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Read the health care pages, and you will find plenty of good news.
Compared to a generation ago or even a decade ago, we have better
treatment for hypertension, better treatment for heart attacks, better
treatment for depression. Surgical techniques have improved, in some
cases dramatically. The Human Genome Project promises wonders in
understanding the genetic basis of disease and in treating accordingly.
We can prevent many diseases; there are immunizations against
measles, hepatitis, pneumonia, and others, and many people receive
them. Even some root causes of disease are on the wane; in many
groups, smoking rates have declined. 

But all is not well. The proportion of Americans who are over-
weight has been rising alarmingly, from 24 percent of adults in 1960, to
47 percent in 1980 (including 15 percent who were obese), and to no
less than 64 percent in 2000 (including 31 percent who were obese).1 If
this continues, the last remaining slim American will cross over into
corpulence sometime before 2040. One of the fastest-growing surgical
procedures in the United States is bariatric surgery, shrinking the
stomachs of so-called morbidly obese people. Overweight and obesity
increase the risks of cancer, heart disease, stroke, high blood pressure,
arthritis, and many other afflictions.2 Obese people are as much as 
40 times more likely to develop diabetes.3 It is not surprising that the
prevalence of diabetes has doubled since 1980,4 and one in three Amer-
icans born today will eventually be diagnosed with the disease. Those
who develop diabetes before age forty will forfeit an average of four-
teen years of life, or twenty-two years if quality of life is taken into
account.5 Overweight is rapidly overtaking tobacco as the major cause
of death in the Unites States.6

Asthma has increased to the point that nearly 10 percent of Amer-
icans are affected,7 with much higher rates in some groups. As the pop-
ulation ages, there is more arthritis, more osteoporosis, more disability.
On an average day, 120 Americans are killed by motor vehicles; one

— xi —

P R E F A C E

fm  4/23/04  8:46 AM  Page xi



such death will occur in the time it takes to read this preface.8 Millions
of Americans suffer from depression and anxiety, and rates seem to be
rising. Antidepressant prescribing more than tripled during the 1990s,
and for many health plans they represent the second largest medication
expense.9 Children are increasingly medicated for inattentiveness or
hyperactivity,10 even as many are losing their opportunities for exercise
at school or in their neighborhood. There are third-grade classes in
which as many as a third of the boys are on Ritalin or similar medica-
tions.

More subjective indicators of health and well-being are also worri-
some. In less than ten years, the number of days that the average American
reports feeling unwell or outright sick has increased by one full day per
month, from five to six days, an increase of twelve unwell days per year—
more than the total paid vacation time of most newly hired employees.11

The costs of all this boggle the mind. In 1960 we spent 5.1 percent
of our gross domestic product on health care. By 2001 the proportion
had nearly tripled to 14.1 percent, representing annual expenditures of
$1.4 trillion.12 The cost of medical care for a single American adult
doubles about every twenty years of life, and for people who have
reached the age of seventy-five, the average cost of health care now
exceeds $6,000 a year, not counting nursing home costs.13

If a patient reported such problems—gaining weight, feeling
unwell, fighting depression, constantly getting injured, spending far
too much on medicines—we would take a careful history. What
changed in the patient’s life? What circumstances might be contribut-
ing? Can we get at the root causes? Can we do something to help? On
a national scale, the very same questions are inescapable.

In some ways we are better off than we were a generation ago. We
have more money; per capita income (adjusted for inflation) rose by 79
percent between 1974 and 2000. But the Genuine Progress Indica-
tor—a measure of overall quality of life that includes financial, social,
and environmental factors—has barely budged, increasing by only 2
percent over twenty-six years.14

Our built environment has changed profoundly. In just the last fif-
teen years, the United States has developed 25 percent of all the land
developed in the entire 225 years of the life of our republic.15 (“Devel-
oping,” in this context, means replacing farms and forests with build-
ings, roadways, and parking lots.) Cities have sprawled over vast
expanses, and metropolitan areas have become “doughnuts” with areas
of concentrated poverty in the center surrounded by suburban tracts
for long-distance commuters. Consider this irony: New York City has

xii ■ Preface
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47,500 vacant land parcels totaling more than 17,000 acres,16 New
York City faces an acute housing shortage, and the fastest growing part
of the New York area is in the Pocono Mountains of northeastern
Pennsylvania. There, far from the city core, forests are being cleared
for big-box stores, high-speed roadways, and low-density subdivisions
for long-distance commuters. 

What is life like in the expanding metropolitan areas? It is automo-
bile oriented; many young families live in neighborhoods with neither
sidewalks nor walkable destinations. It is transient; most Americans
cannot live in the same community throughout their lives and grow old
with friends from school or child-raising years. It lacks diversity; in
homogeneous subdivisions, many children grow up never befriending
or even meeting anybody from a lower social class or, for that matter,
from a wealthier social class. It is restrictive; many young people with-
out driving licenses or cars, living in subdivisions without shops, com-
munity centers, and public transportation, are bored and alienated. As
we age and reach the point where we no longer should be driving,
there are few options such as walkable town centers with nearby servic-
es and user-friendly transit, a matter of growing concern to the baby
boomer generation.

In just over one generation, from 1960 to 2000, the average Amer-
ican’s yearly driving has more than doubled, from 4,000 to nearly
10,000 miles per year.17 In just twenty years, the “rush hour” in major
cities has swollen from four-and-a-half hours of the day to seven, and the
average driver’s time spent stuck in traffic each year has skyrocketed—
from six hours to thirty-six hours in Dallas, from one hour to twenty-
eight hours in Minneapolis, and from six hours to thirty-four hours in
Atlanta.18 The average American mother spends more than an hour per
day in her car, half of that time chauffeuring children or doing errands,
again way up from a generation ago.19

As we look over the horizon, it is clear that many of these trends
will continue. Our nation will have twice the population at the end of
this century that we have today, nearly 600 million people, on precise-
ly the same amount of land. We are aging rapidly. In the year 2000 just
9 percent of Americans were older than sixty-five years of age; in 2020
nearly 20 percent will be. Future health costs will be staggering. 

These doleful statistics feel overwhelming, but they are not sur-
prising to the average American. For many of us, things don’t feel right.
We can afford homes, but they are far from work and we spend more
time working and commuting than our parents did. The average
American works 1,821 hours per year, more than in any other developed
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country except Korea and Australia, and we sit in our cars for stupefy-
ing amounts of time.20 Home-prepared meals have become infrequent,
and we have much less time for community work, whether it is church,
scouting, or the PTA, and less time for quiet reading or unhurried talk
with neighbors and family.21 Despite faster, cheaper, electronic toys,
cell phones, and the Internet, many of our children are lonelier and
more disconnected than the children of the “Leave It to Beaver” gen-
eration; more than three million American children today have signifi-
cant depression symptoms.22 The “goofing around” time walking or
biking from school has evaporated, and children’s friendships require
parents’ cars and scheduling. Despite plenty of evidence that children
need quality fantasy play as part of their development, spontaneous
“make-believe” play with friends has become a rarity. Learning to han-
dle yourself in the school yard or sandlot is also an important part of
growing up, yet pickup ball games with kids you don’t yet know are
nonexistent for many, perhaps most, American children. 

The modern America of obesity, inactivity, depression, and loss of
community has not “happened” to us. We legislated, subsidized, and
planned it this way. Through zoning, we separated different land
uses—a sensible idea when tanneries and foundries were close to
homes, but an idea that has left us, nearly a century later, unable to
walk from homes to offices or shops. Our taxes subsidized the high-
ways that turned the downtowns of most American cities into no-
man’s-lands (and certainly no-child’s-lands). In the historical riverside
city of Hartford, Connecticut, birthplace of the father of American
landscape architecture, Frederick Law Olmsted, highways built over
the last half century have separated the city from its beautiful river and
lacerated the city’s neighborhoods. The Hartford home of Mark
Twain, author of landmark American novels, was located in an artists’
colony and enclave of lovely old homes, which is now surrounded by
neglected and even dangerous neighborhoods. Tax subsidies for mort-
gages on new, distant homes, reached by driving on subsidized high-
ways, as well as declining public schools and the abolition of subsidy
for public transit, pulled the tax base away from the city. 

Two of us, Richard Jackson and Howard Frumkin, are physicians
who have specialized in health and environment for more than twenty
years. Our careers have been challenging. We have studied the health
effects of air and water pollution, of hazardous waste sites, and of pesti-
cides and other toxic substances. We have responded to clusters of can-
cer, birth defects, asthma, and many other diseases. For years, we
focused heavily on “toxic hazards”—what environmental engineers
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recognize as “end of the pipe” problems. We looked at the health
effects of air pollution, but didn’t pay enough attention to the upstream
issue that much of the air pollution comes from cars and trucks driving
more and more miles. We looked at birth defects and other disease
clusters related to water, but didn’t analyze how rapidly surface and
groundwater was being depleted by removing forests and paving over
the landscape, and how water was being polluted by the toxic materials
that run off parking lots into creeks, rivers, and eventually drinking
water every time it rains. We looked at automobile-related injury and
death rates among passengers, bicyclists, and pedestrians, but didn’t
examine how the design of cities, suburbs, and country roads con-
tributed. When a pedestrian is sideswiped and killed by a passing truck
on Buford Highway, Atlanta, a seven-lane road lined with apartment
buildings, big-box stores, and no sidewalks (see Fig. 10.1), the health
department lists the cause of death “motor vehicle trauma.” Should not
the actual cause of death be listed as “negligent road design and city
governance”? 

When Richard Jackson was a young pediatrician, he never saw a
child with type 2 diabetes; in fact, the disease was called “adult onset
diabetes.” Now about one in three diabetic children has this condition.
Some of this is due to a “toxic” nutrition environment: abundant,
cheap, high-calorie junk food and drinks (even at school) and a satura-
tion of junk-food advertising. But the condition is exacerbated because
our children cannot walk to where they need to do their life work:
schools, sports fields, friends’ homes, libraries, shops, or places of wor-
ship. One of the best approaches to preventing and treating diabetes is
weight loss and exercise. And the most common, popular, and safe kind
of exercise is walking. For people with diabetes, walking for exercise
just two hours per week reduces their death rate by nearly 40 percent.23

Clearly, reducing opportunities for walking is a national health threat.
One of us, Larry Frank, is a landscape architect, transportation

planner, and land use planner who has studied how urban design influ-
ences travel behavior, physical activity, obesity, air pollution, and cli-
mate change. As a young landscape architect, he often found himself
“shrubbing up” automobile-oriented business parks and residential
developments; engineers and planners had made major design deci-
sions early in the development process without regard for environmen-
tal quality or opportunities for walking. He began to recognize that he
was creating places for cars as opposed to places for people. These
experiences led him back to graduate school in civil engineering and
urban design and planning. His research has shown that in sprawling
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areas, people drive more, pollute more, and weigh more. Where desti-
nations like workplaces, shops, and restaurants are closer to home,
people walk and ride transit more frequently. He and his colleagues
have shown that there is a considerable unmet demand for walkable
environments.24

This book is the work of three men who care deeply about our
nation, our communities, and the health of our people. Despite
enormous investments in medical research and treatment, the trajec-
tory of health and the costs of health care in the United States are fear-
some. This book is a call for rebuilding American communities so that
every child can walk or bicycle safely to school, so that every older per-
son who surrenders her driver’s license does not feel she has been sen-
tenced to solitary confinement, and so that all parents have enough
time to spend with their children, every day.

Our critics will say that we are arguing for an old idea, that we are
trying to return to the trolley car era of dense, walkable central cities
with generous parks and lively commercial districts, surrounded by
countryside, farmland, and smaller towns. Our critics argue that Amer-
icans have voted with their pocketbooks and their feet (or more cor-
rectly, tires), and have abandoned the cities for the big house on the
half-acre lot on the cul-de-sac, and the long commute. They argue:
Americans do not want density, and rightly demand safe neighbor-
hoods and good schools. Finally, our critics argue that we seek to re-
examine longstanding public policies and funding priorities, from tax
structures to building and zoning codes.

And our critics are in many ways correct.
We do not argue for removing choices; rather, we argue for more

choices. It would be foolish to tell anybody where to live. And nobody
would wish to live in a place without privacy, tranquility, safety, or
community. But, we argue, good density can be created—density that
is aesthetically appealing, environmentally sustainable, and safe,
healthy, and uplifting to inhabit. The old American cities and neigh-
borhoods we enjoy so much—Boston and San Francisco, Annapolis
and Georgetown, Charleston and Savannah—combine density and
quality of life. Smart building and zoning codes can give us housing
choices, nearby parks, and other destinations, sightlines that assure vis-
ibility and “eyes on the street,” daylit stairways and walkways. The
more that people with jobs, families, and responsibilities are on the
sidewalks and riding public transit, the better off we are. Safe and
abundant sidewalks and bicycle routes for children, adults, and police
on patrol make neighborhoods cleaner and safer. Neighborhood
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schools that are also community centers not only build social capital,
but help with bond issues to improve schools. When a school is located
at a community’s heart, as it should be, well-patrolled, well-lit, clean
basketball courts and running tracks become resources for the commu-
nity, not just the school. 

Yes, it is true, we do have a vision for a world in which people can
walk to shops, school, friends’ homes, or transit stations; in which they
can mingle with their neighbors and admire trees, plants, and water-
ways; in which the air and water are clean; and in which there are parks
and play areas for children, gathering spots for teens and the elderly,
and convenient work and recreation places for the rest of us. We do
have a vision of an America in which people can “age in place.” We do
have a vision that every lake, stream, and river be swimable and fish-
able, and every shoreline walkable. We do have a vision of places
designed and built with health and equity in mind, based on the best
data. This book is our effort to lay out how the built environment
affects us all, and how by building smarter, we can promote the health
and well-being, and protect the environment, of Americans now and in
coming generations.
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When we began writing this book in the middle of 2000, there were
few links between the worlds of planning and public health. The
change since then has been dramatic. We have ridden a tidal wave of
interest among planners, architects, developers, health professionals,
elected officials, and many others; what began as an academic study has
come to feel like part of a movement. This issue has attracted interest
and traction beyond anything we could have predicted. We owe a debt
of gratitude to many people.

First, we want to thank those who directly contributed to the book:
our colleague Steve Gaffield, previously with the U.S. Environmental
Protection Agency and now with Montgomery Associates Resource
Solutions in Madison, Wisconsin, for his key contributions to Chapter
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WHAT IS SPRAWL?
WHAT DOES IT HAVE

TO DO WITH HEALTH?

In 1956, the Federal Highway Act set out to “disperse our factories,
our stores, our people, in short, to create a revolution in living habits.”
Within a year, writer and social critic William H. Whyte was already
deeply disturbed by what he saw. Highways were allowing cities to
expand rapidly into surrounding rural areas. In a short article published
in Fortune magazine in January 1958, entitled simply “Urban Sprawl,”
Whyte observed that “huge patches of once green countryside have
been turned into vast, smog-filled deserts that are neither city, suburb,
nor country.” “It is not merely that the countryside is ever receding,”
he warned, but “in the great expansion of the metropolitan areas the
subdivisions of one city are beginning to meet up with the subdivisions
of another.”1

Nearly a half century later, the term “sprawl” has entered the
American vernacular. Originally a reference to a bodily position—“to
lie or sit with arms and legs spread out”—the word has more recently
assumed a broader meaning: “to spread or develop irregularly.” The
Vermont Forum on Sprawl (www.vtsprawl.org) offers a succinct defini-
tion of sprawl as “dispersed, auto-dependent development outside of
compact urban and village centers, along highways, and in rural coun-
tryside.” 

In common use, sprawl has become a pejorative term. It seems to
take on a variety of meanings: cheaply and quickly built neighborhoods
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2 ■ URBAN SPRAWL AND PUBLIC HEALTH

at the edge of metropolitan areas, architecturally monotonous residen-
tial subdivisions, ugly feeder roads lined with strip malls, lifestyles that
center around car trips. Critics of sprawl have unleashed a torrent of
pungent prose. William H. Whyte, in his original Fortune magazine
article, wrote:

Sprawl is bad aesthetics; it is bad economics. Five acres is being
made to do the work of one, and do it very poorly. This is bad for
the farmers, it is bad for communities, it is bad for industry, it is
bad for utilities, it is bad for the railroads, it is bad for the recre-
ation groups, it is bad even for the developers.2

Forty years later, a less measured James Kunstler derided sprawl in The
Geography of Nowhere as “depressing, brutal, ugly, unhealthy, and spiri-
tually degrading.”3

In this book, we do not use sprawl as a pejorative term. Instead, we
use it as a neutral descriptive term, as convenient shorthand for a com-
plex set of characteristics of towns and cities. Sprawl refers to the way
land is used, the way people travel from place to place, and even the
way a place “feels.” In sprawling metropolitan areas, the city expands
outward over large geographic areas, sometimes in a “leapfrog” pattern
(see Figure 1-1). Different land uses—residential, commercial, office,
recreational, and so on—tend to be separated from each other. Busy
arterial roads are lined with commercial strips, accessible only by car,
and there is a relative scarcity of both walkable “town center” neigh-
borhoods and public open space. Distances between things are large,
which makes walking and biking impractical, and the low density
makes mass transit uneconomical. There is a heavy reliance on the
automobile, and the road system may provide few direct connections
(see Figure 1-2). Oliver Gillham, in The Limitless City, provides a thor-
ough review of various definitions of sprawl, and offers one of his own:
“a form of urbanization distinguished by leapfrog patterns of develop-
ment, commercial strips, low density, separated land uses, automobile
dominance, and a minimum of public open space.”4  

Land use and transportation interact to affect many aspects of
human activity, well-being, and health. Heavy reliance on the automo-
bile for transportation results in more air pollution, which contributes
to respiratory and cardiovascular disease. More driving also means less
physical activity, contributing to a national epidemic of overweight
and associated diseases. More time on the roads means a greater risk
of collisions with other cars and with pedestrians, with associated
injuries and deaths. Sprawling cities threaten the quality of drinking
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FIGURE 1-1 Sprawl on a regional scale. A subdivision near Columbus,
Ohio, encroaching on farmland.

SOURCE: Photo by Alex MacLean, courtesy of Landslides.com.

water sources and the availability of green spaces. Even mental health
and the network of social interactions and trust known as “social capi-
tal” may be affected. To come to grips with the health implications of
sprawl and to develop better public policy requires, therefore, an
understanding of the physical attributes of sprawl and how they affect
people. 

DEFINING AND MEASURING SPRAWL

“Urban form” refers to the amalgamation of individual elements of the
towns and cities in which we live, work, play, and travel: the schools,
houses, parking lots, shopping malls, gas stations, post offices, houses
of worship, streets, parks, and stadiums, with which we are all familiar.
Urban form is partly determined by natural features—the coastlines of
Boston and San Francisco, the riverfronts of Pittsburgh and St. Louis,
the mountains outside Denver and Salt Lake City. And urban form is
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FIGURE 1-2 Sprawl on a neighborhood scale. This configuration is 
sometimes called “loop and lollipop” development. Note 
the monotonous architecture, the exclusively residential
land use, poor connectivity, and automobile dependence.

SOURCE: Photo by Jim Wark, courtesy of Photostogo.com.

partly the result of public and private decisions made over many years,
some explicit, others unintended and even unrecognized. Some aspects
of urban form, such as regional commuter train systems, exist on a very
large scale, whereas others, such as courtyards and sidewalks, are very
small and localized. Architects and urban planners have used many
concepts to classify this seemingly infinite variety, to allow urban form
to be ordered, studied, and understood. Terms such as density, concen-
tration, centrality, diversity, mixed uses, connectivity, and proximity are
all used to define and conceptualize urban form.5

Sprawl is one kind of urban form (see Figure 1-3). In this book, as
we explore the impact of sprawl on human health and well-being, we
look to many sources of empirical evidence. To study the relationship
between sprawl and health, a general definition of sprawl is not
enough. Scientists need a definition that can be operationalized and
measured. This allows them to test specific hypotheses about the
impact of sprawl on people.
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The literature on sprawl offers a wide variety of definitions. A
recent review of many of these6 found “no common definition of
sprawl, and relatively few attempts to operationally define it in a
manner that would lead to useful comparisons” of metropolitan
areas. Some definitions were narrowly oriented to a single metropol-
itan area such as Los Angeles. Some definitions were historical,
based on the planning process that gave rise to a place; some were
subjective, based on notions of ugliness; and some were incomplete,
measuring only one or a few dimensions of sprawl such as density7 or
land area.

A widely accepted approach to measuring sprawl was proposed by
Ewing, Pendall, and Chen.8 These researchers aimed to incorporate
both land use and transportation in their definition and, accordingly,
identified four categories for measurement: the strength or vibrancy of
activity centers and downtown areas; accessibility of the street network;
residential density; and the mix of homes, jobs, and services at the
neighborhood level. Each, they maintained, measures a different and
important component of urban form; these might be defined as com-
pactness (density), diversity (the mixture of uses over an area), sense of
place (strength or vibrancy of activity centers in a region), and connec-
tivity (street network accessibility, meaning how easy it is to get from
point to point on the street system). They created a Sprawl Index with
data on twenty-two specific measures grouped under the four cate-
gories. This showed the most sprawling areas to be in the South and
Southeast, with a few in California. The least sprawling areas are in the
Northeast, California (San Francisco), and Hawaii (Honolulu). 

CORE CONCEPTS: LAND USE AND
TRANSPORTATION

In this book, we also take the approach that both land use and trans-
portation are intrinsic to sprawl. We emphasize two core land use con-
cepts, density and land use mix, and two core transportation concepts,
automobile dependence and connectivity. (We acknowledge many other
important features of urban form, such as whether development is con-
tiguous or leapfrog, the level of architectural variety, and the supply of
bicycle paths and sidewalks.) We recognize that sprawl has different
meanings on different spatial scales; the most important features of a
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sprawling metropolitan area are different than the most important fea-
tures of a residential subdivision (although they are closely related to
each other). And we recognize that sprawl is not a single pattern; dif-
ferent places sprawl in different ways.  

Land Use: Density and Land Use Mix
Land use patterns determine the degree of proximity between different
places. A higher level of proximity means that destinations are close
together, and a lower level of proximity means that they are farther
apart. The density and variety of uses in a neighborhood, community,
or city district largely determine the functional distances that separate
the places in which we live, work, and play. Low-proximity levels typify
sprawl; there are both fewer destinations and less variety of destina-
tions in sprawling development patterns compared to other types of
urban form. This book shows how land use patterns have direct impli-
cations for travel behavior.

The density of a place refers to the quantity of people, households,
or employment distributed over a unit of area such as an acre, a square
kilometer, or a square mile.9 The relationship of density to travel
behavior has been the subject of considerable study in the discipline of
urban and regional planning. Higher density is associated with shorter
trips, an increased number of trips taken from home, an increase in
transportation options (“mode choices”), and reduced vehicle owner-
ship, compared to lower density.10 Because of its conceptual simplicity
and the ease with which it is measured, density is one of the most com-
monly used measures in planning. 

The land use mix is a necessary and important complement to den-
sity. Land use mix is a measure of how many types of uses—offices,
housing, retail, entertainment, services, and so on—are located in a
given area. A high level of land use mix should in theory reduce the
need to travel outside of that area to meet one’s needs. 

Land use mix is relevant over both vertical and horizontal spaces.
In older parts of American cities and towns, the vertical mixing of uses
was quite common, and it remains the norm in many parts of Europe.
Different types of uses, usually retail and housing, are arranged in a
single building, typically with retail on the ground floor and housing
stacked above it. With the advent of zoning in the first quarter of the
twentieth century, however, the vertical mixing of uses was effectively
outlawed in most parts of the United States. Horizontal mixing of uses
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refers to the location of different types of land uses on adjacent or near-
adjacent parcels of land. Empirical research has shown that households
located in less mixed environments generate longer automobile trips
and fewer trips on foot, bicycle, and transit11 than do similar house-
holds located in more mixed use environments. 

Transportation: Connectivity and 
Automobile Dependence
Connectivity refers to how destinations are linked through transporta-
tion systems. While the proximity of destinations is central to shaping
how people travel, connectivity also has tremendous importance. A poor-
ly connected transportation system can make even nearby destinations
functionally far apart. Conversely, a well-connected system can ease trav-
el between destinations by shortening on-the-ground distances. Connec-
tivity is almost always discussed in the context of the street network.
Because streets are the primary arteries upon which travel by most modes
occurs, they have a central importance in determining travel patterns.

A well-connected street network features many street linkages
between trip origins and trip destinations. A poorly connected network
has fewer linkages. One way to think of connectivity is to think of how
easy it is to “go around the block.” Simply put, going around the block
becomes much more difficult where streets do not connect. Block size
is the area bounded by streets that form its perimeter. The larger the
block size, the more difficult it becomes to get to a destination in a rea-
sonably direct path. Connectivity can also be viewed as the number of
street intersections scattered across a neighborhood or district. More
intersections mean that there are more possible routes between point A
and point B. Conversely, poorly connected systems have fewer inter-
sections, offering fewer travel routes, generally implying a less direct
and more circuitous route between points A and B. 

The street arrangement with the greatest connectivity is the grid
pattern, a simple network consisting of regularly intersecting horizon-
tal and vertical streets framing small blocks (see Figure 1-3). Such net-
works reduce the distances between trip origins and destinations by
providing many intersections and, therefore, many possible routes. In
contrast, the dendritic street network (the upper part of Figure 1-3) is
characterized by fewer streets organized into a hierarchy based upon
the amount of traffic each is intended to carry. Like the lifelines in the
leaf on a tree, this dendritic form of transportation is highly special-
ized. At the core of the dendritic system are major arterial roadways,
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designed to carry cross-regional traffic. Residential streets form the
edges of the dendritic network and are designed exclusively for local
traffic; to exclude high-speed vehicles, there are very few connections
between these streets and arterials. These form the “loop and lollipop”
neighborhoods seen in Figure 1-2. As a result, trips to destinations,
especially those out of the neighborhood, become more circuitous, and
trip lengths increase. Trips to destinations that are nearby in terms of
straight-line distance can become long journeys.12

Low proximity (reflecting low density and low land use mix) and
low connectivity together predict the fourth cardinal feature of sprawl:
automobile dependence. In theory, when proximity and connectivity
are high, people would be expected to depend less on automobiles,

FIGURE 1-3 Schematic comparison of street networks and land use 
in sprawl (upper part of diagram) and traditional 
neighborhood (lower part of diagram)

SOURCE: Drawing by Duany Plater Zyberk as shown in F. Spielberg, “The Traditional Neighborhood Devel-
opment: How will Traffic Engineers Respond?” ITE Journal 1989;59:17–18.
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because other modes of travel such as transit and walking are more
competitive with automobile travel. In addition, when proximity and
connectivity are high, the average automobile trip would be expected
to be shorter. Sprawling areas, accordingly, would be expected to fea-
ture enormous amounts of driving.

An overview of recent urban development in the United States
lends support to this view. During the past few decades, the fastest
growing regions have also featured the most extensive road construc-
tion, the greatest geographic expansion into exurban areas, and the
steepest increases in automobile travel. These trends seem to emerge
in tandem; sprawl toward the edges of a metropolitan area is associated
with more driving. For instance, from 1982 to 1997, Atlanta added
571,000 acres to its urbanized area, and added approximately 1.3 mil-
lion people, meaning that the region urbanized approximately 1 acre of
land for every two new residents.13 During the same interval, the num-
ber of miles driven per person in the region more than doubled.14 Fig-
ure 1-4 shows the distribution of average vehicle miles traveled (VMT)
per day across the Atlanta region, and illustrates that travel distances
are greatest on the region’s periphery and shortest nearer its center. By
2001, the average Atlantan (including nondrivers) was driving 34 miles
each day—a citywide total of 102,000,000 miles, enough to reach from
Peachtree Street to the sun and partway back. The city’s rush hour had
grown to 7.8 hours each day, and the average Atlantan was spending 34
hours per year stuck in congested traffic.15

Atlanta is not alone in this regard; across the country, sprawling
development patterns tend to be associated with similar travel patterns
at the regional level. Keith Lawton, noted transportation planner in
Portland, Oregon, writes:

When looking at the amount of travel in U.S. cities, it is clear that
those cities with lower densities and a larger road supply consume
significantly more vehicle miles of travel. The three cities that
have been mainly formed in the last fifty years, under a policy of
plentiful supply of roads and freeways, Houston, Atlanta, and
Dallas–Ft. Worth, clearly have the best road supply, the lowest
densities and the most vehicle use—Houston and Atlanta in the
order of 50 percent more vehicle miles of travel per capita than
comparable sized cities.16

Observations such as these have given rise to dozens of studies in
recent years, examining the association between urban form and travel
behavior. The studies measure urban form and travel behavior in a
variety of ways, use a variety of study designs, and consider a variety of
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Daily per Capita Home-Based Vehicle Miles Traveled
After 1998 data from the Georgia Regional Transportation Authority 

0.95 - 9.89

9.89 - 12.06

12.06 - 13.63 

13.63 - 14.85

14.85 - 16.16

16.16 - 17.5

17.5 - 19.18

19.18 - 22.71

22.71 - 44.31

Insufficient data

FIGURE 1-4 Daily per capita home-based vehicle miles traveled in
Greater Atlanta, 1998

SOURCE: “Daily Per Capita Home-Based VMT 1998” in Analysis of Potential Impacts of Smart Growth
Land-Use Planning. Prepared by Criterion Planning Engineers for the Georgia Regional Transportation
Authority. April 4, 2000.

spatial scales, from the neighborhood to the census tract to the entire
metropolitan region. The results reveal that sprawl leads to more driv-
ing. Lower density levels, low land use mix, and poorly connected
“loop and lollipop” street networks are associated with more VMTs,
more vehicle hours of travel (VHT), fewer transit trips, and greater
vehicle ownership. These findings are intuitive.17

Some of these studies have used nationwide data sets. For instance,
Cervero18 used a national database, the American Housing Survey,
which covers forty-four metropolitan areas with populations over 1 mil-
lion. In reviewing data from approximately 10,000 households, he found
that both higher density and higher land use mix decreased the probabil-
ity of automobile commuting as opposed to transit use or walking. 
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Other studies have focused on smaller geographic scales such as
neighborhoods. These studies are useful when large-area data are too
coarse to be informative. Researchers typically select nearby neighbor-
hoods that differ in density, land use mix, and connectivity, but share
similar levels of income, household size, and other factors that might
affect travel. These studies almost always find that neighborhood fea-
tures significantly affect travel behavior. 

For example, a well-known study by Holtzclaw19 assessed the trav-
el patterns of residents in twenty-eight neighborhoods across northern
California, and found that greater household density was associated
with lower automobile ownership and lower VMTs. Greater access to
transit was also associated with lower VMTs. In this study, a doubling
of density yielded up to 30 percent fewer VMTs when higher density
levels were accompanied by high transit service, a mixture of land uses,
and pedestrian amenities. In another such study, Cervero and
Gorham20 identified thirteen pairs of neighborhoods in the Los Ange-
les and San Francisco regions. In each pair, the two neighborhoods
were located within 4 miles of each other and had similar income levels,
but one was “transit-oriented” and one was “auto-oriented.” Transit-
oriented neighborhoods, built along streetcar lines before World War
II, were relatively dense and had gridlike street networks. In contrast,
auto-oriented neighborhoods were built after 1945, were not built
around streetcar lines, had disconnected street networks, and had
lower residential density. The researchers found consistently lower
rates of automobile commuting by residents of the transit-oriented
neighborhoods as compared to those in auto-oriented neighborhoods,
particularly in the San Francisco region, a finding attributable, they
hypothesized, to the more compact and transit-friendly nature of the
Bay Area compared with Los Angeles. When the authors repeated
their analysis on a larger scale, the census tracts in which their study
neighborhoods were located, they found consistent results: commuting
by transit rather than automobile increased with residential density,
especially in the transit-oriented neighborhoods. Many studies have
reported similar results.21

The relationship between land use and travel behavior is not sim-
ple and linear. It seems to be characterized by thresholds. In sparse
rural areas, doubling the residential density has very little effect on
VMTs. However, as density increases toward that of older suburbs,
VMTs begin to decline significantly.22 In one study, in the Seattle area,
automobile commuting began to decrease when the employment den-
sity reached about thirty employees per acre, and dropped sharply at
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levels above seventy-five. A similar pattern was evident for shopping
trips. Shopping trips by transit and walking increased, and automobile
use for shopping fell off, at densities above thirteen people per acre, a
level well above that found in most sprawling communities.23 This
nonlinear pattern is shown in Figure 1-5.  

Not every aspect of automobile travel is equally affected by sprawl.
Ewing and Cervero24 reviewed over fifty studies and examined several
dimensions of automobile use: trip frequency, trip length, mode

Tom and Marsha Goodman are in their late
forties. When they moved to the Atlanta
area almost ten years ago, they wanted to
find the best school system for their three
boys. After careful research, they bought a
home on a cul-de-sac in a suburban sub-
division of large but look-alike homes, sur-
rounded by similar subdivisions. The
school system is excellent, but the area
has no sidewalks, bicycle routes, or local
parks. The nearest place to shop is a gas
station convenience store on a main road
just over a mile from their subdivision. For
any real shopping, a large mall is nearly 
3 miles away. Even simple trips to church,
the library, or the post office must be made
by car.

Marsha works as an import/export
buyer in another suburb about 15 miles
from home when she drives directly. Tom is
an executive of a real estate firm located in
an office park on Atlanta’s northern
perimeter, 27 miles from home. Both com-
mute by car. Each afternoon, they negoti-
ate the “arsenic hours”—the late after-
noon, dinner, and homework time. With the
boys’ schools each at least 4 miles from

home, along roads that do not allow safe
walking or bicycling, and with no public
transportation, Tom and Marsha negotiate
who will pick up which child, how they will
juggle sports and guitar lessons and after-
school activities, who will do the shopping
and who will make dinner. Both help with
homework. If dinner is anything more than
a frozen pizza or fast-food takeout, it won’t
be on the table until 7:30, when the boys
are ravenous. A late meeting at work, out-
of-town travel, a doctor’s visit, or car trou-
ble means more negotiations about whose
work is more important that day. And as
congestion worsens on the nearby roads, it
becomes more and more difficult to
squeeze in any errands before dinner.
Frustration, pressure, and tension are a
routine part of every day.

The boys, too, are affected by the
family’s travel patterns. If traffic problems
delay school pickups, the boys wait on the
school steps, sometimes being shooed off
by school staff. They often ask to go to a
friend’s house, but the only way to get
there is for a parent to drive them. This
makes them feel dependent, precisely the 

BOX 1-1 
Sprawl and Travel Behavior: An Example 
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feeling they are trying to outgrow. A party
or a date means begging and then resent-
ing their parents. Some of the boys’ 16-
year-old friends have cars, but Tom and
Marsha are keenly aware of the high rate
of car crashes among teen drivers in their
community and do not trust their driving.
The boys describe their community with
the inevitable teen epithet: BORING!

Suppose that the Goodmans maintain
a travel diary on a typical weekday. Marsha
leaves home at 7:20 a.m., drives the 
4 miles to the junior high school to drop off
their youngest son at 7:30, and continues
on to work, arriving at 8:05 a.m. The actu-
al commute portion of the trip takes 35
minutes, a 17-mile distance at an average
of 30 miles per hour. Marsha’s office is in
an old town center with a mixture of uses.
This allows her to walk to a restaurant or
do her banking and other errands during
her lunch hour. On the way home, she
stops at the high school at 5:15 for the two
older sons. The younger son got a ride
home from junior high school.

On this same day, Tom also leaves
home at 7:15 a.m., drops their two older
sons at the high school 5 miles from
home, and arrives at his job at 8:40 a.m.
Tom’s travel diary shows a chain of trips at
midday, beginning at 12:15 p.m. and end-

ing at 1:30 p.m., presumably in associa-
tion with eating lunch and other errands.
While these trips were too short to esti-
mate distance or speed, we assume the
first one to be a cold-start trip. Tom leaves
work at 6:00 p.m. and arrives home at
approximately 6:45 p.m. At 7:00 p.m., the
family goes out for dinner to a restaurant
located 6 miles from their home, returning
at 8:30 p.m. This trip is registered in Tom’s
diary as a driver with passengers.

On this Tuesday, the Goodman family
generates ten vehicle trips, of which seven
are cold starts, and they log 106 “vehicle
miles traveled.” They generate 110 grams
of NOx, exceeding Atlanta’s regional
household average of 83 grams. Aside
from a couple of very short walks during
their lunch periods, none of Marsha or
Tom’s are on foot, and no walking trips
originated from home.

The Goodmans and their neighbors
are largely automobile dependent for trav-
el both to work and for other purposes. The
results are clearly seen in a quantitative
tally of their miles traveled and emissions.
They are just as clearly felt every day by
the Goodmans, as they struggle to balance
the demands of their jobs, schools, other
activities, and travel, constrained by both
time and community design.

choice, vehicle miles traveled (VMT), and vehicle hours traveled
(VHT). They concluded that the frequency of trips is influenced much
more by people’s socioeconomic status than by features of the built
environment. In contrast, the built environment is the most important
determinant of trip length, VMTs, and VHTs. Mode choice (the deci-
sion of whether to travel by car or by another means such as transit or
walking) is influenced by both socioeconomic status and the built envi-
ronment. 
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FIGURE 1-5 Average number of vehicle trips by household density,
Seattle area, 1994–1996

SOURCE: L. Frank, B. Stone, Jr, and W. Bachman, “Linking Land Use with Household Vehicle Emissions in
the Central Puget Sound: Methodological Framework and Findings,” Transportation Research Part D
2000;5(3):173-96.

Some transportation planners challenge the conclusion that den-
sity and land use mix predict automobile use. Indeed, not all empirical
studies have supported this association.25 Other factors, such as
income and household size, may play an important role in determin-
ing travel behavior, and many studies have failed to take these into
account.26 Some investigators point out that travel and activity choic-
es are made every day, while decisions about neighborhood, vehicle
ownership, and employment location are made on a time frame of
years, and values and circumstances change over an entire lifetime,
challenging any simple conclusions about the role of the built envi-
ronment in travel behavior.27 Other investigators argue that travel
behavior is motivated by personal preferences—that some people
drive because they just like to drive, irrespective of the kinds of neigh-
borhoods in which they reside.28 This implies that even if the built
environment is associated with travel behavior, the association may
not be causal. Instead, people who like to walk may selectively move
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to walkable neighborhoods, and people who like to drive may selec-
tively move to sprawling subdivisions. A person’s neighborhood would
therefore be a result of preferences instead of a determinant of behav-
ior.29

There is likely to be some truth to this view. It would not be sur-
prising if people who like to walk choose walkable neighborhoods, and
if couch potatoes choose automobile-oriented neighborhoods. Howev-
er, people are not always free to choose their preferred neighborhood
type. In many cities, housing in sprawling subdivisions is more plenti-
ful and affordable than in-town housing. Recent research suggests that
many people who live in sprawling suburbs would prefer more walk-
able communities. Surveys in Boston and Atlanta confirm that there is
indeed a latent demand for communities that permit less driving and
more walking,30 and national polling data, while revealing some mixed
views, generally confirm that Americans value walkable neighborhoods
with mixed uses and connectivity.31

For advocates and critics alike, the question is not limited to
whether urban form has an impact on travel behavior. What is the
magnitude of this impact? Which study methodologies are most valid
in characterizing the impact? What policy responses should follow?
Overall, available evidence supports the view that sprawl is associated
with more driving, less walking, and less transit use.

VARIETIES OF SPRAWL

There is no single arrangement called sprawl. Sprawl has different
meanings on different spatial scales. In Figure 1-1, the aerial view
emphasizes the geographic spread of the metropolitan area, the low
density of land use, and the long distances between things. In Figure 1-2,
a closer view of a residential development, the absence of mixed land
use, and the automobile-oriented street design stand out. At the larger
scale, our health concerns might focus on air pollution from heavy
reliance on motor vehicles, and on threats to waterways. At the smaller
scale, we might worry about the absence of walkable environments and
the risks of pedestrian fatalities. Similarly, if we were to swing our lens
from the neighborhood in Figure 1-2 to an inner-city neighborhood,
one suffering from abandonment and neglect, we would confront the
health consequences of poverty.
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Sprawl is not a single pattern; different places sprawl in different
ways. In fact, communities cannot be easily divided into those that
sprawl and those that do not (although at the extremes, it is easy to
recognize a sprawling area or a traditional town center). Communi-
ties vary along the spectrum of density, land use mix, and connectiv-
ity. The continuum formed by these factors has been called a tran-
sect by architect and planner Andres Duany (see Figure 1-6). The
left end of the transect is rural. The outer edge of the city (T3),
where density, land use mix, and connectivity are all low, would fit
anyone’s definition of sprawl. Most new suburban development in
the United States fits this model. Residential densities are kept low
through regulatory devices such as zoning and subdivision codes and
through the operation of market forces. Similarly, regulations and
private mechanisms keep distinct uses separated in newer develop-
ments. People reside in self-contained neighborhoods, work in office
parks and complexes, and shop in shopping districts, usually “big-
box” stores and large malls surrounded by vast parking lots. Finally,
road networks are built to funnel all traffic onto major arterials and
to keep it away from neighborhoods. High connectivity, therefore, is
engineered out of the equation. 

However, there is considerable variability in this pattern. In the
suburban zone of the continuum are communities that score higher on
one or more of the three variables. Three identifiable patterns are
exemplary: areas near suburban strip malls, old town centers, and
regional downtowns. 

FIGURE 1-6 The “transect”: A continuum from sprawl to compact 
neighborhoods.

SOURCE: Image courtesy of Duany Plater-Zyberk and Company (2003) Transect 03-03-03.
http://www.dpz.com/pdf/02-a-TRANSECT_03-03-03.pdf, accessed 01/20/2004.
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Locations with strip malls frequently differ from the “low density/
low land use mix/low connectivity” profile of typical suburban environ-
ments, due to nearby or even adjacent apartment housing. (Often, such
housing is for lower income groups.) This arrangement features mod-
erate density and a nominal mixture of uses, but connectivity is typical-
ly very poor. Walls are constructed between apartment buildings and
the rear of the malls, requiring long and circuitous journeys to travel
what would otherwise be a very short distance. Additionally, other fac-
tors make such places unappetizing for the pedestrian: strip malls are
always built on major arterial roads that contain few, if any, pedestrian
amenities such as sidewalks and well-designed crosswalks.

Similarly, because of the separation of multifamily from single-
family housing in the United States, in some cases residential enclaves
within a sea of sprawl can have relatively high residential densities. One
study in the Seattle area showed that 20 percent of suburban residents
lived in concentrated areas of apartments that were both relatively high
in population density and also relatively close to shopping and services.
Some sprawl is quite dense.32

Moving to the right across the continuum in Figure 1-6, we find the
general urban zone typical of older town centers. These centers, which
exist in smaller towns around the country, have good “bones”—
meaning the street system is often in a grid pattern—and thus score
high in terms of connectivity. In addition, these town centers also con-
tain a mixture of uses such as law offices and small shops arrayed around
a county courthouse with housing at the edge. Most often, however,
such town centers score low in terms of density. Most trips to and from
the town centers are made by automobile (although, at lunchtime, a
lawyer or pharmacist can walk from work to a nearby restaurant).

Regional downtowns come next on the continuum. Downtowns in
major cities almost always have good connectivity, very high density (at
least in terms of structural densities, i.e., the density of buildings), and a
rich mixture of uses. However, they almost always fail in one key respect:
they have little housing, which is the main factor that determines the
overall vitality of a city center. As Jane Jacobs pointed out in her classic
The Death and Life of Great American Cities, “eyes on the street” and peo-
ple out walking throughout the day and evening create a safe, inviting
community.33 Without residential use, many downtowns seem aban-
doned and ghostly after the working day. Some downtown areas, such as
parts of Manhattan, Boston, San Francisco, Seattle, and Portland have
resisted this trend and show signs of life in the evenings and on week-
ends. However, most downtown areas are working districts only and are
places that people reach by driving from homes many miles away.
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At the opposite end of the spectrum from sprawl are those commu-
nities with high density, a diverse mix of land uses in close proximity to
one another, highly connected street systems, and alternatives to auto-
mobile use. Unlike most downtowns, these areas include plenty of
housing, usually a mix of apartments, condominiums, and single-
family housing. Most often, these areas are older communities that were
built near the urban core perhaps a century ago, depending of course on
the history of the city’s growth. Because many types of destinations are
close together and connected by a gridlike street network, walking and
bicycling are practical alternatives to driving. Often, these areas are
characterized by dense sidewalk networks and plentiful, well-designed
crosswalks. Other amenities, such as parks and street-level retail stores,
add to the pedestrian-friendly nature of the district. Finally, transit serv-
ice is viable because there is a sufficiently high population density.

A simple yet roughly accurate rule is that older areas can be placed to
the right on Figure 1-6, while newer ones can be placed to the left. Older
neighborhoods tend to be located toward a region’s core, whereas newer
ones are most often built at the region’s periphery. Obviously, there is
some variation in this pattern; as regions expand outward from a city,
new development often engulfs older towns that had been built decades
beforehand as distinct outlying communities. In these cases, sprawl sur-
rounds pockets of high density, mixed land use, and connectivity. Yet the
typical core-periphery development trends can be observed on most
maps of metropolitan land use patterns. For instance, Figure 1-7 shows
the variation of household density across the Atlanta region, based on
2000 census data. Most outlying parts of the region are shown in the
lighter colors, indicating low density, while the darker shading, indicat-
ing higher density, tends to be located closer to the region’s center.
Pockets of high density outside the central city indicate older town cen-
ters that have been engulfed by the growth of the metropolitan area. 

Similarly, Figure 1-8 shows the distribution of employment density
(the number of jobs per unit of land area). Much of the commercial devel-
opment is concentrated in the region’s core, where it originated histori-
cally. However, there is a trend toward pockets of higher employment
density in outlying areas. These are almost always areas near intersec-
tions of the region’s major highways, indicating that some developers and
employers sought locations with less traffic congestion, lower develop-
ment and infrastructure costs, and shorter travel times. Ironically, these
major highway interchanges are now the most congested spots in many
metro areas. And the mismatch of residential locations and employment,
especially for poor and working-class people, remains a pressing concern
with important health and equity implications (see Chapter 10).
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FIGURE 1-7 Residential density in the Atlanta region in 2000, measured
in 700-foot grid cells, using census bureau and land use
data from the Atlanta Regional Commission

SOURCE: A. Carpenter, J. Chapman, and L. Frank, the Atlanta Based SMARTRAQ Program, 2004.

THE SUBJECTIVE EXPERIENCE OF SPRAWL

The emphasis on objective measures of sprawl, especially in the con-
text of research, should not eclipse the importance of subjective
responses to urban form. In fact, subjective responses arguably
launched the contemporary debate over sprawl in the first place. Writ-
ers such as Kunstler, who did not base his criticism on statistical analy-
sis, undoubtedly played a seminal role in placing the sprawl debate on
the nation’s agenda. For most people, moreover, objective indicators of
density and land use mix do not fully capture their sense of the term
sprawl. Some people have an emotional reaction to sprawl that cannot
be explained entirely by reference to density, land use mix, connectivi-
ty, or any other technically grounded factors. 
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FIGURE 1-8 Employment density in the Atlanta region in 2000, meas-
ured in 700-foot grid cells, using employment security data
and land use data from the Atlanta Regional Commission

SOURCE: A. Carpenter, J. Chapman, and L. Frank, the Atlanta Based SMARTRAQ Program, 2004.

These reactions may relate to the fact that the land use patterns
and transportation systems of sprawl are scaled to the automobile, and
not to the individual human being. Sprawl is designed and built to cen-
ter not on the human, but on the human being who is traveling in an
automobile. The primary design goal is to allow vehicular traffic to
move from point to point with a minimum of difficulty and a maximum
of speed. 

The “number of noticeable differences” theory of urban space,
proposed by architect Amos Rapoport,34 focuses on the speed of the
traveler and helps explain why subjective reactions to sprawl can be so
negative. Rapoport asserts that different environments serve the needs
and interests of people who move at different speeds through those
environments. According to this theory, people in motor vehicles can
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perceive fewer details in the environment, and people moving at slow-
er speeds, such as pedestrians and bicyclists, are able to process more
detail. Environments that place the automobile at the center, as sprawl
certainly does, are built with the perceptual abilities of the motorist in
mind. Streets and spaces that are scaled to the 40- or 50-mile-per-hour
car will have enormous buildings and signage, consistent with the
motorists’ ability to process detail at such speeds. In contrast, environ-
ments built first and foremost for the pedestrian, including towns and
cities predating the advent of the automobile, are far richer in building
and streetscape detail. A good shopping street offers much to notice
when walking at a regular pace, about 3 miles per hour. In contrast,
walking on suburban arterials is a highly monotonous experience
because there is less detail. Such practices as placing parking in the
front of development increases pedestrian travel distances between
commercial structures, but offers routes without the attractive, safe,
and ordered qualities that accommodate and attract pedestrians. As a
result, the pedestrian or bicyclist may find the street an unpleasant,
inhospitable, and even dangerous place (see Figure 1-9).    

FIGURE 1-9 A suburban streetscape scaled to the automobile. There is 
a sidewalk, but a pedestrian walking on it would find it a
jarring experience.

SOURCE: Tuscon, Arizona, image by Gordon Price.
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Ironically, while sprawling places may appear disordered to the
pedestrian, sprawl is a highly systematic form of development. Sprawl
represents a pattern that is enshrined in public policies, supported by
public subsidies, and structured by commercial practice. The history of
these policies is described in Chapter 2.

OVERVIEW OF THIS BOOK

This book is written for designers, planners, and architects who care
about the health implications of their work, but who have little or no
background in public health. It is also written for health care providers
and public health professionals who care about the effects of the built
environment on individual patients and entire populations, but who
have little or no background in design, planning, or architecture. And
it is also written for public officials, businesspeople, environmentalists,
and members of the public who understand, based on experience and
common sense rather than technical training, that the places we live,
work, and play have a great deal to do with the way we feel.

This chapter has defined sprawl and introduced concepts very
familiar to planners. Planners have probably skimmed up to this point,
while health professionals have probably read more closely. Chapter 2
reviews the history of sprawl and explains how and why American cities
have transformed so profoundly over the last century. Again, planners
will be familiar with much of this material, but it will be new to many
health professionals. 

Chapter 3 introduces the field of “urban health,” and places this
field in the context of larger public health trends since colonial times.
For health readers, the epidemiological transition and its urban mani-
festations will be familiar, while readers from planning and related
fields will find this material new. We propose that urban health—a field
that has until very recently focused on the diseases of poverty in the
inner city—needs to be broadened to consider health on a systems
basis, across the entire metropolis.

The next few chapters discuss specific health implications of
sprawl. Chapter 4 focuses on air pollution. As discussed earlier, peo-
ple in sprawling areas drive more miles per day,35 use less transit,36

and walk less37 than people in traditional communities, a travel pat-
tern that generates substantial quantities of air pollutants.38 Automo-
biles and trucks emit nitrogen oxides (NOx), volatile organic com-
pounds (VOCs), carbon monoxide (CO), particulate matter, and
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other toxic chemicals. Another pollutant—ozone—forms secondarily
from the interaction of NOx and hydrocarbons. In general terms, the
output of these pollutants is correlated with the amount of driving;
longer driving distances, a characteristic of sprawl, therefore create
more pollution.

Chapter 5 discusses the association between sprawl and physical
activity. Land use and transportation patterns influence physical activ-
ity patterns, which in turn contribute, over the long term, to an array
of health outcomes including body weight, chronic diseases, and mor-
tality. Most Americans are less physically active than public health
guidelines recommend. One solution is deliberate exercise such as
team sports or jogging. However, many people are unable or disin-
clined to start these activities, and even when people start exercising,
quit rates are high. Accordingly, public health recommendations have
focused on routine activities that can be incorporated into daily pat-
terns and sustained over time. Walking is a key form of such physical
activity.

Environments that are built for and scaled to walking therefore
represent an important venue for physical activity. People are more
willing to walk from place to place if the distance is short and the route
is safe and attractive. Sprawl inhibits walking trips because, with low
proximity and low connectivity, distances are long and walking routes
unavailable or unappealing. At a time when the nation faces epidemics
of inactivity, obesity, and related disorders such as diabetes, this is a
compelling public health issue. 

Chapter 6 discusses injuries related to the heavy dependence on
motor vehicles. The automobile is a relatively hazardous mode of trav-
el, and all things being equal, more hours as a driver or passenger
increase the risk of being involved in a collision, with the possibility of
injury or death. Pedestrian injuries and deaths are also a serious con-
cern in sprawling communities, where pedestrian infrastructure such as
sidewalks and crossings are often deficient. Ironically, the pedestrian
fatality rate is slowly declining nationally, probably because fewer and
fewer people are walking. If this is a public health victory, it is one we
purchase at the steep price of widespread physical inactivity. We need
community designs that seduce people into traveling on foot and by
bicycle, and controlling injury risks is essential to this goal. 

Americans take for granted an unlimited supply of clean water for
drinking and washing. However, as Chapter 7 discusses, sprawl threat-
ens both water quantity and water quality. An adequate water supply is
obviously a central part of well-being. And when water quality is
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threatened, serious health consequences may follow. This chapter dis-
cusses the ways in which sprawl can contribute to siltation, nonpoint
source water pollution, and microbial contamination, and thereby
threaten water quality.

Mental illness is one of the most common reasons for medical vis-
its. Some patients are formally diagnosed with conditions such as
depression and anxiety disorder, but many simply feel depressed, or
anxious, or distressed. We know very little about the ways in which the
built environment can contribute to these health burdens. However,
we do know that certain aspects of sprawl, such as driving, are sources
of psychological stress, and we do know that the responses can range
from angry behavior to physical illness. Chapter 8 reviews these mental
health issues.

There is also reason to suspect that the social costs of sprawl are
experienced not just on the individual level, as psychological distress,
but also on the community level, as a loss of social capital. Social capi-
tal refers to the forces that bind communities together—attitudes of
trust and reciprocity, and behaviors such as civic participation and
charitable giving. Several aspects of sprawl, from mathematical realities
such as long driving times to abstract concepts such as income inequal-
ity, may all contribute to the erosion of social capital. This is the sub-
ject of Chapter 9.

Political scientists, when confronted with public policy decisions,
famously ask whose ox is gored. Public health professionals think
along similar lines. Nearly every known health hazard, from pneu-
mococcal pneumonia to homicide, from osteoporosis to cancer, pre-
ferentially targets some groups more than others. People may be
vulnerable because of social circumstances, as when they are dispro-
portionately exposed to air pollutants or hazardous waste. People
may also be vulnerable because of biological factors. Children, for
example, consume more air and water in relation to their size, and
have immature biological defenses compared to adults, increasing the
risk of toxic exposures, while people with asthma are especially sensi-
tive to some air pollutants. Chapter 10 discusses the disparate impact
of sprawl on several “special populations,” including women, chil-
dren, the elderly, poor people and people of color, and people with
disabilities.

Finally, because the authors are optimists and are dedicated to the
design and construction of healthy places, Chapter 11 discusses a range
of solutions. Many of these solutions have been proposed, codified, and
implemented by advocates of “smart growth,” a paradigm originally
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oriented toward aesthetics, quality of life, and environmental sustain-
ability. These are of course deeply worthy goals, but we argue in Chap-
ter 11 that smart growth can also be considered a public health para-
digm. Mixed land use; a balance of density and preserved greenspace; a
balance of automobile transportation with walking, bicycling, and tran-
sit; the provision of attractive and functional public spaces; the min-
gling of different styles and price levels of housing—these and other
strategies offer the potential to increase physical activity, decrease air
pollution, protect source water, control injuries, and improve mental
health and social capital. 

A message that runs through this book becomes explicit in the final
chapter: we need to return to a tradition as old as Frederick Law Olm-
sted, and reunite the perspectives of urban planning and public health.
We are only now realizing that the ways we have built cities and sub-
urbs over the last half century has been extremely costly, not only in
economic and environmental terms, but also to human health and well-
being. Combining the expertise and vision of planners and designers
with the expertise and vision of health professionals, we can assure that
our children, and their children, will thrive in healthier, safer, and more
wholesome and beautiful places than those we know so well.
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THE ORIGINS
OF SPRAWL

People came together to form cities thousands of years ago, to enjoy
the benefits of company, commerce, and mutual defense. Nearly all
early cities were at the water’s edge, to permit transportation and trade.
Early cities were compact, to make them easier to defend and to keep
home, work, and other activities within walking distance of each other
and the waterfront. Even when overland transportation emerged, first
with horses and later with mechanized transportation, cities remained
compact. For example, in the rail cities of the early 1800s, homes and
businesses clustered around rail lines.

But over time, cities sprawled well beyond their original bound-
aries. This chapter traces the history of suburbanization, based on
historian Kenneth T. Jackson’s classic account, Crabgrass Frontier. By
the early nineteenth century, Jackson explains, cities shared five fea-
tures.1 First, they were densely settled and congested. Second, there
was a clear distinction between city and country. Third, there was a
mixture of functions, including homes, commerce, manufacturing,
recreation, and schools. Fourth, distances were short; people lived
close to where they worked, a necessity when commuting was on
foot. Fifth, the most fashionable and respectable addresses tended to
be located close to the center of town. In fact, members of the lower
classes tended to live at the edges, and sub-urb connoted moral infe-
riority, the lairs of prostitutes, ne’er-do-wells, and rascals. “Suburbs,
then,” according to Jackson, “were socially and economically inferior
to cities when wind, muscle, and water were the prime movers of civ-
ilization.”2

— 26 —

C H A P T E R  2

chapter 02  4/19/04  3:41 PM  Page 26



The Origins of Sprawl   ■ 27

There was an exception to this pattern: the country homes of the
wealthy. Even in the earliest cities, members of privileged classes
sought the fresher air of the nearby countryside, and built country
homes and retreats. This occurred in Babylon as early as 2300 BC, in
Italian city-states and in London by 1500, in Paris in the 1600s, and in
U.S. cities such as Boston and Philadelphia by the 1700s. However, this
did not develop into modern suburbanization—“a process involving
the systematic growth of fringe areas at a pace more rapid than that of
core cities, as a lifestyle involving a daily commute to jobs in the cen-
ter”3—until the earliest part of the nineteenth century, in both Great
Britain and the United States.

TRANSPORTATION

The nineteenth century saw a “transportation revolution” with the
introduction of successive technological innovations, including the
steam ferry, the omnibus, the commuter railroad, the horsecar, the ele-
vated railroad, and the cable car. It became practical for the first time
for large numbers of people to commute to a job in the city from a res-
idence well beyond walking distance. Perhaps the earliest commuter
suburb was Brooklyn Heights, a pleasant rural rise across the East
River from Manhattan. Regular steam ferry service between lower
Manhattan and Brooklyn began in 1814. Thanks to easy access, attrac-
tive surroundings, cheap land, and low taxes, Brooklyn grew at a faster
rate than New York for much of the nineteenth century, its population
doubling almost every decade until the Civil War. By the 1840s, Walt
Whitman, then a Brooklyn newspaperman, could describe a commut-
ing scene that seems strangely familiar nearly two centuries later: 

In the morning there is one incessant stream of people—
employed in New York on business—tending toward the ferry.
This rush commences soon after six o’clock. . . . It is highly edify-
ing to see the phrenzy exhibited by certain portions of the
younger gentlemen, a few rods from the landing, when the bell
strikes . . . they rush forward as if for dear life, and woe to the fat
woman or unwieldy person of any kind, who stands in their way.4

Some of the modern tension between central city and suburb was
also evident in the early days of Brooklyn’s development. One critic
noted that Brooklyn “sold nature wholesale” to developers, who then
sold lots retail to homeowners. Back in Manhattan, some New Yorkers
expressed concern over “the desertion of the city by its men of wealth.”5
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The steam ferry was followed by a number of other transportation
innovations. Omnibus service—horse-drawn coaches on regular routes
and schedules—began in New York in 1829, and appeared in Philadel-
phia, Boston, Baltimore, and other cities within the next decade or two,
typically with a charter granted by a city government to one or more
private companies. The disadvantages included very rough rides and
slow speeds. Steam railroads developed beginning in the 1830s, and by
the 1840s some were functioning as commuter lines. By 1849 there
were 59 commuter trains arriving daily in Boston. Horse railways arose
in the 1850s and 1860s as a more comfortable alternative to omnibus-
es. By the mid-1880s, 415 street railway companies operated nation-
wide over 6,000 miles of track and carried 188 million passengers per
year. These also became part of integrated transportation systems,
linking with omnibus, train, and ferry routes. Thus, as the nineteenth
century drew to a close, urban mass transit—including extensive links
to suburban locations—made commuting from outside the city a prac-
tical and attractive choice for increasing numbers of Americans.

Geographer Peter O. Muller has emphasized the importance of
transportation in defining urban form.6 He identifies four distinct eras
in American urban development, as shown in Figure 2-1. 

THE PULL OF THE SUBURBS

There were also deep-rooted cultural values, some rooted in European
thinking, that blossomed in the United States and encouraged the
growth of suburbs. These can be grouped into domesticity, privacy,
and isolation.

Family and home were central in several ways. First, religious
thinking highly valued the family. Second, between 1820 and 1850,
“work and men left the home” and the home came to be regarded as
the woman’s sphere, morally superior to the outside world. Third, an
increasingly industrial world raised grave concerns about the transi-
toriness and speed of everyday life, and domesticity came to be seen as
a counterweight. Finally, business leaders were eager for people to own
their own homes, to “chain” them to their mortgages. As the result of
these factors, says Jackson, “The single-family dwelling became the
paragon of middle-class housing, the most visible symbol of having
arrived at a fixed place in society, the goal to which every decent family
aspired.”7 Early postwar suburban developers, in such places as Levit-
town, would skillfully market these values.

chapter 02  4/19/04  3:41 PM  Page 28



The Origins of Sprawl   ■ 29

Walking horsecar Electric streetcar

Recreational auto Freeway

SOURCE: Adapted from P. O. Muller, "Transportation and Urban Form: Stages in the Spatial Evolution of
the American Metropolis" in S. Hanson, Ed., The Geography of Urban Transportation (New York: Guildford
Press, 1995).

There were also traditional values concerning land. Land owner-
ship had for centuries been an important marker of wealth and social
position. Moreover, a love of land, and antipathy toward cities, had
been a tradition, especially in England. Against this backdrop, the role
of land in daily life changed during the nineteenth century. With the
growth of commercial agriculture, Americans no longer needed to
grow garden products for food. This contributed to a less utilitarian
view of land, and the lawn came to be viewed as a picturesque setting
for the family home. At the same time, an idealized view of nature
arose during the nineteenth century, replacing some earlier concep-
tions of a hostile, dangerous natural world. The New England tran-
scendentalists, painters of the Hudson River School, and writers such
as Washington Irving and James Fenimore Cooper, promoted this
newer view. 

FIGURE 2-1 The development of urban form in relation to transportation
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The romance with land and nature soon influenced popular cul-
ture. Catharine Beecher (1800–1878) wrote influential books and arti-
cles on housekeeping and “domestic economy” that promoted the
detached, semirural cottage as the ideal family setting. Andrew Jackson
Downing (1815–1852), a nurseryman, horticulturist, architectural crit-
ic, essayist, and park advocate, opposed rows of houses and champi-
oned country homes. Downing defined a bucolic lifestyle for America,
and called for the use of natural landscape features, curvilinear streets,
and larger lots. Calvert Vaux (1824–1895), an Englishman, came to
Newburgh, New York, in 1850 to work with Downing as a landscape
architect. Vaux also advocated country homes with landscaped yards,
and was to go on to collaborate with Frederick Law Olmsted
(1822–1903) in Central Park and other major projects.

These developments resonated with American homeowners.
There had always been a strain of anti-urban thinking in the United
States, initially and for many years a nation of farmers. “I view cities,”
Thomas Jefferson famously wrote in 1800, “as pestilential to the
morals, the health, and the liberties of man.”8 Cities were increasingly
unpleasant places to live, viewed as unwholesome hotbeds of disease,
noise, air pollution, crime, and the “foreign born,” to which suburban
homes could offer a solution. “The atmosphere at WARWICK VILLA
is delightful, cool, bracing and envigorating [sic],” claimed an 1873
newspaper ad for a Louisville suburban development, “NO MALAR-
IA, coal soot, smoke, dust or factories.”9

As the nineteenth century unfolded, these values transformed the
view of the city, and established a place in the popular mind for the
suburbs. “By romanticizing the benefits of private space and by com-
bining the imagery of the New England village with the notion of
Thomas Jefferson’s gentleman farmer,” according to Jackson, “individ-
uals like Catharine Beecher, Andrew Jackson Downing, and Calvert
Vaux created a new image of the city as an urban-rural continuum and
spawned a remarkable generation of landscape architects . . . who pro-
posed fundamental changes in the form of the metropolis. By the 1870s
the word suburb no longer implied inferiority or derision.”10

Suburbs Romantic and Practical
The grid was a popular configuration for cities and towns in the early
eighteenth and nineteenth centuries. It seemed efficient and orderly, it
packed a lot into the available space, it was scaled to pedestrians, and it
facilitated development. But during the nineteenth century, criticism
arose. The grid came to be associated with tenements and congestion,
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disconnected from the increasingly valued landscape. One solution,
espoused by the City Beautiful Movement, was broad avenues. Anoth-
er, which arose in the early planned suburban communities, was the
winding street. In the decade before the Civil War, New York drug
merchant Llewellyn S. Haskell decided to build these principles into a
new suburban development, Llewellyn Park, in West Orange, New
Jersey. Haskell hired Alexander Jackson Davis (1803–1892), a protégé
of Andrew Jackson Downing, to design and build the project.
Llewellyn Park was built as a commuter community, with lots that
averaged 3 acres, curvilinear streets, an open space at the center (the
Ramble), a ban on industry, and no fences. Frederick Law Olmsted,
also a protégé of Andrew Jackson Downing, pursued this vision with
great intensity, becoming the most prominent landscape architect and
planner in the post–Civil War generation. Olmsted designed numer-
ous suburbs, including Riverside (Chicago), Brookline and Chestnut
Hill (Boston), Sudbrook and Roland Park (Baltimore), and Yonkers
and Tarrytown Heights (New York). He also utilized curved roads,
large lots, and extensive tree plantings. As part of his Riverside plan, he
conceived of a dedicated turnpike into Chicago. Although it was never
completed, this combination of suburban land use and automobile-
friendly transportation planning was prophetic.

New concepts of suburban design merged with business initiatives
during the nineteenth century, giving rise to many planned suburban
developments. Some failed, such as Garden City, Long Island, demon-
strating that not all patterns of development were commercially viable.
(Garden City’s developers rented rather than sold lots, and made no
provision for amenities such as schools and churches.) Others, such as
Mount Vernon, New York, succeeded but evolved away from their
planners’ visions. (Mount Vernon was initially a working-class commu-
nity, a project of the Industrial Home Owners Society Number One,
but original owners later sold their homes to more affluent new
arrivals.) Still others, such as Vineland, New Jersey, flourished. 

A special kind of suburban development in the years after the Civil
War was the railroad suburb. Commuter rail service expanded greatly
between 1865 and 1900 in cities such as Chicago, Philadelphia, New
York, and Boston. Railroad suburbs reached their apex around 1920, but
some, including such American fixtures as Philadelphia’s Main Line, are
still thriving. The early railroad suburbs were socioeconomically diverse,
and included housing for poor and working-class people either in ser-
vant’s quarters or in modest dwellings around the railroad station. Over
time, a continuing challenge was the cost of railroad commuting, which
remained somewhat out of reach for poor and working-class families.
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FIGURE 2-2 Early electric trolleys in Denver, 1863

SOURCE: Photo by Louis Charles McClure, courtesy of the Denver Public Library.

Some of the advantages offered by commuter railroads were
extended by trolley car systems. By the 1880s, alternatives to the slow
and messy horsecar were being sought. Cable cars were installed in
some larger cities in the last two decades of the nineteenth century, but
these were expensive, inefficient, and prone to disconnect from their
cables. Electric streetcars, or trolleys, appeared at about the same time
(Figure 2-2). These were relatively fast, less expensive to build, and less
expensive to operate, so lower fares were possible. Richmond, Virginia,
installed the first successful trolley line in 1887, and other cities quick-
ly followed suit. By 1903 there were 30,000 miles of street railways in
the United States, almost all of it electrified. Trolleys, together with
contemporary technological advances such as elevators and skyscrap-
ers, were a major contributor to the phenomenal growth of cities from
1890 to 1950. Large numbers of workers could now converge on cen-
tral locations. This, in turn, increased the value of urban real estate, an
indirect spur to suburban growth.
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Trolleys also played a major role in opening up new urban corri-
dors to development. Streetcar companies extended their lines beyond
the city into open country, actively facilitating outward movement. In
some cases, they built recreational destinations at the ends of the lines,
such as Coney Island. More important, streetcar owners forged
alliances with real estate developers, promoting large residential devel-
opments along streetcar lines, in Oakland, Los Angeles, Washington,
and other cities. To assure the success of these ventures, streetcar fares
were kept low, typically five cents. Indeed, the presence of trolley lines
emerged as a major predictor of growth in a suburban location. “The
electric streetcar was vital,” writes Jackson, “in opening up the suburbs
for the common man.”11

Together, communities from Oakland to Riverside, from Brook-
line to the Main Line, established that there was a viable third way
between dense urban dwelling and rural life. By the 1870s, a suburban
home was a fashionable and increasingly popular alternative. And by
the turn of the century, suburbs were a significant part of the American
housing scene.

Houses in the Suburbs
Residential suburbs could not have developed without plentiful,
affordable houses. In the years following the Civil War, several major
factors greatly expanded the availability of affordable housing. One
was inexpensive construction methods. The balloon-frame house,
developed in the 1830s, was built of a small number of standardized
parts and required relatively little labor and craftsmanship to con-
struct. The resulting house was both strong and affordable. A second
factor was cheap land. Land in the United States was relatively plenti-
ful and therefore inexpensive, especially during the three decades of
agricultural depression that followed the Civil War. A third factor was
favorable tax policies. The pattern was established early of building
infrastructure such as roads and sewers at public expense—and, in the
case of outlying areas, of taxing the entire city to pay for these. And
with mortgage interest deductible from taxes, people found a power-
ful incentive for home ownership. Finally, the rapid expansion of pub-
lic utilities supported the proliferation of new homes.12 And as immi-
grants increasingly arrived in the late nineteenth and early twentieth
centuries, willing to make major sacrifices to achieve home owner-
ship, the availability of affordable homes was a significant draw to the
suburbs.
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Suburban houses were not just built when new residents appeared,
money in hand. Instead, land speculators and private developers drove
much of the design and construction. Developers purchased large
parcels; created subdivisions; and arranged public transportation, road
construction, sewer and water service; and other infrastructure—often
at public expense. These were deliberate and large-scale efforts. “The
theory that early suburbs just grew, with owners turning cowpaths and
natural avenues of traffic into streets, is erroneous.”13

EXPANDING CITIES: 
FROM GROWTH TO NO GROWTH

During the period of rapid urban growth in the nineteenth century,
cities typically grew in size as they grew in population. There were two
methods available—annexation and consolidation. In annexation, a city
added unincorporated land to its area; in consolidation, one municipal
government absorbed another, usually adjacent, municipal govern-
ment. The city of Philadelphia consolidated with the county in 1854,
expanding its area from 2 square miles to 130 square miles. Major
waves of annexation and consolidation occurred in St. Louis in 1856
and 1970, in Chicago in 1889, in New York in 1898 (when Brooklyn,
the nation’s fourth largest city, and Queens joined Manhattan), and in
Detroit between 1880 and 1918. 

There were several reasons for annexation. One was urban pride
and boosterism. Another was the notion, championed by the business
community, that large would be more efficient than small. In some
cases the city government, or particular constituencies, wanted to
extend greater control over outlying areas. And less affluent suburban
areas needed access to the infrastructure of the city—the sewers, the
schools, the water, the police force—that might have been prohibitive-
ly expensive for them.

As the years passed, suburbs developed their own identities, and by
the twentieth century, voters were rejecting annexation. Racial, ethnic,
and class distinctions increasingly set the suburbs apart from the city.
Emerging laws allowed suburbs to maintain these distinctions; it
became easy for suburban towns to incorporate, but difficult for cities
to accomplish annexation. Accordingly, wealthier suburbs were more
likely to remain independent than were poorer ones. At the same time,
suburban services improved. This was achieved in part through the use
of special service districts such as the Massachusetts District Commis-
sion (providing sewage treatment in 1889, parks in 1893, and water in
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1895). As a result, annexation has become less and less common in the
growth of cities. Instead, cities are bordered by a patchwork of inde-
pendent suburban jurisdictions. This poses a dilemma for the gover-
nance of metropolitan areas, as they confront issues that are regional in
scale and require coordinated action.

THE AUTOMOBILE AGE

Forerunners of the automobile appeared as early as the 1860s in both
Europe and the United States, and automobile technology advanced rap-
idly in the last years of the nineteenth century. But affordable cars, espe-
cially the Model T Ford, were not mass-produced until the first two
decades of the twentieth century. For several reasons, Americans were ini-
tially slow to adopt cars. Laws restricted the use of cars. Roads were poor-
ly surfaced. Early automobiles were technically unreliable and physically
uncomfortable. Finally, the absence of road signs made it difficult to navi-
gate. But the automobile culture developed rapidly, and by the mid-1920s,
automobile ownership was an essential part of normal, middle-class life.14

Numerous interests promoted the growth of automobiles. Road
building became a publicly financed enterprise instead of, say, depen-
dent on user fees—a major policy decision that greatly subsidized and
encouraged driving. By the 1920s, a coalition of special interests
including tire, oil, automobile, and road-building interests and land
developers had formed and was pushing more road construction. In
time, the very concept of the road changed, from an open, public space
to an artery for motor vehicles.15 Limited access expressways first
appeared on a large scale between 1906 and 1911 with the construction
of the Long Island Motor Parkway, and by the 1920s a large number
had been built across the country.

Even as public investment flowed to road construction, mass trans-
portation continued to be viewed as a private initiative that needed to be
self-supporting (assumptions that survive and operate even today).
Faced with the competition of automobiles, streetcar companies had
three options: increase ridership (they tried), seek public subsidies (they
were unsuccessful), and raise fares (which cities did not permit). More-
over, between 1926 and 1956, General Motors systematically bought and
dismantled streetcar lines across the country, substituting buses.16 The
nation’s trolley system crumbled. The number of trolley cars peaked in
1917, ridership peaked in 1923, and both declined precipitously in the
1930s. By 1985 trolleys continued to run on only a few lines in Philadel-
phia, Boston, New Orleans, San Francisco, Pittsburgh, and Newark.
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Automobiles continued to assert a role in every aspect of middle-
class life—making a living, making a home, raising the young, leisure,
religion, and community activities. In rural areas, the impact was con-
siderable. Farm life became much more convenient, even as mecha-
nization greatly decreased the labor requirement; the farm population
declined from 32 percent in 1900 to 23 percent in 1940 to 3 percent in
1980. In urban areas, cars gave rise to a downtown business boom, as
mobility increased, but by the 1920s the apparent boon was yielding to
the difficulty of driving and parking in downtown areas. The major
benefit was to suburban areas. Undeveloped land on metropolitan
fringes became prime real estate, and enormous development occurred
during the 1920s. From 1920 to 1930 the suburbs of the largest ninety-
six cities grew twice as fast as the core cities.17 And by 1933, the Presi-
dent’s Research Committee on Social Trends noted that “impercepti-
bly, car ownership has created an ‘automobile psychology.’ The
automobile has become a dominant influence in the life of the individ-
ual and he, in a real sense, has become dependent upon it.”18

Automobile-oriented destinations began to appear. Kansas City’s
Country Club Plaza, built in 1922 by developer J. J. Nickol, was the first
regional shopping mall, and the surrounding district quickly became a
prototype car-based planned suburb. It embodied three design precepts:
no right angles or gridiron streets, no wanton destruction of trees, and
attention to natural land contours. And as automobile suburbs developed
from the 1920s on, they differed from previous suburbs in four respects.
First, the overall pattern of settlement was dispersed, since proximity to
trolley lines no longer defined corridors of development extending like
fingers from the central city. Second, commuting patterns changed, as
employment in the suburbs grew. Not all suburban residents now com-
muted radially, from suburb to central city; some could work locally, or
commute circumferentially to other suburban locations. Third, there was
a dispersion of employment, with trucks moving raw materials and fin-
ished products throughout the metropolitan region. Finally, new forms
of low-density residential architecture emerged, with simpler, less expen-
sive houses built on larger lots, forming a less dense pattern of land use.

ZONING

Chapter 1 identified three defining features of sprawl as low density,
low land use mix, and low connectivity. If automobiles made low densi-
ty possible, then zoning laws enshrined the separation of different land
uses that typifies many metropolitan areas. 
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Zoning has been defined as “the practice of allocating different
areas of cities for different uses, much as rooms in a house serve differ-
ent functions.”19 Zoning regulations first appeared in Germany and
California in the late nineteenth century, in Germany to keep abattoirs
out of residential areas, and in California as a discriminatory tool to
restrict Chinese laundries from certain neighborhoods. Between 1909
and 1915, Los Angeles implemented zoning regulations to separate
industrial and residential areas, and in 1916, New York City adopted a
zoning code that defined commercial, retail, and residential districts of
the city. Proponents claimed that zoning would reduce fluctuations in
real estate values, safeguard the interest of property owners, and create
a more orderly and organized city. In particular, separating residential
districts from noxious industrial uses was seen as an important public
health strategy.

Property owners, on the other hand, challenged zoning laws as
unfair restrictions on property rights. The final legal decision came
in the landmark 1926 Supreme Court case of Village of Euclid v.
Ambler Realty Company. Euclid, a lakeside farming community of
2,000 outside Cleveland, had adopted its first-ever zoning code in
1922. The village was divided into six use districts: single-family,
two-family, apartment house, retail-wholesale stores, commercial,
and industrial. The residential district included nearly half of a 68-
acre parcel along Euclid Avenue owned by the Ambler Realty Com-
pany, a Cleveland firm that had planned to sell the land for industrial
use. Ambler challenged the zoning code, and the case made its way to
the Supreme Court. In an influential amicus brief, Cincinnati lawyer
and planning pioneer Alfred Bettman justified zoning as a legitimate
and effective way to control nuisances and to protect public health,
morals, and general welfare. The Court agreed and validated the con-
cept of zoning.20

Over the last eighty years zoning has become a standard tool in
town and city planning. Its record of accomplishment is mixed. On
the positive side, zoning has helped establish that private property
rights must sometimes yield to the public interest and has kept some
incompatible uses separated. However, many argue that zoning has
not produced the high-quality living and working environments that
early proponents promised. The separation of different land uses
went far beyond separating abattoirs from homes; zoning came to be
used to separate uses that were neither inconsistent nor noxious,
such as retail stores from homes. Suburban communities have mis-
used zoning to exclude low-income and minority families, most
effectively by limiting multifamily and other affordable forms of
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housing, creating one of the principal legal devices for segregation
by income, race, and ethnicity. Suburban policies have concentrated
undesirable uses in central cities. And zoning, as a local process, is
unable to address regional problems, unlike broader growth man-
agement strategies.21

Today, we are left with a legacy of rigid separation of different land
uses. Even within categories, such as residential, different subcate-
gories are separated; in many areas, zoning codes prohibit multifamily
housing in single-family districts. Such practices lead to residential
segregation by social class (see Chapter 10) and raise disturbing ques-
tions of social equity. They also thwart elderly people who want to
downsize while remaining in their neighborhoods. In addition, the
practical effect is to create the long distances between different uses
that are a fundamental characteristic of sprawl. Low-income workers,
for example, are systematically distanced from their workplaces,
requiring long commutes. These long distances, in turn, contribute to
a heavy reliance on automobile travel. 

FEDERAL HOUSING POLICY
AND SUBURBAN GROWTH

Government housing and lending policies during and after the Great
Depression greatly encouraged suburbanization. Prior to the 1930s,
housing was generally not regarded as a government responsibility.
However, the Great Depression inflicted crippling blows on the con-
struction industry and on homeowners, so the federal government took
action. The Hoover administration supported four initiatives: long-
term amortized mortgages, low interest rates, government aid to pri-
vate efforts to house low-income families, and reduction of home con-
struction costs. Legislation to implement these goals, however, was
generally ineffective.

The Home Owners Loan Corporation, formed in 1933 to refi-
nance foreclosed mortgages, signaled the entry of the federal govern-
ment into mortgage lending. A year later, the National Housing Act
created the Federal Housing Administration (FHA), which insured
long-term residential mortgages made by private lenders. This permit-
ted lower down payments than had ever existed and extended the
repayment period from five or ten years to as long as thirty years. The
long-term, self-amortizing mortgage became a path to home owner-
ship for millions of Americans. 
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The FHA also established minimum standards for home construc-
tion, verified by on-site inspections, and standardized appraisal prac-
tices. It went farther, devising a system for rating neighborhoods for
loan-worthiness. FHA policies hastened the decay of older urban
neighborhoods in at least three ways. First, the FHA favored construc-
tion of single-family dwellings over multifamily projects. Second,
repair loans were kept small and of short duration, discouraging
improvement and maintenance of older, urban properties. And third,
the FHA appraisal scheme undervalued older properties, introducing
bias in favor of suburbs. One part of the appraisal scheme was explicit
“ideal home” provisions regarding such attributes as lot size and set-
back from the street. In practice, racially mixed and minority neighbor-
hoods were also devalued, the forerunner of modern loan and insur-
ance discrimination against certain neighborhoods known as
“redlining.”22 And as private lenders adopted FHA policies, the influ-
ence of these policies went far beyond government lending. By 1966,
when a major policy shift finally made mortgages available to inner
cities, urban flight was well under way, and the policy only made it eas-
ier for White families to flee the cities.

URBAN SPRAWL IN THE POSTWAR YEARS

As soldiers returned home from World War II, the nation faced an
acute housing shortage in the face of enormous pent-up demand (Fig-
ure 2-3). Vigorous federal responses, including the Veterans Adminis-
tration mortgage program and increased mortgage insurance for the
FHA, helped fuel an unprecedented building boom in the postwar
years. An innovative approach to homebuilding—large-scale standard-
ized developments such as Levittown—first appeared at this time.
These postwar suburban developments were located at the periphery
of the cities, had relatively low density, were architecturally monoto-
nous (both within developments and across the nation), and were eco-
nomically and racially homogeneous (Figure 2-4). They offered the
promise of readily available housing, within reach of working- and
middle-class families. Along with this form of suburban development
arose zoning restrictions, which protected residential interests in the
suburbs and commercial interests in the cities. 

As suburban development rapidly accelerated, and large distances
needed to be traversed, the nation’s automobile infrastructure devel-
oped rapidly. Beginning in 1943, the American Road Builders Associa-
tion lobbied strongly for the creation of an interstate highway system.
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FIGURE 2-3 Postwar dreams of suburban living

SOURCE: Image courtesy of the America Historical Association.

This coalition included oil, rubber, asphalt, and construction indus-
tries; car dealers and renters; trucking and bus concerns; banks; and
labor unions. The Interstate Highway Act, passed in 1956, provided
for a 41,000-mile highway system. Construction was funded from a
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uniquely inflexible source: nondivertible highway revenues from gaso-
line taxes. According to Jackson, this funding arrangement left the
United States with “the world’s best road system and very nearly its
worst public-transit offerings.”23 An entire culture grew up around the
automobile, with a panoply of icons: garages, motels, drive-in movies,
service stations, shopping centers, house trailers and mobile homes,
and fast-food franchises. The very form of cities began to change. Fac-
tories and offices were dispersed from traditional urban centers, and
the “centerless city” appeared. 

Numerous authors lamented the result. As early as 1964, Lewis
Mumford wrote that when the American people voted for the Inter-
state Highway Act, “the most charitable thing to assume about this
action is that they hadn’t the faintest notion of what they were doing.”
Mumford lamented the “religion of the motorcar,” and predicted that
the exclusive dependence on cars, at the expense of other modes of
transportation, would create both inefficient transportation and cultural

FIGURE 2-4 Post-World War II suburban development: Levittown, Long
Island, New York

SOURCE: Photo courtesy of Corbis.com.
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decline.24 And twenty years later, Kenneth Jackson seemed to give
voice to Mumford’s prediction: “Garish signs, large parking lots, one-
way streets, drive-in windows, and throw-away fast-food buildings—all
associated with the world of suburbia—have replaced the slower-
paced, neighborhood-oriented institutions of an earlier generation.”25

CONCLUSION

Sprawl, as we know it today, appears deceptively chaotic. In fact, it is a
highly ordered and predictable form of development. An edifice of
public and private instruments erected over the past three-quarters of a
century reinforces and extends sprawl. In addition to the zoning codes
discussed earlier, subdivision regulations, development financing, and
housing lending policies, to name just a few such instruments, con-
verge to the same end. Private sector practices such as the financing of
commercial and residential development also contribute to the ordered
replication of sprawl.

Financial institutions that lend money for development, for
instance, readily lend to developers and builders of conventional
sprawl, while making it very difficult for neotraditional and other alter-
native developers to borrow money. Banks maintain separate depart-
ments that correspond to different land uses; the department that
finances residential construction does not lend for new retail develop-
ments and vice versa. As a result, no single department within a bank
has the authority to make decisions about the viability of the projects
that mix different uses. Departmental officials often lack the tools to
evaluate the financial viability of mixed-use projects, and they do not
possess the conceptual vision needed to understand how a mixed-use
project would be profitable. Moreover, real estate financing is system-
atically biased against the kinds of long-term investments that add
character to a community and that could help alleviate the worst
excesses of sprawl. 

The replication of sprawl through development financing is,
unfortunately, even more ingrained than this one example suggests.
Chris Leinberger, a commercial real estate expert, asserts that real
estate financing decisions are based upon a very short time horizon,
perhaps five to seven years, during which all real estate investments are
expected to generate the full return on the initial investment.26 As a
result, only those developments that skimp on materials and architec-
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tural content (think of the quality of design of chain development) will
be financed. Because investors refuse to value anything beyond five or
seven years, developers cannot obtain financing for structures that are
built to hold their value over time. Unfortunately, developments that
will add value to a community over time require a good deal of initial
investment; good architecture does not come cheap, nor do all of the
amenities that people value such as sidewalks, plazas, public art, attrac-
tive plantings, and so on. 

What does the future hold in store? Nearly twenty years ago, Jack-
son completed his history of the suburbs by describing a long-term
cycle of urban land use, from initial development to abandonment to
redevelopment. He predicted that suburbanization would eventually
slow, driven by increasingly scarce and expensive fossil fuel, rising land
costs, the cost of money, static building technology, new federal efforts
to spur redevelopment and renovation, and the changing structure of
the family. While some of these changes have begun to appear, espe-
cially with the redevelopment of numerous urban “brownfields” and
failing residential areas, others of Jackson’s predictions, such as the
increase in gasoline prices, have not materialized. We can be sure that
the population pressure of a growing country, predicted to reach near-
ly 600 million by the year 2100, will create stiff demand for further
housing. However, some of the negative consequences of sprawl, such
as congestion and the health burden discussed in this book, are already
pressing issues for those who live in the suburbs. As the demand for liv-
able alternatives rises, the history of sprawl will undoubtedly come to
feature other forms of development. 
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THE EVOLUTION OF
URBAN HEALTH

The urban environment fostered the spread of diseases with crowded,
dark, unventilated housing; unpaved streets mired in horse manure
and littered with refuse; inadequate or nonexisting water supplies;
privy vaults unemptied from one year to the next; stagnant pools of
water; ill-functioning open sewers; stench beyond the twentieth-
century imagination; and noises from clacking horse hooves, wooden
wagon wheels, street railways, and unmuffled industrial machinery.1

—J. W. Leavitt, 
The Healthiest City: Milwaukee 

and the Politics of Health Reform, 1982

Two hundred years ago, as the nineteenth century dawned, it must
have seemed dangerous to live in one of America’s major cities. The
60,000 people in New York, or the 40,000 in Philadelphia, or the
25,000 in Boston might have been proud of the emerging culture and
commerce in their cities. But out their front doors and down their
streets, they saw (and smelled) sordid, unhealthy places. Many might
have quietly agreed with Thomas Jefferson’s famous verdict that cities
were “pestilential to the morals, the health, and the liberties of man.”2

With yellow fever ravaging American cities at the time, Jefferson’s
opinion certainly had some basis. In fact, while acknowledging the yel-
low fever epidemics as “great evils,” Jefferson thought that they might
have a salutary effect: “yellow fever will discourage the growth of great
cities in our nation.” Not to be outdone, the great colonial physician
Benjamin Rush wrote Jefferson that he considered cities “in the same
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light that I do abscesses on the human body, viz., as reservoirs of all the
impurities of a community.”3

Just as the evolution of public health has been described as an “epi-
demiologic transition,” the environmental health of cities—in fact, the
very meaning of “urban health”—also evolved through history. Accord-
ing to the epidemiologic transition framework, countries pass through
three stages of demographic and health changes as they develop. The
Age of Pestilence and Famine lasted for most of human history; although
birth rates were high, death rates were also high—at times extremely
high—due to epidemics, famines, and war. Most people died of infec-
tious diseases. The Age of Receding Pandemics came next, beginning in
the mid-nineteenth century (in Europe and North America). Death rates
fell as a result of better sanitation, nutrition, and medical advances, so
population grew rapidly. Finally, during the Age of Degenerative and
Man-Made Diseases, birthrates fell to about the same level as death rates,
population stabilized, and cancer and cardiovascular diseases emerged as
major causes of death.4 Recent writers have suggested additional stages,
such as the Age of Delayed Degenerative Diseases, to account for unex-
pected modern developments such as long-term disability.5

In the same way, health in the urban context has evolved through
what we might call the “urban epidemiologic transition.” Infectious
diseases dominated the health profile of early cities, which did without
clean water, sewage treatment, and trash collection. Sanitary improve-
ments during the nineteenth century controlled many of these threats,
but at the same time, industrialization introduced the threats of pollu-
tion. And as urban populations grew in waves during the nineteenth
and twentieth centuries, sometimes at a dizzying pace, cities became
foci of concentrated poverty, social dislocation, and crime. 

None of these problems has disappeared, although all have been
tamed to some extent. Infectious diseases continue to spread in cities,
as the HIV epidemic and recent outbreaks of SARS illustrate. Industri-
al pollution continues to challenge some cities, although at levels well
below those of fifty or a hundred years ago. And the problems of pover-
ty and social dislocation continue to plague the poor parts of every city.
In the rapidly growing cities of the poor nations of the world, of
course, each of these problems persists, often in tragic proportions.

This chapter traces the history of urban environmental health
problems from the early days of American cities to the present. It is a
history that unfolded against a backdrop of profound physical and
demographic changes in cities. And it is a history that set the stage for
a new set of urban health concerns, growing out of the land use and
transportation patterns known as sprawl. 
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URBAN PESTILENCE AND FILTH

As Europeans began to settle North America, health was one of the
great attractions. The New World had bracing fresh air, plenty of open
land, pure water, and a merciful lack of disease—all a sharp contrast
with the crowded, pestilential cities of Europe. In 1630 John Winthrop
extolled New England with these words: “Here is sweet aire faire rivers
and plenty of springes and the water better than in Eng[land] here can
be noe want of any thinge to those who bring meane[s] to raise out of
the earth and sea.”6 A visitor to New York in 1670 wrote of the ideal
climate, the seasonable showers, “a sweet and pleasant air, and . . . such
Influences as tend to the Health both of Man and Beast.”7

But as early settlements grew into established towns, the health
consequences of more concentrated and varied human activity became
clear. “Compared to modern cities,” notes historian John Duffy, “colo-
nial towns were odorous and lacked effective water, sewer and street-
cleaning systems.”8 All residents of cities confronted these problems,
but for the poor, the lack of sanitation could be far more awful. Most
early-nineteenth-century urban residents, writes historian Charles
Rosenberg, “lived in tiny unventilated apartments, often with whole
families—and perhaps a few boarders—occupying the same room, a
condition deplored by physicians and moralists alike. The most miser-
able and degraded lived in unfinished cellars, their walls a mat of slime,
sewage, and moisture after every rain. Houses adjoined stables, abat-
toirs, and soap factories; their front yards were the meeting place of
dogs, swine, chickens, and horses.”9

Beginning in the late eighteenth century, and continuing through
the Civil War, the growth of cities far outpaced their ability to manage
sanitary problems. These problems fell into several categories:
garbage, commercial activity, sewage, water, air, and housing.

Garbage (including dead animals and manure)
In colonial towns and cities, horses provided the transportation, and
cows, pigs, sheep, and goats provided food. Stables, dairies, and
pigsties were located throughout business and residential areas. Dogs
and cats ran wild. When alive, all these animals deposited vast quanti-
ties of manure—an average of 22 pounds per horse per day, or (assum-
ing one horse for every ten or twenty people in the city) 1 or 2 pounds
of horse manure per person.10 When they died, there were carcasses to

chapter 03  4/19/04  3:18 PM  Page 46



The Evolution of Urban Health   ■ 47

contend with, on the streets and in vacant lots. In addition to the
manure and dead animals, there was refuse from households and from
a wide range of businesses, from butchers to tanneries.11

Both humans and animals were recruited in early efforts to collect
and remove trash. As early as 1666, Boston appointed a scavenger to
impound stray cows and horses, and to remove dead animals and other
carrion from the streets.12 New York followed in 1695,13 and by the
eighteenth century all major towns had such an official. Citizens were
required to sweep up the streets in front of their homes and place the
contents in the scavengers’ carts. However, whether because of graft,
inadequate funding, or inefficiency, the scavengers often did not arrive.
New Yorkers came to call the decomposing piles of filth in their streets
“corporation pie” as an ironic tribute to the city government.14 Some
cities had to supplement ineffective, public trash collection arrange-
ments with requirements for private action. In Washington, for exam-
ple, two 1809 ordinances addressed what must have been current prac-
tices. One forbade citizens from cleaning fish in the streets, and the
second required owners to remove the carcasses of their dead animals
from streets and public places within twenty-four hours.15 When trash
was picked up, either by scavengers or by responsible citizens, it often
made it no farther than vacant lots and nearby waterways. 

Hogs were an important adjunct to human efforts at trash collec-
tion. Running wild in the streets, they performed “Herculean service”
in eating trash (in the words of Frances Trollope).16 Packs of dogs, goats,
and geese also helped. Charleston even passed a law protecting turkey
buzzards, which swooped in obligingly to eat carrion from the streets.17

But these efforts did not keep the cities clean. The Pittsburgh
Gazette sarcastically editorialized in 1800: “some folks have no objec-
tion to the smell of warm tripe and garbage, to wading through puddles
of green stagnant water, or to skating over dabs of ordure. What if a few
citizens should be carried off by fluxes and fevers? It would be of no
consequence, as our population is rapidly increasing.”18 Long-skirted
ladies had to suffer the indignities of trailing their hems through lique-
fied manure.19 Years later, major cities had still not managed to clean up
the streets. In 1864, the inspector of New York City’s Eleventh Ward
wrote:

As a rule, the streets are extremely dirty and offensive, and the
gutters obstructed with filth. The filth of the streets is composed
of house-slops, refuse vegetables, decayed fruit, store and shop
sweepings, ashes, dead animals, and even human excrements.
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These putrefying organic substances are ground together by the
constantly passing vehicles. When dried by the summer’s heat,
they are driven by the wind in every direction in the form of dust.
When remaining moist or liquid in the form of “slush,” they emit
deleterious and very offensive exhalations. The reeking stench of
the gutters, the street filth, and domestic garbage of this quarter
of the city, constantly imperil the health of its inhabitants. It is a
well-recognized cause of diarrheal diseases and fevers.20

By the late 1800s, New York City’s offal contractors were remov-
ing as many as 15,000 dead horses from the city’s streets each year.21

By modern standards, these solid waste problems are almost incon-
ceivable.

The “Noxious Trades”
Early industry was another source of filth. Many workshops and fac-
tories were located close to (and sometimes within) homes. Histori-
an John Duffy writes of the tribulations caused by “nuisance indus-
tries such as tanning, bone boiling, slaughtering, butchering,
fishmongering, cloth dying, and starch making.” For example, he
writes,

slaughterers and butchers drained the blood from slaughtered
animals into gutters or drains and piled entrails, refuse, and hides
outside their places of work until the fat-burners, bone-boilers,
and tanners could come to take them away. The hides, complete
with bits of flesh, the entrails, and other refuse were eventually
hauled away to the establishments of other tradesmen, who then
piled them on their own premises.22

Dairies generated large quantities of cow manure; even if they could
sell it, as they often did, neighbors had to put up with the smell and the
flies. Tanneries laid out skins to dry, emitting penetrating odors, accu-
mulating pools of animal fat and chemicals, and attracting more
insects.23 And metalworkers released toxic fumes into their neighbor-
hoods.

Milwaukee provides an interesting example of nuisance industries
within a city. Both slaughterhouses and breweries discharged their
wastes directly into waterways that ran through the city. The 1874
annual report of the city’s health department described the perpetually
turbulent water of Burnham’s Canal, which flowed into the Menominee
River and then into Lake Michigan. The water was “thick, inky, putrid
. . . in a state of violent commotion, produced by the fermentation
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existing at the bottom. . . . The water, grains, cow manure, and other
filthy matter was thrown by the power and explosive force of the gas
generated many feet into the air . . . [resembling] some great subter-
ranean explosive power.”24

At a time when working people commuted by foot, distances from
home to work were short, and people lived close to all manner of nox-
ious trade. Organic waste material was common in many businesses,
and trash collection was erratic. The results could be repulsive. 

Sewage
Sewage disposal emerged as a challenge soon after the first towns were
established in the New World. Early colonists used privy pits and
cesspools, which often overflowed in the low-lying land of coastal set-
tlements. In their homes they used slop buckets, which were emptied
into the nearest street, ditch, or waterway. The earliest “sewers” were
nothing more than open drainage ditches. In 1644, within twenty years
of the founding of New Amsterdam (now New York), the first sanitary
regulation attempted to address what must have been a problem
already. It banned anyone from depositing filth and ashes, and provid-
ed “that no one shall make water” within the fort.25

During the eighteenth century, human waste management
remained an individual responsibility. When collective efforts were
made, they usually consisted of groups of neighbors collaborating to
dig drainage ditches. As urban populations grew, 

[t]hese drains, or open sewers, soon became receptacles for every
type of filth, all of which drained into the slips in the harbor. The
solid material was deposited on the bottom of the slip; and when
the tide was out, the stench, particularly in the summer, was
almost unbearable.26

By the early nineteenth century, growing populations had made
the problem of human waste disposal more pressing. “Overflowing
cesspools and privies were a constant aesthetic outrage and menace to
health. In many slum areas one privy often sufficed for twenty or more
families. As a result, slum residents resorted to using tubs and bowls,
which were simply emptied into the gutters.”27

As the nineteenth century progressed, more and more cities installed
water distribution systems. Ironically, these aggravated the sewage dis-
posal problem. When water was supplied before there were effective
ways to carry off wastewater, there were large volumes of contaminated
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water to contend with. The options were limited; wastewater could be
dumped into the gutter, poured into a cesspool, or collected by a scav-
enger. Many households continued to use privies, which remained a seri-
ous sanitary problem. “In the poorer districts,” writes Duffy,

landlords were reluctant to spend money to have them emptied,
with the result that they frequently overflowed. And even when
this was not the case, the very emptying of privies created nui-
sances. Scavengers responsible for this task frequently overloaded
their carts and bumped through the rough city streets, scattering
their nauseous loads, or else left a trail of the carts’ liquid contents
as they passed. Large hospitals and hotels frequently poured the
contents of their privies into the street gutters or open drains.
Scavengers usually unloaded their cargoes of human wastes into
the nearest water body or onto the most accessible piece of empty
land. . . . [P]rivies remained a major health hazard and aesthetic
offense until the advent of effective sewer systems during the late
nineteenth century.28

Exposure to human waste was to have profound health conse-
quences during the nineteenth century, as cholera and other diarrheal
diseases, which are transmitted through contact with human waste,
swept through the country repeatedly. 

Clean Water
In early towns and cities, people drew their water from shallow wells or
from the nearby rivers and streams. However, with even modest popu-
lation growth, compounded by the absence of systematic sewage treat-
ment and waste disposal, these sources quickly became contaminated.
Before long only the poor used wells, and those who could afford it
purchased water brought by wagon from pure springs and wells in the
surrounding countryside (a situation that prevails in the cities of poor
countries today). In addition to clean water for drinking, there was
another reason to think of a reliable water supply—the need to fight
fires. 

It was during Boston’s yellow fever outbreaks in the last decade of
the eighteenth century that the city chartered the Boston Aqueduct
Corporation to bring water from Jamaica Pond to the city (Figure 3-1).
Although the germ theory of disease was not yet accepted, the supply
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FIGURE 3-1 Boston in the 1700s. More wholesome than European
cities, but with shallow wells, no sewage management, and
no solid waste disposal.

SOURCE: Photo courtesy of the Bettman Archive at Corbis.com.

of fresh water was hailed as a way to control the “putrid and pestilential
fevers, and other fatal diseases,” that ravaged the city.29 In 1799,
Philadelphia began construction of its Centre Square Waterworks, to
carry water more than a mile from the Schuylkill River through wood,
and later cast iron, pipes. In New York, Assemblyman Aaron Burr
obtained a charter for the Manhattan Company, a private firm that was
to hold a monopoly on piped water for the next quarter of a century. It
was not until 1842 that the Old Croton Aqueduct was completed, pro-
viding a reliable source of clean water for the city. As the nineteenth
century progressed, more and more cities constructed waterworks—45
in 1830, 84 in 1850, 244 in 1870, 599 in 188030—enabling citizens to
rely on piped water rather than contaminated wells. But periodic
cholera outbreaks provided a grim reminder that even piped water was
not always clean. The first technique introduced for water purification
was sand filtration, but as late as 1880 there were only three such sys-
tems in the United States.31 Clean water continued to be a challenge
until well into the twentieth century.
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Air Quality
Air pollution is generally considered a by-product of the industrial age.
Indeed, the intense use of fossil fuels that marked the industrial revolu-
tion in the nineteenth century greatly intensified the problem of dirty
urban air. But even early colonial towns and cities had less than pristine
air, thanks to a combination of rotting trash, swamp gas from poorly
drained areas, and biomass combustion. Because diseases were attrib-
uted to “miasmas,” the malodorous air was considered a health hazard
and not merely a nuisance. 

By 1704, a Charleston ordinance dealing with garbage removal
and slaughterhouses began by noting that “[t]he air is greatly infected
and many maladies and other intolerable diseases daily happen.”32 At
the 1874 meeting of the American Public Health Association, Dr.
Edward H. Janes spoke of the foul air in crowded parts of the city: “It
is this odor which indicates the commencement of that condition
known as crowd-poisoned atmosphere, and which, if allowed to
increase, furnishes the specific germs which develop typhus, ship or
jail fever.”33 Dr. Richard McSherry informed the Baltimore Academy
of Medicine in 1882 that the city desperately needed cleaner air, since
the city’s polluted air from a “vast collection of decomposable refuse”
and thousands of privy pits and cesspools was so bad “that adults grow
ill and children die of it by the thousands, especially during the sum-
mer heats, with each recurring year.”34 Until the end of the nineteenth
century, the concern for air quality was primarily geared to risk of
infection.

Inadequate Housing
The rapid growth of American cities from 1800 to 1850, including a
wave of immigration in the 1840s, led to a crisis of crowding and poor
housing. As early as 1830, the urban slum was firmly established.35 By
the middle of the nineteenth century, builders in older cities such as
New York were constructing housing on every inch of available space
in certain districts. Conditions in these dwellings could be horrific.
One sanitary inspector in Cincinnati, in 1865, told of a two-story ten-
ement that housed 102 people, all sharing a single privy.36 Jacob Riis’s
1890 illustrated essay on squalid conditions in New York tenements,
How the Other Half Lives, offers lasting testimony of the shocking
conditions (Figures 3-2 and 3-3).

Contemporary observers recognized the association of poor
housing with ill health. New York’s city inspector, in his 1860
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FIGURE 3-2 Homeless children in late-ninteenth century New York

SOURCE: Jacob Riis image courtesy of the Bettman Archive at Corbis.com.

report, took note of excess mortality in some parts of the city, and
wrote that

[t]he causes of this excessive mortality . . . are readily traceable to
the wretched habitations in which parents and children are forced
to take up their abode; in the contracted alleys, the tenement
house with its hundreds of occupants, where each cooks, eats, and
sleeps in a single room, without light or ventilation, surrounded
with filth, an atmosphere foul, fetid, and deadly, with none to con-
sole with or advise them, or to apply to for relief when disease
invades them.37

A Milwaukee health officer echoed this view in his 1872 report: “This
slaughter of innocents is found, chiefly, in crowded parts of the city,
where families are massed together, in filthy, dark, ill-ventilated tene-
ments, surrounded by dirty yards and alleys, foul privies, and imperfect
drainage.”38
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FIGURE 3-3 Bandit’s Roost, a squalid alley in late-ninteenth-century 
New York

SOURCE: Jacob Riis image courtesy of the Bettman Archive at Corbis.com.

Particularly worrisome was the crowding that occurred in base-
ments, which were often liable to flooding. A ward inspector during
New York’s 1864 sanitary inspection described these homes: 

This submarine region is not only excessively damp, but is liable to
sudden inroads from the sea. At high tide the water often wells up
through the floors, submerging them to a considerable depth. In
very many cases the vaults of privies are situated on the same or a
higher level, and their contents frequently ooze through the walls
into the occupied apartments beside them. Fully one-fourth of
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these subterranean domiciles are pervaded by a most offensive odor
from this source, and rendered exceedingly unwholesome as human
habitations. These are the places in which we most frequently meet
with typhoid fever and dysentery during the summer months.39

The early cities, then, posed a wide variety of health threats,
known collectively as sanitary problems: garbage, the “noxious trades,”
sewage, contaminated water and air, and crowded, substandard hous-
ing. Together, these exposures led to high rates of infectious diseases,
making early cities far less healthy than rural areas. 

The Results: A Plethora of Infections 
Infectious diseases struck early cities with appalling regularity. Yellow
fever outbreaks occurred from the late eighteenth century through the
first part of the nineteenth century. Cholera epidemics raged in waves
during the nineteenth century (Figure 3-4). Smallpox ravaged urban
populations until vaccination was broadly accepted in the early twenti-
eth century. Typhus and typhoid were frequent. Cadwallader Colden, a
physician in Philadelphia and New York, sought an explanation for the
frequent outbreaks of fevers in the unhealthy city environment. He
attributed the fevers to the effects of “noxious vapors from stagnating
filthy water” on the “animal oeconomy [sic],” postulating that different
kinds of miasmas arose from different kinds of filthy water or putrefy-
ing substances. Colden also pointed out that country children died at
much lower rates than city children, which he attributed to the unsan-
itary conditions and dangerous miasmas of the city.40

The period 1793–1806 was the yellow fever era. Small outbreaks of
yellow fever had occurred in the mid–eighteenth century, ending with
the last one in Philadelphia in 1762. After more than thirty years with-
out it, the first of the major yellow fever epidemics broke out in 1793,
also in Philadelphia. It spread rapidly through the small but crowded
city. The first cases occurred in early August, the first definite diagno-
sis was made on August 19, and by the end of August there were sever-
al hundred deaths. Within weeks, President Washington and most fed-
eral, state, and city officials had fled. The death toll remained at several
hundred per week until well into the autumn, and surpassed 5,000—
more than 10 percent of the city’s population, a literal decimation—by
the time cold weather arrived and the epidemic abated. Yellow fever
returned to Philadelphia in 1794, when it also reached Baltimore and
New Haven. New York City had a full outbreak in 1795, and the major
coastal cities suffered a yellow fever outbreak each summer until 1820.
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FIGURE 3-4 Epidemics in ninteenth century cities and towns. This 
1832 sign announced that cholera had overwhelmed a 
local cemetery.

SOURCE: Bettman Archive at Corbis.com.

The reaction was grim. A Philadelphia citizens group wrote at the time
that “if the fever shall become an annual visitant, our cities must be
abandoned, commerce will desert our coasts, and we, the citizens of
this great metropolis, shall all of us, suffer much distress, and a great
proportion of us be reduced to absolute ruin.”41

The legacies of this era included quarantine stations, local public
health agencies (then called “committees on health” or “boards of
health”), local health officers, and marine hospitals, the forerunner of
today’s U.S. Public Health Service. After the 1820s, yellow fever ceased
to be a major problem in cities north of Virginia, but it worsened in
southern cities, peaking at midcentury. 

By 1830, “with slum dwellers crowded together in damp, filthy
housing, in some cases lacking even elementary sanitary facilities, and
in all cases drinking highly polluted water, the stage was set for the first
of the great Asiatic cholera epidemics.”42 These epidemics occurred in
1832, 1849, and 1866. Charles E. Rosenberg, in his classic history The
Cholera Years, shows that the successive epidemics did more than take
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the lives of thousands of urban dwellers. They also signaled a loss of
innocence and piety regarding urban life: “America was no longer a
city set upon a hill.”43 In August 1849, as cholera ravaged the nation’s
cities, an Indiana minister wrote, “There is something radically wrong
in the construction of our cities and villages. The Creator never
designed that man should be deprived of the air, and light of heaven.
Imperfect ventilation, impure water, and a crowded population, neces-
sarily induce fevers and pestilence. . . . ”44

Tuberculosis, known as “the sorrow of the cities,”45 was recognized
by the mid–nineteenth century as a major killer of urban residents. An
1872 textbook, On the Treatment of Pulmonary Consumption by Hygiene,
Climate, and Medicine, advised that “the vitiated air breathed in cities, in
the close crowded workshops, and in the closer and still more crowded
sleeping rooms, gradually weakens constitutional powers, and consti-
tutes one of the principle predisposing causes of Phthisis.”46 Typhoid,
too, continued to plague the cities. Philadelphia lost more than 4,000
residents to the disease in the decade of the 1860s and over 6,000 by
the decade of the 1880s.47

Cities, then, were incubators of infectious disease, from their origins
as early settlements in the New World, through their rapid growth in the
eighteenth and nineteenth centuries. Sanitary improvements in the nine-
teenth century began to tame this problem, thanks in part to some of the
same technologies that heralded the dawn of the industrial revolution. 

INDUSTRIAL POLLUTION IN CITIES

With the harnessing of fossil fuels and the rapid development of industry
in the nineteenth century, industrial pollution became a hallmark of cities.
This was not entirely new; some of Europe’s older cities that relied on
coal had for centuries suffered its consequences. In 1659, British intellec-
tual and horticulturist John Evelyn wrote that London was immersed in
“such a cloud of sea-coal, as if there be a resemblance of hell on earth.”48

Pittsburgh, with its ready supply of coal to power foundries and
forges, led the way in the United States. As early as 1800, a European
traveler approaching the city wrote that “we were struck with a peculi-
arity nowhere else to be observed in the States: a cloud of smoke hung
over it in an exceedingly clear sky.”49 In 1826 a city report stated that
“the atmosphere is darkened with a ‘sulphurous canopy’ which nearly
conceals the place from view” and gives the traveler “a dark and melan-
choly aspect of men and things (Figure 3-5).”50
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FIGURE 3-5 Pittsburgh, 1890. Approaching visitors could see the 
“sulphurous canopy” for miles.

SOURCE: Photo courtesy of the Bettman Archive at Corbis.com.

Oil joined coal as a heavily used fossil fuel, and also contaminated
city streets and properties, creating “ecological wastelands” as early as
the Reconstruction era.51 Most industrial waste was dumped into
streams, rivers, and harbors, carrying on the tradition established with
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sewage, dead animals, garbage, and other refuse.52 In 1864 Pittsburgh
petitioned the Pennsylvania legislature to make it “a penal act to empty
the chemicals and residium from the distillation of carbon oil into the
Allegheny River.”53 Across the state, in Philadelphia, the growing chem-
ical industry had contaminated the once-pristine Schuylkill River as it
flowed through the industrial districts of Conshohocken, Norristown,
and Manayunk. In 1883 the chief of the Philadelphia Water Bureau, in
his annual report, described the Schuylkill as a “natural sewer,” whose
pollution was “as diversified as the occupation of the people: sewerage,
chemical, wool-washing, dye stuff, butcher and brewery refuse—there is
almost nothing lacking.”54 The situation was similar in Massachusetts
industrial centers such as Lowell, Lawrence, and Springfield. A state
board of health report in 1876 noted that “fluid refuse from . . . factories
. . . some of it very poisonous, produced in the processes of cleaning and
preparing the manufactured article . . . forms the chief element in the
pollution of these streams,” making the water “not merely repulsive or
suspicious, but more or less dangerous for family use.”55

By the end of the century, industry was well established in most
major cities. The Great Lakes, praised as “sweet water seas” by the
early explorers, were heavily contaminated near the major shore cities
of Buffalo, Cleveland, Detroit, Chicago, and Milwaukee. Novelist
Frank Norris, in his 1903 novel The Pit: A Story of Chicago, described
the industry that drove Chicago: “factories, their smoke blackening the
sky, clashed and flamed . . . and converters of forges belched into the
air their tempest breath of molten steel.”56 Although Norris wrote of
this industrial cacophony with Sandburg-like admiration, the spectacle
came at a price; his main character, a transplant from a small town in
western Massachusetts, had to lament “the black murk that closed every
vista of the business streets” and “the soot that stained linen and gloves
each time she stirred abroad.”57 In The Turmoil (1915), Booth Tarking-
ton described an unnamed “heaving, grimy city,” probably his native
Indianapolis, as a “dirty and wonderful city nesting dingily in the fog of
its own smoke.”58 As late as 1969, the Cuyahoga River in Cleveland,
“choked with debris, oil, scum, and floating organic sludges,”59 caught
fire, leaving an enduring image of urban industrial water pollution.

One artifact of the industrial age was the large-scale production of
lead-based paint, and later, leaded gasoline.60 Lead had of course been
known since ancient times. But exposure increased greatly in the
1920s, when leaded paint began to be widely used in homes and apart-
ments. The lead poisoned painters and other workers as it was applied,
and children when it eventually deteriorated and came loose as chips or
dust. We now know that millions of IQ points were lost over the
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decades,61 and other effects of lead exposure on generations of urban
residents—kidney damage, hypertension, gastrointestinal pain, joint
pain—cannot be quantified. 

FIGURE 3-6 “Black Tuesday,” St. Louis, November 28, 1939. Periods of
especially intense air pollution affected many cities during
the industrial era.

SOURCE: Missouri Historical Society.
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In recent years the acute problems of industrial pollution have
been much improved. Some industries have cleaned up their opera-
tions; others have closed; and still others have relocated from cities or
even departed the country. But the industrial age had another impact
on cities: it attracted people. Starting in the nineteenth century, and
continuing through the twentieth century, cities grew explosively, as
migration from rural areas and from other countries brought millions
of new workers and their families. Cities became places of crowding
and social dislocation, home to a whole range of problems that came
to be understood as the “urban crisis” of the late twentieth century.

THE SOCIAL PATHOLOGY OF CITY LIFE

Colonial seaport cities in the United States featured deep social and
class distinctions.62 As early as 1700 the New York City Council noted
that “the Crys of the poor and Impotent for want of Reliefe are
Extreamly Grevious,”63 and an official report in Boston fifty years later
described the impoverished homes where “scenes of Distress we do
often behold! Numbers of Wretches hungry and naked shivering with
Cold, and, perhaps, languishing with Disease.”64 According to Jackson
Turner Main’s statistical examination of the social structure of revolu-
tionary America, one of every three people in the northern colonies
could be termed poor by the end of the revolutionary period, and by
the early eighteenth century poorhouses in the largest towns were
filled.65 During the nineteenth and early twentieth centuries, immi-
grants and members of ethnic minorities crowded into poor urban
neighborhoods. Later in the twentieth century, wrote Michael Har-
rington, came “a new type of slum. Its citizens are internal migrants,
the Negroes, the poor whites from the farms, the Puerto Ricans. They
join the failures from the old ethnic culture and form an entirely differ-
ent kind of neighborhood.”66

Harrington may have been right about the ethnic transformation of
poor urban neighborhoods, but the associated social problems were not
new. What was new was their visibility, and the dominance they assumed
in defining urban life. During the nineteenth and twentieth centuries, as
sanitary challenges were met and as industrial pollution was managed,
the toxicity of cities—the factors that most threatened residents’ health
and well-being and even helped drive migration out of the cities—came
overwhelmingly to revolve around social circumstances. 

The central parts of cities became pockets of concentrated poverty,
reversing a pattern that had characterized urban life for centuries, and
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as the twentieth century progressed, entire neighborhoods lost virtual-
ly all employment opportunities.67 Racial and ethnic conflicts sim-
mered, and at times erupted into violent riots, in cities across the coun-
try. Urban racial tensions in the early twentieth century exploded in the
“Red Summer” of 1919, with riots in Chicago, Charleston, Knoxville,
Nashville, Omaha, and more than a dozen other cities. The pattern
continued in the second half of the century with repeated high-profile
urban catastrophes: the Watts riots of 1965, the summer of 1967 when
no fewer than 130 riots swept American cities, the 1992 south-central
Los Angeles riots following the acquittal of police charged in Rodney
King’s beating, and riots in Cincinnati in 2001 following a police shoot-
ing. Urban crime rates remained high for much of the twentieth centu-
ry; in the final years of the century, they continued to increase until the
mid-1990s.68 

By the 1960s the “urban crisis” had entered popular awareness.
“Increasingly,” wrote one observer in 1963, “central cities are tend-
ing to become ghettos for the racially and economically underprivi-
leged, so that divisions between city and suburb are becoming ones of
race and class.”69 Indeed, many of the racial tensions that have
plagued the United States throughout its history seemed to play out
on the stage of the nation’s cities. Cities seemed “less in the midst of
municipal difficulties,” declared a 1978 article in Harper’s Magazine,
“than in the path of the Four Horsemen of the Apocalypse.” Indeed,
the article continued, the cities were “writhing in poverty, arson, and
decay.”70

The 1960s saw successive federal efforts to understand America’s
urban problems: the National Commission on Urban Problems (the
Douglas Commission), the President’s Commission on Urban Hous-
ing (the Kaiser Commission), and the National Advisory Commission
on Civil Disorders (the Kerner Commission). Major federal initiatives
addressed urban problems: the Housing and Urban Development Act
of 1968, the Model Cities Program of 1966, and the Fair Housing Act
of 1968. But the cyclic pattern of capital flight, declining services, and
rising taxes continued. Crime rates remained high in many cities,
school quality declined, racial tension simmered, and high-poverty
neighborhoods expanded. By the 1990s, 40 percent of urban children
were living in poverty.71 Some cities approached bankruptcy.

These factors gave new meaning to the term “urban health.” Peo-
ple living in inner cities—in “an environmental jungle characterized by
personal insecurity and tension,” as the Kerner Commission graphical-
ly put it72—faced formidable threats to health: the diseases of poverty
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TABLE 3-1 Examples of the urban health penalty in the twenty-five
largest U.S. cities, 1993

Incidence in large cities U.S. incidence %
Disease cases/100,000/year cases/100,000/year difference

Tuberculosis 12 10 20
Syphilis 22 10 120
Gonorrhea 434 172 152
AIDS 61 40 52

SOURCE: D. P. Andrulis and N. J. Goodman, National Public Health and Hospital Institute, The Social and
Health Landscape of Urban and Suburban America (Chicago: American Hospital Association Press, 1999),
p. 243.

from infant mortality to diabetes to strokes, an appalling level of vio-
lence, and epidemic waves of substance abuse. Beginning in the 1980s,
the HIV epidemic targeted the urban poor. These problems were
aggravated by inadequate access to health care, also a disproportionate-
ly urban problem. By the 1990s, 78 percent of people living in medical-
ly underserved counties were in urban areas.73 Observers described the
“urban health penalty”—a complex of environmental conditions such
as deteriorating housing, inadequate access to nutritional food, and
scant medical care, and health consequences such as untreated hyper-
tension, cardiovascular disease, intentional and unintentional injuries,
and infectious diseases (see Table 3-1).74 A widely discussed 1990 arti-
cle in the New England Journal of Medicine revealed that men in Harlem
had a lower life expectancy than men in Bangladesh.75 In the city of
Atlanta in 1995, of every 1,000 babies born, 119 were classified as low
birth weight and 12.4 died within a year, while in the remainder of the
Atlanta metro area the corresponding figures were 79 and 7.8.76

Homelessness—frequently accompanied by mental illness—became
concentrated in cities.77

Urban health was increasingly seen as part of a complex web of
social and environmental conditions. Studies of “urban ecology”
described interacting features of disadvantaged urban neighbor-
hoods—unemployment, female-headed households, households on
welfare, low educational levels, and disintegrating housing. These, in
turn, were associated with child abuse, violence, substance abuse, HIV
infection, family stress, a breakdown of social support networks, and
community instability, interacting with each other in a synergistic or
“syndemic” fashion.78 A literature of urban health arose, focusing on
these conditions and on how to provide health care to the victims.79
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THE FUTURE OF URBAN HEALTH

Urban health, then, had come full circle. In colonial times infectious
disease dominated the health profiles of cities, and in the industrial era
pollutants became a prominent concern. Social problems and their
impact on health had always been a reality of urban life, but seemed to
take center stage during the twentieth century. These problems were
environmental as well as social. The conditions of urban life promoted
the transmission of infectious diseases, and contaminants such as lead
paint in substandard housing continued to threaten health. 

Cities have been engines of economic growth, homes to waves of
immigrants, and centers of cultural and intellectual development. But a
ribbon of anti-urban bias has stretched throughout American history.
Cities have been viewed as unwholesome, morally degrading, and
unhealthy. From the public health point of view, cities have indeed
been hazardous. The major dangers of cities—infectious diseases,
industrial pollutants, and social conditions that threatened health—
coexisted for long periods, as they do today in the poor cities of the
developing world. 

The historical legacy of these problems helped fuel the exodus
from central cities, and contributed to the deconcentration of cities
known as sprawl. Sprawl, in turn, had its own impact on health, sug-
gesting that “urban health” in the future will be a broader, more varied
field. In addition to the traditional health challenges of cities, public
health will confront a range of sprawl-related health challenges, as the
following chapters discuss.
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AIR QUALITY

Sprawl means driving. We drive the long distances that separate
home, work, stores, and other destinations. Trucks carry the goods we
need over the same long distances. Today’s automobiles emit 99 per-
cent fewer hydrocarbons, 96 percent less carbon monoxide, and 95
percent fewer nitrogen oxides, compared to the automobiles of the
1960s,1 but these gains have been largely offset by the steady increase
in the number of vehicles on the roads and in the miles they are driven.
This chapter explores the links that connect sprawl, travel patterns, air
quality, and health.

LAND USE, TRANSPORTATION, 
AIR QUALITY, AND HEALTH: A MODEL

This chapter traces a sequence of steps: sprawl leads to more driving,
which increases overall vehicle emissions, which degrades air quality,
which threatens health. This sequence is illustrated in Figure 4-1. At
the top of the figure, two kinds of pollutant sources are depicted,
anthropogenic (human-made) and biogenic (natural). Anthropogenic
emissions come from mobile, stationary, and area sources. Mobile
sources include automobiles and trucks, as well as off-road equipment
such as bulldozers, locomotives, boats, and airplanes. Stationary
sources, also called point sources, include power plants and factories;
these have been subject to state and federal regulations for years, and
emissions profiles have improved substantially. Area sources range
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Anthropogenic Sources

Health outcomes:
Asthma, cancers, respiratory
diseases, premature mortality

Land use
patterns

Demographics
(age, income,

household size,
etc.)

Area sources
(lawn mowers,
dry cleaners,

etc.)

Mobile sources
(cars, trucks,

off-road
equipment)

Stationary sources
(factories, power

plants)

Biogenic
Sources

Trees,
forest

fires, etc.

Air quality:
Ozone, particulate matter,
nitrogen oxides, carbon

monoxide, volatile organic
compounds, chemical pollutants

FIGURE 4-1 A conceptual model linking sprawl, travel, air pollution, and
health.

from airports to unpaved roads, from agricultural feedlots to forest
fires, from fireplaces to lawnmowers. 

As the model illustrates, land use patterns affect each category of
anthropogenic emissions—their location, their quantity, their disper-
sion in the air, and how people are exposed. For stationary sources such
as power plants and industrial facilities, zoning codes and other land
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use regulations may restrict them to designated industrial corridors,
away from heavily populated areas. (A significant exception, of course,
occurs when polluting industries are located near poor communities, a
phenomenon that raises profound questions of social and economic
equity.2 Chapter 10 discusses this issue further.) Therefore, the air
quality effects of stationary sources across a region are determined in
part by the spatial distribution of these sources, such as where industry
sits with respect to prevailing wind patterns and population centers.
Emissions from area sources are similarly affected by land use. The
people who live closest to area sources such as airports are heavily
exposed to air pollution (and to other undesirable contaminants such as
noise). Zoning and subdivision codes often require large lots, implying
large lawns that require frequent maintenance using small two-stroke
engines, which are notorious polluters. 

However, the major impact of land use patterns on air pollution
relates to mobile source emissions. Driving increases with sprawl and
decreases with denser, more compact development, a relationship dis-
cussed in detail in Chapter 1. 

Mobile, stationary, and area sources combine to release a variety of
air pollutants, sometimes against a background of naturally occurring
pollutants. These emissions largely determine air quality over urban
areas. The emission patterns, and the air quality that results, can vary
on a daily basis with changes in weather. Ozone, for example, forms in
the atmosphere when oxides of nitrogen (NOx) and volatile organic
compounds (VOCs) interact in the presence of heat and sunlight, so
ozone is usually at its worst in summer months. For mobile sources,
emission patterns vary with vehicles, trip characteristics, fuel types, and
other factors.  

Characteristics of the community—the ages of its residents, their
incomes, their family structures—also affect the amount of driving. All
other factors being equal, for instance, higher income usually predicts
higher vehicle ownership rates and more driving. This directly increas-
es mobile source emissions, but there are indirect effects as well. High-
er incomes are generally associated with larger houses and lots, mean-
ing that wealthier people tend to live in neighborhoods that require
more frequent and longer driving trips. 

Finally, air quality has a direct influence on health, contributing to
mortality, respiratory and cardiovascular disease, cancer, and perhaps
even birth defects. The fact that poor air quality threatens health has,
of course, long been recognized; this understanding was the basis of
the landmark Clean Air Act of 1970 and subsequent amendments, and
continues to play a central role in determining clean air standards. Yet
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despite the long-standing recognition that air quality and health are
linked, health research continues to uncover new relationships
between the two. This research has led the U.S. Environmental Pro-
tection Agency (EPA), the agency responsible for enforcing the Clean
Air Act, to tighten exposure limits for several pollutants, most recently
ozone and particulate matter. 

TRAVEL BEHAVIOR, EMISSIONS, 
AND AIR QUALITY

As described in Chapter 1, the relationship between sprawl and driving
is well established, although there is some debate over specific details.
There is much less debate about the second link in our chain: the link
between driving and air pollution. This section reviews the kinds of air
pollutants that come from tailpipes, and the patterns of their emissions.

Air pollution is not a single entity. Instead, it is a mixture of numer-
ous kinds of specific pollutants, a mixture that varies from place to
place. Polluted air in Atlanta has a different composition than polluted
air in Los Angeles. Each pollutant has its own characteristic sources,
behavior in the atmosphere, and fate. 

Mobile sources are an important source of air pollutants—in heav-
ily trafficked areas, often the predominant source. Vehicles contribute
to air pollution in two ways: combustion and evaporation. Combustion
is the major source of air pollution. When fuel is burned, both the fuel
and the surrounding air undergo oxidation. If the fuel is carbon-based,
like gasoline or diesel fuel, the oxidation products include carbon
monoxide (CO) and carbon dioxide (CO2). If the fuel contains sulfur,
as many fossil fuels do, then oxides of sulfur (SOx) also result. And
since the air is about 80 percent nitrogen, some nitrogen is also
inevitably oxidized, forming oxides of nitrogen (NOx). 

Combustion also directly releases small particles (particulate
matter, or PM) that contain carbon, ammonium, sulfates, nitrates,
organic chemicals, water vapor, and metals; these particles form the
smoke that can be seen emerging from factory smokestacks,
tailpipes, and home chimneys. Among mobile sources, diesel engines
are especially active PM emitters. Particulate matter continues to
form and change in the atmosphere, as molecules of gas, water vapor,
and other materials combine, and larger particles break into smaller
ones. As a result, PM varies in size and chemical composition. The
most hazardous particles are the smallest ones—those under 10
microns in diameter (PM10), and especially those under 2.5 microns
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in diameter (PM2.5). In fact, the very smallest particles, those with a
diameter under 0.1 micron (ultrafine particles) may prove to be the
most dangerous, because they penetrate deep into the lungs, and
perhaps because of their chemical composition. Motor vehicle emis-
sions are the major source of these small particles.3 Lead was previ-
ously added to gasoline as an anti-knock agent, and it was released
with other emissions. While this is still a serious problem in some
other countries, lead is no longer added to gasoline in the United
States.

Evaporation is the other way motor vehicles can contribute to air
pollution. Fuel is a complex mixture of hydrocarbons, including aro-
matic and aliphatic compounds. These compounds can evaporate when
fuel is being handled, such as during a fill-up, or simply when fuel is
being stored. Some components of fuel evaporate readily, and are clas-
sified as volatile organic compounds (VOCs). Since the VOCs are gen-
erally carbon-based molecules, they are also referred to as hydrocar-
bons. Another category of chemicals—air toxics—can also be found in
fuels, and can also evaporate; examples include benzene, methanol, and
formaldehyde. But evaporation is not the only way VOCs and air tox-
ics enter the atmosphere; they also result from combustion.  

Finally, some pollutants are not emitted by motor vehicles, but
form in the air from precursor chemicals. A key example of such a “sec-
ondary pollutant” is ozone (often called, with some imprecision,
“smog”). Ozone is a product of chemical reactions involving NOx and
hydrocarbons, in the presence of heat and sunlight. As a result, cities
that experience high levels of ozone follow a predictable pattern; the
ozone is highest during the warm summer months, peaks in the late
afternoon, and is higher on weekdays (when heavy traffic produces
copious ozone precursors) than on weekends. An example of summer-
time ozone tracing from Atlanta is shown in Figure 4-2. The other
major secondary pollutant is particulate matter (PM). As noted earlier,
PM is both a primary pollutant, when emitted from tailpipes and
smokestacks, and a secondary pollutant that can form and change once
in the environment. 

Human activities such as driving are not the only source of air pol-
lutants. Several of the major air pollutants can also be traced to natural
sources. Nitrogen oxides come from volcanoes, oceans, biological
decay, and lightning strikes, and sulfur dioxide comes from volcanoes,
biological decay, and forest fires; globally, these natural sources rival
and may even exceed anthropogenic sources. Natural sources of partic-
ulate matter include volcanoes, dust storms, and unpaved roads.
Volatile organic compounds are naturally produced by vegetation. For

chapter 04  4/19/04  3:19 PM  Page 69



Air pollution from cars and trucks is a
problem alongside busy streets, and
across entire metropolitan regions, espe-
cially in sprawling areas where people
drive vast numbers of miles. Even while
traveling in their vehicles, drivers and pas-
sengers can be exposed to unusually high
levels of pollution.

Studies in the United States and Asia
have clarified the dimensions of this prob-
lem.1 Much of the focus has been on
volatile organic compounds (VOCs) such
as benzene, styrene, toluene, 1,3-butadi-
ene, and formaldehyde, some of which are
carcinogenic. These chemicals can evapo-
rate from gasoline, they can be present in
exhaust fumes from nearby vehicles, and
they can even off-gas from items in the
vehicle such as air fresheners, upholstery,
and dry-cleaned clothing. The levels of
VOCs inside automobiles vary greatly. Fac-
tors associated with higher exposures
include heavy traffic, older cars (especially
those without catalytic converters), cars
with very warm interiors (such as a car that
has been sitting in the sun), driving with
the windows closed, smoking in the car,
and using the car heater. On the other
hand, exposures are much lower when
driving with the windows open or with the
air conditioner on, and when driving on a
rural road. In some circumstances, levels
of VOCs inside vehicles can be several
times higher than outdoor levels, even lev-
els measured alongside the road. Com-

muting can therefore account for a large
portion of a person’s total exposure to
VOCs. Certain unusual conditions, such as
carburetor malfunction, can lead to greatly
increased exposures inside a car. And
VOCs are not the only pollutant to concen-
trate inside vehicles; carbon monoxide can
behave similarly.

A 2001 study by two environmental
groups, the Natural Resources Defense
Council and the Coalition for Clean Air, pro-
duced especially worrisome findings.
These groups tested levels of diesel
exhaust (including “black carbon” and
PM2.5) in California school buses. They
found that diesel exhaust in the school
buses reached levels up to four times
higher than in cars traveling nearby. Levels
were especially high in the back of the
bus, when the windows were closed, and
when the bus was driving up or down a hill
(compared to driving on level ground or
idling). The authors pointed out that diesel
exhaust is a well-known respiratory toxin
and carcinogen. In fact, they calculated
that based on observed exposure levels,
children’s lifetime risk of cancer was ele-
vated twenty-three to forty-six times above
the level the EPA considers “significant.”2

These results were replicated in Connecti-
cut in 2002,3 and in California in 2003.4

School buses offer important advantages
on a regional scale, since one school bus
trip can replace dozens of automobile trips,
but cleaner bus technology would go a 

BOX 4-1
Exposure Chambers on Wheels: Air Pollution 

Inside Cars, Trucks, and Buses
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long way to reducing emissions and
health risks.

The conclusion is clear: extensive
driving, a key aspect of sprawl, creates air
pollution that not only threatens the health
of all those within the affected air shed, but
may pose special risks for those who
spend much of their time in vehicles.
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3
FIGURE 4-2 Ozone levels in Atlanta on a summer day, in ppm. The upper

panel shows the eight-hour running average, and the lower
panel shows hourly readings, from the same day. Note that
the running average peaks later and at a lower level than
the hourly readings.

SOURCE: Adapted from Georgia Department of Natural Resources, Environmental Protection Division, Air
Protection Branch, Ambient Monitoring Program, http://www.air.dnr.state.ga.us/amp.
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example, many plants and trees produce isoprene, a five-carbon mole-
cule that can probably trigger asthma. Isoprene, in turn, is assembled
into larger molecules such as terpenes, which give pine and spruce
trees their characteristic aroma. In some places, these naturally occur-
ring hydrocarbons can be a significant contributor to ozone formation. 

The principal air pollutants are shown in Table 4-1. As the table
shows, mobile sources are among the most important sources of many
pollutants nationally. Automobiles and trucks account for more than
three-quarters of carbon monoxide emissions, over half of NOx emis-
sions, nearly half of VOC emissions, nearly a third of air toxics, and about
a fifth of the nation’s output of particulate matter. The EPA does not
produce such estimates for ozone, but since ozone is formed from NOx
and VOCs, which derive heavily from cars and trucks, it must be consid-
ered a transportation-related pollutant as well. In areas that have relative-
ly heavy traffic, and relatively little industry, the relative contribution of
traffic to air pollution is substantially greater than Table 4-1 shows.

TABLE 4-1 Major air pollutants, United States, 1999

Contribution of cars 
Pollutant and trucks (percent)*

Carbon monoxide (CO) 77%
Sulfur oxides (SOx) 7%
Nitrogen oxides (NOx) 56%
Particulate matter (PM10) 25%†
Ozone
Lead 13%
Volatile organic compounds (VOCs) 47%
Air toxics (e.g., benzene, formaldehyde, methanol, etc.) 31%
Carbon dioxide (CO2) 30%

* Proportions refer to anthropogenic sources only. In some cases, natural sources account for
a substantial proportion of total contributions. See text.
† This figure refers only to directly emitted particulate matter. The true contribution of cars
and trucks to PM levels is higher than 19 percent, since other pollutants, such as NOx, com-
bine to form PM in the atmosphere after they are released. The figure shown is for PM10; the
corresponding figure for PM2.5 is 28 percent.

SOURCES: For all pollutants other than air toxics and carbon dioxide: EPA (United States Environmental
Protection Agency), National Air Quality and Emissions Trends Report, 1999 (EPA-454/R-01-004). Office
of Air Quality and Standards, U.S. EPA, Research Triangle Park, NC, March 2001. Available at:
http://www.epa.gov/oar/aqtrnd99/. For air toxics: EPA, Toxic Air Pollutants, available at
http://www.epa.gov/airtrends/toxic.html. Further detail can be found in EPA, “The Projection of Mobile
Source Air Toxics from 1996 to 2007: Emissions and Concentrations” (EPA-420/R-01-038). U.S. EPA,
Research Triangle Park, NC, August 2001. Available at: http://www.epa.gov/otaq/regs/toxics/r01038.pdf.
For carbon dioxide: EPA, National Air Pollutant Emission Trends: 1900-1998 (EPA-454/R-00-002). Office
of Air Quality and Standards, U.S. EPA, Research Triangle Park, NC, March 2000. Available at:
http://www.epa.gov/ttn/chief/trends/trends98.
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The precise relationships among motorized travel, emissions, and
air quality are complex. The patterns of emissions that result from
driving, and the impact they have on air quality, vary considerably.
Many factors play a role, including the characteristics of the vehicle,
the trip, the type of pollutant, the meteorological conditions, and the
scale at which air quality is measured (local or regional). 

Vehicle characteristics: Different vehicles produce different quanti-
ties of pollutants, depending on engine size, fuel used (gasoline or
diesel), maintenance status, age, and driving habits. Often, agencies
calculate emissions based on fleet averages, which assume an “average”
vehicle for the region and assign this vehicle’s emissions profile to all
trips. Unfortunately, there is significant variation in the distribution of
vehicle types across demographic groups and, significantly, across
space as well; it may not be reasonable to apply the same vehicle profile
across a metropolitan area.4

Trip characteristics: Emissions vary by different trip characteristics,
only some of which may be included in regional emissions models. Dif-
ferent pollutants are emitted in greater or lesser quantities depending
on the vehicle’s average speed, the trip’s length (VMT), the duration of
the trip (VHT), the acceleration characteristics of the vehicle at inter-
sections, engine characteristics, and roadway conditions. For example,
as shown in Figure 4-3, per-mile emissions of CO and VOCs are high-
est at very low speeds, while per-mile NOx emissions are highest at
very fast speeds. Another example is the “cold start.” Automobiles pol-
lute most when cold, as their catalytic converters do not operate at
peak efficiency until they reach ordinary operating temperature.5 As a
result, the first few miles of a trip following a cold start may result in as
much pollution as the next 10 miles or so (in one study, over 50 percent
of carbon monoxide [CO] and VOC emissions).6 (See Figure 4-4.)

Pollutant characteristics: Different vehicle, trip, and meteorological
conditions affect the production of each type of pollutant differently.
In addition, primary pollutants such as carbon monoxide are more
localized, whereas secondary pollutants such as ozone are regional in
nature.

Meteorological conditions: Weather contributes to air pollution levels
in complex ways. During the era when coal was the primary fuel for
heating and industrial uses, layers of cold air could trap large amounts
of coal-produced soot and pollutants over cities, creating deadly respi-
ratory conditions for residents, as happened on a sporadic basis in Lon-
don and major American cities at midcentury. Now, the worst weather
for air pollution tends to be sunny and warm conditions, which con-
tribute to ozone formation. 
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SOURCE: L. Frank, B. Stone, Jr, and W. Bachman, “Linking Land Use with Household Vehicle Emissions in
the Central Puget Sound: Methodological Framework and Findings,” Transportation Research Part D
2000;5(3):173-96.

Scale issues: Different pollutants form, remain in the air, and dissi-
pate at different scales. In general, a pollutant that is emitted directly
from a tailpipe or smokestack reaches its maximum concentration close
to the point of emission, and decreases with distance from that point.
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Resolved Subfleet Characteristics,” Transportation Research Record 1998;1625:139-146.
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The decrease may be rapid, if the pollutant is removed from the air by
chemical or physical processes, or it may be gradual, if the pollutant
remains airborne for some time. On the other hand, a pollutant that
is secondarily formed from precursors may reach its highest levels
some distance downwind of the source. For example, CO is a deadly
pollutant in enclosed areas where engines are left running, such as
garages, and CO may also reach unhealthy levels alongside busy
roadways. At a regional level, however, CO is diluted and rarely rep-
resents a widespread health problem. NOx also tends to be concen-
trated near roadways, and to fall to background levels within relative-
ly short distances (NO more strikingly than NO2). In contrast, ozone
is formed over large areas as miles-wide plumes containing NOx and
hydrocarbons move downwind, forming ozone as they move. In fact,
ozone levels are often lower in central cities than in suburbs, because
of downwind formation and because the ozone in central cities is
scavenged (or consumed) by the formation of nitric oxide originating
from traffic.7

Investigators in several countries have carefully measured pollutant
levels alongside streets and in homes to determine the exposures asso-
ciated with traffic. One study, in Amsterdam, found that people who
lived near busy streets (defined as carrying more than 10,000 vehicles
per day) were exposed to two- to threefold higher levels of “black
smoke” (a measure of particulate matter), NOx, and carbon monoxide,
compared to people who lived near a less busy street. In fact, the only
pollutants that did not fit that pattern were ozone and SOx.8 A more
detailed study, also in Amsterdam, compared homes on busy main
streets with homes on lightly traveled side streets, measuring both out-
door air and indoor air. Levels of both PM and VOCs were higher near
the busy streets, both outside homes and indoors.9 Studies in Los
Angeles showed that PM levels fell with increasing distance from a
busy highway; 30 meters (98 feet) downwind from the highway, the
total PM level was several times higher than background levels, and
closely reflected the traffic density, but by 300 meters (980 feet) away,
the PM level was indistinguishable from background.10 A study in
Poland, the United Kingdom, the Netherlands, and the Czech Repub-
lic demonstrated dramatic variations in NOx levels at locations just
blocks apart from each other.11 Finally, a study of Dutch elementary
schools examined nitrogen dioxide (NO2) exposure.12 As the degree of
“urbanization” increased, the exposure to NO2 increased. Similarly, as
the volume of traffic near the school increased, the exposure to NO2
increased. Figure 4-5 shows the results of another Dutch study; both
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black smoke and NO2 levels decline for 100 or 200 meters (about 350
to 650 feet) from the school, before reaching background levels. Over-
all, then, being near busy roads (even indoors) can increase a person’s
exposure to PM, NOx, hydrocarbons, and CO. In contrast, ozone and
SOx vary on a much larger scale, so roadside locations are not notably
worse than places away from roads.

The scale issues pose interesting challenges. If sprawl leads to
more driving, and if driving contributes to air pollution, then alterna-
tives to sprawl offer a way to reduce air pollution exposure. But if one
of those alternatives is greater density, the result could be paradoxical.
On a regional scale, less driving would lead to less pollution, an
improvement that would be especially marked for regional-scale pollu-
tants such as ozone. But on a very localized scale—alongside a street in
a particular neighborhood—greater traffic density could increase expo-
sure to pollutants, especially locally scaled pollutants such as particu-
late matter and air toxics. This dilemma emphasizes that strategies to
control air pollution exposure must extend beyond land use changes;
they must be linked to other strategies, such as cleaner vehicle technol-
ogy, improved access to transit, and provision of bicycle trails, to avoid
unwanted results.

Not many studies have investigated the link between land use
patterns and mobile source emissions.13 One study14 assessed the air
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pollution produced by drivers in various Seattle neighborhoods
according to neighborhood characteristics. The investigators studied
how various aspects of urban form, such as density, connectivity, and
land use mix, predicted NOx, CO, and VOC emissions. As shown in
Figures 4-6 and 4-7, conditions typical of sprawl—low density, low
land use mix, and disconnected street networks—consistently predict-
ed greater air pollution emissions. These relationships held true after
controlling for demographic variables such as household size, number
of vehicles, and income. 

Interestingly, urban form may have unexpected effects on motor
vehicle emissions. As urban planner Randall Crane points out, commu-
nities that are high in density, land use mix, and connectivity might
result in decreased VMTs and increased foot and bike trips, but more
short car trips.15 This view is based on microeconomic theory, that
greater convenience and ease of access will increase all sorts of trips. In
turn, more frequent automobile trips imply more cold starts of auto-
mobile engines. According to this argument, if denser neighborhoods
result in more frequent short automobile trips, they might increase
emissions of CO and VOCs. These are theoretical claims, and real-
world evidence will be required to sort them out. 
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AIR QUALITY AND PUBLIC HEALTH

The third link in our chain connects air quality and health. Clean air is
important for good health, and air pollution threatens health in a vari-
ety of ways. A vast literature on the health consequences of air pollu-
tion has developed in recent years, and is far more extensive than we
can cover in this chapter. Instead, we provide a brief overview, with a
focus on motor vehicle-related pollution.

One challenge in describing these health effects is that the vari-
ous pollutants tend to occur together. In a smoggy city, the air typi-
cally contains high levels of ozone, PM, NOx, and other contami-
nants. Therefore, it is difficult to pinpoint which specific pollutant is
the culprit when pollution makes people sick. One solution is to rely
on experimental studies, in which animals or human volunteers are
exposed to high levels of a single pollutant at a time. Such studies are
informative, but only about short-term effects. Another solution is to
carry out epidemiological studies in different settings with different
mixes of air pollutants. In theory, if one city has high ozone and low
PM, and another city has high PM and low ozone (or if one city has
high ozone at some times of the year and high PM at others), then
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comparative studies should be able to tease out the effects of each
pollutant. However, such pure study situations are rare. In any event,
it is likely that different pollutants work together to cause health
effects. 

Similarly, it is difficult to say whether a specific particle came from
a car, a truck, a factory, or a power plant, and it is impossible to attribute
a molecule of ozone to precursors (NOx and hydrocarbons) from a spe-
cific source. In general, we know that mobile sources are a major con-
tributor to NOx, VOCs, CO, and air toxics, and in heavily trafficked
areas, to PM (especially fine PM) as well. The more cars and trucks are
driven, the greater their relative and absolute contribution to air pollu-
tion in an area. But our statements about the health effects of pollutants
are not unique to the pollutants that come from cars and trucks.

Air pollution threatens human health in four principal ways. The
two most important are by increasing mortality and by threatening res-
piratory health. In addition, air pollution can damage cardiovascular
function and increase cancer risk. There is evidence for some other
health effects as well. 

Mortality
During the first week of December 1952, London was engulfed by a
thick cloud of polluted air, the result of intensive burning of high-sulfur
coal in homes, factories, and power plants, and weather conditions that
concentrated the resulting emissions. This was not the first time the
world had known such a disaster; for example, similar events had
occurred in Belgium’s Meuse Valley in 1930, and in Donora, Pennsylva-
nia, in 1948. But the London smog was perhaps the best studied, both at
the time and in later years. Approximately 3,000 excess deaths occurred
in London during that December, and according to a recent reanalysis,
a total of 12,000 excess deaths may have occurred during the ensuing
months.16 While some early observers theorized that the excess deaths
represented “harvesting”—deaths among elderly or ill people who
would have died a few days or weeks later anyway—later analysis con-
firmed that the pollution killed many people who would not otherwise
have died any time soon. It became clear that the kind of pollution seen
in London—thick with particulate matter and SOx—could be deadly.

In recent decades, as pollution levels in many cities declined, the
idea that tiny airborne particles could be fatal might have faded into
oblivion. But careful studies have revealed that even current levels of
PM are responsible for lives lost. In one line of research, “ecologic
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studies,” investigators compare death rates in places with differing
levels of PM. For examples, the Six Cities study followed death rates
in Steubenville, Ohio; Watertown, Massachusetts; Harriman, Ten-
nessee; St. Louis, Missouri; Topeka, Kansas; and Portage, Wiscon-
sin. Steubenville had high PM levels, Portage’s were low, and the
other cities were intermediate between the two. Over more than a
decade of follow-up, death rates in Steubenville were 26 percent
higher than in Portage, and the intermediate cities had mortality
rates higher than Portage’s, but lower than Steubenville’s, after
accounting for factors such as income and age. Three causes of
death accounted for the excess: cardiovascular disease, pulmonary
disease, and cancer.17 Similar findings emerged from other ecologic
studies. The largest of these was the American Cancer Society’s
Cancer Prevention II study, involving approximately half a million
adults in dozens of metropolitan areas during the 1980s and 1990s.18

Several smaller cohort studies provide additional supporting evi-
dence.

Another line of research relies on “time-series” studies. In these
studies, daily fluctuations in PM (and other pollutants) in particular
locations are correlated with daily changes in mortality. These studies
have several advantages: PM levels change considerably from day to
day due to weather; the same people are followed over time, so they
serve as their own controls; and the studies are practical, since data col-
lected for other purposes are readily available.19 One of the largest of
these studies followed day-to-day fluctuations in PM over a five-year
period in twenty-nine European cities that were home to 43 million
people.20 The investigators noted a clear association between PM
exposure and death rates; when PM levels rose, mortality rose for
about a day. Overall, an increase in the PM10 concentration of 10 µg⁄m3

was associated with an increase in the city’s mortality rate of 0.6 or 0.7
percent (depending upon the statistical model used). The impact of the
PM exposure was higher among elderly people, and in cities where the
NOx was high and where the climate was warm and dry. Time-series
studies in the United States (e.g., the National Morbidity, Mortality,
and Air Pollution Study, or NMMAPS)21 have shown a similar rela-
tionship between PM exposure and mortality. 

These proportional increases in mortality seem small, but when
they operate on large numbers of people, the overall effect can be
enormous. In 1996, the Natural Resources Defense Council applied
mortality data on PM exposure to the U.S. population, focusing on 239
U.S. cities for which PM records were available. They estimated that
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approximately 64,000 people die prematurely each year due to PM
exposure—a higher number than die from motor vehicle crashes and
homicides combined.22 Put differently, high levels of PM exposure are
estimated to shorten average life expectancy by as much as one or two
years.23 Mobile sources are an important contributor to these public
health burdens.

Researchers continue to address several questions about the associ-
ation between air pollution and mortality. First, although PM is clearly
associated with mortality, are any other pollutants also implicated?
Some studies suggest a role for sulfates, and others a role for ozone,
although this evidence is not consistent.24 Second, over what time scale
do particulates cause death? Time-series studies point to an effect
occurring over one to two days, and ecological studies demonstrate
trends over the course of years. In recent studies, investigators have
found that the long-term impact of PM exposure, over weeks and even
months, outweighs the deaths that occur within a few days of expo-
sure.25 These results emphasize that PM does not simply kill people
who were about to die anyway.

Third, which kinds of particles, and from which sources, are most
deadly? Are particles that contain metals, sulfates, or certain organic
chemicals especially hazardous, as some evidence suggests? How
important are motor vehicles in the PM story, compared to other
sources such as power plants? While these are not easy questions to
answer, some recent evidence points to a major role for motor vehi-
cles. In a follow-up of the Six Cities study, investigators were able to
distinguish the contributions of different PM sources; they concluded
that PM from mobile sources contributed three times more to mor-
tality than did PM from coal combustion, and PM from “crustal
sources” such as road dust did not contribute to mortality.26 This sug-
gests that motor vehicles account for a large proportion of PM-
related mortality. Recent research from the Netherlands supports this
conclusion. In a large prospective cohort study, living near a major
road increased the cardiopulmonary mortality by 41 percent com-
pared to living on a road with little traffic, again implying an impor-
tant role for vehicle-related emissions.27 In another Dutch study that
examined PM-related mortality, the association was considerably
stronger among people living near busy roads, suggesting that vehicle
emissions were an important source of fatal PM exposure.28 Overall,
it is clear that cars and trucks are a major contributor to PM-related
mortality.
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Finally, what are the biological mechanisms by which particulates
cause death? Some of the excess deaths relate to respiratory causes
among people with chronic obstructive pulmonary disease or pneumo-
nia. The particulates might inflame the airways in these people, trig-
gering fatal flares of their disease. It seems more difficult to envision
how inhaling tiny particles could trigger a fatal cardiovascular event
such as a heart attack, but several explanations have been suggested. 

Perhaps the particles act on nerve endings in the lungs and affect
the autonomic nervous system in ways that predispose to heart
arrhythmias. (Researchers are studying heart rate variability as a possi-
ble marker of this effect.) Perhaps inflammatory changes occur in the
lungs, leading to higher circulating levels of certain proteins (such as
fibrinogen and C-reactive protein), more viscous blood, and a higher
probability of heart attacks. Perhaps inflammatory changes occur
throughout the body, making atherosclerotic plaques more likely to
rupture. Perhaps blood vessels constrict following exposure to PM,
increasing the risk of heart attacks. There is evidence for all of these
theories, from both human and animal studies, and research is ongoing.29

Respiratory Health
Although air pollution can cause deaths, a far more common outcome is
disease, especially of the respiratory system. This can be seen in many
ways: more symptoms such as coughing and wheezing, greater use of res-
piratory medications, increased absence from school or work for respira-
tory disease, increased diagnosis of asthma, impaired lung development
in children, more visits to clinics or emergency departments for respira-
tory disease, and more hospital admissions for respiratory disease. As this
list suggests, some of the respiratory responses to air pollution occur
within hours of exposure, while others are seen over the course of years.

Short-term responses to pollutants have been studied in animals,
in human volunteers in exposure chambers, and in populations exposed
to pollutants. A vast body of evidence documents that air pollutants
damage respiratory health.30 Ozone is well recognized as an irritant to
the airways. Within hours of exposure to ozone, some people will expe-
rience coughing, wheezing, and shortness of breath. Although people
with asthma are especially susceptible, people with no apparent predis-
position can also respond with these symptoms. People vary greatly in
their sensitivity to ozone, at least in part for genetic reasons.31 Similar
responses can occur with exposure to NOx and SOx. 
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One measure of this response is school absenteeism. As shown in
Figure 4-8, school absenteeism rises with rising levels of PM, SOx, and
ozone. Of note, this effect is seen when ozone levels reach just 20 ppb
(parts per billion), well within permissible limits. 

The role of cars and trucks in these symptomatic responses is also
well established. On a regional scale, motor vehicles are a principal
contributor to PM and NOx emissions and to ozone formation. And
on a local scale, living on streets with heavy traffic is associated with
acute (and chronic) respiratory symptoms, including cough and spu-
tum production in children and adults.32

Short-term reactions to air pollution can also be seen in other
ways: abnormal lung function as measured by lung function tests, and
rates of emergency department visits and hospital admissions. Again,
people with asthma are especially susceptible, as are children, the eld-
erly, and people with lung diseases. But even healthy athletes are sus-
ceptible. For example, a 1998 study measured the lung function of day
hikers before and after they climbed New Hampshire’s Mount Wash-
ington. These were fit, healthy people, but some suffered decreases in
airflow and lung volume on days when ozone levels rose above 40
ppb.33 There are numerous studies showing increases in emergency
department visits within one or two days of when ozone levels rise. An
especially interesting study illustrates the link with motor vehicles.
During the Atlanta Olympic games in 1996, morning peak traffic flow
decreased by 22 percent, one-hour peak ozone levels decreased by 28
percent (these two were significantly correlated), and various measures
of acute asthma decreased between 11 percent (for emergency hospital
admissions) and 44 percent (for urgent care through health mainte-
nance organizations).34 These outcomes, too, are clearly related to
motor vehicle traffic. 

Long-term health damage from air pollution exposure has also
become increasingly evident. For example, a series of studies in Los
Angeles has tracked children and adults who live in communities with
different pollutant levels. These studies have shown that lung growth
in children was significantly reduced with increasing exposure to NOx,
PM, and acid vapor.35 In fact, when children moved from less polluted
to more polluted areas, their lung growth rates declined, and when
children moved from more polluted to less polluted areas, their lung
growth rates improved.36 Consistent with these findings, another study
found that college freshmen who had grown up in high-ozone areas
had lower measured airflow than their classmates who had grown up in
lower-ozone areas.37 Studies also showed that children who play
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FIGURE 4-8 Relationship between concentrations of (a) particulate mat-
ter ≤10 µm in diameter (PM10), (b) sulfur dioxide, and 
(c) ozone and illness-related school absenteeism; ppb 
indicates parts per billion.

SOURCE: H. Park, B. Lee, E.-H. Ha, J.-T. Lee, H. Kim, and Y.-C. Hong, “Association of Air Pollution with School
Absenteeism Due to Illness,” Archives of Pediatric and Adolescent Medicine, 2002;156:1235-39.
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Global climate change may pose one of
the biggest health challenges of the com-
ing century. Since the beginning of the
Industrial Revolution, people have burned
vast amounts of fossil fuels, including coal,
oil, gasoline, and diesel fuel. These fuels
are carbon-based, so their combustion
releases carbon dioxide. Carbon dioxide
(together with other emissions such as
methane and nitrous oxide) acts as a
greenhouse gas, trapping heat in the
earth’s atmosphere. A warmer atmos-
phere, in turn, leads to a cascade of other
events: less stable and stormier weather,
melting of polar ice caps and rising ocean
levels, changes in agriculture, and others.1

These changes could have profound
consequences for human health. Warmer
weather will mean more heat waves, caus-
ing hundreds of deaths in affected cities.
Warmer weather also promotes formation
of some air pollutants, such as ozone. With
severe weather events such as monsoons,
floods, and hurricanes, people are injured
and displaced, and hunger and disease
can follow, especially in poor areas. As
tropical climates expand from the equator
into temperate zones, tropical diseases are
expected to expand their ranges as well.
Malaria, dengue fever, and schistosomiasis

are some of the diseases expected to
increase worldwide with climate change.2

What does this have to do with
sprawl? The United States is the world’s
largest contributor to greenhouse gases, in
both absolute and per capita terms. With 5
percent of the world’s population, the Unit-
ed States contributes over 20 percent of
the world’s greenhouse gases. Of these
emissions, about 32 percent comes from
the transportation sector. Each gallon of
gasoline burned produces about 20
pounds of CO2. Industry was a larger
greenhouse gas emitter in 1990, but with
reductions in industrial emissions and with
transportation emissions increasing by
about 2 percent per year, transportation
was by 2000 the largest source.3

Which vehicles emit the most CO2
emitters depends upon several factors: the
age and performance characteristics of
each vehicle, the fuel burned, the number
of vehicles of each type on the road, and
how far they are driven. As the following
table shows, cars and trucks account for
the vast majority of CO2 emissions in the
transportation sector, and their combined
emissions (especially the light truck cate-
gory, including sport-utility vehicles) grew
steadily from 1990 to 2001.4 More energy-

BOX 4-2
From Local Sprawling to Global Warming?
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efficient vehicles, use of alternative fuels,
and system efficiencies can all help limit

these emissions, but less driving could also
make a significant contribution.5

Transportation–related CO2 emissions (teragrams)

Vehicle Type 1990 2001
Cars 600.3 632.7
Light trucks 306.2 460.0
Other trucks 203.9 298.3
Buses 7.5 8.6
Aircraft 176.9 183.9
Boats 48.6 58.3
Locomotives 28.1 34.3
Other (motorcycles, construction equipment,
agricultural machinery, etc.) 102.0 115.8
Total 1473.5 1791.9

SOURCE: EPA (United States Environmental Protection Agency), “Inventory of U.S. Greenhouse Gas Emis-
sions and Sinks: 1990-2001” (USEPA #430-R-03-004). Washington: Office of Atmospheric Programs, U.S.
Environmental Protection Agency, April 2003.

1. IPCC (Intergovernmental Panel on Climate Change). Climate Change 2001 (4 Volumes).
Geneva: IPCC, 200 1. Available: http://www.ipcc.ch/pub/reports.htm (accessed December
2, 2003).

2. Haines A, Patz JA. Health effects of climate change. Journal of the American Medical Associ-
ation 2004;291(1):99–103; McMichael AJ. Health consequences of global climate change.
Journal of the Royal Society of Medicine 2001;94(3):111–14.

3. United States Environmental Protection Agency. Inventory of U.S. Greenhouse Gas Emis-
sions and Sinks: 1990–2001. USEPA #430-R-03-004. Washington, DC: Office of Atmos-
pheric Programs, U.S. Environmental Protection Agency, April 2003.

4. Ibid.
5. Greene DL, Schafer A. Reducing Greenhouse Gas Emissions from U.S. Transportation.

Philadelphia: Pew Center on Global Climate Change, May 2003. Available: 
http://www.pewclimate.org/docUploads/ustransp%2Epdf (accessed December 2,
2003).
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sports—which involves deep and rapid breathing outdoors during
high-ozone times of the day—are at increased risk of developing asth-
ma if they live in high-ozone areas.38 (The special risks of air pollution
for children are discussed further in Chapter 10.) Findings like these
emphasize that long-term exposure to air pollution, including the pol-
lutants that derive from motor vehicles, can have lasting effects on res-
piratory health.

Other Health Effects
Air pollution exposure threatens health in a variety of other ways,
beyond shortening life and contributing to respiratory disease. One
target is the cardiovascular system, which was discussed in the section
on mortality. But mortality is not the only indicator of cardiovascular
harm. When patients with coronary artery disease are exposed to PM,
their exercise stress tests show an increased level of ischemic changes.39

Higher PM levels are associated with increased hospital admissions for
ischemic heart disease, congestive heart failure, and strokes.40 Air pol-
lution is a respiratory toxin in many respects.

Could air pollution exposure be associated with cancer? Several
components of air pollution are considered probable human carcino-
gens. These include diesel exhaust,41 1,3-butadiene,42 and aldehydes
such as formaldehyde,43 all of which come at least in part from motor
vehicles. Epidemiologic observations link exposure to air pollution
with cancer, especially lung cancer.44 For example, in the American
Cancer Society’s Cancer Prevention II study, which found a link
between PM2.5 exposure and cardiopulmonary mortality, every
increase of 10 µg⁄m3 of PM2.5 also increased the risk of lung cancer
death by about 14 percent, after controlling for smoking and other
risk factors.45 Smoking is clearly the predominant risk factor for lung
cancer, but traffic-related air pollution appears to contribute to this
risk as well.

Finally, some evidence suggests that air pollution may play a role in
adverse birth outcomes, such as low birth weight and preterm birth.
One study, which reviewed data from the California Birth Defects
Monitoring Program for a seven-year period, found an association
between air pollution exposure during the second month of pregnancy
and risk of cardiac ventricular septal defect (for carbon monoxide) and
aortic artery and valve defects, pulmonary artery and valve anomalies,
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and conotruncal defects (for ozone).46 This is an area that requires
much more research. 

CONCLUSION

We began this chapter by proposing three links: between land use pat-
terns and travel behavior, between travel behavior and vehicle emis-
sions, and between air quality and health. Sprawl leads to increased
driving, as described in Chapter 1. As cars and trucks cover longer and
longer distances, they produce large quantities of air emissions. And
these emissions threaten the public’s health, increasing mortality, and
raising the risk of respiratory disease, cardiovascular disease, and can-
cer. Indirectly, by contributing to global climate change, motor vehicle
emissions also threaten health in other ways. 

Coping with air pollution in sprawling areas is a vexing challenge.
Throughout the year, but especially on high-ozone days, people should
be encouraged to walk or bicycle to work and school instead of driving.
This behavior reduces the volume of traffic, helps diminish air pollution,
and offers the additional benefits of physical activity. But in a polluted
area, a person who walks or bikes home from work—prolonging the
exposure time, breathing unconditioned air, and breathing at a higher
rate than during driving—sustains a greater exposure to pollution than
he or she would while driving. There are other dilemmas that face health
professionals. For example, after-school sports are a wonderful way to
promote children’s health. But the afternoon hours are when ozone lev-
els reach their peak, and the exposure can endanger children. 

The only answer to these dilemmas, in the long run, is primary
prevention: controlling levels of air pollutants. Reducing emissions
from automobiles and trucks can be achieved, in part, by consolidating
growth into centers, reducing the need for automobile travel. Howev-
er, the resulting higher densities could increase traffic congestion and
worsen pollution exposures in centers, so land use changes will need to
go hand in hand with cleaner vehicles, and a shift to travel within cen-
ters by foot, bicycle, and transit. 

Outdoor air should be clean enough through the day, and through-
out the year, to permit people to be physically active without threaten-
ing their health. This will require technical advances, behavior changes,
and policy changes, and much of this effort will need to focus on the
land use and transportation patterns of sprawling metropolitan areas.
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PHYSICAL ACTIVITY,
SPRAWL, AND HEALTH

A century ago, physical activity was woven into the fabric of life.
Most jobs required physical exertion. Much of the population was
agricultural, and farm life consisted of long days of hard work. Facto-
ry work, construction work, and even many service jobs required
strenuous exertion. People walked to get from place to place, they
used stairs instead of elevators and escalators, and household
chores—cleaning, cooking, gardening, and repair work—were acts of
manual labor. 

In just a few generations, the built environment has changed pro-
foundly, and with it, the levels of physical activity in daily life. With
changes in technology and migration from the countryside to metro-
politan areas, agricultural labor now accounts for less than 5 percent of
the workforce. Machines have replaced muscle power, transforming
manufacturing and construction work. In a “postindustrial” economy,
the typical job now involves sitting at a desk or computer terminal.
Conveyor belts move us through airports, escalators move us up and
down in stores, and elevators take us from lobbies to upper floors. At
home, washing machines, dryers, dishwashers, blenders, vacuum clean-
ers, leaf blowers, gasoline-powered lawn mowers, and countless other
appliances have eased the physical burden of household work. And as
detailed in Chapters 1 and 2, changes in land use have radically
changed the way we travel. Different land uses are separated from each
other by large distances. The transportation infrastructure is increas-
ingly planned and built for automobiles rather than for pedestrians.
Travel by foot or bicycle has given way to driving.
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The result is a nation of sedentary people. According to the
Behavioral Risk Factor Surveillance System (BRFSS), an annual
national survey, more than half of American adults are not physically
active on a regular basis, and just over one in four reports no leisure-
time physical activity at all.1 In 2000, only 26.2 percent of adults
were classified as meeting recommended levels of physical activity
(defined as any physical activity for at least thirty minutes per day at
least five days per week, or vigorous physical activity for at least
twenty minutes at least three days per week). In 2001, when the rec-
ommended level of physical activity had been slightly redefined and
the BRFSS questions changed, the proportion of adults meeting rec-
ommended levels of physical activity rose, but only to 45.4 percent
(ranging from a low of 28.9 percent in Kentucky to a high of 55.8
percent in Wyoming). Among children aged nine to thirteen, the
pattern is similar: 61.5 percent participate in no organized physical
activity when not in school, and 22.6 percent engage in no free-time
physical activity.2

Sedentary lifestyles have emerged as a pressing public health chal-
lenge, because some of the consequences—overweight, type 2 dia-
betes, and other conditions—have reached epidemic proportions.
Public health advocates have worked hard to promote more physical
activity, and researchers have worked hard to identify what factors will
help in this effort. Clearly, there are many such factors. In their 1999
book, Physical Activity and Behavioral Medicine,3 Sallis and Owen pro-
posed an ecological model that included six categories: demographic
and biological factors (such as age, gender, race, and socioeconomic
status); psychological, cognitive, and emotional factors (such as
knowledge, attitudes, beliefs about exercise, and stress levels); behav-
ioral attributes and skills (such as past history of physical activity);
social and cultural factors (such as family and social support); physi-
cal environment factors (such as the presence of sidewalks and attrac-
tive scenery); and physical activity characteristics (such as intensity).
The ecological model predicts that these categories of factors inter-
act in complex ways. While all these factors are important, our focus
in this chapter is on the physical environment. In particular, we ask
whether sprawl—the combination of low density, low land use mix,
low connectivity, and automobile dependence—may contribute to
sedentary lifestyles. More broadly, we ask how the built environment
can be designed to promote physical activity, and thereby to promote
health.
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THE VARIETIES OF PHYSICAL ACTIVITY

To consider the relationship between sprawl and physical activity, we
need to understand the categories of physical activity. Three dimen-
sions are especially relevant: recreational versus utilitarian activity,
moderate versus intense activity, and activity as it varies among differ-
ent groups of people. 

Physical activity may be either recreational or utilitarian.4 Recre-
ational physical activity—a jog in the park, a game of tennis—is carried
out with the intention of getting exercise. In contrast, utilitarian phys-
ical activity is activity done for a purpose, such as walking to the store,
to the theater, or to work. The primary purpose of such a trip is to
arrive at the destination, and the physical activity it involves is inciden-
tal. Physical activity done at work—lifting boxes, carrying tools, and so
on—is also utilitarian, and for some people, it accounts for the majori-
ty of physical activity. (Some activities, such as gardening, have both
recreational and utilitarian qualities.)

The distinction is important because the impetus for recreational
physical activity is very different than the impetus for utilitarian physi-
cal activity. Recreational physical activity, or exercise, requires a high
level of motivation, and even people who begin exercise programs
often do not sustain them. Utilitarian physical activity, on the other
hand, is secondary to other goals. For this reason, it may be easier to
build into a daily routine and maintain over time. A person who walks
three blocks from home to the subway each morning, rides to the sta-
tion near his office, walks the final two blocks to his office, and revers-
es the commute at the end of the day, walks at least ten blocks a day
(and even more if he walks to lunch or on errands at midday). Even if
he gets no “exercise” at all, his daily routine includes a fair level of
physical activity. 

The built environment influences both recreational and utilitar-
ian physical activity. Environments that provide facilities for active
recreation, such as nearby parks, multiuse trails, and even appealing
sidewalks or public spaces for evening strolls, may promote recre-
ational physical activity. On the utilitarian side, environments that
facilitate commuting by foot, bicycle, or transit (most transit riders
are also walkers, since they have to travel to and from the transit
stops) help incorporate walking or bicycling as a daily routine. Envi-
ronments that locate stores, theaters, and other destinations within
walking distance of home and work have the same potential, a strate-
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gic opportunity since nonwork trips account for the majority of trips
people make. 

Another important distinction is between moderate and vigorous
physical activity. Moderate physical activity is defined as activity that
raises the heart rate to 50 to 69 percent of its maximum capacity,
whereas vigorous physical activity raises the heart rate to at least 70
percent of its maximum. A person’s maximum heart rate is commonly
estimated by subtracting his or her age from 220. For example, a fifty-
year-old person’s estimated maximum heart rate would be 220 - 50 =
170 beats per minute. The 50 percent and 70 percent levels would be
85 and 119 beats per minute, respectively. 

Brisk walking, bicycling, and even gardening qualify as moderate
physical activities.5 Current recommendations are for a half hour of
moderate physical activity on at least five days per week,6 although
some experts have suggested higher levels.7 Moderate physical activ-
ity is as beneficial as vigorous exercise in preventing cardiovascular
disease, assuming that equivalent levels of energy are expended.8

Contrary to popular opinion, such activity does not need to be accu-
mulated in one activity session, such as a gym workout. Multiple
episodes during that day, as short as eight or ten minutes, offer the
same benefit. This has implications for built environment design;
places designed so that people walk on multiple occasions during the
day may go a long way toward helping them reach recommended
levels of physical activity. 

A final distinction is not between different kinds of physical activ-
ity, but among different groups of people. Different people are active
(or inactive) in different ways. Much research in recent years has
characterized the physical activity patterns, and the reasons for inac-
tivity, among various populations. Studies have examined physical
activity patterns according to gender, age, and race and ethnicity.9

Generally, these studies have suggested that inactivity is higher
among members of minority groups, poor people, and women. Mem-
bers of these groups cite a wide range of constraints on physical activ-
ity. Some pertain to life circumstances, such as being too busy; jug-
gling competing demands from job, family, or friends; being
physically tired or ill; and major life changes or traumas. Poor people
cite economic constraints to physical activity. Other constraints per-
tain more to the environment, including safety concerns, weather and
environment, and a lack of facilities and opportunities to be physical-
ly active.
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Those who want to promote physical activity through community
design, then, face several questions. What design features promote
utilitarian physical activity, which may be the most sustainable strate-
gy? What design features promote recreational physical activity among
those who might otherwise not exercise? How much physical activity
results from various design interventions? And how should strategies
be tailored to meet the needs of different groups of people? 

THE HEALTH BENEFITS OF
PHYSICAL ACTIVITY

These questions matter because physical activity is good for health,
and being sedentary threatens health both directly and indirectly. A
sedentary lifestyle increases the risk of cardiovascular disease, stroke,
and all-cause mortality,10 whereas physical activity prolongs life.11

Men in the lowest quintile of physical fitness have a two- to threefold
increased risk of dying overall, and a three- to fivefold increased risk
of dying of cardiovascular disease, compared to men who are more
fit.12 Among women, walking ten blocks per day or more is associated
with a 33 percent decrease in the risk of cardiovascular disease.13 The
risk of low physical fitness is comparable to, and in some studies
greater than, the risk of hypertension, high cholesterol, diabetes, and
even smoking.14 Physical fitness prevents cardiovascular disease and
prolongs life among people with diabetes, and the benefits are greatest
among those with the highest blood sugar levels.15 Physical activity
also appears to be protective against cancer,16 cognitive decline in the
elderly,17 depression,18 osteoporosis,19 and a range of other common
diseases.

In addition to its direct effects on health, lack of physical activity is
also a risk factor for being overweight. Weight gain has reached epi-
demic proportions in the United States (and in some other industrial-
ized countries). While weight gain is a complex phenomenon, it is
based on some simple algebra: more calories are consumed than
burned. In theory, the epidemic of obesity could result from more food
intake, from less exertion, or from both. Food intake indeed plays a
crucial role, prompted by low-cost, calorie-intensive, supersized por-
tions that are aggressively marketed.20 Food is a subject with much
media appeal; magazines, newspapers, radio talk shows, television
shows and ads, and billboards are full of weight loss supplements and
miraculous new diets, suggesting that better eating will solve the prob-
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lem of overweight. But physical activity is also a crucial part of the
equation. This was graphically demonstrated in a British Medical Jour-
nal article on obesity in Britain that asked the provocative question,
“gluttony or sloth?” (Figure 5-1). The article showed that from 1950 to
1990, obesity steadily increased, even as gluttony peaked and declined.
Sloth, on the other hand, increased in tandem with obesity, suggesting
an important causal role.21

Gluttony and sloth together have contributed to a rapid increase in
the prevalence of overweight in recent years. In 1960, 24 percent of
Americans were overweight (defined as a body mass index, or BMI,
above 25 kg/m2), and by 1990 that proportion had increased to 33 per-
cent.22 During the same interval, the prevalence of obesity (defined as a
BMI above 30 kg/m2) nearly doubled.23 According to data from the
Behavioral Risk Factor Surveillance System (BRFSS), this trend con-
tinued during the 1990s, with the prevalence of obesity rising from

Energy intake (MJ/day)
% Obese % Obese

Cars per household
Televsion viewing (hrs/wk)Fat intake (grams/day)

1950 1960 1970 1980 19901950 1960 1970 1980 1990

Year Year

%
 O

f m
ea

n 
fo

r 
al

l t
im

e 
po

in
ts

200

100

FIGURE 5-1 Obesity trends compared to “gluttony” on the left (measured
as energy intake and fat intake) and to “sloth” on the right
(measured by car ownership and television viewing)

SOURCE: A. M. Prentice and S. A. Jebb, “Obesity in Britain: Gluttony or Sloth?” British Medical Journal
1995;311:437-39.
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1991 1995

2002

No Data < 10% 10%–14% > 25%15%–19% 20%–24%
SAFER•HEALTHIER•PEOPLE

FIGURE 5-2 Obesity among adults by state. Obesity is defined as a Body
Mass Index of greater than 30, corresponding to a weight of
about 185 pounds for a height of 5'6", 210 pounds for a
height of 5'10", and 230 pounds for a height of 6'1". The
states in white (in the 1991 map) are missing data. The
shades of gray correspond to the obesity prevalence per-
centage shown in the legend. The percentages span from
below 10 percent to 25 percent or higher.

SOURCES: U.S. Obesity Trends 1985 to 2002, Division of Nutrition and Physical Activity, National Center
for Chronic Disease Prevention and Health Promotion, U.S. Centers for Disease Control and Prevention
(CDC). Available (including year-by-year maps) at http://www.cdc.gov/nccdphp/dnpa/obesity/trend/
maps/index.htm. Data drawn from: A. H. Mokdad, M. K. Serdula, W. H. Dietz, B. A. Bowman, J. M. Marks,
and J. P. Koplan, “The Spread of the Obesity Epidemic in the United States,” 1991–1998, JAMA
1999;282:1519-22; A. H. Mokdad, B. A. Bowman, E. S. Ford, F. Vinicor, J. S. Marks, and J. P. Koplan, “The
Continuing Epidemics of Obesity and Diabetes in the United States,” JAMA 2001;286:1195-1200.

12.0 percent in 1991 to 19.8 percent in 2000.24 By 2001, the prevalence
of obesity among adults had reached 20.9 percent.25 These trends are
dramatically displayed on maps prepared by the Centers for Disease
Control and Prevention (CDC), which trace the advance of the obesi-
ty epidemic on a state-by-state basis (Figure 5-2).

Being overweight is itself a well-established risk factor for a num-
ber of diseases.26 People who are overweight die at as much as 2.5 times
the rate of non-obese people,27 and an estimated 300,000 Americans
die preventable deaths each year as the result of being obese.28 Being
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overweight increases the risk of high blood pressure, osteoarthritis,
high cholesterol and other lipid abnormalities, asthma (perhaps only in
women29), ischemic heart disease such as angina and heart attacks (as
much as fourfold), and gall bladder disease.30 Obesity increases the risk
of type 2 diabetes by as much as fortyfold,31 and by 2001, the diabetes
epidemic had advanced to the point that 7.9 percent of adults in the
United States reported the disease.32 A recent report from the Ameri-
can Cancer Society’s Cancer Prevention Study II, which has followed
more than 1 million Americans since 1982, showed a dramatic rela-
tionship between body weight and risk of cancer.33 As shown in Fig-
ure 5-3, people in the highest category of body weight had significantly
increased risks of a wide range of cancers, including common sites such
as colon–rectum, prostate, and breast. (For these sites, even a small
increase in relative risk translates to a large increase in the number of
cases, and a large burden of excess disease across the population.) Obe-
sity is associated with depression, perhaps through genetic traits that
predispose to both conditions, and perhaps through such mechanisms
as low self-esteem.34

Overall, then, both inactivity and its first cousin, overweight, are
major public health challenges in the United States. Can we identify
some features of sprawl that aggravate these problems and, more
important, some design solutions that would help get people more
physically active and healthier?

PHYSICAL ACTIVITY AND THE
BUILT ENVIRONMENT

In November 2003, the Atlanta Journal-Constitution profiled a sixty-
seven-year-old retired couple, Carolyn and Norman Daniels, who had
recently moved to a neighborhood on the Silver Comet Trail, a popu-
lar multiuse trail near Atlanta.35 Both reported routinely using the trail,
Norman on his bicycle and Carolyn on foot. For each of them, the reg-
ular activity was new, and both gave credit to the nearby trail. “I hadn’t
used that bike in how many years?” Norman wondered aloud to his
wife and the reporter. “Six or seven or eight?” Carolyn, who had exer-
cised only occasionally on a stationary bike in her bedroom, was walk-
ing three times each week with other women in the neighborhood. “I
like to walk with the girls,” she said. “We just enjoy running our
mouths. It’s more sociable.” As this story showed, a convenient, attrac-
tive trail could motivate previously sedentary people to become active.
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FIGURE 5-3 Cancer mortality among (a) men and (b) women in relation
to body weight. In each case, the highest weight category
(shown by the Body Mass Index in parentheses) is 
compared to the reference category. The number above
each line is the relative risk of dying of that cancer.

SOURCE: E. E. Calle, C. Rodriguez, K. Walker-Thurmond, and M. J. Thun, “Overweight, Obesity, and Mortality
from Cancer in a Prospectively Studied Cohort of U.S. Adults,” New England Journal of Medicine
2003;348:1625-38.
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It also made clear that other factors—such as the company of friends—
played an important role.

What features of community design encourage physical activity? In
particular, what environmental factors get people out of cars for utilitar-
ian trips, and motivate inactive people to start exercising? To what extent
are these factors found in sprawling areas? In recent years, more and
more evidence has become available to help answer these questions.36

Frank, Engelke, and Schmid37 identify three dimensions of the
built environment that help organize answers to these questions: land
use patterns, design characteristics, and transportation systems. Each
of these has a distinct role in shaping activity. Land use patterns
operate at a large spatial scale, and determine the arrangement of
physical activities across the metropolis. Design characteristics oper-
ate on a smaller spatial scale. Examples include the architecture or
buildings; the width, tree canopy, and placement of sidewalks; and
the vistas in a park; which when taken collectively create a sense or
feeling of place. Transportation systems connect different land uses,
and define the relative ease and convenience of walking, bicycling,
transit, and driving.

Pikora and colleagues in Australia38 proposed a further framework,
related primarily to design characteristics, for classifying the determi-
nants of walking and cycling. They identified four categories: function-
al factors, safety factors, aesthetic factors, and destination factors.
Functional factors relate to the physical attributes of the street or path,
such as path continuity and design, street type and width, and traffic
volume. Safety factors include crossing aids, lighting, and the level of
passive surveillance of the path or sidewalk. Aesthetic factors include
cleanliness, maintenance, the presence of trees, and architecture. And
destinations are such places as parks, transit nodes, stores, and restau-
rants. In interviews with experts, they asked which of these factors
seemed most important in determining people’s walking and bicycling
behavior, for both recreational and utilitarian purposes. The experts
identified several factors as being most important. These included safe-
ty factors, attractiveness of the streetscape, the presence of destinations
(for walking), and the presence of a continuous route and traffic safety
(for bicycling). The relative importance of these factors will need to be
confirmed by further research.

Research has identified many determinants of physical activity. These
include overall neighborhood design features, density, land use mix, the
presence and quality of sidewalks and footpaths, enjoyable scenery, the
presence of other people who are physically active, and safety.
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Overall Neighborhood Design

The overall form of a neighborhood seems to have an effect on resi-
dents’ levels of physical activity. For example, rural residents generally
report less leisure-time physical activity than urban residents.39 

Many studies in the transportation literature have compared the
frequency of walking in “high-walkable” and “low-walkable” neigh-
borhoods. The high-walkable neighborhoods are characterized by
high density, high land use mix, high connectivity, good walking infra-
structure, pleasing aesthetics, and safety, whereas the low-walkable
neighborhoods lack most or all of these features. People in both kinds
of neighborhoods keep travel logs to record their travel behavior. In
general, people in high-walkable neighborhoods record more walking
trips per week, sometimes by a factor of four or five, especially for util-
itarian trips such as errands and going to work.40

In one such study, Saelens and colleagues compared the levels of
physical activity in high-walkable and low-walkable neighborhoods of
San Diego by asking people in a neighborhood of each type to complete
surveys and wear accelerometers.41 People in the high-walkable neigh-
borhood (which featured higher density, land use mix, connectivity, aes-
thetics, and safety) averaged 194.8 minutes of moderate activity per
week, and those in the low-walkable neighborhood averaged only 130.7.
In addition, 35 percent of people in the high-walkable neighborhood
were overweight, as compared to 60 percent in the low-walkable neigh-
borhood. SMARTRAQ, a study of land use, transportation, and public
health in Atlanta found that the proportion of obese White males
declined from 23 percent to 13 percent as neighborhood residential den-
sity increased from less than two to more than eight dwellings per acre.42

Studies of sprawl on the scale of entire metropolitan regions reveal
similar findings. One of the largest such studies was performed by
Ewing and colleagues.43 These investigators looked at physical activity
patterns in nearly 400,000 people who lived in 448 U.S. counties and
83 metropolitan areas, as reported in the BRFSS over three years
(1998–2000). Each county or metropolitan area was scored on a
“sprawl index,” based on density, land use mix, degree of “centering,”
and street accessibility. There was a clear relationship between the
degree of sprawl and the amount of walking; more sprawl was associat-
ed with less walking. More sprawl was also associated with less leisure-
time physical activity, although this relationship did not reach statisti-
cal significance. Interestingly, the investigators went a step further and
looked at related health outcomes such as obesity, hypertension, dia-
betes, and coronary heart disease. As the level of sprawl increased, so
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did hypertension, body weight, and the probability of being obese.
More sprawl also tended to predict a higher prevalence of diabetes and
coronary heart disease, but these relationships were weaker, and did
not reach statistical significance. 

A commonly used question in studies of predictors of physical
activity is deceptively simple: “Do you have access to places to be phys-
ically active?” This is not solely a question about neighborhood design,
since a person may answer yes because of an exercise bike in the base-
ment or membership in a health club 20 miles away. Moreover, a yes
answer reflects the person’s perception of access, which could be influ-
enced by proximity, safety, and numerous other factors. However, part
of “having access to places to be physically active” probably reflects
neighborhood facilities. Not surprisingly, a positive answer to this ques-
tion is a strong predictor of being physically active. For example, in a
survey of nearly 1,800 adults in North Carolina, those who answered
yes to this question were more than twice as likely to be physically
active in their leisure time, and to be getting recommended levels of
physical activity, as those who answered no.44 This finding suggests
that access to venues for physical activity—whether they be parks, trails,
or sidewalks—is a design feature that may promote physical activity.

An interesting approach is to consider housing age as an indicator
of overall neighborhood design. Older neighborhoods, especially those
built before the widespread adoption of automobiles in the 1920s, are
likely to be pedestrian-oriented in many ways, including the presence
of sidewalks, pedestrian-scaled scenery, and mixed land uses. Berrigan
and Troiano, researchers at the National Institutes of Health, took this
approach in analyzing data from the Third National Health and Nutri-
tion Examination Survey (NHANES).45 Among the nearly 15,000
respondents they studied, people who lived in a home built after 1973
were significantly less likely to walk a mile or more at least twenty
times per month than people who lived in an older home.

Overall, it appears that certain kinds of neighborhoods—older places,
with a less sprawling quality, and with accessible nearby destinations—
are places where people are more active. What specific attributes of
such places encourage their residents to be physically active? 

Neighborhood Density

Research in the transportation field has long shown that higher densi-
ty is associated with more walking. For example, Ross and Dunning
analyzed results from the 1995 National Personal Transportation Sur-
vey.46 In the least dense areas, with fewer than 100 housing units per
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square mile (equivalent to less than one unit per 6.4 acres), only 3.3
percent of trips were on foot or bicycle. In contrast, the densest areas
had over 3,000 units per square mile (4.7 units per acre), and 14.9 per-
cent of trips were on foot or bicycle, a difference of nearly fivefold. 

Land Use Mix

Similarly, the mix of different land uses has been consistently associated
with more walking. For example, in the Puget Sound Transportation
Panel, a study of 1,680 Seattle area households between 1989 and 1994,
a high level of land use mix in a neighborhood predicted more walking
for both shopping trips and commuting to work.47 In a study of the 1990
San Francisco Bay Area Travel Surveys, a similar finding emerged.48 It
stands to reason that when different kinds of destinations are within easy
walking distance, people will be more likely to walk to them.

Nearby Sidewalks and Footpaths

Many studies have suggested that access to sidewalks and footpaths is
associated with more walking. This is true for both utilitarian and
recreational walking. For example, a Canadian study49 examined walk-
ing to work in twenty-seven neighborhoods in three provinces, ranging
from urban to suburban to small town settings. The proportion of peo-
ple who walked to work varied from less than 2 percent to over 40 per-
cent, and the suburban neighborhoods had the lowest proportion of
walkers (and the highest proportion of automobile drivers). Simply
having sidewalks available predicted walking to work, but so did sever-
al specific design features that were felt to “meet pedestrians’ needs”:
continuous uninterrupted routes, multiple route choices, easily navi-
gated topography, and crossing lights. (There were other predictors of
walking to work, including the number and variety of nearby destina-
tions; links to transit; and an environment that was interesting, attrac-
tive, and varied, but not too complex or overwhelming.)

On the recreational side, a statewide survey in Georgia asked
adults about their access to “places where people can walk for exercise
or recreation, such as trails, parks, sidewalks, and treadmills,” and about
their exercise patterns.50 There was a direct relationship between hav-
ing a convenient place for exercising and achieving recommended lev-
els of physical activity. People who lived within ten minutes’ walk of a
park had a 51.8 percent probability of meeting physical activity recom-
mendations, compared to 36.7 percent among people without such a
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nearby park. A walking or jogging trail within ten minutes was associ-
ated with a 51.6 percent probability of meeting physical activity recom-
mendations, compared to 40.2 percent without such a nearby trail.
Overall, among people who reported a place to walk within ten min-
utes of home, 41.5 percent were meeting physical activity recommen-
dations, while among those without such a place, the proportion was
only 27.4 percent. 

Other studies51 have shown that accessible, well-built sidewalks and
trails predict walking. It almost goes without saying that the sidewalks
and trails are used more when they are close to where people live. For
example, a survey of more than 400 adults in Arlington, Massachusetts,
focused on the Minuteman Trail in that town, found that every quarter
mile in distance from the trail decreased use of the trail by almost 50 per-
cent.52 In an Australian study, although streets and public open spaces
were far more commonly used for exercise than health clubs, swimming
pools, and other formal facilities, the use of these informal settings was
far more sensitive to distance.53 As a person’s home distance from a park
increased, the person became much less likely to use the park, emphasiz-
ing the importance of designing and building such amenities in residen-
tial areas. Not all studies show an association between the presence of
sidewalks and more physical activity,54 perhaps because, in at least some
settings, other factors play a more important role.

Enjoyable Scenery

People are more likely to get out and be active in places that are attrac-
tive and aesthetically appealing. This may involve natural beauty, with
the presence of trees, riverfronts, or distant views, or it may simply
involve well-designed streets and parks. In the U.S. Women’s Determi-
nants Study, which included over 2,000 women evenly distributed
among White, Black, Hispanic, and Native American participants, hav-
ing enjoyable scenery was a predictor of leisure-time physical activity.55

Similarly, in the 1996 Physical Activity Survey in New South Wales,
Australia, over 3,300 adults were interviewed.56 Three statements in
the interview evaluated the aesthetic qualities of their neighborhoods:
“Your neighborhood is friendly,” “Your local area is attractive,” and
“You find it pleasant walking near your home.” The probability of hav-
ing walked for exercise in the last two weeks was nearly twice as high if
the combined scores for these statements were high compared to if they
were low. These findings resonate with recent research suggesting that
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“green exercise”—physical activity in natural settings—may offer ben-
efits above and beyond simply burning calories on a treadmill.57 Attrac-
tive natural settings may not only attract people to exercise in them, but
also provide special benefits to those who take advantage of them.

Other People Who Are Physically Active

People seem to like being physically active in environments where oth-
ers are doing the same. This may involve companions with whom to
walk (as exemplified by Carolyn Daniels earlier in this chapter), or sim-
ply enjoying the sight of others on the sidewalk or in the park. In a sur-
vey of over 3,200 randomly selected Australian households, for
instance, adults aged sixty and over were queried about their level of
physical activity and associated personal and environmental factors.
Observing others in the neighborhood being physically active was one
of the factors that predicted being physically active (although it just
missed statistical significance).58 Similarly, in the Women’s Determi-
nants Study described previously, “frequently seeing others exercise”
was associated with being physically active; interestingly, this effect was
strongest among African American women.59 These results suggest
that public venues such as sidewalks and parks (and perhaps sports
clubs), which offer the appeal of other people, might encourage physi-
cal activity. 

Safety

People are most comfortable being physically active when they can do
so in places that they perceive to be safe. In the BRFSS, for example,
people were asked, “How safe from crime do you consider your neigh-
borhood to be?” They answered on a four-point scale: “extremely
safe,” “quite safe,” “slightly safe,” and “not at all safe.” In nearly all
subgroups of respondents, physical inactivity increased as the respons-
es moved from “extremely safe” to “not at all safe.” The gradient was
particularly striking for elderly people and for women.60 Similar find-
ings emerged in the Australian study described above,61 where “foot-
paths perceived as safe for walking” nearly doubled the probability of
being physically active, but not in the U.S. Women’s Determinants
Study.62 Environments perceived as low in crime are environments that
may promote physical activity. 

Together, these design features offer guidance in designing com-
munities that promote physical activity. Such communities are relative-
ly dense; they contain various kinds of places including homes, stores,
restaurants, and recreational destinations; and they are well supplied
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with sidewalks, paths, and other settings for activity. They offer appeal-
ing scenery that attracts people out of their homes, into parks, and
onto paths. Other people can also be seen getting physical activity, and
(perhaps related) crime is uncommon. Some studies also suggest addi-
tional features, such as absence of nearby heavy traffic, absence of busy
streets that impede access to parks and paths, and good lighting.
Together, these features paint a picture of communities very different
than the usual sprawling suburbs. Sprawl, it appears, may undermine
public health not only by fostering excessive reliance on automobiles,
but also by incorporating design features that discourage physical
activity.

LIMITS TO WHAT WE KNOW

There are limits to the conclusion that sprawl inhibits physical activ-
ity. First, sprawl is not the only culprit in the modern epidemics of
inactivity, overweight, diabetes, and related conditions. Many factors
other than community design help determine people’s activity levels.
The ecological model discussed earlier63 predicts that features of the
physical environment interact with social, attitudinal, and other fac-
tors to determine physical activity patterns. Indeed, many such fac-
tors have been identified, including self-efficacy, social support, and
others.64

Reflecting this complexity, the U.S. Task Force on Community
Preventive Services was able to identify very few evidence-based envi-
ronmental approaches to increasing physical activity in communities.65

In 2002, the task force recommended six interventions, of which two
were informational (community-wide campaigns and point-of-decision
prompts to encourage use of stairs), three were behavioral and social
(school-based physical education, social support interventions such as
buddy systems, and personal health behavior change programs), and
only one used environmental and policy approaches. This one recom-
mended creating or enhancing access to places for physical activity,
together with informational outreach activities. Based on currently
available evidence, environmental factors that promote physical activi-
ty are only one part of a much larger set of considerations. 

Current travel patterns remind us that attitudes and preferences
(as opposed to environmental design) have a great deal to do with
travel behavior. A substantial proportion of trips, especially nonwork
trips, traverse a “walkable” distance of less than a quarter mile, yet
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many of these trips are made by automobile.66 According to survey
research, the average American is willing to walk less than a quarter
mile, and in some cases as little as 400 feet, for errands. The
1983–84 National Personal Transportation Survey suggested that 70
percent of Americans would walk 500 feet for daily errands, 40 per-
cent would walk one-fifth of a mile, and only 10 percent would walk
a half mile.67 Another study found that people were willing to walk
between 400 and 1,200 feet for typical trips.68 The preference for
driving over walking, even when walking is feasible, is by now
deeply ingrained. Therefore, the design features that provide for
walking—nearby destinations, density, good sidewalks, attractive
scenery, and so on—will need to be complemented by changes in
public attitudes if walking and bicycling are to become more wide-
spread. More research is needed to clarify how the distance we are
willing to walk is impacted by the design features discussed in this
chapter.

Not only are environmental interventions only one part of the
solution to physical inactivity, but in most studies their impact is rela-
tively modest. For example, in the large study by Ewing and colleagues
that showed an association between sprawl and physical activity,69 the
difference between the most- and least-sprawling areas corresponded
to less than a 12 percent difference in the probability of getting any
leisure-time physical activity. While studies at a finer scale might show
more pronounced effects, the magnitude of these effects, taken in iso-
lation, may remain limited.

Another limit is that we do not understand how to implement the
best design features. There is no simple formula for deploying design
features that are shown to promote physical activity. There is no guar-
antee that, say, increasing the density of a neighborhood will result in
more physical activity among its residents. Research has identified spe-
cific design features that promote physical activity, but there is still
much to understand about how to incorporate them into both new and
existing neighborhoods, how they work in combination, and the optimal
ways to combine them. Urban planner Michael Southworth has pointed
out that even in New Urbanist communities, which give careful atten-
tion to mixed use, public open space, and sidewalks, attempts to create
pedestrian access to parks, schools, civic facilities, and shops and servic-
es “cannot be said to be entirely successful.”70 Design principles that
combine these features, and perhaps traditional urban characteristics
such as mixed income housing and commercial and industrial spaces,
may be needed to create the “urbanity” that will get people to walk.
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Finally, our conclusions about what neighborhood features get
people to walk are limited by the cross-sectional design of most avail-
able studies. In these studies, the walking habits of people in different
kinds of neighborhoods are compared at a single point in time. If there
is an association between walkable neighborhoods and walking (as
there generally is), it is not clear in which direction the causal arrow
points. People walk more in neighborhoods that offer mixed use, side-
walks, and other pedestrian attractions; but this may well be because
walkers preferentially move to such neighborhoods, while couch pota-
toes who want to minimize their walking opt for auto-dependent sub-
urbs instead. Ideally, we would randomly assign people to walkable
communities or conventional sprawling suburbs, and observe whether
walking behavior differed afterward. But since randomized trials of res-
idential location are impossible, creative approaches to research will be
needed. For example, cross-sectional studies of people in different
types of neighborhoods might control for their stated preferences with
regard to walking. Similarly, before–after studies of new sidewalk net-
works or parks, or before–after studies of people who relocate, might
reveal the impact of neighborhood design on residents’ activity levels.
Such approaches have already begun to confirm the findings of cross-
sectional studies.71

CONCLUSION

Inactivity and overweight, and associated conditions such as diabetes,
have emerged as major public health challenges of this century. These
problems have emerged in tandem with urban sprawl. (Of course, con-
current trends such as dietary changes and television and computer
infatuations cannot be ignored.) There is growing evidence that the
physical features of urban sprawl discourage physical activity, and
thereby contribute to these epidemics. 

There is an alternative. In some countries, a combination of more
walkable built environments and different social attitudes results in dra-
matically more walking than in the United States. As shown in Figure
5-4, more than 30 percent of trips in the urban areas of the Nether-
lands, Denmark, Sweden, Austria, Germany, and Switzerland are made
on foot or on bicycle. The walkable qualities of European cities are well
known, and much appreciated by visitors, who sometimes return to the
United States waxing lyrical about the opportunities to walk on their
vacations and lamenting the lack of similar environments back home. 
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There is much we still need to learn. Sprawl is clearly not the only,
or even the primary, force behind physical inactivity and its health con-
sequences. And better design will clearly not be the only solution. But
better design, design that improves on sprawl in ways that seduce peo-
ple out of their cars and onto sidewalks and bicycle paths, may be a
critical part of increasing physical activity and promoting public health.
The market will increasingly demand such neighborhoods, and health
evidence increasingly confirms their value.
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INJURIES AND DEATHS
FROM TRAFFIC

Strategies which reduce the need for car travel or substitute car trav-
el with safer forms of transport would substantially reduce population
death rates.1

—I. Roberts, 1993

In every American city, a disturbing ritual marks the morning radio
news. At regular intervals, a traffic report tells listeners where cars have
crashed and which of the collisions have resulted in injuries or deaths.
The report also mentions “rubbernecker” delays, debris in the road,
breakdowns, and police chases. For most listeners, this is background
chatter, hardly noticed or remarked upon (although a lucky few hear
the news at the right time and place, and can change their commuting
routes to avoid traffic congestion). 

Imagine a different morning routine. Imagine that the radio, each
morning, announced how many new cases of anthrax had been diag-
nosed in the city, and how many had been fatal. We would be horrified.
We would wonder what diabolical force had imposed such a risk, and
we would ask how we might protect ourselves. 

But automobile travel is part of the fabric of our lives, especially in
sprawling areas. If automobile travel involves some risk of death and
injury, for both vehicle occupants and pedestrians, then all things being
equal, more driving will lead to more deaths and more injuries. Of
course, all things are not equal; the safety of vehicles themselves, the
design of roadways, and the ways drivers behave, all vary. In this chap-
ter, we consider the role of sprawl in injuries and fatalities related to

— 109 —

C H A P T E R  6

chapter 06  4/21/04  6:10 PM  Page 109



110 ■ URBAN SPRAWL AND PUBLIC HEALTH

automobiles. We begin with a discussion of motor vehicle crashes and
their impact on drivers and passengers, and follow this with a discus-
sion of pedestrian injuries and fatalities. Finally, we put the injury risk
in perspective, by considering the risk of leaving home more generally.

MOTOR VEHICLE CRASHES

Automobiles claim more than 40,000 lives each year in the United
States.2 Automobile crashes are the leading cause of death among peo-
ple from one year to twenty-four years old, cause about 3.4 million
nonfatal injuries each year, and cost an estimated $200 billion annual-
ly.3 The death toll has slowly declined from about 50,000 per year in
the 1960s, thanks to engineering improvements, law enforcement, and
public education, but the public health toll remains enormous.

The automobile is a relatively dangerous way to travel. Depending
upon the assumptions used, a mile of automobile travel is between 30
and several hundred times more likely to result in the traveler’s death
than a mile of bus, train, or airplane travel.4 The National Safety
Council uses such data to calculate the “odds of dying” while traveling.
According to these figures, the lifetime odds of dying as an automobile
driver or passenger are 1 in 242, compared to 1 in 179,003 as a bus pas-
senger, 1 in 119,335 on a train, and 1 in 4,608 on a plane.5

According to the American College of Emergency Physicians,
“Traffic crashes are predictable and preventable, and therefore are not
‘accidents.’”6 What are the factors that predict automobile crashes?
Could some of them have to do with sprawl?

The “three Es” that have helped decrease car crash injury and
fatality rates—engineering, enforcement, and education—are well
known. These include more crashworthy automobile features, such as
crumple zones; restraints, such as seat belts and air bags; advances in
road design, such as separating opposing lanes of traffic; imposition
and enforcement of speed limits; and laws and social marketing that
promote seat belt use and discourage drunk driving. Additional meas-
ures, such as improvements in emergency medical care, have helped
decrease injuries and deaths from car crashes. 

However, even with these advances, the sheer number of vehicle
miles traveled (VMTs) and vehicle hours traveled (VHTs) means that
people are heavily exposed to the hazards of the road. The epidemio-
logic concept of “time at risk” is relevant here. As explained in Chapter
1, sprawl implies more time spent in the car. More time in a car, in
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turn, means greater exposure to the dangers of the road, implying a
higher probability of a motor vehicle crash.7 Despite better cars, better
roads, and perhaps better drivers, the huge amount of driving keeps the
absolute toll of automobile crashes high. 

A second aspect of roadway injury risk in sprawling areas has to do
with the drivers themselves. People who need to combine long com-
mutes, or long hours chauffeuring their children, with full work and
home schedules, are often tired, busy people. Fatigue and driving are a
dangerous combination. Indeed, large numbers of drivers are driving
sleepy,8 especially commuters and long-distance drivers.9 Fatigue, in
turn, is an important risk factor for traffic crashes, and falling asleep at
the wheel may account for as many as one in five crashes.10

A more recent development is talking on cellular telephones while
driving. With more and more time spent on the road, and with more
and more people using that time to speak on the telephone (at least one
in twenty according to recent roadside observations, with higher num-
bers during rush hour commuting),11 a potent new risk has been intro-
duced. Cellular phones offer many benefits,12 but it is clear that drivers
are less attentive to the road while talking on cell phones,13 and that
this is associated with an increased risk of crashes and deaths.14

In addition to the amount of time spent on the roads and the
attributes of drivers in sprawling areas, a third aspect of sprawl is the
quality of roads. Sprawl implies a particular configuration of road
types. Suburban developments with “loop and lollipop” roadways con-
nect to “feeder” roads that combine high speed, high traffic volume,
and frequent “curb cuts” for entering and exiting stores and other des-
tinations.15 These are features associated with automobile crashes. In
automobile-dependent areas, moreover, roads can become highly con-
gested. Congestion increases the risk of collisions.16 (This problem is
not limited to sprawling areas, of course; congestion also occurs in
dense urban settings.)17 

In residential subdivisions, street widths are typically scaled to per-
mit rapid, unimpeded automobile travel, resulting in relatively wide
streets. A 1998 study in Longmont, Colorado, reviewed approximately
20,000 police reports of car crashes, to determine what features of res-
idential street design were associated with crash risk. When numerous
features were considered—street width, trees, building height, curb
cuts, and others—street width was by far the strongest predictor of
crash risk. (The only other predictor of crashes was street curvature.)
The safest street width was approximately 24 feet, and streets of stan-
dard suburban width, 30 feet, were substantially riskier.18

chapter 06  4/21/04  6:10 PM  Page 111



112 ■ URBAN SPRAWL AND PUBLIC HEALTH

These observations would predict that sprawling metropolitan
areas, where people spend more time in automobiles, would have higher
automobile fatality rates. Data from the National Highway Traffic Safe-
ty Administration (NHTSA) suggest exactly that pattern, although with
some exceptions.19 In general, denser cities, which require shorter trip
distances and rely more on walking and public transportation, have
lower automobile fatality rates (including drivers and passengers, but
excluding pedestrians) than more sprawling cities: 2.45 per 100,000
population per year in San Francisco, 2.30 in New York, 3.21 in Port-
land, 6.67 in Chicago, and 5.26 in Philadelphia, compared with 10.08 in
Houston, 16.15 in Tampa, 12.72 in Atlanta, 11.35 in Dallas, and 9.85 in
Phoenix.20 (There are notable exceptions to this pattern, such as 5.79 per
100,000 population in Los Angeles and 10.93 per 100,000 in Detroit.)21

Reid Ewing and colleagues performed a more systematic study of
this relationship.22 They considered 448 metropolitan counties in the
101 most populous metropolitan areas in the United States, and ranked
each one using a sprawl index that included measures of density and
street accessibility. After controlling for factors such as age, income,
and household size, they found a strong relationship between sprawl
and traffic fatalities (including both pedestrian and vehicle occupant
fatalities). For every one point decrease in the sprawl index (on a scale
that ranged from about 60 for very sprawling areas to over 200 for very
compact areas), the traffic fatality rate increased by 1.49 percent. In the
most sprawling counties in the nation—Geauga County (outside
Cleveland, Ohio), Clinton County (outside Lansing, Michigan), Ful-
ton County (outside Toledo, Ohio), Goochland County (outside Rich-
mond, Virginia), and Yadkin County (outside Greensboro, North Car-
olina)—the traffic fatality rates were nearly 10 times higher than in the
most compact counties. If Geauga County had the same traffic fatality
rate as New York, then each year, the families of fifteen people in that
county would be spared the grief of losing a loved one.

Motor vehicle fatality rates vary widely by racial and ethnic group,
especially among males, raising important equity concerns. The rate
among Black men is 32.5/100,000 person-years, compared to 10.2
among Hispanic men and 19.5 among White men. Among women, the
corresponding figures are 11.6, 9.1, and 8.5. Motor vehicle fatality
rates are also higher among people who have low incomes and educa-
tional levels, and/or who are unemployed.23 The explanations for these
disparities are complex. Racial and ethnic groups may differ in behav-
ior, in how much time they spend in cars, in the age and condition of
their cars, in the roads they use, and in the emergency medical care
available, among other factors. Whatever the reasons, when death rates
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vary this dramatically by racial and ethnic group, preventable factors
must be contributing. In this case, less exposure—an approach to land
use and transportation that enables people at high risk to decrease their
risk—may offer important advantages.

Planners and traffic engineers are faced with competing demands.
They need to increase traffic flow to achieve greater efficiency, and
they need to slow traffic down and reduce traffic to improve safety.
The solutions to these challenges are complex, but it is clear that limit-
ing sprawl—creating “live-work-play” communities that decrease
automobile dependence, and offering safe and attractive public trans-
portation alternatives—could help decrease the public health burden of
motor vehicle injuries and deaths.

PEDESTRIAN INJURIES AND FATALITIES

On December 14, 1995, seventeen-year-old Cynthia Wiggins rode the
public bus to her job at the Walden Galleria mall in suburban Cheek-
towaga, New York, outside Buffalo. The bus did not stop at the mall
itself, so Cynthia had to cross a heavily used seven-lane roadway on
foot to complete her trip to work. On that day, she had made it across
six lanes when a dump truck crushed her.24 Her death received nation-
al media attention; it was seen as exemplifying inadequate mass transit
links, pedestrian-hostile roadways, and the disproportionate impact of
these factors on members of minority groups.

Each year, automobiles cause about 6,000 fatalities and 110,000
injuries among pedestrians nationwide. Pedestrians account for about
one in eight automobile-related fatalities.25 Sadly, a mile of walking or
biking is more dangerous than a mile of driving, in terms of fatality
risk. In 2001, a mile of walking was 23 times more likely to kill a pedes-
trian, and a mile of biking was 12 times more likely to kill a bicyclist,
than a mile of driving was likely to kill a car occupant.26

In sprawling areas, the problem seems to be especially worrisome.
For example, a study in Atlanta showed that as that city sprawled in
recent years, the pedestrian fatality rate increased even as the national
rate declined slightly (see Figure 6-1). The most dangerous stretches of
road were those built in the style that typifies sprawl: multiple lanes,
high speeds, no sidewalks, long distances between intersections or
crosswalks, and roadways lined with large commercial establishments
and apartments blocks.27 Across the country, the pattern seen for driv-
er and passenger fatalities is repeated for pedestrian fatalities, with

chapter 06  4/21/04  6:10 PM  Page 113



114 ■ URBAN SPRAWL AND PUBLIC HEALTH

Year

R
at

e

1993 1994 1995 1996 1997 1998
0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

United States

Four Georgia Counties

FIGURE 6-1 Pedestrian fatality rates (per 100,000 population per year)
by year in Cobb, Fulton, DeKalb, and Gwinnett Counties,
Georgia, and in the United States, 1994–1998

SOURCE: R. Hanzlick, D. McGowan, J. Havlak, M. Bishop, H. Bennett, R. Rawlins, et al., “Pedestrian 
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lower annual rates in denser cities: 2.22 per 100,000 population in New
York, 2.52 in Chicago, 2.57 in Philadelphia, and 1.89 in Portland, com-
pared with 3.03 in Dallas, 4.08 in Phoenix, 6.60 in Tampa, and 3.61 in
Atlanta. However, this pattern is not as consistent as for driver and pas-
senger fatalities, and there are exceptions—for example, 2.61 per
100,000 population in Houston, 2.60 in Los Angeles, 3.86 in San Fran-
cisco, and 4.73 per 100,000 in Detroit.28

For those concerned with the public health implications of sprawl,
preventing pedestrian injuries and fatalities is a vexing challenge. It
may make sense to recommend that people drive less and walk and bike
more, in terms of promoting physical activity, reducing air pollution,
and other health goals. But if the roads in sprawling areas are pedestrian
hostile, and if there are few sidewalks and paths, then walking in these
areas could entail more risk than benefit.

Pedestrian and bicyclist injury and fatality rates are decreasing, not
only in the United States but also in other industrialized nations (see
Figure 6-2).29 This is a pyrrhic victory, since it results from the regret-
table fact that people are walking less. A recent British study of chil-
dren’s “independent mobility” demonstrates a steep decline in chil-
dren’s exposure to traffic, related to less walking. For example, 80
percent of seven- and eight-year-old English children were permitted

chapter 06  4/21/04  6:10 PM  Page 114



Fatality rate

Traffic volume

400

350

300

7

6

5

4

3

2

1

0

250

200

150

Tr
af

fic
 v

ol
um

e 
(b

ill
io

n 
ve

hi
cl

e 
km

)

Fa
ta

lit
y 

ra
te

 / 
10

0 
00

0

1970 75 80 85 90
Year

FIGURE 6-2 Child pedestrian death rates and traffic volume in Britain,
1967–1990 

SOURCE: I. Roberts, “Why Have Child Pedestrian Death Rates Fallen?” British Medical Journal
1993;306:1737-39.

chapter 06  4/30/04  7:29 PM  Page 115



116 ■ URBAN SPRAWL AND PUBLIC HEALTH

to travel to school unaccompanied in 1971, but by 1990 that propor-
tion had declined to 9 percent. The leading reason parents gave for
restricting their children’s unaccompanied travel was traffic danger.30

In the United States, CDC researchers analyzed data from the 1999
nationwide HealthStyles survey.31 Among respondents who had
school-age children, only 19 percent reported that their children had
walked to or from school, and 6 percent reported that their children
had biked to or from school, at least once a week during the preceding
month. The two leading barriers reported to walking or biking to
school were distance and traffic; while “safety” was not offered as a per-
ceived barrier, the concern with traffic is presumably a safety concern
(see Figure 6-3). Parents who keep their children from walking to
school because of safety concerns have some basis for their belief. The
more children are exposed to traffic on their way to school (as meas-
ured by how many intersections they cross), the higher their risk of
being hit by a car.32 Certainly, not walking or biking is an effective way
to reduce pedestrian injuries and fatalities; but, just as certainly, the loss
of physical activity exacts public health costs (see Chapter 5).

How might sprawl contribute to pedestrian injuries and fatalities,
and what are the prospects for public health improvements? Two
aspects are potentially important: the quantity of driving, and the
design of walking and biking routes.
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Just as for automobile crashes, less driving is likely to make pedes-
trians and bicyclists safer. An unintended experiment in New Zealand
demonstrated this point. Following the 1973 energy crisis, the New
Zealand government restricted automobile use. This policy remained
in place for seven years, and effectively limited traffic volume. During
that time, child pedestrian mortality decreased 46.4 percent.33 In a
long-term study of child pedestrian deaths in the United States, a sim-
ilar pattern emerged; during years when traffic volume fell, so did
pedestrian fatality rates.34

Design is also important. Sprawling areas rely heavily on driving
for transportation, and infrastructure is designed and built accordingly.
Roadways designed to move large numbers of vehicles quickly are usu-
ally unfriendly to pedestrians, and alternative routes, such as sidewalks
and bicycle paths, are often omitted. 

At a very local scale, sprawl may offer safe environments for a cer-
tain kind of pedestrian use: small children at play. Cul-de-sacs in subur-
ban subdivisions offer families the prospect of safe play environments
for their children, because of the lack of through traffic. But that means
a lack of connectivity—one of the defining features of sprawl. The safe-
ty of cul-de-sacs for small children may be transitory, for at least two
reasons. As children grow older, and as their territories expand, they
need to travel to friends’ houses and other destinations. The available
options—walking or biking on pedestrian-hostile roads, or relying on
automobiles—bring hazards of their own (and if the teenagers lack a
way to get around, that too has costs, as discussed in Chapter 10). Sec-
ond, on the larger scale of a metropolitan area or a region, the lack of
connectivity requires high levels of driving, and as noted earlier, more
driving implies more risk for drivers, passengers, and pedestrians.

Much is known about what design features place pedestrians at
risk. As shown in Table 6-1, some of these features are typical of dense
urban neighborhoods, such as curb parking (because children dart out
into traffic from between parked cars) and high population density.
High speeds and high traffic volume, typical of busy roads, are also
important risk factors. It is very important to note that children are not
only hit by cars while walking to school or other destinations; playing
in streets, especially in urban areas, is also a common way to be exposed
to traffic hazards.35 When children have protected play areas such as
parks, they are less exposed to traffic hazards. 

Several kinds of environmental modifications offer great promise
in protecting pedestrians and bicyclists. These can be divided into
three categories: separating pedestrians from vehicles, making pedes-
trians more visible and conspicuous to drivers, and reducing vehicle
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TABLE 6-1 Neighborhood features that increase the risk of pedestrian
injuries.

Design feature References
High traffic volume Mueller et al., 1990;a Stevenson et al., 1995;b

Roberts et al., 1995;c Agran et al., 1996;d

Posner et al., 2002e

High density of curb parking Roberts et al., 1995;f Agran et al., 1996d

High speeds Mueller et al., 1990;a Roberts et al., 1995;c

Agran et al., 1996;d Stevenson et al., 1995;b

Giese et al., 1997g

Number of streets crossed MacPherson et al., 1998h

during routine travel
Housing or population density Rivara and Barber 1985;i Joly et al., 1991; j

(including multifamily residences) Braddock et al., 1991;k Bagley 1992;l Agran 
et al., 1996d

Absence of a park or play area Mueller et al., 1990;a Joly et al., 1991; j

near the home Bagley 1992l

Presence of crosswalks Herms 1972;m Stevenson et al., 1995;b Zegeer 
(where there is no traffic light) et al., 2001;n Koepsell et al., 2002o

a. Mueller BA, Rivara FP, Shyh-Mine L, Weiss NS. Environmental factors and the risk of childhood 
pedestrian–motor vehicle collision occurrence. American Journal of Epidemiology 1990;
132:550–60.

b. Stevenson MR, Jamrozik KD, Spittle J. A case-control study of traffic risk factors and child pedestrian
injury. International Journal of  Epidemiology 1995;24:957–64.

c. Roberts I, Norton R, Jackson R, Dunn R, Hassall I. Effect of environmental factors on risk of injury of
child pedestrians by motor vehicles: A case-control study. BMJ 1995;310:91–94; Roberts I, Marshall
R, Lee-Joe T. The urban traffic environment and the risk of child pedestrian injury: A case-crossover
approach. Epidemiology 1995;6(2):169–71.

d. Agran PF, Winn DG, Anderson CL, et al. The role of the physical and traffic environment in child pedestri-
an injuries. Pediatrics 1996;98:1096–1103.

e. Posner JC, Liao E, Winston FK, Cnaan A, Shaw KN, Durbin DR. Exposure to traffic among urban children
injured as pedestrians. Injury Prevention 2002;8(3):231–35.

f. Roberts et al., The urban traffic environment.
g. Giese JL, Davis GA, Sykes RD. The relationship between residential street design and pedestrian safety.

ITE Annual Meeting Compendium, 1997 (January): 1097–1104. Available from ITE as document CD
2⁄AHA97K97.

h. Macpherson A, Roberts I, Pless IB. Children’s exposure to traffic and pedestrian injuries. American
Journal of Public Health 1998;88:1840–43.

i. Rivara FP, Barber M. Demographic analysis of child pedestrian injuries. Pediatrics 1985;76:375–81.
j. Joly MF, Foggin PM, Pless IB. Les déterminants socio-écologiques du risqué d’accident du juene piéton.

Revue d’ Épidémiologie et de Santé Publique 1991;39:345–51.
k. Braddock M, Papidus G, Gregorio D, et al. Population, income and ecological correlates of child pedes-

trian injury. Pediatrics 1991;88:1242–47.
l. Bagley C. The urban setting of juvenile pedestrian injuries: A study of behavioral ecology and social dis-

advantage. Accident Analysis and Prevention 1992;24:673–78.
m. Herms BF. Pedestrian crosswalk study: Accidents in painted and unpainted crosswalks. Highway

Research Record 1972;406:1–13.
n. Zegeer CV, Stewart JR, Huang H, Lagerwey P. Safety effects of marked vs. unmarked crosswalks at

uncontrolled locations: Analysis of pedestrian crashes in 30 cities (with discussion and closure).
Transportation Research Record 2001;1773:56–68.

o. Koepsell T, McCloskey L, Wolf M, Moudon AV, Buchner D, Kraus J, Patterson M. Crosswalk markings and
the risk of pedestrian-motor vehicle collisions in older pedestrians. Journal of the American Medical
Association 2002;288(17):2136–43.
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speeds.36 Pedestrians can be separated from vehicles in time, such as
with pedestrian-activated crossing signals, favorable traffic signal tim-
ing or no-right-on-red laws; and/or they can be spatially separated
from vehicles, such as with pedestrian overpasses, wide sidewalks on
both sides of the street, and pedestrian refuge islands in the middle of
wide streets. In some cities, motor vehicles are banned from designated
streets or entire zones, a strategy that has been widely used in Europe.
Similarly, infrastructure for pedestrians and bicyclists, such as the
extensive path systems in Holland and Germany, help prevent injuries
from motor vehicles.37 Pedestrians can be made more conspicuous to
drivers in several ways; examples include increased roadway lighting,
raised intersections and crosswalks, and “bulb-outs” that extend the
sidewalk corners into the street. And vehicle speeds can be reduced
with traffic circles, narrowed traffic lanes, curving or zigzag roadways,
raised intersections, and speed bumps. In some Dutch cities, the woon-
erf (street for living) is designed for sharing by pedestrians, bicyclists,
and motor vehicles, which are limited to “walking speed.”38 These
techniques are collectively known as “traffic calming.”39  

Sometimes, techniques that attract and protect pedestrians are seen
as inconvenient or even hazardous to automobiles. In Georgia, for
instance, the State Department of Transportation prohibits placing trees,
benches, and other fixed objects within 8 feet of a curb. In practical terms,
this precludes trees in the buffer zone between sidewalk and street. “To a
traffic engineer’s way of thinking,” an Atlanta Journal-Constitution article
wryly explained, “sidewalks are auto recovery zones where drivers have
space to correct course if they’ve veered off. Trees would ensure the driv-
er came to an abrupt end before getting the car back on the road.”40 Of
course, an automobile that uses a sidewalk to correct course may mow
down pedestrians in the process. Careful thinking about such assets as
trees along sidewalks needs to take into account the safety of both pedes-
trians and drivers, as well as other health outcomes such as increased
physical activity (if the trees attract more people to walk).

Not all safety design solutions are intuitive, and it is important to
collect evidence on what works. For example, when investigators at the
University of Washington studied intersections at which older pedes-
trians were killed, they found that the presence of marked crosswalks
(where there was no traffic light) more than tripled the risk, presum-
ably because the crosswalks give a false sense of security.41 On the other
hand, there is good evidence that single-lane traffic circles, sidewalks,
exclusive pedestrian signal phasing, pedestrian refuge islands, and
roadway lighting can help prevent pedestrian injuries and fatalities.42
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There is growing evidence that more walking and bicycling are
associated with lower rates of injuries and fatalities to pedestrians and
cyclists. In countries where walking and bicycling are far more com-
mon than in the United States, such as Holland and Germany, pedes-
trians and cyclists are killed at far lower rates (on either a per trip basis
or a per person basis) than in the United States.43 In observational
studies of intersections in Sweden44 and Ontario,45 heavier pedestrian
and bicycle traffic predicted lower rates of collisions with automobiles.
Recently, this relationship was confirmed in studies of California cities
(see Figure 6-4), Danish towns, and European countries.46 There is a
happy irony here. Sprawl decreases foot and bicycle trips in both rela-
tive and absolute terms, and this may help account for decreased injury
rates among pedestrians and cyclists. But a major increase in foot and
bicycle trips, with all that entails—greater awareness among drivers,
and better roads and paths—also decreases the injury risk to pedestri-
ans and cyclists. And, of course, the latter strategy also offers addition-
al advantages, such as physical activity and cleaner air. 
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FIGURE 6-4 Risk of injury to pedestrians and bicyclists in sixty-eight
California cities in 2000, according to the proportion of
work trips made on foot or bicycle. The per capita injury rate
among pedestrians and cyclists decreases as the proportion
of work trips made by these modes increases.

SOURCE: P. L. Jacobsen, “Safety in Numbers: More Walkers and Bicyclists, Safer Walking and Bicycling,”
Injury Prevention 2003;9:205-09.
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Poorly designed roadways, of course, do not tell the entire story of
pedestrian injuries. More than half of pedestrian and bicyclist injuries
do not involve a car, and 31 percent of bike and 53 percent of pedestri-
an injuries occur off streets, on parking lots, paths, and even side-
walks.47 The vast parking lots that surround malls and other locations
often feature disorderly, speeding cars but no safe footpaths, so this
comes as no surprise.

Poor children have higher pedestrian fatality rates than wealthier
children.48 This must relate, in large part, to the environments in
which poor children live and play—neighborhoods with many of the
unsafe features shown in Table 6-1. High density, heavy traffic, and
lack of safe play areas and nearby parks are factors. Could it be that
poor children endanger themselves through their behavior? Pless and
colleagues at Montreal Children’s Hospital examined a broad set of risk
factors for childhood pedestrian and bicycle injuries, and found that
behavioral factors played very little role.49 Children who were fidgety,
who were reported as having abnormal behavior, and who suffered
from family disruption or disadvantage were at increased risk, but envi-
ronmental factors played a far greater role than these personal and
family characteristics. When children’s environments are changed, and
when these changes are accompanied by comprehensive safety pro-
grams that include training, supervised recreational activities, and sim-
ilar measures, child pedestrian injury rates appear to decline.50

THE RISK OF LEAVING HOME

People care a great deal about safety when they choose where to live.51

In a 1999 survey by the National Association of Home Builders, the
neighborhood crime rate was the leading reason people cited for their
choice of neighborhood; more than 80 percent of respondents rated it
as very important, a far higher proportion than for such features as
transportation options and shopping.52 This is a principal factor
encouraging sprawl; many people view urban neighborhoods as
hotbeds of crime, and suburbs as a safe haven. 

This view was challenged by William H. Lucy, a professor at the
University of Virginia School of Architecture.53 Lucy analyzed the risk
of dying from two causes—traffic crashes and murders by strangers—
in fifteen medium and large metropolitan areas over a fifteen-year
period. Like Ewing and colleagues, Lucy found that the risk of dying
in traffic was highest in the most sprawling counties (as measured by
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population density). In each metropolitan area studied, the risk of dying
in traffic in the suburbs was far higher than the risk of being murdered
by a stranger in the central city. (Even in central cities, the traffic fatali-
ty rate was generally higher than the stranger homicide rate.) As Lucy
concluded, “homicides are not nearly so great a danger as traffic fatali-
ties.”54 The risk of dying in traffic, he noted, is “largely unrecognized as
a danger to be factored into residential location decisions.”55

Injuries remain a major public health problem, and those related to
driving—crashes that injure and kill drivers and passengers, and inci-
dents that injure and kill pedestrians—form one of the largest cate-
gories. Sprawl plays a role. For automobile crashes, the extensive driv-
ing and the kinds of roads on which people drive are important threats
to safety. For pedestrians, the absence of safe walking and biking routes
also threatens safety, and even the good news—falling pedestrian fatal-
ity rates in recent years—is built on bad news, the decline in walking
and biking. Designing safe communities means providing alternatives
to driving, and safe routes for nonmotorized travel.

chapter 06  4/21/04  6:10 PM  Page 122



WATER QUANTITY
AND QUALITY

WITH STEVE GAFFIELD

WATER AND HEALTH: AN OVERVIEW

Clean water is essential for our health. Just as the planet’s surface is
78 percent water, so, too, is the composition of the human body at
birth. Cultures and civilizations have risen with water availability and
collapsed with droughts, and water is becoming a natural resource that
rivals petroleum in its importance to the prosperity and civil security of
all the inhabitants of an increasingly crowded world. Cosseted in the
convenience and abundance of the industrialized world, it is easy to
forget that the water we drink originates not at the faucet, but in the
planet’s rivers, lakes, or underground aquifers. Protection of these
waters, and the land from which they flow, is an important part of
ensuring a healthy future for our society.

In the United States, we generally take clean water for granted
because we have state-of-the-art treatment plants and laws designed to
protect drinking water safety. Early in each of our lives an adult
grabbed our hand, pulled us back from a puddle, and admonished us:
“Don’t drink that water, it is dirty.” As one of our earliest life experi-
ences, we internalized the lesson that dirty water could make us sick. As
we grew older, we learned the diseases that come from dirty water—
hepatitis, cholera, and typhoid—and why it was important to keep
human waste away from water supplies. Probably no single health
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intervention, not antibiotics or vaccines, has had the massive life-
benefiting impact of the development of effective water treatment
techniques over the last century.1 Even today, severe diarrhea from
contaminated drinking water kills nearly 2 million children each year
in developing countries without adequate water treatment.2

For water to sustain human health, two conditions are necessary:
the water must be clean, and there must be an adequate supply. Clean
water, in turn, means an absence of two kinds of contaminants: micro-
bial contaminants and chemical contaminants.

Microbial Contamination 
Microbial contaminants can take several forms. Bacteria such as Salmo-
nella typhi (the cause of typhus), Vibrio cholera (the cause of cholera),
Escherichia coli, Campylobacter jejuni, and various species of Shigella have
been scourges of humanity for centuries. Water with one or more of
these bacteria has typically been contaminated by fecal material from
humans or animals. Viruses can also contaminate water; examples
include rotavirus, a common cause of childhood diarrhea; norovirus
and Norwalk virus, which also cause gastroenteritis; and hepatitis A
virus. Finally, parasites such as Giardia intestinalis and Cryptosporidium
parvum, which cause giardiasis and cryptosporidiosis, respectively, can
also contaminate water.

Even with the benefits of modern technology, these infectious
agents collectively cause many water-related illnesses each year in the
United States. Official public health statistics from 1991 to 2000 record
123 outbreaks of waterborne illness in the public and private water sys-
tems of forty-one states and three U.S. territories, affecting over
430,000 Americans, and causing 653 hospitalizations and 58 deaths.3

However, the true extent of waterborne disease is thought to be at least
3 or 4 times greater, since many outbreaks are never detected and many
cases never diagnosed.4 Of the approximately 99 million cases of acute
gastrointestinal illnesses involving diarrhea or vomiting that occur each
year, costing billions of dollars,5 between 6 and 40 percent may be relat-
ed to drinking water.6 Rotavirus alone is responsible for approximately
50,000 hospital admissions among children each year.7 A 1993 outbreak
of cryptosporidiosis in Milwaukee’s drinking water supply sickened
403,000 people8 and killed at least 50 people with compromised
immune systems.9 Waterborne illnesses can be caused not only by
drinking contaminated water, but also by eating produce irrigated with
untreated water, by eating seafood caught in contaminated water bod-
ies, and by swimming or other recreational contact.10 
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Elderly people, children, and those with compromised immune
systems are especially vulnerable to contaminated water. When drink-
ing water becomes unusually turbid, even when drinking water stan-
dards are still met, hospital visits for gastrointestinal illness rise among
members of these groups.11 For more than a year before the 1993 Mil-
waukee outbreak, increases in that city’s drinking water turbidity were
associated with increases in doctor visits for gastrointestinal illnesses,
and the increase in visits was twice as large for children as for adults.12

And during outbreaks of cryptosporidiosis, people with compromised
immune systems comprise a large share of the severe illnesses and
deaths.

Chemical Contamination 
Water can also be contaminated by chemicals. The magnificent solvent
properties of water mean it can easily be polluted by both “point” and
“nonpoint” sources. Point sources, which pollute water directly from a
single spot, such as a factory drainpipe, were the major cause of water
pollution in the United States before the Clean Water Act was passed
by Congress in 1972. This law led to extensive construction of sewage
treatment plants and environmental enforcement, which have greatly
reduced point source pollution. However, nonpoint sources—runoff
from farms, parking lots and streets, golf courses, and similar expanses
of land—remain a serious source of chemical contaminants, including
pesticides, metals, nitrates, radionuclides, and a wide range of organic
chemicals, even including pharmaceuticals.

Another source of chemical contaminants, ironically, is the process
used to disinfect water. Chlorine used for water treatment can react
with organic sediment in river and lake water to form disinfection by-
products (DBPs) such as halomethanes and haloacetic acids. These
chemicals are linked to cancer of the bladder and other sites, miscar-
riages and birth defects, including neural tube defects and cleft palate,
low birth weight, kidney and immune system disorders, and neurotox-
ic effects.13 

Water Scarcity 
Anyone gazing across the Great Lakes might feel that fresh water is a
limitless resource. But less than 3 percent of the world’s water is fresh
water, and of this, more than two-thirds is frozen in the polar ice caps.
If the world’s entire water supply were one gallon, then the available
fresh water would amount to just a few tablespoons. 
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Available sources of clean water are under growing pressure from a
changing climate, population growth, increasing per capita use of
water, and destructive land use patterns. This is especially true in the
United States, whose citizens are very heavy consumers of water. In
1997, per capita water use was 382 liters per person per day in the
United States compared to 278 liters in Japan, 153 liters in the United
Kingdom, and 129 liters in Germany.14 The heavy demand for water
by a growing population and changing land use patterns is already
straining water supplies in parts of the country where water has always
been considered to be plentiful. For example, after years of rapid
growth, Frederick, Maryland, is so short of water that it has instituted
a moratorium on new developments and has implemented a plan to
allocate water among different users patterned after plans used in the
arid western United States.15 Alabama, Georgia, and Florida are locked
in a “water war” over the scarce water resources of the Apalachicola-
Chattahoochee-Flint river basin, and years of negotiations collapsed in
2003, requiring federal court intervention.16 As we look to the future,
climate change is likely to cause more evaporation from rivers and
lakes and more droughts, punctuated by intense storms. 

THE HYDROLOGY OF SPRAWL

To understand how land use patterns, including sprawl, may affect
water, we need to understand certain aspects of the hydrological cycle
(see Figure 7-1). Rainwater that falls can soak into the ground, where it
percolates down into groundwater (a process called “recharging”), or it
can flow along surfaces and enter bodies of water such as streams and
lakes.17 When rainwater soaks into the ground in forested areas, some
of the water is taken up by trees. Some of this water sustains tree
growth, and some undergoes evapotranspiration, an important process
because it has a cooling effect. (Part of the urban heat island effect
results from the removal of trees from urban centers.) Surface water
and groundwater are not entirely separate, since much surface water is
fed by groundwater aquifers (e.g., from springs), and since surface
water can percolate into groundwater. Over half of Americans receive
their drinking water from surface water sources, and the remainder
depends on groundwater.18

Natural recharging of groundwater is essential to maintain the
water supply for those who depend on groundwater. It is also essential
to maintain groundwater quality. In many parts of the country, ground-
water supplies are being depleted, raising concerns for households and
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FIGURE 7-1 An overview of the hydrologic cycle.

farmers. In addition, when groundwater levels fall, geochemical bal-
ances shift, and can result in contamination of groundwater by such
chemicals as arsenic.19 As groundwater levels drop, springs feeding
streams and wetlands dry up, damaging habitats that help preserve eco-
logical diversity and provide high-quality resources for recreation and
contemplation.

Land use patterns affect this process in several ways. Some kinds of
land cover, such as forests, promote absorption of groundwater. These
areas have porous soils that function like hydraulic “shock absorbers,”
absorbing a large proportion of most rainfall.20 These soils also provide
valuable filtering services, removing microbes and chemical pollutants
as rainwater percolates downward to replenish underground aquifers.
In contrast, surfaces such as pavement and rooftops allow virtually no
rainwater to be absorbed, favoring runoff instead.21 Figure 7-2 shows
this process schematically. In the developed area on the right, trees
have been replaced by impervious surfaces, including rooftops, a drive-
way, and roads. More rainwater runs off, and less soaks into the ground
to recharge groundwater and to be taken up by trees, compared to the
forested scene on the left. 
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FIGURE 7-2 Schematic view of water balance before and after 
development. Note the decrease in evapotranspiration 
and soil absorption, and the increase in surface runoff that
accompany development.

SOURCE: Center for Watershed Protection, http://www.cwp.org/. Impacts of Urbanization Slideshow 
CD-ROM (1999) Center for Watershed Protection, Ellicott City, Maryland.

The relationship between impervious surfaces and runoff has been
well studied (Figure 7-3). In one study, about 4 percent of rainfall on
undeveloped grassland was lost as runoff, compared to 15 percent on
suburban land.22 In a study of land use changes in suburban Indianapo-
lis over nearly twenty years,23 an 18 percent increase in impervious
areas resulted in an estimated 80 percent increase in annual average
rainwater runoff. According to both empirical data24 and hydrologic
modeling,25 development densities greater than about 10 to 20 percent
lead to dramatic increases in runoff. A similar pattern is seen for melt-
ing snow.26 This effect is so well established that impervious surface
has been suggested as a key environmental indicator, much like air
quality.27

While sprawling residential and commercial lots may each have a
smaller proportion of impervious surface than lots in dense cities, the
total impervious area across a community may be very high.28 This is
largely due to roads and parking lots, which can account for more than
60 percent of impervious surfaces in sprawling areas.29 In sprawling
areas, large lawns may compensate somewhat for the impervious sur-
faces, since the lawns absorb some runoff from roofs, driveways, and
parking lots. However, lawns and other “green spaces” in suburban
areas are often so compacted that they generate up to 90 percent as
much runoff as pavement.30 
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FIGURE 7-3 The relationship between impervious surfaces in a 
watershed and runoff of rainwater. The “runoff coefficient”
is the proportion of rainfall that is lost as runoff. As more
and more of the surfaces become impervious, more and
more rainwater runs off into streams and rivers, with 
accompanying siltation and nonpoint source pollution.

SOURCE: T. Schueler, Controlling Urban Runoff: A Practical Manual for Planning and Designing Urban
BMPs, Washington, DC, Metropolitan Washington Council of Governments; 1987.

The impact of sprawl on runoff probably differs from place to
place depending on rainfall patterns, soil properties, topography, and
the existing rural land use that is being converted to suburban uses.
One study estimated that a new low-density development in the out-
skirts of Chicago would produce ten times more stormwater runoff
than a comparable redevelopment in the inner city.31 Numerous stud-
ies predict similar results elsewhere. However, other researchers have
noted that converting farmland to low-density development can actu-
ally reduce some nonpoint source pollution, due to the large amounts
of runoff produced by some farms.32

By diverting rainwater from being absorbed by soil and toward
runoff, sprawl may contribute to depletion of groundwater. In a recent
report, the Natural Resources Defense Council, Smart Growth Amer-
ica, and American Rivers identified some of the nation’s most sprawling
cities as measured by land development.33 These organizations then
estimated the amount of groundwater recharge lost due to runoff,
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based on a model that used U.S. Geological Survey data. The results
suggested vast losses. For example, Atlanta was estimated to be losing
between 56.9 and 132.8 billion gallons of water per year, Orlando
between 9.2 and 21.5 billion gallons, and Houston between 12.8 and
29.8 billion gallons. Groundwater recharge is a very difficult process to
measure, and other investigators have not been convinced that urban
development reduces groundwater recharge.34 Increased pumping of
groundwater to serve growing populations, rather than loss of
recharge, may account for observed declining groundwater levels. In
either case, these problems underscore the need for conservation and
wise management of our water supplies. 

Increased runoff also has major effects on waterways. Because of
the intense runoff during storms, streams carry huge volumes of water
known as “storm surges” (Figure 7-4). These high flows carve out
streambeds and undermine the banks of the streams. Moreover, devel-
opment of land in the watershed can result in erosion; at a fresh con-
struction site on a rainy day, there is typically a trail of mud flowing off
the site. Stripping the protective vegetation cover from construction
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FIGURE 7-4 Stream flow before and after development. Note the greater
runoff volume after a storm, the higher and more rapid flow,
and the lower base flow that accompany development.

SOURCE: Center for Watershed Protection, http://www.cwp.org/. Impacts of Urbanization Slideshow CD-
ROM (1999) Center for Watershed Protection, Ellicott City, Maryland.
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sites accelerates soil erosion up to 40,000-fold.35 As soil and silt are car-
ried into waterways, they coat the streambeds, altering stream ecology.
Large amounts of sediment reduce the “life span” of dams, shorten
reservoir life, raise the cost of water treatment, and degrade final water
quality. These changes in stream characteristics can last for many years
after the initial disturbance, threatening structures built near flood-
plains (Figure 7-5).

These destructive changes to waterways do not directly threaten
human health. However, the effects of sprawl on water quality pose a
more direct health concern.

SPRAWL AND WATER QUALITY

Sprawl may contribute to both microbial and chemical contamination of
water (Figure 7-6). On the microbial side, several related phenomena are
important. First, stormwater runoff includes large loads of waste from
pets and wildlife and nutrients from such sources as fertilizers,36 and
streams and rivers downstream from developed areas typically have

FIGURE 7-5 Changes in stream and floodplain morphology with
development. Note the carving out of the streambed, the
expansion of the floodplain limit, and the diminished low-flow
level following development.

SOURCE: Center for Watershed Protection, http://www.cwp.org/. Impacts of Urbanization Slideshow CD-
ROM (1999) Center for Watershed Protection, Ellicott City, Maryland.
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FIGURE 7-6 Warnings like these on the Chattahoochee River are
necessary in many urban and suburban streams, due to
nonpoint source pollution. Better riparian protection, with
ample stream buffers and less impervious surface, could
protect stream quality.

SOURCE: Photo by Howard Frumkin.

higher bacterial counts after rainfall.37 These contaminants are rapidly
dumped unfiltered into storm sewers and streams, contributing to nearly
4,000 beach closings each year due to unsafe water quality. Studies show
a strong relationship between large rainfalls and outbreaks of waterborne
disease,38 clearly implying a link between polluted runoff and health.
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High levels of runoff after heavy rainfall contribute to microbial
contamination of water in another way: through sediment. Sediment in
waterways is more than a problem of appearance; it reduces the effec-
tiveness of drinking water treatment systems. Soil particles can protect
organisms such as Giardia and Cryptosporidium from coming into con-
tact with chlorine used for purification, preventing adequate disinfec-
tion. Cryptosporidium organisms are difficult to treat effectively, and a
1995 study found that 13 percent of samples of drinking water were
still contaminated with Cryptosporidium oocysts after treatment with
chlorine.39 This may have been an important factor in the 1993 cryp-
tosporidiosis outbreak in Milwaukee. Although the treated water from
Lake Michigan met all safety standards, it became more turbid during
spring rains and snowmelt and may have been contaminated by cattle
or human sewage.40

A third link between sprawl and microbial contamination arises in
low-density exurban areas, where homes commonly rely on private wells
and septic systems maintained by homeowners. Approximately 42 mil-
lion people in rural and suburban areas use their own private water sup-
plies, which are typically shallow wells.41 These wells are not covered by
the Safe Drinking Water Act and are especially vulnerable because they
are rarely monitored.42 Suburban homeowners on recently developed
farmland may not realize that agricultural chemicals can remain in the
soil for decades and can contaminate the shallow groundwater tapped by
their wells.43 While small septic systems can control microbial intrusion
into groundwater fairly effectively when they are well maintained,44

homeowners—unaware of the potential for groundwater contamina-
tion, and with little incentive beyond cosmetics to maintain their septic
systems—may neglect them. As a result, contamination is common.45

Sprawl may also contribute to microbial contamination of water
through an indirect route: by competing for infrastructure dollars. Expan-
sion at the urban fringe requires the development of new water infrastruc-
ture, sometimes at the expense of maintaining existing systems in other
parts of the community. Drinking water and wastewater infrastructure in
the United States is already strained, and investment in maintenance and
repair of public systems has been inadequate for decades.46 Leaks in water
and sewer lines are common in aging systems, and may go unrepaired for
lack of funds.47 (On the positive side, leaks in pipes may help maintain
groundwater recharge, even in areas with much impervious surface.)48

A pressing need is to upgrade the 950 aging sewer systems in the
United States that carry both sewage and stormwater to treatment
plants in the same pipelines.49 During storms, the combined flows
overwhelm the capacity of the pipes and treatment plants, and the
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excess volume—including untreated human sewage—is discharged
directly to streams and rivers, a process known as “combined sewer
overflow” or CSO. Not surprisingly, high concentrations of bacteria
have been measured below CSOs in river water and in the sediments of
rivers and storm drains. These accumulations provide a reservoir of
bacteria that can continue to contaminate the water between storms.50

When new development increases the impervious surfaces in a water-
shed, and green space is not set aside to help absorb rainfall, buffer
runoff, and protect streams, there is additional strain on these sewer
systems.

Sprawl also contributes to chemical contamination of waterways.51

Nonpoint source pollution is now the major source of water contami-
nation in the United States. Parking lots and roadways accumulate a
wide range of chemical contaminants: oil and antifreeze that drip from
cars, gasoline spilled at filling stations, lead particles from wheel bal-
ances, other metals such as copper and cadmium, household chemicals,
and others. Pesticides and herbicides are applied to lawns. These sub-
stances are carried across impervious surfaces by rainwater and end up
in streams and rivers. Studies of the movement of polycyclic aromatic
hydrocarbons,52 organic waste,53 and lead and zinc54 suggest that sub-
urban development is associated with high loading of these contami-
nants in nearby surface water. 

Pesticide and herbicide runoff is a particular concern. While this
problem is primarily associated with rural agricultural land, lawn care
can also be a major source of these chemicals in stormwater. The U.S.
Geological Survey found that insecticides were present at levels above
those thought to harm wildlife in sediment from 40 percent of the
urban streams tested and in fish tissue samples from 20 percent of the
sites.55

Automobile and truck use contributes to water pollution in several
ways beside runoff from roadways and parking lots. First, the gasoline
additive MTBE has leaked from thousands of underground gasoline
storage tanks and contaminated groundwater. MTBE can be tasted in
water down to parts per billion, the human tongue and nose being
nearly as sensitive as million-dollar chemical analyzers. Second, the
heavy use of cars and trucks contributes to air pollution, and the result-
ing air pollutants can contaminate surface water. Vehicle exhaust is an
important source of nitrogen and petroleum compounds.56 Nitrogen
contributes to eutrophication of lakes and harmful algal blooms. Poly-
cyclic aromatic hydrocarbons (PAHs), petroleum compounds in
exhaust, are known carcinogens in laboratory animals and humans. In a
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study of six reservoirs near major American cities, the U.S. Geological
Survey found that PAH concentrations in the sediments increased with
traffic volume and reached levels up to 100 times higher than thresh-
olds set to protect aquatic ecosystems. Motor vehicles, then, are a sub-
stantial contributor to water pollution.57

CONCLUSION

What is good for trout is good for humans. The same water source that
provides gentle runoff into the oxygenating riffle of rock in a
streambed and that nourishes the plants and insects in the life cycle of
a stream is also likely to be of good and usable quality for human use.
Streams destroyed by erosion, siltation, riprap, and contamination are
less likely to provide water that can be used for drinking without
expensive engineered cleanup.

During the 1990s, New York City faced a difficult decision. For
more than a century, the city had drawn its drinking water from upstate
sources (Figure 7-7). Because these were pure sources, the city had not
installed a filtration system. However, increasing concerns about water
purity, related in part to upstate development, led to calls for filtration
of the water. Filtration plants would have cost $6 billion to install and
$300 million each year to operate. Instead, the city developed a
detailed plan for protecting the Catskill–Delaware watersheds. This
included purchasing large tracts of land as buffers against development.
The cost of this plan was $1.4 billion over ten years—a prudent busi-
ness decision, and a splendid illustration that watershed protection is
human health protection.58 Growth and development that balance
density with green space and that limit impervious surfaces, as dis-
cussed in Chapter 11, can protect water quantity and quality,59 and are
part of a strategy for places that are safe and healthy for people.
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FIGURE 7-7 The watersheds that provide drinking water to New York City.
By protecting these upstream watersheds, New York protects
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http://gateway2.ovid.com/ovidweb.cgi-29#29.
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MENTAL HEALTH

Most Americans live in suburban habitats that are isolating, disag-
gregated, and neurologically punishing. . . . Placed in such an envi-
ronment even a theoretically healthy individual would sooner or later
succumb to the kind of despair and anomie that we have labeled
“depression.”. . . The emotional toll of the American Dream is steep.
What we see all over our nation is a situational loneliness of the most
extreme kind. . . .

This pervasive situational loneliness, of being stuck alone in your
car, alone in your work cubicle, alone in your apartment, alone at the
supermarket, alone at the video rental shop—because that’s how
American daily life has come to be organized—is the injury to which
the insult of living in degrading, ugly, frightening, and monotonous
surroundings is added. Is it any wonder that Americans resort to the
few things available that afford even a semblance of contentment:
eating easily obtainable and cheap junk food and popping a daily dose
of Paxil or Prozac to stave off feelings of despair that might actually
be a predictable response to settings and circumstances of our lives? . . .

How depressing.1

—James Howard Kunstler, 
“Big and Blue in the USA,” 2003

Kunstler’s words evoke a mental health disaster. If sprawl presents us
with ugly, degrading environments, if the lifestyles that evolve in
sprawling places are lonely and “neurologically punishing,” and if
many people respond by feeling anxious and depressed, then we need
to rethink our communities urgently and thoroughly.

— 137 —
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But is Kunstler right? Perhaps the chance to live at the edge of the
city, and to calm down and relax while commuting home from work, is a
wonderful tonic. On July 26, 2002, the sports section of the Atlanta
Journal-Constitution carried a curious front-page story.2 “Brave Com-
mute,” declared the headline, “Reliever’s drive to work is 90 miles.” In a
tone at once respectful and incredulous, the story told of Atlanta Braves
pitcher Chris Hammond, who made his home on a 218-acre farm in
Wedowee, Alabama, 90 miles from Turner Field. In a city where com-
muting hassles dominated local concerns, Hammond’s epic commute
was indeed news.

But for Hammond, the trade-off was worth it. “He and his wife
Lynne moved their family there two years ago seeking a simpler
life. . . ,” the Journal-Constitution story recounted, “when living the
typical baseball player’s life became too harsh.” While most of his
teammates “fight the interstates and maddening bumper-to-bumper
traffic” to get home, “Hammond prefers the scenic route”—a route
that was described in rhapsodic terms: “The hazy, stifling city atmos-
phere gives way to the humid, earthen country air in the summertime.
The senses signal the transition: the pungent odor of chicken houses
and pig farms. The sight of red barns and country cemeteries. Wooden
houses, abandoned and ramshackled with crimson-rusted roofs, stand
hidden in fields overgrown in wild grasses.” 

Hammond himself was clear on the pleasures of his commute. “I
enjoy driving by myself,” he explained. “It gives me time to relax.
Especially driving in the country. So many beautiful things to look at.
No graffiti on buildings. Just cows in the pastures. The one hour and
twenty minutes it takes me to get there is really stress-free.”

THE MENTAL HEALTH BENEFITS OF SPRAWL

Chris Hammond’s story reminds us that sprawl may benefit mental
health in at least three ways. First, it offers an escape from crowding.
Second, it offers sanctuary from life stress. Third, it offers the prospect
of contact with nature.

In an age of large homes on large lots, it is easy to forget the
incredible crowding of the cities of yesteryear. Urban tenements,
according to a turn-of-the-twentieth-century report, were places “in
which thousands of people are living in the smallest space in which it is
possible for human beings to exist—crowded together in dark, ill-
ventilated rooms, in many of which the sunlight never enters and in
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most of which fresh air is unknown.”3 Such conditions, of course, bred
infectious diseases, but the overcrowding was also a significant stressor,
as demonstrated by both animal studies and human data.4 In over-
crowded situations, physiological markers of stress such as blood pres-
sure and stress hormones rise, immune function declines, and aggres-
sive behaviors increase. It is no surprise that one of the original
motivations for suburban migration was to escape the crowding of
cities.5 Given the alternative, the lower density of the suburbs must be
counted as an early mental health benefit.

A second mental health benefit of suburban living may be one that
vacation planners know well: the sense of peaceful refuge, the sanctu-
ary from the hassles of daily life. “Getting away from it all,” whether on
vacation or simply at the end of a workday, offers much potential for
stress relief. 

And once at home, the suburban resident may enjoy a third mental
health benefit: contact with nature. People like trees, birds, and flowers.
These pleasures can be more accessible in suburbs than in very dense
urban areas. And contact with nature may be more than aesthetically
pleasing; it may reduce stress, improve attention, and relieve depres-
sion.6 Studies show that simply having views of nature can decrease
clinic visits,7 speed healing after surgery,8 and help control pain during
invasive medical procedures.9 If these kinds of benefits can come from a
backyard, then nature contact represents one of the benefits of sprawl.

THE MENTAL HEALTH COSTS OF SPRAWL

Sprawl may also carry mental health costs. For example, who benefits
by “getting away from it all”? Escaping to a suburban home may offer
more to men than to women, since women still bear a disproportionate
share of household responsibilities—amounting to between twenty-
five and forty-five hours per week, according to various studies.10 At
the same time the nation’s cities have sprawled, working hours have
increased, both individually and on a household basis. For two-career
households, if the woman has a full-time job, the travel time of a long
commute, and the burden of household duties, including transporting
children to school and after-school activities, the hours spent behind
the wheel each week are likely to contribute significantly to stress. 

And what of the nature contact available in suburban locations?
That nature may be a highly constructed one—a carefully laid out
grassy lawn with a limited number of trees, and perhaps a garden.
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While this is a restorative environment for many people, it comes at a
cost. When thousands of acres are developed as suburban housing,
with no preservation of forest, field, and farm, then large parks and
natural areas become much less accessible. We gain some opportunities
for nature contact even as we lose others.

In fact, the pleasant backyard is only one part of suburban sprawl.
The highways and broad feeder roads, the vast parking lots, and the
rows of big-box stores are a prominent part of the landscape as well.
And for many people, these aspects of the environment are anything
but a mental health asset. Country roads seem to be better for mental
health than thoroughfares cluttered with road signs and billboards,
strip malls and body shops, and large parking lots. In one study, volun-
teers looked at films of both country roads and commercial roads.11

They showed less stress and quicker stress recovery when viewing the
rural road scenes than when viewing the commercial roadway scenes. 

Psychologists, geographers, architects, and planners have much to
say about the form, scale, and speed of the environments we inhabit,
and of how they make us feel.12 The high speeds of suburban boule-
vards, on which everything rushes by quickly; the large scales of big-
box stores and vast parking lots; the absence of tranquil and attractive
“places of the heart” in daily travels: could these features undermine
mental health, or at least forfeit important opportunities to promote it? 

Finally, we need to consider the archetypal experience of living in a
sprawling area: driving. Aside from the truncated access to large tracts
of natural land, aside from the time pressure, aside from the alienating
quality of some suburban landscapes, driving itself is a cardinal feature
of sprawl, and one of the best understood in terms of its impact on
mental health.

DRIVING AND MENTAL HEALTH

Researchers have known for years that driving may have effects on
physiology and mood, and may even affect mental health. 

The Stress of Driving: Acute Changes 
in Mood and Physiology
In the decades after World War II, physiologists and physicians increas-
ingly came to view stress as a medical concern. At the same time, auto-
mobiles became more and more a central fixture in modern life, so it
was no surprise that stress researchers turned their attention to driving.
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They studied drivers under various conditions, both on roads and in
simulators. They found that driving caused “physiologic arousal”—a
combination of elevated heart rate, electrocardiographic changes,
increases in serum cortisol and catecholamine levels, and self-reports of
anxiety, agitation, and similar feelings. In the language of stress
researchers, the “stress” of driving resulted in “strain” among drivers. 

Investigators in Germany pioneered the use of remote electrocardio-
graphs, attaching EKG leads to radio transmitters (called telemetry) and
collecting data on drivers as they drove.13 Their studies found that driv-
ing increased the heart rate, especially on city streets and during “critical
situations” such as passing and sudden stops, and most markedly among
inexperienced drivers. In London, investigators conducted similar exper-
iments, asking volunteers to drive their cars for about twenty minutes on
familiar streets, from Middlesex Hospital through Piccadilly Circus and
Trafalgar Square, and back to the hospital, while wearing “radioelectro-
cardiographs.” They also found that the heart rate increased while driv-
ing.14 And in the United States, investigators in Minnesota studied long-
distance drivers15 and investigators in Philadelphia studied city drivers,16

and all reached similar conclusions: driving increased the heart rate.
But a higher heart rate is not necessarily cause for concern. After

all, the heart rate increases with excitement, exercise, and other trig-
gers that are not considered dangerous. Does it matter if driving
increases heart rates?

Investigators also found other signs of stress. In the German stud-
ies, not only did heart rate increase, but there were also electrocardio-
graphic changes such as ST segment depressions and T-wave inversions
that suggest ischemia (inadequate blood flow to the heart).17 In fact,
when the German investigators focused on patients known to have
coronary artery disease, approximately half the patients showed patho-
logical EKG changes while driving.18 And in the English studies, when
the drivers with heart disease showed an increase in their heart rates,
they also showed an increase in ectopic heartbeats and pathological
changes on their cardiograms. Moreover, occasional patients developed
angina and left ventricular failure while driving. The Minnesota investi-
gators found that situations such as passing and sudden stops caused not
only an increase in the heart rate, but also T-wave flattening, and con-
cluded that “there is a significant myocardial involvement in the stress
of driving an automobile, even in some apparently healthy drivers.”19

Additional studies confirmed the notion that driving is a stressor.
In Philadelphia, physicians studied drivers before and after two hours
of city driving, and found that urinary levels of catecholamine and cor-
ticosteroids increased, indicating a stress response.20 In Miami, after
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driving their cars across the city for forty-five minutes, university stu-
dent volunteers had higher blood pressure, higher heart rates, and
lower frustration tolerance than controls.21 In an unusual study in
Toronto, drivers reported on their feelings by cellular phone as they
drove.22 Higher levels of congestion caused considerable stress,
expressed by terms such as “frustrated,” “distressed,” “uneasy,” and
“losing my temper.” 

Over several decades, these and other studies23 clearly established
that driving could be a cardiovascular stressor. But what is it about
driving that is stressful? 

Several factors seem to contribute. One is the personality a driver
brings to driving. Features such as neuroticism, absentmindedness, and
aggression and hostility are associated with higher levels of driving
stress. Life circumstances, such as a high level of daily hassles and back-
ground stress, also contribute. Attitudes toward driving, such as dislik-
ing driving and feeling anxious while driving, are associated with higher
levels of driving stress. And certain driving situations, such as driving
on a tight schedule, driving in uncontrollable or threatening situations,
or driving in ways that tax drivers’ abilities to their limits, also increase
stress.24 Interestingly, in an Australian study, the factors that predicted
stress also predicted a high risk of collisions.25

Among professional drivers, such as truck and taxi drivers, some
additional factors may operate. According to the standard Karasek
model, workplace stress results from a combination of high demand
and low decision latitude.26 Belkić and colleagues in Sweden27 suggest
some additional factors that may increase stress among professional
drivers: underload (referring to tasks that are more monotonous than
interesting), extrinsic time pressure, unpleasant driving conditions, the
consequences of error, and conflict uncertainty. 

It seems clear that driving causes physiologic arousal, with many of
the changes that have come to be known as the “stress response.” These
changes are seen in both nonprofessional and professional drivers,
under a variety of driving conditions. Although personality features and
life experiences help determine the level of strain a driver experiences,
the root exposure—driving—emerges as an important source of stress.

The Stress of Commuting
For many of us driving has become one of the most frustrating activ-
ities we regularly engage in.28

—M. Joint, 
“Road Rage,” 1997
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If driving can be stressful, then commuting—a twice-daily drive, at the
most congested times of the day—can be a chronic and persistent
source of stress. Research over several decades has investigated the
links between commuting and stress.29 Researchers have identified
several aspects of commuting that result in stress, including commute
impedance, unpredictability, and loss of control.

“Commute impedance” refers to factors such as traffic jams,
road construction, or long trip distances that delay the commuter’s
arrival at work or home.30 Research has shown that commute
impedance causes stress among commuters. For example, studies of
commuters in Irvine, California, showed that longer commutes pre-
dicted higher blood pressure and more self-reported “tense” and
“nervous” feelings.31 The stress also seemed to extend to other
health outcomes. During follow-up studies, commuters with more
commute impedance (as measured by such factors as the total num-
ber of changes between surface streets and expressways) had more
sick days out of work, more self-reported colds and flu,32 and even
more days in the hospital.33 In a study of government employees
commuting to work near Washington,34 high-impedance drivers had
significantly higher blood pressures and decreased task performance
compared to the low-impedance drivers. In contrast, high imped-
ance did not predict an increased heart rate or higher hostility or
anxiety levels. Interestingly, single-occupancy vehicle drivers
reported significantly more hostility and anxiety than did carpool
drivers.

But there is more to commute impedance than obstacles on the
road. Commuters may feel blocked in their efforts to get to work, out
of proportion to the actual delays they confront. Novaco and his col-
leagues distinguished “subjective impedance” (SI) from “physical
impedance” (PI), to get at the notion of the driver’s perception of
delay.35 Drivers seem to perceive impedance when they face traffic
congestion (especially during the afternoon commute, perhaps
because that trip seems to eat into personal time),36 obstacles on sur-
face streets, and unpleasant encounters during their trip. While SI
and PI are closely correlated, they are not identical, suggesting that
individual factors play an important role. Some people take long
commutes in stride, whereas others are relatively distressed by short
commutes. The disparity is gender related; women are more likely
to have high SI with low PI, while men are more likely to have low
SI with high PI,37 consistent with research showing that gender
affects the amount of strain resulting from a given stress. Interest-
ingly, in Novaco and his colleagues’ research, although SI did not
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predict residential satisfaction or job satisfaction, it was strongly
associated with “mood at home in the evening,” including such states
as “negative mood” and “dysphoria.”38 This suggests that commut-
ing stress may spill over into family life, and overall well-being, in
important ways.

Commute impedance may also cause stress that spills over to
work and causes increased absenteeism. Several studies have demon-
strated that longer commutes predict more lost work days,39 more
late arrivals at work,40 and higher employee turnover,41 although not
all studies have supported this conclusion.42 In the follow-up study of
Irvine commuters, job satisfaction decreased as the freeway mileage
in the commute increased.43 Koslowsky and Krausz, at Israel’s Bar-
Ilan University, surveyed 682 nurses to investigate the impact of com-
muting stress. They found a strong association between the length of
the commute and the level of strain the nurses experienced.44 In turn,
the commute strain predicted decreased job satisfaction, decreased
job commitment, and a greater intention to leave the job. The effect
was seen in nurses who drove to work, but not in those who commut-
ed by public transit. Not only did automobile commuting stress the
nurses, but the spillover effect on their attitudes toward work was
substantial.

Another stressor in commuting is unpredictability.45 As psycholo-
gist Avraham Kluger explains, an unpredictable commute is one that
varies widely from day to day due to heavy traffic, bad weather, time of
day, school buses, traffic crashes, and similar factors.46 In a study of
New Jersey commuters, while longer trips were more stressful than
shorter ones as reflected by higher levels of resentment, worry, fear,
and somatic symptoms, Kluger found that the day-to-day variability of
the commute was an even more powerful stressor.47

Still another potential stressor in commuting is loss of control. As
a contributor to commuting stress, loss of control overlaps with
impedance and unpredictability,48 and also dovetails closely with our
understanding of workplace stress. In the workplace, loss of control is
a principal cause of stress.49 But the workplace is not the only place
where this may occur. In fact, feeling a loss of control is a well-
recognized component of occupational stress among professional
drivers such as bus drivers,50 and the job factors that engender loss of
control, such as roadway congestion and time pressure, also confront
commuters. 

Koslowsky combined the components of commuting stress into a
three-stage model (see Figure 8-1).51 In this model, the first stage is
physical impedance, the second is subjective impedance, and the third
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PHYSICAL
IMPEDANCE SUBJECTIVE

IMPEDANCE

OUTCOMES
• Physiological strain
• Psychological strain
• Behavioral strain

MODERATORS:
• Gender
• Control
• Predictability

MODERATORS:
• Personality features (e.g.,
   time management).
• Life stresses

MODERATORS:
• Personality features 
   (e.g., time urgency)
• Life stresses
• Predictability
• Mode choice

FIGURE 8-1 A model of commuting stress. “Impedance” refers to
obstacles during the commute, which cause stress. The
stress, in turn, causes strain.

SOURCE: Adapted from M. Koslowsky, “Commuting Stress: Problems of Definition and Variable Identifica-
tion,” Applied Psychology: An International Review 1997;46(2):153-73.

consists of physiological, psychological, and behavioral outcomes, with
moderators operating throughout. While the psychology and physiol-
ogy of stress are complex, and people vary considerably in their
responses to stimuli, it is clear that the simple fact of a difficult com-
mute—the physical impedance that forms the starting point for the
model—plays a crucial role.

The public seems to understand that driving in general, and com-
muting in particular, are stressful and possibly unhealthy. In fact, a con-
siderable popular literature has arisen, both in printed form and on the
Web, offering assistance to drivers in managing stress.52 Serious sug-
gestions have been made that commuters need specialized mental
health services.53 Among both commuters themselves and those who
observe and care for drivers, there is a sense that commuting is a sub-
stantial source of stress.

The stress of commuting needs to be put in perspective in three
ways. First, there is evidence that some people, at least some of the
time, enjoy long commutes (remember the story of Atlanta Braves
pitcher Chris Hammond that began this chapter). Some commuters
indicate that the commute is their only opportunity to have “quiet

chapter 08  4/21/04  5:05 PM  Page 145



146 ■ URBAN SPRAWL AND PUBLIC HEALTH

time” for themselves.54 In a busy life, an interval of downtime sand-
wiched between work demands and home demands, with the opportu-
nity to listen to the radio or simply relax, may be restorative for some
people, especially those with relatively uncongested commutes. Sec-
ond, the amount of strain that results from the stresses of commuting,
and the medical effects of this strain, differ from person to person.
Early studies focused on the role of type A behavior in mediating the
impact of commuting,55 and more recent work has focused on person-
ality traits such as coping style.56 Life circumstances, and especially life
stresses, also seem to play a major role in mediating driving stress.57 As
with many potentially hazardous exposures, commuting does not affect
everybody in the same way. Third, automobile commuting is not the
only form of commuting that can be stressful. Train and bus commut-
ing have also been linked to increased heart rate, catecholamine excre-
tion, and other indicators of stress,58 perhaps because of the need to
keep on schedule, crowding, physical discomfort, and/or the lack of
control. However, the evidence suggests that automobile commuting is
more stressful, for more people, than these other forms of travel.59 

Stress-Related Morbidity among Commuters 
What are the results of driving stress? What happens to suburban
commuters who confront long drives on busy roads, year after year?
We have evidence on three health outcomes in relation to the stress of
driving in general, and commuting in particular: cardiovascular dis-
ease, back pain, and collisions.

As early as 1929, when driving was first becoming widespread,
there were reports of cardiac death during driving.60 Some of these
events may have been coincidental, and some may have been triggered
by ambient carbon monoxide on roadways.61 However, the stress of
driving may well have contributed. More recently, studies of profes-
sional drivers such as truck drivers, bus drivers, and taxi drivers, have
consistently shown an increased risk of cardiovascular disease, despite
selection against these disorders at the time of hiring and during med-
ical follow-up.62 

Another manifestation of stress is musculoskeletal symptoms,
especially back pain and neck pain. Commuting may contribute to
these outcomes not only through stress, but also through biomechani-
cal mechanisms, including prolonged sitting in a fixed position,
ergonomically incorrect seats, and/or prolonged exposure to whole-
body vibration. Research in the occupational health field documents
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TABLE 8-1 Neck and back pain in relation to annual driving distance

Annual km Odds ratio for neck pain Odds ratio for back pain
driven (95% confidence interval) (95% confidence interval)
5,000 1 1
5,000–10,000 0.99 (0.45–2.2) 1.40 (0.65–3.04)
10,000–15,000 1.48 (0.75–2.93) 1.89 (0.96–3.73)
15,000–30,000 1.74 (1.01–2.99) 2.23 (1.29–3.85)
30,000–50,000 2.10 (1.24–3.54) 2.18 (1.28–3.72)
>50,000 2.43 (1.36–4.34) 2.79 (1.54–5.07)

SOURCE: T. Skov, V. Borg, and E. Orhede, “Psychosocial and Physical Risk Factors for Musculoskeletal Dis-
orders of the Neck, Shoulders, and Lower Back in Salespeople,” Occupational & Environmental Medicine
1996;53(5):351-56.

that professional drivers have an increased risk of back pain.63 If expo-
sure to driving is a risk factor for back pain among people who drive for
a living, then commuting—which also exposes people to prolonged
driving—might confer some of the same risk.

Studies do reveal a link between automobile commuting and back
pain. In a case-control study of herniated lumbar intervertebral disc
patients in Connecticut, driving was found to be a risk factor—not only
professional driving (defined as spending more than half of one’s work
time driving), but also other driving.64 Patients with herniated discs
averaged 10.2 hours per week of driving, while control patients aver-
aged 8.3 hours per week of driving.65 In a French questionnaire study of
over 1,000 working people, time spent in a car was a significant predic-
tor of low-back pain.66 Most recently, in a Danish questionnaire study
of 1,306 salespeople, neck, shoulder, and back pain were related not
only to occupational stressors such as high job demands, overwork, and
lack of social support, but also to driving long distances (Table 8-1).67

Life stress in general has been shown to be a risk factor for traffic
crashes.68 More specifically, the stress of driving may be linked to crashes
in two ways. First, driving stress leads to behaviors that predispose to
crashes, such as speeding, weaving, and tailgating.69 Second, stress seems
to be a direct risk factor for crashes,70 perhaps because stressed drivers
are less alert, less reactive, or otherwise less capable behind the wheel.

Aggressive Driving 
The car is an extension of personal space, often people’s second most
valuable possession, their main access to freedom, and a statement of
self through the choice of vehicle, colour, make, model, and of course,
the way they drive. A car is like a second home, and with this comes
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territorial beliefs and feelings which, when threatened, lead the
owner to respond in a territorial and sometimes aggressive fashion. A
car also provides the owner with protection, unusual power, easy
escape and a degree of autonomy. It is perhaps for these reasons that
an individual encased in an automobile seems to have a lower thresh-
old for hostility.71

—G. Fong et al., 
“Road Rage: A Psychiatric Phenomenon?” 2001

Most drivers are familiar with aggression on the roads, having seen it in
others and perhaps displayed it themselves. Why should we care about
aggressive driving? First, aggressive behavior is itself an important
mental health outcome, with broad implications for health and social
functioning. Second, aggressive behavior is a risk factor for collisions
and for acts of violence.72

Aggressive driving is common. In a pioneering 1968 study, psycholo-
gist Meyer Parry surveyed 382 drivers on a major road into London. The
questionnaire asked about several aggressive driving behaviors, from the
relatively benign to the more hazardous. When asked about swearing out
loud at other drivers, 50 percent of men and 38 percent of women report-
ed doing so. Fifteen percent of men and 11 percent of women reported
that, at times, they felt they “could gladly kill another driver.” Thirteen
percent of men and 2 percent of women reported that on occasion they
had tried to edge another car off the road, 9 percent of the men and 1 per-
cent of the women reported that they had been in a fight with another
driver, and 7 percent of the men and 2 percent of the women reported that
they had deliberately driven at another vehicle in anger.73 In a 1975 study
in Salt Lake City, drivers reported similar levels of aggression while driv-
ing, although unlike in Britain, females outdid males on some responses
(see Table 8-2). For example, 12 percent of men and 18 percent of women
sampled reported that, at times, they “could gladly kill another driver.”74

In a 1980 Dutch study,75 Hauber observed the reactions of 966 driv-
ers when a pedestrian crossed at an intersection as they approached in
their cars. He defined aggressive behavior as any of three actions: failure
to stop for the pedestrian, angry gestures or language, or horn blowing.
Overall, 25 percent of the drivers displayed such behavior, with the pro-
portion rising to 33 percent among young male drivers. Other factors
associated with aggressive behavior included the gender of the pedestri-
an (males elicited more aggression than females), afternoon as opposed
to morning driving (perhaps due to accumulated tension from the day,
and/or driver impatience to get home after work), and commercial as
opposed to private drivers (perhaps due to more time driving).
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TABLE 8-2 Self-reported hostility while driving, Salt Lake City, 1975
(percentage of driversa)

Questionnaire item Male Female
I am easily provoked when driving. 23 18
I lose my temper when another driver does something silly. 40 41
I have been known to flash my lights at others in anger. 50 15
I get annoyed if the traffic lights change to red as I 

approach them. 23 23
I make rude signs at other motorists when I am provoked. 15 11
At times, I’ve felt that I could gladly kill another driver. 12 18
If someone suddenly turns without signaling, I get annoyed. 58 92
I swear out loud at other drivers. 23 41
I swear under my breath at other drivers. 77 56
I have given chase to a driver who has annoyed me. 12 4
If the driver behind me has his lights shining in my mirror,

I pay him back in some way. 23 12
I am usually impatient at traffic lights. 19 7

an = 26 males, 27 females.

SOURCE: C. W. Turner, J. F. Layton, and L. S. Simons, “Naturalistic Studies of Aggressive Behavior: 
Aggressive Stimuli, Victim Visibility, and Horn Honking,” Journal of Personality and Social Psychology
1975;31:1098-1107.

Interestingly, Hauber evaluated the same drivers in a nondriving
situation by “telephone manipulation”—calling their homes with two
successive wrong numbers. Again, he assessed aggressive behavior, this
time noting such responses as becoming verbally abusive, banging
down the telephone receiver, and exhibiting marked irritation. Only 
11 percent of those reached by phone became aggressive, less than half
the proportion that became aggressive while driving. Something about
driving seemed to bring out the aggression in people.

In early 1995, the Automobile Association in Great Britain com-
missioned a survey of 526 drivers.76 (The report of this survey does not
describe how the participants were selected and recruited.) Remarkable
proportions of the respondents reported both having behaved aggres-
sively and having been subject to aggressive behavior, as shown on
Table 8-3. This study asked about the kinds of roads on which aggres-
sive incidents occurred, and found that 46 percent had occurred on
“main roads,” 26 percent on divided highways, 23 percent on minor
roads, and 4 percent in parking lots. 

More recent surveys have shown evidence of continuing frustration
and aggression on the roads. In national telephone surveys in 1999 and
2001, large numbers of respondents reported both engaging in aggres-
sive behaviors while driving (Table 8-4) and being on the receiving end
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TABLE 8-3 Self-reported aggressive driving behavior among English
drivers, 1995 (percentage of respondentsa)

Percentage of drivers who report
Being the victim Committing this behavior 
of this behavior toward other drivers

Aggressive tailgating 62 45
Flashing headlights when annoyed 59 22
Aggressive or rude gestures 48 12
Deliberately obstructed or 

prevented from maneuvering 
the car 21 6

Verbal abuse 16 5
Physical abuse 1 <1
None of these 12 40

an = 526

SOURCE: M. Joint, “Road Rage,” Aggressive Driving: Three Studies Washington AAA Foundation for Traffic
Safety, March 1997. Available at http://www.aaafoundation.org/pdf/agdr3study.pdf. Accessed June 23,
2002.

TABLE 8-4 Self-reported aggressive driving behaviors among U.S. drivers,
1999 (percentage of respondents)a

How often do you . . . Never Rarely Sometimes Often
Say bad things to yourself about 

other drivers 15.3 22.9 39.5 22.1
Complain or yell about other drivers 

to a passenger in your vehicle 25.5 22.2 39.0 13.1
Give another driver a dirty look 41.8 17.6 32.7 7.7
Honk or yell at someone through 

the window to express displeasure 61.1 17.9 17.9 2.9
Keep someone from entering your 

lane because you are angry 80.2 12.9 5.9 0.8
Make obscene gestures to another 

driver 83.7 9.2 6.1 0.8
Think about physically hurting 

another driver 89.0 5.4 4.4 1.1
Make sudden or threatening moves 

to intimidate another driver 94.6 4.0 1.1 0.1
Follow or chase another driver 

in anger 96.5 3.2 0.3 0.0

an = 1,508

SOURCE: R. W. Snow, “Monitoring American’s Attitudes, Opinions, and Behaviors,” 1999 National Highway
Safety Survey, Mississippi State University, Social Science Research Center, January, 2000. Available at
www.ssrc.msstate.edu/publications/srrs2000-1.pdf. Accessed July 18, 2002.
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TABLE 8-5 U.S. drivers reporting being the victims of aggressive
behavior, 2001 (percentage of respondents)a

Percentage of drivers reporting 
that within the last year, Small Small Large 
another driver . . . Rural town city city Total
Tailgated you 69.1 61.3 70.3 69.8 66.8
Made an obscene gesture at you 39.7 37.1 44.9 44.3 41.8
Cut you off 32.0 33.7 38.6 48.0 38.1
Made a threatening move with car 25.4 23.5 30.0 25.9 26.4
Followed or chased you in anger 9.9 6.4 9.9 11.5 9.4
Got out of car to argue with you 5.8 5.8 4.2 8.3 5.9
Deliberately hit you with his car 1.7 0.9 1.1 2.6 1.5

an = 1,394

SOURCE: R. W. Snow, “Monitoring American’s Attitudes, Opinions, and Behaviors,” 2001 National Highway
Safety Survey, Mississippi State University, Social Science Research Center. January, 2002. Available at
http://www.ssrc.msstate.edu/publications/2001NationalHighwaySafetySurvey.pdf. Accessed July 18,
2002.

of such behavior (Table 8-5). A similar survey, conducted for the Nation-
al Highway Traffic Safety Administration in 1998, found somewhat
lower but comparable numbers.77 In the NHTSA survey, people were
asked why they engaged in aggressive behavior. The two leading reasons
cited were being rushed or behind schedule (23 percent), and heavy traf-
fic or congestion (22 percent)—common experiences on the crowded
roadways of sprawling areas. Moreover, 30 percent of the NHTSA
respondents perceived that aggressive driving—their own and others’—
was increasing over time (and only 4 percent thought it was decreasing). 

More recently, researchers at Johns Hopkins University78 surveyed
218 women employed by a telecommunications company. This was a
stable, professional population; 67 percent of the respondents had
more than a high school education, 76 percent were parents, and the
average job seniority was eighteen years. Among these women, 56 per-
cent admitted to driving aggressively, 41 percent reported yelling or
gesturing at other drivers while commuting, and 25 percent reported
taking out their frustrations from behind the wheel of their cars. In a
nationwide survey of 880 drivers in 2001, 28.7 percent reported that
when they are running late and approach a red light, they speed up to
beat the light rather than slow down and prepare to stop. Among those
who reported this behavior, 69 percent gave as their reason being “in a
rush” or wanting “to save time.” However, red light running was not
the prime response to frustration while driving. Weaving in and out of
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traffic, gesturing angrily at other drivers or pedestrians, tailgating, and
speeding were all more closely linked to increasing frustration than was
red light running.79 Aggressive behavior while driving appears to be a
widespread problem. 

What causes aggressive driving behavior? Or, put more colorfully,
what makes “an apparently perfectly normal, mild-mannered individ-
ual turn into an antisocial road maniac?”80 A large body of literature
addresses this question, most of it focusing on characteristics of the
drivers.81 Psychologists at Colorado State University have even devel-
oped a Driver Anger Scale, based on the concept that driver anger is a
measurable personality trait.82 Not surprisingly, risk factors for aggres-
sive driving include male gender, young age, alcohol drinking, aggres-
sive personality features, and life stress.83 Some people seem to feel
gratified, and even to have fun, when they drive aggressively.84

Observers focused on law enforcement have emphasized the role of
reduced levels of traffic enforcement,85 pointing out that courts are
more lenient toward aggressive drivers than toward aggressors who use
other weapons.86 To some extent, aggressive driving may simply reflect
aggressive behavior in society more generally.87 

Several psychological explanations have been offered. Perhaps the
automobile evokes territorial feelings, leading drivers to defend
aggressively against perceived invasions.88 Hines postulated that some-
thing in the interaction of driver and automobile unlocks aggressive
tendencies. “In many cases,” he wrote, “the car seems to sharpen dis-
positions and reduce inhibitions. Apparently cautious individuals may
take chances. Few people would shake their fist at another pedestrian,
yet many would make aggressive or derisory gestures to other drivers.
Perhaps they feel safer in the car, less accessible and unlikely to be
called to account.”89 And Novaco emphasized the role of media images
in spurring aggressive behavior among drivers. “The symbolization of
the automobile,” he pointed out, “has commonly incorporated aggres-
sive themes, reflected in car names and marketing images. Both cars
and trucks are often used by their drivers as instruments of dominance,
and the road serves as an arena for competition and control.”90 Indeed,
some people may feel that their automobile reflects and projects their
image, what Connell and Joint call the “egoic aspect of driving,” lead-
ing to heightened sensitivity to perceived insults.91 

Could sprawl contribute to aggressive driving? Relatively little
research has looked at environmental factors, such as road conditions,
as predictors of aggressive behavior. Congestion is likely to be a con-
tributor. Hennessy and Wiesenthal, in their cellular phone interviews
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of Toronto drivers, found that congested traffic doubled the frequency
of aggressive behaviors, including horn honking, hand gestures, tail-
gating, flashing high beams, and swearing at other drivers.92 Shinar
proposed that the main cause of aggression on the roads is traffic con-
gestion, based on the “frustration–aggression” psychological model.93

Lajunen and colleagues surveyed 270 British drivers to identify situa-
tions that aroused anger.94 Three sets of factors emerged: having their
progress impeded, reckless driving by other drivers, and hostility in
other drivers. The first of these factors, impedance, certainly occurs
with congested roads. When it comes to aggression, concluded British
researchers Connell and Joint, “Congestion is . . . undoubtedly an
issue.”95 This view has reached the popular literature as well. In a hor-
tatory 2000 book entitled Road Rage and Aggressive Driving: Steering
Clear of Highway Warfare, the authors explain the role of congestion as
follows: “Because it inconveniences, delays, and frustrates drivers, con-
gestion increases the number of crashes due to aggressive driving. Peo-
ple experience time pressure when they can’t predict travel time accu-
rately; they feel caged or trapped with no way out, and some become
incensed. . . . ”96

However, British and Finnish researchers reached a different con-
clusion in a 1999 study, which compared drivers in Britain, Holland,
and Finland.97 In this study, the researchers assessed the amount of
exposure to congested driving by asking drivers how often they drove
during rush hour, and how often they drove on country roads. There
was no association between rush-hour driving and aggressive behavior
(as indicated by angrily blowing their horns, chasing another driver “to
give a piece of your mind,” and otherwise expressing hostility). More-
over, the more congested countries (Britain and Holland) did not have
more aggressive rush-hour behavior than sparsely populated Finland.
“In general,” concluded the investigators, “the relationship between
exposure to congestion as measured by frequency of rush-hour driving,
and aggressive violations was weak. . . . ”

Perhaps some features of sprawl other than traffic congestion lead
to aggressive driving. A 1999 study by the Surface Transportation Pol-
icy Project,98 a Washington nonprofit group, focused on aggressive
driving, defined as speeding faster than 80 miles per hour, tailgating,
failing to yield, weaving in and out of traffic, passing on the right, mak-
ing improper and unsafe lane changes, and/or running stop signs and
red lights. Using this definition, they found that aggressive driving was
a factor in 56 percent of fatal crashes (excluding crashes in which drugs
or alcohol were a factor). In a comparison of seventy metropolitan
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areas, the investigators found that higher rates of transit use, higher
rates of commuting by foot, and fewer miles of highway per capita, all
predicted lower aggressive driving death rates. Among large cities, the
highest aggressive driving death rates were in Riverside–San Bernardi-
no (California), Tampa–St. Petersburg, Phoenix, Orlando, Miami, and
Las Vegas, while the lowest were in Boston, New York, Minneapolis,
Pittsburgh, Norfolk–Virginia Beach, and Cleveland, suggesting a high-
er risk in more sprawling cities. But as in the British-Finnish findings,
roadway congestion was not associated with the aggressive driving
death rate. The investigators concluded “aggressive driving death rates
are much higher in places with uncontrolled sprawl development,” but
that “metropolitan areas with high congestion levels were no more
likely to have high aggressive driving death rates than areas with less
congestion.” Certain community attributes, in particular the presence
of higher density, mixed land uses, and transportation alternatives such
as mass transit and sidewalks, seemed to offer protection against deadly
aggressive driving. 

Road Rage
The pinnacle of aggressive driving, when emotions, words, and reck-
less driving erupt in violent acts, has come to be known as road rage.
While aggressive driving behavior had been recognized for decades,
the term “road rage” came into use during the 1980s, initially in the
United States, and later in Australia and Great Britain, to reflect what
was perceived as an epidemic of these incidents on the roads. The
Oxford Dictionary of New Words defines road rage as “A driver’s uncon-
trolled aggressive behavior, apparently caused by the stresses of mod-
ern driving.”99 A report issued by the American Automobile Associa-
tion Foundation for Traffic Safety100 offers a definition of aggressive
driving that in fact fits better as a definition of road rage: an instance
when “an angry or impatient driver tries to kill or injure another driver
after a traffic dispute.” By the 1990s, Time magazine wrote (with some
hyperbole), “It’s high noon on the country’s streets and highways. This
is road recklessness, auto anarchy, an epidemic of wanton carman-
ship.”101

Accounts of road rage are not difficult to find, and they range from
the tragic to the comic. In Massachusetts in 1994, Donald Graham, a
fifty-four-year-old church deacon and bookkeeper, became embroiled
in a heated, ongoing traffic dispute with Michael Blodgett, forty-two,
as they drove on Interstate 95. After several miles, they both pulled
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onto an access road and got out of their cars. Graham took a crossbow
from his trunk and skewered Blodgett with a 29-inch arrow, killing
him.102 In September 1999, twenty-one-year-old Shaun Mohr was
driving his Isuzu Rodeo on Interstate 275 near Cincinnati, when he
came up behind a Dodge Colt driven by twenty-seven-year-old Kraal
Wiggins. The two men jockeyed for position, and Mohr eventually
passed Wiggins. As Wiggins pulled up behind Mohr, Mohr slammed
on his brakes, Wiggins struck Mohr from behind, and Mohr lost con-
trol of his vehicle. It rolled several times, throwing his passenger,
twenty-one-year-old Tiffany Frank, from the vehicle and seriously
injuring her.103 In January 2000, thirty-eight-year-old Chris Duron
got into a dispute with another driver as they drove in the high-
occupancy vehicle lane of Interstate 75 south of Atlanta. Both drivers
stopped their cars, and Duron ran toward the other car, prompting his
rival to shoot him. When police arrived, Duron’s engine was running,
his driver’s door was open, his lights and radio were on, and his body
lay 30 feet from his car.104 A few days later, Sara McBurnett was pick-
ing up her husband at the airport in San Jose, California. In rainy
weather and bumper-to-bumper traffic on the airport approach road,
she accidentally bumped a sport-utility vehicle in front of her. The
driver left his vehicle, approached her car, grabbed her small dog
through an open window, and threw it into oncoming traffic, where it
was killed.105

The most unlikely perpetrators may be involved. In 1995, Robin
Ficker, fifty-two, a prominent attorney and former Maryland state leg-
islator, bumped his Jeep into a newer Jeep driven by Caroline Goldman,
who was six months pregnant, as they drove in the upscale town of
Potomac. When she asked him why he had done it, he struck her in the
face, breaking her glasses and giving her a black eye.106 And in Salt Lake
City in 1997, forty-one-year-old Larry Remm Jr. honked at seventy-
five-year-old J. C. King for blocking traffic. Mr. King took umbrage,
and followed Mr. Remm’s car until it pulled off the road. He com-
menced his attack by hurling his prescription bottle at Mr. Remm, and
followed this with what U.S. News & World Report dubbed “a display of
geriatric resolve”: smashing Remm’s knees with his 1992 Mercury.107

Attention to road rage is certainly increasing, as judged by press
coverage, popular books, and Web site discussion. However, data do
not clearly establish that the incidence of road rage is increasing. One
of the difficulties is the variable definition of road rage used in different
investigations. The broadest definitions include many kinds of aggres-
sive driving behavior, even name-calling. Narrower definitions are
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restricted to deliberate attacks, sometimes further limited to attacks on
strangers (excluding, say, domestic disputes that play out on the roads).
Available data sources, ranging from police reports to newspaper
accounts, are highly inconsistent.

In the only available longitudinal study in the United States, con-
ducted for the AAA Foundation for Traffic Safety study,108 the investi-
gator collected reports of road rage incidents from across the United
States for the period 1990 through 1996. Data sources included news-
papers, police reports, and insurance reports; as a result, an observed
increase may have been due, at least in part, to increased reporting
rather than to a true increase. During this time, the annual tallies
increased by 51 percent, from 1,129 per year to approximately 1,800
per year. (The final year’s count was extrapolated from eight months of
data.) In a total of 10,037 recorded incidents, there were 12,610
injuries and 218 deaths. The reasons for assaults were disclosed in a
series of quotations taken from crime reports. In one case, a man was
shot to death “because he was driving too slowly.” In another case, a
woman was shot because “the bitch hit my new Camaro.” There were
assaults because “He cut me off,” because “She was driving too slowly,”
because “She wouldn’t let me pass,” and because “She kept crossing
lanes without signaling; maybe I overreacted but it taught her a les-
son.” “I never would have shot him,” mused one driver, “if he hadn’t
rear-ended me.” Various weapons were used, including guns (in 37 per-
cent of cases), the vehicle itself (in 35 percent of cases), knives, clubs,
tire irons, baseball bats, fists, and feet. Perpetrators were dispropor-
tionately young and male. In some cases, the incidents involved domes-
tic disputes that played out on the roads, and in other cases, there was
apparently an overlay of racism.

Investigators at the Crime Research Center at the University of
Western Australia studied road rage in that country during the interval
1991 to 1995, using a narrow definition: “impulsive driving related vio-
lence between strangers,” as recorded in state police data.109 This defi-
nition excluded attacks on cars by “thumping or banging and also such
matters as obscene language or gestures, flashing lights, tailgating, lane
hopping, and queue jumping into parking bays,” which were consid-
ered acts of incivility rather than criminality. By definition, the aggres-
sor and the victim had to be unacquainted with each other. During the
study period, the annual number of road rage incidents rose, although
it comprised a fairly stable proportion of all stranger assaults (about 10
percent). However, when measured against the state population, and
against the number of registered vehicles, there was an upward trend,
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especially in the Perth metropolitan area where traffic congestion and
clogged roads had become common. Five common triggers for acts of
road rage emerged: encounters with slow drivers; other drivers cutting
in or passing; gender bias, with males attributing driving incompetence
to females; collisions between vehicles; and competition for parking
spaces. Risk factors for committing road rage included being young
and male, afternoon hours, and Aboriginal ethnicity (of either driver or
victim). In addition, more time driving was associated with a higher
risk of road rage. These investigators interpreted their results in terms
of violence theory, pointing to several aspects of driving that facilitate
violence: defending territory, enhancing reputation, anonymity, some
cognitive distortions on the part of offenders, and the physiological
arousal that accompanies driving.

Similar findings have emerged in Britain. In a search of English
newspapers during 1996, 255 articles describing 60 separate incidents
of road rage were retrieved.110 Of these, 22 involved assault, almost all
with weapons, and 29 injuries and 12 deaths resulted. In the 1998
British Crime Survey, over 4,500 people answered questions about
crime during the preceding twelve months.111 Of these, 54 percent of
those who had driven reported having been the victim of some form of
road rage. Most were limited to verbal abuse or gestures, but 9 percent
had been forced to pull off the road, and 3 percent reported that another
driver had left his or her car and threatened violence. In a 2001 study,
131 patients in medical office waiting rooms in England were inter-
viewed about road rage. They were asked whether they had been
involved in an act of road rage during the previous five years as victim,
perpetrator, or both, and they completed psychological questionnaires.
These investigators defined road rage broadly, as “responding verbally
or physically in a threatening manner” to another driver’s behavior.
Just over half of the sample reported experiencing an incident of road
rage—29 percent as victim, 12 percent as perpetrator, and 11 percent
as both. The study focused on personal risk factors rather than on envi-
ronmental or situational ones. Road rage perpetrators tended to be
younger, less-experienced drivers, and members of “manual” social
classes. They showed an increase in psychiatric morbidity, with elevated
scores on the Aggression Questionnaire, in particular on the anger and
physical aggression subscores.112

What disinhibits drivers, escalating aggressive driving to the inten-
tional, directed acts that we recognize as road rage? Why is the term
“road rage” familiar, while there is no such thing as “sidewalk rage”?
Perhaps the underlying stress of driving, the anonymity of roadway
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disputes, and the rapid pace at which disputes develop, combine to
facilitate acts of road rage. As in the driving stress literature, risk fac-
tors include personal attributes such as age, gender, personality struc-
ture, and life stress. In some cases, alcohol plays a role. For example, a
review of thirty-six years of records in Marion County, Oregon,
revealed five deaths from road rage. In all but one, alcohol intoxication
played a role.113 The factors that contribute to driving aggression—
time spent driving and traffic impedance—may also contribute to
episodes of road rage. In several ways, then—the sheer quantity of
driving, the challenges of commuting on congested roads, perhaps the
associated effects of life stresses—sprawl may contribute to road rage.

It is clear that driving is a stressful activity, at least in the physio-
logical sense of the word. For nearly fifty years, data have indicated
that many people experience increased blood pressure, increased levels
of catecholamines and cortisol, and other systemic responses to driv-
ing. It is also clear that in some people, under some circumstances,
driving elicits aggression, which can be dangerous to themselves and
others. These facts alone suggest that driving may pose a mental health
risk, and that limiting or offering alternatives to driving may offer
mental health benefits. But there is much that remains unknown. What
is the trend over time in driving aggression and in acts of road rage?
What are the contributions of particular patterns of driving, such as
commuting, and of particular road designs? What individuals are at
highest risk? Can alternative transportation options, such as sidewalks,
bicycle paths, and mass transit, help control the mental health conse-
quences of driving? 

SPRAWL AND MENTAL HEALTH: 
THE BIG PICTURE

It seems reasonable to hypothesize that anger and frustration among
drivers are not restricted to their cars. Fortunately, most people restrain
themselves and do not commit acts of road rage. But what becomes of
the anger? When angry people arrive at work in the morning or at home
in the evening, what are the implications for work and family relations?
If parents become distracted and hostile while driving their children to
school, can they have “quality time” together? To the extent that social
ties are frayed by the long and difficult automobile commutes of sprawl-
ing cities, the mental health consequences may be extensive.114 Some of
the implications of these questions are explored in Chapter 9.
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While the main focus of this chapter has been on stress, anger, and
aggression, there is much more to mental illness. The various mental
illnesses are an enormous cause of suffering and expense. They account
for 15.4 percent of lost Disability-Adjusted Life Years (DALYs) in
countries like the United States, second only to cardiovascular dis-
ease.115 Moreover, there is evidence that some mental illnesses have
been increasing, in tandem with the postwar growth of urban sprawl.
Could there be a link? Three conditions merit special mention: depres-
sion, anxiety, and attention deficit disorder. 

Depression is an increasingly important mental illness. Three per-
cent of adults in the United States suffer an episode of major depres-
sion every year, and over the course of a lifetime, 5.2 percent are affect-
ed.116 Major depression alone accounts for 6.8 percent of lost DALYs
in developed countries, more than any other single disease except
ischemic heart disease.117 Depression incidence varies considerably
from place to place, suggesting environmental contributions,118 and
the incidence seems to be increasing.119

Sprawl might contribute to depression in several ways. First, by
limiting regular opportunities for physical activity, sprawl may
deprive people of one of the most effective “treatments” of depres-
sion.120 Second, by limiting opportunities for interpersonal contact,
sprawl may aggravate social isolation, a risk factor for depression.121

Third, if beautiful, natural environments can raise the spirits, could
ugly suburban roads do the opposite? The quotation that begins this
chapter, from social critic James Howard Kunstler, makes an elo-
quent case for this effect. Suburban roads confront us, Kunstler
writes, with the “fantastic, awesome, stupefying ugliness of absolutely
everything in sight—the fry pits, the big-box stores, the office units,
the lube joints, the carpet warehouses, the parking lagoons, the jive
plastic townhouse clusters, the uproar of signs, the highway itself
clogged with cars.” “And naturally,” Kunstler continues, “this experi-
ence can make us feel glum about the nature and future of civiliza-
tion.”122

Anxiety is also an important mental health issue, and one that
commonly coexists with depression.123 According to the Surgeon
General’s 1999 report, approximately 16 percent of adults suffer from
an anxiety disorder during any given year. Most of these are phobias,
but panic disorder, obsessive–compulsive disorder, post-traumatic
stress disorder, and other anxiety disorders are included as well.
Among children and adolescents, anxiety disorders are the most com-
mon mental disorder, with a prevalence of 13 percent.124 Could the
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factors discussed earlier in this chapter—the stress of driving, com-
mutes that feature time pressure and unpredictability, contact with
aggressive thoughts and behaviors in self or others, social isolation—
contribute to anxiety as well? 

Attention deficit–hyperactivity disorder (ADHD) is the most com-
monly diagnosed behavioral disorder of childhood, occurring in
approximately 3 to 5 percent of school-age children.125 The causes of
ADHD are unknown; although genetic predispositions probably play a
small role, environmental factors are thought to be important. Little is
known about which environmental factors may contribute to ADHD.
But if children have limited opportunities for physical activity in com-
munities that discourage walking and biking, might this be a factor?

The questions raised here are speculative, and we have little evi-
dence to help answer them. But they are perhaps the most important
questions we face about the mental health consequences of sprawl. As
the built environment continues to evolve, and as mental disorders
continue to loom large in absolute and relative terms in our nation’s
health profile, we need to remain alert to possible links between sprawl
and mental health.
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SOCIAL CAPITAL,
SPRAWL, AND HEALTH

What binds us together as communities and as a society? What helps
us connect with each other where we live, work, and play? People have
discussed concepts like social networks, reciprocity, and trust for many
centuries. In recent years, the term “social capital” has become popu-
lar, and a lively debate has arisen over the importance of social capital
in modern life. This chapter considers the relationships among sprawl,
social capital, and health. 

WHAT IS SOCIAL CAPITAL?

For many centuries, social scientists and commentators have studied the
ways in which people live together. Alexis de Tocqueville, in Democracy
in America (1835, 1840) famously commented on the national urge to
affiliate. “Americans of all ages, all stations of life, and all types of dispo-
sition,” he wrote, “are forever forming associations.”1 More than a cen-
tury later, the idea of “psychological sense of community”2 became cen-
tral to the discipline of community psychology. Sense of community is
defined as “a feeling that members have of belonging, a feeling that
members matter to one another and to the group, and a shared faith
that members’ needs will be met through their commitment to be
together.”3 There are four aspects of the sense of community: member-
ship, influence, integration and fulfillment of needs, and shared emo-
tional connection.4 Community psychologists, human ecologists, and
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sociologists have distinguished communities of place, such as neighbor-
hoods, from communities of interest, such as professional associations,
networks of friends and relatives, and church groups.5 In studying how
neighborhoods function, some have focused on cohesion, including
such components as use of physical facilities, personal identification
with the neighborhood, social interaction, and values consensus.6

Political scientists and anthropologists have described a similar
concept, “civil society.” This refers to the world of voluntary, purpose-
ful associations distinct from government, where citizens come togeth-
er according to their interests, beliefs, and goals—the Rotary Club, a
church, a bowling league, or the Boy Scouts.7 By pursuing private ini-
tiatives for the common good, these organizations are thought to fill
three roles: socialization, or building citizenship skills and the motiva-
tion to use them; public and quasi-public functions such as caring for
the needy and promoting cultural life; and fostering democratic debate
by giving voice to interest groups and even helping them oppose gov-
ernment actions.8 Critics point out that civil society is not necessarily
good; it includes “a bewildering array of the good, the bad, and the out-
right bizarre,” often pursuing narrow self-interests, and sometimes
inimical to democratic function.9

The great observer of urban life, Jane Jacobs, focused on the most
informal kind of civil society: “casual public contact at a local level,” on
the streets and parks of cities and towns. In The Death and Life of Great
American Cities, she extolled the small and quotidian dramas of sidewalk
life—“people stopping by at the bar for a beer, getting advice from the
grocer and giving advice to the newsstand man, comparing opinions
with other customers at the bakery and nodding hello to the two boys
drinking pop on the stoop, eyeing the girls while waiting to be called
for dinner, admonishing the children, hearing about a job from the
hardware man and borrowing a dollar from the druggist, admiring the
new babies and sympathizing about the way a coat faded.” These are
valuable, she wrote, because they create conviviality and trust, “a feel-
ing for the public identity of people, a web of public respect and trust,
and a resource in time of personal or neighborhood need.”10

Jacobs was writing about what we now call social capital. This term
was apparently introduced as early as 1916 by a West Virginia school
official, L. J. Hanifin, to refer to “those tangible substances [that] count
for most in the daily lives of people: namely good will, fellowship, sym-
pathy, and social intercourse among the individuals and families who
make up a social unit.” Hanifin thought of these assets as beneficial at
both the individual level and the community level, and argued that they
were important for successful schools.11 Social analyst Pierre
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Bourdieu12 and sociologist James Coleman,13 among others, reintro-
duced the term social capital in the 1980s, and Harvard political scien-
tist Robert Putnam brought it to public attention, especially with his
book Bowling Alone (2000). 

Putnam has defined social capital as “connections among people—
social networks and the norms of reciprocity and trustworthiness that
arise from them.”14 This definition highlights two components of
social capital: social networks, reflecting behaviors and actions that can
be readily observed; and norms and attitudes, which are less tangible.
Kenneth Newton, professor of politics and government at the Univer-
sity of Southampton, England, emphasizes the transformative power of
social capital. It is “a social force,” he writes, “that binds society togeth-
er by transforming individuals from self-seeking and egocentric calcu-
lators, with little social conscience or sense of mutual obligation, into
members of a community with shared interests, shared assumptions
about social relations, and a sense of the common good.”15 In fact,
some commentators emphasize the functional outcome of social capital
as part of its definition. For example, Stolle and Rochon define it as
“the networks, norms and values that link citizens to each other and
that enable them to pursue their common objectives more effective-
ly.”16 For social commentator Francis Fukuyama, trust—a central part
of social capital—is a critical stepping-stone to prosperity.17 In other
words, social capital has both relational and material aspects.18

The concept of social capital can be teased apart in other ways.
Perhaps the most important is the distinction between bridging (or
inclusive) social capital and bonding (or exclusive) social capital. Bridg-
ing social capital, dubbed “sociological WD-40” by Putnam, is out-
ward looking and cross-cutting, useful for building extensive networks
and diffusing information. Examples include the civil rights movement
and ecumenical religious organizations. Bonding social capital, dubbed
“sociological superglue” by Putnam, is inward looking. It reinforces
the exclusive identities of homogeneous groups, building solidarity and
reciprocity among members. Examples are ethnic fraternal organiza-
tions, church-based women’s groups, and fashionable country clubs.19

Putnam also distinguishes between “thin” and “thick” trust. Thin
trust is defined as trust in the “generalized other,” a person with whom
one has little personal experience, but shares some social networks and
expectations of reciprocity. Thin trust is a general inclination to give
most people—even strangers—the benefit of the doubt. We demon-
strate thin trust when we yield to another driver in traffic, or hold the
elevator door open for a stranger. Thick trust, on the other hand, is
embedded in personal relations that are strong, frequent, and nested in
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wider networks. If a customer forgets his wallet, but the neighborhood
cleaner lets him take his clothes home and pay “whenever you come
back in” because he has been a customer for many years, thick trust is
at work. Thin and thick trust characterize different relationships and
serve different purposes.20

Social trust may also be “horizontal” or “vertical.” Horizontal trust
is trust in people at a similar social position, whereas vertical (or hier-
archic) trust is trust in institutions and political authorities. For exam-
ple, trusting one’s neighbors is an instance of horizontal trust, while
trusting the police to take care of crime is an example of vertical trust.
Putnam asserts that horizontal trust represents more productive social
capital than vertical trust. 

Not all associations are alike. For example, participating in Moth-
ers Against Drunk Driving (a cause-oriented volunteer organization)
may produce different social capital, in quantity or quality, than
belonging to the American Psychological Association (a professional
association). In other words, social capital is context dependent.21

Moreover, social capital is unevenly distributed, and not all groups
have access to all forms of social capital. Schulman and Anderson call
attention to the “dark side” of social capital, recognizing that access to
social capital depends on the social standing of the people and groups
who attempt to access it.22 Another dark side of social capital is its use
for malevolent, antisocial purposes. Groups like the Ku Klux Klan, and
individuals like Timothy McVeigh, depend on networks of trust and
reciprocity, but these are hardly social goods.23

How is social capital measured? If researchers wish to track levels
of social capital over time, or ask, as we do in this chapter, whether
social capital is higher in some environments than in others, they need
ways to quantify it. Several approaches are commonly used.24 First,
researchers measure attitudes such as confidence in public institutions,
trust in other people, and optimism, using questionnaires or inter-
views. For example, the General Social Survey conducted almost every
year by the National Opinion Research Center asks respondents
whether they believe “most people can be trusted” and whether they
believe “most of the time people try to be helpful.” Second, researchers
measure behaviors such as voter turnout, newspaper readership, mem-
bership in voluntary organizations, and church attendance. Surveys are
useful in assessing behaviors; the General Social Survey, for example,
asks about participation in church groups, sports groups, hobby
groups, fraternal organizations, and labor unions. In addition, behav-
iors such as voting and organizational membership can be directly
observed and measured. Structural variables, a third indicator of social
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capital, are neither attitudes nor behaviors. Instead, they are character-
istics of an individual or a relationship such as family size or the pres-
ence of parents in the home.25 Of note, social capital is usually viewed
as a property of networks or communities, so measurements are often
made at the community scale; an example is the extent to which neigh-
borhood sidewalks are cleared after a snowstorm.26 However, other
measurements of social capital focus on different scales, from the indi-
vidual to the state or even the national level. This can introduce confu-
sion into the use of the concept. 

THE DECLINE OF SOCIAL CAPITAL

For much of the last century, observers have described a decline in
sense of community or, more recently, in social capital. From social sci-
entists like Émile Durkheim (1858–1917) to novelists like D. H.
Lawrence (1885–1930), commentators watched the development of
industry, the growth of large cities, and other aspects of modernization,
and mourned the loss of community that these trends seemed to her-
ald. Not only did the prototypical rural village dwindle, but society
became more mobile; people flocked to anonymous cities, large insti-
tutions eclipsed local governance, and impersonal human relations
supplanted the conviviality of the past.27 Psychologist D. E. Poplin
echoed at least a century of American thought when, in 1972, he
lamented the loss of “the common bonds, which seem no longer to
typify the social life of modern communities.”28

But nowhere was the case more forcefully made than in Putnam’s
Bowling Alone. Putnam documents declines, from the 1950s to the end
of the century, in a wide range of indicators, including citizen partici-
pation in campaign activities; voter turnout for presidential elections;
public expression; membership in national and local associations; par-
ticipation in the PTA; attendance at club meetings and church services;
union membership; frequency of social visits; card playing; participa-
tion in bowling leagues; philanthropic and charitable giving; commu-
nity projects; and perception of honesty, morality, and trustworthiness.
The picture is not a consistent one. There have been increases in other
plausible indicators of social capital, such as the number of political
organizations with regular paid staff; the number of national nonprofit
organizations; attendance at sporting events (as a spectator); volunteer-
ing; and tolerance for racial integration, civil liberties, and gender
equality. However, the overall trend seems to be downward.
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If social capital has declined, a great many factors might have con-
tributed. People spend more time in front of televisions and comput-
ers. There are more two-career families. People are under more time
and money pressure. Could urban sprawl have played a role? Before
considering this question, we preview the health implications of social
capital, to confirm that social capital is indeed a health issue.

DOES SOCIAL CAPITAL AFFECT HEALTH?

Does it matter if social capital is diminishing? It certainly does, if social
capital brings some of the benefits that have been attributed to it: bet-
ter functioning government, more prosperity, less crime. Here, we are
concerned with a particular benefit, good health. Is social capital good
for health?

For many years, social bonds have been recognized as an important
component of good health. Loneliness and isolation are toxic, and
social relationships are healthy.29 Research has focused on two broad
aspects of the social environment: structural features and social sup-
port.30 Structural features refer to both the types and the number of
relationships people have, sometimes called the density of relationships
or the extent of social networks. Social support refers to how social
relationships function, such as the amount of emotional support pro-
vided at a time of need. Of course, social relationships are not the same
as social capital. Social capital is a feature of communities, correspond-
ing at the individual level to a person’s network of social relationships.
But since an essential feature of social capital is social networks, and
since both draw on trust and reciprocity, health data on social networks
are likely to be informative about the broader concept of social capital.

People with strong social networks live longer. Long-term follow-
up studies involving thousands of people, in Tecumseh, Michigan;31

Alameda County, California;32 Evans County, Georgia;33 and else-
where,34 have consistently confirmed this finding. Interestingly, the
effect seems to be stronger for men than for women. The excess mor-
tality among those with few social contacts comes from cardiovascular
disease, stokes, injuries, and suicide.35

Cross-sectional studies have also revealed that social capital pro-
longs life. For example, Kawachi and colleagues at Harvard University
compared the mortality rates in thirty-nine states with different levels
of social capital.36 Their ratings were based on four items from the
General Social Survey, conducted by the National Opinion Research
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FIGURE 9-1 Mortality in U.S. states as a function of social capital
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and Mortality,” American Journal of Public Health 1997;87:1491-98.

Center: membership in groups and associations, perceived fairness (the
response to “Do you think most people would try to take advantage of
you if they got a chance, or would they try to be fair?”), social trust (the
answer to “Generally speaking, would you say that most people can be
trusted or that you can’t be too careful in dealing with people?”), and
perceived helpfulness (the response to “Would you say that most of the
time people try to be helpful, or are they mostly looking out for them-
selves?”). Their analysis controlled for factors such as income, age,
race, and education. 

The results were striking. As the level of a state’s social capital
decreased, the overall age-adjusted mortality increased. Figure 9-1
shows this relationship with regard to social mistrust. The same pat-
tern held for the other three markers of social capital, and when the
investigators looked at specific causes of death such as infant mortality,
heart disease, stroke, and cancer. A one-unit increase in the average per
capita group membership, for example, was associated with a decrease
in the annual age-adjusted overall mortality rate of 66.8 deaths per
100,000 population.
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Gerry Veenstra, a sociologist at the University of British Colum-
bia, conducted a similar study in Saskatchewan.37 His unit of analysis
was smaller than a state; he focused on the province’s health districts,
which range in size from 11,000 to 220,000 people. Veenstra created a
social capital index for each health district, based on the number of
clubs and associations in each, the amount of public participation in the
clubs and associations (from National Population Health Survey data),
and recent voter turnout. The results, as shown in Figure 9-2, were
similar to Kawachi’s: more social capital meant lower age-adjusted
mortality.

Could social capital not only lower mortality but also improve
overall health status? Results have been mixed. In state-by-state com-
parisons, Kawachi and his Harvard colleagues found such a relation-
ship (see Figure 9-3).38 However, in a survey of over 500 people in
Saskatchewan’s thirty health districts, Veenstra39 found different
results. Higher income and more education predicted better overall
health, an expected finding, but social capital for the most part did not.
People who attended church regularly and who reported good work
relationships were healthier, but socializing with family and friends,
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participating in clubs or associations, performing acts of civic partici-
pation such as voting, trusting others from the local scale to the nation-
al scale, identifying with communities, and feeling committed to the
common good of those communities were all unrelated to health sta-
tus. Veenstra’s survey sample—several hundred people—may have
been too small to demonstrate a benefit of social capital on overall
health.

Social capital has been shown to confer many other health benefits.
In a Swedish study, men with lower levels of “attachment” (emotional
support from very close friends and family) and “social integration”
(the support provided by an extended network) were more likely to
develop coronary artery disease; the effect was stronger than for any
other predictor except smoking.40 Patients with strong social support
have less extensive coronary artery disease than more socially isolated
patients (although perhaps only among type A patients).41 People who
live alone die at higher rates after heart attacks than those who live
with other people.42 The link between social networks and cardiovas-
cular health seems to be stronger in men than in women.43
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However, not all studies of cardiovascular health have shown ben-
efits from social capital. In a study of Kaiser Permanente members in
Portland, Oregon, those who were more socially connected developed
cardiovascular diseases at similar rates as those with fewer social ties,
with few exceptions. However, once the diseases had developed, people
with strong social ties survived significantly longer. The investigators
concluded that social networks seemed more effective at promoting
recovery from an illness than in preventing the onset of new disease.44

Still other studies have shown no link between heart disease and social
networks,45 or have shown an equivocal relationship.46 Interestingly,
some studies indicate that family problems can increase the risk of
angina, perhaps because of the stress they can introduce.47 This sug-
gests that social capital at the family level may have both positive and
negative consequences, so studies that include both family- and 
community-level measures may give a mixed picture of health benefits.
While social connectedness appears to protect against heart disease,
the full nature of the benefits is not understood.

In contrast, social connectedness is clearly good for mental health.
Research in public health and psychology shows that loneliness leads to
depression, and people with strong social networks, beginning with
immediate family members and extending to friends, are less likely to
be depressed.48 In the Saskatchewan study described earlier,49 health
districts with higher social capital had fewer inpatient and outpatient
mental health visits, and lower use of alcohol and drug abuse services.
While there is some evidence that strong social networks can also have
a downside, such as anxiety in close-knit communities (a social form of
“cabin fever”),50 the weight of evidence suggests that social networks
benefit mental health.

Finally, social capital benefits health in a variety of other ways.
Social capital is associated with decreased violent crime,51 less frequent
binge drinking,52 lower teen birth rates,53 and more leisure-time phys-
ical activity.54 Although many health outcomes remain to be studied, it
appears that social capital offers a wide range of health benefits. 

What are the mechanisms by which social capital might improve
health? Several answers are possible.55 First, social relationships
might be directly good for health, perhaps by boosting immune,
neuroendocrine, and/or cardiovascular function.56 Second, people
living in communities with high social capital might enjoy superior
access to health information and health services. Third, people living
in communities with high social capital may behave in healthier
ways. For example, a Swedish study found that social participation,
including attendance at study groups, classes, and organizational
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meetings, writing letters to the editor, and similar activities, was
strongly associated with leisure-time physical activity.57 Finally, mov-
ing from the community scale to the state or national scale, high
social capital may lead to policies that protect health, such as more
inclusive health insurance plans or stricter regulation of environ-
mental hazards. At present, even without a full understanding of the
mechanisms, we can conclude that social capital—and the networks
of social relationships that comprise it—is good for health. There-
fore, if sprawl diminishes social capital, then sprawl may threaten
health.

DOES SPRAWL UNDERMINE SOCIAL CAPITAL?

In the postwar years, as Americans flocked to the suburbs, one of the
strongest attractions was the promised sense of community. Indeed,
writes Putnam, the “postwar wave of suburbanization produced a 
frontier-like enthusiasm for civic engagement.”58 Whyte observed an
almost frantic pace of socializing, a “hotbed of participation,” in Park
Forest.59 “You belong in Park Forest!” urged a 1952 ad. “The moment
you come to town you know you’re welcome, you’re part of the big
group, you can live in a friendly small town instead of a lonely big city,
you can have friends who want you—and you can enjoy being with
them. Come out. Find out about the spirit of Park Forest.”60 “Come
out to Park Forest where small-town friendships grow,” urged another
ad, “and you still live so close to a big city.”61

In his pioneering study of Levittown (now called Willingboro),
New Jersey, sociologist Herbert Gans described “the beginnings of
group life”: initial casual meetings that blossomed quickly into
bridge groups, weekly and even daily “coffee-klatsches” and
mahjong games, and a multitude of more formal organizations such
as service clubs, veterans’ groups, and religious groups.62 More than
50 percent of the subjects Gans interviewed reported that moving to
the suburbs had increased their level of organizational activity.63 In
their study of Levittown, Long Island, Rosalyn Baxandall and Eliza-
beth Ewen64 describe the many social organizations that formed
during the 1950s: babysitting co-ops, joint shopping trips (since
many women did not drive), Tupperware parties, service on the
school board and PTA, the Little League, and others. There was
apparently no absence of social capital in the early days of the subur-
ban boom.
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Moreover, many national surveys, especially during the postwar
decades, found that suburban residents reported high levels of personal
happiness, social activity in their local areas, and satisfaction with the
social, physical, and lifestyle features of their communities.65 To some
extent, this comes as no surprise; similar and socially compatible people
might be attracted to live in the same neighborhoods, and large travel dis-
tances might encourage people to look nearby for their social contacts.

However, other observers have criticized the culture of the sub-
urbs, accusing these communities of lacking any real sense of commu-
nity. As early as 1938, Lewis Mumford, in The Culture of Cities, called
suburbia “a collective effort to lead a private life.”66 Kenneth Jackson,67

the historian of suburbanization, concluded that “A major casualty of
America’s drive-in culture is the weakened ‘sense of community.’” Sim-
ilarly, planner Reid Ewing68 believes that “strong communities of
place, where neighbors interact, have a sense of belonging, and have a
feeling of responsibility for one another, are harder to find” in suburbs
than in traditional small towns or cities. This criticism rode a wave of
antisuburban writing in the postwar years, a “critical onslaught of
monumental, and largely nonsensical, proportions” in the words of one
skeptical historian69 that blamed suburban life for “overconformity,
conservatism, alcoholism, sexual promiscuity, racial prejudice, and
even momism.”70 But despite the occasional rhetorical flourish, the
idea that sprawl might undermine social capital has persisted.

How could this be? First, and most simply, urban sprawl restricts
the time and energy people have available for civic involvement. A
commuter who arrives home at 6:30 after a grueling fifty-minute com-
mute, feeling tired, depleted, and irritable, is not likely to go back out
for a 7:30 meeting of the PTA or the neighborhood association. As
early as the 1950s, sociological studies in Coburg, a suburb of Eugene,
Oregon,71 and in Claremont, outside Los Angeles,72 showed that com-
muters in suburban communities participated less than noncommuters
in voluntary associations. The Claremont study showed a direct rela-
tionship between longer commutes and less community participation,
leading the author to a blunt conclusion: “Usually the commuter par-
ticipates very little in community affairs.” In Bowling Alone, Robert
Putnam reports that commute time is more important than almost any
other demographic variable in predicting civic involvement. He writes
that “each ten additional minutes in daily commuting time cuts involvement
in community affairs by 10 percent—fewer public meetings attended,
fewer committees chaired, fewer petitions signed, fewer church servic-
es attended, and so on” (italics in original).73 It is striking, as Putnam
points out, that the “civic penalty” in communities with high levels of
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commuting falls not only on the commuters, but on their neighbors,
including retired people and others outside the workforce. Not only
weekday evening meetings suffer low attendance; so do Sunday morn-
ing church services. The erosion of social capital related to commuting
seems to pervade entire suburban communities.

Second, sprawl could undermine social capital by reducing opportu-
nities for spontaneous, informal social interaction. Purely residential
suburbs have few if any “great good places”—the “cafes, coffee shops,
bookstores, bars, hair salons, and other hangouts at the heart of a com-
munity” where people traditionally gathered to schmooze.74 Certainly,
people in their cars are less likely to mix and mingle than people on the
sidewalk. In fact, as discussed in Chapter 8, driving might actually engen-
der hostility and mistrust, at least in some drivers under some circum-
stances. So spontaneous, informal social interaction might well occur,
but in the form of honking or shouting at the driver in the next car!

Third, sprawl privatizes the public realm. As G. Scott Thomas has
written, “Suburbanites reject the underlying tenets of city life, believ-
ing in decentralization, not density, and placing a higher value on the
individual than on the community.”75 People who work out in their
basements rather than jog on public trails, or relax in their backyards
rather than stroll or picnic in parks, may have little feeling for parks
and other public assets. By sanctifying the private realm, sprawl may
undermine people’s support for public initiatives. In fact, recent politi-
cal science research76 documents a pattern of voting that reflects these
values. Suburban voters prefer limited government programs. Relative
to urban and small-town voters, they place little emphasis on such
social goals as eliminating discrimination and reducing poverty, and
tend to reject initiatives such as park acquisition and mass transit. (In
contrast, suburban voters generally support funding for education and
highway construction, which may benefit them more directly.) 

Fourth, sprawl segregates us into relatively homogeneous commu-
nities by social class and race. Political scientist J. Eric Oliver77 suggests
that in homogeneous suburban communities, social conflicts between
citizens are transformed into conflicts between political institutions.
This reduces the incentives for people to become personally involved
in the political process, reducing levels of civic participation. As Put-
nam writes, sprawl is “especially toxic for bridging social capital.”78

Finally, sprawl might undermine social capital by disrupting conti-
nuity of community life as people age. A homogeneous neighborhood
of four-bedroom houses and large lots might appeal to a family with
small children. But when the children have grown up and left for col-
lege and the couple wants to downsize, the neighborhood offers no
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options. Typically, the now middle-aged parents will sell their house
and move to a different neighborhood that offers smaller houses,
apartments, or condominiums. This discontinuity—the systematic
departure of families after about twenty years of living in a neighbor-
hood—cannot be good for social capital.

What does the evidence show? In 1998, the Transit Cooperative
Research Program79 reviewed and synthesized approximately 500 pub-
lications concerning the costs of sprawl. The report concluded that
sprawl weakens households’ connection both to their immediate
neighbors and to the larger metropolitan community. It went further,
identifying specific features of sprawl that might be related to a weak-
ened sense of community. The conclusions are shown in Table 9-1.

These conclusions provide a clear reminder that not all suburbs are
alike. Specific features of community design, they suggest, may either
promote or undermine the sense of community. Similarly, because sub-
urbs have evolved and diversified considerably during the last half cen-
tury, and vast changes in other social forces have also occurred, we
would expect that the effects of sprawl on social capital might vary
from place to place and over time. This is indeed what the evidence
shows, in nine studies conducted over the last quarter century.

In one investigation, psychologist Thomas J. Glynn80 studied the
sense of community in two demographically similar suburban Mary-
land towns, Greenbelt and Hyattsville. At the time, Greenbelt had a
population of 18,000. Although mostly residential, it had a small-town

TABLE 9-1 Features of sprawl that weaken sense of community

Feature of sprawl Contribution to weakening 
the sense of community

Leapfrog development Strong

Low density 
Unlimited outward extension 
Transport dominance by motor vehicles 
Highly fragmented land use governance Moderate or minor
Great variance in local fiscal capacity 
Widespread commercial strip development 
Reliance on filtering for low-income housing 

Land uses spatially segregated None
No central ownership or planning 

SOURCE: R. W. Burchell, N. A. Shad, D. Listokin, H. Phillips, A. Downs, S. Seskins, J. S. Davis, T. Moore,
D. Helton, and M. Gall, The Costs of Sprawl—Revisited. Transportation Research Board; Transit Cooperative
Research Program. Report 39. Washington DC: National Academy Press, 1998.
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feeling, with well-defined boundaries and a central mall area from
which the residential areas radiated, connected by a network of walk-
ways. Hyattsville had a more sprawling quality. Its 16,000 residents
were spread over a large area, with no identifiable geographic or busi-
ness center. Most travel in Hyattsville required a car or public trans-
portation. Glynn surveyed residents in each community, using an
extensive 133-item questionnaire. He measured the sense of communi-
ty using the responses to 60 items such as “There are people in this
community, other than my family, who I really care about” and “My
role in this community is to be active and involved.” He also measured
a factor he called “community satisfaction” using response to 6 items
such as “The atmosphere is more relaxed here, compared to other
communities in the area.”

Two important findings emerged. First, the sense of community
was significantly higher in Greenbelt than in Hyattsville. Second, the
two strongest predictors of a person’s sense of community were the
number of neighbors he or she could name, and the number of years he
or she expected to remain in the community. The same two factors
predicted community satisfaction, as did a positive response to the
statement that “a car is not necessary to get around in this community.”
These findings suggest that walkability and the opportunity to get to
know neighbors—two neighborhood attributes that may be closely
linked—are important determinants of sense of community and com-
munity satisfaction.

During the 1980s, anthropologist M. P. Baumgartner81 spent a
year interviewing residents of an affluent New York City suburb. On
the surface, it was a harmonious place, characterized by tolerance and
the absence of confrontation. However, beneath this she found a per-
vasive disconnectedness—transient and fragmented relationships,
weak family and communal ties, and indifference. Baumgartner felt
that this “culture of avoidance” signaled a “moral minimalism” reflect-
ing the erosion of traditional social bonds. 

Jack Nasar and David Julian,82 city and regional planning researchers
at Ohio State University, surveyed residents in three suburbs of Colum-
bus, Ohio. They used a short questionnaire, which they had adapted from
Glynn’s earlier work. The questions they included are shown in Table 9-2.

These researchers hypothesized that mixed land use might
increase the sense of community. Neighborhoods that combined
homes, stores, parks, recreational destinations, schools, and other uses,
they reasoned, would increase walking, which would encourage casual
social contacts, building the sense of community. Because Upper
Arlington, Ohio, one of the suburbs they studied, included a range of
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TABLE 9-2 Questions to measure psychological sense of community

1. I am quite similar to most people who live here.
2. If l feel like talking, I can generally find someone in this neighborhood to talk to right

away.
3. I DON'T care whether this neighborhood does well. [*]
4. The police in this neighborhood are generally friendly.
5. People here know they can get help from others in the neighborhood if they are in 

trouble.
6. My friends in this neighborhood are part of my everyday activities.
7. If I am upset about something personal, there is NO ONE in this neighborhood to whom I

can turn. [*]
8. I have NO friends in this neighborhood on whom I can depend. [*]
9. If there were a serious problem in this neighborhood, the people here could get together

and solve it.
10. If someone does something good for this neighborhood, that makes me feel good.
11. If I had an emergency, even people I do not know in this neighborhood would be willing

to help.
12. What is good for this neighborhood is good for me.
13. Being a member of this neighborhood is like being a member of a group of friends.
14. We have neighborhood leaders here that you can trust.
15. There are people in this neighborhood other than my family who really care about me.

[*] indicates reverse scoring 

SOURCE: J. L. Nasar and D. A. Julian, “The Psychological Sense of Community in the Neighborhood,” Jour-
nal of the American Planning Association 1995;61:178-84.

land use patterns, they could test the mixed-use hypothesis. They con-
ducted twenty-five interviews in each of four neighborhoods with dif-
ferent levels of land use mix—with one, two, three, and four kinds of
uses. As predicted, they found that the single-use residential neighbor-
hood had less sense of community than the neighborhoods with multi-
ple uses. This supports the notion that social capital may flourish more
in mixed-use neighborhoods than in the purely residential neighbor-
hoods found in many sprawling suburbs.

Georjeanna Wilson and Mark Baldassare, social ecologists at the
University of California, Irvine, studied the attitudes of Orange Coun-
ty residents based on results from the county’s 1990 Annual Survey.83

Orange County is a part of metropolitan Los Angeles that experienced
rapid growth, increasing density, and increasing ethnic diversification
during the 1980s. It includes cities such as Anaheim, Garden Grove,
and Santa Ana, as well as large expanses of dispersed, suburban-style
housing. The investigators defined “sense of community” as a positive
response to the question, “In general, would you describe your city or
community as one which has a sense of community, or not?” 
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They found that several factors predicted a sense of community,
including satisfaction with the level of civic involvement and satisfaction
with the level of privacy from neighbors’ homes. In contrast, correlates
of “urbanization,” such as larger city size, higher population density, and
greater ethnic diversity, were associated with a lower sense of communi-
ty. (The survey was conducted at a time of rapid community change,
with growing density and ethnic diversity, so these latter responses may
reflect the difficulty of adjusting to these changes, and may not apply to
suburbs in different circumstances.) But the core findings of the study
make intuitive sense. People dislike too much density, and to the extent
that sprawl protects privacy, it may promote a sense of community. But if
long commutes, home recreation, or other features limit residents’ civic
participation, then sprawl may also undermine the sense of community.

Scandinavian researchers have also studied how neighborhood design
affects social capital, focusing on an outcome they called “neighboring.”
In 1992, two researchers surveyed more than 1,000 people in various
neighborhoods of the city of Bergen, Norway.84 There were relatively
dense, turn-of-the-century downtown neighborhoods with brick build-
ings, postwar neighborhoods outside the central city with detached four-
family wooden houses, and 1970s suburbs. The participants completed a
questionnaire called the Multidimensional Measure of Neighboring,
which groups responses into four categories: supportive acts of neighbor-
ing, neighborhood attachment, neighbor annoyance, and weak social ties.
In this study, several aspects of the built environment strongly predicted
neighboring, including visible open space near the home, dwelling density
that was not too high, and the availability of semiprivate and open places
such as porches, gardens, and parks. The authors noted that well-laid-out,
well-equipped, and well-maintained public spaces near home promote
outdoor time, which in turn may promote social interactions.

Jeanne M. Plas and Susan E. Lewis, psychologists at Vanderbilt
University, wondered whether town design could influence the sense
of community, and studied the New Urbanist town of Seaside, Florida,
as a case study.85 Seaside, built in the early 1980s, was designed to offer
“the new town, the old ways.” The town is a network of narrow streets,
footpaths, and charming houses with generous front porches no more
than 20 feet from the street, built around a central public area with
stores, restaurants, and other community facilities. In extensive open-
ended interviews with residents, visitors, and workers at Seaside, these
researchers looked for a link between design features and the sense of
community people felt. Without prompting, more than half of their
respondents mentioned features that had been designed with social
interaction in mind: the footpaths, the proximity to the central public
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area, the availability of public spaces such as parks, the ambiance of the
town’s grocery store, the beach pavilions with sitting areas, and the
wide porches. The most often mentioned factor was the “devaluing of
the automobile that results in few cars on the streets.” The authors
acknowledged that Seaside is a highly unusual place—an upscale resort
community whose members share “demonstrated interest in family,
political, social responsibility, and environmental concerns”—so find-
ings there may not be generalizable. Nevertheless, they concluded that
their results “provide very strong support for the hypothesis that envi-
ronmental factors may be crucial for the development of sense of com-
munity in urban communities.”

Lance Freeman,86 an urban planner at Columbia University, also
hypothesized that sprawl might affect social capital. To investigate this
hypothesis, he analyzed data from Atlanta, Boston, and Los Angeles,
drawn from the Multi City Survey of Urban Inequality. The measures of
sprawl were neighborhood residential density and automobile depend-
ence (the proportion of people in the neighborhood who drive to work
alone). The indicator of social capital was neighborhood social ties, as
reflected by the answer to the question, “From time to time, most people
discuss important matters with other people. Looking back over the last
six months, who are the people, other than people living in your house-
hold, with whom you discussed matters important to you?” The inter-
viewers followed up by asking if any of the first three people mentioned
lived in the same neighborhood. Freeman controlled for factors such as
age, gender, race/ethnicity, income, education, length of time at present
residence, family structure, neighborhood poverty rate, and the city.

Freeman found that residential density did not predict the proba-
bility of having a neighborhood social tie. However, the proportion of
residents driving to work alone was strongly associated with having a
neighborhood social tie. Interestingly, he also found that some demo-
graphic factors (being female, having children, and being more educat-
ed) increased the probability of neighborhood social ties, while others
(being African American or Asian, being currently employed, and liv-
ing in Atlanta or Boston as opposed to Los Angeles) decreased this
probability. These findings suggest that automobile dependence, a
defining feature of sprawl, is associated with a decline in social capital.
They also remind us that social capital is a complex phenomenon,
relating to a variety of social and situational variables.

Kevin Leyden,87 a political scientist at West Virginia University,
compared the attitudes of people living in traditional, mixed-use,
pedestrian-oriented neighborhoods with those of people living in
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modern automobile-dependent subdivisions, in Galway City, Ireland.
He surveyed 750 residents of this rapidly growing city. Interestingly,
commutes are no longer than twenty minutes, even in the new subur-
ban developments, so the most salient difference between the commu-
nities was probably neighborhood design rather than commuting. To
assess a neighborhood’s walkability, Leyden listed nine possible desti-
nations, including a local store, a church, a park, and a school, and
asked respondents to check off those to which they could walk. He also
measured possible confounding variables, including age, whether there
were children in the home, television watching, attendance at church
services, years lived at the current address, educational attainment, and
commitment to a political party. To measure social capital, Leyden
asked his respondents about how well they knew their neighbors, about
the extent of their political participation, about how much they trusted
other people, and about how socially active they were. 

Leyden found that living in a walkable, mixed-use neighborhood
was strongly and significantly associated with each of the four aspects
of social capital. Other factors were associated with social capital—age
in a positive direction and watching television in a negative direction—
but these did not have as strong an effect as neighborhood form.
Attending religious services and living more years in the neighborhood
were associated with knowing one’s neighbors, and having a child in
the home had mixed effects. This is strong evidence that mixed-use,
walkable neighborhoods contribute to social capital, as measured by
knowing one’s neighbors, participating in political life, trusting other
people, and being socially active.

There is further evidence that walkability promotes social capital.
Hollie Lund, a professor of planning at California State Polytechnic
University, Pomona, compared two neighborhoods in Portland, Ore-
gon.88 The neighborhoods were similar in important ways: household
income, length of residence in the neighborhood, access to a commer-
cial area, highway access, transit access, and topography. But they dif-
fered in important ways as well. One was a “traditional neighborhood,”
built in the early 1900s, with small lots, a gridiron block pattern of nar-
row streets, a network of tree-lined sidewalks, and nearby stores. The
other was a “modern suburban neighborhood,” with larger lots, a dis-
connected, curvilinear roadway pattern with wide traffic lanes, and a
commercial area separated from the homes by a five-lane arterial road
and large parking lots. Using a survey, Lund assessed people’s percep-
tions of walking, their walking behavior, and their social capital. The
social capital questions were drawn from Nasar and Julian’s Psychological
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Sense of Community Scale,89 shown in Table 9-2, with items such as
“People here know they can get help from others in the neighborhood
if they are in trouble” and “If someone does something good for this
neighborhood, that makes me feel good.”

Lund found that the strongest predictors of psychological sense of
community were positive attitudes toward walking: a perception of
opportunities for social interaction, a safe walking environment, and an
interesting walking environment. Interestingly, the number of destina-
tion walking trips did not predict sense of community, but the number
of strolling trips did. Lund concluded that the sense of community was
higher among traditional neighborhood residents than among modern
suburban residents. She recognized that people who value social inter-
action and walking may have self-selected into the traditional neigh-
borhood, but since the two neighborhoods shared similar attitudes
toward transit and toward the environment, bias probably did not
account for the results. 

Despite some inconsistencies, this body of evidence suggests that
the way a neighborhood is built can have a major impact on the social
interactions of the people who live there. In particular, walkability,
public spaces, and mixed use are associated with improvements in
social capital, while automobile dependence, absence of public spaces,
and low density seem to have a negative impact. This has not always
been true, since postwar suburban neighborhoods were by some
accounts rich in social capital, and it is unlikely to be true in all subur-
ban neighborhoods. But the weight of evidence suggests that sprawl is
part of the complex of social forces that have undermined social capital
over the last few decades.

THE ROLE OF INCOME INEQUALITY

No human settlement is exempt from differentiation by race and
class. But in dense cities and small towns partial integration often
exists through the sharing of some common facilities, and the geo-
graphic distance between groups is not large. In low-density environ-
ments, where geographic distances between racial and class groupings
are greater, the functional segregation of such groups is accentuated.90

—D. Popenoe, 
“Urban Sprawl: Some Neglected 

Sociological Considerations,” 1979

chapter 09  4/21/04  6:26 PM  Page 180



Social Capital, Sprawl, and Health   ■ 181

Income inequality—the disparity in income between the wealthiest and
poorest strata of society—is closely related to social capital. In recent
years, researchers have linked greater income inequality to poorer
health. Could this have anything to do with sprawl?

Income inequality is the skew in income distribution across a soci-
ety. It is quantified in several ways. One approach is to measure the
share of total income earned by the bottom 50 percent of households.
These earnings would account for 50 percent of total income if income
were equally distributed. In the United States, the share of income
earned by the bottom 50 percent of households ranges from 17.5 per-
cent in Louisiana (the most unequal) to 23.6 percent in New Hamp-
shire (the most egalitarian).91 Another approach is to compute the
“decile ratio” of household incomes, the ratio of income in the top 10
percent of households to income in the bottom 10 percent of house-
holds.92 Another common approach is the Robin Hood Index, the pro-
portion of aggregate income that would need to be redistributed from
rich to poor to achieve an equal distribution of incomes.93 In the Unit-
ed States, the overall Robin Hood Index is 30.22, ranging from 34.05
percent in Louisiana to 27.13 percent in New Hampshire.94 Still
another approach is the Gini coefficient, which reflects the difference
between the observed cumulative income distribution and a hypotheti-
cal equal distribution of incomes. The Gini coefficient for the United
States is 0.43, ranging from 0.50 for Louisiana to 0.38 for Minnesota.95

The Robin Hood Index and the Gini coefficient are not equivalent; the
Gini coefficient is more sensitive to the income in the lowest stratum,
reflecting extreme deprivation, while the Robin Hood Index tends
more to reflect inequality across the entire income spectrum.

Poverty has long been recognized as a risk factor for poor health.
But beginning in the 1980s, researchers in Europe and the United
States showed that the level of income inequality in a society, separate
and apart from the effects of poverty, also predicts poor health.96 For
example, in a study comparing the fifty states, the Robin Hood Index
predicted total mortality, infant mortality, coronary heart disease, can-
cer, and homicide.97 Each one-point increase in the Robin Hood Index
was associated with a total mortality increase of 21.68 deaths per
100,000 people. This effect persisted even after controlling for pover-
ty. A similar study compared the 100 counties of North Carolina, and
found that income inequality predicted total mortality rates, even after
controlling for income.98 Other studies in the United States,99 Great
Britain,100 and cross-nationally101 have verified these findings, not only
for mortality but also for self-rated overall health,102 although 
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occasional studies have been negative,103 and in some cases the results
depend on the measure of income inequality that is used.104

What does this have to do with social capital? As it turns out, there
may be a very direct link. Researchers have hypothesized that income
inequality is bad for health because it diminishes social capital.
Kawachi and his colleagues found that both income inequality and
diminished social capital predicted increased mortality, but when they
conducted a path analysis to determine the most likely causal pathways,
income inequality exerted its effect through a decrease in social capital.
“As income inequality increases,” they explained, “so does the level of
social mistrust, which is in turn associated with increased mortality
rates.”105 Similarly, in a study of more than 300 U.S. cities, the cities
with the highest income inequality had the highest mortality rates, but
this effect diminished when the investigators controlled for civic par-
ticipation. This result, again, suggested that income inequality exerted
its effects on mortality, in part, by undermining social capital.106 Simi-
lar findings emerged from a study of teen birth rates. After conducting
extensive path analysis, the authors concluded that “income inequality
appeared to affect teen birth rate through its impact on social mistrust,
which was strongly associated with birth rate.”107

This is not the only theory as to how income inequality might be
bad for health.108 Income inequality might also be a marker for dis-
investment in human capital, such as decreased school funding,
which could in turn contribute to poor health. In fact, states with the
highest income inequality tend to have the lowest educational budg-
ets (as a proportion of total state budget), the worst scores on stan-
dardized tests, and the highest dropout rates.109 Alternatively,
income inequality may directly stress people by leading them to
“look over their shoulders” constantly, comparing themselves with
others, and worrying about their place in the social pecking order.
Evidence from both humans and primates suggests that this may
occur. Among captive monkeys, those that are socially subordinate
have higher blood pressure, higher cortisol levels, higher cholesterol
levels—physiologic signs of stress—than those that are socially dom-
inant.110 And when their social status is experimentally manipulated,
their coronary artery atherosclerosis increases. Interestingly, in one
experiment, the dominant monkeys forced into a subordinate status
showed a 44 percent increase in their atherosclerosis, but the subor-
dinate monkeys forced into a dominant status showed a 500 percent
increase, compared with monkeys that did not change their social
status.111 This suggests that social position has important effects on
health; that being subordinate is more stressful than being domi-
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nant, but that maintaining any position within a hierarchy may have
physiologic costs.

Could sprawl aggravate income inequality? Or could sprawl
enshrine income inequality solidly in daily life, or make it more blatant
than it might otherwise be? Indeed, suburban neighborhoods are often
more homogeneous, in terms of income, than traditional small towns
or urban neighborhoods.112 This might be expected to blunt the
effects of income inequality, since people might be less likely to
encounter, and compare themselves, with others above or below them
on the social ladder. On the other hand, across a region, suburban res-
idential patterns might confront people regularly with reminders of
their social standing, especially at a time (as during recent decades) of
rapidly increasing income inequality. A scene like the one pictured in
Figure 9-4 might appear to be a tasteless joke, since we do not segre-
gate ourselves by social status this explicitly. Or do we? Figure 9-5, a

FIGURE 9-4 A caricature of residential segregation by social class

SOURCE: Photo simulation by Charles Dobson.
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FIGURE 9-5 Suburban roadside housing advertisements 

SOURCE: Photo by Dr. Howard Frumkin.

photograph taken alongside a busy suburban Atlanta road, depicts a
grimly effective means test, and those driving the road view a daily
reminder of where they stand (and where others stand) on the social
ladder.

CONCLUSION

Social capital is the glue that helps bind communities together. It con-
sists of attitudes such as trust and reciprocity, and behaviors such as
social networking and civic participation. Urban sprawl seems to
undermine social capital. Much of this effect may occur in direct
ways—an absence of sidewalks and public places where one can
encounter neighbors, an absence of “great good places” as destinations
for socializing, a shortage of time with family and friends due to long
commutes. Perhaps there is an additional contribution if sprawl rein-
forces the effects of income inequality. In any case, the decline in social
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capital is worrisome, since social capital is an important contributor to
good health. It seems to take a “village” not only to raise a child, but
also to support an adult, and to look after the elderly. In sprawling
regions, with little that resembles a village either architecturally or
socially, and with deficits in social capital, we may forfeit critical oppor-
tunities to promote health across the life span.
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HEALTH CONCERNS OF
SPECIAL POPULATIONS

A central question about every public health hazard is this: Who is
most at risk? For almost every hazard, some people bear more risk than
others. The disparity may relate to differences in exposure, or differ-
ences in susceptibility, or both. Some groups are disproportionately
exposed to hazards because of social circumstances (e.g., poor commu-
nities near hazardous waste sites), behavior (e.g., children placing
things in their mouths), or other reasons. Once exposed, some groups
are especially susceptible because of genetic predispositions, underly-
ing illnesses, or even age. In recent years, progress on the human
genome has highlighted the role of biological susceptibility, and the
Environmental Justice movement has clarified the role of social cir-
cumstances in disproportionate exposures.

Sprawl is no exception. Many of the health effects of sprawl are
distributed unequally across different populations, and some people
bear more risk than others (see Figure 10-1). In this chapter, we review
some of the disproportionate impacts of sprawl on several “special pop-
ulations.” (We use the term special populations advisedly, because in the
aggregate, the members of these populations comprise a majority of
Americans!) These populations include women, children, the elderly,
the poor, and people with disabilities.

WOMEN

In sprawling communities, where distances are large and most travel
is by automobile, family life involves a great deal of chauffeuring.

— 186 —
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FIGURE 10-1 This roadside design, especially the walking route, is 
inappropriate for (a) children, (b) elders, (c) people in
wheelchairs, (d) blind people, and (e) all of the above.

SOURCE: Photo by Dr. Howard Frumkin.

Taking children to school, play dates, or soccer games; taking elderly
parents to the doctor; running errands to the grocery store, post
office, or bank—this collective burden falls disproportionately on
women. A 1999 report by the Surface Transportation Policy Project,
High Mileage Moms, found that two-thirds of all chauffeur trips are
made by women.1 In 1995, the report found, married women with
school-aged children were averaging more than five automobile trips
per day, 21 percent more than the average for men. On the way home
from work, 61 percent of women made at least one stop for an errand,
compared to 46 percent of men. Among women, 50.4 percent of trips
were made for chauffeuring, compared to 41.1 percent among men.
The average woman was spending sixty-four minutes per day in the
car, a figure that rose to sixty-six minutes for married women with
school-aged children and seventy-five minutes for single mothers.
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The image of the suburban “soccer mom” in a minivan turned out to
reflect long hours at the wheel providing transportation and delivery
services.

The health implications for women of this heavy load of driving
have not been fully documented. As discussed in Chapter 6, more time
driving, all things being equal, increases the risk of a collision. As
described in Chapter 8, driving is a substantial source of stress, and
women seem to experience higher levels of subjective stress than men,
given similar levels of traffic congestion.2

“Like many women with children,” wrote newspaper columnist
Linda Baker, at the time the mother of three- and five-year-old children,
“I spend a good portion of every week strapping my kids in and out of car
seats, negotiating back-seat squabbles while changing lanes, and scoop-
ing up wayward preschoolers as they skip dangerously through one of an
infinite number of parking lots.” In analyzing the effects of this lifestyle,
Baker noted that “the stress women incur from driving their kids around
town is tremendous, if not yet quantifiable. Ask any mother; road rage is
a tame descriptor when you’re stuck in traffic with a screaming child in
the back seat.”3 For women in sprawling areas, faced with a large burden
of driving, sprawl must seem very much a women’s health issue.

CHILDREN

Many of the impacts of sprawl fall disproportionately on children.
These include air pollution, physical inactivity, and injuries, as well as
threats to mental health and social capital.

Air Pollution
Children breathe more rapidly than adults, inhale more air relative to
body weight, and have narrower airways. They play outside where
ozone and other pollutant levels are highest, and while playing, they
breathe more rapidly and deeply, increasing their intake of air. Their
developing lungs are susceptible to any exposures that may impede
lung growth. And asthma is highly prevalent among children. As a
result, air pollutants pose a special threat to children.4 Two pollutants,
ozone and particulate matter, are especially important.

Ozone causes both short-term and long-term respiratory damage
to children. Dozens of studies have documented that children’s respira-
tory symptoms, medication use, school absenteeism, emergency
department visits, and hospitalizations all increase within a day or two
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of ozone level peaks. In addition, long-term studies have implicated
ozone exposure in impaired lung growth and possibly in the onset of
asthma. For example, in a study of freshmen at the University of Cali-
fornia, Berkeley, students who had grown up with higher ozone expo-
sure (primarily in the Los Angeles basin) had diminished air flow in
their small airways compared to students who had grown up breathing
cleaner air (primarily from the San Francisco Bay area).5 In the Cali-
fornia Children’s Health Study, McConnell and colleagues followed
more than 3,500 children in twelve Los Angeles area communities for
up to five years.6 Student athletes in high-ozone communities had
more than 3 times the risk of developing asthma compared to their
counterparts in low-ozone communities. The authors concluded that
outdoor exercise in the setting of high ozone could contribute to the
development of asthma in children.

Cars and trucks, especially diesel vehicles, are also a source of par-
ticulate matter (PM), another air pollutant that targets children. Some
of the effects of PM resemble the effects of ozone: respiratory irrita-
tion, symptoms such as cough and sputum production,7 and asthma
attacks.8 Proximity to road traffic appears to pose a special risk for chil-
dren. In a study in Erie County, New York,9 for example, children
under age fifteen living within 200 meters of roads with heavy truck
traffic were at increased risk of asthma hospitalization. A Dutch study10

revealed that children attending school within 100 meters of a freeway
reported cough, wheeze, runny nose, and doctor-diagnosed asthma
significantly more often than children without this exposure. Similar
findings have been reported from many locations. PM exposure, like
ozone exposure, has been linked to impaired lung growth in children.11

PM exposure may be related to low birth weight,12 infant mortality,13

and other early childhood health problems. Therefore, the two major
vehicle-related air pollutants, ozone and PM, pose special risks for
children.

Physical Activity
Sprawl limits physical activity in children as well as in adults. In fact,
children may have fewer options than adults. A child who is unable to
walk or bike to school, and whose school is reducing or eliminating
physical education programs, may have few opportunities for regular
physical activity, while a determined adult in a similar predicament can
at least join a sports club or drive to a safe place to exercise. As noted in
Chapter 5, the obesity epidemic that has swept the nation during
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recent decades has fallen heavily on children. The prevalence of over-
weight among children has more than tripled since the 1960s; approxi-
mately one in ten preschoolers, and one in seven school-age children,
are now overweight.14 The increase is particularly striking among
Black and Hispanic children; approximately one in four teenagers in
these groups is overweight.15

In sprawling areas, it is nearly impossible for most children to
walk or bike to school. According to data from the National Person-
al Transportation Survey, half of U.S. children are driven to school
in a private vehicle, approximately one-third travel by school bus,
and fewer than one in seven trips to school is made on foot or bicy-
cle.16 In the 1999 nationwide HealthStyles survey, as discussed in
Chapter 6, only 19 percent of parents reported that their child had
walked to school at least once a week during the preceding month,
and 6 percent reported that their child had biked, together account-
ing for only 14 percent of all school trips.17 In one of the few state-
level studies of travel behavior to school, similar findings emerged. A
statewide telephone survey in Georgia collected data on 1,656 chil-
dren in nearly 1,000 households. Of these, 43.3 percent were driven
to school in a private vehicle, 48.9 percent rode a bus, and only 4.2
percent walked most days of the week. In a subset of 315 children
who lived within a mile of school, 41.9 percent were driven in a pri-
vate vehicle, 33.4 percent rode a school bus, and 18.6 percent
walked.18

In children, as in adults, inactivity is dangerous in and of itself, and
it also contributes to the risk of being overweight. Children who are
physically inactive tend to have lower self-esteem.19 Children who
become overweight confront psychosocial challenges such as rejection
by other children.20 They also face increased risks of diabetes21 during
childhood, and of adult diseases such as hyperlipidemia and perhaps
sleep apnea, polycystic ovaries, and orthopedic ailments.22 Moreover,
overweight children tend to become overweight adults, predisposing to
a wide range of adult disease.23

Sprawl, of course, does not fully explain the inactivity and over-
weight that plague American children. Dietary changes such as super-
size portions of high-calorie foods, behavioral changes such as more
television and computer “screen time,” and programmatic changes
such as cutbacks in school-based physical education all contribute.
However, the inability to walk or bike to school or to other destina-
tions such as after-school activities is an important factor. The health
consequences are especially worrisome for children.
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Injuries
Automobile crashes are a leading cause of death among young people.
In 2000, 2,831 children under sixteen years of age were killed in traffic
crashes, including 2,151 who were passengers, 524 who were pedestri-
ans, and 193 who were on bicycles. That same year, 332,000 children
under sixteen years of age were injured in traffic crashes, including
24,000 who were pedestrians and 20,000 who were bicyclists. Children
comprise 23 percent of the population, and account for 5 percent of
vehicle passenger fatalities, 11 percent of pedestrian fatalities, 25 per-
cent of bicyclist fatalities, and 31 percent of nonfatal pedestrian
injuries. On an average day, 8 children are killed and over 900 are
injured in motor vehicle crashes.24

The epidemiology of pedestrian injuries among children has
been well studied. Risk factors include male gender, age five to nine,
and poverty, but also several factors that relate directly to land use
and transportation decisions: high traffic volume and speed, absence
of play space, on-street parking, and possibly one-way streets.25 In
studies in Long Beach, California, large boulevards were riskier than
residential streets26 and denser census tracts were safer than those
with low density.27 However, the impact of residential density is
complex. In a study of childhood pedestrian injuries in Memphis,
Rivara and Barber found that high residential density predicted
childhood pedestrian injuries, possibly because the densest neigh-
borhoods in this study were also the poorest.28 And in parts of Balti-
more where children were driven home, rates of pedestrian injury
were significantly lower than in walking neighborhoods.29 The
influence of the built environment also appears to be mediated by
activity patterns. For example, a study in Philadelphia suggested that
children face a higher risk of pedestrian injuries when playing, or
when walking on nonroutine trips, than when walking to school,
irrespective of street design.30 In general, heavy, fast-moving traffic,
in the absence of safe, protected areas for play, threatens children’s
safety.

As discussed in Chapter 6, the solutions to these children’s health
threats include not only education but also traffic law enforcement
and engineering improvements to roads and automobiles. Design
solutions such as traffic calming, and providing public spaces where
children can play safely away from traffic—features that remain
uncommon in many sprawling residential areas—will go a long way
toward protecting children.31
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Mental Health and Development 
It is not alone the desire to try and use his power that prompts the boy
at this age to seek adventure high and low, far and wide, it is partic-
ularly the . . . need of his unfolding innermost life, the desire to con-
trol the diversity of things, to see individual things in their connection
with a whole, especially to bring near that which is remote, to com-
prehend [the world] in its extent, its diversity, its integrity; it is the
desire to extend his scope step by step.32

—Freidrich Froebel, 
The Education of Man, 1826

Exploring the environment is an integral part of normal child devel-
opment.33 Infants and toddlers explore on a very localized scale; their
boundaries reach to the edges of the crib or high chair, and later to
the edges of the home or yard, never too far from their parents. Dur-
ing middle childhood, exploration may extend to the immediate
neighborhood, and for children in more rural areas, to nearby woods,
fields, and streams. During adolescence, a child’s “home range”
expands still farther, to other neighborhoods, stores (or nowadays
malls), recreational facilities, and other destinations.34 This develop-
mental continuum has been called the “cradle-room-house-doorstep-
neighborhood sequence.”35

A child benefits in many ways from exploration.36 Part of the devel-
oping sense of self involves place identity, gained through explo-
ration.37 Children build their “cognitive maps”—their knowledge of
the world and their ability to navigate it successfully—through explo-
ration.38 And through exploration, children develop competence, mas-
tery, adaptability, independence, and new skills.39 Children cultivate
their imaginations, and form lifelong memories, by finding and being
in “secret spaces.”40 The outdoors seems to be an especially important
setting for exploration.41

A child also benefits from diverse and varied experiences in daily
life and while exploring. In particular, encountering different kinds of
people is developmentally healthy. Wholesome child development,
hypothesized psychologist Urie Bronfenbrenner in his classic Ecology of
Human Development, is “enhanced when the settings occur in cultural
or subcultural contexts that are different from each other, in terms of
ethnicity, social class, religion, age group, or other background fac-
tors.”42 Sprawling communities—places that are socially homogeneous
and where children’s social exploration is constrained by demographic
realities—are a far cry from the developmental ideal.
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Modern suburbs offer children, especially those in the preteen and
teen years, less freedom to roam than traditional communities. Adults
who grew up in the 1950s and 1960s recall that when they arrived
home from school as children, they would be sent outside, unrestrict-
ed except for orders to be back in time for dinner. Today’s children are
kept on a shorter leash. Spencer and Woolley, in their recent review of
children’s environmental psychology, write, “Parents in some commu-
nities now so restrict their children that it [the concept of a child’s
home range] has effectively ceased to have an application.”43 Gaster, in
a study in New York, found that “children’s access to their neighbor-
hood ha[s] declined substantially since the 1940s.”44

Many factors contribute to this trend, including parental fear of
crime45 and traffic, and two-career families in which neither parent is
home during the afternoons. However, the physical arrangement of
sprawling communities—things separated by large distances, with men-
acing major roads acting as boundaries46—helps narrow the child’s range.

Another important factor in children’s ability to explore is the
availability of destinations. Purely residential developments with large
lots and large distances between things offer few opportunities for chil-
dren to make their way to destinations, and few social gathering places.
This aspect of the built environment may be especially relevant for
older children, who are otherwise ready to roam their neighborhoods.
For a child of five or six years old, a home with a sizeable yard and per-
haps a cul-de-sac street offer plenty of opportunities to explore, and a
play date with one or two other children rounds out the adventure. In
fact, the parents, comfortable with the safety of such a neighborhood,
may permit more exploration for their children than would their urban
counterparts. However, a teenager would likely find neighborhoods
with few destinations available (except by car) restrictive and even suf-
focating. The image of the bored suburban teenager is a media fixture.

Two early studies47 found that suburban children had larger home
ranges than urban children, defined as mean distance traveled to selected
destinations such as playgrounds, libraries, and lessons. However, these
studies did not describe the children’s mode of travel. The suburban chil-
dren may have traveled as passengers in their parents’ automobiles, while
urban children walked or traveled by subway or bus. If so, the larger
home range in the suburbs would reflect longer travel distances, but less
independence, compared to circumstances in dense, mixed-use settings.

Author Herb Childress spent a year with teenagers in pseudony-
mous Curtisville, California, population 15,000, studying the role of
the built environment in their lives.48 Curtisville’s population had
increased tenfold since World War II, mostly in sprawling residential
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subdivisions of single-family homes on wide cul-de-sacs—in Chil-
dress’s words, “car-oriented housing, developments held beyond easy
walk of work, stores, or neighbors.”49 He described a community
with few destinations appropriate for teenagers, and few ways for the
youth to get to those that did exist. The community design, he con-
cluded, contributed to emotional shallowness and alienation.
“Teenagers are defined out of existence in Curtisville,” he wrote,
“because their concerns and interests are counter to those of the peo-
ple who matter.”50

Sprawl, then, seems unfit to nurture or sustain the normal develop-
ment and exploration of children, at least those older than eight or ten
years of age. Child-friendly design, with high connectivity, safe pedes-
trian infrastructure, and rich opportunities to interact with many kinds
of people, could do much to promote the growing independence and
self-sufficiency of children.

Social Capital
Finally, social capital is beneficial for children. If “it takes a village” to
raise a child, is social capital a defining feature of a successful village?
Architect Phillip Langdon argues that the social networks in tradition-
al communities offer much to children: the neighbor who notices
when a child falls off his bike, comforts him, and walks him home, or
the neighbors who notice a child’s misbehavior and help monitor and
correct it. In contrast, he writes, “The typical suburban subdivision of
the last few decades tries in the main to withdraw its children from
society’s difficulties, inadvertently leaving them without the skills and
judgment to manage unfamiliar situations.” Langdon also cites the
advantages to children of diverse housing types, so that children get to
know a broad range of adults. As a mother in Kentlands, a New
Urbanist town, told him, “I’ve always thought it’s very important for
our children to know lots of adults other than us—to have other role
models, models of decent human beings—and that certainly has hap-
pened here.”51

Langdon may well be right.52 For example, children who live in
environments high in social capital have fewer behavior problems,53

are less likely to drop out of school,54 and are more likely to attend
college and go on to earn a higher income55 than children in circum-
stances with low social capital. In a recent study of children at risk of
child abuse and neglect,56 the children with the best developmental
and behavioral outcomes were those with the highest neighborhood
social support, personal social support, and church attendance. Some
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of this research can be hard to interpret (e.g., the benefits of social
capital can be difficult to disentangle from the effects of family
strengths and weaknesses),57 but overall, it appears that communities
with high levels of social capital are good places for children to grow
up. To the extent that sprawling communities forfeit social capital
(see Chapter 9), this deficit may have worrisome consequences for
children.

THE ELDERLY

Life expectancy in the United States has increased dramatically over
the last century, from forty-nine years in 1900 to seventy-six years by
2000. As a result, the sixty-five-and-older population has for years been
the fastest-growing segment of the population. During the decade of
the 1990s, the sixty-five-and-older population slipped from this rank,
due to the low birth rate during the Great Depression, but a popula-
tion boom of elders is expected between 2010 and 2030 as baby
boomers reach retirement age.58 Among those over sixty-five, the
fastest-growing segment is the “oldest old”—those over eighty-five. 

Today’s elders are healthier and more active than ever before.
However, aging inevitably takes a toll, and large numbers of elders
eventually develop disabilities such as limitations in vision, hearing,
and/or mobility.59 Many need assistance, if not at the level provided by
nursing homes, then at least with such tasks as shopping and cleaning.
Two aspects of sprawl are especially relevant to the health and well-
being of the elderly: mobility and community.

During the summer of 2003, two tragedies involving elderly
drivers shook the nation. First, an eighty-six-year-old driver plowed
into a farmers market near Los Angeles, killing ten people. A week
later, a seventy-nine-year-old man lost control of his car and injured
three people at a farmers market in Flagler Beach, Florida. These
incidents served as a reminder that elderly people may lose the abili-
ty to drive safely. However, in many communities driving is essential
and alternatives are nonexistent.60 Elders who want to walk to stores,
houses of worship, medical offices, and recreational and cultural
facilities need these destinations to be close to home—a defining
feature of mixed-use communities—and they need safe, well-
maintained sidewalks. Even pedestrian-friendly environments may
not adequately accommodate the elderly. For example, crossing sig-
nals are typically timed for younger people who walk briskly rather
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than for slow, elderly walkers.61 Those who want to ride need bus or
trolley systems that serve both their homes and their destinations.
Such amenities are rare in sprawling areas, where land use mix and
density are low.

The ability to walk offers more than safe and convenient access to
services. It also directly promotes the health of elders.62 Elderly people
who are physically active enjoy protection from some of the most
ruinous ailments of old age—coronary heart disease,63 depression,64

osteoporosis and fractures,65 falls,66 and a variety of inflammatory con-
ditions.67

Social capital, and the community resources it brings, are a spe-
cial concern for the elderly, for whom social isolation is a common
predicament and depression an all-too-common affliction. Social net-
works not only help prevent and ameliorate depression in the elderly;
they also predict better cognitive function.68 Longitudinal studies of
aging in Sweden, France, and the United States have found that social
networks help prevent the onset of dementia.69 In a prospective study
of elderly people in New Haven during the 1980s, called EPESE
(Established Populations for Epidemiologic Studies of the Elderly),
more extensive social networks significantly reduced the risk of
becoming disabled from “activities of daily living” (ADLs), and
enhanced recovery if such a disability did occur. Interestingly, con-
nections with relatives and friends played a role, while connections
with children or a confidant did not. The researchers concluded that
“being ‘embedded’ in a social network of relatives and friends reduces
risk for ADL disability, and enhances recovery from ADL disabili-
ty.”70

By undermining the social capital available to elders, sprawl may
deprive them of these health benefits. One way this occurs is by pre-
cluding “aging in place.” Although many elders would prefer to stay
put,71 the burden of maintaining a large home and lawn, the difficulty
of getting around (especially if driving becomes impossible), and per-
haps financial realities, can require a move. In traditional neighbor-
hoods with a variety of housing options, empty nesters can move to a
nearby smaller home or apartment. In contrast, homogeneous residen-
tial developments offer few choices nearby for older adults who want to
downsize. As a result, they need to uproot, severing social ties and
depriving the community of their continued presence. Land use and
transportation that obviate this need would promote residential conti-
nuity across the life span for those who want it, helping reinforce social
capital and the health benefits it brings.
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POOR PEOPLE AND PEOPLE OF COLOR

Inner-City Poverty and Disease
Racial discrimination has been part of the history of sprawl at least
since the Great Depression. As described by historian Kenneth Jack-
son, the Home Owners Loan Corporation (HOLC) of 1933, which
created the modern mortgage, also standardized appraisal methods.
City blocks were rated not only according to factors such as the age,
density, and type of construction, but also according to explicit racial
criteria.72 The underwriting manual required housing agencies “to
determine whether incompatible racial or social groups are present,
for the purpose of making a prediction regarding the probability of
the location being invaded by those groups.”73 Even one Black fami-
ly could earn an entire neighborhood the lowest loan rating.74

Neighborhoods with minority residents were colored red on four-
colored “Residential Security Maps,” greatly devaluing them, and
giving rise to the term red-lining. While HOLC mortgages were
issued in all strata of neighborhoods, private lending institutions
were far more reluctant to invest in “definitely declining” or “haz-
ardous” neighborhoods.75

The Federal Housing Administration (FHA), created in 1934, con-
tinued and extended discriminatory policies. FHA insurance went pref-
erentially to single-family houses and to new construction instead of
urban, multifamily dwellings. Repair loans were small and had short
terms. And FHA appraisals were less formulaic than those of the
HOLC; they permitted personal bias regarding the ethnic composition
of the neighborhood to play a role. Together, these factors “hastened
the decay of inner-city neighborhoods by stripping them of much of
their middle-class constituency.”76

These trends contributed to a progressive hollowing out of urban
areas, with Whites departing for the suburbs and Blacks remaining
behind. By the 1960s, economist John F. Kain had identified a “spatial
mismatch”: Blacks were trapped in the inner city by housing discrimina-
tion, while the job base was increasingly moving outward.77 As more pros-
perous households shifted increasingly to suburban locations, the
employment that went with them—in restaurants, theaters, dry cleaners,
service stations, grocery stores—was increasingly inaccessible to those in
the inner city. Over the next few decades, racial discrimination in housing
may have diminished, but economic segregation was profoundly embed-
ded in the way metropolitan areas were expanding. “Sprawl is related to
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poverty and inequality,” wrote political economist Paul Jargowsky, “main-
ly because sprawl creates a greater degree of separation between the
income classes.”78 For those left behind—often without automobiles—
public transit rarely provides affordable, efficient access to suburban jobs.79

As a result, inner-city neighborhoods have seen a steady concentra-
tion of poverty.80 With the poverty comes an array of social and health
problems: high levels of unemployment, drug and alcohol abuse, domes-
tic and gang violence, unsafe sex, and related maladies. The catastrophic
consequences of these conditions for people living in the inner city have
been well documented. In New York City’s central Harlem, where 96
percent of the population is Black, men and women die at 3 times the rate
of the U.S. White population, and the odds of reaching age sixty-five are
lower than in Bangladesh. The excess deaths are attributable primarily to
cardiovascular disease, cirrhosis, homicide, and cancer.81 In a group of
welfare applicants and recipients in New York City who abused drugs or
alcohol, the incidence of tuberculosis was 15 times higher than that of the
general population of New York City; the rate of AIDS was 10 times as
high; and the death rate was 5 times as high, suggesting a tangled com-
plex of disease risks.82 In fact, the mutually reinforcing urban epidemics
of substance abuse, HIV, and violence have been dubbed a “syndemic,”83

and this dreadful profile has become emblematic of inner-city health.
If “sprawl and central city decline are part of one unified process of

metropolitan change,”84 then the shameful burden of disease and death
among the inner-city poor—the “urban health penalty”85—must be
counted among the health consequences of sprawl.

Effects of Sprawl on the Poor
If we expand our focus from the inner city to the entire metropolitan
area, poor people and people of color are disproportionately affected
by mechanisms other than urban poverty. Air pollution and injury are
two examples.

Air pollution related to motor vehicle use in sprawling areas targets
poor people and people of color for at least two reasons: dispropor-
tionate exposure, and higher prevalence of underlying diseases that
increase susceptibility. Members of minority groups are relatively more
exposed to air pollutants than are Whites, independent of income and
urbanization.86 Environmental Protection Agency (EPA) data show
that Blacks and Hispanics are more likely than Whites to live in air pol-
lution nonattainment areas.87 And as asthma continues to increase,
asthma prevalence and mortality remain higher in minority group
members than in Whites.88 The prevalence of asthma in 1999 was 53.6
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per 1,000 in Whites and 65.5 per 1,000 in Blacks, a 22 percent excess in
Blacks, and asthma mortality is nearly 3 times higher in Blacks than in
Whites.89 Black children are 64 percent more likely than White chil-
dren to have asthma.90 Similarly, asthma prevalence is more than 3
times higher among Puerto Rican children than among non-Hispanic
children.91 Among Medicaid patients, Black children are 93 percent
more likely, and Latino children 34 percent more likely, than White
children to have multiple hospitalizations for asthma.92 While some of
this excess is related to poverty, the excess persists after controlling for
income.93 Both exposure to air pollution, and susceptibility to its
effects, appear to be concentrated disproportionately among the poor
and persons of color. 

Pedestrian injuries and fatalities demonstrate a striking pattern
nationwide, with rates several times higher among Black and Hispanic
people than among White people. In Atlanta, for instance, pedestrian
fatality rates during 1994–1998 were 9.74 per 100,000 for Hispanics,
3.85 for Blacks, and 1.64 for Whites.94 In suburban Orange County,
California, Latinos comprise 28 percent of the population but account
for 43 percent of pedestrian fatalities.95 In the Virginia suburbs of
Washington, DC, Hispanics comprise 8 percent of the population but
account for 21 percent of pedestrian fatalities.96 Travis County, Texas,
which includes Austin and its suburbs, showed the same pattern, with
members of minority groups accounting for 37 percent of the popula-
tion but 52 percent of pedestrian deaths. From 1980 to 1996, the
pedestrian death rate there was 2.2 per 100,000 for Whites, 3.9 for
Blacks, and 5.1 for Hispanics. Among children and the elderly, the
racial and ethnic disparities were even more pronounced.97 The rea-
sons for this disproportionate impact are complex, and may involve the
probability of being a pedestrian (perhaps related to low access to auto-
mobiles and public transportation), road design in areas where mem-
bers of minority groups walk, and behavioral and cultural factors such
as being unaccustomed to high-speed traffic. Whatever the mecha-
nisms, the stark disparity reflects a disproportionate impact of sprawl
on poor people and people of color.

PEOPLE WITH DISABILITIES

People with disabilities are also poorly served by sprawl. Transporta-
tion systems designed for cars instead of pedestrians are unfriendly to
pedestrians, and doubly so to those with special transportation needs.
People in wheelchairs need sidewalks and paths that are sufficiently
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wide and level to allow safe and convenient passage, with curb cuts at
appropriate locations. People with visual impairments need Audible
Pedestrian Signals (APSs) at intersections to let them know when it is
safe to cross.98 Crossing signals need to be timed to allow people with
disabilities enough time to reach the other side. In some cases, traffic-
calming measures designed to protect most pedestrians, such as round-
abouts, pose special challenges for those who are blind. Careful plan-
ning is needed to provide safe and convenient mobility for all, and
design guidelines are available.99 This requires not only an awareness
of the needs of people with disabilities, but a broader orientation to
safe, nonmotorized travel.

CONCLUSION

Urban sprawl is a set of physical arrangements—the way space is used
in metropolitan areas, and the way people travel from place to place.
But urban sprawl is also a social arrangement, which both results from
and defines human attitudes and behavior. Questions of equity and fair-
ness are fundamental to a consideration of sprawl, as they are funda-
mental to the field of public health. Women assume a disproportionate
share of the driving in sprawling areas, raising their risk of automobile
collisions and exposing them to stress. Poor people and people of color,
disenfranchised by economic barriers and discrimination, are further
disenfranchised by some of the features of sprawl, with serious conse-
quences for their economic opportunity, health, and well-being. People
who cannot drive, and who are especially dependent on good pedes-
trian infrastructure and transit—children, the elderly, people with
disabilities—are deeply disenfranchised in a world that is built for auto-
mobiles. These groups, too, pay with diminished opportunity, health,
and well-being. Creating healthy places, places that correct some of the
worst features of sprawl, is not only a general public health strategy but
also a targeted strategy to promote and protect the health of vulnerable
populations, a health policy to achieve equity and fairness.
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FROM URBAN SPRAWL
TO HEALTH FOR ALL

In the late 1940s, as the world began to recover from the devastation
of World War II, the fledgling United Nations formed the World
Health Organization (WHO). The WHO constitution proclaimed
that “the enjoyment of the highest attainable standard of health” was
“one of the fundamental human rights of every human being,” and
defined health broadly as “a state of complete physical, mental and
social well-being and not merely the absence of disease or infirmity.”
Thirty years later, in 1977, the WHO adopted “Health for All” as a
goal, in recognition of continuing health disparities across the world.

At the same time this lofty vision of human health emerged during
the latter half of the twentieth century, a radical change was occurring
in American cities and towns (and, increasingly, in the cities and towns
of other developed countries): sprawling development into surround-
ing countryside. In this book, we have described many ways in which
sprawl might undermine “health for all”: by contributing to air pollu-
tion; by inhibiting physical activity; by increasing the risk of automo-
bile crashes, by increasing anger, loneliness, and isolation; by under-
mining social capital. We have shown that certain groups—children,
the elderly, the urban poor—are especially vulnerable to some of the
hazards of sprawl. But if some design decisions are toxic, then the
reverse is also true: some design decisions are healthy. In this chapter,
we consider a set of design strategies that offer healthy alternatives to
sprawl, part of a path toward the WHO vision of health for all. 

Who are the “all” whose health is at issue? It is all of our contem-
poraries, but it is also those who will follow—our children, and their
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children, and their children. The demographic realities are in-
escapable. According to the Bureau of the Census, the U.S. population
is projected to grow to 570 million people—a near doubling of the cur-
rent population—by 2100.1 Metropolitan areas will continue to grow
at rates faster than the nation as a whole. “No growth” is not an option;
the challenge is how to grow in ways that are healthy, socially just, and
environmentally sustainable. 

Many of the necessary growth strategies are captured by the
term Smart Growth. Smart Growth is well known in the worlds of
architecture and planning, but it has not often been embraced as a
public health strategy. We hope to help correct that oversight. In
this chapter we make the case that Smart Growth, like water purifi-
cation and vaccination campaigns, fits squarely within the tradition
of public health.

HEALTHY PLACES

The idea that places can be designed and built to promote health is not
new. As described in Chapter 2, the engineers who created water and
sewer systems in eighteenth-century cities had a clear notion that
urban infrastructure could protect the public’s health. Later, the mid-
nineteenth century ushered in a remarkable chapter in the history of
urban design, a time when, to quote one account, “the medical com-
munity had greater influence on the physical shape of the city than at
any other time in America’s history.”2 By then, the theory that disease
was caused by miasmata (noxious vapors) had found wide acceptance.
Certain places were felt to concentrate harmful miasmata, and planners
and physicians agreed that proper site selection, design, and hygiene
could mitigate these risks. Their actions were often shrewd and sensi-
ble, even if their underlying theories would not withstand the test of
time. Dr. John Henry Rauch (1828–94), who served Chicago as an
early member of the board of health and as sanitary superintendent
after the Civil War, successfully advocated land use policies—for exam-
ple, abolishing urban cemeteries in favor of rural burying grounds and
establishing large urban parks—on the basis of public health. At the
same time, preeminent landscape architect Frederick Law Olmsted
(also head of the U.S. Sanitary Commission during the Civil War) was
advancing design principles such as low-density urban and suburban
neighborhoods, large and small parks, and tree-lined boulevards and
promenades, all thought to be healthy alternatives to overcrowded
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cities. And in Great Britain, the Health of Towns Association built on
the work of leading sanitarian Edwin Chadwick. With active chapters
from Edinburgh to Liverpool to Plymouth, the association successful-
ly pushed for sanitary regulations, housing standards, paved streets,
and public water and sewer systems.3

The intellectual heirs of Rauch, Olmsted, and Chadwick have
made important contributions in recent years. Thomas McKeown,
professor of social medicine at Birmingham University, showed that
many of the health advances of the nineteenth and twentieth centuries
resulted not from better medical care, but from “upstream” improve-
ments such as better urban infrastructure—better housing, neighbor-
hoods, water, food, and transport.4 Psychiatrist Leonard Duhl, work-
ing at the National Institute of Mental Health in the 1960s and later at
the University of California, Berkeley, championed an approach to
mental health that went beyond clinical services, calling for wholesome
urban design and active community involvement.5 Trevor Hancock, a
physician and epidemiologist working in Canada, helped expand this
view to include both mental and physical health.6

In 1987, the World Health Organization Regional Office for
Europe initiated its Healthy Cities Project (www.who.dk/healthy-
cities). This movement took a holistic approach, defining a healthy city as
“one that is continually creating and improving those physical and
social environments and strengthening those community resources
which enable people to mutually support each other in performing all
the functions of life and achieving their maximum potential.”7

Through the project, approximately 50 cities around the world
have formally joined the Healthy Cities Network by committing to a
portfolio of activities, and more than 1,000 cities have undertaken
selected healthy city initiatives. Mayors and political leaders from
affiliated cities have met at the end of each five-year cycle of the
Healthy Cities Project and have issued “declarations” affirming the
importance of healthy city principles, including design and planning
that promote health. In October 2003, for example, the Belfast Dec-
laration for Healthy Cities espoused a range of initiatives from social
justice to good government. It included a commitment to “building
safe and supportive cities sensitive to the needs of all citizens, active-
ly engaging urban planning departments and promoting healthy
urban planning activities.”8 Corresponding initiatives in the United
States have included the Healthy Communities movement, launched
in 1989 by the National Civic League with federal support, and its
successor, the Coalition for Healthier Cities and Communities,
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founded in 1994 and including at one time more than 1,000 cities.9

All of these initiatives have advanced the vision of cities and commu-
nities as health-enhancing places. Smart Growth has a distinguished
lineage, not only in urban planning and architecture, but also in the
health sciences.

SMART GROWTH

Smart Growth is a simple term but a complex idea. It refers to a set of
land use and transportation principles that in many ways are the oppo-
site of sprawl. One definition of Smart Growth comes from the Smart
Growth Network, which was formed in 1996 by the Environmental
Protection Agency and several nonprofit and government organiza-
tions (see www.smartgrowth.org). The network grew to include more
than thirty organizations, including professional associations such as
the Institute of Transportation Engineers, the American Planning
Association, and the International City–County Management Associa-
tion; trade associations such as the National Association of Realtors
and the Urban Land Institute; and nonprofit groups such as American
Farmland Trust, the National Trust for Historic Preservation, and the
Rails to Trails Conservancy. The network’s Ten Principles of Smart
Growth are shown in Table 11-1. A more elaborate statement of Smart
Growth principles comes from a group of planners and architects who
were convened in 1991 by the Local Government Commission. This
group issued the Ahwahnee Principles, named for the hotel in
Yosemite National Park where the authors met. These principles are
shown in Table 11-2. 

TABLE 11-1 Smart Growth Principles (from the Smart Growth Network)

1. Mix land uses.
2. Take advantage of compact building design.
3. Create a range of housing opportunities and choices.
4. Create walkable neighborhoods.
5. Foster distinctive, attractive communities with a strong sense of place.
6. Preserve open space, farmland, natural beauty, and critical environmental areas.
7. Strengthen and direct development toward existing communities.
8. Provide a range of transportation choices.
9. Make development decisions predictable, fair and cost effective.

10. Encourage community and stakeholder collaboration in development decisions.

SOURCE: Anonymous Getting to Smart Growth: 100 Policies for Implementation. Washington: Smart
Growth Network and International City/County Management Association, 2002.
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TABLE 11-2 The Ahwhanee Principles

Community principles
1. All planning should be in the form of complete and integrated communities con-

taining housing, shops, work places, schools, parks, and civic facilities essential to
the daily life of the residents.

2. Community size should be designed so that housing, jobs, daily needs, and other
activities are within easy walking distance of each other.

3. As many activities as possible should be located within easy walking distance of
transit stops.

4. A community should contain a diversity of housing types to enable citizens from a
wide range of economic levels and age groups to live within its boundaries.

5. Businesses within the community should provide a range of job types for the com-
munity’s residents.

6. The location and character of the community should be consistent with a larger
transit network.

7. The community should have a center focus that combines commercial, civic, cultur-
al, and recreational uses.

8. The community should contain an ample supply of specialized open space in the
form of squares, greens, and parks whose frequent use is encouraged through
placement and design.

9. Public spaces should be designed to encourage the attention and presence of peo-
ple at all hours of the day and night.

10. Each community or cluster of communities should have a well-defined edge, such
as agricultural greenbelts or wildlife corridors, permanently protected from devel-
opment.

11. Streets, pedestrian paths, and bike paths should contribute to a system of fully
connected and interesting routes to all destinations. Their design should encourage
pedestrian and bicycle use by being small and spatially defined by buildings, trees,
and lighting; and by discouraging high-speed traffic.

12. Wherever possible, the natural terrain, drainage, and vegetation of the community
should be preserved with superior examples contained within parks or greenbelts.

13. The community design should help conserve resources and minimize waste.
14. Communities should provide for the efficient use of water through the use of natu-

ral drainage, drought tolerant landscaping, and recycling.
15. The street orientation, the placement of buildings, and the use of shading should

contribute to the energy efficiency of the community.

Regional principles
1. The regional land-use planning structure should be integrated within a larger trans-

portation network built around transit rather than freeways.
2. Regions should be bounded by and provide a continuous system of

greenbelt/wildlife corridors to be determined by natural conditions.
3. Regional institutions and services (government, stadiums, museums, etc.) should

be located in the urban core.
4. Materials and methods of construction should be specific to the region, exhibiting a

continuity of history and culture and compatibility with the climate to encourage
the development of local character and community identity.

(continued)
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TABLE 11-2 The Ahwhanee Principles (continued)

Implementation principles
1. The general plan should be updated to incorporate the above principles.
2. Rather than allowing developer-initiated, piecemeal development, local govern-

ments should take charge of the planning process. General plans should designate
where new growth, infill, or redevelopment will be allowed to occur.

3. Prior to any development, a specific plan should be prepared based on these plan-
ning principles.

4. Plans should be developed through an open process and participants in the
process should be provided visual models of all planning proposals.

SOURCE: Local Government Commission, 1991. Available at http://www.lgc.org/ahwahnee/principles.html.

Other terms overlap to some extent with Smart Growth. New
Urbanism is an architectural and planning movement that emerged
during the 1980s and 1990s. Its principles—walkable neighborhoods, a
range of housing choices, a mix of land uses, participatory planning,
revitalization of urban neighborhoods—are laid out in the sumptuous
Charter of the New Urbanism10 and on the Web site of the Congress for
the New Urbanism, www.cnu.org. Traditional Neighborhood Devel-
opment is a related term, used to describe compact, mixed-use, transit-
oriented, pedestrian-friendly developments reminiscent of pre–World
War II neighborhoods.

Whatever the definition, most Smart Growth strategies include
mixed land use, decreased automobile dependence balanced by trans-
portation alternatives (walking, bicycling, and transit), and increased
density balanced by preservation of green spaces. Many of these design
and planning principles are implemented at the local level, at the scale
of buildings, neighborhoods, and communities. However, there are
also state and national aspects of Smart Growth, many of these in the
policy arena. For example, transportation projects such as highways
and mass transit are typically regional in scale and heavily supported by
federal funds. The features of Smart Growth, from local level issues to
federal policies, are described in the following sections. 

Design Features 
At the local scale, Smart Growth entails higher density than is custom-
ary in sprawling suburbs. Instead of 1 or 2 acres per home, there might
be 5 or 10 or many more homes per acre. The density is accomplished
with a mix of housing types and sizes—single-family detached homes,
townhouses, apartments above retail stores, and other arrangements.
Typically, this density is balanced by greenspace—farmland, forest,
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parks, or riparian corridors that remain unbuilt, and that provide access
to nature for people who live in the area. There is an emphasis on
walkability, with wide, tree-shaded sidewalks on both sides of the
streets, and on mixed land use, with destinations such as stores,
schools, theaters, and offices near homes. These two features combine
to make walking attractive: there are nearby places to go, and safe,
appealing ways to walk there. (A sprawling suburb with sidewalks but
no destinations is unlikely to seduce anybody into walking, and a clus-
ter of nearby buildings unconnected by walking routes is equally
uninviting.) Connectivity is high in Smart Growth neighborhoods.
Gridlike street arrangements offer many routes from point A to point
B. There is a range of transportation alternatives, often designed at the
neighborhood scale. Bicycle lanes on streets, bicycle (or “multiuse”)
paths off streets, and transit stations all help provide practical alterna-
tives to automobile travel. Finally, Smart Growth development is aes-
thetically pleasing at the local scale. Generous sidewalks, storefronts
with interesting windows on the sidewalk, benches for resting, and
attractive views all provide a pleasant walking experience. Large park-
ing facilities are kept off the street, often behind buildings, although
parallel parking on the street may be used as a buffer between the side-
walk and traffic lanes and as a traffic-calming strategy. In residential
neighborhoods, houses are placed close to the street, and may be front-
ed with generous porches, bringing life and conviviality to the streets,
and further enhancing the experience of walking.

Development Regulations 
Development regulations are largely the domain of local governments.
They range from more localized efforts such as building codes to larger-
scale zoning and subdivision regulations.

Building codes prescribe the bulk, scale, massing, and style of struc-
tures. Smart Growth building codes contribute to a pedestrian-friendly
realm at the street level. Appropriate scaling of buildings, continuity of
building materials, and a coherent design “vocabulary,” all help estab-
lish a sense of place for a community, creating environments where
people like to live, work, play, and travel.

Zoning codes prescribe certain locations as “appropriate” for certain
uses, such as residential, commercial, industrial, recreational, or open
space, and regulate such parameters as density, lot coverage, and build-
ing setbacks. As described in Chapter 2, zoning began in the 1910s and
1920s as an effort to protect public health, safety, and welfare (although
these goals are usually not defined by zoning ordinances)11 and to
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enforce social norms.12 While zoning has helped separate truly incom-
patible land uses such as noxious industries and homes, it has failed to
deliver on its loftier promises of producing high-quality, livable envi-
ronments.13 In fact, zoning can stand in the way of Smart Growth; in
most places, it would now be illegal to build the charming neighbor-
hoods of Charleston, Annapolis, or Georgetown due to restrictions on
narrow streets, mixed land uses, and other design features.

Innovative zoning codes are therefore a part of achieving Smart
Growth. For example, recently modified zoning codes in Austin, Texas,
Davidson, North Carolina, Hercules, California, and Kentlands,
Maryland, permit (and in some cases require) Traditional Neighbor-
hood Development, with gridlike streets, appealing streetscapes with
sidewalks and pedestrian amenities, unusually low parking require-
ments, and a mix of housing types and land uses (including small-scale
commercial uses integrated into residential areas). Redmond, Wash-
ington, adopted a community development guide with mixed-use and
live/work codes, allowing housing and service establishments in subur-
ban employment districts, commercial areas, and downtown neighbor-
hoods. Some cities use “performance-based zoning” to stimulate
pedestrian-friendly environments. In this approach, the permissible
area of floor space built per unit of land area (the floor area ratio, or
FAR) is increased when developers agree to build ground level retail,
public plazas, sidewalk treatments, and other public realm amenities.
Seattle and other cities have encouraged transit-oriented development
(TOD) by prohibiting uses that are not compatible with transit near
proposed light-rail stations. Washington Township, New Jersey, prom-
ulgated Town Center Zoning and Design Regulations, requiring
streets that “have been specifically designed to provide a sense of
enclosure, enhance neighborhood character, visually terminate in spe-
cific locations, and provide physical and visual access to public places.”
And many cities and towns have lowered the parking requirements for
buildings, required attractive streetscapes and other design features,
and even specified good signage, in an effort to scale the built environ-
ment for pedestrians.14 Such local zoning initiatives, by promoting
Smart Growth, are likely to promote physical activity, diminish air pol-
lution, reduce the risk of vehicular injuries, and otherwise advance
public health. 

Subdivision regulations operate at a larger scale than zoning, govern-
ing the layout and form of entire communities. When a large parcel of
land is being developed, it is typically subdivided into smaller parcels.
The process of subdividing or “platting” land and laying out streets,
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lots, and other land uses, is controlled by subdivision regulations. Sub-
division regulations are particularly critical to Smart Growth, since
they govern street network design, open space placement, and connec-
tions with adjacent developments. 

Regionalism 
One of the most formidable barriers to Smart Growth is the fragment-
ed nature of governance in metropolitan areas. A large metropolitan
area may have dozens or even hundreds of public entities, including
city and county governments, school systems, utility districts, transit
agencies, law enforcement agencies, and others. In this setting, making
regional-scale decisions about land use and transportation is effectively
impossible. As a result, recent years have seen great interest in metro-
politan governance.15 Oregon’s Greater Portland Metropolitan Service
District, established in 1978, is an elected body that oversees regional
transportation and land use planning, and operates the mass transit sys-
tem, parks, and cultural facilities. Minnesota’s Metropolitan Council,
established in the early 1990s, oversees all regional land use, transit,
and sewer planning for the Twin Cities metropolitan area. The Geor-
gia Regional Transportation Authority, established in 1999, oversees
transportation planning, operates some transit, and exercises authority
over some land use decisions, in the Atlanta metropolitan area.
Regional bodies like these can facilitate coordinated decisions about
transit investments, direct development toward areas that are already
developed and away from “greenfields,” and promote Smart Growth in
other ways. 

Growth Management 
Smart Growth advocates recognize that population growth is a reality,
and distinguish between Smart Growth and “no growth.” Neverthe-
less, managing growth—limiting where and how it occurs—is an
important part of Smart Growth. Many states and metropolitan areas
have experimented with growth management. One strategy empha-
sizes pricing schemes, such as impact fees, charges for connecting to
infrastructure such as sewer and water lines, and toll roads. Another
emphasizes the coordination and management of infrastructure, such
as integrated land use and transportation planning. And a third relies
on land use regulations such as urban growth boundaries. Oregon
offers what is perhaps the best-known example of growth boundaries.
In 1973, that state’s Land Conservation and Development Act required
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urban growth boundaries around all cities in the state, and mandated
comprehensive land use planning at both the local and the metropoli-
tan levels. While the results have been widely debated, it appears that
the strategy has successfully stimulated infill development, transit use,
and walkable community design in cities such as Portland, while con-
taining sprawl and protecting undeveloped land. On the other hand,
critics argue that housing prices in Portland have risen steeply, that
affordable housing is scarce, that planners have been inflexible in revis-
ing the boundaries, and that some sprawl has continued to occur.16

Land Conservation 
Land conservation is an important part of Smart Growth. Building at
greater density offers an opportunity to set aside farmland, forests, and
other undeveloped land. This serves many purposes: watershed protec-
tion, species protection, recreational opportunities, protecting farms
and historic properties, preserving beauty. Many states have become
active in acquiring land for conservation purposes, often in collabora-
tion with nongovernmental organizations such as the Trust for Public
Land and the Nature Conservancy. New Jersey voters, for example,
approved a 1998 constitutional amendment that dedicated $1 billion
over ten years to preserve open space. Such efforts help balance resi-
dential development with other land uses.

Infrastructure Spending 
Smart Growth requires patterns of infrastructure spending that differ
from conventional investments. In part, this means limiting subsidies
that contribute to sprawl, such as large public expenditures on roads,
parking facilities, and infrastructure in exurban areas. In contrast,
investments in existing infrastructure, such as aging urban sewer and
water lines, and in new infrastructure, such as pedestrian facilities and
transit, contribute to Smart Growth and to associated health benefits.17

Financing 
Developers who want to build Smart Growth projects must obtain
financing, which often poses a challenge. Banks and other lenders are
accustomed to making loans for conventional projects, defined by con-
ventional and rather formulaic criteria. For example, a “neighborhood
center” is a 12- to 15-acre retail location, anchored by a 50,000- to
70,000-square-foot supermarket /drug store, and featuring in-line
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national chain stores. The buildings occupy 20 percent of the land area
and are set back from the street; the balance of land is dedicated to sur-
face parking lots. At least 20,000 people, demographically matched to
the supermarket chain, live within a 3-mile radius, and traffic flow past
the center reaches at least 20,000 cars each day, preferably in the
“going home” direction. With acceptable formulas defined to this level
of detail, and with successful alternative models not yet very common,
lenders are reluctant to back Smart Growth projects. When they do
make loans, they often charge higher interest rates, making the proj-
ects financially riskier for the developers. A sizeable Smart Growth
project may involve blocks of housing, retail space, and office space,
together with parking garages (at about $10,000 per space); these are
enormously expensive projects to build. Moreover, lenders focus on
short-term returns, using discounted cash flow methodologies, while
the value of Smart Growth projects may not be fully realized for some
years. The solutions to these challenges—creative financing, matching
different investors with different kinds of returns, educating lenders,
and showcasing financially successful models of Smart Growth—are
slowly emerging at banks and real estate investment companies around
the country.18

Just as sprawl can be encouraged by federal policy, policy decisions
at the federal level can also support Smart Growth. “Federal and state
policies, taken together,” writes Bruce Katz of the Brookings Institu-
tion, “set the ‘rules of the development game’ that tend to facilitate the
decentralization of the economy. . . . ”19 Transportation policy, tax pol-
icy, and environmental policy can all set the stage for Smart Growth
initiatives.

Transportation, Tax, and Environmental Policy 
Federal and state transportation policy, as reflected in spending priori-
ties, has a profound impact on patterns of metropolitan development.
Transportation policies generally support the expansion of road capac-
ity at the edges of metropolitan areas, contributing to continued
sprawl. Several changes in transportation policy would support public
health by promoting Smart Growth. First, a shift in emphasis away
from highway construction and toward such alternatives as mass tran-
sit, sidewalks, and multiuse trails would help promote more consolidat-
ed development and healthier forms of travel.20 Second, policy instru-
ments could promote less polluting motor vehicles. Examples include
tax breaks for cleaner vehicles, regulatory requirements for cleaner
vehicles, and withholding of federal highway funds for metropolitan
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areas with poor air quality. Third, existing federal and state require-
ments for sidewalks and multiuse trails could be made more flexible.
For example, if federal funds are used to support construction of multi-
use trails, these trails are currently required to be 12 feet in width and
made of impervious surfaces such as asphalt or cement. Environmen-
talists object to building what are essentially one-lane roads through
sensitive areas such as riparian zones. More flexibility could make such
trails more acceptable to greater numbers of people and communities.
As another example, some state departments of transportation regula-
tions discourage trees alongside roadways, considering them “fixed
immobile objects” that could pose a risk to motorists. However, tree-
lined sidewalks are very attractive to pedestrians. More flexibility in
such regulations could promote walking instead of driving.

Federal transportation policy is associated with huge federal
appropriations. The multiyear federal transportation bills—the 1991
Intermodal Surface Transportation Efficiency Act (ISTEA), the 1998
Transportation Equity Act for the 21st Century (TEA-21), and its
emerging successor—offer many opportunities to promote walking
and bicycling, and to balance road-building with transit. Advocacy
groups such as the Surface Transportation Policy Project and public
health partners have called for shifts in these bills to support the kinds
of transportation strategies consistent with Smart Growth.21

Tax policy, primarily a federal prerogative but also a state function,
represents another way to promote Smart Growth and the correspon-
ding health benefits. The tax benefits of homeownership appear spa-
tially neutral, but in reality they favor higher income households and
suburban communities.22 Tax policies that favor homes consistent with
Smart Growth principles—those in denser areas, near transit, and/or
on existing rather than new infrastructure, for instance—would bal-
ance the traditional tax incentives that encourage sprawl.

Federal environmental policy also offers opportunities to support
Smart Growth. An ironic example is the development of brownfields.
Brownfields are unused former industrial sites, often in urban areas.
These sites may be contaminated with chemical residues of past use,
but may be strategically located and ripe for development.23 One set of
environmental health concerns pertains to the risk of exposure to haz-
ardous chemicals, and federal environmental policy—often in the con-
text of Superfund activity—has focused on this risk. However, the
health benefits of urban redevelopment have not often been consid-
ered. “Cleaning up a brownfield site,” writes Rutgers University Pro-
fessor Michael Greenberg, “may do more than rid a neighborhood of a
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degrading eyesore; it may also signal the beginning of a physical and
spiritual renewal of a neighborhood and its people by creating afford-
able housing, a school, a playground, or a community facility.”24 If this
redevelopment proceeds in accordance with Smart Growth principles,
yielding safe, walkable streets, reducing commutes, and providing
affordable housing, then considerable health benefits may result. Fed-
eral policy that balances the health risks and benefits of brownfield
redevelopment resonates with health-based Smart Growth initiatives.

LIMITS TO SMART GROWTH

Opponents and skeptics have raised numerous arguments against
Smart Growth. First, some argue that the public doesn’t want Smart
Growth. Second, some view Smart Growth as coercive because it lim-
its consumer choice. Third, some argue that Smart Growth can exacer-
bate traffic congestion and related problems, which are better solved
through other approaches to community and regional development.
Fourth, some accuse Smart Growth projects of being isolated enclaves,
not integrated into regional transportation and land use strategies.
Finally, some argue that Smart Growth encourages “gentrification,”
the displacement of urban poor and minority residents by wealthier
new arrivals.

The conventional wisdom is that sprawl simply reflects market
preferences: Americans want large suburban homes, and builders and
developers sell products to meet that demand. As one author argues,
“Americans overwhelmingly prefer a single-family detached home on a
large lot in the suburbs, and that’s the type of housing they want their
neighbors to live in as well.”25 Indeed, recent reviews of consumer
preference surveys suggest that most Americans favor suburban loca-
tions, single-family detached homes, low density, and ease of automo-
bile use, and are unwilling to pay more for homes that are closer to
work and other destinations.26 However, there are significant excep-
tions to these findings, exceptions that may expand in importance in
coming years. 

First, substantial minorities of Americans—ranging from 10 or 15
percent to more than 50 percent, depending upon the question and the
survey—prefer alternatives to suburban design, such as sidewalks, nar-
rower streets, shared recreational areas, higher density, and alternative
housing styles such as townhouses and condominiums.27 Second, at
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least half of respondents indicate that they would like less automobile
dependence and more opportunities to walk.28 For example, a random
national survey conducted in 2000 for Smart Growth America found a
striking level of interest in Smart Growth features.29 In this survey, 78
percent favored Smart Growth when it was defined as “giving priority
to improving services, such as schools, roads, affordable housing, and
public transportation in existing communities, rather than encouraging
new housing and commercial development in the countryside.” Similar
findings emerged when specific features of Smart Growth were
queried. As shown in Figure 11-1, a majority favored walking more
over driving to all destinations, and as shown in Figure 11-2, a majori-
ty thought that traffic congestion is best solved through transit or
walkable community design rather than new road-building. Third,
demographic shifts already underway will promote these trends. As the
baby boom generation ages, older homebuyers with buying power will
comprise a larger share of the market. These buyers greatly value walk-
ability, and prefer denser neighborhoods where services and amenities
are close at hand.30

In fact, the market demonstrates that plenty of consumers choose
Smart Growth when the choice is available. In many locations—green-
field developments such as Florida’s Seaside and Virginia’s Reston
Town Center, and infill projects such as Harbor Town in Memphis and

Drive 41%

Don't know/Refuse 5%

Walk more 55%

FIGURE 11-1 Survey results regarding preferences for walking, United
States, 2000. The question asked was worded as follows:
“Please tell me which of the following statements describe
you more: (a) If it were possible, I would like to walk more
throughout the day either to get to specific places or for
exercise or (b) I prefer to drive my car wherever I go?” More
than half of respondents indicate a desire to walk more.

SOURCE: Belden Russonello, and Stewart, “American’s Attitudes Toward Smart Growth,” September, 2000.
Belden Russonello & Stewart, 1320 19th Street, NW, Suite 700, Washington DC 20036. Available:
http://www.brspoll.com/Reports/STPP%20report.pdf.

chapter 11  4/21/04  6:30 PM  Page 214



From Urban Sprawl to Health for All  ■ 215

Don't know/Refuse 8%

Build new roads 25%

Develop communities 30%

Improve public transportation 35%

FIGURE 11-2 Americans’ views on the best long-term solution to traffic
congestion, United States, 2000. The question asked was
worded as follows: “Which one of the following proposals
is the best long-term solution to reducing traffic in your
state: build new roads, improve public transportation,
such as trains, buses and light rail, or develop communi-
ties where people do not have to drive long distances to
work or shop?” Two-thirds of respondents favor either
developing communities in ways that mitigate the need to
drive, or improving public transportation.

SOURCE: Belden Russonello, and Stewart, “American’s Attitudes Toward Smart Growth,” September, 2000.
Belden Russonello & Stewart, 1320 19th Street, NW, Suite 700, Washington DC 20036. Available:
http://www.brspoll.com/Reports/STPP%20report.pdf.

Carillon Point in Seattle—Smart Growth property values have sur-
passed those of nearby conventional developments, sometimes by very
large margins. Some of the highest real estate values in the country are
in traditional downtowns such as Manhattan, San Francisco, and
Boston, also reflecting consumer demand for such neighborhoods. 

A second argument against Smart Growth is that it is a form of
coercive social engineering, an elitist effort to whack suburban home-
buyers and force specific lifestyles on people. In fact, some proponents
of Smart Growth do have explicit social goals—creating a sense of
community, advancing social equity, maximizing the common good.31

But Smart Growth developers emphasize that they seek to increase
consumer choice, not to limit it. Existing zoning and financing prac-
tices constrain what can be built, so the menu for consumers is limited.
Smart Growth represents a new entry on the menu in most markets,
one that attracts willing buyers but does not force other people’s hand.

Third, some scholars have argued that the best way to decrease
driving, relieve congestion, and improve air quality is not through
greater density, land use mix, and connectivity, or through building
transit systems. Citing cost and practicality, they have advocated alter-
native approaches such as pricing schemes that transfer the social and

chapter 11  4/21/04  6:30 PM  Page 215



216 ■ URBAN SPRAWL AND PUBLIC HEALTH

environmental costs of driving to drivers32 and improving automobile
technology to reduce emissions.33 These strategies, of course, may play
an important role in addressing traffic and environmental problems,
but they can easily coexist with Smart Growth initiatives. 

Fourth, critics have pointed out that some of the best known New
Urbanist developments, such as Seaside, were built on undeveloped
land, far from destinations such as work and recreation. Such projects
may offer charming, walkable neighborhoods, but their residents still
need to travel long distances and rely heavily on automobiles. This pat-
tern of development, while exemplifying Smart Growth in some ways,
may contribute to sprawl. Indeed, more recent New Urbanist develop-
ments have focused on infill in cities rather than on “Greenfield” projects.

Finally, as poor and working class urban neighborhoods are rebuilt
and revitalized according to Smart Growth principles, new arrivals
may displace long-term residents. This process is known as gentrifica-
tion.34 It poses not only a social equity challenge, but also a public
health challenge, as disruption and displacement of longstanding com-
munities is not healthy for its residents. Policy approaches that pro-
mote mixed-income housing, to enable people from across the eco-
nomic spectrum to live in walkable neighborhoods close to where they
work, shop, and play, are an important part of Smart Growth efforts.  

A PUBLIC HEALTH APPROACH
TO SMART GROWTH

Smart Growth has primarily been the domain of architects, designers,
and planners, and these fields offer a vast literature on the subject. But
Smart Growth is also a public health strategy, and the paradigms of
health sciences complement those that gave rise to Smart Growth. In
particular, health care providers and public health professionals typi-
cally begin by assessing health needs—a clinical diagnosis by a physi-
cian or nurse, a community assessment by a public health professional.
This assessment process is as precise and accurate as possible, relying
on validated measurement tools. With a diagnosis in hand, interven-
tions can be planned—treatments for individual patients, or communi-
ty programs in the public health context. Importantly, the next step is
evaluation; health professionals monitor their patients or communities
to check on the success of their interventions, and change course if
necessary. The entire process is grounded in empirical evidence. A
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familiar example is the PRECEDE/PROCEED model of health pro-
motion. This model calls for systematic diagnostic steps at the outset—
social diagnosis, epidemiologic diagnosis, behavioral and environmen-
tal diagnosis, educational and organizational diagnosis, and
administrative and policy diagnosis. When these are completed, the
implementation phase begins, and it is followed by process evaluation,
impact evaluation, and outcome evaluation.35

What does this evidence-based approach have to offer the fields of
architecture, design, and urban and regional planning? We offer three
examples: the use of measurement indicators, empirical health
research, and a technique known as Health Impact Assessment. 

In an evidence-based process, we need to be able to measure
important outcomes. If a community decides to adopt Smart Growth
initiatives and hopes to improve health in the process, what should be
measured? The community might measure “upstream” variables such
as the availability of sidewalks, or health-related variables such as walk-
ing trips or air emissions, or health outcomes such as body weight or
motor vehicle injury rates. 

A very useful model for systematic measurement at the community
level comes from the sustainability literature. Sustainability is defined
as meeting “the needs of the present without compromising the ability
of future generations to meet their own needs.”36 At the local level,
many practices contribute to sustainability, such as reducing energy
use, protecting land from development, minimizing waste generation,
and supporting local agriculture. In recent years, many cities and com-
munities have launched sustainability initiatives.37 Many of these initia-
tives have identified indicators of sustainability, which are monitored
over time.38 The best indicators are based on good science, objectively
measurable, relevant to outcomes that matter, reflective of community
values, and “leading” rather than “lagging.”39 Examples of sustainabili-
ty indicators include transit ridership, percentage of the population liv-
ing within ten minutes of a park, incidence of asthma, and extent of
recycling. Many of these indicators, of course, are relevant to healthy
community design, and dovetail with Smart Growth goals. 

In fact, public health professionals have started identifying indica-
tors to use in evaluating the health of cities and communities. Often,
these indicators are measures already made for other purposes. For
example, in a study of over 300 cities or parts of cities in Japan, investi-
gators identified several indices potentially related to health. The
“environmental quality” index included indicators of nearby vegetation
and the amount of sunlight reaching the house, the “housing” index
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included indicators of housing age and the width of streets, and the
“urban clutter” index included indicators of roadway mileage, traffic
volume, and access to rail and bus stations. All of these indicators were
available from routinely collected data sources, and all three indices
turned out to correlate with health.40 In a study comparing the twenty
ward units of metropolitan Shanghai, investigators identified indica-
tors relating to population density, per capita floor space in buildings,
proportion of total land area devoted to parks and gardens, and a vari-
ety of other demographic, economic, and social factors. They found
that mortality rates were associated with larger per capita amounts of
residential floor space, with more parks and gardens, with more health
professionals per population, and with more retail employees per pop-
ulation.41 And a study in London used a “Built Environment Site Sur-
vey Checklist” (BESSC), a twenty-seven-item survey that included
housing style, the quality of space outside buildings, the number of
trees and gardens, the presence of shared recreational space, and simi-
lar factors. Although not all of these indicators were available in exist-
ing databases (some had to be assessed by the researchers), they were
found to be highly reliable.42 Many of these examples focus on urban
areas, but the core concept—that measures of the built environment
are available and can be used to assess its effect on health—is equally
applicable to suburban and rural locations. The public health
approach, measuring and tracking variables that are relevant to health,
is clearly applicable to the world of architects and planners. 

Indicators imply the ability to measure both “exposures” such as
neighborhood design and “outcomes” such as health and well-being.
This ability is essential for both research and program assessment. In
fact, both functions are central to public health.

Research about the effects of the built environment on health is
crucial. Throughout this book we have identified gaps in our knowl-
edge. If sidewalks are built, will people walk? What determinants of
walking have the greatest impact? How do different ethnic groups
respond to different aspects of the built environment? What is the
optimal distribution and design of parks? What transportation strate-
gies are best in terms of air quality, safety, and physical activity? How
can public spaces best maximize convivial social interactions? 

These are empirical questions, and they are best answered by solid
data. The architecture and design literature is full of pronouncements
about the best way to build, but the skeptical reader often asks, “Says
who? What is the basis for this conclusion?” In the health sciences, 
evidence-based recommendations are increasingly expected. When a
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physician prescribes a medication, the patient expects that the medica-
tion has been shown to be effective and safe. A similar foundation for
guidelines on the built environment is within reach, but it will require
combining health research techniques with the expertise of architects
and designers.43 Health research agencies are beginning to define the
research agendas that, in coming years, they will pursue.44

In applying public health analysis to the built environment, a
method called Health Impact Assessment (HIA) has great promise.
HIA is defined as “a combination of procedures, methods and tools by
which a policy, program or project may be judged as to its potential
effects on the health of a population, and the distribution of those
effects within the population.”45 This approach emerged in Europe
during the 1990s, promoted by the World Health Organization’s
European Regional Office. Like its first cousin, the Environmental
Impact Assessment, HIA is both a process and a document.46 It is a
structured, multidisciplinary approach to assessing a project such as a
highway, a transit station, or a shopping mall with respect to its impact
on human health. 

HIA is usually carried out in advance, as part of the planning process.
It attempts to anticipate all important health impacts and to quantify
them. For example, in assessing a proposed bypass road around a city,
HIA might quantify vehicle emissions associated with the traffic, injuries
to drivers and pedestrians, noise levels along the road route, and the
indirect effects of economic development along the road and in the cen-
tral city. These projections would be made for both the proposed road
and alternative scenarios. With such data in hand, planners and members
of the public could make an informed decision about the project. In fact,
it is remarkable that health impact has so rarely been incorporated into
infrastructure decisions. HIAs have now been performed for proposed
roadways,47 transit projects,48 waste site expansions,49 urban renewal
plans,50 housing policy,51 and water privatization plans.52 They have
important advantages in explicitly incorporating health into design and
planning decisions, and (in some cases) in forcing consideration of social
equity.53 However, critics charge that HIA has not yet lived up to the
expectations—that it is “excessively subjective, subject to political driv-
ers, and insufficiently rigorous.”54 Certainly, HIA needs to be further
refined, and data sources and methods improved. However, the concept
of methodical advance consideration of health impacts of infrastructure
projects is highly promising. If sprawling communities had been subject
to such evaluation, it is likely that the current balance of land use and
transportation would be tipped further in favor of good health.
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A SHARED VISION: LAND USE AND
TRANSPORTATION FOR PUBLIC HEALTH

How do we move forward? How do we identify the best ways to design
and build our communities—the ways that are not only safe and
healthy but also environmentally sustainable, aesthetically appealing,
and commercially viable? 

In this book, we have reviewed a large body of evidence about
what features of architecture, design, and planning are most healthy.
We still do not have all the evidence we need to guide architecture,
design, and planning to maximize health. But we know a great deal.
In situations such as this, where evidence is compelling if not com-
plete, public health measures are commonly guided by the Precau-
tionary Principle. As articulated in the Wingspread Statement of
1998, this principle holds that “when an activity raises threats of
harm to human health or the environment, precautionary measures
should be taken even if some cause and effect relationships are not
fully established scientifically.”55 The Precautionary Principle is gen-
erally applied to health hazards such as chemical exposures,56 but
land use and transportation are just as clearly determinants of human
health.

Architects, planners, designers, and transportation engineers need
to understand that they are public health professionals—that land use
and transportation are profoundly important “upstream” determinants
of health. Similarly, those directly responsible for protecting and pro-
moting public health—members of boards of health, public health offi-
cials, doctors and nurses—need to understand that their concerns
extend to the built environment. And the two worlds need to come
together. 

Increasingly, this is happening. Consider the National Association
of County and City Health Officials (NACCHO), the national associ-
ation of local public health leaders. In early 2003, NACCHO devoted
an issue of its newsletter to land use, transportation, and community
design.57 Readers were urged to go beyond traditional regulatory
involvement in land use, and to engage the science and art of land plan-
ning. Examples were provided. The Ingham County (Michigan)
Health Department had recently started a collaborative effort to par-
ticipate in land use decisions, including active involvement in the
Regional Growth Project. NACCHO has urged public health profes-
sionals to serve as catalysts and facilitators for community change; to
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provide the epidemiologic data needed to support public health recom-
mendations about the built environment; to engage in advocacy and
policy stewardship; to train and educate planners, traffic engineers,
and other key professional groups; and to mobilize the community and
interject the issue of health inequalities.58

To support such efforts, the leaders of tomorrow in public health,
planning, architecture, and design need to be trained in each other’s
perspectives. The fields have had few formal links since the nineteenth
century,59 but as land use and transportation once again emerge as
health issues, so does the need for collaborative training. Several univer-
sities have training programs in both public health and planning,
including Columbia, Harvard, Rutgers, Tufts, and the Universities of
Iowa, Cincinnati, Michigan, Minnesota, Washington, Illinois (at Chica-
go), North Carolina, and California (at Los Angeles and Berkeley).
There is enormous potential for joint courses and degree programs to
produce a generation of planners conversant with public health and a
generation of public health professionals conversant with planning. 

CONCLUSION

For many decades, American towns and cities have expanded from tra-
ditional cores out into surrounding countryside. Population has grown,
but land area has grown faster, and we have become a predominantly
suburban nation. Americans made this move in search of better lives,
and in many ways they succeeded. 

But we can now appreciate some unintended consequences of sub-
urban sprawl. Dependence on the automobile for almost all travel has
contributed to air pollution, threatening respiratory health, and
increased the risk of injuries among drivers, passengers, and pedestri-
ans. With less walking and bicycling, sedentary lifestyles contribute to
epidemics of obesity, diabetes, and associated diseases. Sprawl can
compromise water quantity and quality, which are essential for public
health. And the effects of sprawl on mental health and on social capital
may be profound. We routinely find ourselves in environments that are
dispiriting and ugly—miles of strip malls, vast parking lots, neighbor-
hoods with no way to walk and with no places to which to walk. Many
of these health impacts are unequally distributed across the population;
vulnerable groups include children, the elderly, the poor, and members
of racial and ethnic minorities. 
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Designing and building healthy places is not a new concept; for
centuries, those who care about health, across the professions, have
turned their attention to the built environment. We are now rediscov-
ering some of this old wisdom, and identifying principles for healthy
placemaking for the new century. At its best, Smart Growth is like a
medicine that treats a multitude of diseases—protecting respiratory
health, improving cardiovascular health, preventing cancer, avoiding
traumatic injuries and fatalities, controlling depression and anxiety,
improving well-being. In the medical world, such an intervention
would be miraculous. In the worlds of land use and transportation, it is
a thrilling, and attainable, possibility.
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Ercegovac D, Djordjević M. 
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