 101 

purchasing power will be able to shape the marketplace by creating a convergence of 

investment around their sets of needs.  

5.3 AREAS FOR FUTURE RESEARCH  

Areas for future research include additional analysis, improved individual 

contextualization, and application of the proposed strategies to validate their success. 

Additional analyses may include more or different combinations of cities, attributes, 

number of clusters, or alternative selection criteria. Further data sets may be included to 

better understand the connections between transportation and community needs, such as 

crime, traffic incidents, or public works information. Other levels of analysis that could 

be meaningful are at the block group, block, or individual level. The higher degrees of 

granularity could assist policy and transportation leadership in refining their strategies. 

Additional qualitative evidence could supplement the existing data sets. Feedback from 

other policies or programs may also be incorporated to build upon past successes. Finally, 

cities could actively participate in a network to leverage their collective expertise and 

resources. Ultimately, this body of research represents a solid foundation for cities to 

begin coordinating on solutions and policies to drive the development of the new 

mobility marketplace.  
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Appendix A: Individual Attributes 

A.1 POPULATION FACTORS 

Population Total is defined as the number of persons residing within a 

geographic area according to the 2015 ACS. This attribute is significant to distinguish 

large-, medium-, and small-sized cities from one another. Figures 9 and 10 show the 36 

cities and MSAs ranked according to population, respectively. New York City, at a 

population of 8.5 million, is significantly larger than any other city in the United States, 

over two times the population of Los Angeles at 4.0 million. When considering 

metropolitan areas, however, Houston-The Woodlands-Sugar Land (6.3 million), Dallas-

Fort Worth-Arlington (6.8 million), Chicago-Naperville-Elgin (9.5 million), and Los 

Angeles-Long Beach-Anaheim (13.2 million) become more comparable. The New York-

Newark-Jersey City metro area also increases to 20.0 million. This dissertation focuses 

on the urban core within each of the 36 cities, recommending localized pilots as a strong 

starting point. The size of a city and region are important indicators of scale. Larger cities 

will inherently exhibit greater complexity, require more intensive political navigation, 

and necessitate more involved public engagement strategies. As high profile cities, they 

also have the ability to attract major corporate investment. On the other end of the 

spectrum, smaller cities, such as South Bend and Pittsburgh, have an opportunity to be 

more agile in attracting investment and deploying solutions. Mid-sized cities, such as 

Austin and Columbus, are well-positioned to take advantage of both market size and 

flexibility.  
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Figure 10: Cities Ranked by Population 

 

Figure 11: MSAs Ranked by Population 
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Population Growth is measured as percent change in population between the 

2010 Census and the 2015 ACS. It is important to recognize which cities are 

experiencing rapid growth, moderate growth, or population decline. Figure 11 shows the 

36 cities ranked according to population growth. Those in the top tier, including Austin 

and Denver, are growing at rates of 10 percent and higher. Faced with rapid urbanization, 

these cities will need to develop strategies to manage their growth in a sustainable 

manner. On the other hand, the cities that are declining in population, particularly 

Cleveland and Detroit, will need to focus their energies on revitalization strategies. 

 

Figure 12: Cities Ranked by Population Growth 
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Population Density is measured as persons per square mile according to the 2010 

Census. The degree of density from high to moderate to low is significant for 

transportation and land use policies and has major implications for a city’s shared 

mobility strategy. Figure 12 shows the 36 cities ranked according to level of density. 

Those with high density, such as Washington, DC and Chicago, have the critical mass 

needed to sustain a significant fixed public transit network and have supported transit 

oriented development in their urban planning. New York City is once again at a different 

degree of density than any other city. These cities are positioned to attract shared 

mobility services and blend them with existing services. Cities, such as Corpus Christi 

and Fort Worth, however, that lack substantial fixed public transit infrastructure will need 

to concentrate a shared mobility service around major centers of employment or other 

nodes of activity like downtown. Moderately dense cities will be able to leverage their 

areas of density, complement their fixed infrastructure, and develop a multimodal culture. 

 

 

Figure 13: Cities Ranked by Population Density 
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A.2 SOCIOECONOMIC FACTORS 

Educational Attainment is measured as the percentage of persons 25 years and 

over with a Bachelor’s degree or higher. The level of educational attainment for a city has 

an impact on its citizens’ levels of income and poverty intensity. It may also be indicative 

of a university culture and the public adoption rates of emerging technologies. Figure 13 

shows the 36 cities ranked according to educational attainment. Ann Arbor and Boulder 

are both college towns, where the university population constitutes a significant portion 

of the city population and economic activity. The next tier, including Seattle, San 

Francisco, and Austin, represent mid-size cities with robust technology sectors. Finally, 

the remaining tier represents large-size cities that are diverse in population as well as 

smaller cities that are struggling in multiple dimensions. 

 

 

Figure 14: Cities Ranked by Educational Attainment 
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Median Household Income is measured in 2015 dollars adjusted for cost of 

living using Austin, Texas as the base. Median household income is representative of 

ability of a city’s population to access emerging technologies such as next generation 

vehicles. Figure 14 shows the 36 cities ranked according to median household income. 

Table 8 lists the cost of living adjustments (COLAs) for each of the cities. Cities report a 

wide range of household incomes from $22,000 to over $75,000. Household income 

affects a person’s vehicle ownership, mode choice, housing, and other opportunities. In 

particular, a study by the American Public Transportation Association shows that 20.8 

percent of rail modes trips are made by persons from households with annual incomes 

less than $25,000 while 43.4 percent of bus riders are from households with lower 

income levels (APTA, 2007). 

There has been an emphasis to examine the combined transportation and housing 

budget to take into account the impacts of land use. The Partnership for Sustainable 

Communities describes the combined housing and transportation cost as a measure of the 

cost to live in an area. By examining land use implications, cities may consider how a 

suburban or urban development pattern impacts an individual or family’s decision to 

locate in relationship to places of employment and education. Furthermore, transit-

oriented developments represent a means to address the burdens of affordability.  

Income level also impacts how transportation as a service packages are 

developed. In working with the community, multiple price points for different 

combinations of services may be determined. The city may also partner to subsidize a 

portion of the services for low-income populations or connect with local hospitals to 

offset transportation services to medical appointments. Understanding how income 

affects the ability for a household to access mobility options is important in developing 

any new mobility strategy.  
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Figure 15: Cities Ranked by Median Household Income 

Table 8: City Cost of Living Adjustments (COLAs) Relative to Austin, TX 

City COLA City COLA 

Austin, TX 1.00 Boston, MA 0.67 

Columbus, OH 1.05 Boulder, CO 1.33 

Denver, CO 0.87 Buffalo, NY 1.00 

Kansas City, MO 1.00 Charlotte, NC 0.93 

Pittsburgh, PA 0.97 Charlottesville, VI 1.07 

Portland, OR  0.74 Chicago, IL 0.82 

San Francisco, CA 0.55 Cleveland, OH 0.94 

Arlington, TX 1.21 Detroit, MI 1.00 

Bryan, TX 1.29 Los Angeles, CA 0.69 

College Station, TX 1.21 New Brunswick, NJ 1.11 

Corpus Christi, TX 1.01 New York, NY 0.42 

Dallas, TX 0.99 Philadelphia, PA 0.80 

El Paso, TX 1.04 Phoenix, AZ 1.00 

Fort Worth, TX 0.93 Seattle, WA 0.69 

Houston, TX 0.98 South Bend, IN 1.06 

San Antonio, TX 1.09 St. Louis, MO 1.03 

Ann Arbor, MI 0.98 Tampa, FL 1.04 

Baltimore, MD 0.85 Washington, DC 0.65 
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Affordable Housing is measured as the percentage of households who spend 30 

percent or greater of their household income on their mortgage. Affordable housing is 

one of the most pressing issues related to the rate of population growth. Cost-burdened 

cities are in need of maintaining a balance between the supply and demand of affordable 

housing. Figure 15 shows the 36 cities ranked according to percentage of households who 

spend 30 percent or greater of their household income on their mortgage. The character 

of specific neighborhoods, and ultimately cities, is being threatened by gentrification. As 

new development comes into the city, the area improves bringing with it increases in 

property value, rent, and taxes. As a result, historic populations are forced to find more 

affordable circumstances. For example, the African American population who has long 

called East Austin home has been priced out of the community and many are moving to 

the suburb of Pflugerville. Cities need to think about the unintended consequences of 

introducing new technologies. 

 

 

Figure 16: Cities Ranked by Affordable Housing 
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Persons in Poverty is measured as the percent of the population at or below the 

poverty line. The degree of poverty is indicative of the percentage of underserved 

communities. Low-income households are often unable to access mobility options and 

additional public engagement strategies are needed to include the underserved 

communities in the planning process. Figure 16 shows the 36 cities ranked according to 

percent below the poverty line. Income inequality and poverty affect communities that 

face a number of ongoing challenges from the shortage of affordable housing and 

inadequate infrastructure. The concentration of poverty in urban areas can have larger 

impacts. For example a growing body of research shows that children who are raise in 

high-poverty communities undermines their opportunities for long-term success (Center 

for American Progress, 2015). Often these communities are multi-generational, which is 

important when crafting policies and solutions that are able to serve a diverse group of 

needs. 

 

Figure 17: Cities Ranked by Persons in Poverty 
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Unemployment Rate is measured as the percentage of the civilian population 16 

years and older that is unemployed. The unemployment rate is important to the overall 

economic health of a region and is an important indicator of cities that would benefit 

from workforce development initiatives. Figure 17 shows the 36 cities ranked according 

to unemployment rate. In particular, Cleveland and Detroit, have significantly higher 

percentages of their populations that are unemployed. Creating an affordable mobility 

system is critical to enabling persons to find and sustain a job. Transit can reduce social 

and economic inequalities by enhancing mobility for persons who lack access to a vehicle 

or need assistance in finding jobs outside of their primary place of residence. The 

transportation sector is also an important economic engine. The new mobility can create 

jobs, attract industry, and grow new businesses. The effectiveness of a transportation 

system is one of the factors that employers use to determine where to locate to access 

markets and talent. Furthermore, major employers can encourage their employees to 

work from home, use flex hour policies, or promote alternative modes of transportation. 

 

Figure 18: Cities Ranked by Unemployment Rate 
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Age is measured by the 2010 census. In this study, two age demographics are of 

interest for technology propensity and accessibility characteristics. Figure 18 shows the 

36 cities ranked according to percentage of Millennials aged 15-29 years. Millennials are 

defined as those aged 15-29 years, that is, born during the timeframe of 1981-1995. This 

population is considered to be part of the early adopter community for its use of 

technologies. Furthermore, Millennials exhibit different vehicle ownership and lifestyle 

models, and are generally more willing to try new mobility options or participate in the 

sharing economy. Concentrations of young people generally occur near universities or in 

affordable neighborhoods. Youth can play an important role in activating an area; 

however, it is important for cities to be conscientious of the historic residents. The elderly 

population aged 65 years and over is also of interest because they have additional 

accessibility needs and mobility patterns. For example, cities with high concentrations of 

elderly communities may seek to develop initiatives to support aging in place as well as 

access to healthcare. As the Baby Boomer generation continues to mature, creating a 

mobility system that can enable families to maintain independence will be important.

 

Figure 19: Cities Ranked by Millennial Population 
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A.3 HEALTH & ENVIRONMENT FACTORS 

Persons with a disability is measured as a percentage of the individuals below the 

age of 65 years. Figure 19 ranks cities by the percentage of persons below the age of 65 

years with a disability. For cities to adequately serve the disabled community, mobility 

services such as paratransit that are ADA compliant and connected with places of 

opportunity are important. In particular, it is often difficult for disabled persons to 

maintain a job due to the barriers that are created in a fragmented mobility system. By 

providing access between places of residence and employment, it improves their ability 

to achieve social and economic mobility. Another important connection is that to 

healthcare services. Partnerships between local hospitals and cities to serve those with 

additional needs can be life changing. 

 

Figure 20: Cities Ranked by Persons with a Disability 
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Greenhouse gas emissions is measured as the annual tons of carbon dioxide (CO2) 

emissions. Generally larger cities have higher greenhouse gas emissions. Figure 20 ranks 

cities by emissions. Those who are significant contributors face non-attainment, affecting 

their funding levels. The group of cities who are either non-attainment or on the brink 

could coordinate on environmental policies. Opportunities include fleet electrification, 

incentives to purchase electric vehicles, or affordable and convenient charging stations 

for alternative fuels. The cities seeking to electrify their fleets could also combine their 

purchasing power to buy large quantities of electric vehicles at a reduced rate. On the 

west coast, four cities joined forces to purchase 25,000 electric vehicles. This 

demonstrates the effectiveness of cities collaborating with one another to maximize 

return on investment and coordinate environmental goals. 

 

 

Figure 21: Cities Ranked by CO2 Emissions 
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serve as an indicator of community health, identifying either suburban growth or urban 

redevelopment opportunities. Figure 21 ranks the cities by percentage of vacant housing 

units. The group of cities at the high vacancy end of the spectrum have experienced 

similar industrialization-urban implosion trajectories. For example, the City of South 

Bend was home the Studebaker manufacturing plant which served as a primary economic 

generator for the city. Upon closing in the 1980s, the City of South Bend has since 

experienced a severe vacant and abandoned home challenge. Mayor Pete Buttigieg has 

been successful with the 1000 Homes in 1000 Days initiative, which can serve as a model 

for other cities experiencing similar challenges. On the other hand, cities such as Denver 

and Austin are growing at a rate that the population is outpacing the housing supply – 

leading to affordability and gentrification challenges. The City of Austin has started a 

land bank to preserve the character of neighborhoods in East Austin and can serve as a 

positive example for other cities who are experiencing rapid growth.  

 

Figure 22: Cities Ranked by Vacant Housing 
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A.4 MOBILITY FACTORS 

Means of Transportation to Work. A number of commuting modes of 

transportation were studied, including commuters 16 years and over who carpool, use 

public transportation, and walk to work. Figure 22 shows the cities ranked by percentage 

of commuters who use public transportation to get to work. The cities in the top tier 

represent those that are further advanced in their transit life stage; that is, they have 

historically invested in a significant public transit infrastructure network and in 

conjunction have created a culture that is transit-oriented. These cities are natural 

incubators for shared mobility services as well as first- and last-mile applications. The 

cities that have not invested in fixed transit may have an opportunity to envision a new 

mobility business model that is primarily market driven where private providers 

dominate. These cities will face a public adoption barrier due to the ingrained auto-

oriented culture, but may be overcome through strong public engagement. 

 

 

Figure 23: Cities Ranked by Public Transportation Percentage 
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Vehicles Available is measured for workers 16 years and over is included for 

those with one and two vehicles available. Figure 23 ranks cities by the percentage of 

workers who have no-vehicles available. This attribute is important to knowing how to 

introduce new mobility concepts. Rather than cities trying to encourage household to 

convert to no-vehicle households, a lower hanging fruit may be to encourage two- or 

more vehicle households to simply reduce the vehicles owned. In order to support a 

vehicle reduction policy, it is important for there to be alternative options to replace their 

existing travel behaviors. Incentives to carpool, switch to transit, or work from home are 

options to consider. For one-vehicle households, this community represents those who 

are already accustom to sharing a vehicle and are likely to more readily participate in the 

sharing economy. This is important to identify when considering how to develop a 

mobility as a service marketplace. 

 

 

Figure 24: Cities Ranked by No-Vehicles Available Percentage 
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Travel Time to Work is measured as the percentage of workers who spend more 

than 30 minutes commuting. Figure 24 ranks cities by travel time to work. Those who 

experience significantly longer commutes, such as Houston and Los Angeles are also 

experiencing more severe congestion. Areas to improve for these cities include 

efficiency, which could include automated vehicle services that return people the 

opportunity to be productive during the ride into work. Furthermore, reliability should be 

addressed through improved real-time travel information. With a better understanding of 

traffic conditions, commuters may be willing to adjust their time of departure, route, 

mode, or even work from home. The long commute to work may also be indicative of the 

regional land use development patterns. Cities, such as Chicago, are ones where residents 

live in the suburbs and commute into downtown. If there are more affordable and 

complete communities that are better connected with jobs, cities can encourage more 

mobility-oriented development. 

 

Figure 25: Cities Ranked by Travel Time to Work 
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A.5 TECHNOLOGICAL FACTORS 

The Market Potential Index (MPI) defined by the 2016 Esri Market Potential 

Score is the probability of an individual owning a smart phone. Figure 25 ranks cities by 

MPI. Those who have a higher MPI represent cities with large tech sectors or significant 

university populations. Communities with high MPI have a higher propensity and 

familiarity with technology, indicating they may be early adopters to new mobility 

technologies such as connected and automated vehicles. This community is also often 

eager and willing to provide meaningful feedback to refine a solution. If a city can tap 

into its early adopter community, it may complete iterations more rapidly, generating new 

iterations that are more successful and may be ultimately expanded to other communities. 

For those who are not considered tech savvy, additional public engagement is necessary. 

Finally, there is a community that does not have access to technology. In an effort to not 

exclude anyone, cities should develop a comprehensive digital inclusion strategy that can 

help facilitate the adoption, scaling, and replication of new mobility solutions. 

 

Figure 26: Cities Ranked by MPI 
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Race is studied to understand cultural impacts of transportation systems. Figure 

26 ranks the cities according to the percentage of Hispanic population. Cities should be 

conscious of the Hispanic community to be aware when multiple languages may be 

needed to effectively communicate travel information. The community of Rundberg in 

Austin is a diverse neighborhood composed of groups who speak over 45 different 

languages. This makes it essential for the city to actively engage the community to 

disseminate information and collect feedback from the residents. Another population on 

which to focus is the African American population. Some cities have historically isolated 

minority populations through zoning or other regulations, and many cities are still 

working to adequately serve the communities that were previously isolated. Race is also 

important to contextualize a community’s relationship with government and develop 

customized public engagement strategies that can ensure all communities are being taken 

into consideration in a new mobility system. 

 

Figure 27: Cities Ranked by Hispanic Population 
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Appendix B: Cluster Profiles 

 

Figure 28: Profile of Reimagining Cities 
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Figure 29: Profile of Dense & Dynamic Cities 
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Figure 30: Profile of Renaissance Cities 
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Figure 31: Profile of College Towns 
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Appendix C: City Maps & Characteristics of Micro-Foundations  

C.1 REIMAGINING CITIES 

 

 

 

Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 32: Corpus Christi, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 33: Kansas City, Missouri 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 34: El Paso, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 35: San Antonio, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 36: Austin, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 37: Denver, Colorado 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 38: Columbus, Ohio 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 39: Arlington-Fort Worth, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 40: Charlotte, North Carolina 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 41: Dallas, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 42: Houston, Texas 
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C.2 DENSE & DYNAMIC CITIES 

 

 
 

Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 43: Portland, Oregon 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 44: San Francisco, California 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 45: Seattle, Washington 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 46: Boston, Massachusetts 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 47: Washington, DC 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 48: Chicago, Illinois 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 49: Philadelphia, Pennsylvania 
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C.3 RENAISSANCE CITIES 

 

 

 

Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 50: Pittsburgh, Pennsylvania 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 51: Buffalo, New York 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 52: South Bend, Indiana 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 53: Cleveland, Ohio 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 54: Detroit, Michigan 
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C.4 COLLEGE TOWNS 

 

 

 

Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 55: Boulder, Colorado 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 56: Ann Arbor, Michigan 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 57: New Brunswick, New Jersey 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 58: Bryan-College Station, Texas 
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Suburban: A     Suburban: H    Suburban: I    Underserved: B    Underserved: K 

Underserved: F    Underserved: D    Underserved: G    Urban: C    Urban: J    Urban: E 

Figure 59: Charlottesville, Virginia 
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Table 9: City Composition by Micro-Foundation 

  Suburban Underserved Urban 
A H I B K F D G C J E 

R
EI

M
A

G
IN

IN
G

 C
IT

IE
S  

Arlington FW 19.61 27.36 14.46 11.67 1.24 18.92 2.27 0.00 4.26 0.21 0.00 
Corpus Christi 31.04 3.60 8.74 27.26 2.66 18.54 6.96 0.00 1.21 0.00 0.00 
Kansas City 31.05 5.68 16.72 18.41 2.59 4.12 14.88 0.87 5.69 0.00 0.00 
El Paso 14.52 23.85 0.75 21.06 2.94 26.21 7.09 0.28 2.69 0.61 0.00 
San Antonio 16.56 15.89 13.35 16.29 2.94 25.61 5.08 0.19 3.71 0.38 0.00 
Austin 12.97 21.88 18.65 9.23 1.19 21.55 0.00 0.00 10.63 3.90 0.00 
Denver 29.29 8.82 7.44 13.28 2.39 22.93 0.63 0.00 12.95 0.75 1.53 
Columbus 23.03 16.79 16.68 11.38 3.91 7.09 11.24 0.16 7.45 2.28 0.00 
Charlotte 33.93 5.95 21.08 9.30 2.35 11.74 14.25 0.31 1.08 0.00 0.00 
Dallas 16.97 14.88 7.85 10.31 0.91 40.16 2.83 0.31 5.70 0.00 0.09 
Houston 11.62 25.44 10.35 8.95 0.75 35.04 3.23 0.10 4.34 0.19 0.00 
SUBTOTAL PERCENT 18.26 18.92 12.09 12.08 1.73 25.93 4.95 0.18 5.17 0.61 0.07 
SUBTOTAL POPULATION 2,993,099 3,100,477 1,982,129 1,979,419 283,301 4,249,710 812,089 28,756 847,895 100,528 12,071 

    
  

    
   

    
 

  

D
EN

SE
 &

 D
YN

A
M

IC
 C

IT
IE

S  

Portland 37.37 1.11 5.29 23.14 0.87 20.15 1.88 3.86 1.96 0.00 4.37 
Tampa 35.10 3.46 3.89 12.50 11.24 18.63 1.21 4.30 6.79 1.27 1.61 
Phoenix 38.40 6.78 1.94 1.54 20.43 17.45 2.30 4.65 4.78 1.05 0.68 
San Francisco 15.33 0.55 0.00 24.72 3.28 1.46 0.35 6.68 0.82 0.47 46.35 
Seattle 43.81 12.51 9.74 12.71 1.23 10.79 0.19 1.89 0.55 0.88 5.69 
Boston 9.33 0.00 0.00 12.45 3.55 4.64 0.93 32.46 0.95 5.87 29.82 
DC 8.28 0.00 1.62 2.40 10.42 0.67 2.85 26.68 3.00 3.16 40.92 
Chicago 28.29 2.84 3.98 13.87 4.34 17.88 4.81 12.32 0.66 0.59 10.41 
Los Angeles 34.67 12.34 2.67 3.95 2.76 15.79 16.54 2.67 4.10 0.79 3.72 
Philadelphia 8.68 0.00 0.25 12.82 8.59 6.59 4.59 45.47 1.75 2.30 8.97 
New York 10.43 13.74 2.65 4.96 3.05 2.43 8.92 0.00 2.56 1.58 59.67 
SUBTOTAL PERCENT 25.77 3.53 3.90 14.19 4.34 12.38 3.13 15.98 1.02 1.30 14.47 
SUBTOTAL POPULATION 3,049,391 417,305 461,974 1,679,660 513,512 1,464,932 369,826 1,891,170 121,082 153,339 1,711,854 

    
  

    
   

    
 

  

R
EN

A
IS

SA
N

C
E 

C
IT

IE
S  

Pittsburgh 42.17 0.57 16.34 6.51 12.88 0.00 12.19 0.99 5.00 1.62 1.72 
St. Louis 40.63 6.49 6.21 10.84 2.86 1.57 2.10 3.06 17.94 1.73 6.57 
Buffalo 45.32 1.53 18.47 6.99 4.50 2.31 14.69 2.40 3.79 0.00 0.00 
Baltimore 41.29 10.21 1.08 14.70 0.00 3.62 3.01 1.59 15.68 1.21 7.61 
South Bend 36.74 3.13 12.64 23.29 3.47 3.59 14.05 0.00 0.00 3.10 0.00 
Cleveland 36.89 0.85 9.07 10.14 14.06 1.84 23.15 0.81 2.11 1.07 0.01 
Detroit 30.37 0.75 6.53 12.09 5.95 8.06 34.75 0.72 0.31 0.46 0.00 
SUBTOTAL PERCENT 37.35 0.98 11.62 10.08 9.03 3.62 22.62 1.05 2.35 0.92 0.39 
SUBTOTAL POPULATION 2,031,243 53,131 632,111 548,329 490,977 197,075 1,230,325 56,932 127,790 49,825 21,252 

    
  

    
   

    
 

  

C
O

LL
EG

E 
TO

W
N

S  BCS 9.63 14.22 14.71 4.11 0.00 22.99 0.00 0.00 17.58 16.77 0.00 
Ann Arbor 38.21 3.30 22.87 9.86 1.00 3.75 2.12 0.00 9.02 9.87 0.00 
Boulder 27.24 6.32 44.26 1.19 1.43 3.44 0.00 0.00 7.64 6.36 2.13 
Charlottesville 37.36 5.96 21.45 9.36 0.00 0.00 0.00 0.00 14.00 10.63 1.24 
New Brunswick 56.60 3.38 13.90 13.99 2.07 5.31 0.00 0.00 0.00 4.75 0.00 
SUBTOTAL PERCENT 41.56 5.23 21.44 9.61 1.37 6.16 0.40 0.00 6.02 7.75 0.46 
SUBTOTAL POPULATION 760,509 95,744 392,262 175,774 25,125 112,814 7,322 0 110,089 141,852 8,425 

    
  

    
   

    
 

  
  TOTAL PERCENT 24.89 10.33 9.77 12.35 3.70 16.97 6.82 5.57 3.40 1.26 4.94 

TOTAL POPULATION 8,834,242 3,666,657 3,468,476 4,383,182 1,312,915 6,024,531 2,419,562 1,976,858 1,206,856 445,544 1,753,602 
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Table 10: Micro-Foundation Characteristics 
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