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Cities Are the éreatest ﬁuman Invention

People have been living in cities for five thousand years. Since their begin-
ning, cities have served one essential function: bringing people together.
When people gather, they can exchange ideas, organize governments, and
trade goods. Cities are the cradles of culture, economies, invention, and
religion. All that can happen because people can meet other people, either
intentionally or by chance encounter.

Movement is fundamental to cities. Cities depend on far-flung networks
to bring people and goods there. Rome would not have been the heart of an
empire if not for a network of roads and sea routes stretching to the Rhine,
Iberia, North Africa, and the Middle East. People need to move within cities,
too, from where they live to where they work, where they shop, where they
meet, where they worship, and where they have fun.

It is easy to see a city as a collection of buildings, but what comes
between the buildings is every bit as important. A city is made possible by its
streets, sidewalks, bike paths, bus routes, and rail lines. There would be no
Cheyenne, Wyoming, without the transcontinental railroad, and there would
be no Manhattan skyline without the subways that bring commuters there.

Transportation not only enables cities, but it shapes them. Cities grow
around transportation networks. The structures of road networks and the
locations of rail lines set where buildings will go. After that, we have to fit
transportation networks into existing cities. Every form of transportation
has its inherent geometry. As transportation has evolved, so has the shape
of cities.
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Transportation Exists
to Provide Access

We often talk about transportation as
mobility, but our primary goal in using
transportation is not to move; rather, it is
to get somewhere. The more places that
transportation gets us to, the more useful
it is to us.

Everybody has a certain amount of time
they are willing to travel to do something.
That will vary dramatically for different
things—people will obviously travel much
longer to see their favorite band than to
get a coffee—Dbut it is effectively a limit on
what we can access. Typically, people
throughout history have been willing to
commute about half an hour to get to
work (a time known as Marchetti’s
constant).

PARIS

Thus, if we want to measure the useful-
ness of transportation, we can measure
access: How many of the things we want
to do (get to work, go to school, shop, see
friends) can we reach in half an hour?

There are two ways to increase access:
We can increase travel speed, or we can
increase the density of the destinations.
Both ways can be effective. New York City
is a low-speed, high-density metropolis.
Manhattan is one of the slowest places to
travel in, regardless of mode, but it is so
full of destinations that it offers extra-
ordinary access. Houston, on the other
hand, is a high-speed, low-density city.
Things are far apart, but freeways allow
people to travel fast.

Maps that show travel distance by time are called isochrones. This version, by E. Martin and E. Chevaillie, is from
France in the 1880s and showcases how the country’s rail system had made travel much quicker than previous
modes of travel. (The University of Chicago Map Collection.)

4 Transportation and the Shape of Cities
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In the center, there is a person; the markers are all the things that a person wants to get to: school, work,
restaurants, shows, and friends to visit. The gray area is how far that person can go in a reasonable amount
of time. Thus, the person has access to the black markers and not to the gray ones.

— ———

-

Increasing speed increases access by making the
area we can reach bigger.

0

Increasing density increases access by putting more
destinations in the area we can reach. O Accessible area

@ @ Q Accessible destinations

© Inaccessible destinations
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Throughout History,
Faster Transportation
Has Increased Access

For most of the history of cities, people got
around on foot. Although wealthier people
rode on horseback and some goods moved
by oxcart or llama, nearly everyone walked
everywhere. That created a limit to the
physical size of cities: a half-hour's walk is a
mile and a half, so a city more than three
miles wide no longer has a single hub that
all the population can easily reach.

The invention and adoption of motorized
transportation—first the electric streetcar
in the 1880s, then the car in the 1910s—
dramatically increased how fast we can
move in cities. Instead of 3 miles per hour
(mph), we now travel at 30 mph or more.
That means we can reach more than one
hundred times the area in 30 minutes, and
it has allowed cities to grow dramatically.

Walking
10,000 BC
3 mph
» 2 &
' /bg@\‘\
&
QéfQ%
Streetcar

1880
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World’s Largest City
Population
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Over time, different cities were the world’s largest:
Uruk in what is now Irag; Thebes in Egypt; Rome, ltaly;
Baghdad, Irag; and Beijing, China. However, until the
1800s, the maximum size of a city was limited by
walking speed. The growth of London (below) shows
how dramatically bigger urban areas became with
motorized transport.

London
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But Faster Speed Requires
More Space

The faster we travel, the more space we
need because the vehicles we use are
larger: A car is bigger than a pedestrian,
and a high-speed train is bigger than a car.
(That train carries far more people than a
car, so it is more efficient in the space it
requires per person, but it nevertheless
requires a station the size of several city
blocks.) It is also true that speed increases
the room needed to maneuver. A person
walking can make a 90-degree turn in
23 feet. A bicyclist needs 8 feet, and a car
needs 21 feet. But if the car is going
35 mph, it needs 350 feet, and if it is going
65 mph, it needs nearly 1,500 feet.

As transportation goes faster, there is
less room for buildings, streets need to be
wider, and junctions need to get much

8 Transportation and the Shape of Cities

bigger. That makes the surrounding city
less dense. That is why there are high-
density, low-speed, and high-speed,
low-density cities but not high-speed,
high-density cities.

Even when cars are not moving, they need ample
space: a typical office worker has less workspace
allocated to them in their cubicle than their car has
allocated to it in the parking garage.

Interchange
3,000 x 3,000

x Intersection
20" x 20’

If we are designing only for pedestrians moving at full
speed, an intersection needs to be 20 feet by 20 feet.
However, if we are designing an intersection for cars
moving at 65 mph, we need an interchange 3,000 feet
long in both directions.
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Walking city

The famous Nolli map of Rome (1748) shows the
typical form of a walking city. The cities of the Incas
or the hutongs of Beijing took on similar forms.
Streets only needed to fit pedestrians and the con-
cessional cart, so they could be narrow: 20 feet for
side streets, maybe 40 feet for main streets. The result
was densely packed cities. The streets appeared to
be carved out of a solid mass of buildings.

Streetcar city

As streetcars were introduced, wider streets were
needed. The typical US downtown of the 1920s had
60- to 100-foot-wide streets. In European cities, these
streets were sometimes carved into existing cities by
demolition. Side streets, though, could still be smaller.
Victorian London shows this pattern: wider main
streets for streetcar lines with narrower side streets.
Railroads required a bigger scale, and stations a
thousand feet long or more were added to the urban
fabric.

Following the adoption of the Federal-Aid Highway
Act of 1956, the major arteries of a car-based city—
freeways—were designed to be several hundred

feet wide. Even minor side streets today are typically
at least 50 feet wide, and major arterials are 80 to

100 feet wide. Outside of the streets, parking takes up
a quarter to half of the lot area. Wide streets and sur-
face parking change the urban form: Rather than being
surrounded by a mass of buildings, buildings float in
an open space of streets and surface parking lots.
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For all modes of transportation, the turn radii go up

dramatically with speed.
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To Build New Transportation
Infrastructure, We Have to
Make Space

New cities and neighborhoods can be built
around the transportation that will serve
them. But the hearts of our metropolitan
areas are places that have been lived in
for hundreds or thousands of years. The
biggest challenge is adapting those places
for new transportation infrastructure to
move more people, move people faster,

or move people more safely.

There are three basic ways to make
space for new transportation modes or
added capacity in a city: Demolish build-
ings to make room, build over or build
under, or reallocate space.

Designing transportation is always a
problem of geometry: If we want to add
something new, we need space for it.
Finding space is never easy—it is a design
problem requiring thoughtful planners,
engineers, landscape architects, urban
designers, and policy-makers. It also raises
the fundamental question of whether the
new infrastructure is worth its cost and
impacts on the city. Historically, the deci-
sions about reallocating space have
negatively impacted people without power
and means.

State Route 110 was bulldozed through neighborhoods at the edge of downtown Los Angeles in 1953.
(UCLA Geography Aerial Archives.)

12 Transportation and the Shape of Cities
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The easiest place to build new infrastructure is on
undeveloped land. That is how cities often grow. But
greenfield development increases how far people
have to travel, increases the overall amount and cost
of infrastructure, increases harmful carbon emissions,
and displaces natural habitat.

Greenfield (previously undeveloped land)

Existing urban street

Stacking layers of transportation

b

We can make room for new infrastructure with demoli-
tion. Governments have the power to buy homes and
businesses through eminent domain and frequently
do. Many of the busiest segments of the US Inter-
state Highway network were built through existing
neighborhoods. Street widening and new transit lines
may require strips of property on the sides of an exist-
ing street. But these changes often displace people,
destroy neighborhoods, and disrupt the urban fabric.
We can add new layers to the city by grade sepa-
rating. We can build rail or highways under the city or
build elevated structures above streets. This type of

Reallocating space

change can minimize impacts on the city, but it also
costs a lot.

Finally, we can reallocate space. Typically, a quarter
to a third of our cities are made up of public land,
primarily street rights-of-way. Using that space differ-
ently is often the least expensive and least intrusive
way to fit new things. In the 1940s and 1950s, many
cities narrowed sidewalks to make room for more
traffic lanes. Today, some of those same cities are
converting those traffic lanes to bike or transit lanes.
These changes always come with trade-offs and the
resulting political battles, however.
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All the Infrastructure We
Build Has Impacts

Most transportation projects will last for
decades, and their effects will last even
longer—there are cities located where they
are today because of roads built two
thousand years ago. This is exactly what
we want: We build transportation projects
to change the world, whether in little ways
or big ways.

Alongside the positive changes, though,
are negative impacts. Transportation brings
noise and pollution. It takes space that was
already something else—wildlife habitat,
homes, or other transportation modes. The
very features that make a new transporta-
tion connection fast and reliable—grade
separation, broad curves, limited access,
and traffic priority—can also disrupt other
transportation connections, making trips
slower or less reliable.

To address this concern, we have
created planning systems to predict and
consider those impacts. Every federally
funded project must go through an envi-
ronmental impact process under the
National Environmental Policy Act of 1969.
Typically, the process involves hundreds of
pages of reports detailing the purpose and
need of the project, the environmental
impacts, and alternatives considered.
Environment here means both natural and
human-made environments—parking
spaces as well as frog ponds. This work is
based on simulations (like traffic and
ridership models), data analysis, and on-the-
ground assessments. In most cases, the
requirement is simply that impacts be
identified and alternatives minimizing
those impacts be considered. The law
recognizes that some level of negative
impact is an acceptable outcome of a
project that serves a useful purpose. Some
impacts, though, come with additional
protection.

This system comes with two major
challenges.

The first challenge is that we cannot fully
predict impacts. Sometimes, we simply do

14 Transportation and the Shape of Cities

not have enough knowledge or under-
standing. More fundamentally, many
impacts are dependent on human behavior.
When we build a new transportation
connection, we are not simply shifting
existing trips to a new street or a transit
line. With new travel options, people make
different decisions on where to live, where
to work, where to eat, where to shop, and
even how often to leave home. Land-
owners make different choices, too, on
what to build, which in turn changes the
choices people have. And then cities
adjust their policies based on these
changes, but the outcomes are often hard
to predict—and sometimes the results are
counterintuitive. In the 1950s, cities lobbied
to get freeways built into their downtowns
because they believed it would protect
their status as the primary hubs of employ-
ment and retail. Instead, the freeways
made it easier for people to leave the city,
which pulled jobs out of the core.

The second challenge is that we have to
weigh the impacts. Almost every project
will come with positives and negatives,
which rarely accrue to the same people in
the same measure. For example, one
neighborhood might get a faster connec-
tion to downtown at the expense of a
different neighborhood having the freeway
bulldozed through it. These decisions
can—and often do—lead to inequitable
results. We have to decide what we value,
which raises tough and important ques-
tions. Which trips are more important?
Who matters more, the people living in a
neighborhood or the people passing
through it? Are we trying to serve people in
cars, on foot, on micromobility devices, or
on transit? Are we considering people with
disabilities? Should we build for people
who are already there or for future growth?
Do we prioritize speed or safety? Are we
trying to avoid future inequities or remedy
past inequities? And ultimately, who gets
to decide?
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A city proposes a bike lane. )

A local resident is happy because
she and her kids will be able to ride ﬁ
safely to the park.

A different resident is upset that
she will not be able to turn left
onto her street and will need to
drive around the block instead.

A coffee shop owner
thinks the lane might
bring new business, but
is also worried about
losing business during
construction.

28
PUBLIC “
MEETING.

S . /\ni

The pastor at the church does not
want to lose parking spaces for his
parishioners on Sunday mornings.

£

Another community group thinks
the bike lane will attract new
residents and new development, ‘%
pricing low-income renters out of

the neighborhood.

One community group that has been
working with families of traffic crash
victims is strongly in favor because the
lane will make the street safer.
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People have access to
more jobs, education,
and things to do.

Transportation infrastructure
divides habitats, making it
harder for wildlife to survive.
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New infrastructure
replaces inadequate and
™| unsafe old streets.
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More access increases the

land value and supports new

development.

Changes in traffic patterns

put more cars through existing
neighborhoods and increase

the risk of crashes.

New infrastructure eliminates

some trips longer.
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owners to sell their property to the
government and displace homes

use eminent domain, forcing land-
and businesses.

Transportation projects often
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Runoff from concrete surfaces
increases flooding and adds
pollution to nearby streams
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All Transportation Is Political

An old saying goes, “Don’t tell me what
you value. Show me your budget, and

I'll tell you what you value.” That is self-
evidently true of transportation: The
decisions on what kind of transportation
we build reflect the kind of cities we want
to create. But the more complicated
question is about who makes those
decisions—and whose values they reflect.

We have built a complex system of
transportation governance and funding
through decisions made over centuries.
Some transportation networks are built
and operated by states, some by local
governments, and some by private com-
panies. Some are funded through income
taxes, some through gas taxes, some
through sales taxes, and some through
tolls. Some get 90 percent of federal
funding, some get 50 percent, and some
get none. Different agencies build differ-
ent modes and have different powers.
Many different elected and appointed
bodies make these decisions. The mecha-
nisms that do exist for multimodal regional
planning are grafted on top of preexisting
systems.

All these decisions also have to balance
expertise and public input. Engineers,
planners, and designers understand how
technologies work, what is possible, and
what is safe. But the people who live and
work in the city know what they value.
Sometimes, like in the Progressive Era of
the 1910s, the United States has elevated

18 Transportation and the Shape of Cities

technocrats as decision-makers; at other
times, like in the 1970s, it has created
systems to give the public a greater voice.
But no technical expert is truly neutral,
and no public input process is truly
representative.

In reality, every decision reflects political
power. Places that have political influence
get benefits, whereas places that do not
suffer the impacts. Historically in the
United States, wealthier and whiter neigh-
borhoods have tended to get more proj-
ects that benefit them, and poorer
neighborhoods as well as neighborhoods
with more Black and Hispanic residents
have tended to be displaced and discon-
nected by new infrastructure. Similarly, the
needs of people in cars have often been
valued over pedestrians, bicyclists, and
transit riders. Ultimately, though, it all
comes down to who is in the room making
the decisions.

These decisions are not only made
project by project; they reflect a set of
goals that may or may not be clearly
articulated. Every project is part of a vision
for what a city should be.

No transportation project will ever
reflect everyone’s values. Nearly every
decision ultimately helps some people and
harms others. And so, while every transpor-
tation reflects technical constraints and
travel demands, it also reflects the systems
that created it, and those systems reflect
who has power and who does not.

The way we allocate transportation funding today
was not a foregone conclusion; it took major shifts

in public opinion. In 1952, Texas highway supporters,
including local chambers of commerce, organized a
statewide event to promote more spending on roads.
(TxDOT Photo Library.)
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Funding Process

Local Statewide User Fees
Fares
Property Sales  $0.0825 Gas $0.3 Tolls
Tax Tax per $1 total Tax  per Dock charges

Security fees

$0.00631 $0.00417 $0.00015|| $0.01 $0.01 $0.0625 || $0.15
Gate charges

per $100 per $100 per $100 || per $1 per$1 per $1 per gallon

City of Harris Texas Department ) Houston Port of Houston
Houston County of Transportation = ™-»> METRO Authority

2y

Decision-Making Process

Local Elections Statewide Elections
Mayor + Commissioners Legislature
City Council Court + Governor
Texas Transportation Houston Port

Commission METRO Board Commission

I D N

City of Harris Texas Department i Houston Port of Houston
Houston County of Transportation METRO Authority

(2]

£

Y

kS

2

o

LlJ % %
These charts outline the funding and decision-making by those officials. This system was created by people
process for transportation projects in Houston. Each the public elected—and sometimes directly by public
mode in the city (bottom row) has infrastructure built vote—but few of the city’s residents fully understand
and maintained by multiple agencies. Most agencies how it works. Not shown here are the multitude of
have multiple funding sources at different levels of organizations trying to influence these decisions and
government. The decisions on what to spend fall on a the funding behind them.

variety of elected officials as well as boards appointed

Introduction 19

For general queries, contact info@press.princeton.edu



© Copyright, Princeton University Press. No part of this book may be
distributed, posted, or reproduced in any form by digital or mechanical
means without prior written permission of the publisher.

We Travel for Many Reasons

[t is not unusual to refer to drivers or transit
passengers as commuters; much of travel
planning is centered around nine-to-five
commutes. The typical travel picture,
though, is much more complicated.

We travel a lot. The average American
traveled 29 miles per day in 2022' and
spent 40 minutes a day driving a car? (it
was 36 miles and 56 minutes a day in 2017,
before COVID-19).

Most of our trips are local. Americans
travel all over the country and the world,
and in 2022, the average American flew
2,900 miles a year, or 8 miles a day.® Only
2 percent of trips in 2021 were more than
50 miles. Twenty-eight percent were under
a mile.*

We make a lot of trips. On average, in
the United States, we took 3.4 trips a day
in 2017 and 2.3 trips a day in 2022.5 (This
drop is due to reduced travel, especially
commuting, during COVID, and travel is
increasing again.) Our trips include a
significant amount of trip chaining—one
trip attached to another, like dropping off
kids at school on the way to work. The
number of trips is similar regardless of how

Percent of vehicle trips
a.m. peak
8%

6%
4%
2%

20270 e
Midnight
Trip start hour
= = = Commute

= .
.......

=== Shopping/errands

. .*
*dannns®

e%e,
..............

big a city people live in—people in big
cities make only 10 percent more trips than
people in rural areas.®

Most of our trips are not commutes. In
2022, work commutes made up only
18 percent of trips. Thirty-five percent
were shopping and errands, and 30 percent
were social or recreational.”

Travel is spread out across the day. While
2022 work trips peaked at 7 a.m. and
5 p.m., some people were traveling for work
at all times of the day. The busiest hour for
overall travel is 5 p.m., but travel remained
within 60 percent from 6 a.m. to 6 p.m.8

Not everyone travels the same. Women
traveled slightly more than men in 2022,
but made 20 percent fewer work trips and
25 percent more shopping trips than men.®
Women also trip chain more. People over
the age of 65 traveled less than three-quar-
ters as much as people between the ages
of 18 and 65.™

Behind all those numbers are millions of
individual decisions. People decide where
to live and where to work. (In 2017, it was
estimated that the average American moved
12 times in their lifetime,’" and the median

p.m. peak

eummEw,
-
L]

Social/recreational == Total

Commute travel peaks at rush hour, but errands and social travel keep overall vehicle trips high through the
middle of the day. (US Department of Transportation National Household Travel Survey, 2022.)
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time in a job in 2022 was four years.'?) Then,
daily, they decide where to shop, where to
eat, or where to go for fun. The easier it is
to travel, the more likely we are to go
somewhere and the farther we are willing
to go. This induced demand—a result of
adding new infrastructure that actually
causes more travel—means that attempts
to “end congestion” often backfire since
more trips will fill up a widened roadway.
But it also means that more people may be
making trips that make their lives better.

However, our transportation decisions
do not reflect free choice. We travel using
the options we have. For many trips in the
United States, the car is the only option.
On others, different modes vary massively
in time, cost, and safety. In 2019, for
example, the average New Orleans resi-
dent could reach 12 percent of regional
jobs with a 30-minute transit commute, but
89 percent with a 30-minute car commute.'
The infrastructure we build collectively sets
the choices we have individually.

We are not the only thing moving. Our
lives depend on food, clothes, and many
other things being delivered to our local
store or to us directly. The United States
moved nearly 16,000 annual ton-miles of
cargo per capita in 2022." For every mile

Personal miles per day

40 —
-— N

z// \\ =N\
N—" N\
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Even before COVID-19, travel had been declining
slightly. (US Department of Transportation National
Household Travel Survey, 2022.)

we travel, a ton of stuff travels an equal
distance. Here, too, choices are being
made as shippers and logistics companies
locate factories and design networks. As
shipping has gotten cheaper, our goods
travel more and more.

All this complexity needs to be consid-
ered in designing projects. We do so using
computer models that attempt to quantify
how many people will use a new piece of
infrastructure and how that will affect the
use of the rest of the network.

Even for current demand, predictions
are always inexact. We do not know
exactly how people choose which road to
drive down or which bus route to take, or
indeed whether to drive or take the bus.

When we project into the future, we
need to make many more assumptions.
The model inputs have to include the future
population of a metropolitan area, where
new residential areas will be built, and
where jobs will be located. These projec-
tions could be off in many ways. An area
underestimating growth could end up
with overcrowded trains or new suburbs
without roadways to support them, but an
area overestimating growth (perhaps due
to booster optimism) could spend money
on unnecessary concrete.

Trips Between Stations September 2024

10-49 —50-99 —100-199 —200+

The trips made on a single transportation mode in a
single urban area (Capital Bikeshare in Washington,
DC) show the complexity of travel patterns.
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Every Mode Works in
Different Ways

In a typical US city, people can move as
pedestrians, on bicycles and other micro-
mobility devices, in cars, and on transit.
Cargo moves on trucks and trains. Cities
must be designed to accommodate all
those modes. But each has its own particu-
lar geometry: different sizes of vehicles,
different speeds, different capacities.

The five major modes of ground
transport—pedestrians, micromobility,
cars, trains, and transit—vary from a
6-foot-tall pedestrian to a 6,000-foot-long
train.

Some of the aspects of each mode are
inherent physics and geometry. Those will
be the same anywhere in the world, and
international networks of trade and
exchanges of ideas have led to a great
deal of uniformity across continents. How-
ever, every country has its standards,
policies, funding mechanisms, and politics.
The role of different transportation modes
can vary dramatically from place to place.
Therefore, to reflect on the actual reality on
the ground, we have confined ourselves to
the United States.

Planes and ships are also essential
parts of the transportation system. How-
ever, unlike premodern waterfronts, today’s
airports and ports are generally separated
from the city and not part of the urban
fabric. Modern airports and ports are
massive, spanning areas as large as entire
cities, and the vehicles moving across
the water or through the sky do not com-
pete for space with ground transportation.
For that reason, we do not cover them in
this book.

22 Transportation and the Shape of Cities

There is no doubt that different modes of transpor-
tation have very different capacities in equal space.
Still, it is remarkably hard to get agreement on exactly
what those capacities are since there are so many
variables. Here is an attempt, with assumptions
stated.
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Pedestrians

e
3 mph .
2.4% of commutes i >’>
[v) 1 ;
6.9% of trips 6 1d \iee‘?
~N

We have been pedestrians as long as we have been
humans. Until the 1800s, cities were designed almost
entirely around people on foot; pack animals and
carts were a secondary consideration. Today, we
have many other ways to move around, but we still

all walk or roll. The sidewalk remains one of the best
transportation technologies ever invented: simple

to build, easy to maintain, functional with no traffic
control whatsoever, and unbeaten for moving lots of
people in very little space. Some of the most prosper-
ous and busy places across the world are built around
pedestrians. But the advent of cars has made walking
less convenient and far more dangerous, and many
places have little or no provision for walking.

Bikes ¥
15 mph B

0.5% of commutes
0.9% of trips

Bicycles combine human power with mechanical
advantage. The first bicycles were developed in the
1810s, and by the 1880s, the safety bicycle had taken
more or less its modern form. Bicycles combine many
of the advantages of walking—low cost, efficient use
of space, low energy use —with higher speed and
longer range. Over the course of the 20th century,
bicycles were sidelined in much of the world, with
riders left to fend for themselves. However, there has
been a new focus on building better facilities to make
room for bicycles in cities.

Cars

65 mph
78.2% of commutes
87.4% of trips
41% of freight

Cars are the dominant mode of transportation today.
The first practical internal combustion engine car
was built in 1885, and by the 1910s, cars were being
mass-produced around the world. Nothing matches
the car’s flexibility; the ability to travel almost any-
where, anytime, has transformed our lives. But no
other mode takes as much space per person. Building
cities for cars has taken large-scale government
intervention and massive construction. Fitting cars

in safely is the hardest part of any urban design exer-
cise. Car crashes are one of the leading causes of
death around the world.

Trains
70+ mph
29% of freight

Trains take advantage of steel rails to move more
weight with less energy and to couple many cars
together. They are by far the largest form of ground
transportation—often up to a mile long and able to
move well over a hundred million pounds of freight or
two thousand passengers. For the first century after
the steam-powered train was invented in the 1830s,
the railroad was an all-purpose mode of transporta-
tion. With the introduction of cars and buses, rail has
become more specialized, used primarily where large
volumes of passengers and large volumes of freight
need to be moved. Rail freight remains essential to
the US economy, and the largest metro areas still
depend on rail transit.

Transit
3.5% of commutes %
1.4% of trips

(not including school bus)

Transit is a mode, not a technology; it is a way to use
a train or a bus (which is really a large car) to move
many people at once by having it operate on an
announced route on a published schedule and letting
anyone who wants a ride (and can pay the fare) on
board. That is a powerful idea: It takes the street
space occupied by two cars and uses it to move

80 people. In high-density areas with high demand,
transit not only moves lots of people but offers a kind
of freedom that walking (with its limited range) or
driving (with its high cost and dependence on finding
parking) does not. The largest cities in the United
States would not function without transit.

(Commute data: 2023, Bureau of Transportation
Statistics; trip data: National Household Travel Survey
2022; freight data: Bureau of Transportation Statistics,
2022.)
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It Is Easy to Make Space for
Pedestrians, but Harder to Make
Places for Pedestrians

Walking is our oldest mode of transportation; humans have been walking as
long as there have been humans. It is also the only mode that everyone, in
every place on Earth, uses. (We are being inclusive here—people in wheel-
chairs are pedestrians, too, and this chapter is about rolling as much as it is
about walking.) As we develop more ways of getting around, we do less of
our moving on foot. Still, everyone traveling—every car driver, every train
rider, every bus rider, every bike rider, and every airplane passenger—starts
as a pedestrian and becomes a pedestrian again at the end of their trip.

Geometrically, pedestrians are the simplest mode to design for. People
do not vary in size very much (even someone in a wheelchair is only
12 inches wider than someone on foot), and we are very maneuverable.
Designing for people does not require the attention to turning radii, braking
distance, or traffic control that other modes do. Pedestrians are also very
space-efficient: Nothing moves more people in the same space as a simple
sidewalk. Like all forms of transportation, we have some limitations—going
up and down can be tricky, for example—but as a design challenge, pedes-
trians alone are simple compared to other modes.

When it comes to urban design, though, pedestrians are demanding. We
move slowly enough to experience the world around us in detail, and we all
get bored easily. An enjoyable walk is not just geometrically possible; it is
visually interesting. The world’s greatest architects, urban designers, and
landscape architects have spent centuries designing how people on foot
will see a place and how they will feel in it.

Furthermore, in the modern world, we have introduced another compli-
cation. Humans are now surrounded by other forms of transportation that
are bigger and faster than the human body. We are remarkable in our ability
to move and to heal, but in the way of fast-moving machines, we are frag-
ile. Much of what we call pedestrian design today is not pedestrian design
at all; rather, it is designing other modes so that they do not kill or maim
pedestrians. We will address that issue in later chapters.

(continued...)
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considerations and, 8; transit and, 245, 254, 266,
266; walking to work and, 52, 52, 54

high-intensity activated crosswalks (HAWKs), 95

high-speed cities: access and, 4-6, 5-7; space
requirements for, 8, 8-9; speed considerations and,
8; turning radius and, 8, 10-11

high-speed rail: Amtrak Acela, 186; curves and grades
for, 198-99; grade separation for, 232; height
clearance for, 7193; speeds for, 195; stations for,
212; turning radius for, 194; turnouts for, 790

Highway Capacity Manual (Transportation Research
Board), 7150

highways and freeways: capacity of, 150, 150-57;
designing, 136, 136-37; extending into cities, 167,
176, 176-77; freight truck volume on, 763; funding
for, 284; interchanges, 8, 138, 138-39; lane widths
for, 128, 128; low-density cities and, 4; pros and
cons of construction, 14, 16-17; shoulders and
ditches along, 135, 137; size considerations for, 9,
128, 128, 135, 176; standards and regulation, 729,
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150; stopping distance and, 737; suburban planning
and, 769; water drainage, 17

hills, 104, 104-5, 194, 198

historical cities, 60

Hogan, Larry, 283

Honda Civic, 131

horizontal clearance, 7193

Houston, Texas: Bagby Street, 1716-17; Bayou
Greenways project, 102; bike lane protections, 92;
bike networks, 700; Buffalo Bayou, 80-81; Columbia
Tap Rail Trail, 703; Elysian Street, 110-11; Englewood
Yard, 7917, 220; funding and decision-making
process for transportation projects, 19; as high-
speed, low-density city, 4; Interstate 10, 278-79;
METRO West Bus Operations Facility, 248; Museum
District, 47, 66; pedestrian networks, 47; Port of
Houston, 222-23; Preston Station, 268-69; railroads,
227, 231, 235; storm sewer maintenance, 297; street
patterns, 47; Third Ward, 176; Tower 26, 182-83, 204;
transit ridership, 254, 267; Union Pacific Terminal
Subdivision at Westheimer Road, 228-29; Union
Pacific train, 200-201; University of Houston-
Downtown, 50-51; Washington Avenue, 72-73, 231;
The Woodlands's landscape urban design, 64, 65

hydraulics engineers, 288

India, track gauges in, 188

Indianapolis, Cultural Trail, 779

Industrial Revolution, 181

industrial train yards, 218, 218-19

interchanges of highways and freeways, 8, 138, 138-39

intercity rail and transit, 208, 262

interlockings (train signals), 200

intermediate semi-trailers (WB-50), 729, 140

intermodal train yards, 218, 218-21

International Building Code, 34, 38

international comparisons: largest cities, 7; rail
passenger miles per capita, 226; ton-miles of freight
transport, 224, 224; train speeds, 7195

intersections: arterial streets and, 154, 155; bike safety
and, 92, 92-95, 175; bus lanes and, 276-77; bus
stops at, 272; designing, 140, 140-41, 174, 174-75;
pedestrians and, 42, 43, 143, 145; roadway
capacity, limits on, 757; space requirements for, 8,
140, 7140-41; standards and regulation, 92. See also
crosswalks; roundabouts; traffic signals

Interstate Highway System, 13, 138, 167. See also
highways and freeways

interstate semi-trailers (WB-67s), 129, 140

isochrones, 4

Italy: classical urban design and, 60, 62; highway
networks, 138; Nolli map of Rome, 9

Japan: freight transport, 224; Maglev trains, 195;
Shinkasen (bullet trains), 795; track gauges, 188;
train loading gauges, 792

jaywalking, 42, 58

JB Hunt, 162

Jersey City transit, 242-43

junctions to connect railroad lines, 204, 204-5

Kansas City, jaywalking decriminalized in, 42
Kia Souls, 130
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Lafayette, Indiana, railroad lines in, 240

landscape architects, 64, 64, 288

landscape urban design and greenery, 59, 64, 64-67,
72, 168. See also trees

lane width. See specific modes of transportation

laws and ordinances: bicycles and micromobility
devices, 84, 84; bus stops and routes, 252; electric
bicycles under state laws, 82; environmental impact
analysis, 14, 284; jaywalking, 42, 58; parking
spaces, 148; pedestrians, limits on right-of-way, 58;
positive train control requirements, 200; speed
limits for cars, 132; train horn use at crossings, 230.
See also Americans with Disabilities Act

Le Corbusier, 68, 70, 166

Le Notre, André, 64

left turns, 92, 139, 154, 169

level of service (LOS): for cars, 150, 150-57; for
pedestrians, 36, 36-37; shared lanes for micromo-
bility devices and, 89; standards and regulations,
36, 151, for transit, 252, 272

lifeline service, 254

light rail: capacity of, 249; curves and grades for,
196-97; defined, 208; freight trains vs., 184, 184-85;
grade separation for, 232-33; height clearance for,
193; length of, 787; network for, 208, 209; speeds
for, 195; train stations for, 214-15, 238; transit
priority and, 276; turning radius for, 194

lights and lighting: pedestrian walkways, 75; railroad
crossings’ flashing lights, 230; train signals, 200;
warning beacons for pedestrian crossing street, 95.
See also traffic signals

Lingelbach, Johannes, 58

loading gauge of trains, 192, 7192

local streets, 137, 154, 154-57, 156

locally preferred alternatives (LPAs), 284

London: classical urban design, 60, 67; Regent Street,
60, 67; size of, 7; street sizes and, 9

loose-car railroading, 218

LOS. See level of service

Los Angeles, California: bicycle commuters, 713;
railroads, 241; State Route 10, demolition for, 12,
12; transit station, 294-95; Union Station, 236

low-density cities, 4, 8, 254

low-speed cities, 4, 4-5, 8

“Low-Stress Bicycling and Network Connectivity”
(Minetta Transportation Institute), 88

Lyft, 293

Lynch, Kevin, 282

Madison, Wisconsin, Monona Terrace in, 96-97

Maglev trains, 7195

main street commercial areas. See downtown and
main street commercial areas

maintenance: of sidewalks, 31, 37; of streets and
roads, 156, 156-57; transportation project planning
and, 290, 290-91

Manual for Railroad Engineering (AREMA), 188

Manual on Uniform Traffic Control Devices for Streets
and Highways (MUTCD, Federal Highway
Administration): on bicycles, 92-93; on crosswalk
markings and signs, 42, 43; on height standards for
signs, 34; on railroad crossings, 230; on roadway
markings and designs, 134; on sidewalks, 37; on
traffic signals, justification for use, 745

Marchetti’s constant, 4, 5

Marohn, Charles “Chuck,” 170

Martin, E., 4

mass transit. See transit

McHarg, lan, 64

medians: freeways and, 135; left turns, prevention of,
147, 154, 169; median refuge islands, 95, 147, 175;
size of, 173; street design and, 133

men, travel by. See gender

merge lanes, 130, 136, 138, 138-39

metro rail, 208, 209. See also heavy rall

metropolitan planning organizations, 282

Mexico: Ferromex, 210, 217; North American
connected railroads, 184, 208; number of cars, 160

Miami: e-scooters in, 113; Underline use by bicycles
and pedestrians, 179

micromobility device geometry, 81-95; design
variations and, 90, 90-97; intersections and, 92,
92-95, 175; lane width requirements for, 83, 90; risk
tolerance and, 86, 86-87; safety issues, 84, 88,
88-89; size variations of devices and, 82, 82-83;
streets, sidewalks, and bike lanes, 84, 84-85

micromobility device networks, 97-109; density and
connectedness of, 100, 700-101; greenways and
trails, 102, 102-3; hills and slopes, 104, 104-5;
rentals and bikeshares, 108, 708-9; trip distance
and, 98, 98-99

micromobility devices, 77-121; arterial streets as
barriers for, 154; geometry of, 81-95; national
comparisons in use of, 112, 112-15; networks for,
97-109; railroad crossings and, 230, 230; role in
transportation, 79, 111-15; safety issues, 112;
standards and regulation, 90, 92, 106, 108; urban
design for, 117-21; walking and bus speed vs., 98.
See also bicycles

microtransit services, 253, 293

Minetta Transportation Institute, 88

Minneapolis, Minnesota: bicycle commuters, 713;
bicycles and, 112-14; Midtown Greenway, 119;
transit use, 255, 267

mixed-use development: classical urban design and,
60, 62-63; modernist urban design and, 68;
pedestrians and, 48, 48; walking trips and, 53

mobility, 4, major modes of, 22. See also Americans
with Disabilities Act

modeling infrastructure use, 21

modernist urban design, 59, 68, 68-71, 72

Montreal, stairs at Mont-Royal, 38

Moore, Wes, 283

motorcycles and mopeds, 82

mountains, railroads through, 798

moving sidewalks, 37

Nash, John, 60

National Association of City Transportation Officials
(NACTO): Bike Share Station Siting Guide, 108; on
crosswalk signals, 43; lane width recommendations
of, 128; Urban Bikeway Design Guide, 90, 92; Urban
Street Design Guide, 31-32, 129

National Cooperative Highway Research Program
Report 812, 142

National Environmental Policy Act (NEPA, 1969), 14,
284

nature. See landscape urban design; trees

Netherlands: Amsterdam, historical painting of, 58;
bicycle use, 85, 98, 99
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networks: for cars, 153-57; for micromobility devices,
97-109; for pedestrians, 45-49; for trains and
railroads, 207-21; for transit, 257-63

New Orleans average commute times, 21

New Urbanism, 60

New York City: bicycle parking, 707; bicycle use, 98,
109, 112-14, 113; bicycle vs. car speed, 98; bike
lane on 9th Ave, 119; Central Park, design of, 64;
Empire State Building airship mooring mast, 292;
jaywalking decriminalized, 42; as low-speed,
high-density city, 4; passenger rail use, 226, 226;
transit ridership, 248, 254, 266, 266, 292; walking
to work, 52

Niemeyer, Oscar, 70

Nolli map of Rome, 9

Norfolk Southern, 210, 210

Oakland, California, freight rail line in, 240

off-ramps, 136, 138, 138-39

off-street micromobility facilities, 90, 90

oil industry, 225

Olmsted, Frederick Law, 64

on-ramps, 136, 138, 138-39

on-street micromobility facilities, 90, 97. See also bike
lanes

overpasses: for highway interchanges, 138; for
pedestrians, 39, 167; for trains, 231-36; for transit
centers, 274; truck sizes and, 128

Paris: Champs-Elysées sidewalks, 33; classical urban
design, 62; Plan Voisin (unbuilt), 68, 69

parking garages, 148, 148-49, 167

parking spaces: arterial vs. collector streets and, 755;
bike racks and cages, 106, 7106-7; bus lanes and,
277; bus stops and, 273; design of, 148, 148-49;
ease of parking bicycles compared to cars, 98;
pedestrian urban design and, 73; sightlines for bike
crossings and, 93; size of, 7148, 173; standards and
regulation, 748; street design and, 133, 141, 146;
street size and, 9; surface lots, 9, 49, 148

parks, 102, 169. See also landscape urban design and
greenery

passenger trains. See commuter rail; light rail; rapid
transit lines; streetcars

pavers for bike lanes, 720

pedelecs, 82. See also micromobility

pedestrian geometry, 23, 27, 29-43; crosswalks and,
42, 43, 143, 145; grades for, 39; sidewalk design,
construction, and maintenance in, 31, 37; size
variations of people and, 30, 30; slopes for, 39;
space considerations for, 8, 36, 36; vertical move-
ment, stairs and ramps for, 38, 38-41; zones of
sidewalks and, 32, 32-33

pedestrian malls, 167

pedestrian overpasses, 39, 167

pedestrians, 25-75; accidents and fatalities of, 75, 27,
52, 58, 85, 125, 132, 133, 140; APS (accessible
pedestrian signals), 42; arterial streets as barriers
for, 154; bicycle speed vs., 98; bicycles, conflicts
with, 85, 92; capacity per hour of walkways for, 22,
36, 36; city sizes and, 6, 9; commuters as, 52, 52, 54,
112; density of cities and, 48, 486-49; geometry of,
29-43; networks for, 45-49; quarter mile, maximizing,

310 Index

46, 46-47; railroad crossings and, 230, 230; role in
transportation, 51-55; school, travel mode for, 55;
simplicity of walking, 27; speed of, 6, 6, 46, 46; train
stations and, 212, 214, 236; transit access and, 245,
255, 271, turning radius for, 8, 77; urban design for,
57-75; walking as mode of transportation, 22, 23;
walking as percentage of all trips, 52, 52-53. See
also pedestrian geometry; sidewalks

pedestrians, urban design for, 57-75; cars, prioritizing,
72, 72-73; classical urban design, 59-63, 60;
historical changes and, 58, 58; ideal city for, 74,
75-76; landscape urban design, 59, 64, 64-67;
modernist urban design, 59, 68, 68-71

people with disabilities: curb ramps and, 42, 43; parking
spots for vehicles of, 748; ramps and vertical
movement, 38, 38-41; sidewalk considerations and,
30, 30; train accessibility and, 274; transit and, 276.
See also Americans with Disabilities Act

permitting for construction projects, 288

Philadelphia, Pennsylvania: Benjamin Franklin Parkway,
66; bicycle commuters, 713; 52nd and Baltimore,
intersection of, 152-53; rail networks, 209, 290;
Suburban Station, 237; transit use, 266

Pittsburgh, Pennsylvania, POGOH bikeshare in, 109

planters for bike lanes, 120-21

Plater-Zyberk, Elizabeth, 60

“A Policy on Geometric Design of Highways and
Streets” (AASHTO), 129

politics of transportation projects, 18, 18-19

Porsche 918 Spyders, 130

Portland, Oregon: bicycle commuters, 713; bicycle
use and, 7112, 112-14; bicyclists’ variations in risk
levels, 86; Gateway/NE 99 Transit Center, 246-47;
preferred mode of transportation, 99; trains, 185;
transit use, 267

Portman, John, 68

ports and docks, 22, 219

positive train control (PTC), 200

power line corridors, 7103

Progressive Era, 286

protected intersections, 94

Providence, Rhode Island, new train station, 2471

public land and street rights-of-way, 13

public outreach in transportation planning, 284, 286,
287

Public Rights-of-Way Accessibility Guidelines
(PROWAG), 31, 34, 38, 42

public transportation. See buses; transit

quiet zones, 230

race and ethnicity: bicycle use and, 772; jaywalking
enforcement and, 42; transit and, 252; transporta-
tion projects and political power, 18

racetracks, 137

radial transit networks, 258-59

Radiant City (Le Corbusier), 68, 70

railroad crossings, 230, 230-31

railroad tracks, 188, 188-91. See also trains and
railroads

railroad turnouts (switches) and crossovers, 188,
190-91, 204, 204-5

rails-to-trails projects, 7103, 263
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ramps: bicyclists and, 104, 104; curbs and, 42, 43;
parking garages and, 749; pedestrian vertical
movement and, 38, 38-471; standards and
regulation, 38

rapid transit lines: electricity for, 184; length of, 187;
Metrorail, Washington, DC, 283; networks for, 208,
209; rate of use, 226, 226; stations for, 212, 214

reallocation of space, 12, 12-13

rear-end crashes, 145

regional transportation plans (RTPs), 282, 282-83

Reichow, Hans Bernhard, 166

residential neighborhoods: bike networks and, 707;
elongated blocks in, 47; intersections in, 746;
mixed-use development and, 48, 48; sidewalks in,
32; street hierarchies and, 154, 154-55; walkable
areas and, 47. See also suburbs

Richmond, Virginia, Pulse bus rapid transit system in,
256-57

right turns, 92, 94, 138, 139, 277

risk tolerance of bicyclists, 86, 86-87

rivers and waterways, bike paths and, 7017, 703, 104

road diet transformations, 172

roads. See highways and freeways; streets and roads

Rocky Mountains, 798

Rome, Italy: classical urban design, 60, 62; Nolli map
of, 9

roundabouts: bike lanes in, 94; at highway inter-
changes, 738; intersection design and, 142, 147

RTPs (regional transportation plans), 282, 283

rural roads, 7128, 132, 134, 134-35, 151, 156, 272

Russia: track gauges, 188; train loading gauges, 792

safety: car speed limits and, 132, 132-33; cars and,
125; children pedestrians and, 30, 55; crosswalks
for pedestrians and, 42, 43; intersection design
and, 740; micromobility devices and, 79, 84-85, 88,
88-89, 112; pedestrians and, 27, 52, 58, 75, 132,
133; traffic control and, 142, 7142-43; train signals
and collision prevention, 200, 200-203; transporta-
tion project planning and, 77. See also
intersections

Salt Lake City, Utah, transit in, 270

San Antonio, Texas, Fredericksburg Road in, 55

San Francisco, California: bicycle commuters, 713-14;
bicycle networks, 104, 105, 112; Embarcadero
Center, 68, 69; transit networks and agencies, 262

San Sebastian, Spain, bicycle tunnel in, 105

Schaefer, William Donald, 283

school, travel mode for, 55

scooters, electric. See electric bicycles (e-bikes) and
scooters; micromobility devices

Seaside, Florida, urban design of, 60, 67

Seattle, Washington: bicycle commuters, 713; hills and
bike map, 104, 7104; pedestrians walking, 35; transit
use, 267

semi-trailers, 129, 140, 162, 162-63

Separated Bike Lanes on Higher Speed Roadways:
A Toolkit and Guide (FHWA), 90

shared on-street micromobility facilities, 90, 97. See
also bike lanes

Shinkasen (bullet train), 795

ship ports, 22, 219

shipping and logistics, 21

shopping malls, 39, 167, 169

shoulders on roads, 135, 137

shuttles, 249, 253

sidewalks: awnings, canopies, and marquees over, 34,
34; capacity per hour of, 36, 36-37; crosswalks for,
42, 43; design, construction, and maintenance, 31,
31, 290; deterioration, 31; micromobility devices
using, 84, 85; moving, 37; pedestrian size variations
and, 30, 30; space considerations for, 27, 36, 36-37;
standards and regulation, 30, 37-32, 34; street
design and, 733; width of, 13, 30, 30, 32, 173; zones
of, 32, 32-33. See also curbs

Signal Timing Manual (Federal Highway Administration),
142

signaling for trains, 200, 200-203

signs: bike lanes and, 727; for bus stops, 272, 272; car
safety and, 732; at highway exits, 739; for pedes-
trian navigation, 75; for railroad crossings, 230; size
considerations for, 134; standards and regulation,
92, 230; traffic control and, 142, 142-43. See also
traffic signals

single-point urban interchanges, 738

single-unit trucks (SU-30s), 129, 140

skateboards, 82. See also micromobility devices

slip lanes, 169

slopes: for bikes, 104, 104-5; for pedestrians, 39; of
roads, 137; for trains, 194

Smart Cars, 130

smartphones, 293

socioeconomic status: jaywalking enforcement and,
42; micromobility device use and, 772; transit and,
252, 254; transportation projects and political
power, 18

space needs: cities rebuilt for cars, 166, 166-67;
demolition to create space, 12, 12-13; for faster
speed, 8, 10-11; for new transportation, 12, 13. See
also geometry

speed considerations: car performance and, 130,
130-31; curves for railroads and, 194, 194; curves in
roads and, 137; electric bikes and scooters, 82;
elevated intersections and, 93; grade of roads and,
137; high- vs. low-speed cities, 4, 4-5; highway
interchanges and, 139; increased space for, 8, 8;
micromobility devices and, 84, 98, 98-99; off- and
on-ramps, 136; road capacity and, 150, 150-57; for
trains, 181, 190, 194; transit and, 251-53, 276;
turning at intersections and, 740

speed humps, 133

speed limits: on arterial, collector, and local streets,
155; for cars, 132, 132-33; for electric bicycles, 82

sports cars, 130

stack interchanges, 739

stairs and ramps, 38, 38-41

standard transit buses, 249

Standards for Accessible Design (ADA), 42

state roads, 156, 156-57

stop signs, 142, 146

stopping distance: for cars, 130-31, 132, 137; for
trains, 200

storm sewers, 134, 291

streetcars: defined, 208; downtown street sizes and,
9; electric power for, 184; length of, 187; network
for, 208, 209; speed of, 6, 6; stations for, 274

streets and roads: capacity of, 150, 150-57; cities
rebuilt for cars, 166, 166-67; crosswalks for
pedestrians on, 42, 43, 143, 145; curves in, 129;
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streets and roads (continued)
design considerations for speed, 132, 133; design
of, 134, 134-35; funding and maintenance of, 156,
156-57, 290; grids vs. hierarchies of, 154, 154-55;
hierarchy as standard approach, 154, 154-55;
pedestrian networks and layouts of, 46, 46—47;
purpose of, urban planning and, 170, 770-71; road
diet transformations, 772; safety issues and level of
comfort for bike riders, 79, 84, 88-90, 88-97;
shoulders and ditches along, 735, 137; slopes of,
137; space allocation and, 172, 172-73; speed limit
considerations and, 132; standards and regulation,
129; water drainage, 134; widths of, 9, 128, 128,
134-35. See also bike lanes; congestion; curbs;
intersections; local streets; medians

Strong Towns, 170

structural engineers, 288

stub-end train stations, 213, 236, 237

SU-30s (single-unit trucks), 729, 140

suburbs: bicycle use in, 85; cars and, 168, 168-69;
cul-de-sacs in, 47, 56-57; landscape urban design
and, 64; mixed-use development and, 53; walking
to work in, 54

subways: aging structures in daily use, 292; grade
separation for, 233; network for, 208; in New York
City, 226, 292; stations for, 214, 216

Sugar Land, Texas, zoning, 168

switchbacks, 104

switches and crossovers for railroads, 188, 7190-97,
204, 204-5

taxes to fund transportation, 79, 282

taxis, 293

technology improvements, 292, 292-93

Tempe, Arizona, cul-de-sac in, 56-57

Texas: highway supporters, 18; railroad dispatchers,
200-201; road funding and maintenance, 156; rural
highway, 132; speed limits, 132; transportation
funding, 78; Union Pacific intermodal yard, 220;
West Point railroad, 778-79. See also specific cities

theft of bicycles and micromobility devices, 106, 708

TIPs (transportation improvement plans), 282

Toronto, Long Branch rail station in, 272

trackage rights, 271

traffic engineers, 288

traffic light cycles, 143-44

traffic priority, 276, 276-77

traffic signals: arterial streets and, 154, 155; for
bicycles, 93, 95; bus stops and, 272; at highway
interchanges, 138; left turn yield, 757; for pedestrians,
42, 43, 143, 145; for railroad crossings, 230; stan-
dards and regulation, 742; traffic control and types
of, 142, 142-47; traffic light cycles, 143—44; transit
priority and, 276, 276

trails: for bike riding, 79, 102, 119; multiuse, 90;
rails-to-trails projects, 7103, 263

train and railroad geometry, 183-205; curves and
grades, 194, 194-99; infrastructure and limits on
size, 192, 192-93; junctions to connect lines, 204,
204-5; signals and collision prevention, 200,
200-203; tracks and rails, 188, 188-91; types and
lengths of trains, 184, 184-87

train and railroad networks, 207-21; classification of
rail, 208, 209; freight yards and, 218, 218-19;
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ownership of, 210, 270-11; passenger stations for,
212, 212-17

train and railroad urban design, 229-41; grade-
separating rail and, 230, 230-35; passenger stations
and, 236, 236-41

train stations: networks and, 212, 212-17; standards
and regulation, 272; urban design for, 9, 236, 236-41

train yards, 218, 218-21

trains and railroads, 179-241; capacity of, 22, 23, 181;
France rail system, map of, 4; freight trucks compet-
ing with, 162, 7163; geometry of, 183-205; mainte-
nance of, 290, 290; as mode of transportation, 22,
22-23; networks for, 207-21; overpasses for, 231-36;
rails-to-trails projects, 7103; role in transportation, 181,
223-27; standards and regulation, 784, 188, 192, 194,
200, 230; transit hubs near, 267; turning radius for,
10-11; urban design for, 229-41. See also Amtrak

transcontinental rail lines, 3, 7195, 224

transit, 243-77; agencies for, 262, 262-63; bicycle use,
combining with, 99, 106, 707, 108; capacity per
hour of, 22; centers for, 274, 274-75; geometry of,
247-55; network hubs for, 260, 260-61; networks
for, 257-63; role in transportation, 245, 265-67;
routes for, 250, 250-53; signals for, 276, 276;
standards and regulation, 248, 250, 252, 274; transit
priority, 276, 276-77; urban design for, 269-77. See
also specific types

transit malls, 277

transportation: access, increasing, 4-6, 5-7; design-
ing, 12, 12-13; function of, 4, 4-5; as fundamental
to cities, 3; funding and political power, 18, 18-19;
impact of, 14, 15-17; modes of, 22, 22-23; purpose
of travel, 20-21, 20-21. See also specific forms of

transportation improvement plans (TIPs), 282

transportation project planning, 279-95; challenges
of, 281; consultants and construction contractors
for, 288, 289; decision-making process, 19; funding,
19; future considerations, 292, 292-93; impacts on
people and environment, 14, 15-17; maintenance
considerations, 290, 290-97; planning studies for,
284, 285; politics of, 18, 18-19; public input on, 286,
287; regional planning, 282, 282-83; space needs,
12, 12-13

Transportation Research Board, 150

travel distance by time: isochrones (maps), 4;
Marchetti's constant and commuting time, 4, 5

trees: bike lanes and, 720-27; in furnishing zone of
sidewalks, 33; landscape urban design and, 64,
64-67; pedestrians, urban design for, 75; spacing
and soil volume for, 75; street design and, 132, 133;
suburb planning and, 168; vertical clearance
requirements for, 83

TriMet light rail, Portland, Oregon, 185

trip chaining, 20

trip frequency and average length, 20, 20

trucks: autonomous, 293; freight transport with, 162,
162-63, 224, 224; sizes of, 128, 128; street design
and, 140, 740-41, 146; turning radius for, 729

tunnels: for bicyclists, 95, 100, 107, 105; for trains, 196,
198, 231-35, 237. See also subways

turn lanes, 94, 146, 172-73, 175

turning radius: for bicyclists, 8, 77, compared based on
speed, 8, 10-17; intersection design and, 7140-47; for
pedestrians, 8, 17; for trains, 10-11, 194, 194; for
vehicles, 9, 10-11, 129, 132, 137; for wheelchairs, 30
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turnouts and crossovers for railroads, 188, 190-917,
204, 204-5

turns: curves in roads and, 137; traffic signals for,
143-44, 276; turn lane-mixing zones, 94; two-stage-
turn queue boxes at intersections, 94; U-turns, 7129

two-way stops, 742

two-way vyield, 742

U-turns, 7129

Uber, 293

underground transportation, 13. See also subways;
tunnels

underpasses, 138, 274

Uniform Federal Accessibility Standards (UFAS), 42

Union Pacific, 200-201, 210, 211

United Kingdom: Blenheim Palace Gardens, 64, 65;
freight transport, 224; landscape urban design and,
64, 65; train speeds, 795; walking as percentage of
all trips, 52. See also London

universal crossovers, 1917

Upper Darby, Pennsylvania, 69th Street Transit Center,
206-7

UPS, 162, 163

Urban Bikeway Design Guide (NACTO), 90, 92

urban design: for cars, 165-77; for micromobility
devices, 117-21; for pedestrians, 57-75; for trains
and railroads, 229-41; for transit, 269-77

urban designers, 288

urban renewal schemes, 767

Urban Street Design Guide (NACTO), 31-32, 129

user fees, 19

Utah, railroads in Salt Lake City, 270

valet bike parking, 107

Vancouver, Canada, North Arm Bridge, 700

vehicle miles traveled (VMT), 160, 160-61

vehicular cycling, 84

vertical clearance requirements: for bicycles, 83; for
pedestrians, 34; for vehicles, 128

vertical movement, 38, 38-41. See also ramps

visibility issues, 137, 140

walking. See pedestrians

walking cities, 9

walking pace, 46, 46-47

Walmart, 162

Washington, DC: bicycle commuters, 713; landscape
urban design and, 64; Metrorail system, 283; transit
use, 266; travel pattern complexity, 27

water pollution, 77

waterways, bike paths along, 707, 103, 104

wayfinding. See signs

WB-50s (intermediate semi-trailers), 129, 140

WB-67s (interstate semi-trailers), 729, 140

weather considerations: bikes and micromobility
devices, 82, 106; buildings offering pedestrian
protection, 34, 75; cars and stopping distance, 137;
construction delays due to, 288; storm sewers and,
134, 291, street design and, 134; traffic signal
damage and, 745

West Point, Texas, railroad in, 178-79

wheelchair users: curb ramps and, 42, 43; grades of
overpasses and, 137; parking spots for vehicles of,
148; ramps and vertical movement, 38, 38-41;
sidewalk considerations and, 30, 30; train accessi-
bility and, 274; transit and, 276. See also Americans
with Disabilities Act

wide loads, 128

wildlife, 716

Wisconsin, Monona Terrace in Madison, 96-97

women, travel by. See gender

World’s Columbian Exposition (Chicago 1893), 64, 65

World’s Fair (Detroit 1930), 166

Wright, Frank Lloyd, 166

yield signs, 742
York, Pennsylvania, Market Street and George Street,
164-65

zoning regulations: classical urban design and, 60;
mixed-use development and, 53; for suburban
development, 168, 168; transit and, 245
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