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PAGE 1ABSTRACT

Suburbs in the United States consist primarily of low-density, single-use 
residential subdivisions. These subdivisions also contain transportation 
networks that provide access to all of the homes. Throughout the past 70 
years, these transportation networks have increasingly been designed to 
serve the automobile, at the expense of pedestrians and cyclists. The street 
networks are dendritic, sprouting cul-de-sacs from collector street branches 
(Southworth and Owens, 1993). This single-minded focus on auto-mobility 
has serious negative consequences for health, safety, sustainability, and 
equity. Countries with high levels of driving and low active transportation 
use are more obese than people in countries where the opposite is true, 
broadly speaking (Bassett et al., 2008). Car crashes kill tens of thousands of 
people each year in the United States. The transportation sector, particularly 
private vehicle use, is responsible for a quarter of global carbon dioxide 
emissions, and carbon dioxide is one of the primary contributors to global 
climate change (Howey, 2012). Cars generate air pollution that doesn’t 
just wreak havoc on our climate, but causes negative health effects that 
are disproportionately affecting low-income households, households least 
equipped to handle the associated costs, such as asthma treatment (Havard et 
al, 2009). 

The alternative to suburbs designed for auto-mobility is one designed 
for a wider variety of transportation modes, including active transportation. 
Active transportation is a healthy and sustainable form of mobility that is 
only made better by a cohesive network of sidewalks, bike lanes, cycle tracks, 
off-street paths, and trails that provide a safe and comfortable place to walk 
and ride. These facilities are often not present in low-density suburban areas. 
There are several reasons for this, but one often overlooked reason is the role 
land use plans such as comprehensive plans, subdivision ordinances, and 
zoning codes play in the provision of active transportation infrastructure. 
This dissertation reflects on the history of off-street active transportation 
infrastructure in the suburbs, analyzes suburban street network design, 
and reveals how suburban shared-use path systems are designed and used. 
The conclusion provides recommendations for the design and regulation of 
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suburban transportation networks that could result in more trips being made 
on foot or on a bike. 

Chapter one provides a general overview of the literature common to each 
of the chapters. It begins by providing definitions to terms used throughout 
the dissertation but have contested meanings, including suburbs, active 
transportation, and walkability. The chapter continues by discussing the 
demographics of the suburbs and provides an overview of the literature on 
the transportation-land use connection. This connection is at the center of 
each subsequent chapter. Active transportation research is often siloed into 
different subtopics, such as health, sustainability, traffic safety, and equity. A 
brief overview of each of these literatures is provided. This section also serves 
as an introduction to the rest of the chapter, which explains why this research 
is impactful and relevant to planning practitioners today. 

Chapter two traces the history of shared-use paths in suburban 
neighborhoods from the first appearance in Olmstead and Vaux’s Central 
Park through the interwar period, a significant time in the codification 
of suburban development patterns. The chapter ends with a discussion 
of Village Homes and its use of shared-use path design characteristics 
pioneered by earlier precedents. This history is told through the master 
plans, comprehensive plans, zoning codes, and subdivision regulations that 
enabled the construction of those paths, or did not enable them. The chapter 
points out that off-street paths appeared in influential garden city and garden 
suburb plans in the first part of the 20th century. They allowed for internal 
circulation within superblocks, large residential areas with cars pushed to 
the outside of the block. Off-street paths did not gain traction as developers 
rapidly constructed neighborhoods in the post-war era. The neighborhood 
unit concept, model subdivision ordinances, model zoning codes, and the 
institutionalization of street design engineering standards did not include 
recommendations to construct off-street paths. These plans all aimed to 
redesign urban form to accommodate the car. Off-street paths began to 
make a comeback at the end of the 20th century, as communities began 
to understand the negative externalities associated with designing cities 
exclusively for the car. This chapter contributes to the literature by providing 
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a history of residential shared-use paths, something that has not been done 
before. 

Chapter three continues the examination of neighborhood shared-use 
path systems, but with an eye to how they are designed and used in the 
present day. Three neighborhoods in the Sacramento area were selected for 
case study research on shared-use paths. These neighborhoods each have a 
local path system, but are not a part of a regional system. This chapter uses 
a pedestrian audit and survey of neighborhood residents to understand 
how people use neighborhood-scale shared-use path networks and how the 
design of such systems may affect use patterns. The results indicate that the 
paths are primarily used for recreation and not for making utility trips, such 
as commutes and shopping trips. Despite differences in the design of the 
path systems in the three neighborhoods, residents in each neighborhood 
reported the same general use patterns.

Chapter four considers the configuration of subdivision street patterns 
and their contribution to walkability and bikeability in the surburban 
context. Have suburban street patterns changed over time? Are they more 
walkable and bikeable now than they were in the 1950s? These questions 
are important to answer, and yet, have not been answered since the 1990s, 
and have not been answered on the scale of the subdivision. This chapter 
uses computational GIS methods to evaluate the change in subdivision 
street patterns over the course of decades, and at subdivisions of different 
sizes. This effort is greatly helped by the use of OSMnx, a tool for extracting 
and analyzing street patterns at any scale, including the subdivision. The 
chapter finds that while intersections and block sizes have trended toward 
increased connectivity over time, cul-de-sacs have increased in the 2000s 
and 2010s. Access points to the subdivision have stayed stubbornly low over 
several decades, despite their importance to creating a more regional active 
transportation network.

The conclusion chapter provides synthesis between the chapters and 
discusses the question: how can planners and real estate developers plan 
and design for suburban subdivisions that prioritize active transportation, 
given what we now know from this research? The chapter discusses how 
cohesive active transportation networks can be challenging to create when 
private communities limit access, the role subdivision ordinances and unified 
development ordinances can play in regulating the design of networks, and 
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the potentially synergistic relationship between shared-use paths and public 
parks.

The conclusion ends with a list of best practices in the design of shared-
use path systems and street networks. Those for shared-use path systems are 
based on the design characteristics identified in chapter two, but enriched by 
conclusions drawn from chapter three about resident behavior. The three key 
recommendations from this section are:

• Design paths to be functional for commuters as well as recreational users. 
This can be achieved with wider paved surfaces, lines delineating traffic 
direction, and straighter paths.

• Don’t design the park space to be overly wide, increasing trip length. The 
spaces should be wide enough to include shade-providing trees and a 
pleasant experience for those looking for a relaxing walk or bike ride.

• Connect path systems to other land uses or path systems when 
possible. When no other uses or nearby paths exist, coordinate with 
the municipality to determine the best place for stub paths for future 
connections.
Those related to street network design concludes that access points to the 

subdivision is the most important metric to consider, as most people have to 
leave the single-use subdivision to reach another destination. Cul-de-sacs 
can be useful in subdivisions, but they are made better by connecting their 
ends to a shared-use path network that effectively creates a grid pattern for 
pedestrians and cyclists.
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viINTRODUCTION

Active transportation is a healthy and sustainable form of mobility that is 
only made better by a cohesive network of sidewalks, bike lanes, cycle tracks, 
off-street paths, and trails that provide a safe and comfortable place to walk 
and ride. These facilities are often not present in low-density suburban areas. 
There are several reasons for this, but one often overlooked reason is the role 
land use plans such as comprehensive plans, subdivision ordinances, and 
zoning codes play in the provision of active transportation infrastructure. 
This dissertation reflects on active transportation infrastructure in the 
suburbs using a historical lens as well as empirical observations, survey data, 
and a systematic analysis of suburban physical form. It also considers how 
communities today use their land use planning to ensure a more connected 
suburban landscape. 

As with most studies of the built environment, this dissertation considers 
the topic on multiple scales, both geographic and time. The subdivision and 
neighborhood are the primary geographic units, but are considered both 
one at a time and at the scale of an entire region. The provision of active 
transportation infrastructure is traced back to the mid-1800s, though most 
of the attention is focused on post-war suburban planning. The methods are 
varied as well. A survey, pedestrian audit, archival research, and plan analyses 
are all employed to understand the relationship between land use and active 
transportation in the suburbs. 

In what follows, this chapter provides an introduction to the methods, 
case study locations, and results for each of the subsequent chapters in this 
dissertation, which present the various components of this research project. 
Furthermore, this chapter will explain how this dissertation,  speaks directly 
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to the ongoing debates and research trends found in the literature around 
land use regulations and active transportation. 

Chapter 1: Active Transportation and Suburban Land Use: A Review of 
the Literature

What is this chapter about?
This chapter provides a general overview of the literature common to 

each of the chapters. The chapter begins by providing definitions to terms 
used throughout the dissertation but have contested meanings, including 
suburbs, active transportation, and walkability. The chapter continues by 
discussing the demographics of the suburbs and provides an overview of the 
literature on the transportation-land use connection. This connection is at 
the center of each subsequent chapter. 

Active transportation research is often siloed into different subtopics, 
such as health, sustainability, traffic safety, and equity. A brief overview of 
each of these literatures is provided. The overview sets the context for the 
dissertation research by explaining why it is relevant to today’s planning 
practice.

Chapter 2: Off-Street Active Transportation in the Suburbs: A History

What is this chapter about?
Chapter two traces the history of shared-use paths in suburban 

neighborhoods from the first appearance in Olmstead and Vaux’s Central 
Park through the interwar period, a significant time in the codification 
of suburban development patterns. The chapter ends with a discussion 
of Village Homes and its use of shared-use path design characteristics 
pioneered by earlier precedents. This history is told through the master 
plans, comprehensive plans, zoning codes, and subdivision regulations that 
enabled the construction of those paths, or did not enable them. The chapter 
points out that off-street paths appeared in influential garden city and garden 
suburb plans in the first part of the 20th century. These plans allowed for 
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internal circulation within superblocks, large residential areas with cars 
pushed to the outside of the block. Off-street paths did not gain traction 
as developers rapidly constructed neighborhoods in the post-war era. The 
neighborhood unit concept, model subdivision ordinances, model zoning 
codes, and the institutionalization of street design engineering standards that 
came later in the century did not include recommendations to construct off-
street paths. These plans all aimed to redesign urban form to accommodate 
the car. Off-street paths began to make a comeback at the end of the 20th 
century, as communities began to understand the negative externalities 
associated with designing cities exclusively for the car. 

What methods are used?
This chapter primarily relies on archival research of plans. Architectural 

drawings of the parks of Frederick Law Olmsted and Calvert Vaux, master 
plans of Raymond Unwin and Barry Parker, and the community plans of 
Clarence Stein and Henry Wright form the first part of the analysis. These 
plans are analyzed to identify off-street paths and determine their use. These 
assessments are buttressed by primary source material from the designers 
themselves, as well as literature on the relevant projects. 

The second part of the narrative that introduces the Neighborhood Unit 
concept and the institutionalization of land development and planning is 
done primarily through literature review. This part of the narrative is not 
wholly unique and is given a fair treatment in “Streets and the Shaping 
of Towns and Cities” by Michael Southworth and Eran Ben-Joseph. This 
chapter on active transportation builds upon that earlier narrative by 
extending it to focus specifically on off-street paths. The analysis shows why 
there are not more garden suburbs with paths winding through them.

Finally, the chapter ends with a discussion of Village Homes in Davis, 
California, a city in the greater Sacramento region. Village Homes is a critical 
case study that demonstrates how the design characteristics identified earlier 
in the chapter can be applied in a different context, in this case the 1960s 
and 1970s.This section highlights some of the modern challenges inherent in 
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designing communities with robust active transportation infrastructure such 
as shared-use path systems.

What is the contribution to the literature?
This chapter makes several unique contributions to the literature. First, 

it provides a history of residential off-street paths, something that has not 
been done before. The more valuable unique contribution is how the chapter 
connects the provision of the residential off-street path to the plans and 
policies that regulated the construction of the built form in the suburbs. This 
starts with a discussion of Olmsted and Vaux, Parker and Unwin, and Stein 
and Wright, and their plans. Much of the literature about this era is dated 
and does only provides a cursory connection to post-war planning, typically 
at a historical level. This chapter ties in the garden city and garden suburb 
movements to modern active transportation movements, such as the calls for 
more separate and off-street path options for pedestrians and cyclists. 

Chapter 3: Neighborhood Shared-Use Path Systems: Their Design and 
Use

What is this chapter about?
This chapter continues the examination of neighborhood shared-use path 

systems, but with an eye to how they are designed and used in the present 
day. The previous chapter looked at well-known master-planned garden 
city/garden suburb communities with shared-use path systems, as well as a 
discussion of Davis, California, a community that has implemented policies 
since the 1960s that have resulted in a robust shared-use path system. But 
what about neighborhoods that have path systems but are not connected to 
a larger network like the one in Davis? This chapter examines shared-use 
path systems in three neighborhoods in the Sacramento area, Bridgeway 
Island, Pocket/Greenhaven, and Del Paso Heights/Norwood. These case 
study neighborhoods were chosen for their diversity in how the paths were 
implemented and integrated into their built form, as a developer-built 
community designed according to a municipal framework plan, a master 
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planned community, and a rails-to-trails retrofit. This chapter answers three 
research questions:

• How often do residents use the neighborhood shared-use paths, and what 
do they use them for?

• How does the design of the path system affect the use patterns?
• Is there still utility in designing neighborhoods with paths that only serve 

a local population?

What are the methods used?
This chapter uses a pedestrian audit and survey to understand how people 

use neighborhood-scale shared-use path networks and how the design of 
such systems may affect use patterns.

Pedestrian audits are a systematic way of evaluating the pedestrian 
environment. This pedestrian audit systematically recorded data on the 
path condition and design for both the off-street path systems and parallel 
sidewalk routes using the Pedestrian Audit Data Scan (PEDS) tool developed 
by researchers at the University of North Carolina (Clifton, Livi Smith, 
and Rodriguez, 2007). The PEDS tool is designed for use on both sidewalks 
and off-street paths, making it a good fit for evaluating path networks and 
their nearby sidewalk alternatives. The PEDS audit tool has researchers 
collect data on a variety of built environment attributes. They include 
wayfinding, path condition, connectivity, obstacles, shade, and amenities. 
The audit tool also collected the researchers’ subjective opinion of the 
attractiveness and safety of the path segments. The audit provided a wealth 
of environmental data about every path and sidewalk segment in each of the 
three neighborhoods.

An online survey instrument was used to collect data about how residents 
use the off-street paths, where they go, and how they feel about them. The 
37-question survey asked respondents about their attitudes and habits about 
walking and cycling generally, their attitudes and habits about the path 
system, and several demographic questions. Respondents had to live within 
the neighborhood specified by a map in the survey. 

The survey was distributed online via Facebook groups, a Nextdoor group, 
and an email newsletter. In the Pocket/Greenhaven neighborhood, a link to 
the survey was posted on the Pocket-Greenhaven Community Association 
Facebook page on November 5, 2018. In the Bridgeway Island neighborhood, 
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the link was posted on the Bridgeway Island Nextdoor group on November 
8, 2018 and the Bridgeway Island Elementary’s “Bee Active Bridgeway” 
Facebook group on November 13, 2018. The links were posted on behalf of 
this study by members of these groups and organizations. The survey netted a 
total of 148 respondents across the three study sites.

What is the contribution to the literature?
This chapter explores several aspects of active transportation in the 

suburbs. Like chapter two, it focuses on off-street paths. Off-street paths 
have been found to be more attractive and desirable to cyclists (Kang & 
Fricker, 2013). In the suburbs, where arterial streets can seem foreboding 
and dangerous, off-street paths offer a pleasant alternative. In areas without 
a connected street plan and a land use monoculture typical of the suburbs, 
walking and cycling for transport rates are generally low (Saelens et al., 
2003). Greater provision of bike facilities, both on-street and off-street, has 
been shown to increase bike commuting in those communities (Buehler & 
Pucher, 2012).

This chapter asks: how are these off-street path systems used? Are they 
for commuters? Or recreational cyclists and pedestrians? Studies have 
confirmed that more bicycle facilities leads to more commuting by bicycle 
(Dill & Carr, 2003). But this may not be the case when paths do not lead to 
jobs, or when the distances are too great. Considering only the neighborhood 
street network may not be enough to ensure people walk and bike for utility 
trips, but urban designers need to consider how that street network connects 
to the larger system (Baran et al., 2008). Being near a destination and 
connected to it by a path also may not be enough to encourage people to ride 
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a bike there. If the destination is not somewhere people want to go, they will 
not use a bike and a path to get there (Rissel et al., 2010).

Chapter 4: Suburban Subdivisions and Disconnected Street Networks: 
Trends through Time

What is this chapter about?
This chapter considers the configuration of subdivision street patterns 

and their contribution to walkability and bikeability in the surburban 
context. Have suburban street patterns changed over time? Are recently 
built suburbs more walkable than those built in the mid-20th century? 
These questions are important to answer, and yet research done on this 
topic is dated, extending only to the 1990s, and the questions have not been 
answered at the scale of the subdivision. The importance of this research 
lies offering knowledge to local governments that may be useful to them 
in considering how suburban areas can be made more amenable to active 
transportation through amended subdivision ordinances and street design 
guidelines. Subdivision ordinances typically offer basic guidelines for the 
design of new streets. They include cul-de-sac lengths, intersection spacing 
and block length, and the use of T or X intersections. The guidance can 
promote disconnected, car-oriented street patterns, or they can require 
developers build connected, pedestrian- and cyclist-friendly patterns. 
Many jurisdictions provide additional guidance in the form of street design 
guidelines, which are often referred to in subdivision ordinances and 
zoning codes. These documents go into greater detail about street widths, 
intersection designs, and patterns. Both subdivision ordinances and street 
design guidelines can be amended, particularly if there is evidence that the 
existing guidance does not serve the needs of pedestrians and cyclists.

What methods are used?
This chapter uses computational GIS methods to evaluate the change 

in subdivision street patterns over the course of decades. This effort is 
greatly helped by the use of OSMnx, a tool for extracting and analyzing 
street patterns developed by Geoff Boeing, an urban planning and spatial 
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analysis professor at the University of Southern California. OSMnx 
retrieves street patterns from a specified boundary, and then performs 
calculations to determine metrics such as block length, intersection 
density, block perimeters, and number of cul-de-sacs. The data source used 
is OpenStreetMap, an open-source alternative to commercial mapping 
tools and the U.S. Government’s TIGER dataset. OSMnx can do most of the 
necessary analysis, but additional analysis was needed to achieve the goals 
of this chapter. First, OSMnx does not calculate the number of access points 
to a particular boundary. Subdivision access points are a critical concern, so 
additional Python scripts were written to separately compute the average 
number of subdivision access points through time. Second, OSMnx can 
retrieve street patterns from city, county, and state boundaries, but not from 
subdivision boundaries. As the primary unit of analysis is the subdivision, 
this meant manually preparing a subdivision boundary dataset to feed into 
OSMnx.

Subdivision boundary data is difficult to obtain. The are not widely 
available like political boundaries (e.g., cities, states) or census boundaries 
(e.g., tracts, blocks, block groups). The information is available to the public, 
but typically only upon request. Furthermore, it is difficult to find subdivision 
boundary data that includes the year the subdivisions were platted. This 
attribute is critical to tracking the change in subdivision street patterns 
through time. In addition to the data source issue, a study location needed to 
have significant suburban development in each decade from at least the 1950s 
through the present. Without consistent growth, it would be impossible to 
compare patterns between decades. These limitations narrowed the possible 
locations for studying this topic. Wake County, North Carolina, home of the 
city of Raleigh, emerged as an ideal study location because it had both the 
data necessary and the record of continuous suburban growth. Wake County 
currently has just over a million residents within its boundaries, and Raleigh 
and its suburb Cary are among the fastest growing cities in the United States. 
Wake County is also useful for studying the effects of subdivision regulations 
on the design of subdivisions. The State of North Carolina did not allow cities 
to regulate subdivision of land until 1955 and did not allow counties to do so 
until 1959. Counties could not do zoning until the same year. Wake County 
did not adopt a formal subdivision regulation until 1976. This means the 
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subdivision regulations changed through time, and this analysis can provide 
insights into how those changes influenced street design patterns. 

What is the contribution to the literature?
This chapter further demonstrates the promise for new methods for 

evaluating street patterns. This chapter’s inspiration is “The Evolving 
Metropolis: Studies of Community, Neighborhood, and Street Form at 
the Urban Edge, by Michael Southworth and Peter Owens (1993), which 
considered the street patterns of communities in the San Francisco Bay Area. 
The authors compared the changes in patterns over time and found that 
cul-de-sacs and loops increased through time and street patterns generally 
became less connected and more hostile to pedestrians and cyclists. The 
methods they used are not clear, but they did not have the benefit of GIS 
technologies that could allow them to quickly compare neighborhoods and 
decades with precision. This chapter also relies on the comparative street 
network analysis of Allan Jacobs in his well-known and highly influential 
book Great Streets (Jacobs, 1993). More recent research on street network 
patterns has used computational GIS methods similar to  what is used in this 
dissertation research, most notably a study that analyzed neighborhood-
scale street patterns using OSMnx but used Census boundaries instead of 
subdivision boundaries (Boeing, forthcoming).

Chapter 5: Synthesis and Recommendations

This chapter provides synthesis of the research findings from each 
approach outlined above, and discusses the question: how can planners 
and real estate developers plan and design for suburban subdivisions that 
prioritize active transportation, given what we now know from this research? 
The discussion is divided into three distinct sections. The first considers the 
future of the suburbs. Will there be single-use subdivisions in the future, like 
the one researched in this chapter? Despite growing acknowledgment that 
single-use, low-density zoning results in negative equity and environmental 
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outcomes, the movement to end that type of zoning is still in its infancy 
(Manville et al., 2019). 

The conclusion then moves to recommendations around the 
regulatory structure that guides suburban real estate development. 
Private neighborhoods, controlled by homeowners associations, can 
create gaps in public active transportation networks, both on-street and 
off-street. The gaps occur because non-residents are typically restricted 
from entering a private community, sometimes through the use of gates. 
These private communities may have path systems or well-connected 
networks, but if outsiders cannot use them, they instead become a barrier. 
Private communities are increasingly popular, however, and the success 
of large-scale networks that help pedestrians and cyclists reach far-flung 
destinations relies on local governments to encourage public neighborhoods 
instead, or find other ways (e.g. easements) to create a public right-of-way 
in a private community. Subdivision ordinances, if left unmodified from its 
1920 origins, can also create an obstacle to active transportation networks. 
Conservation subdivisions, where house lots are clustered to preserve open 
space in the neighborhood, can potentially create spaces for shared-use 
paths. The implementation of unified development ordinances (UDOs) can 
also foreground subdivision ordinances and their impact on subdivision 
street and path networks. The connection between a subdivision ordinance 
and street design guidelines becomes more clear and could result in more 
connected neighborhoods if the regulations and guidelines are carefully 
written. Finally, many suburban shared-use paths are located within park-
like settings, often managed as public parks. This section of the conclusion 
evaluates the pros and cons of this arrangement, and concludes that if 
designed properly, shared-use paths and public parks can form a symbiotic 
relationship, where developers can fulfill their park dedication requirements 
while contributing to a larger regional off-street path network.

The conclusion ends with a list of best practices in the design of shared-
use path systems and street networks. The former is based on the design 
characteristics identified in chapter two, but enriched by conclusions drawn 
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from chapter three about resident behavior. The three key recommendations 
from this section are:

• Design paths to be functional for commuters as well as recreational users. 
This can be achieved with wider paved surfaces, lines delineating traffic 
direction, and straighter paths.

• Don’t design the park space to be overly wide, increasing trip length. The 
spaces should be wide enough to include shade-providing trees and a 
pleasant experience for those looking for a relaxing walk or bike ride.

• Connect path systems to other land uses or path systems when 
possible. When no other uses or nearby paths exist, coordinate with 
the municipality to determine the best place for stub paths for future 
connections.
The section on street network design concludes that access points to the 

subdivision is the most important metric to consider, as most people have to 
leave the single-use subdivision to reach another destination. Cul-de-sacs 
can be useful in subdivisions, but they are made better by connecting their 
ends to a shared-use path network that effectively creates a grid pattern for 
pedestrians and cyclists.
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This dissertation will speak directly to the transportation-land use 
literature, and stands in agreement with Cervero and Landis (1995) that this 
connection still matters. Yet there is a tension between that work and this 
one. Their contention is that, “Investments in transportation systems still 
strongly affect land use patterns, urban densities, and housing prices” (p. 3). 
The contention of this dissertation is that land use planning still strongly 
affects transportation systems, particularly active transportation in low-
density areas. One cause for difference is the matter of scale. Cervero and 
Landis are thinking of large transportation investments, such as highways 
and transit lines. At this scale, Cervero and Landis are correct. The driving 
force in the transportation-land use connection is transportation investment. 
But at a smaller scale, the scale of the neighborhood and street, the land use 
plan exerts more control over transportation than transportation plans do. 

This dissertation is a more direct continuation of the research into 
land use regulations and a subfield known as “design governance.” Design 
governance is “the process of state-sanctioned intervention in the means 
and processes of designing the built environment in order to shape both 
processes and outcomes in a defined public interest” (Carmona, 2016). This 
sub-field aims to develop a comprehensive understanding of the process of 
government intervention, its actors, and motivations. Despite their ubiquity 
and role in the design and development process, little about actual influence 
and impact of government intervention is known (Imrie & Street, 2009). The 
actors involved in the design governance process include representatives 

Chapter One

Active Transportation and 
Suburban Land Use: A Review of 

the Literature
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of the government—typically planners and other city officials, but can also 
include representatives from the multitude of governments, agencies, 
special districts, utilities and other bureaucracies that have an interest in 
the design of the built environment—the real estate developers, investors, 
and lenders that represent the interests of the real estate market, and the 
architects and designers responsible for drawing up the design scheme 
(Carmona, 2016, Adams & Tiesdell, 2013). The relationships between the 
three sets of actors can be both constructive and divisive. For example, design 
regulations imposed by government are an integral factor in the design 
process for architects and designers practicing urban design and likely do 
influence design outcomes (Imrie, 2007). These regulations may stifle or 
inspire creativity amongst design professionals (Gann et al., 1998). Despite 
any inherent conflict between the design ideals of architects and the reality 
of codes and standards, designers realize the benefits and aims of regulation 
(Imrie, 2007). My dissertation examines the suburban development process, 
including the motivations of all actors, as it relates to the provision of active 
transportation infrastructure. This focus on active transportation is a novel 
and key addition to this body of literature.

Streets and the Shaping of Towns and Cities (Southworth & Ben-Joseph, 
2003) and The Code of the City: Standards and the Hidden Language of 
Place Making (Ben-Joseph, 2005) are two key works that relate to both the 
literature on design governance and this dissertation topic. Both books speak 
to the suburban context in a way that is in contrast to many pieces in the 
design governance literature. Both also survey the history of zoning codes, 
development regulations, and street patterns, and this dissertation draws 
methodological inspiration from this perspective. 

This dissertation is concerned with the effect land use planning has had 
on the provision and the use of active transportation infrastructure in the 
suburbs, and literature reviews relevant to each project are discussed in 
each chapter. Chapters two, three, and four report on three research projects 
that used different methods to analyze the provision and use of active 
transportation in the suburbs. This chapter provides a general summary of 
the literature and theory around active transportation and land use. The 
chapter begins with definitions of key terms, and then moves into a review 
of the literature of several dimensions of the active transportation-land 
use connection. Finally, the chapter ends with a synthesis of the themes 
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uncovered in the literature that build a theoretical foundation for the 
remainder of the dissertation.

Definitions

This research is concerned with active transportation infrastructure in 
low-density areas. These are neighborhoods typified by the prevalence of 
single-family homes, strip malls, and car-oriented infrastructure. In this 
dissertation, these places will be referred to as the suburbs. The standard 
definition for suburb is “a smaller community adjacent to or within 
commuting distance of a city,” meaning neighborhoods that are not within 
the primary city of an urban area. Suburb can also refer to “an outlying part 
of a city or town,” (“Suburb,” n.d.) meaning neighborhoods not in the central 
city. My research is concerned with both of these types of suburbs, both 
within the central city and outside of it. The nature of the urban form is the 
critical factor, not what side of a political boundary a specific neighborhood 
happens to be on. 

This research will not use the term sprawl, though it will acknowledge 
the use by others when citing relevant outside research. Sprawl is a 
descriptive term that evokes the idea of something spread farther than it 
should—homes and businesses, in this case. But the term is politically-loaded 
and can be pejorative. There is also no universally agreed-upon definition 
for sprawl.  “It explains everything and nothing” (Galster et al., 2001). There 
have been efforts to define operationalize sprawl so as better to measure it 
(e.g. Ewing, Pendall, & Penn, 2003), but as measurement is not the goal of 
this study, a specific definition is not necessary. The term suburbs will be 
used instead as a description of land use and transportation characteristics 
typified by low-density and single-use development not found in central 
cities or urban nodes in a polycentric metropolis.

The subdivision is a subcategory of space important to this research, as 
it is one of the primary spatial units found in suburban areas. A subdivision 
is a term used to describe an area where a single parcel has been divided 
into many parcels. While a single one-acre parcel could be divided into 
four quarter-acre lots and technically be considered a subdivision, the 
term is more commonly used to describe parcel divisions on the scale of a 
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neighborhood, and typically includes new streets. That is the definition that 
will be used in this dissertation.

With a basic definition established on the land use side of the equation, 
what about active transportation? Active transportation is a term 
considered so self-explanatory, many studies on the topic do not formally 
define it, or do so with a synonym like “non-motorized” transportation (e.g. 
Sallis et al., 2004). Indeed, the term has come to mean walking and riding 
a bicycle, though skateboarding and rollerblading are often included, as 
they meet the non-motorized criteria. At least one study lumped transit in 
as active transportation, but it certainly doesn’t make sense in the context 
of this research, as one of the major considerations of this research is the 
design of the built environment (Bassett et al., 2008). Designing for transit is 
different than designing for walking and cycling, as the scale of facilities and 
concerns over distance, topography, and surrounding contexts are different 
as well. The term active transportation in recent years has become less clear 
with the advent of micro-mobility modes, such as electric scooters, electric 
bicycles (ebikes), and electric skateboards. Some of these, such as ebikes, 
have varieties that only use the electric motor as an assist, as opposed to 
being able to ride without pedaling at all. And one certainly can use foot 
power to move an electric scooter or skateboard, though they are designed 
to be used primarily with the electric motor engaged. All of these modes 
would benefit from active transportation infrastructure, such as bike lanes 
and sidewalks. In this dissertation, the “traditional” definition of active 
transportation will be used. This means walking and cycling. These two 
modes of transportation are already uneasily grouped into one definition, 
despite their differences in infrastructure needs and populations doing them. 
That said, as improvements in active transportation infrastructure benefits 
scooters, skateboards, ebikes, and other micro-mobility options, they can 
be seen as a secondary population in this research that will occasionally be 
referenced. 

Some of the research in this dissertation will discuss the walkability 
and bikeability of the built environment. Areas with a robust active 
transportation network are likely to be more walkable and bikeable than 
areas that do not have one. But what is walkability, exactly? Southworth 
(2005) offers one definition:
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Walkability is the extent to which the built environment 
supports and encourages walking by providing for pedestrian 
comfort and safety, connecting people with varied destinations 
within a reasonable amount of time and effort, and offering 
visual interest in journeys throughout the network.

The first part of the definition—“Walkability is the extent to which 
the built environment supports and encourages walking”—is the core. It 
acknowledges that walkability is fundamentally about the relationship 
between the built environment and the behavior of walking. The second 
part of the definition is a list of attributes that contribute to walkability. 
They are only a few of the possible factors. Southworth (2005) proposes six: 
path network connectivity; linkages with other modes; fine grained land use 
patterns; safety (from traffic and crime); quality of the path; and path context, 
meaning street design, visual interest, and explorability. Two of Cervero and 
Kockelman’s “three Ds” overlap with “Southworth’s six” perfectly (1997). 
Their definition of diversity closely matches Southworth’s fine grained land 
use patterns, and their design matches connectivity of the path network, 
quality of path, and path context. Southworth doesn’t specifically mention 
density as an attribute of walkability, though density makes many of these 
attributes more likely to be present. Two of the additional “Ds” match well, 
too. Destination accessibility maps well to connectivity of the path network 
and fine-grained land use patterns (Ewing & Cervero, 2001). Distance to 
transit maps directly to linkage with other modes (Ewing et al., 2009). Lo 
(2009) compiled their own list of walkability attributes and it looks very 
similar to Southworth’s and Cervero’s, and includes such attributes as 
presence of sidewalks, connectivity and directness, connections to transit, 
safety, and visual interest. Notable additions include accessibility for those 
with different abilities and a special emphasis given to quality and safety of 
street crossings.

Factors that contribute to bikeability are similar to those for walkability, 
but there are some notable differences. One attempt to develop a bikeability 
index used some factors that overlap with common walkability factors, 
such as density of destinations and path quality. Slope is an example of a 
bikeability factor that is not as critical for pedestrians (Winters et al., 2013). 
My research, particularly in chapter three, will use these definitions and 
factors when evaluating street networks for active transport use.
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Literature on active transportation in the suburbs

This dissertation builds on the literature of several major subfields of city 
planning, including transportation, land use, sustainability, and traffic safety. 
The purpose of this next section is to provide a summary of the literature on 
active transportation in the suburban realm. 

The suburban population: Who lives in the suburbs?
This research focuses on the suburban context, so it begs the question: 

who lives there? Who will be impacted by this research? The traditional 
image of the suburb is a single-family home, with a family as white as the 
picket fence encircling their well-manicured lawn. Decades of white flight, 
redlining, laissez faire planning, and highway construction created the 
conditions whereby the suburbs were primarily accessible to white families 
wealthy enough to purchase a home and own a car (Jackson, 1985). There 
is truth to this narrative, but the suburbs are evolving rapidly. There is a 
surprising amount diversity amongst suburban dwellers, and the suburbs 
were never as homogenous as once thought (Dunham-Jones and Williamson, 
2011, p. 16).

The notion that the suburbs are more affluent than cities remains true, 
but that may not always be the case. Central cities still have approximately 
1 in 4 living in neighborhoods of concentrated poverty (compared to 
6.3 percent in the suburbs), but the number of suburban poor living in 
concentrated poverty grew by 139 percent. This growth is much faster than 
the rate in central cities (Kneebone, 2014). Because a majority of Americans 
live in the suburbs, there are now more people in poverty in the suburbs 
than in central cities (Florida, 2019). The number of middle-class families 
in metropolitan areas declined in the 2000s, thanks in part to the Great 
Recession, and the suburbs accounted for most of this decline (Kneebone & 
Garr, 2010). 

Today’s suburban households are still a bastion of married couples, 
but that is changing. Married couples with children no longer make up a 
majority of suburban households (Hayden, 2004). Non-families and families 
without married couples grew fastest the suburbs from 2000 to 2008. 
Children are common in suburban households, though they may not be 
living with married adults; there are a greater share of divorced, separated, or 
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cohabitation adults with children in the suburbs than in the central city. At 
the same time, central cities are seeing their share of married-with-children 
families increase (Frey, 2010). 

White families still make up a majority of suburban households, thanks 
to a legacy of racism in housing policy, but the 2000s saw the first time that 
a majority of minority households live in the suburbs, as opposed to central 
cities. In 2008, more than 50 percent of black families lived in suburban 
communities. This does not change the demographic dominance of whites 
much, but it does mean that research and policies aimed at suburban 
residents can have an effect on a majority of minority households (Frey, 
2010b).

The dual narrative of suburban demographics, one of white homogeneity 
and increased diversification, is not happening in the same places. Inner 
ring suburbs are far more likely to be diverse places, while the exurbs, with 
newer, more expensive housing, is more likely to be white. The demographics 
can even be drastically different by subdivision within the same suburb. The 
suburbs are Balkanized, with various groups living nearby, but never truly 
together (Duany, et al., 2001). Disconnected suburban neighborhoods are 
typically designed around a single price point (e.g. all homes in one are sold 
for $300,000, while another next door might sell for $200,000.). Thus when 
a family decides not just to move, but to “move up” they not only leave their 
old house behind, but leave their old community behind. (Duany, et al., 2001, 
p. 44). Many suburbs are an assemblage of separate subdivisions, sometimes 
walled and gated, each containing residents of different incomes and races. 
Demographics may show an increase in suburban diversity, but this does not 
always translate into more diverse neighbors.

Transportation and Land Use
This research relies on the basic premise that transportation and land 

use are inextricably linked. Without transportation, no new development 
can occur, and without new development, transportation is not necessary. 
Their relationship is clear and succinct at these extremes, but the interaction 
between forces that shape land use and transportation are complex and has 
proven fertile ground for research applicable to this dissertation. The results 
of this research are critical to understanding the fundamental forces at play 
when considering active transportation in land use plans.
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Modern models of urban spatial structure suggested that cities were 
monocentric, with employment clustered in the central business district and 
housing spread along the edge. All workers commute from the edge to the 
center (Alonso, 1964). This simple model has since been revisited, revised, 
and rejected by scholars as they propose new models that better reflect the 
polycentric, multimodal reality that we live in.  

There is much debate over the nature of the transportation-land use 
connection, including whether or not there is a strong connection in the 
first place. Giuliano (1995) argues that the connection between land use 
and transportation has weakened. The transportation network has made 
everything so accessible that small changes to transportation policy have 
little to no effect on land use. Cervero and Landis (1995) concede that the 
transportation-land use connection is weaker than it used to be, but the 
characteristics of the built environment still greatly affect travel demand. 
This relationship between the built form and travel demand has spawned 
numerous articles and research, with Cervero and Kockelman’s “3 Ds” being 
the most well known (Cervero & Kockelman, 1997).

Much of the recent research on the transportation-land use connection 
has focused on efforts to promote smart growth. Smart growth first arrived 
on the scene when Maryland passed smart growth land use reforms (Daniels, 
2001). Their definition of smart growth, still valid today, was: “high density 
mixed-use and pedestrian oriented development that promotes efficient 
land use and increases transit ridership” (Maryland Department of Planning, 
1997, p. 31). There’s an inherent belief among smart growth advocates that 
more thoughtful site planning, particularly in greenfield sites on the urban 
fringe, will result in transportation mode splits that see more people walking, 
cycling, and taking transit. Is this the case? The research suggests that 
the relationship between land use and transportation is complex. Making 
different transportation investments, such as investing in light rail over a 
new highway, does not necessarily result in higher land use densities. Nor 
do neighborhoods designed according to New Urbanist principles guarantee 
that people will drive less, though people who wish to do so will find it easier 
(Handy, 2005). Smart growth and transit-oriented development often comes 
with the negative side-effect of gentrification (Kahn, 2007; Jones & Ley, 
2016). 
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New Urbanism is a design and development movement strongly 
associated with smart growth, and another area of research relevant to this 
dissertation on the topic of land use and transportation. The founders of 
New Urbanism established the movement according to a list of principles 
that eventually became part of the Charter of the New Urbanism. These 
principles call for communities to be walkable, transit oriented, mixed use, 
mixed income, and sustainable. Communities should have defined centers 
consisting of commercial, civic and cultural uses. At the regional level, the 
principles call for a strong regional core with regional boundaries defined by 
greenbelts or wildlife corridors (Calthorpe et al., 1991). 

Many tenets of New Urbanism speak directly to the land use-
transportation connection, but have New Urbanist communities succeeded 
in using land use to influence transportation choices, and vice versa? It’s 
complicated. A 2002 study of Orenco Station, a well-known New Urbanist 
community in the Portland, Oregon area, found that about three quarters 
of residents travel to work by car, rather than use the adjacent light rail. 
Researchers got the same results in a  follow-up study ten years later (Ewing, 
et al., 2014). This is a critical metric, as New Urbanists support communities 
near transit to reduce automobile use. Residents make many non-work 
trips by walking, bicycling, and transit, however, a factor many studies fail to 
consider as commuting data is more widely available. 

Changing something  with regard to transportation and land use can 
lead also to unintended consequences.  Small lots can encourage walking by 
making destinations closer together, reducing trip lengths. Another study 
of Orenco Station found that homes there are more expensive than their 
counterparts in typical suburbia, even though lots are smaller. The study 
concluded that internal walkability of the neighborhood contributed to the 
price premium (Song & Knaap, 2003). 

Several Literatures on the Impacts of Transportation Mode Choice
Much of the transportation literature considers the the ways walking 

and cycling can reduce the negative impacts associated with private car use. 
There are four major sets of literatures, each with their own experts, journals, 
debates, and seminal works. This section briefly summarizes some of the key 
points in the literature as they relate to active transportation.
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Health
Safe walking and cycling are activities good for human health. Broadly 

speaking, countries with a high rate of active transportation use had lower 
obesity rates than countries with low rates of active transportation use 
(Bassett et al., 2008). This in itself does not prove causality, but does fall in 
line with a growing number of studies that link positive health outcomes to 
active transportation use (Pucher et al., 2010). Obesity is only one health 
condition that can be improved by engaging in active transportation. It can 
reduce cardiovascular disease, coronary heart disease, stroke, and diabetes. 
It can improve a person’s mental health and help maintain healthy bones and 
joints (Cavill & Davis, 2007).

Active transportation is a great way to reach an individual’s regular 
physical activity goals, but most Americans do not achieve those goals. The 
built environment can be a deterrent to walking and cycling and reaping 
the health benefits associated with them. There is evidence that points to 
factors such as dense neighborhoods, a mix of land uses, street connectivity, 
and walking and bicycling infrastructure can all contribute to an individual’s 
decision to use active transportation (Saelens, Sallis, & Frank, 2003). These 
areas can be considered “activity-friendly communities” and policies to 
encourage their development could have a positive impact on resident health 
and fitness  (Brennan Ramirez et al., 2006). A study of bicycle infrastructure 
in Portland, Oregon confirms these results. Robust bicycle infrastructure 
seems necessary to encourage people to use their bicycle for everyday travel. 
This kind of travel can help people meet their healthy living goals by doing 
things they would do anyway, like commute to work or run an errand (Dill, 
2009).  On the opposite end of the land use spectrum, the literature on this 
topic shows that low-density land development and disconnected street 
networks are positively associated with car use and negatively associated 
with active transportation and transit use. But small changes can make a 
difference. One study found that a five percent increase in walkability was 
associated with a 32 percent increase in physically active travel (per capita) 
(Frank et al., 2006). 

The Environment
The role of active transportation as it relates to the environment is that of 

a low-carbon or carbon neutral (depending on whether or not the fabrication 
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of the bicycle is included in the greenhouse gas calculation) alternative 
to internal combustion engine (ICE) vehicles. This subsection will focus 
primarily on the impact gas-powered cars have on the environment, with 
the assumption that converting trips made by those vehicles to active 
transportation will be significantly better for the environment. 

The transportation sector is responsible for a quarter of global carbon 
dioxide emissions, and carbon dioxide is one of the primary contributors to 
global climate change (Howey, 2012). We are in a climate emergency, and 
significant action must be taken to slow and reverse the amount of carbon 
entering the atmosphere. Driving fewer miles can help accomplish that goal. 

The negative environmental consequences of car ownership and use 
point to a solution of reducing the use of or eliminating internal-combustion-
engine cars at some point in the future. One study in Finland aimed to 
simulate that transition by having four families give up their only car and 
seven families give up one of their two cars. Household greenhouse gas 
emissions dropped, though households had some difficulties developing new 
car-free routines (Laakso, 2017). When urban infrastructure is designed for 
cars, reducing their use will be a challenge. 

Another way cars can contribute to climate change is indirectly through 
land use. Car-oriented suburbia is often built in forests, riparian areas, and 
other habitats that can sequester carbon. The development process can 
generate greenhouse gases and reduce the planet’s ability to take carbon out 
of the atmosphere (Intergovernmental Panel on Climate Change, 2019).

Safety
Safety is a key concern for pedestrians and cyclists that come primarily 

from two sources: crime and motorized vehicles. Crime, in the context of 
environmental safety is two things: crime itself, and the fear of crime, which 
may or may not be based on actual crime rates. People want to feel safe and 
secure in their environment while walking or on their bikes, and if they do 
not feel comfortable, they likely will not do it. 

There are design interventions that can reduce crime and fear of crime, 
such as crime prevention through environmental design (CPTED). Crime 
is not evenly distributed in space, and CPTED focuses on redesigning crime 
“hot spots” to discourage crime and improve the public’s perception of 
safety. CPTED techniques can include access control to a space, surveillance, 
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improved maintenance, and defining clear boundaries (Cozens, Saville, & 
Hillier, 2005). CPTED can help reduce crime and perception of crime, but 
it has the drawbacks of creating a “fortress mentality” in public spaces and 
merely displacing crime to different areas, rather than decreasing it overall 
(ibid). 

Improved lighting is a common CPTED technique, as darkness can veil 
offenders and can make pedestrians and cyclists feel less safe. One study 
of an Edmonton lighting upgrade on three streets and an off-street path 
found that the new lights made people feel safer and led to more pedestrians 
using the facilities after dark. The researchers speculated that a“safety in 
numbers” phenomenon could have further improved the perception of 
safety (Painter, 1996). Not all research has found such a clear cut connection 
between a design intervention and a reduction in crime or perception of 
crime. Crime statistics are often not available in the time scales or geographic 
granularity needed to make specific conclusions. Crime is also a complicated 
phenomenon, and a person’s perception is shaped by more than just one 
street or neighborhood (Day et al., 2007). 

Traffic safety is another realm where perception and actual risk are 
both influential in a person’s decision to walk or ride a bike. Statewide crash 
report databases, filled with reports filed by police but used by researchers, 
can provide vital and reasonably accurate data on actual crash risk in given 
areas. But a person’s perception of traffic safety may not match the verified 
crash data. One study found that pedestrians and cyclists in mixed-use 
neighborhoods perceived their areas to be safer from crashes than those 
in mono-use areas typically found in the suburbs, yet the actual crash data 
disagreed. This may be due to a perception that any pedestrian or cyclist 
collision with a car may be less severe than one in a suburban areas with 
faster-moving vehicles (Cho, Rodríguez, & Khattak, 2009). Another study 
found that traffic environments in dense urban areas are indeed safer 
than those in the suburbs, confirming the perceptions of suburban active 
transportation users (Ewing & Dumbaugh, 2009). This study highlighted 
design factors that may have influenced driver behavior; streets in dense area 
are narrower with less “forgiving” designs. Drivers must slow down to feel 
comfortable. Slower drivers have more time to react and avoid a collision, and 
crashes at slower speeds are less likely to result in severe injury or death for 
pedestrians and cyclists involved. Dense urban areas often have both higher 
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pedestrian volumes and higher traffic volumes, and those two factors are the 
most important in predicting which areas will see high levels of pedestrian-
car collisions (Miranda-Moreno, Morency, & El-Geneidy, 2011) . Another 
study also found that miles of arterial roadways, strip commercial uses, and 
big box stores were all major crash risk factors, while pedestrian-scale retail 
did not have the same effect (Dumbaugh & Li, 2010). These studies indicate 
that urban and suburban streets can experience pedestrian-car crashes, and 
anywhere you have many pedestrians and many cars could be a pontential 
crash hot spot. 

One key difference is speed. Typically, cars do not travel as fast on city 
streets when compared to suburban arterials, rural highways, and other high 
capacity roads outside of the urban center. An increase in speed increases 
the chances a pedestrian will be killed in the collision. Crashes where the car 
is traveling at or below 40 km/hr are likely to be slight, while crashes over 
75 km/hr are likely to be fatal (Davis, 2001). In the suburbs, the hierarchical 
street pattern creates some streets that are very safe for pedestrians and 
cyclists, while others are very dangerous. Cul-de-sacs can reduce traffic 
speeds as well as traffic volumes, reducing both the odds of getting hit and the 
severity should it occur. But as one moves from local street to collector and 
eventually arterial, volumes and speeds increase significantly, and so too does 
the danger. Pedestrian volumes decrease on arterials, so there is no “safety-
in-numbers” effect, either. Drivers on arterials are simply not looking for 
pedestrians as much as they are on urban streets, and this creates a recipe for 
deadly collisions. 

Equity
The relationship between active transportation and equity is the 

fourth and final dimension discussed here. Equity asks the question, “how 
fairly are the benefits and costs distributed in a system?” In this case, the 
transportation system. Each of the aforementioned dimensions comes 
with their own benefits and drawbacks. For example, people who use active 
transportation more are healthier, with lower BMIs, on average (Frank et 
al., 2006). But people are more likely to use active transportation if safe, 
convenient infrastructure is available where they live, and those benefits 
are unevenly distributed throughout cities. Neighborhoods with wealthier, 
whiter residents are more likely to have a robust sidewalk network and access 



CHAPTER 1 PAGE 14

to bike lanes. One study of neighborhoods in metro Atlanta found that people 
walked more in walkable neighborhoods. Yet, positive health outcomes were 
not found across all demographic groups. Men in walkable neighborhoods 
were less likely to be overweight or obese. The study found that women, 
particularly women of color, in dense, walkable neighborhoods were more 
likely to be overweight than their peers in less dense areas. This is in spite 
of the fact that all groups living in more walkable neighborhoods reported 
walking more (Frank et al., 2008). Cars generate air pollution that doesn’t 
just wreak havoc on our climate, but causes negative health effects that 
are disproportionately affecting low-income households, households least 
equipped to handle the associated costs, such as asthma treatment (Havard et 
al, 2009). 

Studies have shown public transit routes are often not distributed 
equitably, with low-income residents not having the same access as higher-
income residents. Often, the spatial and social equity dimensions are 
evaluated in tandem, as they are strongly related to each other.  (Lee, Sener, 
& Jones, 2017). The spatial mismatch hypothesis suggests that poor, often 
non-white residents of the city do not have access to jobs that migrated to 
the suburbs with white residents, thanks in part to highway construction. 
There are still debates about whether a mismatch currently exists or ever 
existed, but it highlights the critical relationship between space and access to 
opportunity (Hu, 2015; Andersson et al., 2018). 

There are many variables to consider when evaluating the fairness of a 
transportation system. One must consider the attributes of the person using 
the system, such as ethnicity, income, gender, need, and ability. People in 
these different groups may have different perceptions about the quality and 
usefulness of a transportation system, and may place different values on their 
available mode choices. Because of these differences, it can be challenging to 
analyze the fairness of a transportation system. An analysis might find the 
system to be equitable in one dimension, but not another (Litman, 1999).

All four of these perspectives on active transportation were considered 
when developing the research that follows in this dissertation. This is 
especially true in chapter three, where residents in three case study 
neighborhoods were surveyed about their attitudes and use patterns 
about shared-use path networks. The neighborhoods were chosen in the 
Sacramento metropolitan area, a diverse and integrated place relative to 
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other cities (Silver, 2015). The neighborhoods themselves were chosen to 
reflect this diversity and avoid the problem of having the research merely 
study wealthy, white homeowners. This reflects the changing demographics 
of the suburbs, outlined above, as well as addresses some of the equity issues 
that can appear when choosing a study population. 

Health was a consideration in this research. Survey respondents were 
asked about their exercise habits on the shared-use paths. They were asked 
about walking, cycling, and running, the most common exercise activities 
performed on paths. Safety was also asked about in the survey. Respondents 
were asked if they felt safe from both crime and traffic on the shared-use 
paths. 

Safety and the environment factored in to the research on street network 
patterns found in chapter four. The street networks were evaluated on 
several key indicators of connectivity. Street-to-node ratio measures the 
mean number of streets that meet at intersections in the study subdivisions. 
Lower ratios are less connected, but they are often safer, as they consist 
of more three-way intersections than four-way intersections. Three-way 
intersections reduce the number of conflict points in an intersection and 
reduce the odds of car crashes. Measures such as access points and number 
of cul-de-sacs can speak directly to the likelihood that a resident of a 
subdivision would choose walking or cycling over driving. Long cul-de-sacs 
and few access points encourage walking. If those trips are made by gas-
powered vehicles, they contribute to carbon emissions. Subdivisions with 
more connectivity can reduce emissions of residents opt to use alternative 
modes of transportation.
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This chapter is concerned with the origin, history, and design regulation 
of shared use paths in the suburbs. Shared use paths (SUP), often called 
mixed use paths, are commonly defined as: 

A bikeway physically separated from motor vehicle traffic by an 
open space or barrier and either within the highway right-of-
way or within an independent right-of-way. Shared use paths 
may also be used by pedestrians, skaters, wheelchair users, 
joggers, and other non-motorized users. Most shared use paths 
are designed for two-way travel (AASHTO, 2012).

This widely-used definition is from the American Association of State 
Highway and Transportation Officials and is framed using the language of 
the highway engineers that are the membership of that organization. As 
the context of this study is the suburbs, a modified and updated definition 
is necessary. For the purposes of this research, the following definition of a 
suburban shared use path is used:

A path physically separated from motor vehicle traffic by open 
space or barrier. The path may be within an independent right-
of-way for within the street right-of-way. Shared use paths 
may be used by pedestrians, cyclists, skaters, wheelchair users, 
scooters, and other forms of micromobility.  Most shared use 
paths are designed for two-way travel.

Chapter Two

Off-Street Active 
Transportation in the Suburbs: 

A History
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This definition does not prioritize cyclists and eliminates any reference 
to highways. In addition, the list of potential users is expanded to include 
modern micromobility vehicles such as scooters.

This chapter aims to answer a critical question about suburban SUPs: 
Over history, what have been the major influences on provision and design of 
SUPs in the suburban United States? Answers to this question are relevant 
to today’s practitioners, as communities are increasingly building new 
SUPS or requiring residential real estate developers to include them in new 
subdivisions. The urban designers and landscape architects charged with the 
design of these places will undoubtedly consider contemporary examples of 
the form, but a better understanding of the history of the paths could lead 
to more thoughtful, future-proof designs. City planners will be able to write 
policies that are more effective at ensuring the provision and use of SUPs. 

In what follows, influences considered include the physical design of 
shared use paths and suburban neighborhoods, responses to the rise of the 
automobile, and land use regulations.

This history is told chronologically, separated into four distinct eras that 
include major influences that are both non-suburban and didn’t originate in 
the United States, as well as those that are directly suburban and of United 
States origin. The eras are: 1) Mid-19th century American urban parks and 
parkways; 2) Early 20th Century English Garden Suburbs; 3) 1920s and 1930 
American Garden Suburbs; 4) Post 1920s American Neighborhood Unit 
Planning and Typical Suburban Development.  The origins of modern SUPs 
begin with the urban parks and parkways designed by Frederick Law Olmsted 
and Calvert Vaux in the mid-to-late 19th century. Their park circulation 
systems contributed key ideas about separating pedestrian and bicycle 
movement. They also set a precedent for SUPs to be located in parks and 
managed by parks departments. Subsequently, the garden city movement, 
led by Ebenezer Howard and designers Barry Parker and Raymond Unwin, 
took hold in England. Inspired by Olmsted and Vaux, they began including 
SUPs in their community plans. In short order, the garden suburb designers 
of the United States took both of these precedents and reshaped residential 
paths for the motor age. Paths provided a respite from the increasingly busy 
streets. Despite their popularity among prominent suburban designers, SUPs 
did not become a common feature in suburban development in the post-war 
years. The neighborhood unit paradigm, first articulated by Clarence Perry in 
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the late 1920s,  did not include SUPs and so when federal model subdivision 
ordinances adopted this idea as a template, SUPs fell out of the picture 
for most American suburban development. This led to the codification of 
subdivision standards that largely ignored the needs of pedestrians and 
cyclists. The chapter ends with discussion of Village Homes and Davis, 
California as an example of what may have happened had early shared use 
path systems proved more long-lastingly influential on American suburban 
design.

Shared use paths did not appear on the scene fully formed with all the 
elements that characterize them today completely developed. Designers 
in each era added and modified key design characteristics to residential 
shared use path systems, and various governmentally enacted regulations 
also altered the design characteristics. This history that follows identifies 
these key design characteristics, analyzes their origins, and discusses their 
importance to the design of modern SUPs. 

The design characteristics come from a careful analysis of the case 
studies in this chapter. The case studies are grouped by era, and case studies 
in each era demonstrate the design characteristics introduced by that era. 
The design characteristics were determined by looking at the differences in 
shared-use path design and implementation between case studies of different 
eras. For example, orienting houses to the path did not occur until the 1920s 
and 1930s American Garden Suburb era, and represents a noteworthy 
difference between paths in other eras. The list of design characteristics is 
derived from finding these leaps in design evolution.  This list was checked 
against a more modern neighborhood, Village Homes in Davis, California, 
discussed at the end of this chapter. The shared-use path system had all of 
the design characteristics in the list. Chapter three will refer to these design 
characteristics, as they apply in varying degrees to all shared-use path 
systems.

The design characteristics are:
• Separation of modes. SUPs are distinct from streets and sidewalks. 

In some cases, they may pass under or over streets at intersections, 
separating path users from cars. 

• Linearity. SUPs typically occupy long and narrow strips of land.
• Park-like setting. SUPS are typically located within landscaped green 

spaces that are often parklike in feel.
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• Within superblocks. Main branches of SUPs exist within large blocks 
that are uninterrupted by streets.

• Cul-de-sac complement. SUPs connect to cul-de-sacs to create a more 
grid-like circulation pattern for pedestrians and cyclists.

• Connection to other uses. Land uses along SUPs are primarily 
residential in nature, but SUPs often connect residents to schools, parks, 
retail, or offices. These connections may be made via an intermediate 
regional path.

• House orientation. In neighborhoods containing SUPS, residences are 
sometimes oriented toward SUPs and sometimes toward streets.
These characteristics may not be present in every shared use path system, 

but they are common enough to note here. There is overlap with Clarence 
Stein’s elements of his plan for Radburn, New Jersey, an influential American 
garden suburb case study discussed below. The superblock, separation of 
modes, and house orientation are specifically mentioned by Stein (Stein, 
1957, p. 41-44). The characteristics are highlighted in this chapter when they 
appear prominently in a key case study SUP.

In this chapter, the notable eras of suburban shared use path history are 
discussed in chronological order. The chapter includes an analysis of how 
that history has shaped how we design and regulate the provision of modern 
suburban shared use paths. Our current design and policy environment 
favors paths as a recreational amenity, embedded and maintained by parks 
departments. This orientation relegates paths to joggers and dog walkers. 
Cities can adopt a more comprehensive land use and transportation policy to 
ensure that suburban shared use paths can form a more cohesive and useful 
network that leads to more commute and utility trips.

Mid-Nineteenth Century American Urban Parks and Parkways

Footpaths were the framework for human movement long before any 
technologies were developed to facilitate transportation. Why begin this 
historical research with 19th century urban parks? This is where the first 
paths emerged that began to meet the definition of the shared use path 
discussed above. The definition states that SUPs must be separated from 
motor vehicle traffic by either open space or a barrier, and the emergence 
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of motor vehicles began in the late 19th century, necessitating separation. 
But even before the arrival of motor vehicles, urban park designers were 
grappling with the need to separate different types of non-motorized travel 
in order to create a bucolic park experience. And so, urban parks became the 
first fertile ground for the genesis of a shared use path. 

Urban parks did not develop as a respite from fast-moving vehicles 
specifically, but rather out of a belief that contact with nature would 
improve the health outcomes of urban residents and serve as an antidote to 
the crowded conditions in tenements (Szczygiel & Hewitt, 2001). Prior to 
modern urban park systems, urban residents would retreat to cemeteries, 
beaches, and nearby wilderness—if it was possible for them to do so. Urban 
parks were a reform movement, and at the forefront were the landscape 
architects Frederick Law Olmsted and Calvert Vaux. They believed parks and 
parkways could connect to other open spaces and even the urban hinterlands, 
injecting unbroken ribbons of suburban landscape into the dark and 
unhealthy city. Their parkways were intended to form a spine at the center of 
new lower-density suburban communities that workers could travel along to 
reach their jobs in the central city. Their plan for New York’s parkways are a 
prominent example of this thinking (Macdonald, 2002). 

Shared use paths are typically designed to accommodate bicycles, but the 
first shared use paths in parks predate the invention of the modern safety 
bicycle. The first areas of Central Park, the park that can claim to be the 
originator of the shared use path, opened in 1858, while the safety bicycle was 
not available to the bicycling public until the 1880s (Herlihy, 2004, p. 225). 
New Yorkers did use progenitors to the safety bicycle, such as the velocipede, 
on Central Park paths. One contemporary report stated:

It has been currently reported that the Commissioners of 
Central Park, New York, have prohibited the driving of the 
bicycle there; but the rumor is without foundation. No such 
interdict will be issued, unless the blooded horses object to the 
novel machine, by running away. Well-bred horses, whether 
thorough-bred or not, already manifest no emotion at the sight 
of the vehicle. Without doubt, the Commissioners will yield 
gracefully to the public demand (Goddard, 1869).

The City added a purpose-built cycle path to the park in 1936, but it was 
not designed to be shared use (Herlihy, 2004, p. 360). 
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If one looks further in history than the 19th century, the paths stray 
further and further from the SUP definition. Setting aside the “motor vehicle 
traffic” clause, the idea of separating some modes onto paths with a barrier 
or buffer didn’t exist prior to the 19th century. Paths or trails were often the 
primary circulation system, such as a path through a forest or pass between 
two villages. The definition also uses the word “designed”. This eliminates 
desire paths (also known as desire lines) from consideration, they are 
unplanned shortcuts through fields and lawns (Nichols, 2014; Smith and 
Walters, 2018). The key element of a shared use path is that they are designed 
to be separated from the motor vehicle network. This doesn’t happen until 
19th century park design. 

Just as in the 19th century, shared use paths, in many cases, are located 
in parks. In neighborhoods where they are public space, they are often 
under the jurisdiction of the municipality’s parks department. In private 
communities the paths are part of the land held in common and maintained 
by the home owners association’s landscaping crew. This arrangement means 
public residential path systems can be thought of as parks, but also as part of 
the transportation system similar to the sidewalks found in the public street 
right-of-way. When one considers the history and precedents of residential 
path systems, the design of parks and their circulation systems are worth 
considering.  All but the smallest parks have a circulation system, and most 
have a separate path system for pedestrians and cyclists. Bicycles did not 
exist in the ancient world, but private villas and gardens of the era featured 
well-designed pedestrian path systems meant to lead visitors on a procession 
by gardens, sculptures, and fountains (MacDougall & Dumbarton Oaks, 
1987). For the purposes of this research, it is not necessary to go back that 
far to find the appropriate precedents, due to their largely private nature. 
Shared use paths are public or quasi-public spaces; the public urban parks of 
the mid-to-late 19th century, particularly those designed by Frederick Law 
Olmsted and his partner Calvert Vaux, are worth understanding in relation to 
today’s paths.

Frederick Law Olmsted and Calvert Vaux, working together and 
separately, designed some of the most notable public parks, college 
campuses, and suburban communities in the United States, including Central 
Park in New York City; the suburban community Riverside, Illinois; and 
Boston’s Emerald Necklace. They worked during the apex of the Industrial 
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Revolution, at a time when cities were often choked with smoke. They 
firmly believed urban citizens needed access to green spaces, fresh air, and 
recreation; it was essential for a person’s welfare (Scheper, 1989). A good 
park, Olmsted believed, could “produce a certain influence in the minds 
of people and through this to make life in the city healthier and happier” 
(Olmsted & Sutton, 1997, p. 356). Cities are very different today, but the belief 
that everyone should have access to green space has endured. Their solutions 
to park circulation make as much sense today as they did then, as the goals of 
parks are the same. 

Olmsted and Vaux introduced two principles for park circulation that 
are most relevant to residential path systems: separation of modes and 
linearity.

Separation of Modes
 The first principle is most evident in the design of Central Park. Traffic 

management was a major challenge for Olmsted and Vaux. The area 
dedicated for Central Park was located right in the middle of a fast-growing 
borough, and the park’s size meant that some through traffic would need 
to be allowed. This traffic was fundamentally different than the kind that 
had occupied city streets in the past. The automobile still had not become 
commonplace, but faster, spring-loaded carriages could move people far 
faster than before. Urban dwellers feared for their safety, as fast-moving 
horses and carriages could be deadly. They also had to plan for traffic within 
the park, which would include people on foot, but also pleasure carriages 
and people on horseback (Scheper, 1989). “Going for a drive” has its origins 
in this era, and the park made room for this recreational activity (Olmsted 
& Sutton, 1997, p. 255). Thus Olmsted and Vaux had three distinct modes of 
transportation to design for, and their primary strategy was to separate them 
whenever possible. Figure 1 shows an example from the east side of Central 
Park, taken from the 1870 plan. The transverse road, designed to allow 
“cut through” traffic across the park, is completely separate from all other 
forms of traffic. Transverse roads were sunk below street level in a trench, 
occasionally covered by broad caps to allow drives and walks to cross over 
without even noticing the transverse road below. Pedestrians and pleasure 
carriages had their own separate path systems. Where they met, crossings 
were typically at-grade, though bridges did lift pedestrians over the horses 
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in a few key locations. The bridges themselves have become synonymous 
with the image of Central Park. Central Park is only one example of Olmsted 
and Vaux’s separation philosophy. Prospect Park in Brooklyn also separates 
drives from walks and includes bridges. The bridges in both parks closely 
resemble the pedestrian bridges found in Radburn, New Jersey, which will 
be discussed in the American Garden Suburbs section that follows, making 
a very distinct visual connection between the 1850s to 1870s and the garden 
cities/suburbs of the 1920s.  

Another clear 
ancestor of SUPs that 
can be seen in Olmsted 
and Vaux’s work can be 
found in their designs 
for parkway systems 
connecting urban 
parks. In Brooklyn, they 
designed Eastern and 
Ocean Parkways, 200-
foot wide promenades 
that featured separate 
pedestrian paths in a 
parklike setting that 
connected to many 

streets and neighborhoods as Brooklyn grew at the end of the 19th century 
(Macdonald, 2002; Macdonald, 2012). 

The principle of separation from fast-moving traffic informed the design 
of the parkways. Figure 2 shows the plan for Eastern Parkway. The central, 
55-foot travel lane was reserved for fast moving carriages and horses. Slow-
moving wagons were separated from pleasure traffic in separate outside 
lanes. Pedestrians walked in the 35-foot buffer zones, protected by two rows 
of trees. Pedestrians could walk along these paths feeling like they were in 
a park, safe from potential conflicts with fast-moving vehicles (Macdonald, 
2002). Separation became even more extreme on the parkways in the 1890s 
when bicycling gained popularity. The City granted cyclists the exclusive use 
of one pedestrian lane, separating pedestrians and cyclists.  

Figure 1: Detail of Central Park plan
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Linearity
The principle of linearity also informed the parkway concept and their 

connection to other parks. The original idea of the parkways was to connect 
Central Park to newly constructed Prospect Park, and from there connect 
Prospect Park to the shore. The parkways would extend into undeveloped 
countryside, providing recreational opportunities and a pleasant commute 
for future residents as Brooklyn continued to urbanize. 

Beyond the Brooklyn Parkways, perhaps the best example of SUP 
linearity within the work of Olmsted and Vaux is Boston’s Emerald Necklace, 
a continuous chain of parks and parkways that connects Boston Common 
to Franklin Park. Olmsted, when making the case for the Emerald Necklace 
system, also made a case for the idea of linear parks generally. The overall 
benefit of a linear park is spreading the benefits of a park through a larger 
part of the community. This pays dividends for park access, land values, and 
politics.  The geometry of a linear park makes all of this possible. A square 
park has a smaller perimeter than one that has the same area but is long and 
thin. Perimeter is important in an era where most people walked. Linear 
parks make it easier for more people to walk to a park, and Olmsted hoped, 
have a greater positive social benefit to the city and its residents (Olmsted 

Figure 2: Detail of Eastern 
Parkway plan
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& Sutton, 1997). The larger perimeter also meant that more properties were 
located adjacent to or near the park. Even in Olmsted’s era, parks were an 
amenity that could raise land values.

Early 20th Century English Garden Cities and Suburbs

The urban parks of Olmsted and Vaux introduced idea of separated 
paths that could be used as urban circulation through parks. This idea of 
separated paths grafted perfectly onto the garden city movement that was 
emerging in England shortly after Olmsted and Vaux’s most famous urban 
parks were completed. The garden city movement began with a small book 
written by a stenographer and clerk who filled his spare time designing an 
urban form meant to reform English society. This clerk, Ebenezer Howard, 
wrote  To-morrow: A Peaceful Path to Real Reform (later Garden Cities of 
Tomorrow), which offered a diagrammatic vision for how to design cities that 
marry the benefits of cities and the countryside and minimize the drawbacks. 
This vision is best represented in his famous “The Town-Country Magnet” 
diagram (Howard, 1898). His vision of new cities, surrounded by productive 
greenbelts, captivated a public weary of the poor air quality and overcrowding 
of England’s cities. He did not call for a return to rural villages, however, 
but instead a truly urban experience nestled in a bucolic setting (Richert & 
Lapping, 1998). At the time of writing, England’s countrysides and villages 
were emptying out as cities became increasingly crowded. The idea of cities 
of 30,000 surround by 5,000 acre greenbelts were meant to demonstrate how 
urbanity and nature could exist side-by-side.

Howard’s design proposals were only diagrams, and he left the actual 
designing of garden cities to planners and architects, most notably Barry 
Parker and Raymond Unwin in England.  Parker and Unwin were an 
architecture team that designed middle-class homes in England prior to 
signing on to design garden city projects. They had a passion for designing 
high-quality spaces for everyone, regardless of social class. This concern for 
equity and democracy in design led Unwin to present a master plan for an 
ideal garden city at The Garden City Association conference in 1901, a plan 
that focused on practical design for the middle class (Miller, 2015). This 
presentation led to Parker and Unwin wining the competition for the layout 
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of Letchworth in 1904. The duo could begin to put their garden city ideas into 
practice.

They were aware of the park design innovations occurring in the United 
States, and incorporated those ideas when aiming to achieve Howard’s 
utopian vision (Unwin, 1909, p. 91). English garden city designers, familiar 
with well-known parks and their design characteristics, attempted to 
incorporate park-like elements into residential settings, including shared 
use paths. They introduced the concepts of the superblock, cul-de-sac 
complement, and park-like setting to the suburbs and these elements 
became entwined with systems of shared use paths.

Superblocks
Superblocks form the primary structure for garden cities, but the term 

itself was not used by the English garden city designers. It was coined later 
by American garden suburb designers who also incorporated this design 
element into their work. The term describes a large block surrounded by 
streets though which there are no through-routes for cars, only cul-de-sacs 
or loops (Patricios, 2002). When applied to suburban areas, such superblocks 
typically are composed almost entirely of residential uses. The first 
recognizable superblock may have first appeared in 1887, with the proposal 
for the design of Port Sunlight, near Liverpool in England. Port Sunlight 
predates Garden Cities of Tomorrow, Parker, and Unwin. The homes in this 
community turned their back to the street and faced inward to a communal 
green space (Kostof, 1991, p. 72). Port Sunlight was commissioned by soap 
magnate W. H. Lever for his workers and master-planned as one cohesive 
community. The designers placed homes in large blocks meant to invoke an 
Arts and Crafts-style pastoral village (Rees, 2012). The sizes of the blocks 
were fairly small compared to modern superblock standards, with a mean 
area of approximately seven acres.  Because of their size, the internal paths 
primarily provided resident access to the green spaces and did not serve as an 
alternate system of circulation from the roadways. The blocks were not large 
enough to necessitate a pass-through.

The first Parker and Unwin-designed garden city, Letchworth, is often 
considered the first true garden city. Several of the blocks in the community 
resemble typical suburban blocks, with homes and gardens arranged in a 
smaller area. But Unwin also included larger blocks that included interiors 
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that featured communal gardens, parks, and space for cul-de-sacs. Parker 
and Unwin did not include shared-use paths, however, as even the larger 
superblocks were fairly small compared to versions in later master plans. 
Letchworth’s public spaces are governed by a Community Benefit Society, 
a cooperative similar to a homeowners association, that has proved to be a 
common form of management of the shared public spaces in design schemes 
with super blocks and shared-use paths (Lewis, 2015).

Parker and Unwin’s next project, Hampstead Garden Suburb, was built 
in 1907. This project made the next leap in incorporating true path systems 
into superblocks (Figure 3). The project aimed at luring weary London-
dwellers into the countryside, particularly middle class and “industrial class” 
workers (Miller, 2002). Block sizes were larger than those in Port Sunlight 
and pedestrians needed shortcuts to make their trips a reasonable length. 
Superblock sizes ranged from 7 to 22 acres, with a mean of approximately 13 
acres. Hampstead Garden Suburb’s paths are not organized to be a coherent 
network of paths, but unconnected pass-throughs that exist to break up the 
superblock (Figure 4). Parker and Unwin’s other major projects, Letchworth 
Garden City and Welwyn Garden City, do not make use of paths, as their 
block sizes were not as large as Hampstead’s.

Cul-de-sac Complement
Suburban cul-de-sacs arrived on the scene after superblocks, as it is 

nearly impossible to make room for a cul-de-sac without a larger-than-
normal city block. Cul-de-sacs also enhance superblocks by providing limited 
road access to the interior while still ensuring through traffic is forbidden. 
English architects and planners Parker and Unwin are credited with the first 
deployment of cul-de-sacs in a garden city context. Prior to Park and Unwin, 
cul-de-sacs were banned in England, as they were associated with unplanned 
medieval cities and the kind of unsanitary conditions the garden city was 
meant to remedy (Sourthworth and Ben-Joseph, 2004). They successfully 
had a law passed, the Hampstead Garden Suburb Act of 1906, that gave the 
designers permission to implement short cul-de-sacs within the community 
named in the act. Their work proved influential and the act was used as a 
foundation for the Town Planning Act of 1909, which made cul-de-sacs legal 
in other communities (Unwin, 1909).
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Hampstead Garden Suburb

Figure 3: Diagram 
illustrating the connection 
of street and path system 
(Source: Hampstead 
Garden Suburb Trust)

Figure 4: Figure ground 
diagram highlighting 
paths (white), streets 
(gray), and path green 
space (dark green)

Date: 1907
Designers: Barry Parker and Raymond Unwin
Size: 880 acres

200 ft



CHAPTER 2 PAGE 29

Parker and Unwin’s cul-de-sac designs barely resemble today’s cul-de-
sacs. Their roadways were narrow and short. Two- and three-story buildings, 
placed near to each other, created an enclosed space that stands in contrast 
to the low-density suburbia surrounding modern cul-de-sacs. This interior 
space often featured gardens and trees, making it a special public space of 
its own, a counterpoint to the open greens featured in Parker and Unwin’s 
community plans (Southworth and Ben-Joseph, 2004). 

Park-like Setting
The greenspace of Parker and Unwin’s communities is novel and critical 

to achieving the aims of Ebenezer Howard’s mixing of the town and the 
country. Garden cities created a park-like setting in the center of superblocks, 
and the shared-use paths crossed through these verdant landscapes. Howard 
described the garden city as a place “with all the beauty and delight of the 
country” (Howard, 1898, pp. 15-17), and what better way to integrate the 
country than constructed nature, as Olmsted and Vaux did? Olmsted believed 
in providing urban residents with a facsimile of pastoral settings, and even 
went so far as to design a more picturesque wetland at the mouth of the 
Muddy River, a formerly smelly tidal estuary in Boston, perhaps the first time 
this had ever been attempted (Spirn, 1997). Thus the details of Riverside’s 
park-like landscaping, nor Olmsted and Vaux’s parks, were not prescribed to 
designers and developers. But Parker and Unwin, too, must have been aware 
of Riverside, one of the most influential contributions to the field of suburban 
design at the time. Olmsted and Vaux’s park plans were also well-known. 
Their parks were so famous that they redefined what “park-like” means. 
Parks prior to Olmsted and Vaux were often designed in the tradition of the 
formal garden. They believed that nature, or a recreation of it, was essential 
for the well-being of the working class, and eschewed tradition (Olmsted & 
Sutton, 1997).

Howard emigrated to the United States when he was 21 and lived in 
Chicago after the construction of Frederick Law Olmsted and Calvert Vaux’s 
suburb of Riverside. Riverside is one of the earliest planned communities in 
the United States and is known for its incorporation of parks and residential 
areas. It’s now referred to as a “village in the forest,” not unlike Howard’s 
town within the countryside (“About Riverside,” n.d.). Howard denied using 
Chicago and its environs as inspiration for his garden city ideas, but many of 
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the ideas of Riverside found its way into his book, including good housing set 
near plenty of open space (Hall, 1998, p. 90). 

 Parker and Unwin were also inspired by the English countryside and its 
contrast to the density of London. Unwin believed that 10-12 dwelling units 
per net acre was just the right amount of density. He believed that these 
country “cottages” in Hampstead Garden Suburb should be spaced such 
thatonly 1/6th of the site was covered with buildings. Unwin saw a need for 
wider frontages than had existed previously to situate the homes in a pastoral 
setting, but noted that wider frontages meant that roads had to be longer to 
accommodate the same number of plots (Unwin, 1909). Paths were a useful 
way of breaking up these superblocks while allowing each home to be set in 
its own park-like greenspace. 

1920s and 1930s American Garden Suburbs and Greenbelt Towns

The garden city designers had created a unique type of community: 
homes situated within a naturalistic gardens and large blocks crisscrossed 
by pedestrian paths. Across the Atlantic, their community designs inspired 
another wave of community design led by American urban designers 
Clarence Stein and Henry Wright in the 1920s and 1930s. As is often the case 
when a concept is applied in a different context, the original idea mutates 
into something different. For example, Howard’s vision for a garden city 
included an industrial sector, schools, shops, and offices. The goal was to 
create an urban area set in the countryside. Parker and Unwin tried to hew to 
this vision as much as possible and set aside acreage for industry in their plan 
for Letchworth (Lewis, 2015). Stein and Wright made no attempt to include 
the factories and workplaces Howard proposed and Parker and Unwin tried 
to achieve. They saw garden suburbs, as they called them, as a place of retreat 
from the city after a day’s work. 

That’s not to say that they didn’t aim to continue the tradition of garden 
city design in the United States. Lewis Mumford stated that Clarence Stein 
“did more than any other single person in America to realize in practice 
the ideas that Ebenezer Howard first set forth” (Parsons, 1998). Stein and 
Wright designed and succeeded in constructing several notable garden 
suburb communities in the United States, beginning with Sunnyside Gardens 
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in Queens, New York in 1923. From there, they designed Radburn, New 
Jersey in 1929. After the onset of the Great Depression, Stein and Wright 
designed Chatham Village in Pittsburgh. Stein went on to consult on the 
New Deal greenbelt towns, and provided the most specific design guidance 
on Greenbelt Maryland (Parsons, 1990). Sunnyside (1923), Radburn (1929), 
and Greenbelt (1935) are discussed in more detail in this chapter, as they best 
illustrate the incorporation of SUPs in residential settings.

Garden suburb designers also looked closer to home for inspiration for 
their communities. They were designing their garden suburbs a decade or 
more after the English garden city projects, and in that span the automobile 
became a dominant feature in urban life, particularly in the United States 
(Muller, 1995). Garden suburbs were meant to be a respite from the traffic 
of the city, so they needed novel ways of accommodating the increasingly 
popular car while reducing its negative impacts, including noise, pollution, 
and crash risk. Olmsted and Vaux had solved a very similar problems back 
in the 19th century with their separation of modes concept. They too, had 
designed a system meant to separate slow-moving pedestrians from faster 
moving vehicles. Central Park, Prospect Park, and the Brooklyn Parkways 
were all in New York, where Stein and Wright did some of their most well-
known work, and they acknowledge Olmsted and Vaux’s nearby inspiration 
(Stein, 1957, p. 47). The garden suburb designers, therefore, borrowed 
concepts from both the English garden city designers and 19th century urban 
park designers. They also contributed several new concepts to residential 
path systems, namely house orientation and connections to other 
uses. 

House orientation
Stein and Wright took the concepts of the superblock and cul-de-sac, 

and altered them to better integrate residential path systems. Their first 
attempt at better integrating paths was to orient some homes to the paths. 
The did this first in Sunnyside Gardens, in Queens, New York, built in 1924. 
The project, built by the City Housing Corporation in response to a need for 
moderate-income housing of a reasonably high quality in the New York area 
at the time (Stein, 1949). The site’s streets conformed to the New York grid, 
creating some constraints on the design and making it “less spectacular than 
our proposed Garden Community” (Stein, 1949). This community featured 
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gardens surrounded by homes, similar to Port Sunlight and other garden 
cities. Instead of one garden in the superblock, Sunnyside Gardens included 
three gardens surrounded by homes on the same superblock. Homes 
completely ringed each of the three gardens, and narrow pedestrian paths 
separated the rings of homes on the same superblock. The front doors of 
some homes faced on to the short paths.

Stein and Wright oriented nearly all homes to paths in their most 
famous project, Radburn, New Jersey. Radburn was the next City Housing 
Corporation project after Sunnyside Gardens, and an attempt at making a 
true garden city. They chose a two-square mile site in New Jersey 16 miles 
from New York (Figure 5). The local jurisdiction had not yet adopted a 
zoning ordinance or road plan, so the designers had a free hand to design 
their garden city. Their grand plans were cut short by the Great Depression. 
Radburn was conceived and designed in 1928, with construction beginning 
in 1929, right before the stock market crash. Only two superblocks were 
ever built, but they are enough to be illustrative of the “Radburn Idea” of 
neighborhood design (Stein, 1957).

Where Sunnyside Gardens had a few homes on each block oriented 
to a path, the concept was one of the defining characteristics in Radburn. 
The community had a repeating rhythm of path, home, cul-de sac. This 
completely changed the home’s relationship with the superblock greenspace. 
Garden cities and Sunnyside Gardens had homes ringing greenspace, but 
in Radburn greenspace, via the paths, was woven in amongst the homes. 
The communal greenspace was far more linear in orientation, more closely 
resembling a linear park (Figure 6). Radburn echoed Olmsted and Vaux’s 
parks in another way, too. The paths were completely separated from 
cars using pedestrian underpasses. A pedestrian could wander the entire 
community without crossing a street. 

Connections to other uses
The paths in Radburn also had a quality that Sunnyside Gardens and 

English garden cities didn’t: you could go from one land use to another using 
a path. English garden cities had other land uses incorporated into them, 
even industrial ones, but as the paths were primarily shortcuts through 
superblocks, not meant to serve as a system designed as a second way to 
reach destinations. Sunnyside Gardens’ paths were similarly for cutting 
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Radburn, New Jersey

Figure 5: Plan for Radburn, 
highlighting the areas 
actually built (buildings 
shown in black)

Figure 6: Figure ground 
diagram highlighting 
paths (white), streets 
(gray), and path green 
space (dark green)

Date: 1928
Designers: Clarence Stein and Henry Wright
Size: 149 acres

200 ft
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through blocks and the development didn’t incorporate other uses. Stein 
and Wright specifically designed the path system as a way for residents to 
reach destinations without using streets. They placed the elementary school 
so children could use the paths to get there from nearly every home without 
encountering a car. The small business district—that would have been larger 
if the entire community was built—is one block from the path system.

The effort to create a community with a variety of land uses, all connected 
by paths, was again attempted in the form of the New Deal greenbelt towns. 
Greenbelt towns were an effort by the federal government to both provide 
jobs to those out of work during the Great Depression, and provide affordable 
housing in suburban locations under the Resettlement Administration 
program. Instead of building bland, barracks-style housing, the leadership 
of the Resettlement Administration took the opportunity to build model 
communities based on garden suburb principles (Parsons, 1990). The 
program was intended to create satellite towns all over the United States, 
but in the two-year span of the program, only three communities in three 
metropolitan areas were built–Greenbelt, Maryland; Green Hills, Ohio; and 
Greendale, Wisconsin. The most notable of the three cities built, Greenbelt, 
Maryland, and the one most closely advised by Clarence Stein, returned to 
the roots of the English Garden City movement and attempted to build an 
entire city, complete with industry, during the Great Depression. Greenbelt 
included some retail, a movie theater, a community center, schools, and 
parks, though none of the industry that Howard had envisioned. Paths in 
Greenbelt formed a veritable spiderweb connecting all of the homes and 
other uses. Greenbelt was the high point for paths connecting residents to 
other uses, and it remains a weakness for path systems today. Paths may 
crisscross a suburban subdivision, but the paths may not connect to anything 
beyond its boundaries. Most of these communities are not large enough to 
support an entire local economy by themselves, meaning residents need to go 
elsewhere for shopping, work, and other activities. If the paths don’t connect 
outside the subdivision boundaries, they cannot connect to other uses.

The legacy of U.S. garden suburbs on the design of modern subdivisions 
is mixed. They clearly changed how residential path systems were deployed. 
Rather than serving as simple shortcuts, they became features to design 
entire neighborhoods around. Houses would be oriented to them, signaling 
their primacy in the transportation network hierarchy. Despite these 
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innovations, they did not successfully popularize residential path systems. 
Other residential real estate developers did not use them. Ironically, Stein 
and Wright likely did more to popularize the hierarchical street plan, cul-
de-sacs, and the superblock, elements that make the suburbs less walkable 
(And & Ahn, 2003). The lineage of path systems which began in the 19th 
century with the parks of Olmsted and Vaux hit a roadblock in the postwar 
years, yielding to the neighborhood unit paradigm and subsequent land 
use regulations that ignored the need for dedicated pedestrian and bicycle 
infrastructure.

The Alternative to Garden Cities and Suburbs: Neighborhood Unit 
Planning 

Around the same time Stein and Wright were demonstrating their 
“Radburn Idea” of neighborhood design, Clarence Perry, a sociologist 

working for the Russel Sage 
Foundation, put forth his vision 
for a model neighborhood. 
He first did so in the Regional 
Plan of New York and its 
Environs, a landmark regional 
plan published in 1929. The 
neighborhood unit, as it is 
called, unit aims to reduce 
the ills of society—cars, 
overcrowded cities—similar to 
the garden cities and suburbs. 
It is a method of designing a 
neighborhood meant to enhance 
the social ties of its residents 
using several urban design 
techniques, including sizing 
the neighborhood to match 
the catchment area of one 
elementary school, bounding 

Figure 7: One of Clarence Perry’s 
neighborhood unit diagrams
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the neighborhood with arterial streets to eliminate through traffic, and 
locating institutional buildings at the center of the neighborhood (Perry, 
1929). Shared use paths are absent from the model diagrams Perry used to 
propose his idea (Figure 7). Parks, primary land use associated with shared 
use path systems, are not planned in a linear fashion. Instead, small parks are 
spread evenly throughout the area. 

That both Stein and Wright and Perry identified the neighborhood as a 
useful unit to design for is perhaps no surprise.  Stein and Wright consulted 
with Perry on the design of Radburn (Mumford, 1954). And Stein considers 
the neighborhood unit to be one of three complementary urban design 
schemes, with the first two being garden cities and “the Radburn idea” or 
garden suburbs (Stein, 1957, p. 150). In fact, Stein evaluated his Greenbelt, 
Maryland project according to neighborhood unit principles (Stein, 1957, p. 
176). Furthermore, Stein, Wright, and Perry believed the fundamental units 
of urban areas to be regions and neighborhoods (Patricios, 2002). Stein 
and Wright were founding members of the members of the Regional Plan 
Association of America (RPAA). The organization promoted planning at the 
regional level, with neighborhoods forming the building blocks of each region 
(Larsen, 2005). 

Post 1920s American Suburban Planning and the Disappearance of the 
Shared Use Path

At the same time as urban designers were developing these regional/
neighborhood concepts, cities and counties across the United States began 
adopting zoning ordinances and formalizing land use planning processes. 
These land use regulations and concepts were responding to unprecedented 
suburban development enabled by the rapid adoption of the electric streetcar 
and later the automobile. These transportation technologies opened up vast 
tracts of land to development within an easy commute distance to the center 
(Muller, 1995). Much of this new development was poorly designed and road 
and sewer infrastructure was poorly built (Southworth & Ben-Joseph, 2003). 
Many cities did not have strong zoning codes, and incompatible uses were 
built adjacent to each other. 

States and local governments initially responded to these concerns 
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in an ad hoc fashion. Some states adopted enabling acts that allowed for 
municipalities to zone. Some cities adopted zoning codes without state 
enabling acts telling them it was alright to do so. The federal government 
began to realize that some standardization on this issue could be beneficial 
(Knack et al., 1996). Herbert Hoover, at the time the U.S. Secretary of 
Commerce, had a strong interest in housing and promoting homeownership. 
He appointed a committee called the Advisory Committee on City Planning 
and Zoning (ACCPZ) to write draft model planning and zoning statutes that 
states could use to standardize planning and make it easier to construct new 
homes (Knack et al., 1996).

The committee first produced the State Standard Zoning Enabling Act, 
then turned to the city planning act. This act is more closely related to the 
discussion of suburban shared use paths because it provides model statues 
for the control of land subdivision and the regulation of the design and 
construction of streets and public facilities. Regulation may be too strong 
a word, as the model enabling act offers very little guidance on this topic. It 
says, “Such regulations may provide for the proper arrangement of streets 
in relation to other existing or planned streets and to the master plan…” 
(Advisory Committee on City Planning and Zoning of the U.S. Department of 
Commerce, 1928, p. 27). A footnote clarifies that this should be interpreted as 
a suggestion to connect street networks and follow a master (comprehensive) 
plan when laying out the subdivision street networks. But it is only a 
suggestion, as the “may” language makes clear. A stronger “shall” would 
perhaps have forced subdivision developers and planning commissions to 
work harder to create more interconnected residential street systems, aiding 
pedestrians and cyclists more sensitive to taking circuitous routes often 
found in the suburbs. 

When the Advisory Committee on City Planning and Zoning released 
its model subdivision ordinance, it was merely reflecting those normative 
theories of neighborhood design that were already circulating at the time. 
In both Radburn and the neighborhood unit, through auto traffic was 
discouraged by design. But why did the ACCPZ ignore the shared use path 
precedent set by Radburn, and instead reinforce a neighborhood design that 
more closely resembled the neighborhood unit? There are several reasons for 
this.
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First, the U.S. Department of Commerce tasked the committee with 
obtaining “more orderly and efficient physical development” of land in the 
United States through the two enabling acts (Advisory Committee on City 
Planning and Zoning of the U.S. Department of Commerce, 1928, p. III.). 
Hoover’s Commerce Department had a keen interest in ensuring developers 
could build more homes and more households could be homeowners (Knack 
et al, 1986). Zoning and subdivision regulation accomplished this by creating 
a standard set of rules that local governments and real estate developers 
could agree to. This regulatory predictability helps real estate developers 
build projects in a timely fashion. 

The members of the ACCPZ did not draw from the ranks of the RPAA 
or have a strong connection to Clarence Perry, but they likely saw Perry’s 
approach as “more orderly and efficient” than the Radburn Idea. While Perry 
often wrote about the social benefits of the neighborhood unit approach, he 
was shrewd to package his idea in terms that housing advocates, municipal 
engineers, and development interests could support. In his original 
introduction of the concept, the first hypothetical case study he presents 
is titled “Low-cost suburban development” (Perry, 1929). Perry’s aim is to 
improve upon the disorganized suburban development plaguing the urban 
fringe of cities in the 1920s, just as zoning reform aimed to do. 

The neighborhood unit could be replicated more easily by speculative 
developers than another Radburn. A farm on the edge of a city could be sold 
to a developer who would design the street system, build a school and parks, 
and sell the lots to local builders. Nearby roads could be widened into arterial 
streets as the city continued to grow and absorb the new development. 
Garden suburbs, due to their use of linear parks and more integrated land 
uses, often required some form of communal or private ownership. Lots 
could not be sold off separately and developers would have to wait longer for 
a return on their investment (Stein, 1957, p. 219). Garden Suburb designers 
like Clarence Stein wanted to reform land development practices, while the 
neighborhood unit encouraged traditional practices.

Radburn did not even meet Stein’s conception of the ideal garden city. 
Garden cities need greenbelts, which had to be sacrificed from the program 
for it to achieve its other goals (Stein, 1957, p. 39). Greenbelts were a key 
part of the RPAA’s region/neighborhood model. Regions were a collection 
of neighborhoods buffered by greenbelts (Larsen, 2005). In contrast, 
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neighborhood unit diagrams do not include or recommend a greenbelt, 
opening more land for speculative development and developer profit. 

Perry’s neighborhood unit was in line with contemporary ideas about 
zoning as a land use tool for urban organization (Mehaffy et al., 2015). 
Neighborhood units offered a mix of uses, but they were very separate within 
the neighborhood, making it easy to draft zoning maps with distinct blocks 
of residential, commercial, and public uses. Perry designed parks, the land 
use most associated with shared use paths, to be small and interspersed 
within the residential districts. They did not act as a pedestrian and bicycle 
connection to other uses. The type of neighborhood master planning is 
easier to plan for and build. The large-scale linear park and shared use path 
systems of the garden city and garden suburb designers required professional 
expertise in neighborhood planning and landscape design. Perry’s 
neighborhood unit could be designed and built by planners and developers 
without much design training. 

Furthermore,  Perry intended the neighborhood unit to complement the 
traffic engineers’s road planning concepts of hierarchical road networks and 
T-intersections (Mehaffy et al., 2015). The neighborhood unit was a perfect 
fit for the “functional classification system” of the transportation engineers 
at the time. This system specified a road hierarchy, from limited-access 
freeways to local streets with little through traffic. The neighborhood unit fit 
the scheme perfectly. It also ignored the idea of shared-use paths, something 
local and state transportation officials also did for decades (Mehaffy et al, 
2015). 

The effects of the new land use policies of the 1920s did not have an 
instantaneous effect, but their consequences were felt in the postwar years, 
when soldiers coming back from the war began to start families and look 
for housing. Development at the scale of the neighborhood, or subdivision, 
occurred rapidly, aided by the new land use regulations. Both Stein and Perry 
guess correctly that the neighborhood, in land use terms, the subdivision, 
would come to dominate the development landscape in the U.S. suburb 
(Freilich & Levi, 1971). Institutional support for the neighborhood unit 
paradigm, which fit nicely with the new regulatory landscape, became 
entrenched (Southworth and Ben-Joseph, 2003, p. 93). The auto-oriented 
suburban neighborhood became the norm, while hopes for a more bespoke, 
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well-designed neighborhood arranged around networks of shared use paths 
faded away. 

A Vision of an Alternative Present: Village Homes and Davis, 
California

The New Deal greenbelt communities of the 1930s were the last 
prominent example of integrated shared use path systems in residential 
areas for nearly 40 years. After that, suburban developers built subdivisions 
in the same way, as a derivative of the basic neighborhood unit formula. They 
discouraged through traffic, often designed with an elementary school as a 
centerpiece, and did not include paths. There was little concern about the 
impact this type of development had on the natural environment, namely the 
consumption of natural habitat for development and vehicle emissions. This 
began to change in the 1960s and 1970s, as city planning became integrated 
into the burgeoning environmental movement of the time. 

The oil crisis led to increased awareness about the use of 
resources. Environmental awareness grew through the 1960s, 
drawing attention to the population fro particles, noise, and 
other irritants  that can make cities unhealthy—or certainly 
unattractive—places to be. Although the English garden 
city movement had already drawn attention to the potential 
physical and psychological risk of cities in about 1900, it was 
not until the middle of the century that people increasingly 
began to demand that something be done about the sources of 
the problems (Gehl and Svarre, 2013, p. 47).

 At the federal level, the Environmental Protection Agency was founded 
in 1970 and tasked with implementing  environmental policy, including 
the Clean Air Act; the Clean Water Act; the Comprehensive Environmental 
Response, Compensation, and Liability Act (Superfund); and the National 
Environmental Policy Act. Planners now had a tool to clean up hazardous 
brownfield sites (Superfund) and had to draft environmental impact 
statements that state the potential negative environmental impacts of 
completing certain projects. States also began to draft environmental 
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Village Homes, Davis, California

Figure 8: Plan for 
Village Homes 
(Francis, 2003)

Figure 9: Figure ground 
diagram highlighting 
paths (white), streets 
(gray), and path green 
space (dark green)

Date: 1970s
Designers: Michael and Judy Corbett
Size: 60 acres

200 ft
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policies related to the environment. Oregon passed Senate Bill 100 in 1973 
that required Oregon municipalities of a certain size to implement an urban 
growth boundary meant to protect farm and forest lands (“Urban Growth 
Boundary,” n.d.).

This concern for the environment did not do much to shape the design of 
suburban subdivisions in the 1960s and 1970s, with one notable exception: 
Village Homes. Village Homes is a 60-acre suburban subdivision on the 
western end of Davis, California, designed and built in the 1970s (see Figure 
8). In some ways, Village Homes resembles a standard, neighborhood unit 
subdivision. Housing density is four dwelling units per acre, streets consist 
of cul-de-sacs and loops with no through streets, it is a common interest 
(private) community with resident amenities such as a pool and community 
center, and residents tend to be upper-middle class (Francis, 2003, p. 9). 
The similarities end there. The real estate developers, Michael and Judy 
Corbett, were ardent environmentalists who envisioned a community of 
like-minded people. They were relentless in their efforts to design something 
different than the Neighborhood Unit status quo, something that was much 
harder now than in the 1920s and 1930s (Corbett and Corbett 2000, p. xiii). 
The transportation engineering profession, represented by the Institute 
of Transportation Engineers (ITE), had  developed street design standards 
that reinforced hierarchical street systems and made no mention of shared 
use paths (Ben-Joseph 2005, p. 111). Village Homes developers had to seek 
variances from Davis’ street standards that were based on the ITE standards 
(Francis, 2003, p. 28). 

The path system in Village Homes exhibits many of the design 
characteristics established by the communities of the preceding eras. Home 
orientation is carefully considered; homes were placed between the paths 
and cul-de-sacs, with front doors facing the paths, just like Radburn (Figure 
9). This pattern creates superblocks, free of through car traffic. Paths also 
connect the ends of cul-de-sacs to the main-line path, exhibiting the cul-de-
sac complement design characteristic. The main-line path is an example of 
linearity, as it connects many cul-de-sacs to the main public greenspaces, 
community center, and playground. The public greenspaces are park-like 
settings and go even further to integrate the “country” into the “town” by 
including a vineyard, orchard, and numerous community gardens. Village 
Homes perpetuates Radburn’s idea of a “green heart,” where open space is 
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the primary organizational concept of the neighborhood (Martin, 2004). 
Residents of Village Homes also own the public spaces in common, as the 
village is a common interest community with a homeowners association. This 
is in line with Stein’s belief that neighborhoods with interwoven greenspaces 
and paths would need some kind of common ownership to work well (Stein, 
1957). Village home’s shared use paths connect to Davis’ larger network of 
cycle tracks and off-street paths, allowing for a connection to other uses, such 
as the University of California, Davis or downtown Davis. Paths in Village 
Homes do cross streets at grade, but the streets are very narrow and low-
traffic, so one can say that the paths achieve separation of modes.

The Corbetts had to overcome some planning obstacles to make Village 
Homes a reality, but today Davis, California is a recognized leader in shared 
use path infrastructure. The community was built in an era of increasing 
concern over the environmental impact of cars, but it likely could not have 
been built in any other community. Davis has a long history of supporting 
cycling; the idea that a community would be designed around paths for 
walking and bicycling would not have been as radical in Davis as anywhere 
else. The construction of Village Homes was one notable event in a long 
history of bike-oriented design and planning in the city. By the time the 
Corbetts were drafting their community, Davis had installed the United 
States’ first bike lane (Buehler and Handy, 2008). At the same time Village 
Homes was being constructed, the City of Davis built its first greenway, 
or linear park with shared use paths and grade-separated intersections. 
After Village Homes was built, the Davis City Council adopted changes to 
the General Plan and subdivision ordinance that requires developers to 
implement greenways or greenbelts into their subdivisions, and these public 
parks need to include shared use paths.The timing of the amendments, 
adopted in the early 1980s, proved lucky. Davis had just begun a building 
boom, and now much of the city is now crisscrossed by shared use paths. The 
change resulted in Davis being able to implement two-thirds of its proposed 
“greenway” network by 2007. Davis residents value the recreational and 
transportation amenity offered by these path networks (“Bicycle Action 
Plan”, 2014). 
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Conclusion

The shared-use path had a promising start, but failed to find its way into 
anything but carefully-designed, model neighborhoods. The urban parks of 
Frederick Law Olmsted and Calvert Vaux pioneered the shared-use path, 
with its separation from fast-moving traffic. Their parks and parkways were 
often linear, connecting different parts of the city. When combined with 
their shared-use paths, they created a new type of transportation facility, 
a separate path system for pedestrians and cyclists. While some of their 
parkway projects projected into the suburbs, their park systems typically 
existed in the urban context. The garden city designers Raymond Unwin 
and Barry Parker took inspiration from both Ebenezer Howard’s vision of a 
garden city and the park designs of Olmsted and Vaux. Their communities 
consisted of large blocks meant to provide a park-like setting for residents. 
These large superblocks also needed shortcuts to prevent overlong trip 
lengths for pedestrians. They inserted shared-use paths to break up 
superblocks at Hampstead Garden Suburb and let residents enjoy their lush 
environs.

American garden suburb designers Clarence Stein and Henry Wright  
took shared-use paths a step further and designed the communities around 
the paths themselves. Homes in Radburn, their most well-known project, 
opened onto the paths, encouraging residents to see them as the primary 
form of local transportation. Helpfully, these paths also led to communal 
green spaces, schools, and local-serving retail. These concepts were applied 
to the New Deal Greenbelt towns, as well.

Despite promising and high-profile applications of shared-use paths, they 
did not make it into federal guidelines for the design of new neighborhoods. 
Zoning codes and subdivision ordinances did not require them, and the 
building industry preferred the neighborhood unit concept, which did not 
require designing linear parks. Neighborhood unit subdivisions could be 
platted and zoned quickly and easily, and the interior streets were deemed 
calm enough to safely accommodate pedestrians and cyclists. 

Both Village Homes and Davis’s subdivision ordinance point to a sort of 
alternative vision of the present, one where planners, zoning advocates, real 
estate interests, and transportation engineers valued shared use paths and 



CHAPTER 2 PAGE 45

saw their usefulness. The case of Davis also demonstrates how both visionary 
urban design and pragmatic land use regulations can work together to create 
an entirely different residential urban form. Village Homes served as a model, 
and later subdivision ordinance amendments codified greenway design. 
Davis’ subdivision ordinance includes the following statement:

As a condition of approval of a tentative map, the subdivider 
shall dedicate or make an irrevocable offer of dedication of 
all parcels of land within the subdivision that are needed 
for streets and alleys, including access rights and abutters’ 
rights, drainage, public greenways, bicycle paths, trails, 
scenic easements, public utility easements and other public 
easements (“Davis Municipal Code”, n.d.).

This is a stark difference from the model subdivision ordinance, which 
makes little mention of circulation and does not address pedestrian and 
bicycle facilities at all. This is also different than the regulations that the 
Corbetts had to seek variances for in the 1960s and 1970s when they were 
designing Davis. This is one of the major reasons Village Homes was not 
replicated at the time. It took a dedicated developer with more concern 
for a vision than the bottom line to make Village Homes happen (Francis, 
2004). But today, Davis puts shared-use paths on the same level as public 
utilities and drainage easements. Three types of pedestrian and bicycle 
facilities are mentioned by name: public greenways, bicycle paths, and trails. 
This commitment to providing shared use paths goes all the way to the top 
of the planning pyramid, the general plan. This has made it far more likely 
that a new subdivision will include shared-use paths. Davis’ General Plan 
transportation element includes the following policy:

Develop a continuous trails and bikeway network for 
both recreation and transportation that serves the Core, 
neighborhoods, neighborhood shopping centers, employment 
centers, schools and other institutions; minimize conflicts 
between pedestrians, bicyclists, equestrians, and automobiles; 
and minimize impacts on wildlife. Greenbelts and separated 
bike paths on arterials should serve as the backbone of much of 
this network (“General Plan Transportation Element”,  2013, p. 
40). 
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Both of these are excellent “best practices” examples of how to amend 
land use plans to ensure shared use paths are not just encouraged, but 
required. 

Village Homes also serves to underscore the universality of the design 
characteristics pioneered by the 19th century urban parks movement, the 
garden city designers, and the American garden suburb designers. This 
chapter answers two critical questions about the history of shared use paths. 
What is the history of  residential shared use paths? And what is the lineage of 
their unique design characteristics? The story began in the 1850s with urban 
parks and continued through the English garden city movement and the U.S. 
garden suburb movement. Path systems were rare after Greenbelt, Maryland 
as the neighborhood unit paradigm, free of paths, became institutionalized 
and deployed as the primary pattern for suburban subdivision development. 

The observed design characteristics are a useful starting point for 
discussing and evaluating residential shared use path systems. They are not 
intended to be binary distinctions, but characteristics that an SUP can have a 
distinct degree of. Residential path systems with pedestrian overpasses and 
underpasses have a higher degree of separation of modes than an SUP that 
minimizes at-grade crossings, for example. Future research could continue 
this thread and use the design characteristics to rate shared use path systems 
and compare the ratings to use counts. This could help determine the 
characteristics most important to a successful path system.
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The previous chapter provided a detailed account of the history 
of suburban shared use paths, their design characteristics, and their 
relationship to land use planning. The path systems of influential 
precedents, Radburn, New Jersey, and the New Deal Greenbelt communities 
eventually gave way to the path-less designs that took inspiration from the 
neighborhood unit paradigm. That chapter ends with a discussion of Davis, 
California and its path systems. Residents, developers, and local government 
officials advocated for those paths in the 1960s through 1980s due, in part, 
to a wave of environmentalism and the effects of the oil crisis on gas prices. 
This is not the end of the history of suburban shared use paths, and this 
chapter brings the story to the present day, with a more detailed analysis of 
neighborhood path systems in the greater Sacramento area.

The planners in Davis, a college town with nearly forty thousand students, 
demonstrated the power of linking an entire city with shared use paths; many 
people will use them for a wide variety of trips, from commuting to exercise. 
But what about neighborhoods with path systems that do not have robust 
connections to a larger system that connects an entire community?  The 
research questions posed are:

• How often do residents use the neighborhood shared-use paths, and what 
do they use them for?

• How does the design of the path system affect the use patterns?
• Is there still utility in designing neighborhoods with paths that only serve 

a local population?

Chapter Three

Neighborhood Shared-Use Path 
Systems: Their Design and Use
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To answer these questions, this chapter evaluates three case study 
neighborhoods in the Sacramento area. Each of them has a shared use 
path system that only offers only limited connections to city-wide path 
systems. These case study neighborhoods were evaluated using two major 
methodological approaches. They were chosen because they provide a 
detailed examination of the built form of the path systems and a direct 
report on the attitudes and usage patterns of those living in the study 
neighborhoods. An initial analysis done by a pedestrian audit cataloged the 
built environment characteristics of the path systems (Clifton, Livi Smith, 
and Rodriguez 2007). This process, where a pair of researchers systematically 
survey every path segment, can help to systematically compare the urban 
design characteristics of these path systems. The second method of analysis 
employed in this chapter was a resident survey. The survey asked residents 
living in the study neighborhoods to describe how they use the paths and 
their impressions of the paths across a variety of characteristics, including 
safety, directness of route, and presence of amenities. Survey respondents 
were recruited online through neighborhood groups, and the total survey 
population across all three neighborhoods was 148 households. The survey 
was designed to answer basic questions about how often the paths were used, 
what the residents used them for,  and which design characteristics had an 
impact on their use. 

This chapter begins by introducing the three case study neighborhoods—
Pocket/Greenhaven, Bridgeway Island, and Del Paso Heights/Norwood—
and the criteria used for selecting them. The second  section discusses the 
pedestrian audit methods and results. All of the neighborhood path systems 
were assets to the overall walkability and bikeability of the neighborhood, 
though they varied with regard to presence of amenities and connectivity to 
other uses. With a detailed understanding of the built environment context 
in hand, the survey methods and results provide the human side of the story. 
This chapter concludes with a discussion of the findings and suggestions for 
practice. 
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The Case Study Areas

Study area and case study selection
The Sacramento Metropolitan Area is at the center of this chapter. 

Two of the three case study sites are within the city of Sacramento, and 
the third is within the city of West Sacramento. The city of Davis is located 
approximately 15 miles west of Sacramento, also within the metropolitan 
area. The Sacramento Metropolitan Area is the fifth-largest Metropolitan 
Statistical Area in California, with a total population of 2,242,542 and a 
population density of 440 persons per square mile (U.S. Census Bureau, 
2016). Sacramento’s industry mix, diverse population, and size make it a 
region that has attributes similar to many metro areas in the United States, 
such as Portland, Pittsburgh, Kansas City, and San Antonio.

Communities in the Sacramento region have a history of planning for 
integrated path systems that link neighborhoods and land uses across 
their entire land area. This makes it unique when compared to similar 
metropolitan areas, and an excellent place to do research on this topic. As 
discussed in the previous chapter, Davis has 50 miles of off-street bike paths 
to compliment its 50 miles of bike lanes, all within a 10 square mile city 

Figure 1: Map of the three case-study areas, with Folsom and Davis shown
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(Buehler & Handy, 2008). The paths in Davis connect neighborhoods across 
the entire city, making it possible to get to virtually every neighborhood 
by foot or by bike. Davis also features many residential path systems of the 
type studied in this research. Folsom, California, an eastern Sacramento 
suburb, has a system that matches Davis’, with over 50 miles of off-street 
paths (referred to as trails in Folsom). The City of Folsom’s Bikeway Master 
Plan requires real estate developers to construct trail segments adjacent to 
their development. In areas where trail construction cannot be required, 
the City’s Trail Coordinator negotiates with real estate developers to get 
trail easements and finds grants to fund the construction of trail segments 
(“Folsom Bikeway Master Plan,” 2013). 

More common, however, is the condition where neighborhood path 
systems are built separately, not a part of a city-wide effort to connect 
neighborhoods under a unified system. These path systems typically connect 
cul-de-sacs and loops with parks and schools. They often follow irrigation 
channels, creeks, or other natural features. It is these types of neighborhoods 
this study is interested in, as the disconnected neighborhood is the more 
typical condition for American suburbs. Davis and Folsom are outliers. 

Three study sites were chosen:
• Bridgeway Island, West Sacramento, California
• Del Paso Heights/Norwood, Sacramento, California (referred to as 

DPHN)
• Pocket/Greenhaven, Sacramento, California

Why were the three study sites chosen over a large pool of possible 
options?  The first selection attributes considered were the planning process 
and history that led to the path system. The case studies were chosen to 
maximize the differences between them, as this dissertation is concerned 
with the land use planning processes that led to the establishment of the path 
systems. Bridgeway Island’s path system was developer-designed according 
to a set of public design guidelines created for the Southport Area, a growing 
region in the city of West Sacramento. The Pocket/Greenhaven path system 
was designed through a master plan process that resulted in a fully-formed 
path system well before developers began building subdivisions nearby. The 
Del Paso Heights/Norwood (DPHN) path system was a rails-to-trails project 
that was not implemented until well after the community was designed 
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Figure 2: The three 
case study areas, 
shown to scale 
with their primary 
paths highlighted 
in yellow.

Pocket/Greenhaven

Del Paso Heights/Norwood

Bridgeway Island

2,000 ft
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and built. These three processes are different and they led to substantially 
different path system designs and implementations.

The third primary selection attribute consideration was neighborhood 
demographics. Path systems are often located in suburban areas that feature 
homes with higher home values and households with higher incomes. In the 
United States, higher-income households are disproportionately white. This 
study did not want to only investigate how one class cohort uses shared use 
paths, but sought instead to investigate how they are used by diverse groups 
of people. Sacramento is diverse, and the neighborhoods were chosen to 
emphasize that diversity. 

Table 1 shows the racial, ethnic, and income breakdown of the case study 
neighborhoods. These data are aggregated at the block group level from the 
2016 U.S. Census American Community Survey (ACS). The one exception 
is median home value, which is aggregated at the Public Use Microdata 
Area (PUMA) level, a more coarse level of aggregation. These data are not 
reflective of the exact boundaries of the study area, but instead are taken 
from all block groups or PUMAs that overlap with the study areas. When 
relevant, the range (low to high) for each metric is displayed. The data for 
each case study site is compared to Sacramento metropolitan statistical area 
(MSA) data.
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Bridgeway 
Island

Pocket/ 
Greenhaven

Del Paso 
Heights/ 
Norwood

Sacramento 
MSA

Families 
below 
poverty line

3.9% 1.9-10.4% 34.8-36.9% 11.2%

Median home 
value

$408,500 $294,300 $240,100 $309,900

Homes above 
$300,000

62.7% 49.7-90.1% 4.6-7.2% 52.1%

White alone 61.5% 33.4-56.2% 35.0-41.1% 66.2%
Black alone 2.8% 7.1-32.7% 17.8-21.3% 7.1%
Asian alone 8.3% 20.6-47.3% 13.7-22.1% 12.7%
Hispanic 27.0% 8.8-19.2% 35.0-38.1% 21.0%
Foreign 19.7% 11.0-21.0% 20.8-32.7% 18.1%

Table 1: Income, home value, and race of the three case study areas

The table shows that in every measure, there is at least one case study 
site above and below the Sacramento MSA value. This highlights the range 
of difference found in the group of study sites. This study focuses on single-
family residential areas, but the study site with the largest percentage of 
white alone is only 61.5 percent; a low number when one considers that the 
U.S. White alone figure is 64.9 percent. (U.S. Census Bureau, 2010). 

The Case Studies

Pocket/Greenhaven, Sacramento, California
The Pocket/Greenhaven neighborhood, known colloquially as “The 

Pocket,” is an approximately seven square mile area nestled into a “C” 
shaped bend in the Sacramento River on Sacramento’s south side. The 
area consists primarily of single-family homes, shopping centers, office 
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Pocket/Greenhaven, Sacramento, California

Date: Initially designed in the 1950s
Size: The entire Pocket/Greenhaven neighborhood is 7 square miles.

North
Pocket Seymour

Park

South
Pocket

1 mi

2,000 ft

Figure 3: Overview map, highlighting Frank Seymour Park

Figure 4: Map of surveyed path network (in green)



CHAPTER 3 PAGE 55

parks, and garden apartments, typical of a neighborhood that grew from 
1960 through the 1990s. The neighborhood consists of many subdivisions 
built in different eras. There are areas of mid-century single-family homes 
and gated communities with large homes built in the last 20-30 years. One 
distinguishing feature of the Pocket is its extensive pedestrian path system 
that winds through parks and along drainage canals and links large areas of 
the neighborhood to nearby schools and a few businesses. The heart of the 
path system, and the focus of this research, is Frank Seymour Park, a north-
south spine located in north-central part of the neighborhood (Figure 3). 
This park features grade-separated pedestrian crossings, access to three 
schools, and ample shade and benches (Figure 4).

Frank Seymour Park and the other paths were conceived very early in 
the planning process for the area. The City of Sacramento annexed the area 
in 1959. At the time the area consisted of farmers’ fields and a clay pond for 
a nearby brick-making operation. As the area was so large, the northern and 
southern parts of the Pocket were planned separately, with the northern 
section planned for development first due to its proximity to downtown and 
existing development. The City adopted the first specific plan for the area in 
1961, and the first schematic plan for a sub-area known as the “Greenhaven 
70” was approved shortly after that (“Pocket Community Plan,” 1978).  

The Greenhaven 70 plan, called that because it was meant to demonstrate 
the city of the future in 1970, was one of the first master-planned 
communities in northern California. The idea was to create a unifying design 
scheme around new schools and amenities that would attract well-to-do 
Sacramentans with children, willing to pay a premium to live near parks (Bill 
Parker, personal communication, March 2019). The greenway was always 
planned to be a public amenity, a park owned and operated by the City of 
Sacramento, which continues to maintain it today. The greenway proved 
popular and influenced of new suburban subdivision development. The area 
saw so much growth that the Pocket Area General Development Plan needed 
to be updated in 1965 to reflect the new growth (“Pocket Community Plan,” 
1978).

The Pocket/Greenhaven neighborhood saw continued growth due to the 
completion of Interstate 5 in the early 1970s. The interstate sliced through 
the eastern part of the neighborhood; an interchange at Florin Road made 
it easy for commuters to drive from The Pocket to downtown Sacramento 
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(“Pocket Community Plan,” 1978). Despite this rapid growth, large areas of 
the South Pocket had not yet been developed by the early 1990s. Today, the 
Pocket is completely built out. 

Bridgeway Island, West Sacramento, California
The Bridgeway Island neighborhood in the southern part of West 

Sacramento, California, is a far newer neighborhood than the other two 
study sites. Construction began on homes in the neighborhood in the late 
1990s and the neighborhood was “built out” in 2003 (Google Earth Imagery 
of Bridgeway Island, West Sacramento, 2004). The neighborhood consists of 
single family homes centered around a school, Bridgeway Island Elementary 
School. The path network was designed and constructed in concert with 
the homes in the neighborhood, and allow pedestrians to easily reach the 
school as well as travel from one cul-de-sac to another while avoiding a 
circuitous trip. The path network quite nearly connects to a path along a 
canal that connects the neighborhood to other neighborhoods. The City of 
West Sacramento has plans to improve and extend this path to the primary 
commercial center of southern West Sacramento, known as “Southport.” 

The City of West Sacramento is relatively new; the city incorporated in 
January 1987. The City adopted a General Plan in 1990 that designated most 
of the Southport area as “Planned Residential.” This designation required 
the city to approve a specific plan for an area before it could be developed and  
development had to be at least 200 acres (Southport Framework Plan, 1995). 
Several developments were constructed soon after incorporation, though 
they were piecemeal and did not have any relationship between them. The 
City decided a framework plan for the Southport area was needed to ensure 
cohesive development. The City approved the Southport Framework Plan in 
1995 and the accompanying Southport Design Guidelines in 1996.

The framework plan’s overall design paradigm is neighborhoods 
separated by greenbelts and canals. The general road layout of the Bridgeway 
Island neighborhood was drafted for the Southport Framework Plan, 
located in the “Northwest Village” area of the plan. Land uses were planned 
as low and medium density residential. The Design Guidelines called for 
a “Community Trail and Activity System” that would connect residents 
with retail, recreation, and services. Canals would serve a dual function of 
drainage and non-motorized trails. In addition, developers of neighborhoods 
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Bridgeway Island, West Sacramento, California

Date: Initially designed in the 1990s
Size: Approximately 320 acres

Southport

Bridgeway
Island

1 mi

2,000 ft

Figure 5: Overview map of the Southport area, with Bridgeway Island highlighted

Figure 6: Map of path network (in green)
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would be required to construct “neighborhood trails that provide pedestrian 
connections between canalways, neighborhoods, retail,  daycare, and 
other community facilities” (Southport Design Guidelines, 1996, p. 7). The 
guidelines describe how neighborhoods should be designed with trails in 
mind: 

Villages shall be organized such that enhanced street and through block 
trails will provide convenient pedestrian access to the village core. On-
street and off-street trails will radiate out from the village core in order to 
minimize walking distance to park, school, day care, and shopping facilities. 
All residential neighborhoods will be connected directly to village core areas 
(Southport Design Guidelines, 1996, p. 11).

Bridgeway Island fits this description. The Guidelines then go into 
great detail about how “through-block trails” should be designed, including 
illustrations intended to convey the “feel” of the paths. Again, the City of 
West Sacramento certainly enforced the design guidelines in the Bridgeway 
Island neighborhood, as the paths closely resemble the illustrations. The 
larger Southport area and the Bridgeway Island neighborhood will be 
discussed further in the conclusion section as an example of how local 
governments can ensure neighborhood shared-use path systems will 
eventually connect to a larger regional system.

Del Paso Heights-Norwood, Sacramento, California
The Del Paso Heights-Norwood neighborhoods have the longest history 

of any of the study areas. The first subdivisions in the area were platted in 
1910. The area was located in the City of North Sacramento until January 
1st, 1965, when North Sacramento merged with Sacramento. This event 
triggered the City of Sacramento to develop neighborhood plans for both 
Del Paso Heights and “North Norwood.” The authors of the 1965 community 
plans found DPHN to be lacking in many of the amenities they believed to be 
important, including parks and open space; curbs, gutters, and sidewalks; and 
adequately-maintained housing (A Community Plan for Del Paso Heights, 
1965). 

The City of Sacramento has addressed some of the shortcomings 
identified in the community plan. New development in the neighborhood 
includes curbs, gutters, storm drains, and sidewalks. The area has several 
parks and schools. The community plan noted that some homes appeared 
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Del Paso Heights/Norwood, Sacramento, California

Date: First subdivisions platted in the 1910s
Size: Approximately 2.2 square miles

Central
Sacramento

Del Paso Heights/
Norwood

Sacramento
Northern
Bikeway

1 mi

2,000 ft

Figure 7: Overview map showing DPHN in relation to Central Sacramento

Figure 8: Map of path network (in green)
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“blighted” and households in the area were low income. The DPHN residents 
are lower-income than the regional median.

The focus of the study area is the path that separates the Del Paso 
Heights and Norwood neighborhoods, a former railroad line that received a 
“rails-to-trails” conversion between 1998 and 2002 (Google Earth Imagery 
of Sacramento Northern Bikeway, 2002). What was once the Sacramento 
Northern Railroad line that connected Oakland to Chico via Sacramento is 
now a bicycle corridor that connects northern Sacramento neighborhoods 
to the downtown core (Figure 7). Short paths connect some of the nearby 
dead-end streets to the bikeway, effectively stitching the two neighborhoods 
back together and allowing for pedestrians and cyclists to cross the railroad 
corridor in more places (Figure 8). The specific study area of the Sacramento 
Northern Bikeway, as it is now known, is Redding Park. This park is a 
150-foot-wide greenway that runs from the intersection of Rio Linda 
Boulevard and Harris Avenue to the north and Arcade Creek to the south. 
The entire length of the park, and study area, is approximately 0.9 miles long.

Pedestrian Audit of the Physical Landscape

Pedestrian audits are a common method of systematically cataloging 
sidewalk and path infrastructure. These tools are often used to quantify the 
built environment. These figures are then used as dependent variables to 
model the built environment’s influence on travel behavior (Schlossberg et 
al., 2007). Researchers have developed several prominent tools throughout 
the last 20 years in efforts to capture the data relevant to their research 
projects while still allowing them to be used by others in a more general 
fashion. What built environment variables do pedestrian audits typically 
count? A research study that compared seven walkability audit assessment 
tools found that lighting is the most commonly measured variable, with six of 
seven audit tools prompting auditors for that information. Five of seven audit 
tools collect data on street trees, aesthetics, and views, while only three of 
seven collect data on architectural variety and enclosure (Clifton, Livi Smith, 
& Rodriguez, 2007).

This chapter uses a pedestrian audit tool in a slightly different way and for 
different purposes than most other researchers have done. The pedestrian 
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audit described below does not quantify built environment variables so 
they can be inserted into a quantitative model for use with the results of 
the resident survey. Instead, the pedestrian audit is used as a guide for the 
careful examination of the built environment through the lens of urban 
design researchers. The audit tool is a framework for critical examination of 
the design details that can often be taken for granted when simply walking 
through a park. The act of looking at cities is an essential urban design data 
gathering tool (Jacobs, 1985). An audit instrument ensures that a person 
looking at three different path systems will look at each with a consistent eye. 
The variables the audit considers is different from the design characteristics 
proposed in the previous chapter. Those characteristics will be considered 
in the conclusion of this chapter as it relates to the three neighborhoods, but 
they can largely be gathered by examining neighborhoods at a plan level. The 
audit gathers data at ground level and requires physically experiencing the 
space. The audit will provide an additional level of detail to the evaluation of 
these neighborhood-scale shared use path systems. The audit will also help 
interpret the results of the resident survey. For example, residents are asked 
to rank the physical attributes of the path space by importance. Interpreting 
these results and understanding why they may be different by neighborhood, 
requires a detailed understanding of the paths themselves.

Audit Methods
A team of a researcher and undergraduate research assistant conducted 

a systematic evaluation of the pedestrian path networks in the study areas 
using a pedestrian audit tool. The team used the Pedestrian Audit Data Scan 
(PEDS) tool developed by researchers at the University of North Carolina 
(Clifton, Livi Smith, and Rodriguez 2007). The PEDS tool is designed for use 
on both sidewalks and off-street paths, making it a good fit for evaluating 
path networks and their nearby sidewalk alternatives. It includes variables 
on path qualities, slope, tree presence, and subjective assessments of 
attractiveness and safety. The PEDS audit instrument is in Appendix A. The 
PEDS tool recommends that researchers work in pairs to document paths 
and sidewalks one segment at a time. As the pedestrian path network study 
sites are not extensive, one team of two researchers audited each of the study 
sites, ensuring internal consistency in documentation and subjective ratings. 
The two auditors reviewed the PEDS training materials and conducted 
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practice audits prior to the primary data collection.  The PEDS audit tool 
has researchers collect data on a variety of built environment attributes. 
They include wayfinding, path condition, connectivity, obstacles, shade, and 
amenities. The audit tool also collected the researchers’ subjective opinion 
of the attractiveness and safety of the path segments. A copy of the audit 
instrument is found in the appendix.  

The audits were conducted on Monday mornings on June 11th, 18th, and 
25th 2018. Weather conditions for the audits of each of the study sites was 
consistent; sunny with temperatures in the 80s Fahrenheit. The Bridgeway 
Island location was audited first. This site was chosen first as it had the 
most straightforward path segments, making the pre-audit preparation 
easier. After the segment and audit system worked proved successful in 
Bridgeway Island, it was deployed unchanged for the remaining sites. Most 
of the audit is objective, though auditors can give two subjective opinions on 
the attractiveness and safety of segments. The auditors do not believe that 
auditing Bridgeway Island first introduced any bias into their subjective 
opinions. One auditor had done site visits prior to the audits, and both had 
spent considerable time analyzing the locations via satellite imagery. There 
were no surprises in the overall experience of using the path systems.

The two researchers conducted two audits in each of the three study 
neighborhoods. They first audited the path in question, segment by segment. 
They then audited a sidewalk route with the same starting and ending points 
as the path. The team chose the sidewalk route to be as short as possible while 
still being a plausible route. The sidewalk route had to have a sidewalk or 
another path along its entire length. This allows for comparisons to be made 
between the pedestrian path and its closest “competitor” for pedestrians. 
After the two researchers conducted audits on all segments of the pedestrian 
paths and sidewalk routes, the data collected on sheets of paper were entered 
into a dataset that allows for quantitative comparisons.

Pocket/Greenhaven, Sacramento, California
The Pocket/Greenhaven pedestrian audit began at the north end of the 

main spine of the shared use path, in Zacharias Park (see Appendix B for 
full audit maps of each neighborhood). Cyclists and pedestrians can get a 
connection to the Sacramento River Bike Trail. Once on the trail, a user 
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would be intermittently use a trail or bike lane/sidewalk to reach downtown 
Sacramento. The pedestrian audit went south from Zacharias Park into 
Seymour Park. The second audited segment included a shared use bridge 
over Riverside Boulevard, one of three over or underpasses along the audited 
route. Every side path in Seymour Park was audited along with the main path 
that led past a playground, baseball diamond, Sol Aureus College Preparatory 
School, Caroline Wenzel Elementary School, and finally to the Pocket 
irrigation canal. 

The parallel street route primarily follows Havenside Drive. That street 
follows the path system in Seymour Park approximately a block away. 
Havenside is a collector street that features one car lane in either direction, 
on-street car parking on either side, and sidewalks with no buffer. The street 
winds its way through a neighborhood of primarily single-family homes, with 
some duplexes.  

In all, 49 path segments were analyzed. The next subsection will 
summarize the findings of the audit.

Pocket/Greenhaven Audit Findings
Dimensions: The shared-use path system consisted of primarily 8-foot-

wide paths along the main spine, with a few connecting segments measuring 
only four feet. The SUP system did not require pedestrians to cross a street 
along its entire length; all intersections were grade separated. The sidewalk 
along the parallel street route was universally four feet wide. The sidewalk 
was directly adjacent to the curb, with no landscaped buffer in between. 
Pedestrians walking 
along the parallel route 
have to frequently cross 
quiet residential streets 
approximately 26 feet 
curb to curb. Three times, 
pedestrians have to cross 
arterial streets with a 60-
foot curb-to-curb distance.

Amenities: Only 9 
of the 49 path segments Figure 9: Typical bench condition



CHAPTER 3 PAGE 64

lacked any pedestrian amenities. Garbage cans were by far the most common 
amenity, but 16 segments also had benches (Figure 9). One segment featured 
a drinking fountain. Of the 16 sidewalk segments, only one had an amenity—a 
garbage can.

Buffers: The audit asked the researchers to identify types of buffers 
between the pedestrian path and the roadway. This proved to be challenging, 
as most of our segments were not directly parallel to a roadway. We chose 
to interpret this as buffers between the path and neighboring properties 
when a roadway was not present. In the Pocket/Greenhaven neighborhood, 
grass served as a buffer in all but two segments. This was not unexpected, as 
the path is situated in a greenway.  Trees were nearly as prevalent along the 
path network, with all but three segments having trees along the segment. 
Fences, hedges, and other landscaping were somewhat common, but nothing 
approaching the prevalence of trees and grass. This bucolic setting is in 
stark contrast to the sidewalk route; no buffer exists between the street and 
sidewalk in any of the segments. 

Shade: The copious 
amounts of trees along 
the greenway and path 
network is supported 
by shade observations. 
It can be difficult to 
determine the amount 
of shade, particularly as 
the amount of shade on 
the path segments can 
change based on the time 
of day and time of year. We 
made our observations in 
the mornings (9:30am to 
12:30pm) in the month of June, so the sun was fairly high in the sky. Thus 
the observations captured shade near it’s minimum, as opposed to the long 
shadows of the winter and sunrise/sunset. Even so, 40 of the 49 path network 
segments were covered with at least “some” shade, while seven of those 

Figure 10: Path users experience intermittent 
shade and sun along the path.
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segments were very shady (Figure 10). By comparison, the sidewalk route had 
only two segments with some shade, and the rest had no shade at all. Shade 
was an attribute the research team felt acutely; June in Sacramento is hot and 
shade alone can make a walk significantly more enjoyable. 

Land Use: The PEDS audit instrument allows researchers to categorize 
land uses into eight categories, and each segment may be adjacent to 
more than one land use. Along the shared-use path route, “Single Family 
Detached” was the most common land use along the path segments, followed 
by “Recreation.” Five segments were adjacent to multifamily housing, and 
seven were adjacent to “Office/Institutional.” Office/Institutional in this case 
refers to the two schools along the path network. This is critical, as children 
can walk to school from their home on the path network. Along the sidewalk 
route, every segment was fronted by single family dwellings, with quite a few 
segments featuring duplexes. No schools were located along the sidewalk 
route. None of the segments along either route were adjacent to retail uses.

Connectivity: The shared use path network, and the route audited,  
directly connects to two schools, parks, and a path that leads in the direction 
of downtown Sacramento, though does not reach it. The path network also 
connects to other paths that wind their way through the neighborhood. 
Those paths connect to shopping centers that include a full-service grocery 
store, pet store, clothing store, cafes, and other amenities. There are also 
offices within couple blocks of the larger path system. Sidewalks exist along 
every street, thus someone may use the sidewalk system to reach all of the 
same destinations the path offers access to.

Subjective Experience: The PEDS audit system gives the auditors 
the chance to rate each path segment based on attractiveness and feeling 
of safety for both cycling and walking. The questions use a four-point scale, 
where 1 means “I strongly agree that this segment is attractive/safe for 
cycling/walking” to 4, which  means “I strongly disagree that this segment 
is attractive/safe for cycling/walking.” The auditors gave the Pocket/
Greenhaven path system an average of 1.1 for walking attractiveness and 2 for 
cycling attractiveness. This path system is extremely attractive and pleasant 
to walk on, but the path is gets narrow in places. This can make it difficult for 
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faster-moving cyclists to 
navigate the system and 
weave around pedestrians. 
The path system received 
scores of 1.1 for both 
walking and cycling safety. 
These numbers are so 
high because all of the 
intersections with busy 
streets are grade-separated 
(Figure 11). The parallel 
path score were the same 
or worse across the board. 
The sidewalks received a 
low average score of 2.9 
for walking attractiveness. 
No sidewalk buffers, 
many driveways, and wide 
street crossings made 
for an uncomfortable, 
unattractive walk. Cycling 
attractiveness earned a 
score of 2. There is not 
significant traffic on 
Havenside Drive, which 
means cycling in the car 
lane would be fine for many 
users, though certainly not 
as attractive an option as a bike lane or cycle track (Figure 12). The parallel 
route earned scores of 2 for both walking and cycling safety. The frequent 
crossings with cars led to this lower score when compared to its path 
competition.

Figure 11: Grade-separated crossings made the 
path feel safe from traffic.

Figure 12: A typical view along Havenside Drive, 
showing the bike lane and sidewalk.



CHAPTER 3 PAGE 67

Bridgeway Island, West Sacramento, California
The Bridgeway Island audit began at the western end of the primary 

shared use path that cuts west to east through the neighborhood, centering 
on the elementary school. The narrow path segments open up at the ends 
where they connect with short paths connecting the ends of cul-de-sacs. 
Segments five and six follow the roadway and are separated from the sidewalk 
by a green buffer. After segment five, the path disappears, as it has reached 
the elementary school campus. The audit picks up the path again at segment 
eight, and continues east until segment 15, a sidewalk segment that leads to 
another shared use path. That shared use path follows the levee to a park on 
the other side, as well as an adjacent neighborhood.

Finding a truly parallel path in this neighborhood was challenging, a true 
testament to the shortcut this path system provides. The parallel sidewalk 
segments create an “S” pattern through the neighborhood, weaving around 
the superblocks created by the cul-de-sacs. 

Bridgeway Island Audit Findings
Dimensions: The shared-use paths and parallel street sidewalks all have 

the same width: four feet. The design of the neighborhood limits the streets 
crossed by the SUP system. Where the path does cross the street, the curb 
“bumps out,” eliminating parking and bike lanes and reducing the crossing 
distance from 36 feet curb-to-curb to 24 feet curb-to-curb.  There are no curb 
bump-outs for the parallel sidewalk routes. The parallel street sidewalks are 
all buffered from the street. 

Amenities: Bridgeway 
Island’s shared-use paths 
are narrow, but widen into 
a small plaza-like space 
where two cul-de-sacs 
nearly meet (Figure 13). 
These small plazas almost 
always include benches 
and garbage cans. Only 
two segments did not have 
access to a garbage can 

Figure 13: The mini-plaza where two cul-de-sacs 
meet and connect with the main path.
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and all had access to benches. Four of the 17 sidewalk route segments have 
garbage cans and of those three had benches. These amenities are place on 
SUP segments that are different or notable. One sidewalk SUP segment runs 
parallel to a street, but separate from the sidewalk. Two segments are along a 
park. And the final segment bridges the gap between the path segments and a 
regional trail. 

Buffers: Again, for the 
path segments, the buffers 
are between the path and 
property owners, not the 
street. The path segments 
are extremely uniform in 
their buffer landscaping. All 
include trees, landscaping, 
hedges, and fences. The 
buffers are ten feet wide on 
either side of the path on 
average. The buffers can 
narrow to about seven feet, 
as the path intentionally and 
periodically deviates slightly from a perfectly straight line. The result is an 
effective buffer between the path and adjacent properties, though it creates 
a slightly claustrophobic space, particularly with the path only four feet 
wide at most locations. The buffers are likely welcome additions for adjacent 
property owners. The paths do not run between back yards, but between 
side yards that are only five feet wide in most cases. Without the buffer, the 
paths would be extremely close to homes. Buffers between the sidewalks and 
streets on the sidewalk route include grass and trees along 100 percent of 
segments.

Shade: The trees along the path segments mentioned in the above 
section are still fairly young and only provide some shade along a majority 
of segments. The distance between the trees and path are small, however, so 
as the trees grow they should provide ample shade along the path segments. 
Similarly, there are trees along all sidewalk route segments, but they 

Figure 14: The typical main path condition 
includes lush buffers on either side of the path.
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currently provide little to no shade. The entire neighborhood is relatively 
new and the trees will mature. As the trees mature, there is no chance of 
obscuring lighting, as there is no path lighting. This presents a security 
concern for nighttime use.

Land Use: The entire neighborhood is single-family residential, with the 
exception of a park and school. The path network does not connect directly to 
the park, but does connect to the school. The sidewalk route connects both.

Connectivity: While there is not a diverse set of land uses within the 
bounds of the neighborhood, the path network does connect to a levee path 
that leads to a shopping center in the heart of the Southport district of West 
Sacramento. The City of West Sacramento has plans to improve this path 
connection, as currently it is only gravel.

Subjective 
Experience: The path 
system and parallel 
sidewalk route earned 
an average of “2” or “I 
agree that this segment 
is attractive/safe for 
cycling/walking,” with 
the exception of walking 
attractiveness on the path 
system, which earned 
an average of “1.” The 
paths were narrow, but 
the lush landscaping and 
incredible shortcuts made them a pleasure to use. Cycling on these paths 
proved trickier, as they were so narrow. Comfortable cycling speeds could 
not be achieved and sustained safely. During the audit, we twice had to step 
into the garden beds to make room for people on bikes. The paths may only 
be appropriate for school-age children cycling to school. The sidewalks and 
streets of the parallel route felt safe and easy to use (Figure 14). There was 

Figure 14: This is the condition where the parallel 
route intersects with the path route.
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little traffic when we audited, thought many people were likely at work during 
that time. Overall, the primary benefit of this path system, to the auditors, felt 
like the ability to cut through the neighborhood, creating a more pedestrian-
scaled block system.

Del Paso Heights/Norwood, Sacramento, California
The Del Paso Heights/Norwood (DPHN) audit began at Interstate 80, 

where the Sacramento Northern Bike Trail passes underneath and enters 
the neighborhood. It follows Rio Linda Boulevard, merges with a sidewalk 
segment, then crosses the street and enters Redding Park, the primary focus 
of the audit. The audit broke the path into several segments, though the 
condition remained fairly uniform throughout the park. We ended the path 
audit at Arcade Creek, where construction had temporarily closed the trail 
and cyclist had to use a detour to resume access to the path and connection to 
downtown. 

There were two possible parallel streets to consider. One was Rio Linda 
Boulevard, a busy arterial that runs parallel to Redding Park for the entire 
length of the audit. The other was Altos Avenue, which serves as the western 
edge of Redding Park. We chose to audit Altos Avenue, as it seemed to be the 
most plausible alternative for someone who would like to walk or bike north/
south in the neighborhood in a safe, quiet environment. Altos Avenue likely 
served this purpose when the path was an active rail line. 

Del Paso Heights/Norwood Audit Findings
Dimensions: The path and sidewalk dimensions in Del Paso Heights/

Norwood is similar to Pocket/Greenhaven. The SUP width is uniformly 
eight feet wide, while the sidewalk width is uniformly four feet wide. The 
path crosses streets infrequently, but they tend to be mid-block crossings 
of approximately 36 feet. The sidewalk route also crosses the same 36-foot-
wide streets, and if one walks on the side not adjacent to the park, also crosses 
residential streets with a 28-foot curb-to-curb distance. There is typically no 
buffer between the sidewalk and the curb.

Amenities: The Sacramento Northern Bikeway features periodic 
amenities along the route as it passes through the Del Paso Heights/Norwood 
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neighborhoods. There are 
two covered structures with 
garbage cans and water 
fountains (Figure 15). One 
also includes benches. Five 
of the nine segments did 
not have amenities. There 
were no amenities along 
the parallel sidewalk route.

 
Buffers: As with all 

of the path segments, 
buffers refers to the areas 
between the path and either 
the roadway or nearby properties. The Sacramento Northern Bikeway is a 
former rail corridor that has been “greened” and features grass and trees 
along the route. Redding Park, which hosts the path in the neighborhood, 
is approximately 150 to 160 feet wide. On the east side of the path, there is 
approximately 40 to 50 feet of buffer, which is primarily grass. This grassy 
area abuts side yards, typically separated by a fence. On the west side, there 
is over 100 feet of buffered lawn and Altos Avenue between the path and 
homes. Most of the sidewalk route features no buffer between the sidewalk 
and the street. Many of the homes also feature fences or walls that abut the 
sidewalk, giving the five 
foot sidewalks a cramped 
feel.

Shade: The Bikeway 
features trees, but they are 
widely spaced and many 
are not yet mature. There 
is very little shade along 
the path route currently, 
though as the trees grow 
this may change (Figure 
16). There is pathway 

Figure 15: A covered area provides a space for 
respite along the straight path.

Figure 16: There is no continuous tree canopy to 
create consistent shade along the path.
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lighting, and trees do not obscure them. There are very few areas of buffers 
along the sidewalk route, and therefore very little shade. The front yards of 
homes along the sidewalk route do not sport many trees, nor do to buildings 
themselves offer any shade.

Land Use: The land uses around both the sidewalk route and the path 
route are primarily residential, including both single-family and multi-
family units. Most of the multi-family units are duplexes and mother-in-law 
suites. Unlike the other two study sites, this area features several vacant/
underdeveloped properties. They detract from a feeling of safety, as a few 
are littered with look like the remains of an encampment of unsheltered 
homeless people. 

Connectivity: The Sacramento Northern Bikeway connects 
the neighborhood directly to downtown Sacramento. A trip from the 
neighborhood to the Capitol Building is approximately six miles. The paths 
that connect the Bikeway to nearby streets give path users access to many of 
the neighborhoods along the route and their nearby businesses. The sidewalk 
route ends to the south of the neighborhood; Arcade Creek turns Altos 
Avenue, the street the sidewalk follows, into a dead end.

Subjective Experience: Similar to the Bridgeway Island subjective 
experience measures, the DPHN system averaged a “2” for all categories, 
except for one. The DPHN system earned an average of “1” for cycling 
attractiveness. The primary spine of this path system is wide, flat, straight, 
and smooth. This is a perfect path for riding your bike a long distance. This 
path is a fine place to walk, but so too is the Altos Avenue sidewalk. There 
are a few noticeable differences. If you are the kind of person who finds 
safety and comfort in being near neighbors, as opposed to by yourself, you 
may actually prefer to walk or bike on the street or sidewalk. The lack of 
large trees and landscaping makes you feel very visible and exposed on the 
path system, which can make one feel less safe. Still, though, the path runs 
through a nice green space and it makes for a pleasant walk. The sidewalk 
condition along Altos Avenue is also problematic in some areas. The sidewalk 
is narrow and often feels tight, as a pedestrian has to squeeze between a 
front-yard fence and a car that is parked right along the curb (Figure 17). It is 
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not as pleasant a sidewalk 
condition as Bridgeway 
Island’s, and may be worse 
than Havenside Drive in 
Pocket/Greenhaven. 

A Discussion of the 
Pedestrian Audit Results

As was mentioned in 
the introduction, the audit 
provided a structured 
way for considering the 
experience of using the 
three path systems. This 
makes comparison easier 
and somewhat more objective, though the audit tool includes an outlet for 
subjective experience. And while we dutifully filled out the audit instrument 
for each segment, we couldn’t help but put more weight behind our subjective 
experiences of each path system. This is also where we had our biggest 
questions. Why did the Pocket/Greenhaven path route come out on top in 
the subjective rankings, and is there an explanation in the pedestrian audit 
results and its planning history? The audit results back up the subjective 
rankings; The Pocket’s path route had more pedestrian amenities, shade, and 
connectivity than the other two path routes. Bridgeway Island’s path routes 
scored well in the pedestrian audit, particularly in amenities and buffers. The 
one concern associated with the Bridgeway Island path route was the narrow 
path pavement and the claustrophobic path segments. The Bridgeway Island 
path is only four feet wide; it made passing anyone, particularly on a bike, 
uncomfortable. The path segments are surrounded by dense landscaping 
and tall privacy fences for their entire length. This feature, combined with 
the lack of lighting, made the route feel unsafe at night. Both The Pocket and 
DPHN’s paths had lighting and ample escape routes in case of danger.

The Sacramento Northern Bikeway in Redding Park does not have the 
amenities, shade, or buffers that the other two path routes do. The bikeway 
and park came well after the neighborhood was established, unlike the other 

Figure 17: The sidewalk route was often narrow 
and cramped.
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two study sites, and as years go by the path route may gain amenities and the 
overall quality of the space will improve.

The overall scope of The Pocket’s path network is a positive attribute that 
is not fully captured by the audit results. It’s primary north/south axis, its 
green spine, is considerably longer than the Bridgeway Island path network 
and the portion of the Sacramento Northern Bikeway that cuts through 
DPHN. The path in the Pocket also includes numerous secondary paths, 
multiple paths within the same primary axis, and connections to further 
levee paths. The extensiveness is buttressed by the above and below grade 
crossings as major streets. Once one enters the path system, they do not 
have to cross a street. In many places one does not even see streets. This 
feeling is rare in a suburban environment. The 1961 master plan of this area 
is responsible for the extensiveness of the path network. It points to the 
possibility that high-quality pedestrian environments are the product of a 
strong collaboration between local governments and real-estate developers. 

This collaboration is also present in the Bridgeway Island area. As the 
Southport area of West Sacramento continues to grow and mature, the area 
may see a path network as robust and extensive as the one found in The 
Pocket. The Southport Framework Plan and Design Guidelines are not as 
prescriptive as The Pocket’s 1961 Master Plan, however, and the path network 
in Southport will likely never have the consistent, high-quality feel of The 
Pocket.

The rails-to-trails conversion of the Sacramento Northern Railway route 
in DPHN is certainly an upgrade in pedestrian and bicycle connectivity 
for the neighborhood, but its lack of integration with the design of the 
neighborhood makes the overall experience somewhat worse than The 
Pocket. The Sacramento Northern Bikeway is a retrofit; DPHN was not 
designed around it. The Sacramento Northern Bikeway is also a regional 
facility and not centered on the DPHN neighborhood. This is obviously 
advantageous if you want to use the bikeway to get downtown, but it does not 
have the charm of Seymour Park in The Pocket.

The use of an audit instrument designed primarily for quantifying the 
pedestrian-scale built environment for the use in quantitative research, such 
as linear regression models, does create some limitations for the way it was 
used in this chapter’s research. The tool allowed for the systematic evaluation 
of the paths and nearby sidewalk routes, but only two audit questions were 
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subjective. A more ideal audit tool for this kind of research would have 
included additional subjective questions that probed deeper into both 
“attractiveness” and “safety,” the two subjective questions already present. 
Dimensions such as “beauty,” “efficiency,” “safe from vehicles,” and “safe 
from crime” would have tracked closer to questions asked on the subsequent 
survey. 

The Resident Survey of Path Use

Survey Methods

A 37-question online survey asked respondents about their attitudes and 
habits about walking and cycling generally, their attitudes and habits about 
the path system, and several demographic questions (See Appendix C for a 
full survey form). Survey respondents could opt to not answer any question, 
except for the first. That question asked respondents to give the intersection 
the lived nearest as a way of ensuring they lived within the neighborhood 
specified by a map in the survey. 

The survey was distributed online via Facebook groups, a Nextdoor group, 
and an email newsletter. In the Pocket/Greenhaven neighborhood, a link to 
the survey was posted on the Pocket-Greenhaven Community Association 
Facebook page on November 5, 2018. In the Bridgeway Island neighborhood, 
the link was posted on the Bridgeway Island Nextdoor group on November 
8, 2018 and the Bridgeway Island Elementary’s “Bee Active Bridgeway” 
Facebook group on November 13, 2018. The links were posted on behalf 
of this study by members of these groups and organizations.  It was more 
difficult to find someone to promote the survey in the Del Paso Heights/
Norwood neighborhood. Councilmember Warren’s office, the representative 
for the neighborhood, posted the survey link to their Facebook page and their 
email newsletter on January 29, 2019.  

The survey netted 148 respondents across the three study sites, roughly 
distributed according to the size of the study area. Bridgeway Island and 
DPHN are modest in size compared to the Pocket/Greenhaven area. Table 2 
shows the number of respondents by location.
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Bridgeway 
Island

Pocket/
Greenhaven

Del Paso 
Heights/
Norwood

Survey 
respondents

31 94 23

Neighborhood 
area

320 acres ~4,480 acres ~1,470 acres

Table 2: Survey respondents by case study area

Survey respondents were asked to answer survey questions on behalf  
of their entire household, but the survey did ask two questions about the 
respondents’ demographic information. Survey respondents in all three 
areas were overwhelmingly female (75-80 percent). The survey also asked 
respondents their own personal race/ethnicity. The results are shown in 
Table 3 next to a comparison of the race/ethnicity breakdown of U.S. Census 
tracts that overlap with the study areas. The data is from the American 
Community Survey 2017 estimate. 

Bridgeway Island Pocket/
Greenhaven

Del Paso Heights/ 
Norwood

Survey Census Survey Census Survey Census

Non 
Hispanic 
White

66% 61% 52% 33.4-
56.2%

42% 35.0-
41.1%

Hispanic 17% 27% 16% 8.8-19.2% 11% 35.0-
38.1%

Asian 7% 8.3% 19% 20.6-
47.3%

11% 13.7-
22.1%

Black 3% 2.8% 6% 7.1-32.7% 26% 17.8-
21.3%

Multiple 3% 9.2% 6% 3.4-14.2% 11% 5.2-6.9%
Native/PI 3% 2.7% 1% 0-2% 0% 1.6-7%

Table 3: A comparison of survey respondent demographics to the Census 
demographics for the area
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The small size of this survey’s sample mean that the race and ethnicity 
breakdowns were never going to be exactly representative of the 
community’s demographics, though they are within the ballpark for each 
area. Bridgeway Island respondents were most likely to be non-Hispanic 
white, while only 42 percent of DPHN respondents were white. The Pocket/
Greenhaven area has a high Asian population relative to the others, and the 
DPHN area has a high black population.

The survey asked respondents to answer questions about the 
demographics of their household as a whole, as well. The questions asked 
about vehicle ownership, housing tenure, income, and household size. The 
results of these questions are summarized below in Table 4.

Bridgeway 
Island

Pocket/
Greenhaven

Del Paso 
Heights/
Norwood

Avg. Cars at home 2.5 2.3 2.5
Avg. Bikes at 
home

2.8 2.3 3.5

Percent who own 
their home

87% 85% 70%

Avg. Household 
size

3 2.5 3.2

Household Income

$0-$24,000 0% 3% 10%
$25,000-$42,500 7% 7% 15%
$42,500-$85,000 33% 27% 40%
$85,000-
$128,000

22% 29% 20%

More than 
$128,000

37% 34% 15%

Table 4: A brief summary of demographic questions, such as vehicle ownership, 
tenure, and income
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Car ownership is similar across all neighborhoods, but DPHN residents 
own more bikes on average than the respondent households of the other 
neighborhoods. Most respondents owned their own homes, ranging from 
different 70 percent (DPHN) to 87 percent (Bridgeway Island). Household 
size varied somewhat, with 3.2 people per household in DPHN and only 2.5 in 
Pocket/Greenhaven. The case study areas saw some variation in household 
income, with Bridgeway Island and Pocket/Greenhaven quite different than 
DPHN. Only 7 to 10 percent of Bridgeway Island and Pocket/Greenhaven 
respondent households made less than $42,500 last year, while 25 percent 
of DPHN respondent households did. Only 15 percent of DPHN respondent 
households made more than $128,000, less than half of the other two case 
study areas. The respondents’ demographics indicate that significant 
differences exist between the case study areas. DPHN, in particular, is poorer 
and more diverse than the other two areas. 

Results of the survey are discussed below, grouped into three thematic 
categories.

Results

Residents’ familiarity with and use of paths
Do people use their residential path systems?  The survey asked a 

series of questions to understand the rate respondents used the paths. 
Prior to asking any questions about the path system, the survey asked 
respondents to, “list any characteristics of this neighborhood that make 
walking and bicycling a safe and/or enjoyable experience.” At this point 
in the survey, the respondents did not know this was a survey focused on 
path systems and the paths were not mentioned at any point. A total of 
34 comments  from respondents (36 percent) in the Pocket/Greenhaven 
neighborhood specifically mention either the greenbelt, off-street paths, 
or canal paths, all a part of the study path system. Comments that mention 
only sidewalks, bike lanes, or the levee paths (a separate system) were not 
counted. Representative comments include, “Bike/walking paths, bike lanes, 
many quiet streets” and “The Greenbelt area is wonderful for a peaceful 
walk or run. Lots of trees and no vehicle traffic. Park-like setting.” Three 
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comments from respondents (13 percent) in the Del Paso Heights/Norwood 
area mention the path system. Finally, two comments from respondents (6 
percent) in the Bridgeway Island area mention the path system. 

The second half of the survey asks specifically about the path system. 
The survey asked respondents if they were familiar with the path system in 
question. Table 5 shows the percentage of respondents familiar with the path 
system, by study area and the number of comments that reference the paths 
before answering questions about their specific path system.

Bridgeway 
Island

Pocket/
Greenhaven

Del Paso 
Heights/
Norwood

Respondents 
familiar with path 
system

71% 80% 95%

Comments that 
mentioned the 
paths beforehand

6% 36% 13%

Table 5: Respondents familiar with path systems

In all three study areas, a significant majority of respondents knew of the 
nearby path system. All of the percentages were far higher than those who 
named the path system as characteristic that makes the the neighborhood 
safer and/or more enjoyable for walking and cycling. This could mean that 
respondents don’t view the paths as assets, or they are neutral on their 
contributions to walkability or bikeability, or they simply forgot about 
them. Respondents who did not know the path system were not shown 
more questions about it, and all future results shown directly about the path 
system are only from respondents who knew about the path system.

Most respondents knew of the paths, but did they use them? And what 
did they use them for? The survey included nine common path use activities, 
including walk/bike for exercise, walk/bike for a commute, and walk the dog, 
and asked how often the respondents did those activities. “Never” was the 
majority response for nearly all of the activities for all case study areas. The 
most common uses for the paths—the uses with the smallest percentages 
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of “never”—were “walk/run for exercise” and “walk for fun.” All questions, 
except for one about walking a dog, was asked about cycling as well, and 
universally people walked more than biked. 

However, there were significant differences between case study 
neighborhoods. The share of “never” reported by Bridgeway Island 
respondents was almost always lower than for other two case study 
areas. This may be due to the path design. The entire neighborhood was 
designed with paths in mind, and they are well integrated. The public space 
surrounding them is quite narrow as well, meaning more people have close 
access to the path itself. Respondents from Pocket/Greenhaven were less 
likely to commute via the paths, and respondents in Bridgeway Island 
almost never used the path to reach another destination. Both of these 
neighborhoods are not directly connected to downtown Sacramento in the 
same way DPHN is, which may be one explanation. One exception to this was 
kids walking or cycling to school. Over half of households with children in the 
Bridgeway Island neighborhood had their kids travel to school at least once 
per week via the path. This was far higher than the other two neighborhoods. 
Some of these differences may be due to who was taking the survey. There 
were more families with children as a percentage of the population in 
Bridgeway Island than the other two case study areas. The path system in 
Bridgeway Island is designed to radiate out from the elementary school, 
making it a very direct route for many households. 

Prior to answering these questions about path use, respondents answered 
the same question about the  entire transportation network in their area. 
This allows for some comparisons. Do respondents walk, just not on the 
paths? Or do people not walk at all, regardless of facility? Both sets of 
responses are shown in the figures below (Figure 18-25). They show how 
often survey respondents do various activities, both generally as well as on 
the path. BI = Bridgeway island and DPHN = Del Paso Heights/Norwood. 
“General” refers to when respondents indicated they did these things in their 
neighborhood, while “Path” indicates when they did it on the path system.



CHAPTER 3 PAGE 81

Figure 18: Only about 
30 percent of Del Paso 
Heights/Norwood 
respondents walk on 
the path for exercise.

Figure 19: Cycling on 
the path for exercise 
is less popular than 
walking on the path 
for exercise among 
respondents.

Figure 20: Pocket/ 
Greenhaven residents 
do not walk to 
commute, on path or 
off. 

Figure 21: Nobody bike 
commutes every day 
on the bike paths. 
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Figure 22: Pocket/ 
Greenhaven and 
DPHN respondents 
walk to reach other 
destinations, but don’t 
use the paths to get 
there in high numbers.

Figure 23: Cycling to 
other destination is 
not popular, regardless 
of neighborhood or 
street/path.

Figure 24: Recreational 
walking is quite 
popular relative to 
other uses.

Figure 25: Recreational 
cycling is also popular, 
though less so than 
walking. 
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Safety
In addition to the questions answered above, the survey respondents 

were asked questions that directly relate to the walkability and bikeability 
attributes cited above. The survey asked respondents about how safe they 
feel walking and cycling in their neighborhood generally, as well as on the 
residential path system. The questions asked about safety from traffi  c as 
well as safety from crime. The results show that there are some signifi cant 
diff erences between neighborhoods on this topic (Figures 26-29). The 
respondents from Del Paso Heights/Norwood felt signifi cantly less safe 
from traffi  c and crime on foot or on bike. For example, over half of DPHN 
respondents disagreed or strongly disagreed with the statement “In this 
neighborhood, I feel members of my household are safe from traffi  c while 
walking.” No DPHN respondent strongly agreed with that statement. 
Nearly half of DPHN respondents disagreed or strongly disagreed with the 
statement “In this neighborhood, I feel members of my household are safe 
from crime while walking.” In contrast, most respondents from Bridgeway 
Island and Pocket/Greenhaven felt safe from traffi  c and crime while walking 
and cycling.

Comments from DPHN respondents further illuminate their safety 
concerns. One says “homeless people along the bike trail” make them feel 
unsafe, as do others. Stray dogs are cited by several people. One mentioned 
that the bicycle trail was too dark. Others noted that there was signifi cant 
litter on sidewalks and the trail. These comments are very diff erent than 

Figure 26: Del Paso Heights/Norwood respondents feel least safe from traffic 
walking in their neighborhood.
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Figure 27: Respondents in the Pocket/Greenhaven and Bridgeway Island 
neighborhoods feel less safe from traffic on a bike than walking.

Figure 28: Bridgeway Island residents feel very safe walking in their 
neighborhood.

Figure 29: The difference between safety perceptions between Del Paso 
Heights/Norwood and Bridgeway Island respondents is stark.
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those from respondents in the other study areas. “Dogs barking” or “dog 
poop” were mentioned several times in Bridgeway Island, and most safety 
concerns were about the speed of traffic. Similarly, in the Pocket/Greenhaven 
area, speeding cars were a top safety concern, as was a general “fear of crime” 
without any specifics related to the design of the path or sidewalk networks. 

Path Quality and Path Context
Perceptions of path quality and path context were gathered primarily 

from two parts of the survey: a ranking of path qualities and open-ended 
responses about the path provided by respondents. The ranking question 
asked respondents to order path qualities from the ones they valued the most 
about their path system to the ones they valued the least. Table 6 shows the 
results.

Rank Bridgeway Island Pocket/Greenhaven Del Paso Heights/
Norwood

1 Safe from traffic Safe from traffic Safe from traffic
2 Continuous sidewalk 

or trail
Continuous sidewalk 
or trail

Continuous sidewalk 
or trail

3 Directness of route Safe from crime Path condition
4 Shade Shade Connected to 

destinations
5 Path condition Path condition Directness of the 

route
6 Connected to 

destinations
Connected to 
destinations

Safe from crime

7 Safe from crime Pedestrian amenities 
(benches, trash cans)

Shade

8 Pedestrian amenities 
(benches, trash cans)

Quality of the 
landscaping

Pedestrian amenities 
(benches, trash cans)

9 Quality of the 
landscaping

Directness of the 
route

Quality of the 
landscaping

Table 6: Average answers to the question: Rank the qualities of the path from 
the one your household values most to the one your household values least (1 = 
most; 9 = least)
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When the results were averaged, respondents in each area ranked “safe 
from traffic” and “continuous sidewalk or trail” as the qualities they most 
valued in their path system. This is perhaps not surprising, as they are 
some of the major selling points of a path system, as opposed to a sidewalk 
or bike lane.  Two qualities could be found near the bottom of all three 
rankings: “Quality of the landscaping” and “pedestrian amenities.” This 
is an interesting result, as there are significant differences in the quality 
of landscaping and amount of pedestrian amenities across the three case 
study areas. The landscaping in Bridgeway Island is elaborate, with trees, 
shrubs, grass, and flowers. The landscaping in Pocket/Greenhaven is more 
park-like, with shady mature trees, and the landscaping in DPHN is more 
bare bones, with grass and the occasional tree.  There are similar differences 
in pedestrian amenities, though all provide benches and garbage cans. 
Regardless of the differences, respondents in each area gave them low ranks. 

Respondents in Bridgeway Island and Pocket/Greenhaven gave shade a 
higher ranking than those in DPHN, which makes sense as DPHN is the least 
shady of the three. Shade is an important factor in hot and sunny Sacramento. 
DPHN respondents ranked path condition higher than respondents from 
other areas. DPHN’s path is asphalt in very good condition, while the 
other paths are concrete. DPHN respondents also ranked “connected to 
destinations” higher than respondents of other areas. The main spine of the 
DPHN path system is the Sacramento Northern Bikeway, which connects the 
neighborhood to downtown Sacramento. Neither of the other two areas have 
such a direct connection to the central city. 

Respondents in Bridgeway Island and DPHN ranked “safe from crime” 
lower than those in Pocket/Greenhaven. This is not a surprising result from 
DPHN respondents, given their responses to the questions above. Bridgeway 
Island residents may not value safety from crime highly due to the design of 
their path system. In the pedestrian audit of this system, the two reviewers 
noted that the paths felt narrow, claustrophobic, and poorly lit. Crime may 
not be a top concern in Bridgeway Island generally, but the path design may 
contribute to the low ranking of this quality.
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Discussion and Conclusions

This chapter presents a comprehensive evaluation of the design and use 
of three relatively-isolated path systems in residential neighborhoods in the 
Sacramento area. The introduction presented three research questions:

• How often do residents use the paths, and what do they use them for?
• How does the design of the path system affect the use patterns?
• And perhaps the biggest question: Is there still utility in designing 

neighborhoods with paths that only serve a local population?
The first two questions are fairly straightforward to answer, as the survey 

directly asked residents those questions. The results show that most people 
who live near paths do use them, at least occasionally, for some activities. 
The number of respondents who indicated they never used the paths for 
the activities listed on the survey is fairly low. Table X shows the percent of 
respondents who never use the path, and the percent of those who never walk 
or bike at all. The results indicate that most of the respondents in Bridgeway 
Island and Pocket/Greenhaven who never use the paths do walk and bike 
in other places. In DPHN, half of the respondents who never use the paths 
also never walk or bike. Respondents were able to add their comments on 
this section of the survey, and two of the never/never respondents cited 
fear of crime as their reason for not walking or cycling at all. The number of 
respondents who indicated that they used the path frequently (5-6 times per 
week or every day) was fairly low. Table X shows the results of this analysis. 

Most of the people who use the paths use it occasionally and are not 
reliant on it for a daily commute or every day exercise. The paths do not seem 
to be integral to the daily lives of those living near it in the same way other 
transportation infrastructure is, and use patterns are probably closer to those 
for a recreational amenity such as a park or playground. As the use patterns 
are closer to that of a park than a transportation system, it’s not a surprise 
that respondents were more likely to say they used the paths for walking their 
dogs, going for a run or bike ride, or just taking a stroll.

The design of the paths, as observed in the audit, reinforce this finding 
from the survey. Bridgeway Island and Pocket/Greenhaven, in particular, 
were clearly designed not for efficient transportation use but instead for 
leisurely strolls. This is demonstrated in the meandering nature of the paths; 
they often deviated from a straight line as a design feature, not a response 
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to topography or obstacles. The Bridgeway Island path was incredibly 
narrow. It did not have capacity for two pedestrians to comfortably pass 
each other, or two people on a bike to ride side by side. These paths were 
clearly not designed by a local department of transportation or public works 
for the purposes of moving people efficiently through space, like a road or 
highway would be. People can perceive the difference and take clues from 
their surroundings about how to use a public facility. But path width and 
directness is not sufficient for a successful path meant for transportation. 
The DPHN path, with the Sacramento Northern Bikeway as a spine, has 
directness and width, but exhibits the same lack of utility trips. The DPHN 
path, like the others, is located in a verdant linear park, that further presents 
the image of a place of relaxation and rest, not of movement and utility.

The three case study sites were chosen because they have different 
contexts and different designs. They encompass everything from a 
meandering path in a master-planned suburban community to a rails-
to-trails project in a low-income neighborhood. As the case studies vary 
according to context AND design, it is important to differentiate how much 
each of these two factors contributes to path use. These results seem to 
indicate that context matters more than design, though design can mitigate 
or exacerbate some of the negative effects of context. 

The most important element of neighborhood context seems to be safety. 
Safety-related questions had the most significant disparity between study 
areas, particularly DPHN and the other two areas. Respondents in DPHN feel 
less safe in their neighborhood and therefore feel less safe on the paths. They 
indicated that they use them less than respondents from other areas. Path 
design elements, such as pavement quality, amenities, landscaping, and more 
connections to streets and uses won’t fundamentally solve any underlying 
issue around fear of crime. According to the pedestrian audit, the path in 
DPHN is the best designed with regard to safety. There are few dark areas 
or places for someone to hide. Path users can see clearly a long way in all 
directions and never feel trapped on the path. The path does have homeless 
encampments and untidy areas, however, and they can reinforce a negative 
feeling about the area. Safety for path users must be assured before any other 
design or context element will make a real difference in path usage. 
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Implications for practice

The results of this research indicate that while there are design criteria 
that make for a better overall path system, unless they are connected to 
many different land uses, the paths will primarily be used for leisure. Does 
this mean that they should not be implemented? Of course not. Small path 
systems offer concrete benefits initially, and may still lead to long-term, 
environmental, traffic, health, and safety benefits later on as more path 
systems connect. 

Health benefits of neighborhood-scale shared-use paths
One of the primary initial benefits include health impacts. The negative 

health effects of physical inactivity are now well known, and walking is a 
common, accessible way for people to be physically active. Researchers 
have made the link between the quality of built form and the amount of 
time people spend walking in that area (Merom et al., 2018). Environmental 
variables, such as the age of the neighborhood, have an impact on the number 
of times people take a walk. Residents of older neighborhoods with more 
walkable street patterns walk more than those in suburban neighborhoods 
built after 1973 (Berrigan & Troiano, 2002). Neighborhoods with high 
density housing saw a greater percentage of residents walk and bike than 
those with low density (Ross & Dunning, 1997). Other research indicates that 
providing excellent active transportation facilities induces people to make 
more active transportation trips (Dill, 2009; Saelens, Sallis, & Frank, 2003). 
Encouraging walking and cycling in suburban environments is critical, as 
that environment is typically detrimental to one’s physical health and well 
being (Frank et al., 2006). There have not been direct studies of the effects 
neighborhood-scale shared use path systems have on resident health, but the 
survey makes it clear that exercise is one of the most common uses. 

Shared-use paths as healthy lifestyle amenity
Cities have begun to see walking and cycling paths and trails as assets 

integral to attracting residents and businesses. This falls in line with the 
long-standing belief that a region’s amenities can be an important point of 
differentiation for those looking to relocate. Research backs this assertion up: 
cities with more natural (mild weather, beautiful scenery) and constructed 
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(museums, libraries, bike events) see higher growth than those without 
(Clark, 2003). Paths and trails were not on the radar of those studying 
amenities in the late 1990s and early 2000s, but a cultural shift toward health 
and fitness, combined with an awareness of the negative health effects of 
physical activity has made them more desirable. The typical workplace has 
become the desk, in front of a computer, and people today put more value on 
restoring balance through exercise, either outside or at fitness gyms, which 
have become much more popular in the past several decades (Sassatelli, 
2015). Thus it is not surprising that the presence of a path system played a 
role in some survey respondents’ decision to move to a neighborhood with a 
path system.

Atlanta’s BeltLine, New York’s High Line, and Chicago’s The 606 are all 
examples of high-profile path projects that have attracted tourists and serve 
as an amenity to residents. Smaller communities with path systems have 
begun to use the paths in their marketing literature, as outdoor recreation is 
often an amenity group that they can compete with big cities in when wooing 
the “creative class” (McGranahan, Wojan, & Lambert, 2011). Smaller cities 
and some suburbs can ensure a higher percentage of residents are within easy 
reach of trails, parks, and scenery. Folsom, California, approximately 25 miles 
from the study sites in this dissertation, features over 50 miles of multi-use 
trails within its city limits, and all of its promotional materials highlight that 
fact (“Why I Live in Folsom,” n.d.).

The push toward marketing neighborhoods and cities as outdoor, healthy-
lifestyle amenity communities is coming from both cities and real estate 
developers. Cities in a region compete for households and growth, and are 
keen to develop a positive “brand” to attract residents. Similarly, real estate 
developers hope that including paths will help them sell their units faster 
and at a higher price. The relative of the real estate developer that built 
Pocket/Greenhaven, himself a developer, includes paths in all of his projects. 
He believes they are a desired amenity that brings in buyers (B. Parker, 
personal communication, March 2019). His projects are all common interest 
communities, as he believes a homeowners association is the best way to 
ensure the path amenity is maintained to a high standard. This is in contrast 
to the three case study neighborhoods; all of their path systems are public 
parks. They have all been designed to a fairly high standard, according to the 
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audit results. The one exception may be the maintenance issues around litter 
in Del Paso Heights/Norwood that lead residents to feel the path is unsafe. 

Using shared-use paths to satisfy park dedication requirements
When a real estate developer wishes to get a new neighborhood design 

approved, they must demonstrate that their plan meets local planning 
requirements and standards for dedications like streets and parks. As all 
of the path systems in the case study neighborhoods are classified as parks, 
and not as public right-of-way in the same way streets are, they would count 
toward the developer’s required park dedication. Each of these case study 
path systems skirted the normal development process and park dedication 
requirements, however. Del Paso Heights/Norwood was a public project 
that aimed at rectifying the lack of parks in the neighborhood, but it was not 
land given by a real estate developer for public use. The Pocket/Greenhaven 
neighborhood was designed from whole cloth as an experimental planned 
unit development. The park acreage per person requirements from the 1950s 
could not be ascertained, but it is likely that the extensive park/path system 
exceeded the contemporary standards in an effort to create a desirable 
neighborhood. Finally, the Bridgeway Island neighborhood had to conform to 
a very detailed framework plan and design guidelines. There was little room 
for a developer to even suggest building more or less parkland than the plan 
called for. 

This large-scale control over park dedication, and requiring it be used for 
public path systems, is farsighted. It will ensure that early neighborhoods 
will be compatible with neighborhoods built in the future with regard to 
path connectivity. The requirement that paths be public is also critical, 
as it creates a network that everyone can use. Paths managed privately by 
homeowners associations will only serve the needs of residents living within 
the neighborhood, but public paths can facilitate trips that can span multiple 
neighborhoods, improving connectivity for everyone in the area. They also 
make it more likely that a resident of a neighborhood would be able to access 
other land uses. 
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Tying it all together: Bridgeway Island, Southport, and healthy lifestyle 
amenities

This move toward using paths as a lifestyle amenity to entice residents 
and homebuyers is on display in one of the case study neighborhoods, 
Bridgeway Island. The City of West Sacramento, California wrote design 
guidelines for the Southport area an undeveloped region in the souther part 
of the city limits that includes Bridgeway Island, with these amenities and 
marketing ideas in mind. The guidelines, written in 1996 (with revisions in 
1998, 2001, and 2005), call for:

A community-wide, pedestrian trail and activity system [that] 
will connect neighborhoods with retail, recreational, and 
social services. This network [will allow] access via an auto-
free environment to critical services such as neighborhood 
shopping, daycare, churches, and parks. It also extends into 
and helps connect residential neighborhoods with adjacent 
employment areas (Southport Framework Plan, 1995, p. 6).

The plan lays out a large-scale multi-use path system for the entire 
7,120 acre Southport area. The design guidelines go into even more detail by 
requiring any neighborhood-scale development (called “pedestrian-oriented 
villages” in the guidelines) to include a residential path system. The plan 
refers to residential path systems as “throughblock trails” and mandates 
them to be deployed in a way to “minimize walking distance to park, school, 
day care, and shopping facilities” (“Southport”, 1996, p. 11). West Sacramento 
planners confirmed that their plans to include paths was an attempt 
to position the city as a place where residents could engage in outdoor 
recreation, an amenity many people are looking for (D. Tilley, personal 
communication, April 6, 2018).

Plans and guidelines don’t mean much if they are not enforced, and West 
Sacramento has stuck to their vision and enforced these guidelines when 
developers build housing. Bridgeway Island, a neighborhood in the Southport 
area of West Sacramento built in the early 2000s, is a great example of a 
community designed with these guidelines. The neighborhood’s design is 
a carbon copy of the proposed neighborhood in the guidelines. The path 
system also exhibits some of the shared use path design characteristics 
identified in the previous chapter, though not all. The design characteristic 
it best exemplifies is cul-de-sac complement, which is no surprise as the 
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plan explicitly calls for paths to provide additional connectivity to areas with 
cul-de-sacs. The path system is an extreme example of linearity, as the 
path area is only 20 feet wide in most places, with a narrow, five-foot-wide 
paved area. The narrowness limits the park-like setting effect, though this 
path system achieves it where two cul-de-sacs meet. The neighborhood is 
full of superblocks, which makes it easy for the paths to be separated from 
other modes, though they do occasionally cross small streets. Bridgeway 
Island does not orient homes to the paths like Radburn and Village Homes. 
The design of the paths suggest that neighbors may find it unappealing to 
be adjacent to the paths. Tall fences, hedges, and garden beds separate the 
path from nearby yards. They resemble the Hampstead Garden Suburb 
paths in that they appear to be designed as shortcuts, not as a new primary 
transportation system. The Southport Design Guidelines call for a larger, 
area-wide network of paths to connect neighborhoods like Bridgeway Island 
to other neighborhoods and a central shopping district, but Bridgeway 
Island’s connection is still in the planning stages, so its path system only 
connects to an elementary school, a park, and an adjacent neighborhood. 
Bridgeway Island is not a private, common-interest community such as 
Village Homes or Radburn, so the paths are free for the public to traverse and 
will contribute to a larger, regional network as the area continues to develop.

Final recommendations
Thus, the final recommendations are as follows. 1.) Local government 

planners should require publicly-accessible shared use path systems in 
new subdivision developments; 2) They should have a detailed, long-range 
plan for the area to ensure path systems connect and allow users to access 
different land uses; 3) Local governments may wish to promote these path 
systems as facilities to support healthy active living, as there is a demand for 
this from prospective residents and real estate developers; and 4) Important 
path design considerations include separation from cars, connections to 
other uses, shade, and amenities such as benches, drinking fountains, and 
trash cans. 



CHAPTER 4 PAGE 94

The previous two chapters have focused on shared use path systems. 
Those networks can provide safe, direct, and pleasant access to pedestrians 
and cyclists to other destinations, if planned in a cohesive, thoughtful way. 
Even without connections to other uses, shared use path systems in suburban 
neighborhoods can provide a place for recreation and exercise, improving 
health outcomes for suburban residents. 

Despite all of their advantages, shared use path systems remain relatively 
rare in suburban neighborhoods. For many, the only infrastructure available 
for active transportation is the road and sidewalk network. Sidewalks can 
provide an excellent walking experience, and traffic-calmed streets or streets 
with dedicated, high-quality bicycle infrastructure can provide a similar 
experience to cyclists. When such infrastructure is provided, some even 
prefer using the street network to a dedicated shared use path system (see 
Chapter 3). Simply providing this infrastructure may be enough for those 
walking and cycling for exercise or recreation, but network connectivity is 
an important factor when the aim is to encourage utility and commute active 
transportation trips. These trips require street networks that connect to 
multiple land uses in the most direct way possible. Thus if we are concerned 
about how people use active transportation infrastructure in the suburbs, we 
must consider the street network and its connectivity attributes.

Suburban street networks have a reputation for falling short on 
connectivity measures. The cul-de-sac is synonymous with the suburbs, and 
it is the opposite of a robust connection. Cul-de-sacs by design do not connect 

Chapter Four

Suburban Subdivisions and 
Disconnected Street Networks: 

Trends through Time
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to anything; they merely provides access for those living alongside it. The 
suburbs are also known for dendritic street patterns that branch instead of 
forming legible, redundant grid systems. This research approaches these 
assumptions about street networks not as something static of fixed, inherent 
in the design of suburban neighborhoods. Instead, this research aims to 
understand how street networks have evolved through time. Furthermore, 
this research does not view street networks as borderless systems, but instead 
as built from subdivisions, the fundamental land use and transportation 
unit in the suburbs. These changes in perspective allow for insights that can 
generate policy responses that reflect prevailing trends and the realities 
of street design regulatory approval. This chapter will begin to answer the 
following research questions:

• How has internal street network connectivity changed in suburban 
subdivisions over time? 

• What factors contribute to internal subdivision street network 
connectivity?

• How has suburban subdivision external connectivity changed over time? 
• What  factors contribute to external subdivision connectivity?

This research measures the connectivity of suburban subdivisions 
using a few common metrics, such as intersection density, block length, and 
external connections. These metrics have been used by other connectivity 
studies that measure the built environment to evaluate the walkability of the 
street system itself. Those studies have shown that smaller blocks and more 
intersections can promote higher rates of walking, including for non-work 
trips (Kerr et al., 2007; Moudon et al., 2007). The unique contributions of this 
particular research study is: 1) a focus on the subdivision as a unit of analysis, 
and 2) analysis of the evolution of subdivision street patterns through time. 
Subdivisions are a natural way to consider growth on the urban fringe, as 
new development in the post-war era does not happen lot by lot or block by 
block, but rather neighborhood by neighborhood. Development before the 
postwar era often occurred tract by tract, a unit that is still larger than a lot 
or block, though not as large as a full neighborhood. Subdivisions are formal 
boundaries tracked by local governments and can be used to accurately date 
the year a subdivision street network was planned. This information allows 
for a longitudinal study of street pattern development. Longitudinal studies 
of street network design is rare, with only a few published in recent decades. 
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The hope is that this research will prove useful to those planners and 
policymakers who write and revise subdivision ordinances and development 
codes. Active transportation has traditionally been neglected in the design 
of suburban transportation networks, and the results of this study could 
encourage new standards and guidelines that improve connectivity for those 
on bike and on foot. This chapter begins with a brief review of the relevant 
literature on travel behavior, street network design, and the suburbs. Next, 
the research methods used in the study, namely computational GIS analysis 
using OSMnx software, are presented. Finally, the chapter reports the results 
of each connectivity measure through time and by subdivision size, ending 
with a discussion of implications for development policy.

Suburban Active Transportation Networks: A Review of the Literature

This chapter joins a robust body of research interested in understanding 
how built form influences travel behavior, particularly walking and cycling 
(e.g., Cervero and Kockelman, 1997; Ewing and Cervero, 2001; Krizek, 2003; 
Ewing and Handy, 2009; Ewing and Cervero, 2010; Winters et al., 2016). 
This research is interested in how the design of street networks, though it 
does not include a travel behavior study. Scholars have already documented 
how people respond to different street network designs. More connected 
street networks see lower rates of vehicle ownership (Barrington-Leigh 
and Millard-Ball, 2017) and an increase in the use of active transportation 
(Hajrasouliha and Yin, 2015). 

A subset of this research that analyzes a particular type of built form: the 
suburbs and sprawl. Many studies have compared typical suburban form to 
New Urbanist-style development, seeking to determine of the connected 
street networks that typify New Urbanism (NU) result in less car use and 
more active transportation (Southworth, 1997; Crane and Crepeau, 1998; 
Knaap and Talen, 2005). The results are mixed. Some research has found that 
new urbanist communities do not offer a significant difference from typical 
suburban communities, save for the architecture (Lehrer and Milgrom, 
1996). NU neighborhoods may be somewhat more diverse than typical 
suburban neighborhoods, but their site designs do not foster diverse social 
interactions (Cabrera & Najarian, 2013). The literature suggests that NU 
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communities are not diverse spaces (Trudeau & Kaplan, 2016). One study 
argues against the connected, grid-like street networks of NU communities, 
suggesting they perform worse than typical suburban cul-de-sacs for 
metrics like crime, traffic crashes, and housing attractiveness (Cozens & 
Hillier, 2008).  Other studies have found more positive results for active 
transportation in New Urbanist development. For instance, researchers have 
found that when New Urbanist developments include a built environment 
designed for walking and a mix of land uses, it can increase the amount 
residents walk within the neighborhood, particularly utility trips to other 
land uses within the neighborhood (Rodríguez et al., 2006). One recent 
study of Toronto-area New Urbanist developments found that they had 
more grid-like internal street networks with a higher proportion of four-way 
intersections than typical suburbs, yet they still lacked external connectivity 
to other neighborhoods or adjacent arterial streets (Xu, 2017). External 
connectivity is slightly less of an issue in NU communities that include some 
mixed-use development, such as offices, shops, and restaurants, as residents 
can use the enhanced internal connectivity to reach other destinations. 
Mixed-use development is often the most difficult piece of the new urbanist 
puzzle, and the piece most likely to be lacking (ibid.).

This research, while addressing the literature on New Urbanism 
and relying on its approaches and findings, is not specifically interested 
in comparing New Urbanist developments with typical suburban form 
counterparts. Rather, it is concerned with suburban street networks 
generally and their evolution through time. This is similar to the approach 
of Southworth and Owens conducted in 1993 on Bay Area communities from 
1900 to 1980 (Southworth & Owens, 1993).  This research found that cities 
used a gridiron plan in the era around 1900. By the 1950s, new neighborhoods 
adopted a “warped parallels” design that discouraged through traffic. This is 
consistent with federal guidance that championed the neighborhood unit, 
adopted in the 1930s that became the standard by the 1950s (Southworth 
and Ben-Joseph, 2003). The devolution from the grid continued through 
the 1960s, 1970s, and 1980. Southworth and Owens dubbed the final decade’s 
pattern “Lollipops on a stick,” in reference to the plethora of cul-de-sacs 
branching from disconnected collector streets. This influential study has 
shaped our understanding of suburban street network design for over twenty 
years. A recent attempt at updating the Southworth and Owens research in 
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the Bay Area found that street and land use patterns changed little in the 
intervening decades (1990-2015) and the greatest neighborhood changes 
were socio-economic. The Bay Area communities became more dense, 
diverse, and wealthy (Rashid, 2018). The built environment has less of an 
effect on walking for low-income people and racial/ethnic minorities, and 
this is likely due to these groups living in areas with built environments not 
conducive to walking (Adkins et al., 2017). 

The subdivision is the primary unit of analysis of this research, which 
is unique among studies of street networks. There have been other units of 
analysis employed to compare street networks. Allan Jacobs uses a square 
mile as a means of comparing cities and their street networks. Intersections 
are counted for each square mile and further bolster observations about 
the relative differences in connectivity between cities such as Brasilia 
(100 intersections per square mile) with Venice (1,500) (Jacobs, 1993, 
p. 202). Census tracts are often employed as proxies for neighborhoods, 
and a forthcoming study by Geoff Boeing examined differences in street 
network characteristics through time across the entire United States. The 
study inferred the age of the street networks within Census tracts using  
US Census American Community Survey structures built data and found 
similar results as this one (Boeing, forthcoming). Where the Boeing research 
has an advantage in scope, this research’s use of subdivisions yields other 
benefits. Subdivision street plat dates are known, not inferred. And the use of 
subdivisions mean policies around street design can be targeted more exactly 
than with Census tracts.

Methods

Why use subdivisions for this research?
For studies of the design of urban form, the subdivision can be a useful 

unit of analysis. Unlike grids or transportation analysis zones (TAZs), they 
are well-defined boundaries approved and cataloged by local governments. 
Many studies of neighborhood form use census tracts or block groups as 
proxies for the area constituting a neighborhood, but subdivisions may be a 
better proxy fit for research on streets because street networks are often self-
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contained around subdivision boundaries, as this research will show. Using 
the subdivision as a unit of analysis also follow upon the approach taken by 
Southworth and Owens (1993) in their evaluation of the design of suburban 
street patterns. Cities document the subdivision plat date, which was useful 
for Southworth and Owens when documenting the change in street patterns 
over time.  

Using the subdivision as a unit of analysis is possible because this 
research does not include demographic or socio-economic analyses 
that would necessitate the use of a Census geography. This avoids the 
phenomenon known as the multiple areal unit problem (MAUP), where error 
arises from using multiple, different boundaries for research (Zhang and 
Kukadia, 2005).  For example, using Census block groups for socio-economic 
data but then measuring built form characteristics in mile grid cells could 
lead to error. Using the subdivision as a unit of analysis in this chapter 
heeds the advice of those studying the MAUP by using one set of meaningful 
boundaries.

There are challenges to using subdivisions as units of analysis, which 
may explain why they are rarely used. Subdivisions are precisely mapped like 
political and census boundaries, but the maps are not widely shared. They are 
meant to aid in the clear subdivision of land and are used internally by local 
governments. In addition, many of the publicly available subdivision maps 
do not include data about when the subdivision was platted. This is a critical 
piece of information, as this chapter is interested in for research investigating 
changes in subdivision street pattern over time. Without dates, that analysis 
cannot be made. 

Fortunately, some datasets that overcome these challenges are available. 
The dataset used for this analysis comes from Wake County, North Carolina 
(see Figure 1). This dataset is ideal for answering the research questions for 
several reasons. First, the dataset includes plat dates, thus allowing  for a 
longitudinal study. More importantly, however, is the nature of Wake County 
itself. Wake County contains Raleigh and its suburbs. It is the largest county 
by population in the state of North Carolina, with an estimated 1.1 million 
residents as of 2019, and has seen consistent fast growth for the last seven 
decades, since the 1950s. Growth has never been less than 20 percent decade 
over decade. Much Wake County’s growth manifested itself on the urban 
fringe as subdivisions filled with single family homes. This consistently 
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strong suburban growth rate means that this study will have ample 
subdivisions built in each of the seven decades to draw conclusions from. The 
smallest number of subdivisions that meet the research criteria (see below) 
in any one decade is 28, in the 1950s, and the largest is 340, in the 1990s. 
This combination of data availability and dataset size make Wake County 
an ideal place to analyze suburban street network change over time. Other 
fast-growing areas in the United States were considered for study, but none 
were found to have the same critical combination of data availability and 
constant growth. Wake County is also ideal because it is fairly representative 
of growing metropolitan areas in the United States generally, and the 
sunbelt specifi cally. Wake County aligns with the national average for home 
prices and median age, but has a higher educational attainment and average 
household income than the U.S. as a whole (“Population Characteristics,” 
n.d.). This diff erence is due to the county’s location in the  “research triangle” 
region of North Carolina known for its universities and technology sector.

5 mi

Figure 1: Wake County, North Carolina, outlined in black.
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Computational methods
This research gathers and analyzes metrics about the street patterns in 

1,010 subdivisions in Wake County. Computational GIS methods allow for 
data to be collected on geographic features in a consistent, rapid way. This 
research joins a growing literature using these methods to inspect urban 
form. Initial studies of the Wake County dataset for this chapter used ArcGIS, 
Python, and ModelBuilder to analyze several data for commonly-researched 
variables, including numbers of cul-de-sacs, access points, and intersection 
density. Subsequently, a new tool for measuring these variables, as well as a 
suite of additional variables, became available and was employed for the final 
research analysis presented here. 

The tool, called OSMnx, has quickly become a standard tool for this type 
of computational GIS research,. Its name is derived from Open Street Map + 
NetworkX, two important pieces of the OSMnx tool. Open Street Map (OSM) 
is a crowd-sourced alternative online map, similar to Google Maps. This 
source provides the street network data, and is an intriguing alternative to 
the traditional dataset used for these studies, the U.S. Government’s TIGER 
street line shape file datasets. OSM has the advantage of being global and 
open source. Network X is a Python package “for the creation, manipulation, 
and study of the structure, dynamics, and functions of complex networks” 
(https://networkx.github.io). OSMnx combines both to allow researchers 
to perform complex network analyses of street networks from around the 
world. This tool allows for the swift calculation of more “traditional” street 
connectivity metrics, including intersection density and block length. It 
also provides newer connectivity measures that emerged as computational 
methods allowed street networks to be viewed as “primal, non-planar, 
weighted multidigraphs with self-loops,” (Boeing, 2017). These metrics rely 
on viewing the street network as “nodes” and “edges,” where a node is an 
intersection or dead end, and an edge is a link between two nodes, typically a 
street. 

This study of the evolution of Wake County’s suburban form uses the 
“traditional” measures plus additional measures: street-to-node ratio and 
circuity ratio. The traditional measures are useful for comparing the results 
of this research with other longitudinal studies, and metrics like intersection 
density and access points are as useful in the past as they are today. Many of 
the computational metrics generated by OSMNx are close cousins of existing 
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metrics (e.g. node density and intersection density) or are used in spatial 
syntax analysis unrelated to this work (e.g. node connectivity and page rank). 
I chose street-to-node ratio as a method of understanding the number of 
“legs” an intersection has. This is a critical piece of information that was 
tedious to count before GIS. Post-war street design promoted the use of 
three-way intersections over four-way intersections, and street-to-node ratio 
allows for an accounting of this preference through time. Circuity ratio is 
another metric that was exceedingly difficult to do before GIS. This measures 
the difference between the straight-line distance between two nodes and 
the distance traveled on the road between those two points. Streets that are 
straight lines would have a ratio of one, while roads with curves would have 
higher ratios. This metric can give insights into the character of the street 
network; are they straight-line grids or something more organic? Organic 
grids can be pleasant, but may discourage active transportation as they 
increase the distance between two intersections.

Data cleaning
The Wake County data was of a high quality, but several steps needed to 

be taken for the purposes of this analysis. A small number of subdivisions 
without plat dates were removed, as were 51 subdivisions platted before 
1950. They were removed because this study is concerned with postwar 
subdivision and 51 prewar subdivisions is not a large enough sample to draw 
conclusions from. In addition, subdivisions without intersections were 
removed because OSMnx cannot produce statistics without an intersection 
within the boundary it is analyzing. Finally, subdivisions with fewer than four 
intersections within the subdivision were removed. This decision was made 
because this research is interested in networks. The subdivisions with fewer 
than four intersections typically consisted of a single road ending in a cul-
de-sac, or maybe a single loop. These are technically networks, but they don’t 
provide many insights about how subdivision street patterns have changed, 
or how one could design a street network to better serve pedestrians and 
cyclists. This cleaning resulted in 1,010 subdivisions for study. Table 1 shows 
the number of subdivisions by decade.
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1950s 1960s 1970s 1980s 1990s 2000s 2010s

28 46 65 176 340 315 40
Table 1: Subdivisions in Wake County, by decade

Results

Subdivision size
First, what can be said about Wake County’s subdivisions generally before 

discussing their street patterns? Looking at the entire dataset, subdivisions 
have been getting smaller over time. The average subdivision in the 1950s 
was 119 acres, while the average in the 2010s was 80 (see Figure 2). That’s 
a 33 percent decrease. There are also far more subdivisions in the later 
years, indicating perhaps that many of the larger prime subdivision sites 
had already been developed by around 2000, and subsequent subdivisions 
had to fi t into smaller, less ideal footprints. The subdivision map does show 
some “infi ll” subdivisions built in the 2000s or later that are located closer to 
Raleigh city center than most other subdivisions, which were typically close 
to the urban periphery.  

Figure 2: Mean subdivision acreage by decade



CHAPTER 4 PAGE 104

Lots
The Wake County dataset helpfully provides a count of lots for each 

subdivision. Despite the significant change in subdivision size, there has 
not been a corresponding decrease in the number of lots each subdivision 
contains between the 1950s and the 2010s, though the number of lots steadily 
decreased until it reached its low in the 1980s. Since then it has rebounded to 
1950s levels. The average number of lots per subdivision was 231 in the 1950s, 
declined to a low of 146 in the 1980s, and has since grown to 236 in the 2010s. 
Table 2 shows the number of lots by decade, as well as the number of lots 
divided by the average size of the subdivision. This metric is different than 
average lot size because it does not include public spaces such as roads, parks, 
schools, or other non-house lot uses. This pattern means that the 1980s had 
the highest acres per lot, at 0.63. But because the average subdivision size 
was so much smaller in the 2010s, that decade saw the lowest acres per lot 
number, at 0.34. This is almost half the size of the 1980s figure. Without more 
information about land area dedicated to other uses, it is impossible to know 
if the 1980s had larger lots than the 2010s, or subdivisions included more 
non-house uses or amenities. The trend of smaller subdivisions and more lots 
does suggest that subdivisions in the 2000s and 2010s likely have smaller lots 
and fewer non-house uses than previous decades.

Mean lots per 
subdivision

Mean acres per lot

1950s 231 0.52
1960s 202 0.53
1970s 186 0.61
1980s 147 0.63
1990s 177 0.50
2000s 198 0.40
2010s 236 0.34

Table 2: Summary of lot size metrics by decade

Block size
Block size is a common way of measuring street networks and urban 

form. There are a couple of ways of measuring block size: length and area. 
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Block length is a measure of the average distance from one intersection to 
the other, typically computed using street centerline data. The term “block” 
in this case is used in the same manner we might give someone directions: 
“go three blocks west.” Some communities have established block length 
maximums to ensure some amount of walkability (Handy, Paterson, & Butler, 
2003), though block length may not lead to more walking (Boer, Zheng, 
Overton, Ridgeway, & Cohen, 2007). Block area measures the average land 
area consumed by a block, defined as three or more street segments enclosing 
a space. Hess et al. (1999) manually calculated mean block area of urban 
and suburban blocks in a study of site design and walking. Block perimeter 
measures the median length of the sum of street segments that surround a 
block. One study of urban form used block perimeter with the assumption 
that smaller perimeters meant more walkable places (Song, 2005). 

Those previous research studies suggest that block size, however 
measured, can be a useful proxy for neighborhood walkability. For this 
research project, the challenge lies in the limitations of using OSMnx for 
network analysis. OSMnx “visualizes” street networks as edges (streets) and 
nodes (intersections or dead ends). It does not compute area. 

Furthermore, calculating block size for small areas such as subdivisions 
poses additional methodological challenges. When subdivisions have few 
external connections beyond the subdivision, there are two types of blocks 
formed. One type composed entirely by 
streets forming the perimeter, and another 
formed in part by the subdivision boundary 
(Figure 3). The latter blocks are often large 
and not indicative of the street grid of 
the subdivision itself. Thus, the following 
results for block size will only be for block 
length, not area. Block length can be just as 
useful as block area, particularly in active 
transportation analyses. One analysis found 
that block length was associated with a 
pedestrian’s perception of length. Long 
blocks were perceived as even longer than 
they were, discouraging walking (Singh, 
2016). 

Figure 3: In this example, the 
subdivision has three blocks, 
defined by area. The block in 
green is huge, defined by the 
street network and subdivision 
edge.
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 The results show a steady decline in block length throughout the decades. 
The average block length in the 1950s was 581 feet, but by the 2010s was down 
to 356 feet (Figure 4). This is a substantial decrease and points to a possible 
increase in walkability and bikeability, as those users do not have to travel 
as far to reach an intersection and possibly a more effi  cient route. Someone 
walking would reach in intersection in nearly half  the time, on average, if 
they started from another intersection. This decrease may be due to the 
decrease in subdivision size. There may be fewer opportunities for long, 
unbroken blocks in smaller, more oddly-shaped subdivisions.

Linear feet of street
Linear feet of street is a useful way of calculating the amount of streets 

in a subdivision. More streets generally mean more connectivity, as there 
are more streets to travel on to reach a destination. Neighborhoods that 

Figure 4: Mean block length, in feet

Figure 5: Mean linear feet of street per acre
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have high levels of connectivity typically have high levels of linear feet of 
street (Handy et al., 2003). Fewer linear feet of street suggest the auto-scaled 
effi  ciency of modern street design. Real estate developers try and minimize 
the total area of streets to save money, and linear feet of street is one way they 
can do this in their subdivisions. This reduction can come at a cost for those 
on foot or on bike. How has this metric changed over time? For this analysis, 
linear feet of street is presented as linear feet of street per acre to normalize 
the results across subdivisions and allow for comparison by decade. This 
metric hasn’t seen much signifi cant change through time. It has fl uctuated 
throughout the decades between 79 and 99 mean linear feet of street (Figure 
5). There is, on average, more linear feet of street per acre now than in the 
1950s, but the diff erence is not substantial.  

Cul-de-sacs
Cul-de-sacs are one of the most iconic elements of a suburban street 

network. They are associated with low traffi  c volumes and speeds, as they 
only provide access to the houses on the cul-de-sac itself. They also represent 
a barrier to walking and cycling, as any trip that begins or ends on a cul-de-
sac must travel along its length before really getting anywhere, such as a 
meaningful intersection. Song (2005) measured the median length of cul-
de-sacs; he reasoned the shorter the cul-de-sacs, the greater the internal 
connectivity. Handy (1996) did not measure cul-de-sac length, but instead 
used the measure of cul-de-sacs per kilometer of street. This study measures 
cul-de-sacs per acre, measured by counting the number of nodes on the 
OSMnx-generated network that only have one edge (street) connected to 

Figure 6: Mean cul-de-sacs per acre
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it. This would also count dead ends not meant to be cul-de-sacs, but this is 
irrelevant because dead ends function similar to cul-de-sacs when considered 
through the lens of walkability and bikeability. Their disadvantages are the 
same.

 Thus, measuring the cul-de-sacs per acre in a subdivision can provide 
insights into its suitability for walking and cycling trips. Figure 6 shows 
cul-de-sacs per acre, plotted by decade from the 1950s to 2010s. Cul-de-sacs 
steadily increased from the 1950s to the 1980s. There were approximately 2 
per 100 acres in the 1950s, but 12 per 100 acres by the 1980s. That number has 
leveled off somewhat, though the 2010s have the highest mean number of cul-
de-sacs per acre, at 14 per 100 acres.

Traditional intersection measures
There are two common types of intersection measurements: intersection 

density and intersection type. Measuring intersection type (e.g., three-leg 
vs. four-leg) can tell researchers about the griddedness of streets, while 
measuring intersection density is often most useful for measuring the 
grain of the street network (Krizek, 2003). Handy (1996), in her study of 
Austin neighborhoods, measured intersections per kilometer of street. She 
also measured the percentage of three-leg (“T”) and four-leg intersections 
within each neighborhood. In all six neighborhoods, even the two with more 
traditional grid patterns, the three-leg intersection was most common. 
Another study of the relationship between neighborhood design and sense 
of community chose a simpler measure of connectivity: intersections with 
more than three legs per kilometer within the household buffer (Wood, 
Frank, & Giles-Corti, 2010). One study of neighborhood design and the 
rates of children walking and biking to school only used a single measure 
of neighborhood design: number of intersections per street mile within 0.5 
miles of the school (Braza, Shoemaker, & Seeley, 2004). The authors also 
measure land use mix and commercial floor to area ratio in their “objective 
measures of the built environment.” The choice to only include intersections 
with more than three legs heavily favors pre-war neighborhoods, as 
transportation engineers in the 1950s and 1960s discouraged the use of four 
leg intersections and promoted three leg intersections, citing safety concerns. 
When Southworth and Owens (1993) calculated intersections, they counted 
three leg intersections, so long as one of the legs was not a cul-de- sac. Their 
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argument was that an intersection with a cul-de-sac did not represent an 
actual choice for the traveler, unless they lived on that cul-de-sac. A study 
testing the New Urbanist Smart Scorecard for Development Projects (2002) 
against measures of walkability used the proportion of four leg intersections 
to all intersections within a neighborhood (Boer, Zheng, Overton, Ridgeway, 
& Cohen, 2007). The authors reasoned that grids consist of 100 percent 
four leg intersections, so the higher the proportion, the better. Song and 
Knaap (2004) used a novel measure of intersections to ascertain internal 
connectivity within neighborhoods. The authors divided the number of 
intersections by the number of cul-de-sacs and intersections. The higher the 
ratio, the higher the internal neighborhood connectivity. 

  Intersection density is a useful proxy for understanding how dense 
the overall street network is. More intersections means more choices of 
direction and destination for pedestrians. Pedestrians do not have the same 
ineffi  ciencies associated with intersections that cars have. More intersections 
means more opportunities for delay for cars, and traffi  c engineers prefer 
intersections spaced far apart to maximize road capacity and minimize delay. 
Many cities designed and built before the car are considered very walkable, 
as they have a high intersection density (Boeing, 2018). Figure 7 presents the 
changes in intersection density through time, in intersections per acre. The 
period of the 1950s through 1970s saw little change in intersection density.  
Intersection density increased in the 1980s, and saw another jump in the 
2010s. This chart bears some resemblance to the cul-de-sac chart, which may 
not be surprising as cul-de-sacs contribute to intersection totals. 

Figure 7: Mean intersections per acre
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Modern intersection measures
Recent computational methods, such as OSMnx, allows researchers 

to compute measures that describe intersections in more detail than 
could easily be done before. OSMnx provides a count of all of the diff erent 
intersection types for each geography, meaning it counts the number 
of three-way and four-way intersections. Analysis of Wake County’s 
subdivisions fi nds that a total of 412 subdivisions (21 percent of the total 
study) have no four-way intersections or intersections with more than four 
legs, instead consisted entirely of three-way intersections. These particular 
subdivision networks made up as much as 36 percent of the total in the 
1970s and 35 percent in the 1980s. But by the 2000s and 2010s, that number 
had dropped to 12 percent and 10 percent, respectively. Intersections in 
the last 20 years have become denser and more likely to include four-way 
intersections. 

Another way of analyzing intersection types is through the metric of 
average streets per node. A node in OSMnx is an intersection or a dead end. 
This measurement calculates the average number of streets emanating from 
a node. A dead-end node would have a street-to-node ratio of one, while a 
four-way intersection would have a ratio of four. The 1950s had the greatest 
street-to-node ratio of 2.8. The metric reached its nadir in the 1990s, and 
has since rebounded to 2.5, again indicating a return to overall connectivity 
(Figure 8). These are consistent with other street-to-node fi ndings in 
suburban areas, and well below downtown areas that can have a street-to-
node ratio approaching four (Boeing, 2017).

Figure 8: Mean street to node ratio
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Circuity
Circuity is a measure of how curved an edge is relative to the straight-line 

distance between the two nodes it connects. This tells us if the streets in a 
subdivision are straight or curvilinear in form. Circuity in the literature can 
also refer to the ratio of the straight line distance between any two points 
in a network and its network distance (Boeing, 2019). This can have an 
impact on active transportation if a street network is extremely curvilinear. 
Pedestrians and cyclists can benefi t from less circuity, as they have to expend 
less energy to get from point “A” to point “B”, assuming no diff erences in 
topography. Pedestrians and cyclists may actually prefer some circuity, 
however, as the landscape evolves as one moves through it. Some circuity 
can add to the visual interest of the trip. Circuity has increased in the United 
States between 1990 and 2010, due in part to newer parts of the city being 
more circuitous than old ones (Giacomin & Levinson, 2015). Shared-use 
paths and other pedestrian shortcuts can reduce the circuity of a network 
for people on foot, and in one study of 40 metropolitan areas in the United 
States, average circuity was lower for pedestrians than for drivers (Boeing, 
2019). Topography and natural barriers such as rivers can infl uence circuity. 
In Wake County, circuity has been slowly increasing since the 1950s, not 
including a spike in the 1980s, indicating that earlier street networks had 
slightly more straight-line streets between intersections, whereas today more 
subdivisions include curved streets (see Figure 9). The diff erence is slight, 
however. A possible explanation is that new subdivision street networks may 
have more organic street forms that better respond to local topography or 
natural features. Another explanation could be that newer subdivisions have 

Figure 9: Mean circuity ratio
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been forced to use more circuitous streets to access all parts of oddly-shaped 
subdivisions. 

Access points
Access points refer to the places where the subdivision street network 

connects to the larger street network. This can be a critical and sometimes 
overlooked feature when evaluating a small street network like the 
ones found in subdivisions. Song and Knaap (2004) measured external 
connectivity as the median distance between access points, where the 
greater the distance, the poorer the connectivity. Southworth and Owens 
(1993) measured the access points per 100 acres of subdivision. This study 
counts the places where the street network intersects with the subdivision 
boundary.

Figure 10: Mean access points per subdivision

Figure 11: Mean access points per acre
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Wake County subdivisions had an average of nine access points per 
subdivision in the 1950s, and that number declined steadily until it bottomed 
out at approximately four access points in the 1980s through the 2010s 
(Figure 10). Subdivisions are smaller now than they were in the 1950s, which 
explains some of the difference. Access points per acre are the highest in the 
2010s after remaining stable in all preceding decades, though the differences 
between decades is very small (Figure 11). The former measure, total access 
points per subdivision is likely a better measure than access points per acre 
from the standpoint of active transportation accessibility. Everyone who lives 
in a subdivision needs to exit it to get to other destinations, and there are 
fewer exits now than their were in the 1950s. Yes, subdivisions are smaller, 
but you still have a more limited selection of ways out of the neighborhood.

Subdivision size
Dividing the dataset by date is only one way to consider subdivision 

street patterns. How does subdivision size effect the network design? Do 
more walkable networks typically occur in bigger, more master-planned 
communities, or in smaller, piecemeal ones?  The following table divides the 
subdivisions into four groups of 252 subdivisions each (the top quartile has 
254), based upon total acreage. Table 3 shows the range of subdivision size for 
each of the four groups, as well as the average number of lots. 

What can this look at the data tell us? If one accepts the conclusions in the 
literature that fewer cul-de-sacs and more access points, street length, and 
intersections lead to more connected networks, then smaller subdivisions 
are better for walkability and bikeability. The only metric where larger 
subdivisions may be better for walkability is in cul-de-sacs per acre. Larger 
subdivisions tend to have fewer of them. This finding, when combined with 
the results showing that smaller subdivisions have greater circuity, suggest 
that cul-de-sacs and curved streets may be employed to maximize the yield of 
buildable lots. It may be easier for designers to draft a cohesive, more gridded 
street network with more acreage, while cul-de-sacs and curves can provide 
access to odd extensions in the subdivision perimeter.
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Quartile Subdivisions Min 
Acres

Max 
Acres

Mean 
Acres

Mean 
Lots

Top 25th 254 105.0 1040.0 206 336
Upper 25th 252 59.1 104.2 80 170
Lower 25th 252 35.3 59.1 47 130
Bottom 25th 252 4.2 35.2 22 98

Table 3: Summary of quartile size and lot attributes

What do these subdivisions look like?

This result, as well as the results from the decade analysis, requires 
some ground-truthing to really answer the “why” questions around these 
results. The design of subdivision street patterns relies greatly on its context. 
Topographic and natural features, neighboring land uses, and real estate 
market demand can alter the design of the street network. The following 
analysis takes a look at representative subdivisions from the analyses above. 
What can the differences in the actual design of the street network tell 
us about how walkability and bikeability change over time and according 
to subdivision size? Each decade is represented, and representative 
subdivisions were chosen because they were similar to their decade average 
of several metrics, including subdivision size and number of lots. No 
subdivision can represent the perfect average, however.
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This subdivision is refl ective of older 
neighborhoods woven into the fabric of streets 
that form the inner-ring of suburbs. Lots are 
large. This subdivision is public.

• Acres: 111
• Lots: 208
• Cul-de-sacs: 2
• Access points: 11

Russell Hills, Cary, North Carolina (1954)

1950s

1,000 ft
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1960s

Fairfax Hills, Raleigh, North Carolina (1960)

• Acres: 96
• Lots: 153
• Cul-de-sacs: 1
• Access points: 7

This private subdivision has wide streets and 
large lots. Streets are narrow with no sidewalks. 
Adjacent land uses include a Catholic school and 
several churches. 

1,000 ft
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This public, semi-rural subdivision features 
a corner store and pub within its boundaries. 
There is public access to a small pond on the 
northeastern section of the neighborhood.

• Acres: 128
• Lots: 174
• Cul-de-sacs: 3
• Access points: 5

Gaylee Village, Wake County, North Carolina (1973)

1970s

1,000 ft
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1980s

Beachwood, Raleigh, North Carolina (1985)

• Acres: 87
• Lots: 130
• Cul-de-sacs: 9
• Access points: 1

The lots in this public subdivision are designed 
to preserve riparian areas along the Neuse River.  
There is no connection to a public path on the 
far side of the river. 

1,000 ft
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This private subdivision is one phase of a larger 
“Wakefi eld Plantation” development. This 
subdivision is located adjacent to a middle and 
high school. Lots are smaller but homes are large.

• Acres: 84
• Lots: 183
• Cul-de-sacs: 6
• Access points: 4

Middleton at Wakefi eld, Raleigh, North Carolina (1999)

1990s

1,000 ft
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2000s

Woodchase, Fuquay-Varina, North Carolina (1985)

• Acres: 75
• Lots: 182
• Cul-de-sacs: 1
• Access points: 4

This private subdivision features a grid-
like street pattern with a high density of 
intersections. Streets have sidewalks on one side 
of the street.

1,000 ft
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This private subdivision consists of new 
homes built by housing giant Lennar. This 
neighborhood is billed as “luxury” and features 
large homes on small lots.

• Acres: 72
• Lots: 212
• Cul-de-sacs: 5
• Access points: 1

Homestead at Heritage by Lennar, Wake Forest, North Carolina 
(2013)

2010s

1,000 ft
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Discussion

Internal connectivity

What can be learned from the findings of this research study? How have 
subdivision street patterns changed over time? How are street patterns 
different in large subdivisions and small subdivisions? And has the evolution 
of subdivision street patterns over time impacted walkability and bikeability? 
There are several major highlights to this research that offer answers to these 
questions. 

This result begs the question: why are subdivision street networks 
becoming more connected? This result is surprising, given that the 
fundamental nature of real estate development has not changed over the 
past 70 years. Local regulations around street network design have not 
significantly changed in this period, either. Real estate developers have 
long been incentivized to build fewer linear 
feet of street because every piece of land that 
becomes a street cannot be sold. And yet the 
average linear feet of streets doubled between 
the 1950s and 2010s. The decrease in lot size 
may offer a potential explanation. As this 
research shows, modern subdivisions tend to 
have smaller lots than those from the 1950s 
through the 1980s. A common configuration 
for a city block consists of two rows of lots, 
homes facing opposite directions, surrounded 
by streets on four sides (Figure 12). If lots are less deep than before, the 
average block size will be smaller. This increases intersection density. When 
the entire subdivision consists of these smaller blocks, there is more linear 
feet of street than in subdivisions with large lots and blocks. Thus, what we 
may be seeing is an increase in streets and intersections that makes sense, as 
they are needed to provide access to the increasing number of lots. 

Another possible explanation comes from subdivision size. Subdivisions 
have been getting smaller through time. This may be due to there being more 

Figure 12: Blocks are commonly 
configured with two rows of 
lots between streets.
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large, prime greenfield sites open for development in the early postwar years, 
whereas now development is occurring in smaller, more marginal sites. There 
may be concern from developers today about having large projects with slow 
market absorption rates. There may be more phased projects, where each 
phase is considered a separate subdivision in this research. Whatever the 
reason, these smaller sites have, on average, higher connectivity results from 
the measured metrics. So the trend toward greater internal connectivity may 
not be entirely about time, but instead about size. Smaller subdivisions have 
triple the number of intersections per acre as large ones. These intersections 
include intersections to cul-de-sacs, where, again smaller subdivisions have 
many more. As hypothesized in the results section, smaller subdivisions may 
have more cul-de-sacs and higher circuity to make the best use of smaller and 
potentially more eccentric subdivision shapes. The increase in cul-de-sacs 
would increase metrics such as intersections per acre and even linear feet of 
street per acre, if the cul-de-sacs are quite long. The cul-de-sacs in the 1990s 
example is a good illustration of long cul-de-sacs.

Thus, what we interpret as an increase in walkable and bikeable street 
networks, with a counter-intuitive increase in cul-de-sacs through time, 
may instead be capturing another trend of smaller subdivisions with more 
circuitous and irregular street networks. 

External connectivity
External connectivity measures the number of access points for a 

given subdivision. Access points represent a different type of connectivity 
metric than those described above. Access points speak to connectivity 
between subdivisions, rather than within them. This may be the most 
critical connectivity metric of all for walkability and bikeability, as the 
subdivisions in this dataset are primarily zoned residential. There are almost 
no other land uses, save for clubhouses and neighborhood amenities in HOA 
communities and public parks in public communities. If a resident wishes to 
access another land use, such as work, school, or shopping, they must leave 
the subdivision via an access point to get there. The more access points their 
are, the more direct their route can be. Route directness is critical for those 
considering making a trip on foot or on bike, as indirect routes increase the 
energy required to make the trip.
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One can visualize the importance of access points in suburban settings 
by showing subdivision boundaries and eliminating connections to arterial 
streets, roads often dangerous for cyclists and pedestrians (Figure 13). 
Subdivisions without access points to connect to adjacent subdivisions 
results in isolated islands in the minds of active transportation users. 

Some studies recommend eliminating arterial streets as possible 
routes for pedestrians and cyclists in the network analysis. This is because 
pedestrians and cyclists may not even consider them relevant parts of 
their network, given their traffi  c dangers, and typical lack of infrastructure 
(Schlossberg and Brown, 2004). Taking this approach when considering 
Wake County’s urban form,  the suburban street network turns many 
subdivisions into disconnected islands. Each of the subdivisions could have 

Figure 13: A visualization showing how a lack of access points and a reliance 
on arterial connections results in disconnected networks for pedestrians and 
cyclists
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high internal connectivity, but if they are isolated and only connect to an 
arterial street, they are not supportive of active transportation. 

The results of this study do not provide much indication that external 
connectivity is substantially improving through time. The number of 
access points per acre are increasing, but that is because the average size of 
subdivisions is decreasing. Smaller subdivisions have a greater number of 
access points per acre. This results in suburban fabric with more connections, 
a 2010s subdivision will have about the same number of access points as one 
built in the 1950s. And if these access points all still connect to nearby arterial 
streets, just more frequently in the 2010s, external connectivity has not 
improved for active transportation users.

There may even be cases where a larger subdivision has more access 
points, but the actual external connectivity for pedestrians and cyclists does 
not improve. In Gaylee Village, the 1970s example above, all five access points 
connect to the same rural arterial street. The frequent access points may help 
residents get to the arterial street faster, but they don’t provide access to a 
variety of destinations or directions of travel.

Impact of local land use regulations
Subdivision ordinances set the regulations real estate developers 

must follow to get a subdivision plat approved by a local government. This 
ordinance typically comes with design guidance, as the developer typically 
builds the improvements and then hands them off to either the local 
government or a homeowner’s association. As discussed in Chapter Two, 
the model subdivision ordinance offers little guidance about street network 
design. Modern subdivision ordinances, or unified development ordinances, 
will typically offer more guidance about topics such as external connectivity, 
cul-de-sac length, intersection design, and bicycle and pedestrian facilities. 
This difference in regulation could result in differences in street network 
design that could be observed in this dataset. This raises the question, in 
Wake County is there a difference between subdivisions designed under less 
strict regulations versus more strict ones?

This is a challenging question to answer because Wake County includes 
13 cities as well as unincorporated county land. With 14 separate regulatory 
environments, it was outside the scope of this research to document each 
subdivision ordinance’s design guidelines, adoption dates, and subsequent 
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subdivision street network designs. However, it is possible to make some 
initial inferences based on a few known facts. The first fact is that the State of 
North Carolina did not allow cities to regulate subdivision of land until 1955 
and did not allow counties to do so until 1959. Counties could not do zoning 
until the same year. This means it is likely that all of the subdivisions in this 
study designed in the 1950s had no formal subdivision design guidelines to 
adhere to.

Within the Wake County dataset, the political jurisdiction containing 
the largest number of subdivisions was the city of Raleigh, which had 370 
subdivisions. Most of these subdivisions were developed under the city’s 
development code, which was first adopted in 1959 and by the 2000s had 
changed only through the amendment process (Band, 2014). It’s difficult 
to track those changes and any potential impact they had on subdivision 
street connectivity. Raleigh adopted a new unified development ordinance 
(UDO) in 2013. A UDO combines a local jurisdictions zoning and subdivision 
regulations, design guidelines, sign regulations, and other relevant codes 
into one document. The UDO is intended to make the development process 
easier to navigate, as all of the policies, permits, and regulations associated 
with land development are in one place. They became popular in the 1980s 
as they reduce the number of inconsistencies between formerly disparate 
regulations. They are particularly useful fast-growing regions, such as Wake 
County and Raleigh (Property Topics and Concepts, n.d.). The Raleigh 
Unified Development Ordinance (UDO) has many specifics around the design 
of streets in subdivisions, but virtually none of those subdivisions would have 
been platted by 2015, the last year data for this study was available. 

Wake County, the jurisdiction with the second highest number of 
subdivisions in this study (145) did not adopt a formal subdivision regulation 
of any kind until 1976. If Wake County’s 1976 subdivision ordinance had 
an impact on street connectivity, it would probably not show up until the 
1980s and 1990s. None of the metrics described above saw any appreciable 
change in that time frame from the decades before, even when Wake County’s 
subdivisions were analyzed separately.  

Wake County adopted a unified development ordinance (UDO) in 2006 
that provides much more detail about the expected nature of the subdivision 
street network. One would expect to see the regulations in the UDO manifest 
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in subdivisions in the 2010s, but with only 23 Wake County subdivisions built 
from 2010-2015, it’s hard to make verifiable conclusions. 

Limitations of this study and areas of further research
This research aimed to use the best available data and use a standard 

methodological approach, but there are still limitations and a need for more 
research to be done. For example, this study of subdivisions does not account 
for the phased construction of new neighborhoods. Each phase is considered 
a separate subdivision, so the decade and size averages may be smaller than 
the final subdivision after all phases are complete. The design of the street 
network in subdivisions built later may reflect earlier trends. 

There are also instances where the subdivision boundaries do not line up 
perfectly with the OpenStreetMap road network, resulting in more access 
points than in reality. This is due to a boundary crossing a street twice or a 
cul-de-sac continuing through the subdivision boundary line. This wasn’t a  
widespread problem and no decade or subdivision size has this happen more 
often on average, so the error is spread evenly. 

There is also an issue around generalizability. Wake County, North 
Carolina is a growing area with a long history of suburban growth. This 
makes it useful for analyzing changes through time, though it may not be 
an accurate reflection of subdivision street network trends everywhere. In 
areas where cities have grown more in the last couple of decades, there may 
be more prime, large parcels to develop subdivisions. Subdivision sizes may 
not have changed like they did in Wake County, and those areas may have 
subdivision street networks that more closely resemble Wake County’s 
subdivision street networks from the 1950s through the 1990s. Other areas 
may have different regulatory environments that have resulted in unique or 
distinct street networks.

Further research would continue to examine the link between ordinances 
and street network connectivity. This chapter shows that it can be difficult 
to disentangle the effect local regulations have from other factors like 
subdivision plat date and subdivision area, but a more focused study may be 
able to discern which specific provisions have been effective in promoting 
connectivity. This thread of research may look into whether a UDO approach 
is more or less effective than a specific/master plan approach, such as the 
Southport Framework Plan in West Sacramento, discussed in Chapter 3.
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This dissertation has been concerned with understanding the history of 
land use policies that shaped the provision and use of active transportation 
facilities in post-war U.S. suburban settings. Furthermore, this dissertation 
aimed to understand what that history means for the present day and 
how we may plan for future suburban development in a way that better 
accommodates pedestrians and cyclists, both on street and off street. This 
second statement is the primary focus of this conclusion chapter. It aims to 
answer the question: how can planners and real estate developers plan and 
design for suburban subdivisions that prioritize active transportation, given 
what we now know from this research? 

There are many elements within the phrase “plan and design” that 
need to be addressed. Suburban neighborhoods are not planned for in just 
one ordinance, nor are they solely designed by one architect. Suburban 
neighborhoods are a product of many interrelated plans and policies, as well 
as marketing research, fiscal considerations, and topological constraints. This 
chapter will divide the discussion into several parts:

• The future of low-density, single-use neighborhoods in the United States
• The regulatory environment around active transportation in the suburbs
• Designing active transportation facilities

Chapter Five

Recommendations for 
the Planning and Design 

of Suburban Active 
Transportation Networks
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The future of low-density, single-use neighborhoods in the United 
States

There is one underlying assumption made in this chapter: there will 
be low-density neighborhoods in the suburbs in the future. This may 
not seem to be a controversial prediction, but there has a been a recent 
groundswell against low-density, single-use zoning. This groundswell has 
been drawing attention to the negative aspects of this development pattern. 
Low-density development on the urban fringe has been the primary form 
of U.S. Metropolitan area growth in the last century. These developments, 
collectively known as the suburbs, are now home to more households than 
central cities. Unlike the cities they emptied, the suburbs were designed 
primarily around the car. Urban highways made it possible for suburban 
residents to commute downtown for work, until eventually the same 
highways aided in the migration of jobs from downtown as well, contributing 
to the modern polycentric metropolis. Shopping too, moved to the suburbs, 
redesigned to fit the auto-centric paradigm. Shopping malls surrounded 
by vast moats of parking and strip malls lining fast-moving arterial traffic 
became the new main streets. Homes changed as well. No longer bound by 
the constraint of walking distance, house lots could be larger. The residential 
“garagescape” replaced the residential streetscape, as housing developers 
designed homes to store several cars (Southworth & Parthasarathy, 1996). 

Americans viewed this abrupt change in the character of new urban form 
as a positive. In the 19th Century, cities had been dark, dirty places. Streetcars 
began to open up the hinterland to new single-family homes, but the car 
opened up vast swaths of pastoral land for new home development. Families 
perceived the suburbs as the best, moral choice for raising children, far from 
the vices of the city (Jackson, 1985). Homeownership in the suburbs became 
synonymous with the American Dream, and cars made that possible. 

The suburban land development process, and the plans that managed 
that process, also made the American Dream, and its subsequent negative 
impacts, possible. Zoning ordinances, comprehensive plans, and subdivision 
ordinances aimed to ensure high-quality development that minimized the 
impact of adjacent uses, but largely accepted low-density development as 
neutral or even positive. Little thought was given to the disconnected (or 
non-existant) sidewalk and bike networks that resulted from this mindset.
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The traditional narrative of single-family housing is that the market 
demands it, but recently research has shown that the market’s appetite 
for single-family housing is not as great as once thought, and perhaps 
government mandate of single-family housing, through zoning, is more 
responsible for its ubiquity in suburban areas (Levine, 2005). Single-
family zoning protects a cultural idea—a possibly outdated one—of pastoral 
privacy, the notion that we need space between our neighbors for the sake 
of our comfort and sanity (Hirt, 2014). The idea of single-family zoning as 
protecting a cultural preference, not any sort of rational, scientific reason, is 
buttressed by the fact that other countries use zoning, but are more willing to 
use mixed-use zones (Hirt, 2007).

There have been recent calls to do away with single-family zoning 
entirely, as the housing they allow contributes to climate change and wealth 
inequality, two of the biggest challenges facing planners today (Wegmann, 
2019; Manville et al., 2019). This push was once considered radical, as zoning, 
and single-family zoning, have been some of the most influential land use 
policies in the United States. Recent challenges to this status quo, notably 
Minneapolis’ legalizing of triplexes on all single-family zoned lots, have 
added fuel to the ongoing fire about the efficacy of zoning (Bertolet, 2018).

This dissertation is consistent with critiques of low-density, single-use 
zoning. The survey in chapter three demonstrated that most residents of 
neighborhoods with shared-use paths won’t use them for commute or utility 
trips, and a reason is that one has to travel outside of the neighborhood to 
reach those destinations. The path systems in that study do not extend far 
beyond the boundaries of the neighborhoods. If neighborhoods incorporated 
mixed-use zoning, it is likely that more utility trips would be made on the 
paths. And mixed-use development is more viable if the neighborhood is 
zoned at medium-to-high densities. Low-density, single-use zoning reduces 
the effectiveness of shared-use path systems.

This recent call for eliminating single-family zoning and encouraging 
more high-density, mixed-use development is unlikely to impact most new 
low-density, single-use development in the near future. The Minneapolis 
example is a rezoning of existing development, and in regions like the Twin 
Cities, most new development is under the jurisdiction of suburban cities 
and counties. There have not been any of those communities committed to 
ending single-family zoning. For the foreseeable future, this dissertation’s 
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research and recommendations will remain relevant as low-density develop 
continues to be a common way of growing at the urban fringe. 

This dissertation is being written during the 2020 COVID-19 global 
pandemic. The true impact of the pandemic on city planning, urban design, 
and development may not be known for years, as the United States may not 
have the virus under control for another year or more. As of writing, public 
health officials are recommending “social distancing,” a practice where 
people of different households remain at least six feet apart to prevent 
the spread of the virus. There is a general feeling in the United States that 
density is less safe, despite the fact that dense cities in other countries 
have successfully stopped the virus’ spread. This perception, which may 
or may not be based in reality, may further bias people toward socially-
distanced suburbs instead of dense, urban living. Furthermore, U.S. public 
health officials have recommended minimizing time spent shopping in 
stores, which may accelerate consumer trends away from brick-and-mortar 
shopping and toward online shopping, where there is no COVID-19 risk. 
Thus, this pandemic may have the effect of making single-family homes more 
desirable, but also shuttering some suburban stores and transforming urban 
centers. Many cities have taken steps to expand urban pedestrian space by 
temporarily closing streets to through vehicular traffic, a move that has been 
embraced by many neighborhoods who would like the changes to become 
permanent quiet streets for pedestrians and bicyclists. Planners are now even 
thinking about pedestrianizing most of Manhattan. In effect, this would be 
creation of new active transportation networks by means of retrofitting old 
auto-oriented streets, a possible new direction for the active transportation 
movement.

The regulatory environment around active transportation in the suburbs

Private communities
There are several key dimensions to understanding how active 

transportation facilities are regulated. Ownership is a critical dimension. 
After a shared-use path or street network is constructed by a real estate 
developer, does that facility become public property, maintained in 
perpetuity by a local government? Or does it become the private property 
of a homeowners association?  This dimension may not significantly change 
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how a network is designed, but 
it creates a difference in access. 
Private subdivisions are typically 
only open to residents, as well as 
deliveries, emergency services, 
and utilities. While some private 
communities may not explicitly 
forbid others, they can if they 
wish. Gated communities are 
prime examples of this type of 
neighborhood. Even without gates, 
private communities can decrease 
safety for active transportation by 
cultivating a paranoia of outsiders 
that can lead to violence (Blakely, 
1997; Goodyear, 2013). Private 
and gated communities can also 
create barriers in the fabric of 
suburban active transportation 
networks. Figure 1 demonstrates 
a hypothetical scenario where 
only a few subdivisions in the 
area are private. The difference 

in connectivity is stark. These neighborhood-scale barriers force more 
pedestrians and cyclists onto potentially inhospitable and dangerous 
arterial streets. In the neighborhood examples in chapter four, many of 
the arterial streets were formerly country roads. They have no sidewalks 
or bike lanes. They can curve and create visibility hazards. Alternative 
routes through neighborhoods on quiet streets or shared-use paths can 
be a better alternative, but private neighborhoods can severely reduce 
suburban connectivity. This is a scenario that rarely happens in more urban 
environments, where all of a city’s streets are public.

Private neighborhoods are not going away. As of 2017, there are 344,500 
private communities in the United States, housing 70 million people. In 1970, 
those numbers were 10,000 communities and 2.1 million residents (National 
and State Statistical Review for 2017, 2017). Some of these communities 

Figure 1: The private neighborhood (gray) 
creates a barrier between subdivisions to 
the north and south.
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Figure 2: A private property sign reminding 
guests that fruit and nuts are for Village 
Homes residents only

are condominium apartment 
communities (co-ops), but most 
of the growth has been in private 
single-family neighborhoods 
(McKenzie, 2003). The hope is 
that this research adds to the 
arguments against such private 
and gated communities, and U.S. 
cities rethink their permissive 
policies. As this is unlikely 
to happen, a more practical, 
short-term approach is to 1.) 
require developers to dedicate 
public land and build a path or 
2.) acquire public easements and 
the local government pays for the 
construction of the path, typically through grants (Johnson, 2017). This 
is how the city of Folsom, California, another suburb in the Sacramento 
metropolitan area, has developed a 50-mile network of paths, trails, and 
bikeways that connect its neighborhoods in a way reminiscent of nearby 
Davis (Trails and Bikeways, n.d.).

Of course, some private neighborhoods are more welcoming than others. 
Village Homes is well-connected to other public paths, and a pedestrian or 
cyclist may not even be aware of the ownership structure of Village Homes 
when they continue into it on a path. Village Homes does have signs warning 
outsiders not to pick fruit from the communal fruit trees, as they are for 
residents only, but this warning is written in a way that shows the community 
expects outsiders to use its paths (Figure 2). But there are many examples of 
the opposite, of communities hostile to outsiders, so public space dedications 
or easements are needed to ensure public access and avoid neighborhood-
sized barriers in the larger regional active transportation network.

Subdivision regulations
Chapter two discussed the establishment of subdivision ordinances 

throughout the United States, led by the model enabling acts propagated 
by the federal government. These model ordinances did not off er much 
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guidance for the design of street networks or shared-use paths, and the 
subdivision ordinance was largely seen as a way of ensuring the provision 
of adequate public services and recording the division and sale of lots from 
larger parcels. Recently, the subdivision ordinance has received more focus 
from planners and academics. As land use scholarship continues to coalesce 
around the conclusion that single-family zoning creates more problems 
than it solves, subdivision ordinances have also begun to receive additional 
attention and reforms. The most common type of subdivision reform is 
the adoption of conservation subdivision ordinances. These ordinances 
encourage the clustering of residential development and the conservation 
of greenways, farmland, or biological corridors containing sensitive habitats 
worth preserving. Unlike standard subdivision ordinances, however, the use 
of conservation subdivision ordinances typically needs to be permitted by 
right, incentivized by local governments, or explicitly mandated. Without 
these carrots and sticks, real estate developers will continue “business as 
usual” subdivision design (Göçmen, 2013). Conservation suburbs, when 
incentivized by a local government, can be considered a win-win-win for 
homebuyers, developers, and planners. Homebuyers get greater choice in the 
design of their neighborhoods, developers can receive incentives and better 
serve their homebuying market, and planners can meet local conservation 
goals (Bowman et al, 2012). Conservation subdivisions can provide land that 
could be used for trails and off-street paths (Arendt, 2004). The provision of 
off-street paths is not a typical motivator for the adoption of conservation 
subdivision ordinances, however. The most prevalent factor in adopting 
a conservation subdivision ordinance is the presence of controversy over 
new residential development; conservation subdivisions can minimize the 
negative impacts of new development (Hawkins, 2014).

Conservation subdivisions aren’t the only reform movement in the area 
of subdivision ordinances. Los Angeles adopted a small-lot subdivision 
ordinance in 2005 that permits the creation of lots as small as 600 square 
feet to facilitate the construction of townhomes and other small housing. 
This change to the subdivision ordinance only applies to multifamily and 
commercial zones, leaving single-family zones untouched (Gabbe, 2019).

These changes alone would not guarantee better access for active 
transportation users. A conservation or small-lot subdivision would still 
require separate requirements for shared-use paths or well-connected 
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street networks to achieve greater connectivity than typical subdivisions. 
Conservation suburbs tend to cluster homes within a subdivision, leaving 
green space between. Without additional connections, this development type 
could be less connected for active transportation users than even a typical 
modern subdivision. As discussed in chapter two, shared-use paths can be 
seen by real estate developers and city planners as an amenity, something 
that adds value to the subdivision. One would find it hard to believe that 
a conservation subdivision would not include some sort of path system 
running through the green space. Only the most sensitive habitats would 
discourage such an amenity. Conservation subdivisions, as explained above, 
currently are reviewed by planning staff before approval, and it is likely that 
staff  would require shared-use paths through those natural areas, though 
without an explicit regulation in the subdivision ordinance, there is no 
guarantee.

Subdivision ordinances in many jurisdictions have changed since the 
enabling acts, separate from the conservation subdivision movement. As 
seen in chapter four, Wake County and Raleigh have both adopted unified 
development ordinances (UDOs). UDOs can pluck subdivision ordinances 
from relative obscurity, at least when compared to the zoning code, and put it 
on level footing. 

The Wake County UDO reflects contemporary views about encouraging 
more connectivity. The section on external connections, or “Road 
connections to abutting property,” as the UDO calls it, includes many 
specifics about how a subdivision street network should connect to the larger 
transportation system. It begins by stating that in general subdivisions 
should have at least two ways out. New subdivisions should also provide 
at least one “stub-out street” per 100 dwelling units. Stub-out streets are 
dead ends that are meant to be connected to adjacent subdivisions when 
one is constructed. If a subdivisions has frontage on two or more major 
thoroughfares, it must provide at least one access point on each thoroughfare 
(Unified Development Ordinance, 2019).

The external connections section does leave open the possibility of 
foregoing connections that are “Not Feasible or Desirable.” They are well-
meaning but may undercut the ordinance’s ability to guarantee a connected 
road network. For example, the requirement to include one access point 
on each adjacent thoroughfare can be circumvented if it would “encourage 
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through traffic at levels inappropriate for the type of road provided.” This is 
a provision meant to stop large volumes of traffic from overwhelming a local 
street, but it could be used to forego these connections entirely. Similarly, 
there is an exception for when the “road would connect properties with 
zoning or land uses that are incompatible, and the connection would create 
traffic patterns and volumes that are detrimental to residential uses within 
the subject subdivision.” Again, this seems reasonable, but could be used 
to discourage street connections to different land uses. These connections 
are critical to encouraging cycling and walking for utility trips. If no direct 
connection exists, pedestrians and cyclists would have to use the adjacent 
thoroughfare, a potentially harrowing experience.

This discretion also leaves open the possibility of deeming a connection 
“undesirable” if the adjacent neighborhood is low-income or residents are 
primarily a racial or ethnic minority. Would a mobile home community 
be deemed an “incompatible land use” under this section of the UDO, if it 
connected to a neighborhood of large-lot, single family homes? One could 
imagine a real estate developer making an argument that connecting to a 
mobile home community could hurt the property values of the large lot 
homes for sale. Would a planning director agree and forego the connection? 
Making these connections mandatory, or at least being more specific about 
what “land uses that are incompatible means” could help avoid abuse and 
discrimination. 

The UDO provides a section on pedestrian, bicycle, and trail 
connections. Of note is the inclusion of a provision that states: “off-road trail 
improvements must be provided whenever the subject subdivision has access 
to or is adjacent to existing or designated greenway corridors, in which case, 
access to such corridors must be incorporated into the overall subdivision 
design.” In addition, a subdivision must provide a trail connection to an 
adjacent subdivision if that development includes trails that could be readily 
connected. 

The Wake County UDO shows how far subdivision ordinances have 
come since the model acts of the 1920s, but they are not perfect from the 
point of view of active transportation. For example, although stub-out 
streets are required,there is no requirement that they connect to adjacent 
stub-out streets if they already exist. Indeed, the Princeton Manor/Barclay 
Downs example shows that having stub-out streets isn’t enough if they 
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don’t connect. The requirement that subdivision transportation networks 
connect to existing trails and shared use paths is a good first step, but future 
iterations of the UDO could require internal shared use path systems in 
larger subdivisions or require an easement for a public path along the edge of 
the subdivision to connect nearby neighborhoods. This is more of a proactive 
approach, while the current UDO is more reactive.

Should public shared-use paths be administered as parks or as streets?
The first shared-use paths appeared in parks, and since that time it has 

been common for neighborhood-scale shared-use paths to reside in a park-
like setting. All three of the path networks audited in chapter three were 
located within a public park. Paths are viewed as a recreational amenity 
by real estate developers and local planning staff. This has led shared-use 
paths to have a reputation for recreation and leisure, rather than a means 
of accessing destinations such as work and shopping. Would paths see more 
utility trips if they were planned, designed, and managed as public works 
projects, exactly the same as streets? They could be considered a different 
class of street, similar to a pedestrian mall. This research cannot answer that 
question, but it may be a question worth exploring in future research. 

There are some benefits associated with locating shared-use paths within 
parks. The primary one is that there is strong precedent for cities to require 
parks when developers build new neighborhoods. Some cities have required 
park dedications in their subdivision ordinances since as early as the 1940s 
(Zilavy, 1961). If a city were to require a real estate developer dedicate land 
for a pedestrian-and-bike oriented street, there would be little precedent 
and it could cause confusion and opposition. Cities can instead recommend 
that the park dedication be designed in a linear fashion, as opposed to the 
pocket or small separate parks shown in the neighborhood unit diagram in 
chapter two.  The difference between the street and park options is that the 
park option takes advantage of existing mechanisms developers and cities are 
already using to dedicate park space. In many municipalities, developers may 
choose to either dedicate land or pay an in lieu fee. That fee would go toward 
building and maintaining parks elsewhere. This is considered advantageous 
when subdivisions are so small that the required parkland dedication would 
result in a park too small to provide meaningful recreation. Municipalities 
interested in creating connected shared-use path systems would need to 
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reconsider this option, as even a small subdivision may provide a critical 
connection in a path system. Gaps cannot be tolerated in a well-designed 
system. The city may have to reword their in lieu fee policy to make it clear 
that those fees are not an option for subdivisions that must connect to the 
larger path system.

There are other reasons for locating paths within parks instead of streets 
beyond park dedications. Research has shown that most people feel safer 
and prefer to use paths and bike lanes separated from vehicle traffic. Women, 
families with children, and people with different abilities are sensitive to 
riding a bike near traffic (Geller, n.d.). Locating paths in parks eliminates this 
conflict and makes them more attractive for people of all ages, genders, and 
abilities. 

Some cities offer private subdivisions a credit for including private parks. 
The idea is that by providing parks, those neighborhoods reduce the larger 
community’s overall need for parks. Why should they pay a full in lieu fee 
when the residents of that subdivision will be using other parks less than 
they would if it was a public community with no private parks? The City of 
San Antonio, for example, offers a 100 percent credit for private subdivisions 
that include private parks (Crompton, 2010). As discussed previously in this 
chapter, private parks are inferior to public parks when planning a connected 
network of shared-use paths. Access to those private parks is not guaranteed 
to the public. 

This research cannot definitively answer the question of whether paths 
should be designed and administered as streets or parks, but parks may 
offer an easier way forward. Park dedications are a common method of 
ensuring adequate park land for residents. If local planners require some of 
the design characteristics described below, these parks could better blend 
the transportation design of a street with the recreational goals of parks. 
Municipalities would need to be careful to ensure developers could not 
forego parkland dedication in areas where connections are essential. They 
should also not allow private communities to receive credit for private parks, 
as it removes a funding source that could be used for paying for easements 
for new path connections elsewhere. Unified development ordinances can 
be a useful way to require the design of linear parks, as they often include 
design guidelines. The Southport Design Guidelines in chapter three are a 
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good example of how a municipality can set expectations for linear park and 
shared-use path design.

Designing active transportation facilities

Applying design characteristics to modern shared-use path systems
Two chapters of this dissertation focused on shared-use paths and their 

potential to provide additional routes for pedestrians and cyclists in low-
density areas. Chapter two presented a series of path design characteristics 
pioneered by influential precedents from 19th century U.S. urban parks 
though the garden suburb era of the 1920s and 1930s. Many of those design 
characteristics appear in Village Homes, designed in the 1960s and 1970s. 
What about the three case study neighborhoods in chapter three? And how 
can these design characteristics be applied to future path systems?

Figure 3 shows the three figure ground diagrams from chapter two on 
the left, next to the three figure ground diagrams of the three case study 
neighborhoods. These diagrams are all at the same scale and orientation. 
Each of the case study neighborhoods were chosen to represent three 
different contexts: an older neighborhood (Pocket/Greenhaven), a newer 
development (Bridgeway Island), and a retrofit (Del Paso Heights/Norwood). 
These neighborhoods were not chosen as potential best practice examples, 
but together with the historic examples from chapter 2, there is a wide range 
of path implementations captured in these diagrams. This spectrum allows 
for some comparisons that can help triangulate the best way to design a 
shared-use path system.

The first design characteristic is separation of modes, pioneered by 
Olmsted and Vaux. By definition, all of these path systems are separated 
in the same way as those in Central Park, designed over 150 years ago. The 
biggest difference in path mode separation is how the paths intersect with 
the street. Are paths grade separated or do they cross at grade? The paths 
are grade-separated—using tunnels and bridges—in Radburn and Pocket/
Greenhaven. These offer the best experience for shared-use path users. 
The survey respondents in chapter three indicated that safety from traffic 
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Hampstead Garden Suburb

Radburn

Village Homes
Figure 3: Diagrams of six path networks at the same scale and orientation

Del Paso Heights/Norwood

Bridgeway Island

Pocket/Greenhaven
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was a trait of the path system they valued highly, and complete separation 
is a effective way of reducing pedestrian and cyclists’ exposure to potential 
collisions.

Separation of modes
Complete separation may not be possible or even necessary in all 

scenarios, however. Bridges and tunnels are more costly than at-grade 
crossings, and require a considerable amount of space. The bridges in Pocket/
Greenhaven start 125 feet before the street itself, and require an additional 
path for those who wish to connect to the sidewalk network along the street. 
Tunnels also require space to safely slope the path down below the street (see 
dashed line in Pocket/Greenhaven diagram in Figure 3). These would not 
be feasible in neighborhoods like Bridgeway Island or Hampstead Garden 
Suburb, where the path space is very narrow. Village Homes and Hampstead 
Garden Suburb largely eliminate the need for over and under crossings by 
narrowing streets and reducing traffic volumes. The street network that 
directly connects to the paths are primarily cul-de-sacs, so only the slow-
moving traffic of adjacent homes could potentially create a conflict for path 
users. In lieu of slow traffic, bridges, and tunnels, crossings can be well signed, 
well marked, and narrowed like they are in Bridgeway Island [Show image]. 
This makes the crossing very visible to drivers. One potential improvement 
would be to use a raised crosswalk at the path crossing to create a continuous 
experience for path users and a traffic-calming device for drivers.

Linearity
All six of the shared-use paths in Figure 3 exhibit linearity, though their 

dimensions can be quite different. Some, like Hampstead Garden Suburb and 
Bridgeway Island, are quite narrow (10 feet and 28 feet wide, respectively). 
Radburn and Pocket/Greenhaven have a wide linear format, and the green 
space itself is part of the amenity. Both green spaces vary in width, but are 
typically over 100 feet wide. Village Homes has linear paths running parallel 
with east-west streets in the neighborhood, but connect with north-south 
paths to form a true network of paths. Blocks of homes are surrounded 
by paths on all sides. This spectrum of long and narrow and full network 
provide a menu of options for a designer wishing to incorporate shared-use 
paths. The primary question is: should the path be a destination itself, or 
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merely a convenient way to move from one place to another? In the notes on 
the pedestrian audit, the auditors noted that they appreciated the narrow 
directness of Bridgeway Island. The purpose of that path system was clear: 
transportation in a pleasant setting. The wider the surrounding green space 
gets, like in Pocket/Greenhaven, the less convenient it is for a pedestrian or 
cyclist to reach the primary path. Paths in larger green spaces can also curve 
and meander in a way that’s not conducive to a transportation function.  Del 
Paso Heights/Norwood offers a nice compromise of a medium-sized green 
space and a direct path. 

Park-like setting
The previous discussion of linearity leads directly into a discussion of a 

park-like setting. The origin of neighborhood shared-use paths is in parks, 
and this relationship has not significantly changed in the intervening years. 
Some paths are in private parks managed by HOAs, such as Hampstead 
Garden Suburb, Radburn, and Village Homes, while others are managed by 
public parks departments, such as the surveyed neighborhoods. But the basic 
idea is the same: these aren’t strictly transportation facilities, but instead 
places for recreation as well. In many cases, the recreational use is prioritized 
over a transportation use in their design. For example, Bridgeway Island’s 
path is a useful connection between cul-de-sacs and to the central elementary 
school, yet the path is only four feet wide. This makes it impractical for two-
way bike traffic or even groups of three or more on foot. Del Paso Heights/
Norwood’s primary path is part of the Sacramento Northern Bikeway and 
features a dashed yellow line separating northbound and southbound traffic. 
This striping is a useful signal to users that there is a transportation function 
and it is not meant only for leisurely strolls. The Pocket/Greenhaven park is 
wide enough to include a more direct, painted route for commuters, while 
still offering winding paths for recreational uses, for example. 

Within superblocks and cul-de-sac compliment
Subdivision designers create superblocks when they employ cul-de-sacs 

or otherwise create blocks so large they become cumbersome for pedestrians 
to walk the entire perimeter. Parker and Unwin introduced paths to break up 
the superblocks in Hampstead Garden Suburb. Bridgeway Island is probably 
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the best example of the six of how to integrate paths into subdivision design 
to create superblocks for cars but a grid for pedestrians and cyclists. That 
case study neighborhood best exemplifi es the “pedestrian connected cul-de-
sacs” suggestion found in the seminal article, “Reconsidering the Cul-de-Sac” 
(Southworth & Ben-Joseph, 2004). This style of path “zips” or “stitches” 
together the cul-de-sacs, creating a dense grid for pedestrians and cyclists. 

Connection to other uses
Low-density neighborhoods, such as the ones in Figure 3, often have 

few land uses aside from residential uses typifi ed by single-family homes, 
duplexes, and small apartments. The most common other land uses found 
in these examples include parks and schools. These uses are appropriate 
for path systems designed primarily for recreation. These path systems can 
also serve as a conduit for utility and commute trips, and for those there 
needs to be more direct connections to other land uses. This can come in two 
forms: designing the neighborhood to include a mix of uses, and designing 
the paths to connect with regional path and trail networks to connect the 
neighborhood to other uses. Radburn exemplifi es the former approach. 

Village 
Homes

University  of
California, Davis

Downtown
Davis

1,000 ft

Figure 5: Aerial photo of Davis, with the shared-use paths connecting to Village 
Homes highlighted in green. Paths connect Village Homes residents to UC Davis 
and Downtown Davis.
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The path system connects to a small shopping center located within the 
neighborhood. Village Homes reflects both approaches. A later phase of 
that development added a restaurant and small offices. The paths of Village 
Homes also connects to Davis’ extensive network of paths, cycle tracks, 
and bike lanes, allowing for safe and convenient access to Downtown Davis, 
University of California, Davis, and other destinations (Figure 5). Where it is 
not possible to include other land uses in the design of the neighborhood, no 
regional path connections, and adjacent undeveloped land, stub paths can be 
included. These paths would not connect to other destinations immediately, 
but would allow for connections in the future. This is best done in concert 
with a city-wide bicycle and transportation plan to ensure the locations of the 
stub paths would be useful for future development. 

House orientation
Homes in two of the six neighborhoods have their front doors oriented 

toward paths: Radburn and Village Homes, although in both cases the rear 
yard of houses are serviced by streets (Figure 6). It is not a coincidence 
that both of these are private communities whose paths are administered 
by homeowners associations. In Radburn, the paths in front of homes are 
extremely narrow and clearly designed only to provide access to the adjacent 
homes. Village Homes’ paths are wider, but the paths are so integrated with 
the design of the community that it would be challenging to administer the 
community space as a public park. That’s not to say homes could not face 
public paths, though they may need to be designed and administered as 
transportation spaces instead of solely park spaces. The Dutch woonerven 
and British home zones are streets that put people first and cars last. There 
are pedestrian streets in commercial areas, often referred to as plazas or 
malls. Cities have created “open” and “slow” streets where cars are banished, 
as a social distancing measure in the 2020 COVID-19 global pandemic. The 
idea of a car-free residential street is not so radical, and could represent 
another evolution in the shared-use path concept in the suburbs. That said, 
in neighborhoods where the path system will be incorporated into a park, it is 
more likely that homes will face a typical street. 

All of this discussion about the design of neighborhood shared-use path 
systems can be distilled into a few key points:
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• Design paths to be functional for commuters as well as recreational users. 
This can be achieved with wider paved surfaces, lines delineating traffi  c 
direction and designs that separate bicycle paths from walking paths, and 
straighter paths.

• Design parks to be linear. Consider using linear parks to connect two 
destinations or diff erent land uses, and then design the park elements, 
such as active recreation, playgrounds, and passive spaces to fi t within the 
linear form.

• Design linear parks to be easily accessible. Linear parks can often be 
hidden behind backyard fences, such as in Bridgeway Island or Village 
Homes. Ensure that linear park connections with the street network are 
frequent and clearly marked.

• Don’t design the park space to be overly wide, increasing trip length. The 
spaces should be wide enough to include shade-providing trees and a 
pleasant experience for those looking for a relaxing walk or bike ride.

• Connect path systems to other land uses or path systems when 
possible. When no other uses or nearby paths exist, coordinate with 
the municipality to determine the best place for stub paths for future 
connections.

Figure 6: Arrows indicate the house orientation in Village Homes. The front 
doors of all homes face paths.
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Designing subdivision street networks for active transportation
This research did not produce findings that explain which metrics, such 

as intersection density and block length, best facilitate active transportation 
trips. This would require correlating street network metrics with bike or 
pedestrian counts to determine which metrics would predict more cycling 
or walking. Chapter four documented the change in those metrics over time, 
and by size of subdivision. Thus, there are few concrete “best practices” for 
designing subdivision street networks that can be surmised from this work. 
Chapter four’s research does highlight the inherent challenges of using these 
metrics to conclude a place is walkable/bikeable or not. Subdivisions with 
small block sizes may seem walkable statistically, but if all of the blocks are 
single-family homes for blocks in either direction, are those small blocks 
really contributing to destination accessibility? Are they really offering 
pedestrians and cyclists true route choice? 

Chapter three demonstrated how difficult it can be for people to use active 
transportation to reach destinations, even on purpose-built infrastructure. 
Without direct connections to nearby destinations worth going to, people 
are not going to use active transportation to get there. It is harder to design 
transportation networks to get people to make utility trips by walking 
or cycling that it is to get people to make recreation trips by walking or 
cycling. Thus, street networks should be designed first to maximize the 
ease of making utility trips by active transportation, and then consider the 
recreational uses. This can best be accomplished by designing a subdivision 
street network from the outside in. Connections or stub streets to future 
connections should first be identified. The driving question should be: where 
do people want to go? If there are nearby commercial, office, industrial, or 
civic uses, connections should be made, either by the street network or a 
shared-use path. Once all of the access points have been established, the 
design of the street network can flow from there. Cul-de-sacs can be perfectly 
fine ways to provide access to homes while offering a quiet street, as long 
as the subdivision itself is as connected as possible to destinations. Ideally, 
those cul-de-sacs would also be connected to a shared-use path system, 
creating a grid-like network for pedestrians and cyclists.

Final Thoughts and Avenues for Future Research
The suburbs are perhaps the most iconic and common part of the U.S. 



CHAPTER 5 PAGE 147

built environment. Over half of Americans live in suburbs, and suburbs 
continue to grow at a brisk rate, outpacing central cities and rural areas 
(Parker, et al., 2018). Despite growing concerns over the health, equity, 
environmental, and safety concerns associated with this development 
pattern, suburban development continues unabated. The dream of a house of 
one’s own still drives demand for the single-family home. 

While there are real efforts to curtail suburban development, such as the 
elimination of R1 zoning discussed at the beginning of this chapter, there 
is still room for thoughtful land use and transportation planning that can 
mitigate the negative aspects of suburban development and make them 
better connected. This dissertation is concerned with uncovering some of the 
ways planners, developers, and local elected officials can design suburbs with 
active transportation in mind. Walking and cycling are two simple actions 
with many positive benefits, a sort of antidote to some of the ills associated 
with single-use, low-density development. As chapter one discussed, the 
environmental and health benefits are considerable. 

People who walk and cycle will only do so if they feel safe. For many, 
facilities such as sidewalks, shared-use paths, and cycle tracks are the only 
places they feel safe. They are separated from car traffic and free to enjoy 
themselves. This dissertation devotes two chapters to shared-use paths for 
this reason. If we understand the history of the shared-use path and why we 
don’t see them built frequently today, we can reflect on the plans and policies 
that have led to this outcome. We can amend our subdivision ordinances and 
UDOs to ensure separate, shared-use paths are the norm, not the exception. 
If shared-use paths proliferate in the suburbs, they may connect to a variety 
of uses and encourage people to use them for utility and commute trips, 
instead of merely recreational trips, as discussed in chapter three.

Not all active transportation trips can or will be made on off-street 
paths. Streets and sidewalks still constitute the main networks for active 
transportation users. These facilities are added to the urban fringe 
subdivision by subdivision, and since the postwar era have created a 
patchwork system with no coherent active transportation network. There 
has been an increase in internal subdivision connectivity, but external 
connectivity has not increased at a similar rate. This is one important area for 
future research. Policies that are best at encouraging external connections 
between subdivisions need to be identified and propagated throughout 
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suburban communities. This research would involve finding municipalities 
with high rates of external subdivision connectivity and carefully reading 
related plans and policies. Computational GIS tools make this research 
possible at a wide scale, as long as subdivision boundary files can be obtained. 

This research can also be conducted with an equity lens. Chapter three 
identified diverse neighborhoods as case studies to match the trends toward 
diversifying suburbs, but this is just the first step. A more equity-focused 
approach would ascertain the racial and socio-economic demographics 
of subdivision residents and compare their street network connectivity, 
presence of shared-use paths, and number of external connections. Do 
wealthier, whiter subdivisions have better connectivity? Or are they 
walled-off citadels? Do the street and path systems in poorer, minority 
neighborhoods discourage walking and cycling, leading to negative health 
outcomes? There is already a growing body of research in this topic, outlined 
in chapter one, and an urban design perspective would add to this ongoing 
and important discussion.
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Name: ____________________________ Date:______________________ Study Area: ___________________

Segment Number:___________________ Time:______________________ Weather:_____________________

0. Segment type If no sidewalk,skip now to section C. 24. Bicycle facilities (all that apply)

Low volume road 1 11. Curb cuts Bicycle route signs 1

High volume road 2 None 1 Striped bicycle lane designation 2

Bike or Ped path - skip section C 3 1 to 4 2 Visible bicycle parking facilities 3

> 4 3 Bicycle crossing warning 4

A. Environment No bicycle facilities 5

1. Uses in Segment (all that apply) 12. Sidewalk completeness/continuity

Housing - Single Family Detached 1 Sidewalk is complete 1

Housing - Multi-Family 2 Sidewalk is incomplete 2 D. Walking/Cycling Environment

Housing - Mobile Homes 3 25. Roadway/path lighting

Office/Institutional 4 13. Sidewalk connectivity to other Road-oriented lighting 1

Restaurant/Café/Commercial 5  sidewalks/crosswalks Pedestrian-scale lighting 2

Industrial 6 number of connections 1 Other lighting 3

Vacant/Undeveloped 7 No lighting 4

Recreation 8 C. Road Attributes (skip if path only)

14. Condition of road 26. Amenities (all that apply)

2. Slope Poor (many bumps/cracks/holes) 1 Public garbage cans 1

Flat 1 Fair (some bumps/cracks/holes) 2 Benches 2

Slight hill 2 Good (very few bumps/cracks/holes) 3 Water fountain 3

Steep hill 3 Under Repair 4 Street vendors/vending machines 4

No amenities 5

3. Segment Intersections 15. Number of lanes

Segment has 3 way intersection 1 Minimum # of lanes to cross 1 27. Are there wayfinding aids?

Segment has 4 way intersection 2 Maximum # of lanes to cross 1 No 1

Segment has other intersection 3 Yes 2

Segment deadends but path continues 4 16. Posted speed limit

Segment deadends 5 None posted 1 28. Number of trees shading walking area

Segment has no intersections 6 (mph): 1 None or Very Few 1

Some 2

B. Pedestrian Facility (skip if none present) 17. On-Street parking (if pavement is unmarked, Many/Dense 3

4. Type(s) of pedestrian facility (all that apply) check only if cars parked)

Footpath (worn dirt path) 1 Parallel or Diagonal 1 29. Degree of enclosure

Paved Trail 2 None 2 Little or no enclosure 1

Sidewalk 3 Some enclosure 2

Pedestrian Street (closed to cars) 4 18. Off-street parking lot spaces Highly enclosed 3

0-5 6-25 26+

The rest of the questions in section B refer 30. Powerlines along segment?

to the best pedestrian facility selected above. 1 2 3 Low Voltage/Distribution Line 1

5. Path material (all that apply) High Voltage/Transmission Line 2

Asphalt 1 19. Must you walk through a parking lot None 3

Concrete 2 to get to most buildings?

Paving Bricks or Flat Stone 3 Yes 1 31. Overall cleanliness and building maintenance 

Gravel 4 No 2 Poor (much litter/graffiti/broken facilities) 1

Dirt or Sand 5 Fair (some litter/graffiti/broken facilities) 2

20. Presence of med-hi volume driveways Good (no litter/graffiti/broken facilities) 3

6. Path condition/maintenance < 2 1

Poor (many bumps/cracks/holes) 1 2 to 4 2 32. Articulation in building designs

Fair (some bumps/cracks/holes) 2 > 4 3 Little or no articulation 1

Good (very few bumps/cracks/holes) 3 Some articulation 2

Under Repair 4 21. Traffic control devices (all that apply) Highly articulated 3

Traffic light 1

7. Path obstructions (all that apply) Stop sign 2 33. Building setbacks from sidewalk

Poles or Signs 1 Traffic circle 3 At edge of sidewalk 1

Parked Cars 2 Speed bumps 4 Within 20 feet of sidewalk 2

Greenery 3 Chicanes or chokers 5 More than 20 feet from sidewalk 3

Garbage Cans 4 None 6

Other 5 34. Building height

None 6 22. Crosswalks Short 1

None 1 Medium 2

8. Buffers between road and path (all that apply) 1 to 2 2 Tall 3

Fence 1 3 to 4 3

Tress 2 > 4 4 35. Bus stops

Hedges 3 Bus stop with shelter 1

Landscape 4 23. Crossing Aids (all that apply) Bus stop with bench 2

Grass 5 Bus stop with signage only 3

None 6 Yield to Ped Paddles 1 No bus stop 4

Pedestrian Signal 2

9. Path Distance from Curb Median/Traffic Island 3  Subjective Assessment: Segment…

At edge 1 Curb Extension 4 Enter 1,2,3, or 4 for 1=Strongly Agree 2= Agree,

< 5 feet 2 Overpass/Underpass 5 3=Disagree, 4=Strongly  Disagree

> 5 feel 3 Pedestrian Crossing Warning Sign 6 ……is attractive for walking. 1

Flashing Warning Light 7 ……is attractive for cycling.    1

10. Sidewalk Width Share the Road Warnign Sign 8 ……feels safe for walking.       1

< 4 feet 1 None 9 ……feels safe for cycling.       1

Between 4 and 8 feet 2

> 8 feet 3

Kelly J. Clifton, PhD - National Center for Smart Growth - University of Maryland, College Park 

PEDS Audit Tool
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Appendix B
Pedestrian Audit Segment Maps
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Appendix C
Shared-Use Path Resident Survey
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