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Preface

A preface provides a place to alert the reader to the authors’ point of departure and the
decisions made about topical emphasis, inclusion, and exclusion.

As would be expected, there will be emphasis on topics the authors give high priority
and have special knowledge of, either through experience or research. Such topics
include the effects of transportation improvements on economic and social development,
how transportation organizations and technologies function as systems, and research
and development policies that might improve technologies. There will be emphasis on
the growth dynamics of systems—their innovation, development, deployment, and
ultimate stagnation. Our emphasis on growth dynamics, systems, and learning is
unconventional.

Why dance to a different drummer? It takes conviction and hard work to proceed in
an unconventional way. Why hard work? Much of the policy literature is not relevant,
so one has to dig hard. Why conviction? We think we need to do better and can do better.
Our experiences tell us that we need new approaches.

Garrison began work in transportation policy and planning in the 1950s in the State
of Washington. The issue for the State was the development and funding of a freeway
program. Studies emphasized both rural and urban development needs, capacity and
other design features of facilities, and schemes for funding. Funding was to be tied to
tolls and what is now termed value capture, and some valuable insights were obtained
on the development impacts of transportation investment.

Emerging program decisions in Washington State were mooted by the passage of the
1956 Interstate Act, and the stage for the work shifted to Washington, D.C. That was
during the late Eisenhower years and the focus remained on highways, mainly cost
allocation. With the Kennedy years, activities extended to other modes, yielding about
a forty-year experience in national planning and policy debates and studies, enriched
somewhat by experiences in other nations and work with service providers, as well as
work on regional economic development and science and engineering policy topics.
State and local government experiences have been limited.

The context for work included congressional boards and commissions, agency advi-
sory committees, and studies performed for the Congress or for agencies by nonprofit
organizations, augmented by informal discussions. Sometimes experiences responded
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to opportunities, but most responded to issues or problems. In transportation these
included safety, interstate funding, decline of passenger railroads, airport investment
needs, reversal of transit’s fortunes, deregulation, maritime subsidies, congestion, roles
of rate bureaus, tolls on inland waterways, state and local roles, and so on. To manage
these issues, recommendations were sometimes informed by studies, but what may be
termed conventional wisdom was often the major force shaping recommendations.

Levinson’s career has been shorter; he entered the professional world in the late
1980s in Maryland as a transportation planner and modeler. His experiences ranged
from the technical aspects of model development, the policy world of growth manage-
ment, the planning of new networks (none of which has been built), and the economic
and engineering analysis of intercity transportation and ITS technologies, along with
research into traveler and institutional behavior.

While over the past two decades the Internet and other communications technologies
have radically reshaped how we conduct our activities, nothing similar has emerged in
transportation. The view of the transportation world in the past two decades has been
shaped not by its growth but by its maturity, and the seeming inability of society to build
significant infrastructure, to implement important policies, or to develop and deploy
new technologies. That which is pitched as important is really minor; that which is posited
as novel is often a rehash of nineteenth-century technology at twenty-first-century prices.

Much was learned from those experiences. We can claim a few accomplishments and
doing no harm. At the same time, we lament opportunities not grasped and progress not
made. At best, we came away from experiences with the feeling that the paths of existing
programs had been mildly pushed in new directions and that programs had been
polished a little. Sometimes new initiatives were suggested, but their implementation
was rare.

One important thing we did learn was not to think of ourselves as transportation
geographers, or transportation engineers, or transportation planners, or transportation
policy analysts, or transportation economists, but rather, to coin a term, transportationists.
The study of transportation is sufficiently interdisciplinary to warrant a discipline of its
own. The movement of people and goods across networks over time and space is the
unifying object of study. The central research questions in transportation concern what
moves, why and how people and goods move, how networks operate, how the interaction
of travelers and shippers and carriers and networks shapes behaviors, how networks are
(or should be) built and paid for, and so on.

Conviction leading to an unconventional approach followed from optimism. Surely
we can do better. It also followed from a sense of urgency. The transportation modes in
the developed world are well deployed. Their technological and organizational formats
are mature. Consequently, productivity gains come hard and the modes have limited
capabilities to further energize social and economic development. We need to think
harder. We need to do better.

William L. Garrison
David M. Levinson
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My transportation experience began as a user and sometimes operator of trains, planes,
trucks, ships, and automobiles. Traveling a bit more than the one hour per day the average
person does, that’s about four years worth. I learned some things, but not nearly as
much as I learned from when visiting places and people involved in providing facilities,
building equipment, and providing services.

Places included laboratories and test facilities and people included independent
truckers, labor union leaders, and train crews. Managers have included all kinds of
people ranging from owners of tankship fleets and railroad executives to public agency
managers. Robert Pfeiffer of Matson Navigation, Downing Jenks of the Missouri
Pacific Railroad, James Forman of United Parcel, G. Plowman of the U.S. Steel Company
and onetime Deputy Secretary of Commerce for Transportation, and G. P. St. Clair of
the Bureau of Public Roads were a few of my great tutors. On quick review I count
about twenty tutors, and I am sure that number would double and redouble with more
recollection.

I was learning about the transportation modes and about the ways actors viewed their
worlds, where they were coming from so to speak. What to make of the messages I was
receiving? Living a university life, I am used to sensing the ways career selection and
academic fields affect where my colleagues are coming from. A similar understanding
extends to actors in the transportation world. Actors’ values and sense of role, the insti-
tutions they create, and the rules that guide their actions are shaped by experiences.
There is more. Ideas are light baggage, and the transportation experience has traveled
and impacted widely, sometimes in a surprising fashion. Robert’s Rules of Order, used
in the United States to guide meetings, had its roots in public meetings on inland waterway
improvements.

Several decades ago I began to use the transportation experience as an organizing
theme in my courses. This book grew from notes originally developed by me with the
modest objective of supporting classroom discussions and independent work by students.
They were intended as a complement to classroom discussions and were much less than
a book. Even so, a book emerged. The notes and this book are fragments—the experi-
ence is much larger and richer. Even so, I hope they give the reader a way to reason
about why systems, people, and institutions do what they do.
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Part |

Overview: Looking Around

The chapters to follow introduce what we shall be looking for as this book unfolds, and
they also introduce the worlds of policy making, planning, system deployment, and
management. The emphasis is on actors and institutions, as well as the process at work.
There is a cross-section view—how things are today. Subsequent parts of the book
address why things are as they are.

When describing how things are we emphasize the United States and its federal
government. Readers are challenged to look around their neighborhood for similarities
at international, local government, and agency levels. Similarities are there, just under
different names.

We shall begin looking back in part Il, where we will tell the railroad story, and in part llI
we shall look back and around while visiting the other modes. Part IV will consider the
interaction of transportation and complementary experiences, those that form the
inputs to transportation. Part V will ask how innovation and other actions aid in creat-
ing experiences, and in part VI we ask the reader to engage in speculations about the
present and the future.
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Introduction

We still . . . [ask students in college] . . . to think, but we seldom tell them what think-
ing means; we seldom tell them it’s just putting this and that together, it’s just saying
one thing in terms of another. To tell them to set their feet on the first rung of a ladder
the top of which sticks through the sky.

—Robert Frost, Education by Poetry

The Transportation Experience explores the genesis of transportation systems; the roles
that policy plays as systems are planned, innovated, deployed, and reach maturity; and
how policies might be improved. While the territory to traverse is vast, underlying
themes that characterize policy development and implementation facilitate our journey.
In a sense, policy matters are simple. They just seem complex because policy games are
played on diverse stages, with many actors, and with issues that appear under different
names. Policy themes have much in common across modes, from time to time, and from
situation to situation. Their complexity is more apparent than real.

The first concentration of the book will be on policy. Planning enters when it is trig-
gered by policy decisions. Moreover, planning experiences may inform policy, though
this seems infrequent. Our third focus emerges as much policy aims to aid deployment
and to respond to problems encountered as systems grow. Finally, management issues
manifest as modes mature.

A neat sequence of policy followed by planning, deployment, and operations? The
sequence gives a nice but incorrect image of an orderly step-by-step unfolding of
processes. It is misleading because things may happen out of sequence and often in
parallel—for instance, deployment may begin with policy racing to catch up. In addi-
tion, the forces of experience and tradition hold across the board, so to speak. So when
we say, for instance, “X affected planning” or “Y affected policy,” the reader should
have in mind “and other things.” It is not a neat world with compartmentalized causes
and effects.

Emphasis is on the American and British experiences since the beginning of the
industrial revolution. The reader will find, however, that the American or British expe-
riences are hardly unique. They have roots in Western Europe, and each country is but

3



4 Overview

one stage for the playing out of themes common to all places. And while much of the
transportation system in Europe and North America is mature (if not senescent), the rest
of the world is still planning, developing, and deploying. The accomplishments and
mistakes of the more developed countries generate lessons that may be applied to places
where networks remain nascent or adolescent.

To begin at an arbitrary point in time and place leaves unanswered the question of
how experiences before that point in time shaped beginnings. Sometimes Western
Europe is considered the locus for the emergence of what we call “the modern world.”
We know that there were beginnings, or the resources for beginnings, in many places.
China, in particular, demonstrated the capability to organize knowledge, resources, and
technologies for large-scale public works and transportation activities. It developed
navigation instruments, defense walls, great canals, roads, and bridges. In the four-
teenth century, China was a major maritime power, using large ships and considerable
organizational capability. China imposed its will in Southeast Asia and as far away as
Africa. The advantages to be had from transportation and trade were there. Additionally,
the development of knowledge was well advanced in China compared to Europe. Yet in
the following centuries, Europe came to dominate technology and progress.

However, it is unclear to what extent precursor experiences in and outside of Europe
affected the developments that were born in Western Europe. Ideas are light baggage,
and through contacts during the Crusades and through travel and trade, Western Europe
might well have borrowed ideas.

Quest

There are a number of ways of organizing the text. It could be based modally, telling
the story of each mode in turn. Building on Bruno (1993), it could be a giant timeline,
giving the history of transportation from when humans first walked on two legs to the
present. It could use the “life cycle” paradigm of birth, growth, maturity, and senility,
and describe the modes in parallel (but out of chronological sequence) by this para-
digm. It could order by “structure,” considering infrastructure, equipment, and opera-
tions as our basic organizing scheme. It could distinguish between urban, rural, and
intercity transportation, and passenger and freight transportation, giving us a 3Xx2
matrix. It could distinguish between nodes (ports, airports, terminals, intersections) and
links (roads, rails). It could be organized by “supply chain,” considering inputs, process,
and outputs. We have selected a hybrid, organized thematically (figure 1.1).

In spite of our emphasis on themes, generic topics, or theory, the book begins with
an overview of current and recent policy activities. The taxonomy enables us to obtain
a first-cut answer to the question “What is it we wish to explain?”

The text then tackles planning themes, beginning with the emergence of transporta-
tion planning as a discipline from a variety of sources, not simply the urban transporta-
tion planning that is today most widely known. The topics of deployment and the life
cycle of technologies are addressed. This is followed by the issues of management of
mature systems.

We then turn to the search for the systematic ideas that thread policy debates and
policy-making activities. We review the development of the railroads and the policies
bearing on their birth and deployment. An important finding emerges quickly. It will be
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Figure 1.1. Framework for classifying modes.

seen that the railroads borrowed or learned from previous experiences, especially road
and canal building and operations. To aid in seeing the influence of precursor experi-
ences, the relations between rail and road and canal experiences will be traced. With
only minor modifications, railroads elsewhere copied the precursor experiences embed-
ded in English railroads. Policies for roads and canals were augmented and revised to
enable railroad construction and operations.

As deployment proceeded, the railroads developed policies to cope with problems
and to aid in grasping opportunities. Some of these policies were embedded in rail insti-
tutions; some were imposed by government; and some were developed jointly. The
discussion will examine the pattern of embedded versus government policies in some
detail because much policy in later modes borrowed from the rail experience. That is
especially true for rail transit.

In addition to illustrating the policy development pattern, the railroad discussion will
illustrate a paradigm for the analysis of a system as it is born and deployed, and later,
as maintenance of service and market shares become central matters. As is true of pol-
icy, system structure and behavior tend to be frozen by early events and the embedded
policies developed to aid deployment.

The pattern is not a simple one, however. This is because a system’s behavior and
performance are a function of structure, the system’s life-stage and changes in its envi-
ronment, including the development of competitive modes.

The overview of policy, planning, deployment, and management activities constitute
the first part of the book. The search for systematics using the railroad life cycle is the
second part of the book. The third part of the text will examine the situation in other
modes. Extended discussions will be given to the maritime and inland waterway modes,
for they challenge readers to apply knowledge to situations they may not know well.
Readers may be more familiar with the highway, transit, and air situations.

The fourth part of the book cuts across modes and looks at complementary experi-
ences that might be considered “inputs and outcomes.” We examine some of the things
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necessary to produce transportation (communications, energy, money, information,
time, land), as well as the outcomes of transportation (environmental effects—which
can be transformed, for instance, by saying that clean air is an input).

The fifth part of the book examines creating experiences, innovation, technology,
imagination, and measuring the real benefits transportation provides. In this part we
move beyond examining what is and consider what might have been and what might be.
This permits thinking outside the existing modes and operating strategies, to consider
alternative paths of development. The text concludes with key points and speculations.

These discussions will counter some conventional wisdom. Most think of each mode
as having a unique history and status, and each is regarded as the private playground
of experts and agencies holding unique knowledge. However, we argue that while
modes have an appearance of uniqueness, patterns repeat and repeat: system policies,
structures, and behaviors are a generic design on varying modal cloth. The illusion of
uniqueness will prove no more than myopic.

As our discussion proceeds, themes such as these will emerge:

* Policies are built from experiences. At the dawn of a system, experiences are mainly
transferred from other, older modes.

 Policies mirror the intrinsic characteristics of systems and the interplay of those
characteristics with deployment problems. This theme overlaps with the previous theme.
The words “intrinsic characteristics” refer to the structure, behavior, and performance of
systems, and this theme notes that these characteristics affect policy.

Policies may be strictly embedded in system organizations and protocols or, at another
extreme, in governments. The question of appropriate loci and shared power is long-
standing, and it has mainly been answered on pragmatic grounds.

There are of course, interrelations, for policy affects and constrains experiences and the
intrinsic characteristics of systems.

Obijectives

The Transportation Experience strives for two objectives:

1. It seeks to inform readers of the experiences and logics underlying transportation activ-
ities and the ways they are thought about. These are collected in models and techniques
that are the essence of the field. As used by the authors, the words “model” and “tech-
nique” have quite different meanings. Model refers to conceptual schemes used to
impute cause and effect; it is a process-oriented word. A fechnique is a device for meas-
uring, optimization, and so on.

2. It seeks to expand the readers’ understandings of the boundaries of current knowledge.
It notes that knowledge has accumulated from past experiences. The ways things are
thought about and analyzed have been honed on past experiences and that gives us
confidence about our approaches. At the same time, the heavy hand of past experiences
places boundaries on current knowledge, especially on the ways professionals define
problems and think about processes.

Achievement of the first objective takes time, but is quite doable. A first approxima-
tion of the content of the field is easy to acquire. Much of what we know about trans-
portation has been reduced to “textbook knowledge,” and there are a number of books
to cover elements of the field.
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Difficulties arise as we strive to reach beyond textbook-level knowledge. Not many
years ago one could command the field by investing time in a library and using a little
taste about what is important. Today, however, the literature is much too vast for that
approach. There are numerous planning-related journals that would need to be
reviewed; for instance, David Banister and Laurie Pickup (1989) remark that they
examined some 10,000 references before selecting the 660 used in their book.

The second objective has to do with understanding the boundaries of present knowl-
edge. As stated, knowledge has accumulated from experiences, and we can gain insights
about boundaries by understanding past policy formation and planning tasks and how
they were managed. The answers to the questions “Why do planners (engineers, policy
makers) think the way they do and do what they do?,” “How well does what they do
work?,” and “What needs to be done to make what they do work better?” turn in large
part on understanding previous experiences.

The Transportation Experience strives to enrich the reader’s grasp on all types of
transportation. At first glance, this may appear much too vast a task for a single book.
Our goal says that we should treat each of the modes—rail, air, highway, pipeline,
inland water, transit, maritime, and so on. It says that we should consider transportation
at different scales and in different environments—national, regional, state, metropoli-
tan, municipal; urban, rural—as well as in different social and economic situations.
It says that we should consider multiple goals and purposes: congestion relief, energy
conservation, and provision of a mix of modal services, for example. It says, too, that
we should consider analysis of subsystems, such as those posed by railroad fixed facil-
ities, maritime fleet planning, and trucking operations.

Achieving the goal of completeness is not much helped by the literature. At the text-
book level, where technical materials and experiences have been digested for classroom
presentation and study, books apply mainly to urban transportation planning. The pro-
fessional literature is also dominated by urban transportation concerns, in recent years
emphasizing transit. Some of this material is very demanding from a technical point of
view, and its treatment takes time.

The topics we strive to cover are vast, and the reader should be alert to omissions.
Some modes, such as short sea (ferry-like) services and pipelines, are hardly men-
tioned. Many regulatory, pricing, and political theory topics are passed over lightly.
However, the signposts in this book should help readers find roads to and through omit-
ted topics.

The imprint of the transportation experience on urban and regional settlement pat-
terns and related topics in another vast topic that we mention only briefly. But those
matters are well treated elsewhere. Our extensions to these subjects are limited and
signposts will have to do.

Structure

A transportation system can be usefully viewed as having a triad structure:

* There are fixed facilities such as airports and airway navigation facilities or railroads and
terminals. On the soft side, there are institutions that match these.

* There are operations involving many kinds of institutions and protocols, as well as hard
technologies, such as traffic lights.
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 There is equipment and its production, care, and feeding: locomotives, airplanes, liners,
shipping firms, automobile dealers, repair shops, insurance companies, and so on.

Each of these system components has associated institutions, as stated. There are
governmental and private institutions, as well as professional associations. Each has
specialized financing, management, and fiscal arrangements. To a large extent, policy,
planning, and management have their scope determined by their component elements.

Taking railroads as an example, at a first glance there are interacting locomotives and
cars (equipment component), routes and yards (fixed facility component), and control
systems (operations component). Looking with somewhat wider scope, we see firms
producing equipment, constructing and maintaining routes and terminals, and provid-
ing services. Expanding still further, we see suppliers to those activities, professional
organizations, the Association of American Railroads, federal and state government
activities, the operating officers association, and so on.

We may also remark that the triad structure has a unitary character, that is, observing
its “same everywhere” character. Transportation systems are unitary systems mainly
because operations over networks require standardization. There are other reasons that
will be noted later. This unitary structure affects behavior. Standards enforce highly
predictable behavior, and standards are valued as an instrument of control.

A second feature of behavior is its reactive disjointness. Actors in each component
of the triad monitor the states of other components and adjust their affairs to fit. For
instance, a topic of concern today is how to adjust highway facilities to fit increasing
use and consequent congestion. We seek to strengthen pavements to accommodate
larger and heavier trucks. The air traffic control system is being improved to accom-
modate larger aircraft and growing traffic.

The unitary character of transportation together with the disjoint nature of system
structure place sharp limits on images of what planning should be and what it can do.
Often, planning is component constrained, and its system impact may be limited; it may
also be limited because unitary standards limit degrees of freedom. Planning strives to
catch up with and adjust to developments elsewhere. Broadly, a system gets started and
the predominant hard and soft technologies are frozen. From the point of view of steer-
ability, the die is cast. System development moves along a predetermined path.

Gabriel Bouladon (1967) has provided a notion of inherent service capability and
compared service capability to demand, shown in figure 1.2. Bouladon suggests gap
filling as a role for planning. This notion has been adopted in Japan (figure 1.3).

In figure 1.2, the left scale is a log scale, and the optimum utilization line indicates
how the demand for trips decreases with distance. The x-axis is also a log scale.
Plotting the service a mode can provide, one sees some combinations of distances and
demand volumes where there are gaps. For instance, the “too far to walk and too close
to drive” market is only partially served. Most commuters don’t have horses available,
and bicycles don’t work well for many individuals and in certain climates and terrains.
The Segway, for instance, seeks to fill this gap and uses the idea in marketing.! The “too
close to fly, too far to drive” gap is the target for high-speed rail planning.

Figure 1.4 shows a similar idea for freight. The freight scheme doesn’t show gaps as
the Bouladon scheme does. Gaps are to be imagined in the vicinity of the lines sepa-
rating zones of modal dominance. Truck trailers on freight cars (TOFC), for example,
are carving out mode shares at the truck—rail long-distance interfaces.
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Figure 1.4. Transportation analysis of freight.

We think of the unitary, disjoint, and lack of steerability attributes of systems as
dysfunctions. They suggest three roles for planning:

1. Accept the dysfunctions and work within the constraints they set.

2. Seek ways to truly steer systems by working around or breaking the tyranny of the
dysfunctions.

3. Identify and fill transportation gaps.

Performance

There is another generic consideration bearing on transportation. It is what we like to
refer to as the intrinsic character of transportation systems: how systems behave and
how they perform.

Figure 1.5 displays an S-shaped curve, the realization of the railroad system in the
United States. Such curves characterize many features of transportation systems and
other systems as well. Early on, the planning task was to determine what the rail sys-
tem should be like. Through much of the history of the rail system, planning tasks had
to do with deployment: network arrangements, capacity needs, sequenced deployment,
and so on. When deployment approached saturation, the task changed. Nowadays, plan-
ning has the task of managing a mature (senile?) system. The point is that there are
different planning tasks as a system develops: acts in play, so to speak.

Two words, stable and linear, characterize the process that yielded the realization
shown in the figure. The process is stable because observed points fit the development
path closely. If for some reason the path diverges as the mileage path did during 1890s
when there was little track laid, the path returns to its stable trajectory. It is a linear path:
convert the y-axis to logs, and a nearly straight line results.
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Figure 1.5. Railroad route kilometers in the United States, 1830-1920.

Figure 1.5 shows one component of one system. The S-shaped temporal realization
of behavior applies to other components of the rail system (vehicles and operations) and
its performance. (Performance has to do with what a system does that is worthwhile.)
In general, S-shaped realizations of behavior are found for all transportation systems.

This introduction is not the place to further explore the implications of system
behavior. We shall only note that most of the planning experience has been with stable,
linear processes. Yet planning addresses changes, and for change to occur we must cre-
ate and manage unstable, nonlinear processes. A system is unstable if a small perturba-
tion from its past track sends it off in a changed direction. It is nonlinear if there are
branch points or discontinuities.

We now assert that the planning (and control) of nonlinear, unstable processes is
today’s central transportation problem. The Transportation Experience will discuss that
assertion; it will permeate our discussion.

Conduct

Transportation policy is an attractive topic for study because of the strong interrelations
between policy and the nature of transportation systems. The policy story tells us what
transportation is, does, and can or might do.

Policy may be defined as sets of formal and informal rules that control the innova-
tion, construction, operation, financing, service provision, and other attributes of
transportation systems. That is a vast subject area. There are policies for the testing
of concrete pavements, for land taking, the funding of airports, the domain or scope of
agency concerns and powers, controlling the range of products offered by equipment
manufacturers, safety inspections, the subsidy of liner operators, and so on. Further, the
limits on the subject area are not well defined. Policy and planning overlap, for in many
ways planning is the application of policy.
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This breadth is of concern because transportation professionals are expected to know
the rules that apply to their environments. Knowing requires more than an ability to list
policy rules to which work should adhere and where those rules are to be applied. Even
80, policy courses historically have had a “What is it?” thrust. Business schools offered
policy courses dealing with the regulation (and deregulation) of commercial trans-
portation. Where policy was treated in civil engineering departments, it emphasized
highway funding and construction protocols. The results of such courses are but a
limited snapshot of a descriptive sort.

The Transportation Experience seeks to provide deeper “knowing.” It strives to help
the reader understand how and why policies (rules) are developed and how to assist in
forging policies to improve the functioning of systems.

The earlier discussion of topics to be emphasized indicated one of the ways The
Transportation Experience will seek to manage the vast breadth and strive for depth.
The insights gained will cut through vastness. It will be seen how learning in one situ-
ation is applied to another (policy is a result of experience and exchange), how policies
mirror the intrinsic characteristics of systems, and how policies may be embedded or
shared with governments. For example, transportation systems are networks, and there
are policies, similar across the modes, that result from networking. Network integration
policies are critical in all modes.

On a larger scale, the study of policy says how society has learned to create, deliver,
and operate large, complicated systems that serve specific tasks very well. The insights
extend beyond transportation because there are a number of large, complicated systems
that share the structure of transportation systems. Transportation policy has lessons for
all public facility systems.

In spite of those nice words about the bright side of the study of transportation policy,
there is an overwhelming dark side. As a result of that dark side, some regard policy
work as trivial, foolish, or counterproductive. It is often treated as a second-class subject,
at best.

There are some quite perceptibly troublesome things. It is true that poor analysis gets
published by claiming values for policy. Policy often results in using resources in
unproductive ways. Often policy yields large cross-subsidies, and the ethical and social
values of these are unclear. Policy often yields stasis rather than development.

One summary statement about the dark side compares policy making to sausage
making, an activity that fastidious persons should avoid. Another is that the debate is at
best petty and unseemly squabbles over marginalia. Howard Darling (1980), the dean
of Canadian policy analysts, had this to say:

[The policy debate is] . . . swamped by a flood of ingenious rationalizations equating one’s
self-interest with other people’s responsibilities (p. 186) . . . confusion extends to those
who suppose that some new and elaborate recasting of tranportation legislation is going to
work like a tranquillizer (p. 235).

Such statements often apply. Although Darling mainly had railroads in mind, his
remark certainly applies to the debates about urban transportation. In the United States
there is a geographical organization of political power that affects the forging of policy
and the distribution of gains and losses from policy actions. There is the many against
the few consideration in decision making (and its reverse: the well-organized few
against the many). These features of the political scene affect transportation.
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Transportation systems have complex social and economic interrelations, and indi-
viduals and organizations have limited abilities to perceive their structure and perform-
ance. The general public’s perceptions stem mainly from subjective user experience;
newspaper and TV coverage has scant depth. Policy needs are seen in response to the
evil things that happened yesterday, and policy becomes, in Darling’s (1980) words, “a
series of ritualistic poses” (p. 5) and “witchcraft” (p. 178). We would not fault the pub-
lic for wanting corrections for the problems it senses, and that is not the intent of these
comments. Rather, it is to point out that professionals too often fail to respond to the
signals the public sends. The public identifies an undesirable symptom (or states a
goal), yet the professional is unable to provide an appropriate diagnosis and suggest a
cure. Professionals lack effectiveness when they fail to perceive the nature of system
processes and the relation of policy to those processes. There are lots of excuses for this.

One excuse is the disjoint structure of transportation systems—they divide into
fixed facilities, equipment, and operations. The typical professional is a member of
a component, and has limited system understanding. Cognition, need to know, and loy-
alty are component bound. There are highway experts, vehicle experts, traffic experts,
transit experts, airport experts, logistics experts, and others, but few transportation
experts. Division of labor is a virtue, of course, and not everyone can or should hold
deep knowledge across transportation. Even so, all should know enough to contribute
to development or at least know enough to do no harm. There are also specialists from
nontransportation fields who wish to have their say on policy. Regardless of the elegance
of the home discipline, such experts have limited cognition.

Another excuse is the large time-span that characterizes the behavior of systems.
Processes work out over decades, and the professional is informed by only that part of
the process experienced. Altshuler (1965) remarked that highway and transit answers
are preselected solutions to the urban transportation problem, and that is a comment on
the experiences of those offering solutions. So even the professional engages in petty
squabbles over marginalia. Marginal because the debate is over whether to do a bit more
or less of what went before, and petty because of narrow scope and thus consequence.
Darling also used the word “unseemly.” It is simply unseemly for the professional to
debate from limited knowledge.

Reference in the paragraphs above has been to excuses. There are no reasons why
the transportationist cannot command policy, enact plans, and deploy systems. All that
is needed is to broaden our cognition in a full, methodical way, and that is the essence
of The Transportation Experience.



Policy

Every discussion of duty has two parts. One part deals with the question of the supreme
good. The other with the rules that should guide our ordinary behavior.
—Cicero, On Moral Duty

Introduction

The transportation experience shapes the nature of policy making. Planning, deployment,
and management follow. This reshapes experience, and the process continues. We visu-
alize this process in figure 2.1. As we shall see, the experience in one mode may frame
policy making for other modes.

Our view says that understanding the transportation experience is the key to under-
standing policy, planning, deployment, and management. An operative word is learning:
we have learned from the transportation experience, and learning has yielded rules
(guidelines, regulations, etc.) that tell us how to create, deploy, and operate systems. We
take those rules to be policies. What is their origin, who enforces them, how well do
they work, and how are they changed, are some of the questions to be addressed.

The unfolding of the transportation experience provides an organizing theme for our
discussions; it tells us how policy protocols are modeled on experience. We shall spend
a good amount of time on railroads because they provide a mother logic that applies
to other modes. But railroads are not the only mother logic; the maritime experience
affected other modes, as surely the automobile/highway system will affect future
modes. Each mode has its own “logic,” as well as that it has adopted from other modes.

Our investigation of transportation policy begins with a survey of alternative policy
models. We then examine today’s policy activities with a U.S. focus. Such a survey is
a rather awesome task and is subject to omissions. Our aim is for the reader to obtain a
sense of the scope and variety of policy activities and an appreciation of the need for
the development of systematic, cross-cutting ideas.

The discussion turns to interpretations of what we have seen. We seek to highlight
the content of policy debates and policy making. The easy conclusion to reach is that
policy is issue-responsive, it tends to be single issue oriented, and it incorporates simple
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Figure 2.1. Experiential policy model.

control protocols. Even when policy work addresses a laundry list of issues and is
thought of as “comprehensive,” issues are treated pretty much one by one.

For one reason or another, issues become topical. Governmental and nongovern-
mental interested parties, such as those characterized as forming iron triangles, debate
them. Using calculi involving coalition formation, tradeoffs, and side payments, policy
gets made and implemented.
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The conclusion that issues drive policy work begs the questions “How do issues get
on the table?,” “What is a transportation issue, what is a non-issue?,” and “How are
issues framed and perceived?”

Policy Models

The introduction to this chapter gave a terse statement of the authors’ point of departure.
We have not yet said how this point of departure differs from others. Think of figure 2.1
as the experiential policy model. The transportation experience is embedded not only in
geographic, economic, social, and political environments; it is also corralled by the limits
of technological structure and the nature of specific modes. The nature of transportation
and the greater environment, collated with the transportation experience, gives rise to
perceptions, principles, and attitudes. Those beliefs generate a layer of policies (both
government and private) that translate into actions. Action and reaction indicates that
the modes adjust performance to cope with problems. Those actions shape and reshape
the transportation experience.

Our view may be contrasted with the conventional policy model, which has behind
it the worldview that we (in a gross oversimplification) attribute to economists, policy
analysts, lawyers, and others in the policy arena (figure 2.2). There are two major
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Figure 2.2. Conventional policy model.
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differences between this conventional policy model and the experiential policy model.
The experiential policy model says that perceptions, principles, and attitudes are forged
from experience interacting with the nature of transportation systems. For example,
principles bearing on the organization of systems, as well as public and private sector
roles, stem from experiences when systems were deployed. Policies relating transportation
investment to economic development result from past development experiences. In
contrast, the conventional policy model emphasizes “outside system” (or exogenous)
principles.

Our experiential policy model does not emphasize such outside principles, and
rather considers the formation of principles from the transportation experience as part
of the system (or endogenous). It is subject to the objection that experiences other than
transportation ones are bound to bear on transportation experiences and attitudes. That
is a valid objection and must be true, yet we have a strong response to it.

One aspect of the response is that the transportation experience has so permeated all
social and economic experience that we should not think of purely “outside transporta-
tion” experiences. The deep and economy-wide impacts of the railroad experience on
institutional forms, financing, government activities, regional economic organization,
and so on, illustrate the impacts as well as the transfer of transportation experiences. As
we point out later in the book, national industrial policies have roots in transportation
experiences. The explicit recognition of embedded policies is another important way
the experiential model differs from the conventional model.

We also deemphasize outside experiences because of the ways one may position our
experiential model and the conventional models. The experiential model explains the
structure and performance characteristics of systems to which the policy is applied. The
characteristics of systems create the need for policy studies and conditions their results.
The characteristics may be thought of as providing stages for daily and annual debates
about regulatory, funding, pricing, and investment legislation.

Many major organizations affecting policy are listed in table 2.1. Box 2.1 describes
the roles of some of these important public-sector organizations.

Government’s Proactive, Normative Rule

An issue often arises when it is recognized that some activity is dysfunctional—something
isn’t working correctly. One litmus test for dysfunctional activities is the logic of what
governments do. Among other things, governments are expected to manage things that are
regarded as wrong. If something is going on that is counter to the way governments are
supposed to manage things, there is an issue.

The logic of what governments do has grown out of long experience. Transportation
roles in the United States are seen for governments when there are Constitution-based
responsibilities: the economic integration of the states (interstate trade), safety (health),
and provision of services (welfare). The presence of market failure, limits on expertise,
control of illegal activities, nontransportation goals affecting transportation, and many
other considerations over the years have broadened the bases from which roles are
argued.

We have attempted to make a list of the reasons why governments have regulated (or
nationalized) transportation systems, as shown in box 2.2. The list of rationales shown
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Table 2.1 An Alphabet Soup of U.S. Agencies and Organizations

Acronym Organization

AAA Automobile Association of America

AAAS American Association for the Advancement of Science

AASHO American Association of State Highway Officials (became AASHTO)
AASHTO American Association of State Highway and Transportation Officials
AREA American Railway Engineering Association

ASTM American Society for Testing Materials

BPR Bureau of Public Roads (became the FHWA)

BTS Bureau of Transportation Statistics (DOT)

CBO Congressional Budget Office

CEOs Chief Executive Officers

COSPUP Committee on Science and Public Policy (of the NRC)

DOC U.S. Department of Commerce

DOE U.S. Department of Energy

DOT U.S. Department of Transportation

EPA Environmental Protection Agency

FAA Federal Aviation Administration (DOT)

FHWA Federal Highway Administration (DOT)

FMCSA Federal Motor Carrier Safety Administration (DOT)

FRA Federal Railroad Administration (DOT)

FTA Federal Transit Administration (DOT)

GAO General Accounting Office (of the Congress)

HRB Highway Research Board (of the NRC, name changed to TRB)
HUFSAM Highway Users Federation for Safety and Mobility

ICC Interstate Commerce Commission

ITE Institute of Transportation Engineers

ITSA Intelligent Transportation Systems America (public/private partnership)
MARAD Maritime Transportation Administration (DOT)

NAECOT National Academy of Engineering Committee on Transportation (NRC)
NASA National Aeronautics and Space Agency

NHTSA National Highway Traffic Safety Administration

NRC National Research Council

NSF National Science Foundation

NTPSC National Transportation Policy Commission (of Congress)

OMB Office of Management and Budget (Executive Office of the President)
OST Office of the Secretary of Transportation (DOT)

OTA Office of Technology Assessment (Congress)

PPMs Policy and Procedure Memoranda (FHWA)

RAND Research and Development (Corporation)

SAE Society of Automotive Engineers

STB Surface Transportation Board

STPP Surface Transportation Policy Project

TRB Transportation Research Board (NRC, was the HRB)

TSA Transportation Security Administration

UMTA Urban Mass Transportation Administration (DOT) (now FTA)

WTS Women’s Transportation Seminar

in box 2.2 is rough, and we would not argue its perfection. Indeed, each time we use it
we think of needed revisions. The point of the list is that it helps identify the nature of
issues and their origins. As we see it, an issue arises when something is wrong. Wrong
with respect to what? Air service to small communities is seen as a fairness issue, for
example; the airlines are not providing services to everyone.
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BOX 2.1 U.S. Public Sector Transportation Institutions

Many federal, state, and local agencies have transportation responsibilities. The Surface
Transportation Board and state public utility commissions are the major ones not mentioned
in this discussion.

The United States Department of Transportation (U.S. DOT) was created in 1967.
The Office of the Secretary manages policy, overall administration, and international
affairs. It is divided into modal administrations, the major ones being:

» Federal Aviation Administration (FAA). Promotes safety by issuing and enforcing
regulations, and certifying aircraft machinery and pilots. It operates the airspace
system (traffic control centers and instrument landing systems). The Airport and
Airway Trust Fund was created in 1970. The FAA makes grants to over 3,000 airports
for capital improvements. The fund also is used for capital investment in the air
traffic control system and to defray a portion of its operating costs.

» Federal Highway Administration (FHWA). Administers the federal-aid highway
program. The Highway Trust Fund (primarily from gas taxes) provides financing to
states for the pay-as-you-go system.

» Federal Railroad Administration (FRA). Charged with ensuring that the nation has a
safe, efficient railroad system. It is now mainly involved in safety regulation.

* National Highway Traffic Safety Administration (NHTSA). Seeks to improve the
safety of motor vehicles by creating and enforcing safety standards, and administers
highway safety programs in cooperation with the states and local communities.

» Federal Transit Administration (FTA). Provides planning and financial assistance
to transit systems under the Urban Mass Transit Act of 1964. It assists in the
development of improved equipment, operation techniques, and methods; encourages
planning and establishment of area-wide systems; and provides assistance to state
and local governments for the operation of systems. Funds are now available for
both capital and operating projects.

*  Maritime Administration (MARAD). Charged to develop a strong merchant marine
system, it is involved in training, ship construction and operating subsidy programs,
and bilateral maritime agreements.

»  Federal Motor Carrier Safety Administration (FMCSA). Created in 1999, it regulates
truck safety.

* Surface Transportation Board (STB). Adjudicates disputes and regulates interstate
surface transportation through various laws pertaining to the different modes of surface
transportation. It is the successor to the Interstate Commerce Commission.

The U.S. Army Corps of Engineers administers navigable waterways. Inland waterway
projects are about 50 percent funded by the Inland Waterway Trust Fund (user fuel
impost) while since 1986 the Harbor Maintenance Trust Fund (surcharge on cargo value)
provides for 40 percent of harbor maintenance costs. The remainder of funding is from
general revenues.

States have roles dating from the early canal and railroad days. State highway depart-
ments were formed in about 1910 and were largely concerned with the federal-aid system.
Now most states have transportation departments involved with several modes, the situa-
tion varying from state to state. State regulatory activities may or may not be lodged in the
transportation departments. The states play a major funding role. They expend state

(continued)
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BOX 2.1 U.S. Public Sector Transportation Institutions—cont’d

and federal funds on state systems and often assist local governments. AASHTO (the
organization of state DOT leaders) is a major player in the development of state and fed-
eral policies and programs and sets standards, goals, and so on.

Cities and counties traditionally have funded projects from user fees and general
revenues. Now they depend more on federal and state funding for transit, highways, and
airports.

Regional agencies have mainly planning and coordinating activities. Regional plan-
ning commissions (RPCs) and regional planning agencies (RPAs) were created as a result
of the Housing Act of 1954. The metropolitan planning organizations (MPOs) were created
as a result of the 1962 Highway Act, which required states to form agencies to undertake
planning. Planning and coordination now extend to FHWA, FAA airport, and FTA projects.
Regional agencies prepare plans to serve as a guide for future projects, prepare trans-
portation improvement programs (TIPs), and are encouraged to engage in transportation
system management (TSM). TIPs and TSM documents identify projects scheduled for the
current year, and the next two- and five-year periods.

Special districts are formed by local initiative to provide special projects or services.
They often have taxing authority.

BOX 2.2 Rationales for Government Intervention in Transportation

Fairness

» Service is not available everywhere. Early on in the development of a system,
intervention is needed to ensure that service is available everywhere. Later,
reductions in service may require intervention.

* Those served are not treated in the same way. Intervention is required in the name of
equity. This is closely related to the above statement, but extends to small and large
shippers.

* Transportation (or location) rents ought to be shared between service providers and
service users or between capital and labor. Governments should referee.

* Government should do something so that transportation providers are treated fairly.
Not all providers make adequate profits. Also, providers may be at the mercy of large
service purchasers.

Competition

¢ Dysfunctional market organization is a market failure needing repair. Only
governments can make the deep system interventions required.

* Monopoly transportation providers abuse their economic power. Intervention is
needed to control abuses.

* Intervention will improve the optimal use of resources. The systems are unable to
implement marginal cost prices because marginal costs are less than average costs.
Marginal cost pricing is socially desirable and ought to be implemented. To achieve
this goal, social decisions have to be made about the additional resources required to
cover system costs, that is, the funds over and above those obtained by charging
marginal cost prices.
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BOX 2.2 Rationales for Government Intervention in Transportation—cont’d

Progress

* Infant industries need assistance. A variation on this is the notion that social
overhead capital requires up-front investment.

* Processes of innovation and technology development are not working in viable ways;
government should do something.

* Government should do something about decreasing (or diminishing improvements
in) off-system and on-system productivity.

* Technology change may require new arrangements that only governments can
implement.

Stability

* Government control of between- or within-system competition is necessary in order
to achieve some desired result. Desired results are in the minds of beholders, and
they range all over the map.

» Stability is a good thing, and governments ought to provide for it. Transportation
development (or deterioration) may upset an existing equilibrium.

e When a social contract begins to fail, government must step in to glue it together.

Off System

* Transportation may need to be limited, expanded, or coordinated to achieve some
off-system goal. Government may be called on to assist in providing the service.

* The health and safety of the public and/or labor requires intervention.

» The effective workings of governments, national economic systems, or defense
systems require government intervention.

Interaction with the Transportation Experience

The statements in the list are general, so how do they generate specific issues? We think
that the transportation experience interacts with general ideas to yield specific issues.
How does that work? We have just remarked that subsidized air service to small com-
munities is an issue because it is needed to cure dysfunctions identified by the list.
But why was the question raised? How much subsidized service is warranted? It is the
transportation experience that answers those questions. Small communities experienced
services at one time, and the experience hardens the issue about what is needed.

The “experience yields policy” part of figure 2.3 suggests a closed system moving
along a trajectory. But the environment changes, and it is the transportation experience
plus the changed environment that trigger issues. These become policy issues if the
situation is in conflict with one or more of the items on the list.

We should recognize that government involvement in transportation is large and
longstanding. Also, there has been feedback from the transportation experience to the
general functions of governments. The transportation experience has thus affected
governments and ideas of what governments should do in a rather broad fashion.
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Figure 2.3. Feedback between the transportation experience and policy making.

The relation is not one-way: transportation has affected the development of government
roles; government roles have affected transportation.

Also, we should keep in mind that the transportation experience is not broadly
known. Individuals know fragments of it, depending on how they are positioned within
a mode. The recent experience is better known than historical experience. The longer
experience extends to many of today’s topics: toll roads, defense, value capture, subsidy
for maritime transportation, transportation and land use relations, deregulation, network
rationalization, and so on. However, since that experience is not widely known, it is
sometimes ignored when framing policy.

Identifying the Subjects of Policy

We have referred to dysfunctional government structures, and have used some ideas
about that to aid in recognizing issues and policy responses. A scheme that we have
used looks like figure 2.4. Using that classification device, issues may be divided into
two classes, on- and off-diagonal. The problems of dealing with off-diagonal issues are
much discussed in the literature, especially by persons engaged in intergovernmental
relations. The figure and its implications are transparent and will not be further
remarked on at this point.

Loci of Issues

National Regional Local
National
Loci of Regional
Authority Local

Figure 2.4. Loci of authority versus loci of issues.
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Another way to approach issues is to classify them by their associations with inputs
to systems, systems per se, or outputs from systems. Consider the list below, which is
from the NTPSC’s Special Report No. 1 (NTPSC, 1978, pp. 6-7):

Federal Economic Regulatory Reform

Air Carrier Regulation

Motor Carrier Entry

Rail Abandonment

Standard Highway Rules and Regulations

Public versus Private Ownership of Transportation
Proliferation of Government Agencies in Transportation
Consolidation of Transportation Regulation Agencies
Federal Transportation Planning Assistance

Federal Subsidies

. Modal/Intermodal Trust Funds

. Block Grants to State and Local Governments

Maritime Trade Support

Waterway User Charges

. Financing Urban Mass Transportation

. Maintenance, Repair, and Upgrading of Highway Facilities
Transportation Industry Capital Formation

Coal Slurry Pipelines

. Energy Conservation

Transportation and the Environment

. Highway Accident Reduction

. Labor—-Management Relations

. Stimulation of Employment Through Transportation Facility Construction
. Regional and Community Development Through Transportation Policy
. Mobility Rights
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About ten of the items belong to the input and output classes, and the remaining
issues deal with the running or operation of the systems. Many of the systems operation
issues bear on intergovernmental relations. Another group has to do with efficiency to be
obtained through deregulation and/or assurance of a “level playing field” for competition.

On reviewing this list (and considering the many issues into which they divide), we
note (1) narrow definitions and (2) lack of attention to outputs. Issue 24 does have an
output orientation. It refers to development. But by and large the social and economic
purposes that transportation serves are not stressed. It is implicit that making trans-
portation efficient and controlling ills is all that is needed. Agreeing with Dupuit (1844),
who said “The ultimate aim of a means of communication must be to reduce not the
costs of transport, but the costs of production” (p. 63), we think policy ought to pay more
attention to outputs. His insight, stated conventionally that transportation is a derived
demand, is too often lost in transportation debates.

Control
Policy is a rule or set of rules for control. How do policy analysts think about control?

For one thing, control is usually applied to a system part rather than to the system. The
term cybernetics (which is the study of feedback and automated control) comes from
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Figure 2.5. Airfares since deregulation: small, medium, and large airports. (Source: U.S. GAO,
1996.)

the Greek word cubernetes, meaning pilot or steering or control. The word government
comes from that same word’s Latin translation gubernator.

Consider, for example, the deregulation of air transportation. While the firms have
been deregulated, there are other components of the system that have not been deregu-
lated. So it is not proper to say that air transportation as a whole has been deregulated.
Deregulation was intended to unleash competition and improve efficiency and service
quality. To what extent can that be done through partial deregulation? Although many
statements have been made about large consumer savings as a result of deregulation,
consultation of data gives fuzzy results.

The data are only a fragment, and they require some interpretation. Figure 2.5 shows
an upturn just after deregulation in 1978, though a general airfare drop followed over
the next decade, and figure 2.6 compares airfares to the costs of other modes. However,
it fails to show the long drop in prices from 1950 to 1978 (approximately a halving),
leaving the question of whether deregulation lowered prices, or if the price drop was
just a continuation of previous trends and efficiencies in the airline industry. That drop
largely reflected improved equipment and economies of scale on routes. There has been
the fitting of equipment and services to market niches. As a result there have been long-
term price decreases for services. The introduction of deregulation seems to have mildly
accelerated a long-term trend. Clearly, the airports most hurt were the smaller markets,
while large competitive markets benefited the most.

A second matter for discussion is how to select control instruments, and how those
instruments control. Control is often considered in a classic way. The system to be
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controlled is seen as moving along a development trajectory, and policy is to accelerate or
steer the trajectory (steer if there has been a perturbation pushing the system off its opti-
mal trajectory). That is a control problem very similar to the “man on the moon” problem,
and the Newtonian model applies (from ca. 1686 and Newton’s Principia). We agree with
the interpretation that policy makers and analysts tend to be Newtonian (Foley, 1990), but
we have never tried to explain that to a policy analyst, and would not dare to try.

An object has attributes of velocity (v), position (r), and acceleration (a). We can
move it along its trajectory, r(z), in any direction we want to. A point on the trajectory
is a state, and the objective of policy is to move from one state to another. That thinking
underlies the way policy is discussed. The debates concern desired states and ways to
move things. Time’s arrow has no meaning; a dynamic object is controlled by initial
conditions. So we accelerate transit development by pumping money into it.

The reader may react that ours is an outrageous and unneeded abstraction. We do not
think it is. A large proportion of the policy work we have experienced involves thinking
that the problem is to tweak the direction in which things are going (steer within a narrow
lane) or to accelerate by subsidies or decelerate by taxes. The change of structure and
behavior in fundamental ways is not considered.

We have also observed another way of thinking. It comes up in debates about trans-
portation and energy and the inevitability of congestion. Carbon fuels are limited in
supply, and they are being exhausted. A new facility is provided, and there is more
travel and we have not eliminated congestion. In these cases, the problem to be controlled
is that of managing a bleak future. The future is bleak because technologies are inherently
self-limiting. It is inevitable that things will get worse, and we must adjust expectations
downward.

Although we may be pushing the abstraction too far, perhaps the implicit model
is an entropy one, dating from Clausius in 1850. In particular, the second law of
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Figure 2.7. Coal consumption and production in the United Kingdom: forecast and actual use.
(Source: Jevons, 1866; Cipolla, 1973; Pollard, 1980; Munro, 2000.)

thermodynamics influences thinking, roughly: any physical system left to itself distrib-
utes its energy in a manner so that entropy increases; the available energy of the system
diminishes. Things run to homogeneity and death.

The theory of Malthus (1766—1834) on the inevitability of overpopulation and the
work of Jevons (1835-1882) on the effect of sustained growth in English coal con-
sumption represent the independent development of ideas that yield end-states similar
to those entropy-think yields. Jevons’s book, The Coal Question (1866), had wide influ-
ence. Jevons was highly regarded in academic circles, and government policy makers
paid much attention to his point that the growth of coal production driven by industri-
alization would soon exhaust English supplies. His broader point was that technologies
are inherently self-limiting. His was a theory of technology that continues to remain
valuable for many. He posed the policy issue: “we have to make the choice between
brief greatness and longer continued mediocrity” (p. 376).

Figure 2.7 is adapted from Jevons’s book and more recent data. It is presented here
because of its similarity to population, energy (e.g., figure 2.8), land use, and other
many other projections we have seen. The local coal consumption data track the pro-
duction data, although some coal is sent overseas. The magnitude of the forecasting
error is huge (observe the log scale on the y-axis). Similarly, as can be seen in oil price
forecasts, even when conducted by experts in the field, they tend to be extrapolations of
recent trends. Every forecast (from Delphi I to Delphi IX) expects prices to rise in the
long term despite 20 years of largely falling prices. This is not to say prices won'’t rise,
just that the forecasts have been consistently pessimistic.

How is this pattern of thinking reflected in policy? We hear debates about how we
are running out of petroleum (energy available for the system is diminishing), it is
assumed that the highway system is fully deployed (things run to homogeneity and run
out of steam). The only thing that can be done is to control boundary conditions (for
that is the way thermodynamic objects can be controlled) and accept mediocrity. So we
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Figure 2.8. Comparison of historical oil prices and Delphi forecasts. (Source: Nelson, 1997.)

control energy use in automobiles by seeking improved use of propulsion energy and
accept the mediocre service of congested transportation facilities.

This discussion is not saying that policy analysts should ignore resource matters, for
certainly resource questions drive important parts of policy agendas. We are discussing
self-limitations and inevitability. Again, the reader may think that our abstraction is out-
rageous and unneeded. The authors would turn that thought around and say: It is outra-
geous that we think about policy in physical system terms. We do indeed do that, even
though transportation systems are sociotechnological systems.

The broad point of this discussion of control is that people accept things as they are
and limit the consideration of policy instruments to those that can shift states and/or
change boundary conditions. Movement is along an equilibrium path. Those ways of
thinking are not wrong; they are just too limited. We can do much better!

Doing Better

The many social programs created or expanded in the 1960s provided windows for the
uses of social science knowledge. What was known could be used to cure housing
problems, improve education, solve urban problems, and do many other things. But for
many reasons, not all of which were related to adequacy of knowledge, applications of
the social sciences did not solve problems, and a considerable disenchantment set in.
Daniel Moynihan (1975) pressed for a change of view; his notion of “benign neglect”
became a working rule. As a result of perceived failures, researchers have drawn back
from claiming values for applications. In addition, current published work gives short
shrift to applications, and methodological contributions are emphasized.
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The 1960s rush to apply social science knowledge through policy did not affect
transportation very much. However, economics-based policy has long found an applica-
tions window in transportation, and was not rejected in the 1970s. Work by researchers
pressing for deregulation was well received and led to the transportation deregulation
movement of the late 1970s and early 1980s. In Western Europe and elsewhere, policy
that recommended privatization of government transportation assets was implemented
in the 1980s and 1990s. Today, congestion pricing represents an application of knowledge
directly to policy.

There is a long tradition of the study of government structure and behavior, in
political science and law in particular. One result is that policy problems are thought to
result from poor government structure, and their cure is to change its configuration. For
example, it was felt that the regulation of the airlines was dysfunctional, and the
disbanding of the Civil Aeronautics Board (CAB) was the result, a radical change in
structure.

The dysfunctional government structure view has much currency in Washington.
Indeed, the curing of government structural dysfunctions is often a motive for national
transportation policy studies. It is a motive for the reorganizations that occur frequently
in agencies.

The work of the Buchanan School has introduced economic reasoning into structural/
behavioral work (Buchanan and Tullock, 1962). It employs the well-known “free rider”
insight that economists use in discussing the structure of markets and market failures.
In political situations, the rational individual would not exert effort toward an end
desired by a large political group because that individual would share in the end even if
no personal action were taken. In a large group, the action of one individual is incon-
sequential. This reasoning helps explain why special interest groups are so powerful.
The intensity concept used by political scientists is similar to the free rider notion, and
political scientists emphasize how the geographical organization of political power in
the United States aggravates the intensity problem.

Iron Triangles and Aluminum Rectangles

In the United States, the national government structure comprises three branches: the
legislature (Congress), the executive (President and administrators), and the judiciary
(courts). Informed by the executive and in other ways, the Congress makes policy.
Policy implementation takes place within independent regulatory agencies or executive
branch departments. The courts interpret the intent of Congress, the relations among
branches of government, and government powers. That is the way textbooks put it.

Actually, policy is made by negotiation between those who are affected and those
who affect. The playgrounds for the formation and implementation of transportation
policy are regulatory agencies or units of departments, a subcommittee of the Congress,
and those who are regulated, for example, the railroads. The structure is so tight that the
words “iron triangle” have been used to describe it. It is a government within and partly
outside of government.

This iron triangle substructure provides the context for many studies of the interre-
lations of structure and behavior. That model of a tight substructure worked well in
previous decades for the trucking, maritime, air, intercity bus, and rail modes.
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However, things are now a little fuzzier. That is partly because the United States
Department of Transportation (U.S. DOT) has gained strength and has begun to advocate
policy. Also, the U.S. DOT has picked up safety regulation tasks, though the situation
differs by mode. Moreover, independent environmental and consumer groups now keep a
closer tab on transportation policy and try to influence it, moving us from an iron triangle
to what we might call an aluminum rectangle. As more players involve themselves in trans-
portation policy, the rigid policy structure becomes far less rigid. This has become most
pronounced in highway and transit policy since the 1991 Intermodal Surface Transportation
Efficiency Act opened up transportation policy making to many more players.

The Federal Highway Administration (FHWA) has worked hard to define its turf,
and it works hard to keep and expand what it has. Although the FHWA is only one com-
ponent of the truck—highway—user system and it must adhere to system rules, it can take
considerable independent action. It is a powerful creator and implementer of policy. On
the matter of turf, the Surface Transportation Board (STB) has no difficulty interrelating
with railroad fixed facility topics, such as route abandonment. It has not said a word
about the FHWA'’s debate with truckers over facilities suitable for large trucks. It would
not dare to, for highways are not part of the STB turf.

The FHWA and the truck situation is an example of an iron triangle (few outside
groups have involved themselves effectively in truck regulation, causing us to keep only
three corners). Other cases include the Army Corps of Engineers and its waterways and
wetlands and the Federal Aviation Administration and its airways and airport systems.
The Federal Transit Administration situation is a little different because of scale. Transit
regulation triangles historically have been local ones, with local public utility commis-
sions or similar agencies having regulatory functions. Recent changes have reduced the
strength of these arrangements, and have created national sets of relations.

One trend in the United States is increased interest of the DOT in policy making and
implementation. The DOT and the OMB more and more exert their influence on policy
and regulation, with varying results. The DOT had considerable influence on the
Interstate Commerce Commission (ICC) de facto deregulation of the railroads.

Structure plays out differently in other nations, of course. Even so, other nations usu-
ally have a regulatory organization, and special interest groups (such as highway lobbies)
have their say (Hamer, 1987). In some, there is the “white paper” style of policy analysis.
In many other nations, systems are (or were) nationalized, especially railroads. The iron
triangle concept does not have the inside government/outside government split found in
the United States, that is, government is regulating inside-government railroads. Is there
more “government versus those who are governed” conflict in the United States than in
the nationalized system case? It would be hard to show that there is.

Discussion

We have suggested above some models used to guide policy thinking. Just before that,
we discussed the purposes of policy: why do we create and implement rules to control
systems? If there are dysfunctions something is wrong, and policies seek to manage or
correct wrongs. Our brief remark on improving what systems do that is worth doing
introduced another aspect of the purposes of policies. They seek improvements going
beyond correcting wrongs.
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This section will not rehash those remarks. It seeks to emphasize the ways equity and
efficiency issues are seen in the minds of beholders and the roles they play in debates.

Imagine being at a conference table or in a public meeting where policy is at issue.
You wish to understand what is being said and why. What we have said thus far is help-
ful. People do come from a vision of what is wrong, and they apply their calculi of how
things work to make suggestions. People operate with their own mythologies and
systems of metaphors (described in box 2.3). They work toward the “supreme good.”
They also frame their suggestions (or countersuggestions to what others have said) in

BOX 2.3 Symbolic Systems

Moving from the way the world works to the way it is represented, symbolic systems and
images provide the tools used to simplify the complex world; the tools translate com-
plexity into “common sense” and then provide a common-sense basis for actions. What is
wrong and what to do becomes simple and transparent. Richmond (1989) applies the
extensive literature in semiotics and linguistics to transportation.

Richmond provides concise discussions of symbols, images, and metaphors. In brief,
symbols are instruments of thought. They are partial information that can provide a gate-
way to a larger pattern or may be part of that larger pattern. For instance, a symbol on a
map provides a gateway to the reader’s knowing that, say, a park or a freeway is present;
such a symbol may also be part of the larger pattern. It may show the extent of the freeway
network or of a park. The point is that symbols allow one to conceive objects, so once we
see the symbol for a freeway we see beyond the symbol to the larger object.

A sign acts as an announcer, for example, ENTER FREEWAY, CURVE AHEAD,
RAILROAD CROSSING. It does not always lead the reader to conceive the subject. It is
quite different from a symbol, although a sign may introduce a symbol. An image is inter-
twined with a symbol, it is how a symbol is understood. One abstracts from the pattern
brought to mind by the symbol using a calculus of images to make sense out of the com-
plexity a symbol represents. A symbol on a map brings forward the pattern of a freeway.
One then understands that pattern using images that abstract from the larger whole. The
image held by a pavement expert might differ from that held by a traffic engineer or an
ordinary user. The Transportation Security Administration symbol (figure 2.9), a stylization
of their uniform, brings the military object to mind. The hope is, of course, that images of
heroic officers will encourage airline passengers to cooperate.

One tool we use is a metaphor, one thing standing in place of another. A metaphor
permits our drawing on a variety of experiences and applying them to a new situation. We
might say, for example, that Brunel did a Stephenson (the developer of the first railroad,
whom we will meet in chapter 6) when he developed steamships for the packet trade. That
is very useful. It is a heuristic fiction that names, frames, and connects what Brunel did.
The birth, growth and development, and maturity metaphor is useful.

Schon (1963) uses the notion of “generative metaphor” to describe the development of
social policy. Participants in the policy process tell stories about what is wrong and how
things can be fixed. These stories are metaphor based, and the naming, framing, and fixing
of problems reflect the metaphors behind the stories. In policy discussions, metaphors
serve to cut through and organize complexity; they also execute a normative leap. They
pinpoint what is obviously wrong, and they make what to do also seem obvious.
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BOX 2.3 Symbolic Systems—cont’'d

Richmond (1989) also addresses the myth that rail transit can alleviate the transporta-
tion problems of Western cities, Los Angeles in particular. What is a myth? Symbols direct
us to particular conceptions of objects, images form the impressions we draw about the
objects, and metaphors frame and structure these. The result is a myth. Richmond’s study
involved interviews with political actors in Los Angeles, and he uses extensive quotes to
show the images of trains: “powerful,” go “whoosh,” “straight through.” He presents an
aside on the sexual potency of the technological power of a train. A train is interesting
because it is imaged as a “she” as well as a penis symbol. Inquiring into the way symbols
and images are organized in metaphors, Richmond refers to the organic metaphors so
often used in transportation (e.g., arterials, free flow). He stresses the metaphor of the
body in balance. The body and its transportation system is not in balance or equilibrium
because the circulation is congested. Trains are needed to get circulation in balance.

We think that it is helpful to consider metonymies because they may serve as a building
block for images. A metonymy is the use of the name of one thing for the name of another,
and that is not the same as a metaphor. It is contiguity/association based. For a simple
example, we might refer to America’s land resources, although the land is actually owned
by many people. Metonymies shape images. The rugged cowboy grins, sits on a horse in
a beautiful western landscape, and smokes a cigarette. The cigarette takes on the name of
the landscape and all that. Automobile advertisements show sport cars going fast on
California rural roads; family cars are shown in the driveways of expensive houses. Sport
cars have the meaning of going fast on rural roads, and family cars are the good suburban
life. We think metonymies play a major role in shaping transportation images. Have pho-
tographs of BART with the Bay Area landscape in the background shaped mass transit
policy? We think yes, just as photographs of Shinkansen (new train) bullet trains with Mount
Fuji in the background and flowers in the foreground have shaped interest in high-speed rail
proposals.

We think that there are differences in the metonymies typically associated with the
modes. A bus runs in a grubby place, streetcars and trains run (are imaged to run) in the
country or in beautiful suburbs and malls connecting to vibrant, but not too crowded,
downtowns.

Why do attitudes change? For example, cars used to be good things, now they are bad.
Perhaps that is because the metonymies change. In the early days cars were much used for
touring, they were associated with the countryside and were imaged as carefree exploration
of the countryside. Cars were viewed as much superior to the train for touring. Today, cars
and congested freeways go together, at least in the debate on transportation problems of
large cities. Some now argue that to be carefree you must be car-free.

Symbols direct us to particular conceptions of objects, images form the impressions
we draw about the objects, and metaphors frame and structure these. Richmond (2003)
says the result is a myth, but many political leaders and voters in Los Angeles say the
contrary.

When Darling (1980) said that policy had been transformed into a kind of “witchcraft,”
it seems that he was commenting on processes involving Schon’s generative metaphors,
the metaphors used to name and frame policy problems. Darling saw naming and framing
as witchcraft.

(continued)
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BOX 2.3 Symbolic Systems—cont’d

Because reasoning involves naming and framing, and that naming and framing is based
on symbols, metaphors, and so on, the results of all reasoning must be myths. The results
of reasoning are artificial constructs. That reasoning leads to the conclusion that all trans-
portation knowledge and policy is steered by myth. While that conclusion must be true, it
is destructive and immobilizing. If everything is a myth, why bother? Surely some myths
are superior to others; while not generally agreed to, Richmond’s and Darling’s myths are
superior to the wisdom generally held. Why? The obvious answer is the analytic content
of Richmond’s and Darling’s knowledge. Analytic knowledge lets us see many myths,
such as railroad management tried to discourage passenger ridership, regulation was
forced on the railroads, expansion of transit would be energy efficient, and so on.

Who generates myths? Who is using metonymies, constructing metaphors, and engaging
in the policy debate? Who is debating policy? White-collar urban planners and politicians
engage in service activities and commute to congested office districts. The nature of their
transportation problems and their solutions thus follow (Hillman, 1979).

Politicians adjudicate the interest of differing publics so the balance metaphor may
be especially appealing to them. Urban planners also have balance upfront; they are
attracted to certain metonymies and images, such as the “right” kind of urban landscape.
Nowadays, urban transportation planners use the Urban Transportation Planning (or UTP)
process; process and equilibrium metaphors are valued. If trained in engineering, trans-
portation planners have a classical, Newtonian physical science worldview. Nature is
orderly and exact; it doesn’t change by leaps and bounds. Aristotle said in about the year
300 B.C.: “Nature does nothing in vain.”

Because nonengineers engage in the policy process and their experiences are different,
we suppose that there are classes of myths: economists’ myths, urban planners’ myths,
environmentalists’ myths, traffic engineers’ myths, politicians’ myths, transportation
analysts’ myths, and so on, because there are different modes and these operate in different
situations. We sense that these suppositions are true, but have explored their content only
in a casual fashion.

An important point is that it seems that some actors’ myths have more authority than
myths held by other actors, with authority varying from situation to situation. This spec-
ulation contradicts the statement above that authority is gained from the analytic content
of myths. The contradiction is easy to explain. Analytic content appeals to some, such as
the authors. Others give authority on other grounds.

light of their fragment of the transportation experience. If they are working, say, on
airport design in response to congestion, that experience frames their views of the air
transportation system and of transportation in general.

But it seems that there is something more, something beyond the “supreme good”
suggested by Cicero in this chapter’s opening, and the influence of experience. Some
rules are telling them exactly what to say.

By and large, we would reject the implication that personal or institutional interest,
greed, or something like that is shaping remarks. Rather we think that they are making
equity and efficiency tradeoffs (see figure 2.10). Those tradeoffs guide “ordinary
behavior.”
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Figure 2.9. U.S. Transportation Security Administration:
security procedure image. (Source: Transportation
Security Administration website, accessed in 2003.)

Efficiency
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Vertical Equity Horizontal Equity Figure 2.10. Efficiency and equity
Social Worker State Highway Manager space.

Horizontal equity has a spatial or among-places content; vertical equity has an
interpersonal or among-actors of different classes context. Efficiency at either micro or
macro levels has to be traded off against equity of different types.

Returning to our imaginary conference table or public hearing, we hear an owner-
operator trucker demanding that policies be imposed to reduce the cost of short-term
chassis rentals or a small airport operator demanding facility investment subsidies. In
our experience, greed is not the reason for such demands, although at first glance it may
seem to be; rather it is rules about equity and efficiency.
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Make no little plans. They have no magic to stir men’s blood and probably themselves
will not be realized. Make big plans; aim high in hope and work, remembering that a
noble, logical diagram once recorded will never die, but long after we are gone will be
a living thing, asserting itself with ever-growing insistency. Remember that our sons
and grandsons are going to do things that would stagger us. Let your watchword be
order and your beacon beauty. Think big.

—Daniel Burnham, Chicago architect (1864—1912)

Introduction

This chapter treats the planning aspects of the transportation experience. By way of
example, it concentrates on the urban experience. Our objective centers on methods for
planning today’s and tomorrow’s transportation systems. However, the characteristics
of systems, their problems, and protocols for management of their problems have
ancient beginnings. For example, the analyst setting out to improve international trans-
portation would find that traditions affecting credit and money transfers, legal respon-
sibilities, and liability can be traced to Greek and Roman legal and commercial
practices and even earlier. The modal histories are given in later chapters, which will
describe the emergence of planning in each specific mode.

What comprises planning and what comprises policy are not always clear. To be
brief, we think of policies as rules for behaving, and plans as the schematic of the
desired outcome. Thus policies focus on the process and plans on the product.
Obviously, process affects product, and products shape future processes. Nevertheless,
they are distinct things that are too often confused (especially by those who do policy).
Planning emerged from the design professions (engineering, architecture, and landscape
architecture). However, as the profession of planning has matured, it has been slowly
captured by the process professions (law, policy analysis, management, economics).

Planning itself does not create products; it only specifies how products should be
created. The plan may say what should go where, and which should come first. A plan
is thus a blueprint for building something and a schedule for building it. Plans are
applied in all fields of human endeavor, but we are most concerned about plans for
transportation systems and networks and plans for cities and other places. Those two

34
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types of plans (transportation plans and land use plans) are now done by different
professions, and this chapter investigates why.!

Urban Transportation

Early on, cities serving government, military, church, and/or local market functions
were scattered about. The commercial revolution pushed the growth of those suitably
sited either for transfer of goods by water or to hinterlands served by roads.
Industrialization again pushed the growth of those cities as well as cities favorably sited
relative to industrial resources such as coal. However, lack of internal transportation
affected urban structure (Konvitz, 1985). Pittsburgh, Pennsylvania, for instance, was not
in its early days an integrated city as we observe cities today. Rather, it was a collection
of interdigitated, but largely independent, mill towns and commercial centers.

Around 1910 the automobile populations of cities began to grow very rapidly
(St. Clair, 1986). As a result, several urban transportation planning activities were put
in place.

The stage through the 1920s for these activities was very rapid urban growth (see
figure 3.1), the centralization of income and wealth in cities, and the emergence of new
concepts of planning and management, especially the progressive government move-
ment. There was the grand notion that scientific principles could be used in planning
and management to achieve efficiency.

By 1920 there were 6.7 million motorized vehicles in the United States (about 60
percent urban), a number that was to grow to about 23 million by 1930. That was about
four urbanites per vehicle.
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Figure 3.1. Population of the United States (in millions).
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Transportation and Traffic Planning

Just about every city of some size undertook transportation and traffic planning during
the 1910s or early 1920s to reconstitute streets for automobiles. Plans were sponsored
by civic organizations, “great” men (such as Daniel Burnham of the opening quote)
were imported to make pronouncements, and a fancy report followed. Typically, the
first chapter said “What a fantastic city.” Following chapters provided and discussed
maps of arterials and land uses. Technical materials then provided street designs,
including drainage, bridges, lighting, and so on. The plans also had fiscal and institu-
tional recommendations. Local streets were to be paid for by special property assess-
ments. Arterials were funded from citywide taxes. The city engineering office was to
execute the plan.

These authoritative plans were very successful, and welcomed by various types of
clients. The plans dictated what to do and how to do it. The imprint of these plans on
cities can be seen today.

Plans met the expectations of social critics. Foster (1981) points out that the auto-
mobile was welcome for many reasons, among them to reduce crowding and social ten-
sions, to lower housing costs, and to increase access to air and light.

Finally, plans were consistent with the ways previous tasks had been undertaken:
improved water supply, drainage, sewage works, streets, and the rebuilding of cities
following fires. They were based on learning, and they took advantage of institutional
resources already developed. Schultz (1989) makes the point that the institutions and
procedures developed to handle public works construction and operations formed the
core resources for planning.?

A new activity emerged—traffic studies responding to the failure of capacity addi-
tions to solve capacity problems. The transportation and traffic studies of the 1910s and
1920s did lead to the construction of physical facilities with the assumption that the
facilities would handle the traffic. They did not. So the cities began to commission a
new type of study. The review of a typical study will be helpful.

Sponsored by the Chicago Association of Commerce, Miller McClintock’s
Metropolitan Street Traffic Survey (McClintock, 1926) is an example study. It was done
in the great man/powerful sponsor style. The Association of Commerce was the spon-
sor; McClintock, Director of Street Traffic Research at Harvard, was thus the great man.

The existing situation was surveyed:

* Street use and congestion

Factors complicating traffic flow

* Costs of congestion

* Traffic accidents and accident control
 Parking and pedestrian problems

* Traffic policy problems

* Traffic signals and signs

¢ Administration

* Traffic courts

The study recommended an ordinance that would:

* Create a division of traffic engineering in the department of public works.
* Reorganize the traffic division in the police department.
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* Standardize signs and signals.
* Improve traffic law enforcement.
* Create a city traffic commission.

Again, studies of this type were common during the 1920s, and they continued with
an intensified traffic safety flair into the 1930s. They did not address financing, their
recommendations were mainly operational in type, and beyond the passing of the ordi-
nance (a city council matter) they split the responsibility for execution between two
institutions, the police and public works departments.

Although traffic engineering had begun to take on an analytic stance during the
period when these studies were done, there was a mismatch between the scientific fact-
oriented views in the Federal Bureau of Public Roads and the style of the traffic stud-
ies. The Bureau developed facilities; the output of the traffic study was an ordinance.
Traffic studies proceeded in the “great man” style; the Bureau’s style was different.
Where the Bureau had been involved in urban areas (very rare), the Bureau study style
was different. Whatever the reason, this round of traffic studies in the cities had little
lasting impact apart from forming a market for the development of traffic engineering
(Eno, 1939).

The plans and their execution by city engineering departments tamed the problem of
the deployment of urban streets, but not traffic problems: the building of facilities did
not take care of congestion, while traffic safety problems remained. Consequently, in
later decades the traffic problem emerged and reemerged, and management of the traffic
problem diverged somewhat from the management of the road infrastructure problem.
We shall refer again to the traffic debate, although it will not be pursued particularly in
the discussions to follow.

City Planning

Although city planning has ancient roots, it is proper to remark that it also came into its
own in the first decades of the twentieth century, sometimes sponsored by city govern-
ments and sometimes sponsored by groups of concerned citizens. At the turn of the
twentieth century, planning was highly aesthetic in orientation. The reasons seem
numerous: the classical education of many social and economic leaders with interest in
the architecture of Rome, Greece, and Egypt; the impact of the 1893 Chicago World’s
Fair with its emphasis on civic ideals; and the view that beautiful environments would
uplift men’s souls. So cities planned and built great regional parks, parkways, ornate
civic centers, and museums. Frederick Law Olmsted, Daniel Burnham, and Arnold
Brunner were leaders in that “city beautiful” movement (Wilson, 1989).

The city beautiful movement was badly damaged, although not dead, by the end of
the first decade of the century. What seemed to have stopped it was the realization that
in spite of monuments, haphazard growth was leading to many thorny infrastructure
problems and that lofty ideals and monuments were not so relevant as were plans and
designs to efficiently control growth and deploy needed facilities. Actually, the conflict
between the practical and the aesthetic in design was longstanding. Pierre L’Enfant, for
example, found his plan for radial streets in Washington, D.C. (reflecting a quasi-
organic baroque city notion) in conflict with Thomas Jefferson’s gridiron pattern of
roads (an ordered city). L’Enfant was later fired over an environmental conflict (trying
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to run New Jersey Avenue through the newly built house of a signer of the Declaration of
Independence). Matters such as these are discussed in several histories of city planning
(e.g., Reps, 1965).

The “city beautiful” versus the “city practical” (or “city efficient”) debate of the
early 1900s saw advocates of ideas debating and pushing their worldviews. Frederick
Law Olmsted was one of the more successful of the former. As a landscape consultant,
he produced designs for dozens of cities, often working with others. In addition to pro-
ducing plans that advocated his concepts, he debated in the literature. In contrast, the
advocates of rational planning mainly did not use the medium of plans, with Nelson
Lewis a notable exception; rather, they wrote (e.g., Ford, 1911).

The present incarnation of U.S. city planning emerged in the State of New York. In 1926,
the State Legislature passed a bill enabling cities to engage in a planning process with the
elements of that process spelled out in the legislation. Cities were to adopt official maps,
create planning boards, improve and maintain records of plats, and undertake zoning.

The city planning movement affected transportation; the New York case is illustra-
tive. The Regional Plan of New York and its Environs (produced by the Regional Plan
Association [RPA], an elitist, nongovernmental group that had major roles in urban
street and transit affairs) pushed the legislation. The argument for passage of the legis-
lation was mainly transportation in content. The RPA argued that something had to
be done to coordinate street development, manage the differences between public and
private streets, and assure adequate street widths and street layouts. Issues of zoning,
plats, and so on, had a somewhat secondary role, and they came in because of their
transportation relevance. Transportation questions were also highlighted as other states
passed enabling acts for city planning, and most of the legislation referred to trans-
portation and land use planning. So transportation was an important matter in the
genesis of city planning agencies.

The rapid adoption of city planning enabling acts by the states was assisted by work
at the U.S. Department of Commerce. In the late 1920s, the U.S. Department of
Commerce published a model enabling act for planning, created a Bureau of Planning,
and issued publications to assist the states and cities in undertaking planning.

There is a second way that transportation steered the development of city planning.
Large cities began as a collection of neighborhoods, and in the early days these were
mostly self-contained. There might be a mill or some other type of employment oppor-
tunity, with workers and managers housed nearby. Shopping and recreation opportuni-
ties were also close. Horse trams and streetcars changed the scale of those
neighborhoods, and they also enabled specialized downtown functions—shopping,
banking, and so on. Next, the automobile brought a major change. It offered an order
of magnitude more mobility than precursor technology and enabled the development of
residential areas some distance from workplaces, the suburbanization of workplaces,
and many other changes. The effect was to enable the development of areas with
relatively homogeneous land uses.

Homogeneous land use was particularly valued for residences because individuals
tend to select residential sites according to peer group criteria. Additionally, the exter-
nalities of noise, smoke, and so on associated with some land uses are particularly
obnoxious in residential areas. Zoning took on the job of controlling externalities, and
zoning and land use control began to be the central preoccupation of urban planning
agencies.
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In addition to supporting the emergence of relatively homogeneous land uses, there
was direct consideration of transportation in planning agency efforts. First, a land use
may have undesirable externalities because of traffic generation and the loads imposed
on parking facilities. Planners and planning commissions give much attention to these
matters. Second, there are transportation planning (or design) facets to subdivision
developments. Some designs provide better sequestering of neighborhoods than others
and fit the overall travel pattern in the city better than others. City planners have long
attended to these matters, initially through the hierarchy of roads, now under the guise
of traffic calming. Third, many city planning departments did engage in citywide
transportation planning and extended their interests to facilities such as parkways,
expressways, and freeways.

The early days of city planning saw priority given to creation of the official map and
zoning regulations. This was a time-consuming problem because it required the coor-
dination of existing records (as well as a fair amount of leg work). Concerns about lack
of coordination of infrastructure that lay behind the creation of planning activities
tended to diminish as the Great Depression came along and growth ceased in most
cities. Also, in undertaking transportation work there was the potential of turf battles
with existing public works agencies, and planning agencies were likely to be wary of
these. Historically, when turf battles emerged, the engineering agency was usually the
winner—the planning professional was overwhelmed by the technical arguments of the
city engineers (Altshuler, 1965). However, this has diminished in recent years as envi-
ronmental agencies have established technical arguments that the transportation engi-
neers cannot counter. Ultimately it becomes a question of values as much as of facts, and
preferences of citizens and decision-makers have changed over time as transportation has
matured.

Even though transportation did not enter much into early planning agency work, it
was on the agenda. It was on the minds of early public works engineers who worked in
city planning, such as Harland Bartholomew. With the resurgence of city growth after
World War II some city planning agencies began to make large plans for major trans-
portation facilities. This aspect of their transportation initiatives, however, was coopted
by the federal government and metropolitan area planning—a matter that we shall
discuss.

Other Varieties of Urban Transportation Planning

It should be remarked now that what we have discussed up to this point is not the whole
story. First, we should remember that a role continued during that period for civic plan-
ning groups—the Metropolitan Housing and Planning Council in Chicago, the Regional
Plan Association in the New York City area, and SPUR and the Commonwealth Club
in San Francisco, for example.

Some varieties of transportation planning were not mentioned. The urban railroad
problem was an important one. On the passenger side, there was an effort to coordinate
service and promote “union” stations. With the growth of the city and development of
truck services, downtown teaming yards became obsolete. Also in the freight area, there
were problems of coordinating movements among railroads and congestion caused by
the operation of freight trains in crowded urban areas. Effort was given to the planning
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and deployment of railroads that would circumvent urban areas (belt lines) and/or pro-
vide better coordination of existing lines and facilities.

Urban airports started out as small facilities located on what was then the fringe of
the city. Cities grew and larger facilities were needed, and planning and development
activities commenced during the 1930s after service became available from DC-3 type
aircraft. The Hopkins Airport in Cleveland was a development that many cities
attempted to emulate (Barrett, 1987).

Maritime port development was also on the agenda of a few cities. By the 1920s,
inland waterway traffic was dwindling and there was not much interest in inland ports
except for those on the Great Lakes. (Traffic later expanded in the 1940s and 1950s as
larger dams and locks were constructed.) Although there was congestion around mar-
itime ports, especially those with closely placed single or finger piers, technology
development of maritime transportation stagnated and port development problems were
not on many agendas. Where there was demand for development, much was accom-
plished (Konvitz, 1978).

Finally, there is urban transit planning. During the first two-thirds of the twentieth
century, not much new urban transit was deployed, although much was deprecated. As
we shall see later, fleet conversion issues, financing issues, and ownership issues, which
were as much policy as planning, dominated the conversation.

Planning: Who Controls the Turf?

As with most public works, the technical planning turf in transportation largely belongs
to engineers. Planning applied elsewhere (for instance, health services, educational
services, and land use) belongs to others. There is nothing surprising about that.
Planning is organized in knowledge areas, and each domain holds special advantages
embodied in notions of processes, available techniques, and professional traditions.
Knowledge areas also have resources of institutional and financial arrangements. So, as
expected, medical or paramedical professionals do health facilities planning, and
macroeconomists play prominent roles in national economic planning.

We have observed that engineers played key roles in the development of urban plan-
ning and that transportation considerations loomed large in the creation of urban plan-
ning. For example, the first national conference on city planning had the title “National
Conference on City Planning and the Problems of Congestion.” Things have changed
since then: engineers are only tangentially involved in city planning. Transportation
planning, the engineers’ domain, is a thing apart from city planning. So we have two
questions: why did civil engineers give up involvement in city planning, and why did
urban transportation planning become an engineering—planning activity apart from city
planning?

Simple answers to those questions are:

1. that engineers gave up interest in urban planning after they found that rational analysis
failed when applied to social problems, and/or

2. the pendulum had swung too far from aesthetics as embodied in the city beautiful
movement and engineers’ talents missed the mark of the middle ground. Even so, engi-
neers continued in the transportation planning field because of its technical content and
the need for rational analysis.
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These explanations must have some truth in them, yet they are insufficient. They beg
the question of how the fields of urban planning and urban transportation planning were
claimed and divided. Moreover, this division is not permanent; fields encroach upon
one another.?

Our second question is the extent to which the power of concepts (memes) explains
turf wars and their outcomes? Is there a Darwinian survival of the fittest at work? Do
the most appropriate concepts and techniques devour less appropriate ones?

Our questions are large ones. We shall deal with them by restricting their scope, dis-
cussing rational analysis applied to urban planning. We shall see that the engineers gained
and then gave up the turf. We think that was not so much the result of a Darwinian com-
petition between concepts and techniques as it was the engineers’ views of their social role.

Rational analysis refers to the application of science and its techniques to practical
problems. This is analysis in the tradition of Galilei Galileo (1564—-1642). Galileo gave
attention to topics in structural engineering, but the development of the rational analy-
sis tradition in civil engineering is usually dated from John Smeaton’s work
(1724-1794). Smeaton is regarded as the father of British civil engineering and (thus)
the grandfather of U.S. civil engineering. Careful problem definition, experimentation
and testing, and calculations using physical laws marked Smeaton’s work.

We refer above to the conflict between Jefferson’s rational analysis and L’Enfant’s
aesthetic design work, and also to the “grand designs, city beautiful” mode of architecture-
based urban planning. The city beautiful movement in urban planning gave way to
rational planning in the early part of the 1900s. One has to conclude that the debate was
over the power of concepts, but perhaps the real issue was that of the image of what
ought to be done. The early 1900s saw the birth of the progressive movement, and
rational planning gained the turf because it was consistent with the progressive move-
ment, the idea that “Things ought to done in a progressive way!”

The debate is well documented, and some references to the debate were given ear-
lier in the chapter. Ford (1911) states the rational case, and Olmsted (1910) states the
design case. The high ground, so to speak, was taken by Nelson P. Lewis (1916), who,
more than any other person, argued that planning should focus on the physical facilities
of the city, and the planning and deployment of those facilities should use sound engi-
neering. His argument coupled nicely with the then growing interest in the application
of science to business; human factors and industrial engineering began to permeate
industry. In addition, it coupled with the progressive movement in city politics.
Concerned publics were beginning to argue against the politicizing of urban govern-
ments and for the use of experts to manage and operate technical programs (and for civil
service-like arrangements for managers of other programs). Because of these couplings,
Lewis’s influence on city planning was enormous (Stine, 1981).4

In spite of these developments, engineers did not retain urban planning. They with-
drew to public works. The Lewis tradition passed to urban planners.> Was the
engineers’ withdrawal forced by the lack of efficacy of engineering approaches or did
engineers give up the turf because it did not fit their sense of social role?

An argument that is an alternative to the “lost interest in a social role” argument
begins with the hypothesis that civil engineering concepts and techniques were inap-
propriate to a social role in the urban planning context. What is the extent to which the
power of concepts or paradigms from different fields clash and the stronger drives out
the weak, as in the world of Darwin?
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Rational analysis is beloved by civil engineers, and one may say that it obviously
does not fit artificial or sociotechnical systems. That may seem true. But when one
looks at what is called “rational analysis,” much of it is empirical. Empirical statements
can be made about anything—urban land use just as well as the strength of concrete.

One might say that engineers are “nerds” or “geeks” and do not fit the kinds of social
situations found when one is in social roles.® That is true overall, but professionals self-
select their field of specialization: they want fields that fit their self-perceptions. So
if civil engineering had a social role, then those who are politically effective would
populate it.

We have a “perhaps civil engineers lost interest in a social role” conjecture. The
alternatives that rational analysis does not fit social roles and that civils have the wrong
personality seem weak. So we have the not very strong conclusion that the civils lost
interest in urban planning because they backed away from social roles.

In applied fields, such as engineering and planning, outside criteria of success or
applicability apply to a greater degree that they do in the sciences. For instance, irriga-
tion engineering was established as a division in civil engineering in 1922. Outside cri-
teria at the time said that irrigation was a great thing. Times have changed. Irrigation
engineering still exists, but it has retracted and been encroached on by others.

We shall explore the temporal pattern of tasks as a system is created and deployed.
Product engineering gets attention early on, for instance, designing bridges or ships.
Process technology gets attention later, for instance, how to plan and construct systems.
As a system moves to maturity, standardized products are tailored to their markets—
market channeling.

Today, most transportation systems are well deployed and mature. As seen by out-
siders (and too many insiders) the task is market channeling; for instance, get the capac-
ities of the traffic signal system just right, balance the fine detail of airport capacity with
demand, improve truck service schedules, and rebuild container yards. But in a mature
system these are not as important as the tasks of managing a static system, and econo-
mists, entrepreneurs and managers, and financiers (rather than engineers) are experts on
the management of such systems. Given a static production set, certainly the applica-
bility of economics is strengthened versus engineering.

Those who say that present problems are not so much engineering as they are social
or economic are, in our judgment, not so much commenting on the changing outside
environment as they are on the state of the system. The system is in a phase where the
comparative advantage goes from engineers, who are good at designing physical
infrastructure systems, to those who know about management, and how to handle social
systems.

Critiques

[T]he operating expenses from bad railroad location come by a gentle but unceasing
ooze from every pore which attracts no attention. . . . Errors . . . are not likely to be
discovered . . . the consciousness that there is danger of error becomes dulled.

—A. M. Wellington, The Economic Theory of the Location of Railways (1906), p. 3

By reviewing later chapters (and thus reading the book out of sequence) we can
note what was accomplished in each of the modes by 1900. Small project planning
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know-how emerged as early ports, toll roads, canals, and railroads were developed.
Engineering consultants did the planning; often they took part in construction. As the
needs and opportunities for larger projects emerged (e.g., the Suez Canal, Sault Ste
Marie, Union Pacific Railroad, ports to accommodate larger liners), projects became
larger in scope. More complicated engineering designs were required, as were more
complicated fiscal and management plans. Project analysis techniques were improved.
Systematic work was begun on the interrelations of transportation and other activities,
for example, by researchers interested in location theory.

It is not too early to begin to forge templets for critiques. We use the word templets
in the plural because planning is diverse. The word “templet” suggests something with
a shape or a figure in which things are to be fitted, and we have in mind criteria about
how planning puts things together and fits the situation.

Many endeavors link a perceived opportunity with a development. The clients (who
used the plan and gained or lost from its implementation) and the sponsors (who wanted
it) were the same. If we ask “Did it lead to action?,” the combination of client and spon-
sor into a single individual or organization greatly increases the probability that a plan
will be implemented.

It should be noted that the words “client” and “sponsor” make useful metaphors.
Who was the client for a transportation and traffic plan of the 1910s and 1920s? The
immediate clients were the sponsor and the city council that would implement pro-
grams. But the urban population should be counted as a client also. Does a plan meet
the needs of clients and sponsors? That would seem to be the question that precedes the
“Did it lead to action?” question.

Implementation is one criterion. A plan is implemented, and we then ask “Is the
result successful?” That question has a “Relative to what?” content. Whether plans are
financially successful depends on their context. Many projects were undertaken as sys-
tems were deployed, rapid growth was under way. Because of market growth, success
would be expected. How could the planner go wrong?

However, the fact is that a lot of plans were accepted and projects implemented that
were not financially successful, rail and port facilities in particular, and also some canal
and toll road developments. In a networked system where there are cross-subsidies
among links, lack of success may not be obvious.

What is “a lot that were not successful?” We have never seen numbers, and
they would be difficult to obtain. But the literature is full of references to failures. In
some canal and port instances the engineering aspects of plans resulted in unexpected
expenses and/or shortfalls in performance. The lack of enough (inexpensive) water for
canal operations is an example. These instances do not seem to have been numerous.
We would not expect them to be, for there was a build-up of technical expertise as proj-
ect followed project.

Most failures appear to have resulted from the project scope of planning and, thus,
the lack of system considerations. Development of a network link (say, a rail route from
here to there) or a transshipment node (say, a port) might seem favorable in a project-
scoped context, but prove not to be successful because of changes elsewhere in the
system. That is clearly the case for ports, where projects were implemented although
developments elsewhere did not bode well for the implemented projects. Sometimes, of
course, system-scoped considerations boded success. Consideration of how the Suez
Canal would interact with sailing routes around the Cape of Good Hope and the Horn
of Africa said it would certainly be successful.
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There are dynamic system considerations. As the market becomes saturated and as
most opportunities have been taken up, success becomes increasingly harder. The pres-
ence of agglomeration economies and route and node economies of scale works two
ways in this situation. First, existing, competing facilities may have scale economies
supporting their viability. Preexisting agglomeration economies and/or route economies
of scale may so enhance competing facilities as to make the outlook for new facilities
bleak. Second, projects late in the game often incorporate superior and expensive attrib-
utes in order to lower unit costs. To get those lower unit costs, high volumes of use
are needed. That is the case today with high-speed rail schemes. This creates a risky
situation.

Economies of agglomeration refer to the accumulation of advantages. The early
development and activities of the ports in the Bay Area, for example, enhanced the
growth of banking, brokerage, ship repair, freight forwarding, insurance, maritime man-
agement, and other activities. The advantages held by the port facilities were, in turn,
enhanced by these activities.

The discussion has emphasized scale and agglomeration economies, but the point is
that the life cycle dynamic affects the likelihood of planning and project success.

There is a network morphology dynamic to be noted. In the case of toll roads, there
is a corridor, say, between two major commercial cities (as shown in figure 3.2). Early
toll roads targeted end-to-end links along the corridor. For instance, the need for
improvements might be greatest in link D-E, and a toll link is introduced there first. As
other links are filled in and as collector-distributor roads are improved, say, H-D projects
work toward marginal returns.

In the case of canals, river basins form the context, and link-by-link improvements
are made. For two basins, at some point the question of an upland link enters (a link
between two river basins). Such links are generally expensive; for example, water sup-
ply is a problem in upland areas, and there are the uncertainties of traffic between
basins.

Discussion

The scorecard on system-scoping of planning shows mixed results. There are several
ways we can use the word “system.” First, one might say that we have a system plan if
we deal with the hard (facility) and soft (management, financing, control, etc.) aspects
of what is to be done. Many plans achieve that system view, although what are called
plans often deal only with specific subsystems.

Major Major
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Figure 3.2. Step-by-step toll road improvements.
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We can also ask if a plan dealt with the mode as technological system; that is, did it
treat guideway-fixed facilities, equipment, and operations aspects of the mode? The
railroads did, but other plans mainly focused on guideways: canals, dock facilities,
roads, and so on. Equipment and operations were (and are) taken as givens.

Plans were mainly link- or node-scoped. As rail service matured, questions of viable
subnetworks owned and operated by individual firms were not handled very well. The
introduction of Interstate Commerce Commission-style control was an attempt to con-
trol behavior using common law precepts. The question “How do we manipulate the
network so as to manage problems?” was not raised until 1920.

A project here affects things there. More generally, the development of the railroads
affected the fates of canals and toll roads. The latter were orphaned. Planning was and
remains almost universally mode-specific; while it promotes development here it fails
to ensure graceful decline there.

In general, plans were made for projects and not for the evolution of systems: there
was a project rather than a pathway stance. Some project decisions thus constrained
development pathways.
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Always remember that someone, somewhere is making a product that will make yours
obsolete.
—G@G. F. Doriot, quoted in Time, 15 May 1987

Introduction

To aid in trying to understand the behavior of a system over time, we have found the
life cycle metaphor useful:

* There is a period of development, the early days. It is a period of discovery: What should
the system’s predominant technologies and institutions be like; what will be its markets?

* That is followed by a period of growth. Markets are captured, the technology is honed,
and technology honing and economies of scale provide for increased efficiency.

* Finally, the system fills its market niche, and stasis tending to senescence describes the
situation. The word maturity also describes the situation. Marginal improvements may
yield a “polished” present that looks healthy but is failing to advance very much.

Recalling the disjoint pattern of decision making, we can say quite a bit about sys-
tem change and system properties as a system moves along its life cycle. One property
of systems, for example, is diminishing returns from investment and technology as a
system moves through the latter half of its life cycle. Things move against technologi-
cal limits; cost-effective things get done first. For instance, the fan jet engines used by
jet aircraft are approaching the limits on the thrust that can be obtained from them, the
Otto cycle engine is just about as fuel efficient as it can be made to be.

On the other hand, there would appear to be increasing returns in the first half of the
life cycle, perhaps as the fixed costs of investment (including both “real” fixed costs
such as plants and research and development, and more amorphous fixed costs such as
changing the mindset of producers and consumers) decrease.

This discussion is divided into three parts. First, aspects of the (temporal) dynamics
of system growth and development are discussed. Next, transportation network
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dynamics are considered, defining the process by which system elements are added and
subtracted. Then the “magic bullet” is introduced to summarize the ways systems seek
to use scale economies to lower costs and improve quality.

The Life Cycle of Transportation Systems

Throughout The Transportation Experience we trace the life cycles of various modes.
S-shaped curves are a key feature of this work. These are diffusion curves showing the
realization of a system over time. Researchers at the Institute for Applied Systems
Analysis (IASA) in Austria have charted lots of data on American and European
transportation systems, and the authors have also engaged in such exercises (Marchetti,
1980; Nakicenovic, 1988; Garrison, 1989; Griibler, 1990; Garrison and Souleyrette,
1996). The earliest known S-curve to track the diffusion of ideas was developed by
Gabriel Tarde (1890) (and Rogers, 1962, 1995, looks at the diffusion of the S-curve
itself). One would expect curves of this shape, such as in figure 4.1, for transportation
is a product like others, it enters and floods a market.

Some questions that arise from observing the process have to do with the position-
ing of the curve in time, the time it takes for the process to run, and saturation levels.
As a rule of thumb, we like to say that it takes 60 to 70 years for a transportation sys-
tem to run its growth cycle. But for automobile populations, for instance, late adopting
nations compress the time required.

Having observed empirical regularities and having in mind a market flooding logic
for them, forecasting comes to mind. Interestingly, however, S-shaped curves seem not
to have been used much in transportation. Forecasters mainly extrapolate data linearly,
their thinking is that things just grow and grow forever. That kind of thinking reveals
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itself in present debates about future highway needs in which it is assumed that vehicle
kilometers traveled (VKT) will continue to grow explosively. We challenge that think-
ing. There are underlying causes to growth in travel (for instance the rise in female labor
force participation) that ultimately must saturate. Thus we see a tapering off of vehicle
travel (at least until speeds significantly increase).

Rather than use interpretations of the behavior of systems available in the trans-
portation literature, let us intermix comments on transportation with comments on other
activities.

S-curves of the type shown in figure 4.1 fit the temporal realization of transportation
systems very well, as well as the deployment of many other technologies. Nakicenovic
(1988) has plotted a large number of curves for transportation systems. Three remarkable
things about his results are:

* Stability: the curves fit the data very well through good times and bad, shifts in energy
costs, and technological evolution.

* Symmetry: the curves are symmetric around a central inflection point.

* Stimulation: deployment time decreases with time. For a place and system, the later in
time deployment begins compared to other places, the less time it takes for deployment
to be completed.

We should like to know why the realizations of systems have those characteristics.
Naturally, our interest goes beyond drawing curves to ferreting out the causes of their
realization. What is there about structure and performance that yields “perfect” S-curves?
We see that service quality improved and costs dropped for the following reasons:

* Rapid improvement occurs in the hard technology, for example, the railroads began to
use more steel and less iron, fuel efficiency increased, and so on.

* Lagging somewhat, rapid improvement appears in the soft technology—control,
organizational arrangements, governmental regulation, and so on.

* With networking and the growth of the market, economies of scale and scope are found.

Batten and Johannsson (1985) show that investment in product development is high
during the early days of the life cycle, but that as time passes more and more attention
goes to processes of production.

For example, we shall see that during the first decades of modern system growth,
product development was an issue for highways: “What should highway designs be
like?” That was answered by the end of the 1930s when freeway designs had emerged,
although they still receive attention. “How to build” was the question somewhat later;
it was pretty much answered in the 1950s when the interstate and related planning,
institutional, and fiscal arrangements were put in place. The urban transportation plan-
ning process is an example of market channeling, and tailoring the product and process
to its markets is very much at issue in today’s mature system.

A related issue is how a region adopting a product might switch from an importing
to an exporting posture as the life cycle progresses. Japan’s early import and now
export of automobiles provides an example. For a within-nation example, the western
United States imported rail cars from the eastern United States in the early days. Now,
manufacturers in the western United States export to the eastern United States.

Mensch (1979) extends the Kondratieff (1935) model and suggests that the economy
evolves through a series of intermittent innovative impulses that take the form of suc-
cessive S-shaped cycles, what he calls “the metamorphosis model.” The model further
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Figure 4.2. Mensch’s metamorphosis model of industrial evolution. P, prosperity; R, recession;
D, depression; R, recovery. a: stagnation sets off a search for basic innovations. b: These innova-
tions provide a basis for investment and growth. (Source: Mensch, 1979.)

suggests that “surges of basic innovations will come during the periods when stagnation
is most pressing, that is, in times of depression” (p. 131).

The upper portion of figure 4.2 displays long waves in the economy, Kondratieff
cycles. When the economy is on the upswing there is prosperity. That is followed by
recession and depression. Finally, recovery sets in followed by prosperity. What is the
mechanism? Mensch refers to waves of innovations that trigger investment, jobs, and
so on. As those technical systems begin to age there is recession and then depression.
Recovery begins as another wave of innovations begins.

Mensch’s reasoning leaves open the question “What causes waves of innovation?”
As will be discussed later (chapter 28), we think the opportunities created when trans-
portation (and communication) systems are innovated and deployed trigger waves of
innovations and development cycles broader and deeper than those recognized for the
model-building cycle (Isard, 1942; Garrison and Souleyrette, 1996).

Box 4.1 gives technical details about statistically estimating the S-curves that we
have been discussing.

Transportation Network Dynamics

This book largely explores the macroscopic factors that affect network growth, from
birth to maturity. However, these macroscopic explanations may not give us the specific
information we desire, such as where is the next link on the network going to be built
or expanded, or what is the next link that should be constructed. For that we need more
explicit data and different kinds of models.

The planning or engineering question of where all of this activity should take place
is addressed by the Network Design Problem (NDP), which has received a great deal of
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BOX 4.1 S-Curve Math

The S-curves we present in the book are largely displays of data. On occasion we fit
smooth curves to the somewhat noisier observations. We seek a curve that best fits the
data, assuming the data takes on a logistic shape. The life cycle model can be represented
by the following equation:

at+b

o,
-7
where

f= fractional share of technology (technology’s size (P) of final market size (C)) = P/C
t =time
a, b = model parameters

The objective is to solve for a and b to best explain the relationship, which can be found
with, for instance, an ordinary least squares regression, with a dependent variable of
In (f/1-f) and independent variable of 7.

One concern when using this for forecasting is to identify the final market size (C).
While we may know the current system size (P), to use an S-curve requires a final system
size. The models can be fitted for alternative final system sizes, one of which will best fit
the data.

To apply the model, it is helpful to estimate the midpoint or the inflection year (¢”).
Again, this can be done retrospectively, but to do this prospectively requires assumption,
though one estimate may fit the data better than others.

Knowing C, t’, and a, we can then predict the system size in any given year ¢ using the
following equation:

P(t) = )

where

IA’( t) = predicted system size in year ¢
t’= midpoint (inflection point) year

attention in the operations research literature. It is hoped that if clear objectives can be
stated for networks, they can be planned and constructed in an optimal fashion. A cur-
sory glance at most large metropolitan areas suggests that road and transit networks are
far from optimal, and that this is both an investment and a pricing problem, which need
to be solved jointly.

The analysis of network growth has received recent interest again with the rise of the
Internet, and it is thought that all transactional networks (transportation and communication)
have similar structures and processes governing them.

Broadly we can think of several problems about predicting network growth: node
formation (where will the next node form); node expansion (how do nodes grow); link
formation (what two nodes are next most likely to be connected with links); and link
expansion (of the existing links, which will be widened). As networks decline, the same
questions can be asked in reverse, leaving us with the link contraction, link abandonment,
node contraction, and node abandonment problems.
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Node formation and node expansion are in many ways geographic questions, as
many nodes depend on natural resources (e.g., the location of free energy) and nature’s
networks (the location of harbors, easy places to ford rivers, and river junctions). Other
nodes are formed by the intersection of manmade network elements, the crossing of two
roads for instance. The geographer’s theory of central places is an important element
here (Christaller, 1966; Losch, 1967).

Link formation describes how and which nodes are connected. Within more recently
built towns and cities, many networks are in the form of a grid system. But over larger
areas, for example between cities, the shape of the network is not so predetermined.
Garrison and Marble (1965) observed that connections to the nearest large neighbor
explained the sequence of rail network growth in Ireland. Yamins et al. (2003) develop
a simulation that grows urban roads using simple connectivity rules proportional to the
activity at locations.

Link expansion describes which links will be widened. As many points are already
connected, it is the sizing of the connections that matters. The analog in scheduled serv-
ices is the increasing frequency of service along a route. Yerra and Levinson (2005)
simulate link expansion, showing that a network becomes hierarchical even if it begins
as a uniform network with uniform land use over a finite area, with all links identical
except for location. The network, like observed networks, exhibits power-rule type of
behavior, a few very fast links, some moderate speed links, and many slower links. In
brief, a hierarchy of roads would exist even if no planners or engineers intended it, and
even if there were no “central places.” The question has also been attacked empirically
by Levinson and Karamalaputi (2003). They found that existing capacity deters expansion
(there are diseconomies associated with expanding wider links). Similarly, cost deters
expansion, while total budget favors it. Importantly, it was found that increasing conges-
tion on a link, and on upstream and downstream links, leads to expansion, suggesting
that decision makers respond to demands placed on the network.

Magic Bullets

Links on many transportation systems have the property that average costs decrease and
service qualities increase as throughput increases—there are sharp link or route
economies of scale. (Economists give attention to the economy of scale in relation to
firm size; we refer to economies resulting from the concentration of traffic on routes.)
On a freight rail link, for example, the more traffic, the less the cost of movement and
the better the service.

There are lots of “ifs” about that generalization. For example, a sudden sharp rise in
traffic on a rail route will make for a congestion mess and low service quality. That has
been the case in the United States in those years when exports of farm products and coal
soared. But where there are gradual increases in demand, adjustments to hard and soft
technology can be made easily, and the links work increasingly better. The Chinese rail-
roads work very well, for example, even though they carry one-half the ton-kilometers
of U.S. roads on one-fifth of the route mileage.

We also observe that some systems or system parts are exceptions to the general
statement; urban highways and large airports and their immediate air spaces are exam-
ples. If demand increases, it is very difficult to make gradual changes to serve the
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demand, much less provide better service at lower costs. We think the modes that can-
not handle changes in demand have serious design dysfunctions (not the least of which
is an inability to raise prices when demand spikes upward).

As a system transitions from youth to maturity, both product and process-of-
production technologies are standardized. Standards tend to thwart improvements that
can be obtained from hard and soft technological changes, and product improvements
come largely from returns to scale. Improvements also result from large-market-derived
opportunities to provide variations on services or products tailored to market niches—
specialization to market niches.

Those generalizations are supported by many examples, although every example
requires some special case analysis. Take the case of air transportation. Hubbing and
careful fitting of aircraft to route segments, careful scheduling to maximize the hours
per day an aircraft is in profitable use, and the sales of within-cabin seats to market seg-
ments (coach, business, and first classes) are examples of the ways in which air trans-
portation firms attempt to squeeze profitability from a mature technology. The firms are
grasping scale economy and market segmentation opportunities. Except that one may
feel that passengers are treated as if they are cattle being driven to slaughter, one must
applaud the firms; we have no objections to their search for efficiency.

There is more going on in air transportation, of course. Fuel efficiency is a major con-
sideration in aircraft buys. Many airlines are striving to reduce the costs of labor inputs,
using means over and above specializing (standardizing) labor to tasks at efficient scale.

Today’s transportation systems are standardized and pretty well deployed. The life
cycle discussion concept says that one competitive option available is to locate and sat-
isfy a market niche by tailoring products to those niches, to the extent that it can be done
with a more or less standardized technology. The many models of automobiles are
examples of market niche tailoring.

There is another option: strive for a big marginal gain (reduction in cost or improve-
ment in product quality) by combining scale economies with quality-enhancing “new”
technology. Combining is the important word, for standing alone neither scale nor
quality-enhancing technology has much to offer. With respect to scale, reductions in
costs can be achieved by serving more customers, but many systems have gone down
that route, and at system maturity there is not much room for more cost reduction. The
market is saturated. (Though saturated, markets are still increasing with wealth and
population, and there are thus some options to achieve more economy of scale.)
Quality-enhancing technology has been striven for too. But often only marginal things
can be done in the absence of the spreading of costs over larger markets.

There is a great deal of technology at hand for improving product quality. Guideways
may be improved to enable increased velocity by tunneling and reshaping of curves.
Equipment, too, can be made to go faster; it can be made quieter and more reliable. Such
options, though, are pretty well mined out at maturity. It is not cost-effective to invest
further in such improvements.

So there are opportunities to combine new technologies with investments that yield
scale economies as shown in figure 4.3:

¢ Increased use yields economies of scale. Those economies allow the use of product
quality improving technologies and lower the per user cost of existing technologies.
¢ The improved product (lower cost) yields increased system use.
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Figure 4.3. The magic bullet.

We have just found what we will term the “magic bullet.” We use that term because
many think it is the solution for improving systems.

The magic bullet has been framed as combining quality-enhancing technologies with
economies of scale. That is one point on a continuum of options. At one extreme,
improved quality can result just from scale—the quality improvement from more fre-
quent service is an example. At another extreme, improved quality can be derived from
technology alone. We have stressed the combining case because that seems to be the
usual case. The extreme cases represent options already pretty much taken up by mature
systems, as mentioned.

The combination of quality-enhancing technologies can be targeted on a market
niche. We are not the first ones to find that magic bullet. Wonderful things could be done
if there were just enough system use. A tunnel between Los Angeles and New York
could offer a one-hour service of high quality (as shown in figure 4.4). There is the
small problem that it only becomes cost-effective with high levels of use. We calculate
that the level of use would be reached if everyone in Los Angeles went to New York and
back every day and if demand were evenly distributed over 24 hours.

We have had many policy experiences where promoters put forth policies to steer
users to systems so that wonderful things could be done to improve their quality. For
example, we have heard many times that if policy would restrict air travel along the
Northeast Corridor (Boston—Washington), then a wonderful train service would evolve.
Service would improve because of higher schedule frequencies and from investments
in quality-enhancing technologies.

Much of the former Urban Mass Transit Administration’s technology program, now
wound down, was aimed at producing systems so much better than the automobile that
travelers would use them. No matter that large capital investments in new technology
would be required; at the high levels of use, unit costs would be low. Perhaps behind that
reasoning was the experience with the PCC car (discussed more fully in chapter 11),
which, as a temporary success, came close to being a magic bullet.

Magic bullet proposals are very risky. To make a difference that is more than mar-
ginal, significant capital must be invested. If the technology doesn’t work just right,
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Figure 4.4. Tunnel from New York to Los Angeles.

or quality improvements aren’t there, or costs are underestimated, or if ridership is
overestimated, there can be a disaster. The planner must be very careful.

The Concorde, San Francisco Bay Area Rapid Transit (BART), and the Tennessee—
Tombigbee canal projects were economic disasters. The proposed high-speed train from
Los Angeles to San Francisco has the potential to be another. The list is long. These
were blatant disasters. The economic dimension is the measure on which disaster is
measured. System use did not emerge and/or costs were higher than expected, and
failed systems are money sinks. Hall (1980) gives examples of disasters, and his diag-
nosis is more broadly based than the diagnosis in these notes. Flyvbjerg et al. (2003)
treat some European “megaprojects” and reasons for their failure.

Often, projects are viewed as high-technology efforts that failed. For instance, per-
haps the most important BART impact is the widespread disenchantment about new
technology it engendered in the transit community. We have a great problem with that
interpretation because the BART technology can hardly be described as high technol-
ogy. It is true that there were some problems, but we place blame for those on the inabil-
ity of BART managers to deal with the purchase of technology. At any rate, the reason
for the failure of BART has to be placed elsewhere.

To balance this rather negative discussion, we should remark that there are lots of
magic bullet successes. Federal Express (profiled in chapter 17) is an example (Sigafoos,
1984). Fred Smith, its developer, had a market niche in mind, and he fought the prob-
lem of getting scale to support quality service—a fight that lasted for several years. The
technology tailored to scale and market was mostly soft technology—hubbing, efficient
sorting, and so on. A noticeable distinction is that Federal Express is private whereas
the others were often public enterprises. However, Federal Express has had its own dis-
aster (discussed below) suggesting that sector of the economy is not the only factor in
leading to the mythical quest for the magic bullet.

The high risk of blatant disasters is a feature of magic bullet efforts, and that point
has been made. Yet there is a larger risk, the risk of disasters that are not blatant. We
now attempt to develop this idea. This requires considerations of the development paths
created by magic bullet solutions, the hidden character of some disasters, and effects of
concentrating system use.

Consider the returns from system improvements that history tells us about. Early in
the life of a new system, it is typically twice as efficient as previous systems. As it
grows, takes on new functions, and achieves economies of scale, its improvement runs
an order of magnitude, and there are large off-system gains.

Anything that serves society (finds a market) within profitability, environmental, and
other constraints is worth doing. Even though we say they have a magic bullet charac-
ter, society is certainly better off with Federal Express-type services than without them.

Even so, consideration of pathways for development raises the question of whether
magic bullet type actions are a desirable way to go. Even if an endeavor is successful,
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it is on a path that carves out opportunities in a mature system rather than opening a
new path of much greater potential. It is not getting the factor of two improvements over
previous services, and it does not hold out promise for order of magnitude improve-
ments and large off-system gains.

We have used Federal Express as an example because it is about the best of the
magic bullets we can think of; it strains the claim in the paragraph above. But many
other examples support the claim. The clipper ship era is interesting. Long a leader in
maritime service, U.S. operators bet on the clipper ship over emerging steam and steel
hull technology. Clipper ships offered fast service compared to previous sailing ships
and their use was targeted on markets where they soon dominated. The clipper ship was
a magic bullet in the sense that we have used the term, and it was a rousing success, for
a short period of time.

But British operators bet on steam propulsion and metal hulls and the soft technolo-
gies that matched them. They got on a take-off path that displaced the clipper ships.
U.S. operators gave up clipper ships and got on the steam path too late. U.S. maritime
services have never regained the momentum they lost.

The point above is that if the wrong path is selected, a pathway disaster may result.
An interesting thing about the Federal Express case is that there has been some action
by managers that suggests they may sense they are on the wrong long-run path. Federal
Express invested in electronic document transfer (Zapmail) because of its concern
about fax services, but their investment lost $294 million (Pratt, 2003). Federal Express
of course remains a highly successful enterprise that simply misjudged or mistimed the
market (overestimating the number of people wanting to send faxes to people without
machines, or underestimating how quickly fax machines would be deployed).

This raises another issue about magic bullets. They run the risk of technological
obsolescence, and are very much at risk for loss of scale economies, which may turn a
seeming success into a massive failure. The general rule was given in the chapter’s
opening quote.

We have discussed the clipper ship’s sailing in the sunshine of its obsolescence. There
are many other examples, such as the quick obsolescence of high-tech, fast passenger
trains of the 1950s that were pushed aside by air service.

This wrong-path discussion is very value-laden. Benefits from magic bullet actions
accrue in a short time frame. Their costs are in some unknown future. Our view that we
would be better off to put our priorities on actions that open up new and rewarding paths
stems from our ethical stance. We value highly creating options for the future.

There is another value-oriented thought. Capturing scale economies usually concen-
trates service and off-system benefits and costs. Air, ocean liner, and rail operators have
captured scale economies by concentrating services on particular routes and terminals.
Those who are in the right places have many advantages from such concentrated serv-
ices; those elsewhere are relatively disadvantaged. There is a horizontal (spatial) equity
problem. It is one thing to observe that in the aggregate everyone is better off, the
distribution of gains is another matter.

There can be another downside. Externalities are concentrated, as those who live
close to high-density coal haul routes or large airports are quick to remark.

To summarize, it is certainly true that many of the improvements in systems are
scale-derived. That is especially the case as technologies are standardized and grow to
maturity. The points made above stress that there is a downside too. In today’s situation
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we are dealing with mature systems, and there may be traps when improvements based
on economy of scale are sought.

We have made use of a strong paradigm of transportation system development—
there is, say, a 60-year life cycle: youth, growth to maturity, and maturity or stasis.
Decline occurs when competitive systems come along. Perhaps using inevitability to
describe the process is too strong, but it is useful. Systems are born if there is a market.
Once born and once market pull becomes a strong force, the structure and functions of
systems and resulting behavior yield robust development paths. The paths are little
affected by economic cycles, war, policy, and so on.

Planning’s role is mainly driven by stage in system life cycle. While the life cycle
paradigm is neither widely known nor used by transportation professionals, there is no
question of its strength and the ways it affects what planners do.

The interventions (actions going against the tide, so to speak) to be treated here are
by no means exceptional. We can find similar efforts from time to time in all the modes.
In the transit case, for example, there was extensive planning and investment in subway
improvements serving central business districts (CBDs) during the 1930s. Its purpose
was to reverse the erosion of transit ridership associated with the decentralization of
activities from the CBD. During the early decades of the twentieth century, European
nations and Japan attempted to intervene in the growth of automobilization using
taxation schemes and by restricting the development of infrastructure. National airport
planning and investment programs have attempted to steer the development of the U.S.
transportation system by decentralizing service.

In light of these efforts and others, we must conclude that intervention is certainly
possible. It has been successful in two cases:

« First, intervention can slow down or speed up the temporal pace or realization of system
development. This is consequential, for impacts running for decades may be involved.

* Second, it can counter system decision-making behavior in the accomplishment of
things that are not very consequential. This statement needs qualifying. The record
seems to say that it becomes more and more difficult to counter system behavior as
systems age. Early on, systems are clay-like, and more consequential things can be done.
As time goes by their features harden, they become more like bricks.

These cases are intended to be different. The first is a temporal-realization matter. The
second has to do with within-system decision making.

We think of two situations where there can be intervention in within-system decision
making. Systems are characterized by disjoint behavior. Intervention has forced joint
action by components, actions that might not have occurred if matters had been left to
run their course. Left to equipment owners and operators, for example, weight limits on
trucks would not have been planned and implemented. The second case is where exter-
nalities are involved. There has been successful intervention to reduce noise emissions
from aircraft and trucks, for instance.

Discussion

We have used the words “successful” and “consequential,” and such words are subject
to interpretation. We meant them to be interpreted in very limited ways. An interven-
tion was successful if there was a result that would not have otherwise occurred. It was



Deployment 57

consequential if the monetary and service results had nontrivial impacts. (Now we have
the word “nontrivial” to interpret, but we shall not.)

Experience says that improvements are forged by taking what we have and “carrying
out . . . new combinations” (Schumpeter, 1934, pp. 65-66). The designs (new combina-
tions) that seed new development pathways are built from “old stuff” (in the beginning).

The auto-highway system, for example, was built from existing highway facilities;
wagon, bicycle, and buggy equipment and electric motors or steam, Otto cycle, or
diesel engines; and know-how about the uses of transportation for passenger and freight
purposes. The system also interfaced constructively with rail systems; it dealt with
social, economic, and ecological problems of the day. Its deployment became an impera-
tive, one strong enough to break existing social contracts forming barriers to deployment.

There are many opportunities to produce “new stuff” which could be the “old stuff”
in the forging of new combinations or departures. Going beyond that, it suggests that
we should be alert to the opportunities.

While history underscores inevitability, it also tells us how to break the inevitability
of the life cycle. We know that the instrument of choice for the intervention in the life
cycle should be technology, for we have noted that technology is the major force for
change. History certainly tells us that. Indeed, as we examine transit, the search for
improved air quality, and energy conservation efforts, we shall see that technology was
one tool for planning. We shall also see that knowing that technology is the tool to be
used is not enough. One must know how to make technology work.
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The combination of highly permanent construction and lack of realism in its conception
is one of the worse legacies our time is leaving to posterity.

—Bjorn Linn, “Learning from Experience: The Use of Building and Planning History”
(1979), p. 277

Introduction

As systems pass from growth to maturity, the administration of the system passes from
entrepreneurs to managers. Organizations become more and more risk-averse, taking
chances tends to be punished. Debate ensues about who captures the rents of this mature
system (capital or labor) rather than how to grow the system. This chapter examines the
management of mature systems.

Processes running prior to the maturing of a system run down, in a sense, as a system
matures. Early on, the predominant technology is established (technological and insti-
tutional structure). Emphasis then is on the components of systems: first on the hard and
then on the process technologies. The easy things get done first, and diminishing returns
set in. So one characteristic of mature systems is the great difficulty of achieving
productivity improvements (Abernathy, 1978).

With a fixed production system, productivity improvements and tools for improvements
are usually tied to the achievement of economies of scale. Change is made at great risk.
The production system is honed for scale. If a change is unsuccessful, scale is lost,
which may be very costly. Mature system managers are thus very risk-averse. To obtain
economies of scale, it is very desirable to have a highly standardized product, which is
needed for production efficiency. It is risky to vary that product because economies of
scale may be lost if unsuccessful.

In general, the manager’s tasks are to know the environment within which the organ-
ization is operating and the status of the organization. With that knowledge, the manager
should take steps appropriate to the situation. That is a “do the best one can” strategy.
It accepts the life cycle and maturity as inescapable.

58
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Another strategy rejects the predominant system structure as given, and instead
invests in research and development (R&D), explores systems options, and explores
market options so as to continually renew or break away from the tyranny of the life
cycle. This should be a continuing effort so that new directions of development are
available as the system passes its halfway point in deployment and the rate of growth
begins to slow. Instead of having development and then growth to maturity, we seek
development, growth, and renewal of development, growth, and so on.

We are sorry to say that the notion above has a “just words” character, especially the
notion that managers should take early action in anticipation of eventual maturity. There
is much talk about strategic management, but little practice. For instance, it has often
been said that the railroads should have thought of themselves as transportation
companies much sooner. Redefining your mission may be a way out of an unprofitable
industry. However, until deregulation, the railroads were prohibited from such a redef-
inition. Once deregulation took place, the redefinition soon followed.

We have said that managers are in general risk-averse, mainly because having
the scale just right is so important. Risks exist if the scale doesn’t work out correctly.
Some managers, knowing their situation and the resources held or obtainable, engage
in strategic planning and actions to reconfigure the organization for new develop-
ments. In box 5.1 we indicate some ways behavior might differ depending on the
situation.

We need to mention another matter that holds for all managers, the effort to differ-
entiate products. The hallmarks of maturity are product standardization and market
saturation. Despite market saturation, the size of markets may be growing (e.g., as pop-
ulation grows), steady, or falling (e.g., if a competitive product is invading the market).
To maintain market share in such situations, managers attempt to differentiate their
product and carve out market niches. Confrontation results between the desire for
standardization and the desire for differentiation. The result is that we get a standard
product that may come in many colors, with or without fancy features, and so on. With
maturity, then, comes product variety, even though the product is quite standardized.
We see this clearly in the automobile market.

This chapter investigates systems at maturity and suggests strategies for coping.

Policies for Maturity

We think that as systems mature, changes in public attitudes force systems to develop
policies responding to the interest of diverse and not always friendly publics. As systems
mature, more and more attention is given to problems that embedded policies do not
handle well.

Although the division is not always neat, government policies can be divided into
those that apply to activities generally (general policies) and those that are activity or
mode specific (modal policies). The former have increased in number greatly in recent
decades, as has the balance between the activities of state and local governments versus
the federal government. Sometimes, general policies are given a special twist when
applied to the modes.

It seems useful to think of mode-specific policies as contracts. The policies are
adopted as parties to the contract give and take and agree on a course of action. Much of
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BOX 5.1 Three Cases

A manager’s behavior depends on the situation.

Case 1

If a competitive product is invading the market (e.g., steam versus sailing ships, buses
versus streetcars), then managers may invest in R&D to try to produce that product or buy
a successful producer of the new product (e.g., railroads buying trucking companies). Not
infrequently, the competing product is attacked as antisocial and management behavior is
rather erratic.

Case 2

Suppose producers are in a monopolistic situation or nearly so and competitors are not so
much a problem. The firm or other organization may be used as a “cash cow” to support
taking up other endeavors that have more potential for growth. The cash cow may be spun
off to raise money for other ventures.

That has happened in several rail cases. Through institutional reorganization, railroads
have been stripped of their more promising holdings, for example, land, pipeline, and
communications and information systems companies. In a sense the railroad cash cow was
used by the company to create new cash cows that they then lost control of.

Case 3

Suppose there is a situation something like case 2, but new producers invade the market
with similar products offering higher quality or lower cost. That is the situation in numer-
ous product lines as trade and competition have been internationalized. Managers seek to
imitate lower-cost producers and/or dampen international competition via tariffs and
quotas.

An example is in airlines where the larger network carriers (United, Delta, American)
are threatened by low-cost carriers using a different model (e.g., Southwest, Jet Blue). The
larger carriers then try to restructure themselves in imitation (e.g., Ted, Song).

Managers in this case often have exhausted most sources for productivity improvements
as a competitive edge, mature system managers increasingly fine-tune services or products
to markets, and getting the scale economies just right is essential. Airlines, for instance,
try to price discriminate very carefully (people in adjacent seats may have paid thousands
of dollars difference in fares), and aim to ensure a high load factor (as an empty seat is
permanently lost revenue).

the policy action in the decades since the railroads began to mature, for example, can
be thought of as:

« Efforts to modify policies (contracts) as things change.
* The reinterpretation of policies as the relative powers of the parties to contracts change.
* The reinterpretation of contracts as social and economic values and views change.

Turning to the agencies that manage policy, agencies seem to go through a kind of life
cycle: early on they are full of vim and vigor, later they are dominated by bureaucratic
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and procedural matters, and they may be immobilized by inability to deal with con-
flicting demands. The reversal of policies in which much has been invested is difficult.
That was the case for the Interstate Commerce Commission.

An asymmetric information problem evolved: Hayek’s Fatal Conceit (1989) teaches
that agencies cannot have as much information as is held by those for whom policies
are made. This forces agencies to regulate in a broad-brush way (one policy fits all
cases) and to miss or misread broad industry trends. This seems to hold in the rail case.

On the other hand, policies are responsive to broad changes in public attitudes and
values (as expressed by legislators). In the rail case, the agency has been responsive to
social cost, safety, labor, free enterprise, and monopoly issues as they have unfolded.
However, the conflicts caused by agencies responding to many drummers are not well
treated within agencies.

Government policies strove to handle problems that embedded (within-corporation)
policies could not handle well. Government has been responsible for conflicts between
and within other modes. Air traffic control is a government agency (or government-
authorized company) in most countries. While it works in general (in that planes rarely
collide in midair), it has been criticized for being too conservative in policy, resulting
in congestion, and too backward in technology, resulting in safety problems. In the
United States, the Federal Aviation Administration has been regularly lambasted for its
difficulty in upgrading computer systems. The criticism reached a peak with the 1981 air
traffic controller strike. Yet the problems were very slow to be solved. Newt Gingrich, an
American politician, would routinely pull out a vacuum tube as a prop describing the
state of FAA computers well into the 1990s, when private industry had long been using
solid-state electronics.

Similarly, railroad-to-railroad problems were at the interfaces of the railroads and
users. These seem to have been handled fairly well and, by the 1920s, the deeper prob-
lems of the “have and have not” railroads began to claim attention. Government policies
did not handle these latter problems well. Instead, changes in markets, opportunities for
institutional improvements, and changes in technological tools were recognized by the
railroads and yielded policies about car handling, traffic concentration, and network
design and operations that government policy seemed to thwart. Mergers and acquisitions
were essential to realizations of these embedded policies, and government policies were
not strongly supportive of mergers and acquisitions, though they permitted them subject
to conditions. Labor productivity, shown in figure 5.1, has continued to improve.

Managers of maturing systems may attempt to renegotiate written and unwritten
contracts that have evolved over changing times and environments. One such contract
is with labor, and box 5.2 illustrates the railroad case. We must quickly say that ties and
traditions also evolve in stockholder, community, management, banking, and other rela-
tions, and that parties to contracts often include governments.

The Management Imperative

The word “imperative” often enters the discussion of transportation, energy, and the
environment. In highway transportation, there are imperatives to keep vehicle produc-
ers healthy, find the money to fix the road system, decrease congestion, as well as to
increase safety, clean the air, and achieve energy independence. All these imperatives
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Figure 5.1. Labor productivity trends by mode.

BOX 5.2 Human Capital

Stakeholders in transportation enterprises include users, owners, managers, and labor, and
the labor part of the equation is big—about one of every nine employed persons in the
United States is employed in transportation or in a transportation-related activity such as
gasoline service stations. Even so, one finds little explicit consideration of labor interests
in the academic literature on policy (transit labor inputs are an exception). Labor has its
own special iron triangles. Why is labor treated apart from general debates?

Labor organizations evolved with modern factory and transportation systems. Prior to
modern production and transportation, there were artisan labor organizations (guilds), and
the organizational basis shifted from things produced to workplaces. Early organizational
purposes included social and retirement arrangements, but soon extended to the notion
that labor could organize to sell its product (labor) to the workplace. That notion, however,
was in direct conflict with common law. Labor was seen as conspiring to take the property
of others, and court-made law said that conspiring to strike was the taking of the rights of
owners to use labor as they wished.

That situation held until 1842 when the Supreme Judicial Court of Massachusetts
broke the conspiracy theory, holding that labor organizations may exist for “public spirited”
purposes. That was a means—ends doctrine. The end was lawful, therefore, the means were
lawful. The case had to do with the refusal of union workers to work for employers using
nonunion employees.

Means had to be mild. Workers could resign and thus not work. But they could not take
actions to prevent owners from operating their businesses. Beginning in the 1870s, injunc-
tions prohibited picketing, boycotts, and trespassing. That situation holds today, though
the notion of appropriate means has been vastly softened.

The railroads were big businesses and, during the period we are discussing, were the
stage for much of labor strife. (Coal mines, steel mills, and packing plants were other
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BOX 5.2 Human Capital—cont’d

large stages.) They too attracted national attention because of the wide affects of labor
disruptions.

Carrying forward the guild tradition somewhat, rail labor was organized into craft
unions, which reduced its effectiveness because of the indifference of other unions to a
craft union’s special interest. There was common interest when railroads asked for across-
the-board pay reductions and in other common interest cases. But when strikes occurred,
injunctions stopped them.

Unions had other problems. For instance, Eugene Debs and other radical union organ-
izers found little support for their views among the general population.

The perceived and real abuses by big business resulted in the Sherman Antitrust Act of
1890. “Every contract, combination . . . or conspiracy, in the restraint of trade or commerce
among the several states . . . is illegal. . . ” Although unexpected by the drafter of the
legislation, the Act was quickly used against unions. For years, indeed, its main use was
against unions.

Strikes and strife continued, even so. The result was the ineffective Erdman Act of
1898 and the more effective Newlands Act of 1913 providing for arbitration panels. By this
time the stage was national, for the railroads grouped and worked together as did labor.

But arbitration doesn’t always work. The Newlands Act foundered on labor’s desire to
change the dual rate of pay from 10 hours or 100 miles, whichever came first, to 8 hours
or 100 miles. Labor refused arbitration, and to avoid a crisis on the eve of World War I,
the Congress passed the Adamson Act of 1916 granting labor’s demand. (The matter was
again arbitrated in 1985—the 100 mile component was raised by two miles per year—and
in 1988, when 108 miles became the rule.)

In 1917 President Wilson seized the railroads, citing ineffective operations and labor
difficulties. They remained in government control for twenty-six months, until March 1,
1920. Rail wages doubled during this period. The broadly important matter, however, was
that government abruptly shifted from an adversary of organized labor to a supporter. It
sought legislation to encourage union membership and to take labor relations out of the
courts and avoid the injunction process.

A series of acts followed. The Transportation Act of 1920, the Rail Labor Act of 1926,
and the Rail Labor Act of 1934 set up special provisions for dealing with the railroads (and
the airlines in 1934). A parallel set of acts, and in particular the National Labor Relations
Act of 1935, extended to labor generally. These acts state the right to organize and bargain
collectively without interference from employers. In the rail and air cases, “It is the duty of
all carriers and employees to exert every reasonable effort to voluntarily settle disputes.”

For major disputes, the (rail, air) National Mediation Board established an Arbitration
Board with subpoena powers over persons and documents. Awards are enforceable
through the courts. If that process doesn’t work, then the National Mediation Board noti-
fies the President who can establish an Emergency Board. Once the Board is appointed,
parties must hold the status quo while data are gathered and for 30 days after a finding is
made. Findings have only the force of the status of the President and public opinion. If the
findings are not accepted, then the President may ask Congress for special legislation. So
today, major issues are settled by the Congress. The carriers are very unhappy about this,
for labor often has more power in Congress than do carriers.

(continued)
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BOX 5.2 Human Capital—cont’'d

Our question is about the ways labor considerations enter the policy debate. We said
that labor considerations are a thing aside. Labor is a thing aside because it has its own
story and traditions. There are explicit processes for labor considerations that are distinctive.
Legislative and administrative considerations and the trail of law for labor questions are
apart from those used in policy generally. We made one not very surprising finding: the
railroad experience had general spinoffs. As a large, early stage, railroad problem resolu-
tion served as a model for other activities. Much of labor law is based on the railroad labor
precedence. Why, from a labor perspective, are airlines treated as railroads? Mainly, we
see that as an accident of timing. Airlines were beginning to be regulated at a time when
there were major revisions in rail labor legislation. Unlike interstate trucking, the airlines
were regulated prior to the development of general labor law.

are treating symptoms of the maturity dysfunction rather than maturity itself. What
policies are needed to treat the maturity dysfunction?

Insights into the answers to that question are aided by the birth experiences we shall
review: experiences for railroads, inland and coastal transport, steam—metal ship marine
transport, and the auto—truck-highway system. Birth is based on the old, yet often
incorporates something new. System design is the process, and a new system design
is the product. Market niches are involved. Sometimes a few actors are involved
(e.g., Stephenson and Pease), in other cases it is a many-actor situation (the auto—truck—
highway experience). The systems born successfully are consistent with economic and
social trajectories of development; they do old things as well as new things, though
often the new is discovered after a system is born.

Most experience is with incremental innovations applied to an existing system.
Conventional views of innovation, as well of policies to support innovative activities, are
based on that experience. It is judged that the policies needed should speed up technol-
ogy development and its diffusion. Policies should apply to advanced technology. There
is little appreciation of the need for policies that support new departures or new designs.

The inability to obtain patents may be a problem. Modifications to existing designs
may be thwarted by standards. The system birth experiences we shall review each had to
overcome barriers. They did so largely because their high payoffs pushed barriers aside.

The call for new system designs in market niches brings the response: We have tried
that using demonstration projects. The experience with them has largely been unsuccess-
ful. What needs to be different from present practice? For one thing, a large percentage
of demonstration projects are just schemes for attracting funding. Congressmen arrange
projects for their districts. Many projects have a technology transfer character. Where
something new is involved, risk of failure may limit the richness of demonstrations.

Managers must tactically manage the existing system, but they must also strategically
seek new opportunities, innovating in new markets.

Discussion

Setting aside issues such as market control by large suppliers, one cannot disagree in prin-
ciple with deregulation, pricing, and, for that matter, other prescriptions for achieving
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economic efficiency in mature systems. Nonetheless, it must be recognized that the pri-
ority given these popular topics comes with opportunity costs. Other opportunities
receive low priority. New ways of using technology, reducing the costs of labor, and
reworking embedded policies may well have been more important to improved railroad
efficiency than deregulation.

What is the overall bottom line for mode-specific policies? Reconsider the quotation
opening the chapter. Perhaps it should be rewritten: “The combination of highly perma-
nent policies (contracts), lack of realism in their conception, and difficulty of revising
them is one of the worse legacies our time is leaving to posterity.”

As a mode matures, new policies are needed. We are probably better off with new
policies than without them. We would probably be better off with less permanence,
more realism, and an improved ability to revise obsolete, dysfunctional policies.

Maturity creates opportunities. One can identify at a general level things to try out
and things to avoid when working with mature systems. One might work toward a set
of rules:

» Tune products to markets and specialize services.

 Shun standardized, one-size-fits-all design.

e Plan to achieve economies of scale. Many cost-reducing actions have already been
mined out and something new or something revised has to compete where turf is already
occupied.

¢ Avoid high capital cost projects that will require high volume use to cover capital costs.

* Recognize that managers are risk-averse, emphasize tried-and-tested solutions to

problems.

Exploit the cash cows and fat cows that cover the landscape. Downsizing and changing

money flows are options.

This is a sample from a possible larger set of rules. Note that what to avoid and what to
do is sometimes left implicit.
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Part I

Life Cycle of the Railroads:
Looking Back for Lessons from
the Railroad Experience

Up to now, we have mainly been looking around and introducing ourselves to the
worlds of policy makers and planners. We have taken quick looks at the deployment and
management of systems.

It is time now to look in depth, and to do that we shall look back at the birth and
deployment of railroads in the period roughly from 1830 to 1920. That was then. Even
so, the experience tells us how systems are innovated and spread to market niches. Also,
it begins to tell us about the emergence of the policy and planning roles for private sector
actors and public institutions, and also about the motives and behaviors of service suppli-
ers and users. There was lots of learning and lots of shaping of attitudes and institutions.

The more recent experience, say since 1920, will tell us how fully deployed systems
cope with the constraints set by fixed technological and institutional structures, changing
public attitudes, shifts in markets, and other matters.

Why the railroads? They (and the emerging maritime services) were the first of the
modern modes and it is fair to say that they shaped the “mother logic” that is imprinted
on other modes. It is a bit of a stretch, but one may also say that other modes or systems
are just railroads in other clothes. There is “railroad think” ranging from the ways engi-
neers superelevate highway curves to government, firm, and union labor relations in the
airline industry.

Moreover, the lessons from how railroads have coped with and polished their aging
technological and institutional formats are highly relevant to other modes and to those
planners and policy makers who strive to bend the modes to their wills. Today’s rather
fully deployed modes suffer symptoms of railroad-itis, and today’s questions are about
its management. Indeed, many of today’s policy disasters follow from failure to recognize
the situation and use available lessons.
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Railroads Realized

You can’t find anything unless you are looking for it.
—Geologists’ saying

Introduction

The Stockton and Darlington Railway in northeast England began as a rather ambitious
project. The Pease family owned many of the Auckland coalfields near Darlington. The
market for coal was increasing, but to develop and market Auckland coal, a consider-
able and risky investment in transportation was required. Edward Pease decided to take
the risk, and secured an enabling act for construction in 1821 (Jeans, 1875).

The proposal was for a tramway. Carts drawn by horses or mules were to be pulled
along rails fastened to stone or wooden chairs. Rails and chairs were spaced so that draft
animals could walk between them. Rails at the time were made either of wood faced
with an iron strip or iron plates with no wood backing. Where grades were steep, a fixed
steam engine hauled cars using chains or ropes (cable cars); when practical, self-acting
planes were used in which the gravity acting on the full carts rolling downhill pulled the
empty carts uphill.

The technology for tramways is old, having evolved first in the metal mines of
central Europe and in the copper, lead, and zinc mines of England. There was a natural
extension from these beginnings to the coalmines and for hauling coal from mines to
water. Propulsion was provided in near-level situations by horses. Sharp lifts were
accomplished by horses turning capstans, and by steam power when rotary power could
be obtained from steam engines (in about 1780).

The rail evolved from iron strips fastened to wood through L-shaped plates
to forms that begin to look like today’s T-shaped rails. Because the early tramways were
associated with mines, they were financed, owned, and operated by mine operators.
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As canals expanded, tramways expanded. At first this resulted from the new oppor-
tunities for mining. Later, tramways were incorporated in canal designs; some served
as feeders where canals could not be practically extended, and some served as sections
of canals, as illustrated by the Pennsylvania portage road. No particular institutional or
policy problems were posed by these developments.

Tramways were poised for another round of development just before the Stockton
and Darlington was developed. Thomas Telford (whom we shall meet later in discus-
sion of turnpikes) had proposed upgrading the road system to tramways using L-shaped
plates (edge plates). He had incorporated parallel granite stones in the Holyhead road
for use by coaches.

The investment in the Stockton and Darlington tramway was risky because the
tramway was to be long relative to tramways of the times. Also, the high elevation of
the coalfields and the topography of the route were unfavourable—Ilots of up and down
grades. In light of these difficulties, Pease’s problem was to find an engineer who could
keep construction and operating costs to a minimum.

He found that engineer in George Stephenson, a self-taught “mechanic” with an
excellent reputation (Smiles, 1858). Stephenson did a superior job of engineering. Cuts
and fills were balanced to reduce material hauling costs. Improving on “best practice”
of the times, there was a combination of near-level grades and short, sharper grades to
be worked with self-acting planes or steam engine rope haulage.

Stephenson had experience with steam engines at coalmines (lifts, pumps). He had
also rigged some locomotives. For reasons that likely had to do with Stephenson’s inter-
ests, two locomotives (figure 6.1) were ordered. These were to be used as a horse. Just
as a horse could, locomotives were to move 3 to 6 ton carts on level or near-level ground.

The Stockton and Darlington (figure 6.2) was a success. It demonstrated that a well
thought-out design could be a moneymaker. Success in the London coal market showed
that clearly. It also showed that locomotives were a very effective substitute for horses.
Indeed, they had the power to move multiple carts. Success was quickly emulated.

This chapter explores the realization of railroads, from stretching the state of the art
of design using existing building blocks, to learning to operate a new technology in new
markets.

Profile: George Stephenson

George Stephenson was born in 1781 in Wylam, England. His family homestead was
adjacent to the Wylam wagonway, a facility with wooden tracks for horse-drawn carts,
which had been built in 1748 to take the coal from Wylam to the River Tyne. In 1802
he took a job as an engine-operator at a coalmine in Killingworth, and was later pro-
moted to engine-wright. There he developed a safety lamp that would not explode when
exposed to the volatile gases in the mines. In 1814 he stopped operating engines, and
started designing them. His first traveling engine, named Blutcher, shown in figure 6.3,
was released in 1814. The Blutcher, the first locomotive to employ flanged wheels on a
track, could haul 30 tons of coal at a time. By 1819, Stephenson had constructed
another 16 engines.

His first railway ran for 13 km (8 miles) between Hetton and Sunderland. This rail-
way used gravity to move the cargo downhill and locomotives to go flat and uphill. It is
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Figure 6.1. Locomotion No. 1. (Source: Darlington Railway Centre and Museum, 2004.)

considered the first railway to avoid animal power. This led to his gig with the Stockton
and Darlington discussed above. The Stockton and Darlington broke some other
records; the Locomotion, built with his son Robert, hauled an 80-ton load a distance of
14 km (9 miles), at a peak speed of 38 km/hr (24 mph). It also included the first intentional
passenger car. His innovations were not simply with the engine, but also with the trackage
and right of way. Stephenson insisted upon keeping railroad inclines to a minimum, using
cut and fill extensively.

The Rainhill trials were conducted in 1829 to test the promise of locomotive engines
to be used for the new Liverpool and Manchester railroad. Locomotives were to run at
not less than 16 km/hr (10 mph), haul cars of three times their weight, adhere to a
weight limit, and run the route without adding fuel or water. Stephenson designed The
Rocket to compete; it was another, even faster locomotive engine. The Rocket, shown in
figure 6.4, was innovative for its use of a multitubular boiler, as well as using a chimney
to exhaust steam and bring in fresh air for the fire. Because all other competitors failed
to finish the race, The Rocket won, but that should not diminish its accomplishment.

Stephenson continued as chief railroad engineer with the Bolton and Leigh, the
Liverpool and Manchester, Manchester and Leeds, Birmingham and Derby, Normanton
and York, and Sheffied and Rotherham. He died in 1848.
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Figure 6.4. Stephenson’s Rocket drawing. (Source: Griibler, 1998; Science Museum, London,
1829.)

Stretching the State of the Art

The above description of the Stockton and Darlington is just that, a description.
Causality is explored only to the level of proximate cause (e.g., Pease had energy and
took risks, Stephenson was a skilled engineer who knew cost-effective designs.) Once
the Stockton and Darlington was in place, emulation played a major role, and diffusion
was rapid. Let us dig deeper.

One remarkable thing about the Stockton and Darlington was the way it stretched
the state-of-the-transportation-art. A critic of the times might have said that it had
no prospects. Existing transportation systems were built out and mature. Canals,
tramways, and roads had been built where the topography was reasonable and the eco-
nomics was right. The task was that of managing what had been constructed and
making marginal improvements. Indeed, John Loudon McAdam’s famous book on
roads and other publications were addressed to just that. They were mainly addressed
to road pavements (macadam surfaces) and toll road management. Although today
McAdam (whom we shall also meet later) is known for the macadam road, at the time
his fame was as a manager.

With respect to the Auckland coalfields, a canal was out of the question. The coal-
fields were at a high elevation, and difficult construction and many locks would have
been required. Road wagon costs were too high. A facility with some tramway features
was the only option.

The text in box 6.1 emphasizes costs, features of the route, and details of engineering.
Similar topics are found in the literature of the times. This was done here, that was done
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BOX 6.1 Stockton and Darlington Railroad Described in Wood’s Treatise
on Railroads as Reprinted in an 1832 Issue of The American Railroad Journal

Stockton and Darlington Railroad

The road extends from Stockton, on the river Tees, to the coal mines, which are 12 miles
distant from Darlington. The length of the main line is about 25 miles; and there are sev-
eral branches which extend in the aggregate 15 miles. The line traverses an undulating and
hilly country, and the amount of excavation and embankment was enormous. Some of the
cuttings and embankments are 30 and even 40 feet from the surface. The curves on this
road are abrupt and causing much friction, the repairs of the rails and wagons require
unusual expense. The profile of that part of the road, where stationary power is not
employed is undulating—varying from level to an inclination of 1 in 104 nearly, or 51 feet
in a mile; the average is 1 in 246. There are two summits, the Etherley and Brusselton,
where is passed by means of stationary engine on each, which works the two inclined
planes on each side of the summit. The Etherley north plane is one half of a mile in length,
and the amount is 180 feet. The engine is estimated a 30 horse power. The Etherley south
plane is rather more than 1760 yards in length, and the descent is 312 feet. From the foot
of the latter plane to the foot of the west Brusselton plane is four-fifths of a mile. This
plane is one mile long, and the ascent is 150 feet; the steam engine on this summit is esti-
mated at 60 horse power, the east Brusselton plane is one half of a mile in length and
descends 90 feet. Thirty-two tons (including the weight of the wagons) are drawn up these
planes, in one train, at the rate of 8 or 10 miles per hour. This Railroad is a single line,
with four turn outs, each of 100 yards in length, in a mile; width between the tracks: 4 feet
6 inches. The rails are chiefly of malleable iron, 15 feet long, & 1.4 inches wide on the
top, and weigh 28 Ibs. per yard (the form of Birkenshaw’s patent). The cost of the iron was
more than twice the present price of that article. The expense attending their charter was
£12,000, and the land cost more than this sum. Without including these items, the cost of
the main line was nearly £5,100 per mile, being a much larger sum than any single
Railroad in Europe had cost. The locomotive engines on this road weighed twelve tons,
and this enormous and improper load materially injured the rails, which were of the light-
est pattern. The cost of traction, with these imperfect and antiquated engines, was one-
fourth of a penny per ton for goods per mile;* the cost and repairs of the engines were
one-eighth of a penny additional. Horses were formerly employed on this road; their load
was 16 tons gross each at the rate of 3 miles per hour. On the Tees there is a suspension
bridge, supported by iron chairs.

Many writers have stated that this was the first Railroad intended for the purpose of
general trade: this is a mistake. Several Railroads of considerable extent were made in
Great Britain many years previously—The Surrey, the Sirhoway, the Cardiff and Merthyr
Tydvill, and several other Railroads were intended to accommodate a general trade, and
the tolls on them specified accordingly in the several acts of Parliament; although the arti-
cles conveyed on them, as well as on the Stockton and Darlington, are chiefly minerals
and other heavy goods.

*This includes the profit of the contractors, toll, &c.; they also draw back the empty wagons without
any charge. The prime cost of the wagons was defrayed by the Company.
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there, where “this” and “that” refer to engineering details and costs. Today’s reader
might be surprised by how much was known about the strength of metals (but not
fatigue), the resolution of forces, and other enduring topics.

The author of the printed text makes the point that this was not the first railway. He
cites some tramways in England, and we know of some existing at the time in the
United States, Germany, and France. The author failed to realize that on dimensions
such as scale, capability to manage throughput, institutional arrangements, and prof-
itability, the Stockton and Darlington was quite different from previous tramways. It
was a new combination of old things that opened a new way to provide transportation
services. The lesson is simply that the new has a lot of the old in it and that the essence
of “new” is new combinations.

Design by Design

It was already mentioned that Stephenson used best practice from tramway and other
construction. He borrowed from previous construction learning. Note that we said best
practice and not standard practice, and note also that this best practice was carefully
applied to the physical and market situations. Similar remarks may be made about the
design and use of locomotives. The technology was tailored to the physical situation
and to the market niche.

There was also borrowing and tailoring of other things. In particular, the common
carrier concept was borrowed from the canals where schedules of tolls were published.
Anyone could bring their boat and use a canal as long as they paid the toll. That gener-
ally was not the situation on tramways, which were associated with a particular property
and operated by the owner. Most were short, downhill all the way in the traffic direction,
and fed traffic from mines to canals.

With an expensive fixed plant, Pease needed traffic to cover costs and the desire for
traffic was the motive for the common carriage policy. Some feeder routes were built to
tap mines owned by others. Stephenson and Pease developed a design in a market niche.
It was the design that was new, the innovation itself was a design. With a play on words,
it was a design by design (i.e., on purpose). It was a new design built from old building
blocks.

Except for the design, there was nothing new about the Stockton and Darlington.
There was already knowledge and policy relative to transport enterprises—their financ-
ing, construction, tariffs, etc. The technologies were not new. (Stephenson had previ-
ously constructed a locomotive for the Killingworth Colliery, building on Watt’s
improvements of the steam engine. Others had built locomotives, and many were
better than Stephenson’s.) Yet based on the above arguments, we claim the Stockton and
Darlington was not a mere tramway, it was the world’s first railroad.

Defining the Railroad
Pease had a clear, but difficult, cost-oriented objective: to keep costs down in order to

make money. The problem of costs was deepened when the decision was made to use
locomotives; the original tramway charter had to be revised. The political deal-making
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to accomplish the charter revision worsened Pease’s situation. A London coal dealer
and Member of Parliament, John Lambton, insisted on a constraint on coal tariffs to be
transshipped to London. Per unit distance rates on London coal were set at one-eighth
those for local destinations. Pease had to have costs lower than that seemingly impractical
rate. That is partly why Pease used the common carrier format.

Pease had to learn how to make the common carrier concept work. For instance, he
began by purchasing cars/wagons for lease to independent operators. He was learning
about noncoal traffic: how much, how to price it, and services to be provided. In par-
ticular, and much to the surprise of managers, passenger traffic swelled and became an
unexpected source of revenue. Other questions included:

* How reliable were locomotives, how many carts could they train, and what were the
costs?

* Would the wheels slip under load? Did rolling resistance increase with increased velocity?

¢ What type of rail worked best?

* How to control traffic?

* What were the best mechanical transshipment devices?

* Should passenger cars use stone or wooden chairs?

Not everything went smoothly. At first, passengers were hauled on coal cars. The
first passenger car constructed was so heavy that it could not be hauled upgrade when
loaded. Learning continued on railroads that emulated the Stockton and Darlington.
The Liverpool and Manchester was pushed by Manchester merchants for freight move-
ment purposes, but it was opposed by canal and road interests. How should such a
situation be managed? Construction required building through a bog. How was that to
be done? What type of locomotive should be used?

Two interesting things about the Liverpool and Manchester were (1) the rediscovery
of the passenger market and (2) the alteration of the common carrier concept. The route
was planned as a freight route, and passenger demand came as a surprise, even though
the Stockton and Darlington had shown latent passenger demand. Indeed, coach oper-
ators saw no threat to their business, and they did not oppose the construction of the
Liverpool and Manchester. Managing locomotives and schedules required that the rail-
road own and operate equipment. If brought to the stations, freight of all kinds (fak) was
accepted for shipment, with charges at set rates.

The London and Birmingham and the Baltimore and Ohio (B&O) brought learning
further. Each required the establishment of a company of considerable size and the rais-
ing of capital in capital markets. (The City of Baltimore put up much of the funding for
the B&O; the State of Maryland waived taxes.) The problems of locating terminals in
large cities and managing large-scale engineering works were confronted and managed.
Experiments with the technology continued. Except for learning about organizational
structures and distributed management, which occurred later on the Erie and
Pennsylvania railroads, the very early railroads pretty much defined the railroad, how it
developed, and what it could do.

Learning, and change based on learning, were so rapid that Wood’s Treatise con-
fused the question of the first railroad. In many ways, the Stockton and Darlington was
a tramway with locomotives operating on level or near-level grades, and some things
like that had been developed earlier. But the Stockton and Darlington was a proof-of-
concept quite different from earlier developments.
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Discussion

The Stockton and Darlington experience says a good deal about how revolutionary
change occurs in transportation. Much of what it says is contrary to common wisdom,
both today and at the time. At the time, it was well known that transportation was pretty
much limited to tram, canal, maritime, and road systems, nothing else was needed or
practical, and management of existing systems was the priority. A similar view is wisdom
today. A fixed production set exists, let us manage it.

The experience says that revolutionary change occurs in market niches and by
design. Old building blocks are arranged in new designs, and the steam engine and
locomotive were among those old building blocks, for they had been available for about
30 years. Some building blocks were “hard” technology ones; others were “soft,” such as
the common carriage format and construction know-how. Building blocks are borrowed.

The experience says that markets and production formats are found by inquiring and
learning. Change is very rapid when designs are found that bring new resources into the
economy (Auckland coal) and support new activities (passenger transportation and its
purposes).

Although not discussed, it says that financing will be found if a design is successful.
Pease got his first funding from Quaker-controlled banks operated by his relatives. But
once the viability of railroads was understood, there was an abundance of financing
available. Also not discussed were the environmental problems faced by the developers.
As seen in box 6.2, the railroad was not without its complaints. Environmental prob-
lems and externalities had to be managed. In the case of environmental issues, the Duke
of Cleveland’s concerns about his fox dens stalled construction of the Stockton and
Darlington for about two years. Finally, experience says that radical change can occur
in short time frames.

We view policies as rules for the control of the flow of information and materials.
That is a broad abstraction. To use it, let us divide policies into (1) those based on social
and political consensus and established and implemented by law or social custom and
(2) those created by the modes for their own purposes and embedded in modal practice.
Except for the remarks about obtaining charters from Parliament, nothing was said about
the first type of policy. Parliament was exercising policy on how to birth organizations,
policy based on previous experiences.

Embedded policy was discussed—we talked about policy borrowed from previous
experiences (e.g., rules for construction, common carriage) and policy created by the
mode to meet its needs. The latter were design rules in the main.

One purpose for beginning our review of the transportation experience by examining
the Stockton and Darlington was to illustrate how we can interpret experience. Our dis-
cussion began with description. Widening it, we saw how the Stockton and Darlington
related to its context and triggered consequential change in transportation services.

Our second purpose was more general. If we avoid concentrating on petty details and
strive to generalize, we shall find that there has been a transportation experience. The
realizations of the experience have involved different actors, technologies, and geo-
graphical and temporal stages, but similarities overwhelm differences. Although we
have only begun to examine the experience, it is not too early to ask where the Stockton
and Darlington fits in the experience, how is it similar to other things in the experience.
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BOX 6.2 Comments by Social Critics

The railroad has been an important symbol in literature, and a subject of social critics.
In Dombey and Son, Charles Dickens portrayed the railroad as symbol of power and
ruthlessness. In The Uncommercial Traveler he said:

I left Dullborough in the days when there were no railroads in the land. I left it in a
stage-coach. . . . I was cavalierly shunted back into Dullborough the other day by train.
... and the first discovery I made was that the station had swallowed up the playing
field. It was gone. The beautiful hawthorn-trees, the hedge, the turf, and all those but-
tercups and daisies, had given place to the stoniest of jolting roads: while, beyond the
Station, an ugly dark monster of a tunnel kept its jaws open, as if it had swallowed
them and were ravenous for more destruction.

Nathaniel Hawthorne indicated considerable resentment of railroads in his American

Notebook. Thoreau’s Walden was kinder. Commenting on hearing a train, he said: “It
seems as if the earth has now got a race worthy to inhabit it.”

Finally, the press also had fun:

We renew an idea which we have propounded before, but which has been lost sight
of by Railroad managers and by our citizens—namely that an unnecessary number
of trains are run on our railroads to accommodate travelers from distant States, and
that one train daily would be all the passenger business that is now done on any of
the roads. This extravagance is wrong and ought not to be continued. I have no doubt
that to change it would add 8 to 10 percent to the dividends to suit these railroads.
They should arrange their running and time to suit the citizens of Indiana, and not
those of Massachusetts or Texas. All trains should arrive in this city between 11 and
12 AM., and leave from it at 1 or 2 o’clock p.M.

The Roads of New York sought to pass through a portion of Pennsylvania with-
out conferring any advantage upon the State—in fact, drawing away trade from her
own metropolis and conferring no local advantage even upon Erie, unless there was
a break of gauge. . . . If the foreign companies succeed in their schemes, there is one
great monopoly of railroad interest from Albany to Chicago, rich and powerful
enough to buy out or trample upon any rival interest, combining a moneyed power
which is without a parallel in the history of the country. We propose making
at Erie a break in this interest, and it is this in reality which the railroad fears.
(Dunn, 1919)

The reference is to Erie, Pennsylvania, and its situation is shown in the partial map of the
Nickel Plate Railroad (New York, Chicago & St. Louis Railroad Company) in figure 6.5.
Interestingly, Erie is today the location of much of General Electric’s transportation
equipment manufacturing, suggesting perhaps that the railroad did offer some advantage.

The anxiety associated with the railroad finds parallels today with the concern of the

all-consuming “sprawling” city and the shrinking countryside.
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Figure 6.5. Map of Nickel Plate Railroad crossing through Pennsylvania on route from Buffalo to Chicago. (Source: Nickel Plate Historical Society, 2004.)
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This chapter referred to the design of a new system using old building blocks.
Although not yet discussed, we shall see close analogies among Juan Trippe’s Pan
American Airlines service developments of the 1920s and 1930s, Malcolm McLean’s
Sea Land container services of the 1950s, and the Stockton and Darlington. The early
development of the auto-highway transportation and some other developments do not
compare so easily, but they do compare.

Our discussion treated the Stockton and Darlington and follow-on experiences. We
saw more than the birth of the railroad, for the discussion treated the search for work-
able institutional and technological designs. We saw the birth, system shake-out, and
design revisions.

In a paragraph above we said “triggered consequential change.” By consequential we
mean that productivity at least doubled, by change we mean that it offered new options
for production and consumption. Public policy did not play much of a role in occa-
sioning consequential development. Development occurred because innovators did
things. Can we learn enough about policy to be proactive on consequential transporta-
tion development matters?
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Next to the originator of a good sentence is the first quoter of it.
—Ralph Waldo Emerson, Quotation and Originality

Introduction

The first railroad serving both passengers and freight on schedule, the Stockton and
Darlington, began operating in 1825. Using Stephenson’s steam engine and edge rail, it
demonstrated that large volumes of bulk traffic (500,000 tons per year) could be moved
at low cost. Though large for the times, today most rail routes move upwards of 10 times
that amount.

Many looked at the Stockton and Darlington and read the easy lesson—tramways
could be built at larger scale and scope than had been imagined before. As a consequence,
fifty or so tramway proposals emerged in the decade after the Stockton and Darlington
opened. Most were cable cars, powered by stationary steam engines and cables, both
for incline and flat running; some were to be mainly locomotive powered. The idea
extended to the European continent. The Saint-Etienne railway, completed in 1828, is
said to be the first French railway. It was a tramway with some locomotives built on the
English model and linked the Loire valley with Paris to move coal. It was soon extended
to Lyon and carried passengers.

Canal/river facilities linking Manchester with Liverpool were strained, and
Manchester businessmen sought congestion relief. The market situation called for
increased capacity. Manchester was a major mill town, which by 1824 had 30,000
power looms and was importing 400,000 bales of cotton. A Liverpool-Manchester
cableway was proposed, and William James had begun surveys in 1822.

George Stephenson replaced William James on the Liverpool-Manchester line in
1824, and his plans went to Parliament in 1825. After overcoming much opposition
from landowners and canal interests, an Act was passed in 1826, and construction
began.

Cable haulage was sure to work, and it had to be used in a tunnel connecting the sta-
tion in Liverpool with the docks due to the steep grade and lack of ventilation. But there

81
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was concern about its use on the main line. It would provide excess capacity if traffic
was light in the early days. Locomotives could be provided to pace the build-up of traffic.
But would they be reliable and have the necessary power? The Rainhill trials proved
they could.

Running at about 32 km/hr (20 mph), the 50 km (31 mile) line was opened to pas-
senger service in 1830 and to freight service in 1831. Both services were an immediate
success.

While the railroad attempted to arrange passenger service provision by a coach
operator and freight service by a canal operator, the railroad’s desire for control of both
car training and train schedules and revenue, and tepid support from private operators,
led the railroad to elect to operate services, a major reinterpretation of the common carrier
tradition championed by canals.

Freight cars were built from tram and wagon experiences. First-class passenger cars
were, essentially, three road coach bodies mounted on a flat car. Second-class cars were
open-sided cars with roofs. If a traveler wanted his own road coach, it was mounted on
a flat car.

This chapter traces the rise of the railroads, from the emulation of the first system to
learning about networks, technology, passenger travel, freight transport, and embedded
policies.

Emulation

Success followed success, and by the 1850s a good bit of the fabric of the world’s rail
routes was in operation:

* 1825: The Stockton and Darlington opened.

e 1827: The Baltimore and Ohio (B&O) obtained a charter.

¢ 1829: The Baltimore and Ohio (B&O) opened for service.

¢ 1830: The Liverpool and Manchester opened.

e 1834: B&O extended to Harpers Ferry (now in West Virginia).

* 1831: The Pontchartrain Railroad (New Orleans, Louisiana) opened.
¢ 1833: The Charleston and Hamburg (South Carolina).

* 1834: 14 short railroads had opened in the United States.

* 1837: The London and Birmingham opened.

The London and Birmingham, Baltimore and Ohio, and Charleston and
Hamburg were larger enterprises with longer routes. They required larger-scale orga-
nizational and financing arrangements. Otherwise, they adopted what had been
learned.

Given the answer to the questions of what railroads would be and what they could
do, deployment was very rapid. Figure 7.1 shows the growth of the network in England.
As the pace of growth suggests, the system had largely climbed its S-curve by 1880.
There are several excellent histories of transportation in England (e.g., Aldcroft and
Freeman, 1983). For the U.S. experience see Ringwalt (1888).

Because the railroads were the first of the modern modes, there was much interesting
learning-from-experience as they dealt with their growth and development problems.
Later modes emulated much of what the railroads learned. For this reason, learning will
be the operative word in our organization of the discussion.
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Figure 7.1. S-curve of route kilometers of railroad in England.

Learning About Networks in France

The Legrand Star plan, centering railroad service on Paris, was produced in about 1830
by the French Corps des Ponts et Chaussées. Louis Navier, leader of the Corps, saw
speed as the advantage of rail, and railroads were to move passengers and priority
freight in a fashion complementary to canals. He felt that others, especially the
Americans and Germans, were not building to high enough physical standards, and the
plan called for limited curvature and grades.

But there was a problem. In spite of taxing power, public capital was not available
for the high-quality railroads. The compromise was that the government would create
the fixed facilities and that private companies would finance equipment, stations, and so
on. There would be private operations for 99 years, at which time the properties would
revert to the State. In practice, there was some compromising of standards to reduce
facility costs. Twenty-eight companies were created and eventually consolidated into six
regional monopolies. To meet the requirements of the plan, main routes cross-subsidized
the operation of routes in small markets.

State engineers planned the routes, and there were complaints from places not well
served. State financing was partial, as mentioned. State engineers also established tariffs
and fares (and, to some extent, service). Private companies could and did build feeder
lines, as was the case with toll roads built in the regions. The point is that the central
government took actions in an absolutist way in the spirit of Colbert.

These accomplishments were not made without great debate, and there were periods
when antistatist, antielite, liberal Adam Smith-like forces held power. Antistatists
argued that the time value of money made high-quality facilities inefficient and that mar-
ginal cost ideas should take priority over state-determined prices and cross-subsidies.
The authority of government engineers versus engineers in the private sector was also
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debated, with “cheaper and better” argued for private sector engineers. But even with
these debates, absolutism continued. This was in spite of the Revolution and Napoleon.
Indeed, the Napoleonic Legal Code (which was based on Roman law), in contrast with
English common law, may have eased the implementation of absolutism.

Most critics say that France overexpanded its rail facilities and invested in canals when
they were no longer competitive with rail. High standards for canals resulted in expensive
facilities, and they did not fit instances where water and/or traffic was in short supply.

Bismarck’s invasion of France in 1870 brought the Paris-centered rail system into ques-
tion, for the French could not move troops to the front as quickly as the Germans could.
As aresult, a grand plan was produced in 1880 resulting in the northeast rail corridor.

Other critics say that France developed very fine systems as a result of the profession-
alism of the central government and the engineers’ uses of science. There is no question
that, from a strictly physical engineering view, the French developed superior facilities
using superior knowledge (Smith, 1990).

SNCF was created in 1938, and another round of superior engineering was seen as
the railroads were electrified after World War II (25,000 volt, AC transmission converted
to DC by locomotive rectifiers). The TGV and today’s expressway system followed.

Figure 7.2 illustrates intermodal complementarity; in the River Zorn valley side by
side are the Rhine—-Marne canal, the River Zorn, the road leading to Lutzelbourg, and
the Paris—Strasbourg railway.

Learning About Technology in the United States

Railroad development began in the United States at a time when the predominant
technology was still in a hardening phase, and the technology was specialized to the
U.S. situation. A key actor was Robert Livingston Stevens (1787—-1859), son of Robert
Stevens, the competitor of Robert Fulton of steamboat fame.

Figure 7.2. Transportation in the Zorn River valley. (Source: Heitmann, 2004.)
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Trained in construction and steam technologies by his father, R. L. Stevens was first
president and chief engineer of the Camden and Amboy Railway (later, part of the
Pennsylvania system), incorporated in 1830. Stevens journeyed to England in 1830 to
meet Stephenson, and he purchased a Planet series locomotive, the John Bull, which
arrived in the United States in 1831. Stevens designed the “T” rail, which was known
as the Stevens or American rail and is now universally used. He also developed the
rail-spike—crosstie system. The bogie truck and methods of wood preservation were
developed on the Camden and Amboy. Also on that railroad was Isaac Dripps, the inno-
vator of the cowcatcher, which not only redirected lost livestock, but also (with additional
wheels) helped to keep the locomotive on track. Stevens was America’s Stephenson,
and the Camden and Amboy was its Stockton and Darlington.

The hardening of the technology America-style also yielded the “American” loco-
motive. Rigid British locomotives did not ride the poorly aligned, light American rails
very well, nor did they serve well on the sharp turns of mountain passes. They were also
designed for coal burning.

To meet the U.S. needs, Henry R. Campbell of Philadelphia developed and patented
the “American” 4-4-0 locomotive in 1836. (The numbers are based on Frederick
Methvan Whyte’s system of classification. The first number is the number of leading
wheels, the middle number is the number of driving wheels, and the last is the number
of trailing wheels. Thus for the 4-4-0 there were two leading axles (four wheels), four
driving wheels, and no trailing wheels and axles.) The chief feature of the American
locomotive was a four-wheel, two-axle pivoting truck at the front which would turn and
guide the locomotive around curves.

John B. Jervis produced the first versions of the American design; his locomotive
was a 4-2-0 and weighed about 7-10 tons. But with in a year or so the Campbell design
evolved to 4-4-0s weighing about 15-25 tons. A typical American locomotive is shown
in figure 7.3.

Figure 7.3. American locomotive from Northern Pacific Railroad. Note: Class C-13, 870-898,
4-4-0 Standard, total built 29, Portland Locomotive Works, 1881-1883. (Source: Carlson, 1884.)
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The wood versus coal question was touch and go. Initially, coal was expensive in the
United States, but rail service soon began to make anthracite available. Just at that time,
though, the demand for coal was affected by rapid growth of “hot blast” iron and steel
production, which put pressure on anthracite prices. Less expensive wood became the
fuel for most railroads, but a few railroads used anthracite.

As the technology hardened in a suitable form, railroad construction boomed (starting
in about 1845). The American locomotive dominated American practice through 1900.
The weight and power of the locomotive increased by at least a factor of three, yet the real
price remained steady, and even fell during some decades. There was a shift from wood
to coal fuel in about 1880. There were many American-type locomotives still on the prop-
erties when diesel replaced steam in the 1950s. Quite a number were exported, some to
England. Later, many 4-8-0 locomotives used in Europe were based on American designs.

One reason for the quick demise of canals was the unusually cold winters of the mid-
dle 1840s; there were short shipping seasons just at the time new canals were opening
and facing competition from railroads.

A so-called debt-repudiation depression began in about 1839 and continued to about
1847. The conventional reason given for that depression is the write-down of investments
made in canals and some changes in currency and banking policy. While not dismissing
those factors, Santini (1988) links the depression to the clash between the new and old
technology and, in particular, to the displacements that the uses of the technology
occasioned.

From the 40 km of railroad in the United States in 1830, in about nine decades
mileage grew to about 400,000 km. Subsequently, the length has declined to about what
it was in 1890. Figure 7.4 shows the change in the length of railroads in the United States
from 1830.
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Figure 7.4. Railroad route kilometers in the United States.
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Learning About Passenger Transportation in England

Charters for the Liverpool and Manchester and the London and Birmingham were
obtained after debates about their diversion of freight from other modes. But diversion
of freight was slow and selective. The latent demand for passenger transportation,
however, came as a surprise.

Recognizing a role in passenger service, the Act of 1844 responded to public claims
for rights to travel and set a minimum level of service availability. Known as
Parliamentary trains, service was to be provided in each direction each weekday. Stops
were to be made at each station. A maximum fare was set and running speeds were to
be not less than 20 km/hr (12 mph). This was third-class service.

First- and second-class service reflected the coach, fly wagon, post horse, and freight
wagon services available on roads and flyboat service on canals. The classes of passenger
service offered by the railroads mirrored canal and road services. They substituted for
canal and road services and pretty much captured the market. The same economic
rationale continues today. It yields, for example, first, business, coach, and a collection
of lower-cost special fares in air transportation. Jules Dupuit (1849) considered a situation
where there was a fixed cost of providing service. Using concepts of consumer surplus
and utility differentiated among users, he demonstrated the wisdom of differentiated
tolls for differentiated passengers—the idea of price discrimination, referred to today
as Ramsey or inverse-elasticity prices.

Railroads found demand and costs such that they could lower fares and upgrade serv-
ice. Although figure 7.5 does not reflect early experiences, it shows the consequences
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Figure 7.5. English passenger railroad data.
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of railroad actions: low-fare services grew very rapidly, while in absolute terms high-fare
services withered.

Things were improving, and there was no need for central government action, with
one exception. The railroads found the obligations of the 1844 Act onerous, especially
the requirement to stop at every station. They pressed for relief and obtained it in an 1866
Act. However, there was a tradeoff. As railroads asked for relief, some were required to
operate workmen’s trains in the vicinity of large cities (more on that later). We have seen:

* Policy stated as a minimal level of service requirement. A standardized requirement, one
policy fits all situations.

* Requirements for minimal level of service policy are mooted if service performance
improves, as it does in the early days of a system.

 Policy revision, and the use of tradeoffs to obtain revision.

» Experience said “offer differentiated services” and custom and tradition have caused
differentiated services to continue.

More generally, what had been learned in the prerail experience was incorporated
in the rail experience and modified in a pragmatic way and the rail experience led to
additional modifications.

Learning About Freight Transportation in England

In the case of roads, the local justices of the peace were required, under an Act of 1691,
to set maximum freight rates and service conditions. This was early in the development
of the wagon trade, and the concern was that wagoners were setting rates at excessive
levels. It seems likely that they were. One had to have considerable (for the times)
capital to enter the business, and competition must have been limited. The wagoners
had mutual interests, and price rigging must have taken place off and on.

The experience of setting rates and service conditions was reflected in canal and
turnpike charters: the canal firms and turnpike trusts were not allowed to monopolize
the boat, wagon, and carriage business. Maximum tolls were set, and later refined. Road
tolls, for example, had some relation to cost. They were computed on the basis of wagon
wheel width and tons. Flyboats paid higher tolls than freight boats. In river navigation
projects, there was a tendency toward complex tolls that charged according to value.

From a policy point of view, the Stockton and Darlington was a canal. Anyone with
equipment could use the track. Maximum tolls were set. These conditions were carried
over to the Manchester and Liverpool charter. But the “anyone can use” policy was
never implemented. The London and Birmingham charter simply required the railroad
to carry all freight brought to its docks.

At this point in time, the system took off, and by 1850 there were some 215 railroad
companies in England. Additional problems emerged begging policy attention. One was
the amount of time the legislature was spending on the private acts, one for each firm.
Could generic legislation be stated and action delegated to some creature of the legislature?

Debate continued on this prior to the 1844 Act and a proposal was developed, but
there was no full response to this problem until 1872 when the Railroad and Canal
Traffic Act created a railroad commission and gave it powers. (This was about 15 years
before the Interstate Commerce Commission was created in the United States.) An
interesting aspect of the 1844 debate treated government ownership. Using the turnpike
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model of reverting to government ownership, it was recommended that newly chartered
railroads become the property of the government after 21 years (compensating their
owners at reasonable prices).

Another problem was the growing complexity of commodities to be moved.
Classification was the name of the game as was the basing of rates on the value of the
product. Traders pressed the railroads hard for advantages in order to attract traffic, and
classifications and rates began to be complex. About 300 articles were recognized by
1850, and by 1871 the number had grown to 2,753. Classes were recognized, articles
were placed within classes, and charges for them were related to class rates.

The situation was more complex than just the increase of articles and classes would
suggest. With the growth of the economy and trade, more and more shipments moved
over multiple properties. By the 1880s there were 40,000 stations between which ship-
ments could move. Some system-wide referee standardizing rates had to be established.
Would government do this?

Not at first, although government did pass lots of acts relating to rates. The railroads
created a clearinghouse to do the rate work and to articulate shipments among roads.
Government action mainly responded to claims that the firms were making too much
money—maximum rates should be reduced. Government tried to protect the public from
monopolies by authorizing competitive lines and controlling amalgamations. It gave
running powers to railroads that were locked out of markets.

Most researchers say that government actions were not very effective. Government
control of rates was ineffective partly because control was aimed at line haul charges.
Carriers could set terminal rates and collector/distributor rates.

The classification-rate problem was settled by mutual government—industry action.
The clearinghouse had enforcement problems, and government had its problems. The
clearinghouse had been working with Parliament’s Board of Trade (which had been
created to work with the clearinghouse—no powers, but likely a lot of clout).

The Act did more. It extended to terminal charges and it introduced tapered rates. In
this small way, the Act, for the first time, related charges to costs. Previous Acts (in
1868 and 1873) had required that rates be published and that charges be itemized.

Government became involved in setting rates because while the railroads could get
some agreements on rates, an authority was needed to enforce agreements. Once
government became involved, it did begin to exert some social policy influence. The
requirement for the publishing of rates reduced the problem of asymmetric information
between users and service suppliers.

The above discussion treats a lot of borrowing and learning. First, the railroads and
government borrowed from previous experience. Next, they responded in pragmatic
ways to the rail experience. The overarching challenge was to deal with complexity.
Government worked with the railroads to create institutions for that purpose.

Learning About Embedded Policies in the United States

The discussions up to this point have stressed how railroads began by borrowing policies
from previous modes and then modified policies based on experience. A similar statement
may be made about government. Passenger and freight services were examined. Now,
the discussion turns to how policies became embedded within the structure of the mode.
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By the late nineteenth century, many small rail starts had been absorbed by larger
systems, and strong large systems had emerged. Within-railroad embedded policies
evolved to manage these large systems, namely, functional and departmentalized
administrative structures for day-to-day routine operating decisions with precise
accountability for expenses and use of human resources. The telegraph provided oper-
ational control—on an hourly basis for trains and on a daily basis for (1) expenditures,
(2) work performed by men and machines, and (3) freight and passenger movements.
These innovations are attributed to D. C. McCallum of the Erie Railroad beginning in
1854. They were widely publicized and served as a model for other railroads and for
industry generally (Chandler, 1979).

J. Edgar Thomson of the Pennsylvania Railroad, who, after adopting McCallum’s
scheme, divided the Pennsylvania into operating divisions in 1857, took the next step.
Each division had a superintendent in charge of three functions: transportation, way,
and equipment. The headquarters superintendent and the division superintendents were
delegated operating authority over men and machinery. Headquarters was primarily
involved with finance and planning and rules and procedures.

Other railroads in the United States quickly adopted this organizational system.
Adoption elsewhere seems to have been slower, mainly because systems were smaller.

These organizational developments eased the problem of within-railroad embedded
policies (but not the making-markets or profit-cost centers problem to be discussed
shortly). Developing between-railroad embedded policies proved tougher.

In the post-Civil War decade there were four major systems connecting the east coast
with terminals just west of the Allegheny Mountains, and those trunk lines sought alliances
with western railroads and steamship lines to curb rate wars. Some purchased stock in the
western roads, and all made agreements on through rates and services. But this did not go
smoothly because individual roads could gain by seeking favorable changes in the status
quo. (Jay Gould sought such changes when he gained control of the Erie in 1867.)

A variety of supplemental techniques were attempted. The Vanderbilts, for example,
sought to federate the New York Central with lines to the west. The western railroads,
which were generally weaker than the eastern trunk lines, sought to pool receipts in order
to reduce motives for price wars.

These efforts were unsuccessful, and in 1877 the eastern railroads formed the
Eastern Trunk Line Association headed by Albert Fink. This was soon joined by similar
Midwestern and New England organizations, with the several organizations unified by
a common executive committee. The regional organizations determined rates and
classifications, which were then adopted for the areas covered.

Things seemed to have worked smoothly for about a decade until Gould and the
Vanderbilts became aggressors in this nonzero-sum game. Figure 7.6 indicates the size
of the properties that we have been discussing (at a date a little later than the period we
have been discussing).

Discussion
As noted in the introduction, transportation systems have a three-component, triad
structure:

* Civil engineers (through, e.g., a public works department or the U.S. Army Corps of
Engineers) create and manage fixed facilities.
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* Mechanical engineers (through, e.g., General Motors or North America Car) manufacture
equipment.
* Pilots, train engineers, or drivers operate the vehicles.

Mirroring that structure, railroads are organized as shown in figure 7.7.

The answer to the question of why railroads are organized that way requires little
discussion: that was the division of talent and problems at the time. For the other modes,
“modeled on railroads” is a good first approximation to the answer to the question of
why they are organized the way they are.

But this structure yields considerable dysfunctions. The question is that of why
modes have continued to be organized in triad structures in light of the dysfunctions.
That is especially a question for railroads. As corporate entities, they should be able to
adopt restructuring policies more easily than the other modes.

We may term one dysfunction the inability to make markets. A conversation with a
railroad person would be misleading. Most of them can tell everything about the goods
being hauled and why. Those that have to know have deep knowledge of the trading
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terms and transportation cost interrelations in the capturing of markets. They know that
a cent here or a quality of service attribute there can change the terms of transport. But
the level of freight movement knowledge by railroad people has an important constraint
on it. Railroad people do not have sharp knowledge of the cost to the railroad when
making a market.

The reason is structural. Each division of the railroad claims a budget to carry for-
ward its task, and each tries to minimize costs and/or maximize output from given
inputs. At the level of a geographic division, for example, the transportation (opera-
tions) manager sees certain tons to be moved. Given the equipment and fixed facility
situation, a good manager keeps the transportation inputs required to a minimum.
Individual shipments move across divisions and impose costs on way, equipment, and
operations. Shipments are handled jointly with other shipments in different combi-
nations at different places and times. So it is very difficult to identify the cost of a
particular shipment.

Railroad people know this very well, and they give a lot of attention to costing.
Indeed, Wellington’s The Economic Theory of the Location of Railways, written in the
late nineteenth century, centered on cost information and its use. Where special services
are offered, such as unit trains on heavy haul routes, cost information may be pretty
good. Some railroad marketing departments are organized by commodities and try to
match costs and services as best they can.

Even so, there is a longstanding dysfunction locked in by structure. The situation is
worse in other modes where the structure is not within mode-wide organizations. In air
transportation, for example, we have authorities that operate airports, a Federal Aviation
Administration that manages the airways, and airlines and private operators that move
passengers. Individual firms such as trucking companies and shipbuilders know their
costs and markets, of course. System costs are another matter. No one is in charge. In
the economist’s pure atomistic world, if there were perfect competition that is of no great
concern. But structural interdependencies in transportation are strong and competition is
far from ideal.

The second dysfunction is associated with patterns of dynamic decision making.
The operations group on the railroad occurs costs on a car basis, so they press the equip-
ment division to buy larger cars. That is acceptable to equipment managers because
it lowers their costs. But it has been found that large, heavy cars impose many costs
on track structure. What has happened is that incremental decisions were made on the
basis of component criteria, subject only to the conditions that it fit the system in a
technical way.!

One term for this pattern of behavior is disjoint incrementalism, and we are not the
first to use the term. Dahl and Lindblom (1953) made much of incrementalism, stressing
attributes that were rather favorable. They saw incrementalism as allowing exploration
of options in cases where wants could not be known, as reversible and low risk, as
allowing for organizational stability, as permitting compromise among goals and stake-
holders, and as having other desirable attributes. Much is said in the context of their
presentation.

Perhaps stasis from constrained behavior gives an additional flavor to the idea we
strive to communicate. Actors in a component of a mode are constrained to do things
that fit the structure of the mode, and actors’ goals, values, and priorities are constrained
to their component.2



Railroads Rising 93

As a consequence of the constrained behavior of components, systems have a highly
constrained path of system development. The options that can be explored are very,
very limited, for example. Actions may be costly because of impacts on others.

We think that the limitations on the exploration of options are the major cost of dis-
joint incrementalism. When is this failure costly? It is clearly costly when systems age.
Inability to change is one reason they sail along in the sunshine of their obsolescence.
It can be costly early on, because it can lock in dysfunctions. Policy bearing on Brunel’s
wide-gauge railways (to be discussed later) is an example.

Describing the dysfunction following from the organization of systems, Churchman
(1979) refers to the environmental fallacy. Actions are taken without considering the
environment and feedbacks from environmental adjustments. That thought could be
used at the level of how components interrelate with each other and at larger scope.

Efforts to mitigate externalities and other system dysfunctions often rely on regulation,
and that is where the next chapter leads.
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We do not ride on the railroad; it rides upon us.
—Henry David Thoreau, Walden

The “Act to Regulate Commerce” goes into effect on Tuesday next. . . . The National
Commission . . . is now in session. . . . The railways as well as the public generally . . .
will give them every encouragement possible for the execution of their duties.

—The Railway Age magazine, April 1887

Introduction

The Federal Triangle, located in Washington D.C. just south of Pennsylvania Avenue
between the Capitol and the White House, was the largest building program the U.S.
Government had undertaken by the time of its opening in 1934. The new buildings
aimed to show the “dignity and power of the nation.” The Interstate Commerce
Commission occupied both the apex of the “iron triangle” of regulators, the regulated,
and the legislators, and one of those Federal Triangle buildings continuously from 1934
until its dissolution in 1995.

A late 1980s or early 1990s visit to the outwardly impressive ICC building, a walk
down the green narrow halls with cracked linoleum floors, visits to offices, and attend-
ing an ICC hearing gave an impression of senescence. It was a sharp contrast to the
impressions from the newer regulatory agencies, with modern fixtures and furnishings
if not modern policies. Hence the replacement of the ICC by the Surface Transportation
Board (housed elsewhere) came as little surprise—its old and run-down furnishings and
fixtures symbolized its old and run-down ideas.

Like the ICC that regulated them, most of today’s transportation systems are mature
or nearly so. They are fully deployed, structures are fixed and inflexible, and the mix
and variety of the services that can be offered are limited. Given that situation, how do
systems respond to changes in their environments? We explore that question, using the
U.S. railroads as a case in point.

This chapter emphasizes modal behavior and policy matters as systems trend to full
deployment and are forced to adjust to changes in their environments. Using our life
cycle scheme, we are in the maturity phase of the cycle, and the matters we treat
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generalize very well to the situation across the board in transportation today. It is fair to
say that most systems are nearly or fully deployed, and service is available everywhere—
that is certainly true in the more developed nations. Designs are fixed; unitary technolo-
gies are used. So while we are looking at the rail system, we see behavior, problems, and
reactions to problems that have commonality across today’s systems.

In the early days, as discussed in the English context, the government role was
largely enabling (e.g., chartering firms) and, by default, doing things in the interest of
the railroads where, for one reason or another, the railroads couldn’t build a consensus
for action (e.g., Board of Trade intervention when railroads couldn’t agree on running
rights).

Tasks similar to these carried forward into the near and full deployment phase of
development, the phase now examined. The government role was broadened and fine-
tuned. In addition to this already established role, we shall see some other roles emerge.
In general, we can say these emerged because the “bloom was no longer on the rose.”
During the start-up and expansion phase, new services were being made available and
existing services improved. Improvements tend to stagnate as the unitary technology is
locked in and service becomes widely available. At this point, the debate over who
claims the transportation rents becomes fiercer, in the absence of improvement, ills are
more visible, and problems covered up by improvements emerge for management.

In response, we see a wave of tightening regulation, with regulation steered in many
ways by the “Who gets the rents?” question. We also see a notion of rationalization
emerge and be increasingly modified.

The topic divides into two stories, and the next two chapters reflect the two stories.
The first covers the period when government learned how to craft policy legislation and
operate regulatory institutions and enforcement tools. Government had to innovate.
Also during that period, government continued largely to create policy by default, that
is, to take care of things not satisfactorily treated by embedded policy making and
by the broad social contract. It concludes with the pendulum having swung back to
deregulation.

Rationalization, the operative word during the decade of the 1920s and subsequently,
is discussed in the next chapter. Its meaning has changed with the decades, and the next
chapter will trace the notion of rationalization to today’s meaning.

Turning the Clock Back

The within-railroad and between-railroad embedded policies and rules explain much
about their structure and behavior. (A similar statement holds for all transportation
systems.) However, governments were asked to develop policies when the railroads
could not develop and enforce needed embedded policies. One case is when the domain
of the policy extends beyond the domain of the mode; for example, policies needed to
assist in acquiring right of way. Another case is when there are winners and losers
within the modal community, and governments are asked to play the referee. The grant-
ing of track rights and criteria for the division of income from movements involving
more than one firm are examples.

This development of government policy “by default” seems especially true during
the early days of systems. Such policies have a “help the system get deployed and
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work” character. Later on, government policies respond more to broad social consensus
about systems. They have a “control the system for social purposes” character.

Regulatory Acts and institutional and administrative actions relative to freight tariffs
and passenger service occurred in Britain in 1868, 1873, and 1893. Those initiatives and
the U.S. federal initiatives of the late nineteenth century involved values, ideas, and
concepts that were commonplace then and remain so today in the verbiage of common
law. Yet, the imposition of those ideas on the railroad “turned the clock back.”

Medieval society ran on the common will. Later, as commerce extended from village
to village, shops and inns and larger enterprises were subjected to medieval, common
law attitudes. Shopkeepers and others derived their rights and powers from the commu-
nity, and communities specified the terms of services and prices charged. For example,
inns charged “fair” rates; they could not refuse service without good reason. As com-
munities developed in the United States, they were clothed in that spirit. The villages
and towns continued to control the activities within them. In addition to stating the
terms in which individual entrepreneurs operated within their span of control, these
communities undertook public works to serve the members of the community.

But railroads and canals were big enterprises, and they were more than villages and
towns could handle from the standpoints of financing and geographic scope of activi-
ties. Extending the medieval tradition, rail and canal organizations were chartered by
the states to serve the public. Essential elements of those charters were the notions that
service to the public was to be without discrimination and favoritism; users in like
circumstances were to be served the same; and government was entitled to regulate
rates, terms of service, quality of service, and so on. Government delegated authority
necessary to the purposes of the corporations—for example, the power of claiming
eminent domain over property was delegated to the railroads.

In the early nineteenth century, public attitudes drifted from medieval logic. The
spirit of Adam Smith and laissez-faire gripped the nation. (Actually, the spirit was
behind many early settlements; they were commercial enterprises with certain rights
and restrictions—the Virginia Company and the Massachusetts Bay Company were
examples.') Small farmers, merchants, and larger organizations began to do what they
wanted to do. There had been a breakdown of the medieval village and, at any rate, many
new activities were nontraditional and also did not fit traditional governing units. The
nation was growing very rapidly; most people shared in that growth, and laissez-faire
was seen as a touchstone for growth.

Box 8.1 describes the financial shenanigans that emerge in network industries under
a regime of laissez-faire. Box 8.2 compares the different regulatory regimes in the
developed world.

Social Contract Strained

The social mood of the times was that the public and individual interest was very
much served by entrepreneurial freedom (Hillman, 1968). The railroads on some
measures were providing better and better services, so the public should have been
pleased by the current service compared to previously and have expectations for even
better service in the future. Given this situation, what kinds of issues strained the social
contract?
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BOX 8.1 Financial Shenanigans

In the late 1860s, Cornelius Vanderbilt, proprietor of the New York Central Railroad, tried
to acquire its principal competitor, the Erie Railroad, by cornering the market in shares
(and driving up their price). Erie Board members Jay Gould, Daniel Drew, and James Fisk
released 50,000 new shares of stock on the market in March 1868, defying a court injunc-
tion, and breaking Vanderbilt’s corner. The Erie Board members fled to Jersey City across
the river (and out of state) from New York. They lobbied (well, bribed) the New York state
legislature in Albany to legalize the issue of new shares and prohibit the merger of the two
railroads, which the legislature did. Vanderbilt and Gould, Drew, and Fisk settled their
disagreements, and Drew retired. Gould and Fisk, along with Erie Board members
(including William Tweed), then issued enormous amounts of stock to water down the
price of shares.

Gould proceeded with other dubious measures, including trying to corner the gold
market, which resulted in an 1869 stock market crash. The backlash against Gould
resulted in his ouster from the Erie Board in 1872. However, with his fortune (estimated
at over $25 million), he moved his attention to the western railroads. He acquired
controlling interest in the Union Pacific Railroad from 1874 to 1878. He purchased the
Kansas Pacific, Denver Pacific, Central Pacific, and Missouri Pacific. In 1880, by threat-
ening to extend the Kansas Pacific from Denver to Salt Lake City, and connect there with
the westward lines of the Central Pacific, he was able to force the Union Pacific, under
Henry Villard, to buy out the railroad for $10 million. He plowed the payout back into the
industry, buying and efficiently running the Missouri Pacific, Texas and Pacific, and other
lines, giving him one-half of all traffic in the southwestern United States. In 1881 he also
bought the New York elevated railroads, and the Western Union telegraph company.

BOX 8.2 Comparisons of the Developed World

Sometimes when you have everything, you can’t really tell what matters.
—Christina Onassis

Striving to summarize the English, French, and U.S. policy experiences and anticipate the
developing world’s future experiences, some broad-brush remarks will be made. With
the exception of France, experiences similar to those discussed for England held on the
Continent.? Early on, France differed because of its strong central government and its
traditions of scientific work, rationalization, and professionalism (Smith, 1990).

We think the term entrepreneurial capitalism best captures English policy. English
policy had a “hands off” character, and this seems to have flowed from the notion that the
national interest was best served by competitive, independent firms creating jobs and
wealth. Rate setting by agreement among firms, rates high enough to return profits, and so
on, resulted in profitable firms. There was a bit of welfare tempering—for example,
workmen’s trains, publication of rates, and listing of charges—but not much. Also,
Parliament’s careful examination of requests for charters protected property owners, existing
properties, and investors from poorly developed schemes.

(continued)
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BOX 8.2 Comparisons of the Developed World—cont'd

The French policy experience may be labeled absolutism or statism—all decisions
turned on what was taken to be good for the State and were made by the State. Plans were
made by the State, instead of by firms as in England. The same was true of tariffs (rates,
fares). There was State financing (partial) instead of private capital. Operations had heavy
State input. There was to be eventual State ownership of facilities.

United States policy does not summarize so easily. Early on, local and state mercantilism
makes a good label, and there was also flirtation with aspects of federal absolutism (when
railroads linking the west coast with the Midwest were debated and when regulation was
considered). After some bad experiences, policy evolved into what may be termed a
U.S. version of entrepreneurial capitalism—capitalism constrained by antitrust and rail-
specific regulation. That continues even though the Interstate Commerce Commission has
been eliminated. Let us call it constrained entrepreneurial capitalism.

An example may aid in contrasting the differing national approaches to policy. Early
trains had no brakes, and as trains became larger, faster, and heavier, hand-applied
mechanical brakes began to be used. However, poor braking was the cause of many
accidents. In the late nineteenth century, George Westinghouse developed the air brake.
The French adopted it by fiat: “Use it.” The English took the attitude that when the prop-
erties saw that air brakes made good sense they would adopt them, so no government
action was needed. Indeed, the English had a “hands off” policy on safety generally. There
were government inspectors who reviewed properties, and their reports were published,
but government took no action beyond that. The U.S. government negotiated with the rail
properties and adopted a legislative requirement for air brakes. But the refinement and
implementation of air brakes was pretty much left to the railroads and their decision-
making arrangements.

We think of the summary just given as broad-brush. We would be remiss not to point
out even broader-brush thoughts. Each national rail policy experience was rooted in situ-
ational attributes, as well as the ideas and attitudes that influenced the thinking about
related government organizations and roles. All that can be termed political, national,
ethic or culture. That is the kind of thing Alexis de Tocqueville commented on so skill-
fully on in his Democracy in America and in his book on the French Revolution.

As stated, the rail experience provides a “mother logic” for policy in other modes. We
need to go beyond that to point out that rail mother logic was shaped by national culture;
it was also a shaper of national culture, especially in the United States. In this respect, a
very broad-brush view of rail policy provides a comment on national industrial policy.
Note that the labels we have attached to English, French, and U.S. rail policy apply to
industrial policy in general—the French have elected to develop key industries, the
British and the Americans have had rather different industrial policies. Other countries,
including the less developed ones, fall here or there between the extremes of absolutism
and entrepreneurial capitalism.

We claim that all nations are developed, given historic paths, resources, tools, and other
attributes. We now invert that statement, for if we accept that change in transportation is
possible, then new futures are available to all nations.

In some ways the transportation development problem is most urgent in the so-called
developed nations. The old systems have clearly run their courses, and that is one reason
for the slowdown in development and lack of investment opportunities.

But there are other urgent development objectives, many of a “reduce constraints” type
(reduce government regulation, limit the number of product liability cases). Some objectives
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BOX 8.2 Comparisons of the Developed World—cont'd

call for investments, such as in new technology and education; that is, there are a lot of
urgent things to do that are more visible and closer than transportation to the mainstream
of economic and political thought.

Wilfred Owen, a long-time student of economic development, now gives overriding
attention to equity. He says that all less developed nations should be provided with
upgraded road systems. Without such systems, residents cannot participate in modern life,
acquire health services, and so on. Leaving aside the point that roads are not enough,
Owen has an attractive thought: a basic level of transportation service may be prerequisite
to the rest of civilization.

Compared to other nations, the existing transportation systems of the United States are
regarded as in pretty good shape despite congestion and some disrepair.

General problems began to be perceived of the following sort:

1. First was the question of the relation of the value of capital stock to the value of the
plant, which varied widely among railroads; there had been a number of well-publicized
abuses through watering stock.

2. A perception of unfair treatment of users existed, and users organized themselves in
various ways.

3. Finally the railroads had problems they could not manage. They had natural monopoly
characteristics leading to cutthroat competition. Attempts to control this competition
through pooling and ratemaking turned out to be a rough and unworkable game.
Further, railroads needed protection from large shippers and express companies.

So although the terms of reference in which the federal government exercised
control over the railroads seem very familiar today, federal control was a turning back
of the clock (from laissez-faire) so far as the evolution of the economy and the roles of
individuals and corporations within it were concerned. Government began to exercise
its traditional medieval rights in a manner that had not been exercised visibly and
strongly for some decades, if not centuries.

The states attempted to manage using additions to general laws so that they dealt
with specific ills and by development of commissions—some advisory and some
regulatory—to make the laws work.

Problems arose in the grain elevator industry. Although individually owned, the
grain elevators colluded in the setting of prices, and they controlled the movement of
grain from much of the Midwest to markets in the East. In 1873 the State of Illinois
passed a Warehouse Act to regulate the rates and terms of service in Chicago’s grain
elevators. This act was challenged by successors to the firm of Ira Munn and George
Scott, whose elevator business failed during the Panic of 1873, in part because of
corruption.

Munn v. Illinois (1877) worked its way up to the Supreme Court. Citing common
law, the Supreme Court, in a decision by Chief Justice Morrison Waite, found that the
activities of the grain elevators were a matter of great public consequences. He wrote,
“Common carriers exercise a sort of public office, and have duties to perform in which
the public is interested. . . . Their business is, therefore, ‘affected with a public interest.””
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Countering the claim that the law destroyed private property, Waite argued that legisla-
tors, elected by the people, were the appropriate forum to establish regulation, and the
courts should behave with self-restraint in the economic arena. Thus, Illinois had a clear
right to regulate those grain elevators in the public interest.

Munn v. Illinois was a precedent-setting case, and it applied clearly to the railroads.
This enabled the states to regulate the railroads and federal regulation of interstate
commerce. Reasoning from Munn v. lllinois, findings in Wabash, St. Louis, and Pacific
Railroad v. 1llinois established the right of Congress to regulate interstate commerce.

The state actions were, however, ineffective and debates escalated to the federal level.
In 1872 President Grant appointed the Windom Committee to look into the matter. It rec-
ommended government ownership of railroads. However, legislation failed until the
McCullom report, which led to the Act to Regulate Commerce of 1887, recommended an
Interstate Commerce Commission to regulate rates. The Act was not much more than an
appeal to common law, and it lacked enforcement means. Its first three parts required rates
to be just and reasonable, forbade personal discrimination and rebates, and outlawed
undue or unreasonable preferences. All of this is very much in common law tradition.

Other requirements limited long-haul and short-haul rates, prohibited pooling
arrangements, and publication of rates and fares was required as well as due notice of
increases. The long-haul and short-haul limitations referred to equality of rates under
“substantially similar circumstances.”

All of the phraseology rolls smoothly on the tongue. We nod in agreement—that is
how actors are supposed to behave. But the Act served up general prescriptions, and it
was not exactly clear how the Interstate Commerce Commission (ICC) was to imple-
ment common law prescriptions. After all, the ICC was a small, new organization
created to regulate a vast enterprise when communications, office record keeping, avail-
ability of skilled bureaucrats, and other attributes that are commonplace today were not
available. The Interstate Commerce Act more than anything else strengthened the
license of individuals and organizations to ask the courts to make decisions about the
activities of railroads. However, this was unworkable due to the tremendous volume of
case law involved. Moreover, it resulted in individual courts deciding on matters of
preference, reasonable treatment, and other such factors that require guidelines and
comparisons. The courts would not expedite injunctions to enforce ICC orders. They
took testimony and acted on their own. They limited ICC control over just and reason-
able rates, and they interpreted the phrase “substantially similar circumstances and
conditions” in quite a literal manner. Rebating continued.

Congress seemed satisfied with the situation for about a decade and a half and then
moved to strengthen the ICC. The Elkins Act of 1903 amended the 1887 Act limiting
rebates. Congress corrected this problem in the Hepburn Act of 1906, which removed the
courts from the critical path. The Act further extended jurisdiction of ICC regulation to
sleeping car companies, express companies, pipelines, and railroad terminals. It prohib-
ited free railroad passes, permitted specification of maximum rates and prescription
of through and joint rates, forbade the railroads to haul goods (except lumber) they
produced, and put commission orders into effect in 30 days without prior approval of
the courts. Finally, the Mann—Elkins Act of 1910 reformatted the long- and short-haul
clause by deleting the “substantially similar” phrasing, and extended ICC rule to telephone,
telegraph, and cable companies (later to be regulated by the Federal Communications
Commission).
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Although there were additional Acts affecting the ICC, the ICC as we have known it
during the decades of the twentieth century was mainly shaped by the Hepburn Act. To
make a long story short, we may observe that laying down “fair” rules of behavior and
giving the ICC enough clout to enforce them solved the problem of planning for the
operations of railroads.

The legislation discussed above deals mainly with rate discrimination. The predatory
behavior of firms, stock watering, traffic pooling, and monopoly practices were some-
what slower in being managed and began to be treated under antitrust law rather than
ICC law. Acts eventually tempered that treatment, while the ICC gained control over
security issues and bankruptcy proceedings, and the Reed—Bullwinkle Act circumvented
the effect of antitrust on rate bureaus.

The above discussion does not begin to list all the details of legislation, but it is
enough to identify trends and major matters at issue, especially rates. Because of the
very large number of things carried, commodities were grouped into classes, and rates
developed for classes. On account of fixed terminal costs, these rates incorporated a
tapering distance scale. (This convention did not hold for intercity passenger rates.)

Rates reflected what the traffic would bear, and also considered the weight—volume
relationships. (Actually, comparatively little traffic moved under class rates. Most moved
under commodity rates that were specific to commodities and points of origin and
destination. Nonetheless, the rate class concepts were reflected in commodity rates.)

The era we are treating ended during World War I (actually in 1920). The
Transportation Act of 1920 emphasized the responsibility of government to ensure that
adequate transportation was provided—rvery much a change of mood. These are impor-
tant words; they stress the positivism of governments. It is a notion that has reappeared
in bits and pieces of legislative rhetoric at all levels of government. Yet that positive role
in strengthening activities does not occur in the present rail debate, which seeks to “get
the government out of the way.”

Deregulation

Jumping to the railroad situation in the last two decades of the twentieth century, there
were new ideas floating around, with the return to laissez-faire conditions via deregu-
lation carrying the day. One reason for the deregulation thrust was the ICC’s debilitat-
ing impact on the viability of the railroads. It has been said, and it is no doubt true, that
regulation cost the nation a great deal in efficiency terms. Without regulation, the
railroads would act more wisely, obtain efficiencies, and the nation would be better off.
In general, it is accepted that competition is a good thing.

It was necessary to regulate the railroads at one time because they were monopolies.
Also, conditions of entry were such that no reasonable organization would enter the
market even if the actor already there misbehaved—the critical factor being the large
investment in fixed plant required in order to enter the market. A related matter was that
fixed costs were relatively high, so marginal costs decreased over the range of outputs
feasible in markets. This phenomenon blocked marginal cost pricing guides, as well as
the ability of competitive actors to enter the market.

The deregulation argument is that much has changed. In particular, trucks offered
competition to rail (and barges and pipelines under certain circumstances). No actor can
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misbehave for long. The extent to which that is true has bothered Congress, and the ICC
examined the question of captive shippers and found a few of them. It required that the
railroads make the contents of contracts public.

Thinking about the impact of the ICC on the industry involves what we may call the
internal dynamic of a bureaucratic agency. Political scientists and students of organizations
have written a variety of things on this. One way to summarize is to say that agencies go
through a life cycle. They start out by having trouble getting their feet on the ground and
learning how to walk, then they walk with great vigor, and finally they fall into fixed
patterns of behavior and stasis. That notion fits the ICC and other regulatory agencies very
well, and it is fair to say that in its last decades the agency had a certain rigor mortis.

A companion factor is that regulatory agencies become captives of those they regu-
late. That was the case for the ICC; it generally acquiesced to what the railroads wanted
to do. Beyond requiring hearings and publications, it did not regulate rates much at all.
Another observation stems from an interpretation of what the railroads collectively
“wanted to do.” There is a common denominator interpretation of what the railroads
wanted to do. For instance, if a railroad wanted to do something very aggressive and
other railroads didn’t agree, the aggressive railroad would be stifled. This was espe-
cially the case in merger policy where third-party railroads would be very demanding.
Deregulation is aimed at avoiding such least common denominator actions.

The debate over deregulation concerned the stifling impact of a bureaucracy and the
advantages of competitive behavior, the latter enabled by arguments about the nonex-
istence of monopolies because of truck competition or the potential for service by
competitors. Note that this debate is in essence quite different from that of the late nine-
teenth century, which had more to do with how organizations should act under the rules
of common law and the notion that big, important things are clothed in the public inter-
est. The second observation is that the debate in the ICC arena was limited to mergers,
rates, and terms of services. It overlooks the presence of much regulation elsewhere in
government, and in organizations created by the railroads themselves—rate bureaus and
Association of American Railroads standards setting, in particular—as well as by organ-
izations such as the National Industrial Transportation League (formed in 1907 to serve
shippers before the ICC, but which since deregulation has sought a broader role serving
carriers as well). Rate bureaus are no more. (Rate bureaus never told the railroads what
to do anyway. They were a communications medium and a consensus-building arena.)

By and large, the return on investment in railroads has never been very great. Many
railroads were in trouble before the ICC was created (before 1887), during the period
when the ICC gathered some strength (1887-1915), and later.

Much of the economic literature on rail cost and deregulation largely justified mov-
ing toward a deregulated system (Meyer et al., 1959; Friedlaender and Spady, 1980;
Keeler, 1983). The ICC was replaced by the Surface Transportation Board in 1995 after
steadily losing importance due to the deregulation promoted by the Staggers Rail Act
and the Motor Carrier Act, both passed in 1980.

Discussion

Although rail construction continued into the twentieth century, the fabric of rail
networks was pretty much deployed in the United States and Western Europe by the last
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third of the nineteenth century. At this juncture a series of problems became more visible,
and there is a striking parallel between those problems and the ones commonly listed
for today’s transportation problems.

Management of the system became the priority. That is, interest shifted from planning
construction (tactics) to planning control (operations), and little attention was given to
planning technology (strategy), which was largely thought too late to shift.

The ICC was imposed in a fashion satisfactory to interested publics—the stockholders
of railroads, railroad management and labor, shippers, the states, and so on. The con-
ventional view for the origin of the ICC is that actors in the so-called Granger states
coalesced politically around an effort to achieve fairness of treatment from railroads.
Miller (1971) stresses conflicts between the states and the federal government as well
as the differing regional interests in the Granger area. Kolko (1976) stresses an opposite
view: the railroads wanted to stabilize their environments and dampen competition. His
view helps explain why the railroads seemed to welcome regulation.

Government control was imposed to (1) manage the fiscal problems of the proper-
ties and assure their fair treatment (i.e., by other roads and large shippers), (2) obtain
fair treatment of individual users large or small, (3) stabilize the competitive positions
of regions, and (4) rationalize investment and disinvestment. Many would use the term
“regulation” to characterize ICC activities. We think it is useful to see regulation as the
outcome of a style of planning. The goal was to maintain a viable physical system; the
concentration was on soft instruments rather than investment.

Regulation was innovated. It was trial and error, especially with respect to needed
legislation. Things that worked were adopted. The building blocks of the times were
used. Such building blocks included the “rules” tradition, then accounting systems,
legal styles of inquiry and management, and the ratemaking agencies of the roads. The
ICC agency culture and style resulted, a culture and style imitated as government began
to regulate in other areas.

That is one result of railroad regulation: it taught governments how to regulate. What
were other results?

It took a while, but regulation did repair most of the tears in the social contract. With
respect to the embedded policy problems the railroads could not solve, regulation
enforced rate and service agreements and stabilized competitive relationships. It protected
weak roads from the strong.

Stabilization is perhaps a key word. Mergers and purchases were slowed down and
price changes were tempered. At least to some extent, management became concerned
with regulation rather than efficiency, and innovation suffered in some respects.
Changes that would have occurred in a more open situation were slowed down.

The resulting lack of responsiveness began to be seen as a problem in the 1920s, and
an acute problem was recognized as other modes, especially truck, inland water, and
pipelines, began to compete. The solution to that problem was to rationalize the situation,
a matter to be discussed in the following chapter.

Before leaving this topic we should point out that government regulation was
hardly a standoff, “provide for the public interest” matter. This was especially true after
ills in the social contract were repaired. Chapter 2 introduced the notion of the “iron
triangle.” Wilson (1980) makes the point that regulatory agencies get coopted by the
organizations they are to regulate. The Ralph Nader study group’s The Interstate
Commerce Omission put that in harsher terms, “the ICC and the transport industries
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forged a corporate state that utilized public power for corporate purposes” (Fellmeth,
1970, p.vii).

The chapter began by looking back in time, all the way back to medieval society, in
order to interpret the regulation of the railroads in the late nineteenth century. Before
regulation, laissez-faire ruled. But laissez-faire behaviors sow the seeds of regulation.
Regulation controlled the behavior of railroads to bring them in line with common law
norms.

However, just as free market excesses create the rationale for regulation, regulatory
excesses of the ICC type build in their own destruction. There is a life cycle. In the early
days, political interest is high, and young professionals have the political power and
energy to aggressively pursue regulatory tasks. But regulators age, the low-cost, big-
payoff things get done, political interest and power decrease, and agency culture and
procedures harden. Special interest groups can exert more and more power as others
pay less attention. Agencies become a liability to a democratic government, and are at
risk of death.
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Once I built a railroad, now it’s done. Brother, can you spare a dime?
—Edgar Harburg, Brother, Can You Spare a Dime?

Glendower: I can call the spirits from the vast deep.
Hotspur: Why so can I, or so can any man: But will they come when you do call them?
—Shakespeare, Henry 1V, Part 1

Introduction

By 1917, U.S. railroads, the country’s largest industry, operated over 400,000 km
(240,000 miles) of track and employed 1.8 million people. While the war was raging in
Europe, war traffic was congesting America’s railroads, especially at East Coast ports,
even before the American Expeditionary Force went “over there.” The American
Railway Association tried to coordinate its member railroads to avoid car shortages.
The Interstate Commerce Commission (ICC) was granted greater powers to ensure
efficiency and that priority cargo received priority treatment. Yet the progress made by
these organizations was insufficient.

On December 28 the Federal Government’s Director General of Railroads, William
McAdoo, took control of the largest private railroads and placed them under the control
of the United States Railroad Administration (USRA)—a creature of Congress.!

Nationalization had more form than substance to it. Railroad employees were given
military titles, and a few interrailroad arrangements were forced on the properties.
Some standardized locomotive designs were developed and engines were constructed.
Labor arrangements were imposed that the railroads might not have agreed to under
other circumstances. Railroads were granted compensation equal to their prewar profits.
The shipping costs per ton-kilometer rose, however, in part due to a rise in wages.

While the railroad regulatory regime clearly collapsed with the onset of World War 1,
the regulation initiatives of the late nineteenth and the early twentieth centuries worked
for their times. They managed the gross inequities that worried the public. Government
served as a referee for ratemaking disputes among railroads, and government had begun
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to assert its power over who gets the location—transportation rents (via maximum rate
prescriptions). The list of problems that regulation did not manage remained long, of
course.

One of these was the vast difference in the economic fortunes of the different proper-
ties. This was not just a matter of concern to the managers, stockholders, and bondholders
of the railroads that were not doing well. Shippers had an interest in strong railroads, as
did regional groups. They were worried about good, stable service.

This chapter treats the notion of rationalization as attempted in several ways. The goal
was efficiency; the means was often consolidation. But the shape suggested depended
on who was suggesting.

Rationalization: Congressional Style

The Transportation Act of 1920 returned the railroads to private ownership. The debate
in Congress went beyond the transfer of ownership to the problem of a viable system.
It extended beyond the railroads to a general call for transportation improvements. It
sought to improve the system rather than merely controlling its ills. The Act ordered
waterway improvements and began what later became a remarkable renewal of inland
waterway transport. The Highway Act of 1921 reflected the debate.

The Transportation Act of 1920 directed the ICC to prepare a plan for the consoli-
dation of all common carrier line-haul railroads. It limited the number of systems to a
few large systems of similar economic strength and overlapping turfs. Unlike the consol-
idation proposals that emerged in Britain and elsewhere at about this time, competition
was to be preserved (the British established three regional monopolies).

The ICC engaged W. Z. Ripley, a railroad expert and Harvard professor, to produce
a plan. After some revision by the ICC, a 21-system plan emerged in August 1921, and
the ICC began to hold hearings on it. The 1920 Act had given the ICC authority to
regulate construction and abandonment, and they were supposed to adhere to the plan.
That planning was in the “great men announcing results” style common at the time.
However, Ripley’s plan was not a win—win plan, in the sense that all railroads would be
better off if the plan was implemented.

The hearings on the 1921 proposed plan did not go smoothly, and a final plan was
not adopted until 1929—;just in time for the Great Depression. It too had 21 systems,
but differed in that it excluded many small railroads and had different arrangements for
the large ones. It never really had much effect, and was abolished by the Transportation
Act of 1940.

The term “rationalization” is applied to the attempt of the 1920 Act. Rationalization
has lots of different meanings. Perhaps the sense of it is to change structure so as to get
some desired behavior. The 1920 Act focused on spatial structure.

Another sense of rationalization emerged in the activities of the Federal Coordinator
of Transportation, Joseph Eastman. The Emergency Transportation Act of 1933 estab-
lished his office. Eastman was to study rail transportation, identify economies, and
recommend means for achieving them. Eastman’s findings were to be submitted to
regional committees for implementation (which was voluntary), and the committees
were composed of railroad representatives. Eastman quickly realized that there was
little promise in grand plans of the Ripley type imposed from the top. So he put his
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energy into small improvements: in the main, consolidation of yards, terminals, or
parallel routes here and there. He advocated pooling of cars, container-like service, and
competition for the railroad-controlled Railway Express Agency (REA).

As expected from this voluntary structure, nothing happened. Even so, Eastman
worked on the possibilities for consolidation of yards and terminals for which there
were many options and the economies were quite clear. Nothing happened, yet Eastman
felt so strongly about his proposals that he discussed issuing an order for implementation.
(He had the power, and this would make a strong case if challenged in the courts.) Still
nothing happened. It is said that he was blocked by rail labor, but railroads that would
have been losers must have had a say in that.

He was interested in consolidation of parallel routes, but made no proposals. This
option made more sense later when new signal systems came along. Eastman proposed
pooling of cars, another idea ahead of its time. Finally, Eastman had very interesting
merchandise traffic and intermodal ideas. He proposed the use of containers and, where
the traffic warranted it, unit trains. He wanted more competition in merchandise service
and the addition of servers to compete with the REA.

When the Office of the Federal Coordinator was abolished in 1936, nothing had been
accomplished. Perhaps this was because Eastman was an outsider. After all, by that time the
ICC, the railroads, and interested congressional committees occupied the regulatory turf.

He accomplished nothing; yet many of his ideas have subsequently been adopted. The
introduction of the diesel locomotive, long trains, centralized traffic control, and the large
“hump” sorting yard yielded another round of operations planning, beginning in the late
1940s and continuing today. By and large, this work was done by the individual proper-
ties. Its results are clear from the ways operations have changed. It is also clear that
some properties succeeded better than others.

Rationalization: Commission Style

The idea of Ripley-style railroad consolidation and the idea for Eastman’s Office came
from the Congress. We turn now to the ICC. What was their idea of rationalization? The
answer to that question is hard to discover.

The Interstate Commerce Act required the establishment of through routes as well as
joint freight classifications and joint rates. The through route notion argues for moving
freight in a spatially rational way. Why did the railroads not do that? Many alternative
routes between places were available. Let us move freight as far as we can on our own
route; then, let us give it to a friend who gives us freight.

The ICC did three things. It used the shortest route to calculate cost and thus the tariff
that would be charged. This is in the interest of efficiency. The tariff that can be charged
encourages the railroads to move goods in a cost-effective way. Second, the ICC gave
the shipper the right to specify the route over which freight would be moved. That gave
the shipper control over the available service. The third thing was a little more compli-
cated; it has to do with the way friends are treated in the sense of the paragraph above.
Early on, it prohibited a railroad from discriminating among connecting lines (in those
cases where the shipper does not specify routing). The question of how to identify
discrimination was answered mainly through reference to historical patterns of handing
off traffic.
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Next is the special case of when railroads merge. A variety of things were tried. The
conditions imposed on the Detroit, Toledo, and Ironton (DT&I) Railroad required that
traffic would flow after the merger just as it did before. Those conditions were made
standard. That is some sort of comment on what the ICC took rationalization to be.
Efficiency must be an objective of a merger, and that surely has to with traffic manage-
ment and concentration. Yet the ICC gave more value to stability—preserving historical
relationships.

The Act of 1920 gave the ICC control over construction and abandonment, as men-
tioned. By that time the network was pretty much in place and other modes had begun
to claim traffic. Although the ICC looked for the convenience and necessity of new
services, in the main its experience has been with abandonment.

Cost reductions result from abandoning routes (maintaining a route to be servicea-
ble, even if it is unused, costs money, and nature takes its toll on track and equipment).
Did the ICC operationalize rationalization as the capturing of those cost savings? The
answer is clearly “yes.” Although one hears horror stories about the difficulties in
getting permission to abandon track, the empirical record says that the ICC allowed just
about all that were applied for, some big ones and numerous small ones. Some question
that record. First, it costs money and takes management time to abandon routes, so we
do not know about routes not abandoned because they were too costly. Second, following
the Transportation Act of 1940, the ICC was required to give “weight to the interests of
carrier employees affected. . . > Some conditions were worked out, and they are rather
costly. These may have held down applications for mergers.

Rationalization: Corporate Style

Problems begging the rationalization of firms and routes remained and they began to
receive attention after World War II. The first phase ran until about 1970, and its focus was
on the consolidation of regional services, the Ripley thrust reborn. Initiated by the rail prop-
erties, railroads acquired or merged with competing properties in their service areas. The
Norfolk and Western (N&W), for example, acquired the Virginian, essentially a parallel
coal hauler in the N&W’s service area. In this case some redundant line was abandoned,
and the N&W obtained a lower-grade east—west line for heavy-haul coal movements.

Ripley wrote as if he were a Czar who could stand back and manipulate the entire
net. That was not a real option, however. Merger control was an option. Mergers were
allowed when they were proposed by two or more railroads. The conditions imposed by
the ICC varied over time. By 1940 they had to do with (1) the effect of the proposed
merger on adequate transportation service, (2) the public interest effect of the inclusion,
or more often, noninclusion of railroads in the area served, (3) costs, and (4) the interest
of railroad employees.

Item 1 was considered because mergers usually include abandonment items. Item 2
was almost always a question, and costs should not swamp benefits (item 3). It is very
difficult to judge the outcome of rationalization by merger policy. First, there was a long
history of railroad mergers and consolidations.? Did policies and variations on them
make any difference? The process was expensive and lengthy.

Often mergers had so many conditions attached to them that the economies proposed
could never be achieved. Conditions had to do with the ability of the merger partners to
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alter traffic patterns. They may require that “landlocked” railroads be given track running
rights. The data we have seen suggest that merged railroads as a class have done a little
better than they would have standing alone, but not as well as the merger proposal claimed.

A large number of system changes emerged, with the largest during the ICC era being
the merging of the New York Central and Pennsylvania systems, yielding the Penn
Central. Even so, there was little payoff from the Penn Central and other mergers; the
expected efficiencies were not realized. There were several reasons. First, the ICC often
insisted that weak roads be included in mergers or acquisitions. In the Penn Central case,
the New Haven and other weak railroads were included in the new system. Second,
where there was redundant property and service as a result of mergers, the ICC was slow
to allow abandonment. Third, the ICC insisted that previous traffic flow arrangements
be honored, that is, the railroads had little control of the diversion of traffic to the more
efficient routes available after mergers. Fourth, the merger took four years to complete.

This era ended with the financial failure of the Penn Central, resulting in government
takeover of the properties and the creation of Conrail (Burt, 1998). The ills facing rail-
roads included lack of capital (low profits, if any), excess physical plant (discussed in
the case of low-density branch lines), and inability to achieve efficiency through con-
solidation of traffic flows. The solutions offered included more pricing freedom for rail-
roads and a more hands-off role for the ICC in approving mergers and abandonment.

As a result of changes in the view of the problem and its solution, the Congress
pressed for reduced regulation (the 1980 Staggers Act) and there was another round
of network rationalization. There have been many end-to-end mergers of properties.
Inaction has resulted in the bankruptcy of firms (such as the Rock Island and
Milwaukee Road) and the sale of some of their assets to other rail properties. The
Illinois Central Gulf provides an example of the spinoff of low traffic routes (the Illinois
Central was ultimately acquired by the CN, Canada’s national railroad, in 1999). It has
trimmed to a high-density north—south route by selling lines (serving collector distributor
and/or east—west services) to small operators.

Mergers and acquisitions have redrawn the network map. Presently, a handful of
major systems handle the vast majority of ton-kilometers of freight moved. That is not
to say that the number of railroads has decreased (though it has over the longer term);
rather, the size distribution has changed: as figure 9.1 shows, there are fewer and fewer
Class I railroads, though the total number has been relatively steady for the past few
decades. While mergers and acquisitions decreased the number of large roads, the spinoff
of short lines has increased the number of small roads.?

Rationalization: Conrail/Amtrak Style

The railroads emerged from World War Il in a strong cash position. This plus the adop-
tion of the diesel engine for line-haul service and some labor productivity improve-
ments tilted them toward a “healthy” financial position for some years. But strains
emerged. Truck, waterway, and pipeline competition deepened. Passenger traffic eroded
sharply with competition from air and intercity bus and auto services. The beginnings
of the Rust Belt to Sun Belt trend began to be felt. Regulation’s slow price adjustments
for inflation hurt. Finally, the ability of railroads to self-rationalize via mergers continued
to be sharply constrained.



110 Life Cycle of the Railroads

Number of US Railroads

10000

e
1000

100 A

1880 1900 1920 1940 1960 1980 2000 2020
Year

[—+—All —=—Operating > 1,000 Miles Of Route —+—Class I

Figure 9.1. Number of U.S. railroads. (Source: Bureau of Transportation Statistics, 2000b.)

Crises and reactions to them at first came bit by bit. The Rail Passenger Service Act
of 1970 created Amtrak and relieved the railroads of their obligations for passenger
service. (The railroads had already been gradually reducing service at the slow pace
allowed by regulation.) Although of national scope, this Act was somewhat of a special
law—one-half or more of the service abandoned was Pennsylvania Railroad service.
The railroads were not all in agreement and some railroads, such as the Sante Fe and
the Southern, did not surrender service to Amtrak at the time. Next was the crisis of the
bankrupt northeastern railroad companies, and the Regional Rail Reorganization (3R)
Act of 1973 established the Consolidated Rail Corporation (Conrail). It provided grants
for interim operations and loans for rehabilitation of some properties elsewhere.

The stopgap 3R Act was followed in 1976 by the Railroad Revitalization and
Regulatory Reform (4R) Act. The 4R Act authorized $2.1 billion for Conrail. In addition,
the Act had a Christmas tree character, something for everyone. Amtrak received money
for its northeast corridor and the Act assisted the railroads with abandonment of routes.
Increased regulatory flexibility was called for and the ICC was instructed to give greater
consideration to the financial health of railroads in its rulings. A short timetable for
merger decisions was prescribed. The 4R Act, in our view, was a response to an emergency,
plus some side-payments to gain the support of all players. The connection between the
side-payments and the problems was loose, though the connection was in the right
direction. See Burns (1998) for a guide to mergers and other changes in the decades
following the 4R Act.

Rationalization: Community Style

Activities initiated in the 1970s included the accelerated abandonment of light-density
track and the elimination of failed railways, as well as end-to-end mergers and acquisitions.
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The railroads began to identify lines they would abandon and those they might abandon
in the future. The states were very concerned about disruptions of service, so Congress
had the Federal Railroad Administration (FRA) develop a procedure and fund state rail
planning activities. The FRA presence was high because the feds committed to transition
funding to assist the states during a transition period.

The states have now gone through several rounds of state rail planning, and it is fair
to say that state transportation agencies have proved fast learners. They examine lines
proposed for abandonment by railroads and consider the alternatives of abandonment
or knitting devices for the continued operation of lines. Continued operation is contingent
upon a benefit—cost study that scopes wider than a railroad’s calculation of profitability.
If there is potential for viability or some other reason to keep a line open, the states
usually arrange for operation of the line by a short line operator. Subsidy to the operator
may be involved.

State rail planning served its purpose. The railroads managed to spin off track of
little value to them. The states figured out what was and was not worth saving and came
up with action plans. Many of those plans did not lead to successful operations, and
adjustments were required. Even so, operators of short lines gained experience, and the
large railroads worked out ways to relate to short line operators. As a result, and
although the states are still involved, to a large degree state planning was so successful
that it put itself out of business—deals can be cut to create viable short lines without
the involvement of state planning.

The process for developing the state rail plans, as well as the content of the plans,
was prescribed by the Federal Railroad Administration (FRA). That is another example
of federal cooptation of what should be local planning. Even so, the contents of plans
are influenced by what the states take to be their chief problems. Traditional concerns
have been grade crossings and safety and the effects of railroads on traffic in towns.
Some state plans were influenced by these concerns. Proposals for line abandonment
affected some states very much, and concerns about the relationships between freight
transportation, towns and industries, and major economic sectors influenced plans.

Let us look briefly at modern abandonment analysis. As stated, there was a pre-
scribed procedure established by the Rail Service Planning Office (RSPO) of the ICC
(and an alternative established by the U.S. Railroad Association that was used in the
Conrail area). Studies provided a description of the route. There was then treatment of
the alternatives of continuation as is, continuation with subsidy, abandonment, acquisition
of right of way for banking for future use, and so on. Rail revenues from the operation of
alternatives were estimated and then compared with the avoidable cost of continued
service. Avoidable costs include on-branch cost and off-branch cost. They generally
include calculations of the costs that would be incurred to upgrade the line to a Class I
facility (condition of track, ties, ballast, etc.) for acceptable service. On nearly all
branch lines, the avoidable cost is greater than the revenue.

An additional calculation was made, termed avoidable community impacts. These
impacts include the increased transportation cost if rail shippers were forced to use
other modes, salary and wage shifts, and so on. This number was then compared with
the difference between avoidable cost and revenue and a recommendation made about
the future of the line.

The rail planning activities focused state DOTs on rail issues, and most have activi-
ties in the area. There was a healthy broadening impact on the agencies. However, state
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rail planning is now somewhat mooted because many of the urgently needed abandon-
ments have been made. The big railroads continue to spin off thin traffic lines. Usually,
these lines have potential for viable operations by a low-cost operator. Because the rail-
roads want to keep the traffic generated on the lines, they assist a low-cost operator’s
entering the business. Due (1979) and Due and Leever (1993) review the state rail plans
that were available at that time.

Box 9.1 illustrates the issue of rationalization by investigating the case of Iowa.
Box 9.2 looks at the case of labor relations.

BOX 9.1 Rationalization in lowa

The mainline mileage of U.S. railroads peaked between 1920 and 1930 at about 400,000 km
(240,000 miles); today there are about 160,000 km (100,000 miles). A main reason for the
reduction is that a lot of redundant mileage was constructed. (Of course, trucking made
tracks redundant as well, since it was no longer necessary to have tracks so close to the
customer.) Some long routes were constructed in areas where the market was already well
served (e.g., the Milwaukee Road: Chicago to Seattle). On a smaller scale, many such
lines were built in the Midwest. One force for overconstruction was the money that
construction contractors could make. Examples illustrate the scope of abandonments and
other forces at work.

Iowa had about 16,000 km (10,000 miles) of route at the turn of the twentieth century
and now has about 9,300 km (5,800 miles). The temporal pace of line abandonment is
shown in figure 9.2. Much of Iowa is highly productive farmland, and much of the
agricultural land was near a railroad. Wagons were used to move the farm products to the
railhead, and the rail network then served as a collector system to move the products to
yards and markets. Within the state, movements must have been evenly distributed across
links of the network. That is in sharp contrast to today. About 12 percent of the route
mileage handles 50 percent of the gross ton miles (GTMs) moved in the state (1981 datum).
That, however, overstates the within-state concentration case because about 62 percent of
the GTMs are overhead traffic (traffic passing through the state) and overhead traffic was
concentrated in the early days, though not as much as it is now.

The reduction in route mileage is not unique to the United States. By 1960-1970
British Railways route mileage had been reduced by about 35 percent, Swedish State
Railways by about 20 percent, and the French National Railways by about 8 percent.

Returning to downsizing and the lowa example, what is the cause? The data supplied
are not very helpful in answering that question because they fail to relate downsizing to
anything other than time.

Things have changed a lot. The economy of lowa has grown; demand has increased.
Farm population has been reduced sharply. (More people lived on farms than in cities
during the early decades of the period we are examining.) This has concentrated the
demand for final products in medium-sized and large cities. The mechanization of agricul-
ture and improvements in seeds and fertilizers have yielded this; the result is more prod-
uct with fewer people.

The mechanization of the farm-to-market or farm-to-railroad interface was a major
factor in changing the demand for low traffic rail routes, of course. (That is a long way to
say that trucks came along and substituted for horse-drawn wagons.) As roads and trucks
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BOX 9.1 Rationalization in lowa—cont’d

were improved, truck service became competitive with rail over a range of about 500 miles
(longer in the case of products such as grain), and collector/distributor rail lines became
redundant. The auto, bus, and airplane proved competitive to rail passenger service, and
demand for passenger service no longer supported low-density routes.

That is the textbook explanation for the Iowa situation, and the same general explanation
is used to explain most cases. However, passenger service has held on better in Europe
than it has in the United States largely because of government policies and the closer spacing
of large cities in Europe. Some exceptions to the textbook explanation exist, mainly cases
where routes were redundant when they were built.

BOX 9.2 Labor Rationalized

Responding to situations from time to time, policies were developed and adopted that
preserved labor rights in mergers and acquisitions. The roads agreed to that in earlier days
when excess labor following a merger could be spun off through attrition. Now, things
have changed. For a variety of reasons, larger quantities of labor must be dealt with. There
is the special problem of the short lines created when large roads abandon mileage. These
short lines often can be profitable if paying local wages instead of paying railroad wages
and using railroad job classifications. It was not so difficult to modify policy in favor of
the short lines.

But it has been difficult and it has taken many years to modify policy in the case of
mergers and acquisitions, and revised policy has been tied up in the courts. On March 19,
1991, the Supreme Court found in favor of railroad interests:

UNION CONTRACTS

Let railroads ignore their union contracts when completing mergers approved by
federal regulators (Norfolk and Western v. American Train Dispatchers Association,
89-1027 and 89-1028).

The contract modification responded to “things changing,” and it was permitted by the
weakening power of labor unions and changing public attitudes about the railroads and
unions. It took a long time and it was costly.

Discussion

This chapter focused on a particular aspect of planning, rationalization, to make the
mode work better in current conditions. Toward the end of the nineteenth century,
rationalization strove to control the behavior of the railroads and to bring behavior in
line with common law norms. Subsequently, rationalization has meant many things:
changes in the network and the spans of control of firms, bringing prices in line with
costs, route abandonment, and the discarding of old and the development of new



114  Life Cycle of the Railroads

Cumulative Miles
Abandoned

6000

5000

4000

3000

2000

1000 I I
I — [ l

1910-19 1920-29 1930-39 1940-49 1950-59 1960-69 1970-79 1980-89
Year

o

Figure 9.2. Railroad route abandonments in Iowa, 1910-1989.

service arrangements. The latest wisdom (from the last quarter of the twentieth century)
is that regulation isn’t rational, deregulation is.

Where do the rationalization efforts of the twentieth century leave us? The good
news is that there is a viable freight railroad system. The tonnage moved has increased
and, although reduced in mileage, the physical infrastructure has improved in quality
and capacity. The bad news is that the systems are barely viable. The return on investment
of the large railroads, while positive, is not large enough to cover the cost of capital.
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Railroads Reinvented

Build a man a fire, and he’ll be warm for a day. Set a man on fire, and he’ll be warm
for the rest of his life.
—Terry Pratchett, Jingo

Introduction

After five years of construction, and coinciding with the 1964 Tokyo Olympics, the first
Japanese high-speed rail (HSR) system, the Shinkansen (new train) or bullet train,
opened. While the dates coincided, they were not mere coincidence; both events were
aimed to promote globally the image of a modern Japan.!

In 1967 a second line, the Sanyo Shinkansen, was begun. By 1970, Japan authorized
a national Shinkansen network. Construction plans for five additional lines and basic
plans for twelve others were approved in 1973, but despite the approvals, the cost of the
five lines (5 trillion yen, or about $50 billion) combined with the oil shock and recessions
delayed the lines until 1989. High petroleum prices, which increase the relative demand
for nonpetroleum-based transportation such as high-speed rail, also increased the con-
struction cost for HSR and reduced available revenue, thus delaying construction.

Many of the new Japanese lines combine narrow-gauge and wider-gauge lines on the
same structures, allowing both conventional and advanced technologies to use them.
While the hybrid technology limits the speed of the bullet train on these routes, it per-
mits later upgrades. As with the birth of the Shinkansen some 34 years earlier, the 1998
Winter Olympics in Nagano were a target for the opening of a rail line extension.

Within Japan, high-speed rail has confronted the break-up and privatization of the
rail system, begun in 1987. The restructuring aims to achieve more efficient methods to
ensure profitability in the passenger rail sector.

The Japanese have continuously improved all aspects of their system over the years
(JRE, 1994). Major improvements since the first opening in 1964 include the introduc-
tion of computerized crew training systems, double-decker cars to expand capacity, the
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use of regenerative brakes to conserve energy, lowering the weight and increasing the
strength of cars, the use of electronics in mechanical system management, mechaniza-
tion of track maintenance, the introduction of tilt trains, and the incorporation of aero-
dynamic considerations in train design.2 As a result of these improvements, travel time
from Tokyo to Osaka has dropped by 90 minutes from 4 hours in 1964 to 2 hours and
30 minutes, achieving a speed of 220 km/hr (138 mph). The current bullet train is
shown in figure 10.1.

This chapter considers the reinvention of passenger railroads. While this chapter
focuses on passengers, box 10.1 examines the new freight railroad, the Dakota, Minnesota
and Eastern line. In the United States, the passenger railroad is thought to be dying; yet
significant investment elsewhere in the world seeks to fight the trend. Strategies include
redesign, new rights of way, and restructuring by privatization.

Reinvention by Redesign

High-speed rail is touted as a way to reinvigorate rail demand by reinventing the
technology. There are two main strategies for high-speed rail: maglev and enhanced
conventional.

Maglev, or magnetic levitation, has been operational on a 30 km (19 mile) section in
Shanghai, China, since the start of 2003, reaching a peak speed over 400 km/hr (250 mph).
This is a somewhat different technology than railroads as we know them, sharing
the concept of cars being trained together and a track, but using completely different

Figure 10.1. Japanese bullet train (Shinkansen). (Photo by DML.)



Railroads Reinvented 117

BOX 10.1 Freight Moving Forward

The Dakota, Minnesota and Eastern (DM&E) Railroad’s new Powder River Basin line is
the first significant new railroad being built in the United States in over 80 years (Sellnow,
2000; Sommer, 2002). It intends to lay 416 km (260 miles) of new track from Wyoming’s
Powder River Basin to connect to existing rail lines in South Dakota, and then rebuild
track across South Dakota and Minnesota. It has also acquired other connecting lines,
reassembling much of the Chicago and Northwestern Railroad, which had been aban-
doned. This is the first significant new railroad in 80 years. Does it suggest any rejuvenation
in the freight railroad sector, or is it a mere tweak on a mature network?

The Powder River Basin Project was initiated in February 1998, when the DM&E sub-
mitted an application to the new Surface Transportation Board (STB) for the new track in
southwestern South Dakota and northeastern Wyoming. This track would serve the low-
sulfur coal reserves, and bring them quickly to market in the Midwest. (The advantage of
low-sulfur coal is that it burns more cleanly than high-sulfur coal.) About 100 million tons
of coal per year could be moved by the line, more than one-third of the coal mined in the
Powder River Basin.

The STB gave its approval in January 2002 (almost four years later). To supplement
this goal, DM&E acquired the connected Iowa, Chicago and Eastern (IC&E) and IMRL
(I1&M Rail Link) railroads, and is now the largest of the Class Il railroads in the United States.
However, the hurdles to building a new railroad are large. There is the $1.5 billion price
tag, which is especially large considering the size of the DM&E itself. There are addi-
tional challenges.

Getting the line approved has been no easy matter. In particular, getting approval for
construction through the city of Rochester, Minnesota, home to the famous (and politi-
cally powerful) Mayo Clinic, has been contentious, as the city is worried about a constant
stream of coal trains running back and forth across the city. The Mayo Clinic has been
pushing for the railroad to build a bypass around Rochester. This is a far cry from the days
when towns wanted train service, and is a different reaction than most towns along the
line that believe the railroad will provide a benefit. Nevertheless, a number of lawsuits
have been filed by the city of Rochester.

Groups representing Native Americans in the basin have also filed lawsuits, arguing
that historic sites and burial grounds will be crossed by the railroad. Farmers worry that
coal will take precedence over grain, a special problem in smaller communities where the
line is a monopoly.

The Powder River Basin is already served by lines of two Class I railroads, the
Burlington Northern and the Union Pacific. Is a third line necessary or in the public inter-
est? The proposed project also begs the question why the coal cannot be processed on site
and the electricity sent back east. Certainly this would minimize transportation (and
energy) costs as electricity weighs less than coal and high-voltage lines are cheaper than
track. This would have fewer environmental impacts on most places, though of course
more in the basin itself. However, capital costs for new power plant construction would
probably be less than the capital costs for a new railroad.

technologies for propulsion. However, the other aspects of system building, from land
acquisition to managing stations and scheduling services, will inevitably copy their
logic from railroads. China plans to expand the system, developed by the German
organization Transrapid, but its cost of nearly $1 billion per train may constrain those
plans.
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The Transrapid organization is seeking to fill three market niches with maglev tech-
nology: airport to downtown, regional or commuter rail, and long-distance intercity rail.
However, with only one real system in operation (and that still in a testing phase), its
future is unclear. It seems likely to be a technological success. (A test track in Japan has
recorded 500 km/hr on a maglev line). But just because the engineers can do something,
does not mean society should do it. If only because of its novelty, the economic analy-
sis of this technology has yet to be resolved. However, as time progresses, if costs can
be brought down due to scale economies of various sorts, maglev holds some promise.

In contrast to maglev, rail may be reinvented through enhanced conventional service.
These lines include technological improvements in the train as well as more conducive
right of way conditions (dedicated, straighter right of way but potentially steeper
grades [since the rails do not serve heavier freight trains]). The operating high-speed
rail lines have to date followed this less technologically risky (but perhaps less rewarding)
strategy. Serving high-volume, nearby, intercity markets, examples of this enhanced
conventional service include the Shinkansen between Tokyo and Osaka in Japan and
the Train a Grande Vitesse (TGV) between Paris and Lyon in France, both of which
have been further expanded, in the French case to a trans-European network. The
French TGV achieves an operating speed of 300 km/hr, with maximum test speeds of
515 km/hr in 1990.

Prelude to Reinvention

During most of the twentieth century, U.S. (and other) railroads lost passenger traffic to
autos, buses, and air services. Loss to the highway modes began in the 1930s, especially
in short-distance markets. In the 1950s, those losses continued, joined by losses to air
service in longer-distance markets.

Most of the rail properties did not manage these losses gracefully. Passenger traffic
had long been a source of institutional pride, as well as a source of revenue. Contrary
to conventional wisdom, management worked hard to stem the tide of losses. It
purchased new equipment and created improved services. The famous long-distance
trains of the 1950s were the result, such as those operated by the Santa Fe. There were
also efforts in shorter-distance markets, with the Rock Island’s Rockets providing an
example.

Why did we say the losses were not managed gracefully? Management, in our judg-
ment, did not recognize the depth of forces driving the loss of markets. It invested at a
time when graceful disinvestment (rationalization) should have been undertaken.
Management did not examine possible residual market niches where efforts to create
and preserve markets might have been successful.

The Pennsylvania Railroad was an exception to the latter statement. Long a leader
in the New York—Washington corridor, it saw service hard pressed in that corridor by
auto, bus, and air services. Distances were such, however, that high-speed rail might
be quite viable in the market niche. Seeing that, the Pennsylvania Railroad developed
a plan for advanced technology, air-levitated services that could have been quite
successful had not the Federal Government coopted high-speed train programs. The
Pennsylvania work was company-confidential, and most in the transportation field
remain unaware of it.
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Despite the decline of passenger rail service for over half a century, intercity high-
speed ground transportation has seen renewed interest in the United States. America’s
National Passenger Rail Corporation, Amtrak, was formed in 1971 by assuming the
passenger services of the commercial railroads, which were left to focus on freight.
Despite a charter to be profitable, Amtrak has never seen black ink system-wide, and
really only has hopes in the Northeast corridor (Boston—-New York—Philadelphia—
Baltimore—Washington). The organization is perpetually in danger of being shut down
or radically scaled back; however, it provides service in many Congressional districts,
giving it some political strength.

In the Northeast corridor, Amtrak deployed the Acela service in 2001, which travels
at a peak of 240 km/hour (150 mph). However, the actual scheduled time is 2 hours and
44 minutes from Penn Station in Manhattan to Union Station in Washington. Thus the
effective speed for this 368 km (230 mile) trip, including stops, acceleration, and deceler-
ation, is 134 km/hr (83 mph)—somewhat faster than an automobile, more so in congested
periods. Table 10.1 gives rail passenger use in the United States; a rough comparison
with population suggests at best 0.5 boardings and alightings (or 0.25 round trips) per
capita per year.

Conception of Reinvention

When discussing the life cycle of a technology, we noted three phases: birth, growth,
and maturity. At any time, renewal or reinvention is a possibility, but there is a long
mating dance before pregnancy. In the case of U.S. high-speed rail, this mating dance
has gone on for over 40 years.

The deterioration of passenger train services in the Northeast corridor
(Washington—Boston) and air traffic congestion became relevant in the Congress around
1963 when Senator Claiborne Pell of Rhode Island introduced a bill asking that
Shinkansen-type trains be run in the corridor. The bill was resisted by the administra-
tion in the absence of cost and market studies. However, after a good amount of push-
ing and pulling, the High-speed Ground Transportation (HSGT) Act of 1965 emerged.

Table 10.1 Amtrak Boardings and Alightings at 10 Busiest
Stations (2001)

Station Boardings and alightings
1. New York, N.Y. 8,589,534
2. Philadelphia, Pa. 3,764,734
3. Washington, D.C. 3,518,423
4. Chicago, Ill. 2,152,241
5. Newark, N.J. 1,430,144
6. Trenton, N.J. 1,013,138
7. Boston, Mass. 989,749
8. Los Angeles 984,870
9. Princeton Junction, N.J. 915,396

10. Baltimore, Md. 879,136

Source: Bureau of Transportation Statistics, National Transportation Statistics,
Table [w.Rail.xls].
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It provided funds to begin upgrading the corridor (there were rather different problems
in the Washington—-New York and New York-Boston segments) and for government
research and development.

The status of work was reviewed annually in the reports on high-speed ground trans-
portation (U.S. DOT, 1976-1987). The competitiveness of high-speed ground trans-
portation was reviewed in a U.S. DOT/Amtrak study of upgraded service in city pairs
(U.S. DOT, 1981) and the first chapter of that report provides a useful summary. NASA
supported a series of studies by McDonnell-Douglas, Lockheed, the Aerospace
Corporation, and Stanford University in low-, medium-, and high-density markets.

The references above provide information through the early 1970s. There followed
a period of several years when interest in corridors seemed to wane. The High-speed
Ground Transportation Act programs were defunded—the Act remained for a time, but
no money was provided. Amtrak continued its corridor upgrading. The U.S. DOT phased
out the work it was doing on maglev and other high-speed technologies. NASA studies
of short-haul air transport had not yielded technologies with great promise, and their
program was reduced, although the tilt rotor aircraft has received attention recently.

Agency wisdom at the federal level was influenced by the National Research
Council (1975), which recommended that conventional speed rail systems be moni-
tored, with the prospect of deploying high-speed (250 km/hr) systems in promising
markets in the medium term. If markets evolved, then very high-speed systems
(480 km/hr) were to be considered in the long term. The Committee report just men-
tioned reviewed a number of corridors where there was interest in such a service, but
the report was not addressed to nor known to those promoting those corridors.

Although agency funding was reduced to zero, some interest continued in Congress,
mainly because Congress was approached for funds to support local interest in systems.
The result was a report by the Congressional Office of Technology Assessment (1983),
which emphasized that there was no clear-cut case for maglev or other varieties of high-
speed service, and that data should be obtained and carefully evaluated on a case-by-
case basis.

Even though the OTA report was not optimistic, federal interest was renewed in 1989
when news of high-temperature superconductors emerged, and the Congress asked for
an analysis of maglev transportation systems. (Actually, and in spite of what was
asserted, such superconductors would have only a modest impact on maglev costs.) The
result was a U.S. FRA (1990) report calling for “further analysis.” Other reports have
been prepared with groups working directly with the Congress. Both the Corps of
Engineers and the U.S. Department of Energy (Johnson et al., 1989) joined the National
Maglev Initiative. As roles evolved, it appeared that Argonne wanted to be a leader in
technical work, with U.S. DOT evaluating and funding local efforts. The Corps of
Engineers was to be left without a role. The 1991 Intermodel Surface Transportation
Efficiency Act ISTEA) funded maglev R&D, but funding was sharply reduced in 1994
and disappeared in 1995. The reason given was “It’s too expensive.”

Yet, like a ghoul from a horror movie, it would not die, and high-speed rail reap-
peared in later funding bills (TEA-21). Building on deployments in France and Japan,
as well as the Acela line in the Northeast, preliminary planning is being undertaken to
bring high-speed rail transportation to the rest of the United States.

Those U.S. proposals include corridors in California, the Northwest, the South Central,
the Gulf Coast, the Southeast, Pennsylvania, New York, and northern New England, and
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a proposal to feed a Chicago hub from a number of regional lines in nearby Midwestern
states. Some proposals have been killed (e.g., the “Texas Triangle” connecting Dallas,
Houston, San Antonio, and Austin) and others seemingly won’t go away; for instance,
the Florida Corridor was killed by Governor Jeb Bush and reinstated by voters.

Reinvention by Restructuring

An alternative route for reinvention of passenger rail is privatization. A decision taken
in 1987 divided the Japanese National Railways into six regional passenger companies
and a freight company. The British separated the ownership of the track from the trains.
Private firms, including well-known brands such as Virgin, operated trains on specific
routes, with scheduling and pricing freedom. Privatization has resulted in an increase in
passenger trips (see figure 10.2). Mismanagement of the RailTrack organization, which
operated the track for the carriers, caused an increase in the number of accidents. While
the idea of having a separate track from carrier works in other sectors (roads vs. trucks,
airports vs. airlines), trains and tracks are more integrated technologically (tracks steer
trains, roads do not steer trucks), so the management tasks are more intricate if they are
separated. This should not cause the concept to be dismissed immediately, but should
suggest caution.

Transport for London, the organization that runs the subway (underground) system
in London, reorganized the Tube using public—private partnerships, wherein the infra-
structure would be maintained by private companies, though ownership would stay
public.
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Figure 10.2. British railroad passenger trips, 1920-2000.
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Discussion

Unlike traditional railroads, whose emergence was at least in part due to a forceful entre-
preneur, for example George Stephenson, high-speed ground transportation has been a
product of central planning in Japan, France, and the United States. Operationally, the
systems are largely adapted from conventional rail systems, with similar labor organiza-
tion and ownership in Japan and France and similar architectures in many other respects.

Despite a great deal of legislative effort and lobbying by the large engineering inter-
ests, it is doubtful whether without considerable subsidy high-speed rail could be con-
structed, much less be profitable in the United States. Despite assertions of “operating”
profitability (which conveniently ignores the very high capital costs), HSR has in all
cases required government subsidy. It is clear that a free market would never develop
HSR. That leaves open the question of whether government should.

The conditions in Europe and Japan during the conception and birth stages are sig-
nificantly different than in most parts of the United States. Land uses are denser and
cities are closer together

A key distinction is that the regulated transportation sectors in Japan and Europe pre-
vented competition from air travel to the same degree as in the United States when the
HSR lines were planned and deployed. Thus the market for high-speed rail probably
appeared more promising than in a deregulated environment due to these limits on air
travel. Had air travel been deregulated and privatized at the time, the decision to pro-
ceed with high-speed rail, particularly in Europe, may have been different. A ride on
many of Europe’s high-speed intercity lines finds nearly empty cars, which is due to the
recent deregulation of air travel. As an illustration of this, Southwest Airlines was a
major opponent of high-speed rail in Texas (Krumm, 1994). Another distinction is the
willingness of European governments to engage in subsidies and tolerate what
Gerondeau (1997, p. 123) terms “a catastrophic level of debt.”

Real constraints on the growth of the highway and air travel systems exist. Widely
cited are congestion, or capacity limits. Airports have limited capacity to serve aircraft
in peak times, as do highways. In a priced system, this would result in higher user
charges, but in an unpriced system there are simply queues formed. High-speed rail,
which has potentially very high capacity on its fixed corridors, offers the promise of
relieving congestion on the other systems. In Europe and Japan, with important, though
declining, conventional rail services, its extension and adaptation to a higher-speed
technology was a more obvious choice than in America.

In the United States, congestion/capacity problems are less severe than in Japan and
Europe. Moreover, conventional passenger rail has long been a less important mode
than the other two. Further, the markets for which rail is best suited—high-volume,
short-distance markets—are less common in the United States. For these reasons, high-
speed rail remains in a birth or pre-birth stage in the United States.? In short, while the
conditions were favorable for the development of HSR in Europe and Japan, they are
clearly less so in the United States.

While its technological advantages over conventional rail are obvious, as with all rail
modes, there is a significant amount of inflexibility associated with the system design.
The high-speed networks are limited, and the rails require specialized vehicles. HSR lacks
the point-to-point convenience of the auto and the speed of the airplane on long trips.
Compared with the greater flexibility afforded the untracked air travel system or the
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ubiquitous highway system, high-speed rail faces serious difficulties. As noted earlier,
in mature systems, the benefits of new infrastructure in an already well-served area are
elusive.

It will be interesting to observe the progression of the Japanese and European high-
speed rail systems from growth to maturity, and to compare this with the earlier history
of conventional rail. An interesting chapter in the story is opening in Japan where there
is stagnation in the number of passengers served and deregulation is concentrating serv-
ices on the more profitable routes (Takeda and Mizuoka, 2003). Whether high-speed
rail is a new story, or simply the final chapter to the history of conventional passenger
rail, waits to be seen.
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Part Il

The Modal Experiences:
Looking Back and Looking
Around

The railroad experience appears in the nonrail modes in the ways institutions are organ-
ized, firms and government agencies see their roles, policies are thought about and
implemented, and plans and actions are executed. That is for the better. The railroads
have taught us how to create, deploy, and manage big sociotechnical systems, such as
the nonrail modes now to be discussed.

But for reasons about which we shall speculate later, there are some lessons on which
the nonrail modes have turned their backs, so to speak. The American railroad engineer
Arthur Mellen Wellington’s much used and admired book on the economics of railroad
location, first published in 1887, illustrates two of these.

First, Wellington had a systems view of design tasks. Route location, the weight of
rail, controlling grade, curvature, operations protocols, and the equipment to be used
all turned on the situation and the tasks to be performed on the route, as well as the
way the route was to perform within the network to which it belonged.

That kind of function-scoped design, investment, and service often gives way today
to “one solution fits all” investments and services that are not sensitive to market niches
and system performance. “How big?” is about the only question raised and answered—
how many highway lanes, the number of cars in light rail multiple units, and the sizes
of school buses. Reliability, safety, and cost are among the reasons (excuses), and it is
forgotten that service variety may open opportunities for innovation, as well as providing
better services.

In his preface, Wellington refers to routes that are “bleeding and oozing from every
pore,” and he points out that this is not recognized since it takes a bit of expertise to rec-
ognize ill-performing investments—economic and service dysfunctions. Looking around
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today, many of the nonrail modes enjoy government subsidies and there are cross-
subsidies between and within modes. With plenty of money they often have a polished
veneer and their bleeding and oozing is hidden.

Railroads have achieved improvements by tailoring investments and services to markets
and reconfiguring services to eliminate dysfunctional activities. The nonrail modes have
those tasks before them, but with the partial exceptions of air and maritime services, they
have not begun to recognize them.
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Transit

“I see a place where people get on and off the freeway. On and off. On and off. All day,
all night. Soon where Toontown once stood will be a string of gas stations. Inexpensive
motels, restaurants that serve rapidly prepared food, tire salons, automobile dealer-
ships, and wonderful, wonderful billboards reaching as far as the eye can see. My God,
it’ll be beautiful.”

—Judge Doom in Who Framed Roger Rabbit?

“Nobody’s gonna drive this lousy freeway when they can take the Red Car for a nickel.”
—Eddie Valiant, Judge Doom’s nemesis

Introduction

In the 1920s, a General Motors (GM) subsidiary acquired streetcar systems in
Springfield, Ohio, and Kalamazoo and Saginaw, Michigan. Contracts required the transit
systems buy only GM and Mack buses, Firestone tires, and fuels and lubricants from
Standard Oil of California. In exchange, GM, Firestone, and Standard Oil provided
the capital. In 1936, E. Roy Fitzgerald, a bus company operator who hauled miners
in northern Minnesota, was made President of National City Lines (NCL), General
Motor’s transit holding company (controlled through GM bus units Yellow Coach and
Greyhound). By 1946, NCL and its subsidiaries American City Lines and Pacific City
Lines owned transit systems in 45 cities (including the Red Car lines in Los Angeles
and the Key Lines in Oakland). That same year, industry trade publication Mass
Transportation named Fitzgerald “Transportation Man of the Year.” Fitzgerald also
made the cover of the July 20, 1946, issue of Business Week as NCL became a publicly
traded company on the New York Stock Exchange.

On April 10, 1947, United States Attorney General Tom Clark indicted nine corpo-
rations and seven individuals (including Fitzgerald) on antitrust charges of conspiracy
in the sale of equipment to a “nationwide combine of city bus lines.”! On March 13,
1949, they were all convicted on one count of conspiring to monopolize a part of the
trade and commerce of the United States. National City Lines and General Motors and
the other companies were fined $5,000 apiece, while their managers were fined $1 each.
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It is important to rail transit advocates to tell the story that America’s streetcar
system was destroyed by a conspiracy, because if it was a conspiracy, rather than market
forces or democratic preferences, it was a wrong to be righted by new investment in
rail transit. Advocates tell this story in a number of forums, including the (relatively)
widely seen documentary Taken for a Ride. Glenn Yago’s The Decline of Transit (1984),
a comparative study of the United States and Germany, posits a grand conspiracy to
do away with transit by automobile and suburban development interests. In places, it
states that the whole story had to do with finding employment for labor in a capitalistic
society.?? Similarly, in the early 1970s, Bradford C. Snell charged that General Motors
(GM) had used NCL to destroy thriving street railways in the interest of selling buses
and, in the longer run, automobiles. Snell’s American Ground Transport (1974) was
first published as a House Committee Print. It was not limited to NCL. It charged GM
with forcing the railroads to adopt its diesels and with aiding the Nazi government
during World War II. Needless to say, Snell’s charges garnered significant newspaper
attention.*’

Did a Judge Doom-like General Motors do in the streetcar, or was the streetcar
already doomed due to the general rise of the automobile and the greater flexibility of
the bus? Before we continue with the fall of the streetcar, let us first examine its rise.

Inauguration

On-road mass transit began with for-hire horse-drawn passenger services, often called
the “omnibus.” (Clearly there were mass transportation modes before the omnibus,
ferryboats and intercity carriage services among them.) The services that urban mass
transit could offer were greatly improved when rail technology entered the city: urban
extensions of intercity train service by about 1850 and commuter (workmen’s) trains
soon afterwards. With electrification, streetcars and elevated/subway services expanded
rapidly and many commuter train services converted to electric power. Interurbans,
heavy streetcar-like services, also expanded rapidly.

The electric utilities promoted and often owned electrically powered transportation
properties. The markets the properties provided aided the utilities by providing for base
load, aiding in the achievement of scale economies in production and distribution of
power, and also aiding the diffusion of service throughout urban areas.

Rail-like services pushed aside other services, so the predominant technology of
transit shares much with railroads, as does the embedded policy. Public policy was rail-
road policy writ small for the scale of the city.

Figure 11.1 illustrates the history of streetcars in the United States. In the upper left
corner of the figure is a tram (or horse) car (using rope or cable haulage), the John
Mason, placed in service in New York City in 1832. Note both its similarity to road
coaches and how later designs evolved.

Early railroads penetrated cities along lakefronts, along rivers, or through lands that
had not already been coopted for urban purposes. If the urban area were large and dense
(e.g., London, Paris, Beijing, or New York), railroads were unable to penetrate all the
way to the heart of the city.

The passenger business was a big part of the rail business, and railroads established
passenger stations as close to the centers of urban markets as practical. For competitive
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Figure 11.1. Streetcars in United States history. (Source: Senkus, 2000.)

reasons, each railroad established its own stations. To accommodate nonbulk freight,
teaming yards were also built near downtown. Because of the requirements for car
storage as well as room to work teams of horses, the yards involved considerable
amounts of land.

As cities grew, additional teaming yards and considerable industrial track were
constructed. Today, the parts of cities built during the period we are describing have
considerable interlacing of rail facilities within them.

As cities grew and incomes increased, entrepreneurs began to run local coach
(omnibus) services. Coaches appeared in Paris, London, and New York during the
1820s and were no doubt found elsewhere. Owner operators provided service; the
capacity of individual coaches was from 10 to 20 persons.

Horse trams (on rails) had been used in special circumstances, such as mining, for
a long time, and they appeared in cities as passenger traffic grew enough to warrant
investment in rails. These trams were quite competitive with the omnibus because of
higher productivity—larger vehicles and increased speeds. Because rail investment was
required, firms provided the service. New York had over 30 tram roads by 1860.

With continuing urban growth, higher capacity modes became practical. Also, the
great epizootic (an influenza) and threats of its recurrence were bothersome. The shift
from feed for animals to fossil fuels for energy became more and more justified as
energy conversion processes were improved and favored fossil fuels. Along routes
where traffic warranted it, steam trains were run. (These evolved into subway/elevated
systems, commuter railroads, or some combination of the two.) The superior technol-
ogy for many surface streets next became the cable car, and cable car systems were
installed in many cities (Hilton, 1982).



130 The Modal Experiences

Systems were given charters (franchised) by the cities and policy treated safety,
service, and prices. A flat fare policy was widely adopted, usually 5 cents. (The subur-
ban railroads used distance-graded fares.) The 5-cent fare was not a burden in the early
years when traffic was increasing and economies of scale were achieved. It became a
burden as inflation (especially at about the time of World War I) decreased buying
power and the transit worker unions demanded higher wages and better working
conditions.

Electrification

After being tried for eighteen months a street railroad in Richmond, Va., which has
been operated by electricity has been declared a failure, and the company will go back
to horse or mule power.

—The Railway Age magazine (1889)

Electric railways (streetcars) were deployed rapidly between 1895 and 1915. As is true
of many new developments, some false starts were made. However, once established,
streetcars enjoyed a sharp cost advantage over precursor systems. Numbers we have
seen suggest that the cable car gave a cost saving over horse cars of about 20 percent.
At first, cost savings were not so marked for streetcars because of the voltage drops on
early DC streetcar lines. It was not until AC electric power was more widely distributed
that converters could be used to supply DC to outlying lines. Car size and service
frequency adjusted to markets, and streetcars quickly won over cable car markets,
except in very hilly terrain. Cable car mileage peaked in 1893. The cost comparisons
tell only part of the story because electric cars were larger than precursor vehicles, and
they offered service advantages such as higher speeds.¢

These electric railways (and steam trains where they had been deployed previously)
had considerable impact on the forms of cities. Suburban development increased and
downtowns could draw on larger areas for labor and sales and service activities. In short,
the centralizing/decentralizing forces that we usually associate with the automobile were
quite strong before the automobile entered the city.

Streetcar service was highly desired. Cities were quick to issue franchises. There
was overbuilding of lines, and some lines were not well connected to others. The oppor-
tunity, need, and ability to consolidate rail properties seem to have varied greatly from
city to city. In Los Angeles some thirteen systems became the Los Angeles Railway
Corporation. By 1890 there were four properties. Consolidation was complete by the
time automobiles began to appear in numbers, from 1910 onward.

At about the time rail transit services became available, cities were growing very
rapidly; the highest growth rates for cities occurred at the turn of the twentieth century.
Making land available for many types of development, the transit services had massive
off-system effects. The physical realizations of the impacts included streetcar suburbs
and the decentralization of shopping from the central business district (CBD) to outlying
retail centers.

The systems suffered from the ills we identified for the railroads (rail-itis). The prob-
lem of the 5-cent fare has been mentioned. Route and service rationalization was needed
due to duplicating properties. Desirable network connections were needed because lack
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of physical connections and/or transfer rights thwarted end-to-end services. Congestion
occurred during rush hours, yet low demand characterized some routes and times of the
day. Importantly, the systems had lost much public support. In the late nineteenth cen-
tury, transit was regarded as highly desirable from a social point of view. Transit-based
developments reduced residential crowding and made job sites available. Yet by 1920,
systems were regarded as poorly managed “rip-offs” (Barrett, 1983).

Problems became acute by the 1910s and 1920s when the car and truck began to
provide competitive services and other factors affected the transit market. The truck
eased the logistics problems of stores in decentralized locations that reduced CBD
shopping activities. With auto mobility, such activities no longer needed to be on tran-
sit lines. The truck also enabled the decentralization of many kinds of manufacturing,
especially the activities that had previously found their most desirable locations near the
downtown rail freight yards and where labor could travel to work using CBD-oriented
transit. With activities at decentralized locations, the automobile offered an option for
the journey to work.

The adoption of electric motors and other factors began to favor single-store manu-
facturing establishments. Land requirements influenced the building of new plants on
the outskirts of cities.

Actually, the early impact of the auto on transit was modest. At first, the automobile
was used for recreation travel and was considered a rich man’s toy. Only later did it begin
to be used for the journey to work and for shopping as the sites of those activities began
to shift. The competitive impact of the automobile differed depending on city morphology
and type of transit. Today, for example, the CBD of Chicago continues to be served by
transit in its historical forms (which Charles Yerkes [see profile below] helped establish)—
commuter rail, subway/elevated, and bus (which substituted for the streetcar).

Other factors affecting the demand for transit included growth in real incomes and
the shortening of the working week from six to five days. As a result of the factors at
play, transit demand, which had been roughly evenly distributed seven days of the
week, was reduced on Saturdays and Sundays. The morning and evening peaks of traf-
fic became relatively steeper as off-peak CBD shopping and travel for warehousing and
manufacturing work in the vicinity of the CBD decreased. Figure 11.2 shows loss of
market shares.

All of these developments required planning. Most were like project planning in
style and scope, and their first client was the city government because franchises were
needed before work could go forward. The topic of how the system was to be oper-
ated (fares, schedules) was treated because it was of great interest to governments.
Consolidation planning (or rationalization) had a different style. It extended to the best
ways to combine properties and the appropriate treatment of stakeholders in the prop-
erties. These plans were developed by (relatively) famous consultants from out of town,
and were usually sponsored by city governments.

Profile: Charles Yerkes
Charles Yerkes, a Philadelphia bond salesman, was perhaps the leading entrepreneur of

the rail transit era. He moved to Chicago in 1881, and earned a shady reputation due to
some poor economic transactions associated with the Chicago Fire. Nevertheless, Yerkes
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Figure 11.2. United States transit ridership trends. (Source: Public Purpose, 2000.)

was able to buy respectability, which was for sale in the Chicago of the 1890s, and was
able to acquire most of Chicago’s public transit system through bribery of pubic offi-
cials. Eventually he was driven out of town when the political winds changed and
he was unable to obtain a fare increase (provoking riots in the attempt), and wound up
in London, where he helped consolidate that city’s Underground. Yerkes’ life was fic-
tionalized as the character Frank Cowperwood by novelist Theodore Dreiser in three
novels The Financier, The Titan, and The Stoic.

Deterioration

Subway and elevated transit, streetcars, passenger railroad service, and ferry service
were deployed in large cities prior to the coming of the automobile, and by the late
1920s the widespread use of the automobile in urban areas either brought the growth of
ridership to an abrupt halt or turned it downward. Streetcar service was impacted the
hardest. Views of the problem had several ingredients (Jones, 1985). One was that sub-
urban areas not served by transit required transit expansion. Otherwise, market shares
could not be maintained.

Another view said that the automobile was a superior vehicle, so transit vehicles of
higher quality were needed. There were two responses to these views. One response
was to deploy the bus. It could serve newly developing residential areas and serve as an
economical substitute for streetcars on thinly traveled lines. Transit operators liked the
bus because a one-man crew could be used, the bus was somewhat more maneuverable
than the streetcar in traffic, and interruptions of power, fires on streets, and so on could
be avoided. Additionally, many cities required that streetcar operators maintain the



Transit 133

roadway occupied by streetcars, an expensive endeavor and one disliked by transit
operators because those facilities were used by automobiles.

The other response was to develop a superior technology. The Presidents’
Conference Committee (PCC) streetcar resulted. The story of the PCC car is an inter-
esting one. The Electric Railway Presidents’ Conference Committee (PCC) was made
up of the presidents of the large transit properties. It examined the situation and pub-
lished reports and recommendations, most of which were ignored. Many of the ideas
developed are topical today, for example, the idea of having downtown activities (land
owners) subsidize CBD transit services. It was claimed that transit service resulted in a
socially desirable urban form.

The PCC undertook the design of a modern electric streetcar (the PCC car), which
was built in small numbers just before World War II and greater numbers just after-
wards. Several car builders were involved, and overseas builders were licensed to use
the technology.” European designs now being deployed in the United States as light rail
ventures are second-generation PCC cars (Carlson and Schneider, 1980). The PCC car
was much improved over previous cars—better acceleration, quieter, better ventilated,
better seats, stronger, and so on. Yet it could not undo the reshaping of demand and
competition from the automobile.

The third perception of the transit problem can be summarized as “rationalization.”
In many cities there were several properties operating competing services and services
were often not coordinated. Because the transit properties operated on franchises,
matters of fares and service had often been politicized. Many properties were operated
by electric utilities. Tackling these problems was the third challenge to transit planning.
The rationalization issue was not new, of course, for consolidation of properties had
been undertaken previously.

The transit properties were mainly private properties, so often planning studies were
undertaken by the property owners. But in many cases problems were so blatant that
municipalities sponsored studies. Also, the franchise, fare, and service leverage exercised
by cities on the properties gave them a considerable involvement in problem solving.
Many studies were made in the “great men” style during the 1920s and 1930s. One
actor was Henry M. Brinkerhoff, who worked as an engineering manager in the transit
industry in Chicago. During the 1910s, he was Chief Engineer of the Chicago Subway
Commission and he developed Chicago’s consolidation plan. He subsequently worked
in Detroit, Cleveland, Philadelphia, and a number of other cities.?

Considerations of a more policy planning-strategic sort were treated by the American
Electric Railway Association. Its publication, The Urban Transportation Problem (1933),
reads very much like today’s problem discussions. For instance, special assessment
districts in downtowns were proposed for transit funding.

Using as the criterion for success whether the plans accomplished what they set out
to do, transit planning worked pretty well. Buses replaced streetcars and offered service in
suburban areas; the PCC car was quite a remarkable advance over previous technology.
Rationalization was not as successful. In many places properties were not consolidated,
and everywhere little progress was made on adjusting fares and service.

The transit context was the problem. The properties were either losing market share
(subways and elevated lines) or losing in an absolute fashion (bus, streetcar). The problem
was to manage stasis or graceful decline, and we have four observations on that
problem.
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First, we may observe that changes pose no special problems for individuals and
institutions if the physical and psychological magnitudes of those changes are slight. An
example is the switch from the horse-drawn tramcar to the cable car, which involved a
familiar technology and not much new knowledge. It did require some change in behav-
ior on the part of institutions as the use of horses was phased out and new investments
made and as new kinds of people were brought on board to operate the cable works.
The change from the electric streetcar to the bus was also manageable. However,
suppose physical and psychological magnitudes are great. Consider the shift from the
steam locomotive to the diesel. Traditional locomotive manufacturers had almost none
of the relevant knowledge, and it was unthinkable that something so different could
replace the iron horse that built the railroads. Those manufacturers are no longer in
business.

The next three observations are also well known. We will follow Simon’s (1959)
wording of them:

* When an institution is not performing as well as it aspires to perform, search behavior is
induced.

e The institution’s level of aspiration drifts downward until it matches obtainable
performance.

* But there is a catch. The level of aspiration may be so locked-in by peer group values
and traditions that it does not drift down easily. Search behavior may be fruitless or only
marginally rewarding. The mechanisms causing performance to fall short of aspirations
may continue in place, and declining aspirations chase ever-declining performance
possibilities. (So there may be a fast variable, slow variable situation where things get
out of synchronization.)

If the latter situation holds, then the possibility of catastrophe looms. In the private
sector this may mean bankruptcy, depending upon the structure of competition. In any
circumstance, one observes rational adaptive behavior being pushed aside by apathy
and/or aggression.

The transit industry seems to have maintained its cool. It searched for new options
(e.g., bus, PCC car), lowered its aspirations, and acted in a rational fashion. Today, how-
ever, it has the problem that concerned publics have high aspirations for it—saving the
city and eliminating congestion, among others. But those aspirations have not permeated
the industry very deeply.

Motorization

One by one the properties began to substitute electric or motorbuses for streetcars and
interurban services gave way to bus services. Public policy actions enabled and often
encouraged the shift from streetcars to buses.® Policy allowed for some rationalization
of properties and services, as well as fare adjustments. The industry muddled through
the Great Depression. World War II saw great increases in ridership as employment
increased and automobile production and use was discouraged. Many properties were
flush with cash at the end of the war.

But it was not long after the war until trends dating from the 1920s again took hold.
The fiscal problems of private operators called out for public actions in the larger older
cities where the loss of transit services could not be tolerated (San Francisco, Chicago,
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New Orleans, New York, Philadelphia, Pittsburgh, etc.) and the cities began to take over
services. The acuteness of problems, steps taken, and success in managing problems
varied by venue. Seattle and San Francisco took over private services early on; some
cities took over step by step. Chicago, for example, took over subway/elevated services
first and bus and streetcar services later.

In general, the cities undertook modest downsizing, fare rationalization, and other
efforts to improve the matching of services to markets. They did not experiment with
deregulation in a full sense. However, in the 1950s and 1960s quite a few services in
the metropolitan areas continued to be privately operated, typically providing small
market niche services.

Several key points can be drawn from our history that relate back to the conspiracy.
First, while General Motors’ National City Lines was a private venture that converted
streetcars to buses, a number of other cities, in which National City Lines was not a
player, did so as well. Some of these cities made conversions while the city government
controlled the routes, others while they were in private hands. These other (non-NCL)
cities did not always make quite as extensive a conversion, but they did a conversion
nonetheless. (Evidence for this includes locales beyond the United States, for instance
London, which phased out electric streetcar and trolleybus lines for the ubiquitous
double-decker motorbuses that are world famous.)

Second, the PCC car was promoted by private companies as well; General Electric,
Westinghouse, and St. Louis Car were not nonentities in the business. If there was a
good business to be made in selling modern streetcars, there were capitalists willing to
give it a go.

Third, the NCL organization was profitable for many years. General Motors entered
the business to make money by selling buses, not to destroy transit to increase auto
sales, which were on an independent trajectory and did not need the assistance. While
the business may not have been GM’s most profitable, it was just an element of a large
firm that diversified to spread risk and invest profits. Other GM subsidiaries at various
times included appliances (Frigidaire) as well as bus, taxi, and rental car companies.
The literature in the 1930s often refers to the saturation of the automobile market. Then
as now, there was interest in the industry in growing through diversification.

Fourth, buses were at the time seen as the “new and improved” version of transit.
Rational transportation planners comparing bus and streetcars would point to their flex-
ibility, their ability to ride free on roads provided for other reasons (no maintenance of
track or overhead electrical was necessary), the smoother ride, the ability to follow
demand to the suburbs at relatively low cost, and so on.

At worst, the NCL conspiracy accelerated a trend already in place. We judge that the
matter was not a big thing in the decline of transit. The market was the strong force
at work. NCL may have yielded minor returns to the GM bus business, but as a diver-
sification step it was not a very good idea. For another case that clearly did involve
conspiracy, see box 11.1.

Federalization

The spread of slums in the inner cities of metropolitan areas, the relative decline of
CBDs, and the relative or absolute loss of central city population, together with the
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BOX 11.1 Twin Cities Transit

While there is clearly some dispute as to the importance of a national conspiracy in
the shift from streetcars to transit, one should not dismiss the existence of criminals in the
streetcar companies of the era (as in the rail era before them). A marked example is in the
Twin Cities of Minneapolis and St. Paul, Minnesota. The streetcar lines in the Twin Cities
were built by Tom Lowry in the nineteenth and early twentieth centuries, and like many
cities were aimed in large part at land development. For the period between 1925 and
1948, fares held steady at 10 cents, leading to capital shortfalls. The Twin Cities lines were
publicly traded and most shareholders were nonlocal. The conversion from streetcars to
buses took place after a series of events helped drain the company of even more resources. In
1949, Charles Green undertook a hostile takeover. He asked for a fare hike, fired 25 percent
of the workforce, and canceled capital investment. He was employing a traditional “cash
cow” model, wherein new owners milked the system of resources to pay for its own
takeover. A strange turn took place when Isadore Blumenfield, a.k.a. Kid Cann (a rumored
gangster and murderer), and Fred Osanna (a known lawyer) tried to take the system from
Green. The State Railway Commission made an investigation of bribery, embezzlement,
kickbacks, and death threats. Osanna and company did successfully take over the Twin
Cities Rapid Transit in 1951, and sold off the streetcars. It is reported that the vehicles are
still running in New Jersey and in Mexico City, though while the shells may still operate,
whether the mechanics in the vehicles do is unclear. Osanna claimed “the fastest and most
massive streetcar-to-bus conversion ever undertaken in any major U.S. city.” However,
Osanna wound up in jail for fraud. The system was subsequently sold to Carl Pohlad (later
owner of the Minnesota Twins), and was eventually sold to the public Metropolitan Transit
Commission in 1970 for $7.9 million.

many social problems of the older low-income parts of central cities, focused national
attention on urban problems. The federal government was asked to come to the rescue
of the cities. It did so with a variety of crime prevention, health, welfare, physical rede-
velopment, and other programs. Included was action to aid transit—the creation of the
Urban Mass Transit Administration (UMTA) in 1964.

The creation of the Urban Mass Transit Administration (now the Federal Transit
Administration) and the working out of its relations involved a diverse group of inter-
ested parties outside government. Large rail operators in old cities, commuter bus and
rail, the downtown business interest groups, and auto opponents all had their own inter-
ests. At the time there was no single voice for the operators, who were split between rail
and bus. The National Conference of Mayors served the urban development downtown
business interests. A crisis was sensed, but the crisis had many interpretations. Finally,
there was no clear model or set of existing suitable institutions. The closest model was
the Department of Housing and Urban Development’s (HUD) programs. HUD knew
how to work with the cities, and it had subsidy programs. It was chosen as the first home
for UMTA, with a study of the advantages of remaining in HUD versus moving to the
DOT to be made. The first home seemed to satisfy the urban development interests that
had worked with HUD. However, at the end of the first year UMTA moved to the DOT.
In the absence of a close model, there was the problem of figuring out a government
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role satisfactory to diverse parties. Charles Haar, a member of the Harvard Law School
Faculty and the first UMTA Administrator, worked hard to establish an urban develop-
ment role. Even so, the mood that prevailed was that better management and technol-
ogy were needed, and that helped pull UMTA into the DOT sphere. (At the time, DOT
was striving to play a major role in research and technology development, fallout from
the “If we can put a man on the moon, why can’t we . . .” thinking.) UMTA learned to
work with the states and the cities, the American Public Transit Association (APTA) has
emerged as a force in the industry, and it has learned how to work with other groups,
such as the American Bus Association.

A national need for UMTA is arguable, but it is seldom challenged. Changed
programs in HUD seem to have provided models for change in UMTA. For instance,
change, such as that driven by emulation of the private sector in program activities,
seems to be in the HUD model. The Americans Disabled for Accessible Public
Transportation (ADAPT) fought for wheelchair lifts on all buses (see also box 26.4 for
some consideration of the problem). UMTA accepted that in Section 405 of its regula-
tions. APTA was forced into the role of protecting the capital-short operators who can-
not afford lifts. APTA’s interesting defense was that this is a local matter—the properties
ought to figure out the mix of bus and special van services. That is interesting, because
it departs from the “all issues are national” stance of APTA.

A good deal of what UMTA was to do was established in its organic legislation;
bureaucrats worked out the rest. Steps taken early on had lasting impact.!° Most of those
steps were mandated by one or more of the interest groups that supported the creation
of UMTA. We now list some decisions taken early on:

1. Students of urban affairs and government administrators had the notion that transit
management was “up through the ranks” and unskilled—trained managers with busi-
ness school backgrounds were needed. As a result, UMTA and local agencies did not
take advantage of employees with a lot of experience and who knew what did and
didn’t work. “Political hacks” were also rampant in the industry.'! This perceived need
to turn over management resulted in lots of “know nothing” managers, especially at
UMTA, "2 and political appointments at local levels.

2. The renewal of capital was urgent. Some thought that a one-shot renewal might be
enough. Others had the notion that technological improvements were needed. Interest
groups composed of traditional suppliers, aerospace, and engineering and contracting
firms pressed this view, garnering public support. The Disneyland monorail was new,
and that was the model in many minds.

The capital grants program resulted. Another result was a round of new systems
studies and the encouragement of defense contractors. This emphasis, together with the
hoops one has to jump through in government procurement, put the traditional suppli-
ers out of business, suppliers such as St. Louis Car and Pullman. Later, the aerospace
industry found it couldn’t make money. Lacking technology management capability,
UMTA engaged in some disasters—its bus development program was an example.

3. People who wanted to manage the urban problem in a holistic way and those who
wanted independent programs for UMTA were engaged in a behind-the-scenes tug of
war. Do we combine transit with health, housing, education, and other urban social
programs? UMTA kept its distance from those programs, and the void created was filled
mainly by the then Department of Health, Education, and Welfare. School bus pro-
grams operated by local governments continued, of course. This debate continues
today, pressed by those who want to coordinate public agency decision making about
land use and transportation services.
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4. Next was the question of the geographical organization of UMTA programs. Political
realities said these could not just be big city programs.'> When UMTA was created there
were many central city transit agencies, both public and private service providers in the
suburbs, and also a mixture of service providers in small towns and rural areas. How
could UMTA interrelate with so many entities? How would it work with state and met-
ropolitan area organizations? How would transit facility investments fit into transporta-
tion planning activities? By and large, UMTA was careful to fit in with existing
arrangements, support both large city and other constituents, and go along with a large
amount of congressional earmarking of expenditures and pressure for the expenditure
of so-called discretionary grant funds.

UMTA did adopt the public administration dogma that single public agency organ-
izations were best for urban areas (they avoid duplication and obtain economies of
scale), but that is very questionable.

5. Another question to be settled was that of the size of UMTA and whether it should be
restricted to equipment-facility programs. Giving way to political pressure, subsidies
have been made available for operations. The size issue remains a matter of debate,
although transit has access to highway trust funds thereby partially relieving the funding
constraint on program size.

Situation

Working out the matters just discussed partly describes the situation today; most of
those matters are not completely resolved, of course. Conservative members of the
national government question the federal role in transit, but we do not see that as much
of a threat to the program, partly because conservative downtown property owners are
supportive of transit.

As is well known, today there are subsidies covering fixed and much of the operat-
ing costs of transit. They run to about $70 per capita per year and are increasing.
Although many who do not have automobiles available and/or lack the means to pur-
chase and use private transportation are transit users, overall there is an income transfer
to the wealthy—especially commuters. Box 11.2 illustrates the issues by investigating
the San Francisco Bay Area Rapid Transport system.

BOX 11.2 San Francisco’s BART

The Bay Area Rapid Transit District (BART) subway-elevated/commuter train system
began providing service on September 11, 1972, and it is a Bay Area icon; although there
is no place to take such a picture, one imagines sleek trains with the Golden Gate Bridge
and palm trees in the background. Sponsored by central city politicians, property owners,
and newspapers, it was the first new transit system in the United States after World War 1.
BART, and to a lesser extent the Washington Metro and Atlanta MARTA systems, served
as a model for the wave of rail transit improvement projects promoted in subsequent
decades, and that is why we emphasize it. Also, it illustrates that the gap between hype
and reality can be great but invisible to publics and policy makers.
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BOX 11.2 San Francisco’s BART—cont’'d

Centered on Oakland, BART service fans out westward under the Bay through
San Francisco to its airport, north and south along the East Bay, and to suburbs to the
northeast and southeast of Oakland. It is rather a skeletal mainline system, more so as
extensions have been added over the years. It is essentially a commuter railroad serving
San Francisco, Oakland, and other older centers of employment in the region. In a metro-
politan area of about 6.8 million people, it serves about 300,000 one-way riders per day
(about 150,000 people). BART actual weekday ridership in the 4th quarter of FY2003
was 291,011, http://www.bart.gov/about/reports/indicators.asp (accessed September 16,
2003), Since riders are one-way, and most people make round trips, the number of people
served is about half the number of riders. Thus, in a region with about 20,213,000 total
trips (MTC, 2003), about 1.4 percent of weekday trips are by BART. BART serves only a
small fraction of transit trips in the Bay Area, which is about 1.1 million.

Initial investment capital was backed by imposts on property in three Bay Area coun-
ties, and funds for the completion of the system and for extensions have come mainly
from the federal government. The operating budget is about $430 million per year; it is
partially covered by fares. Capital costs are never mentioned except when extensions are
considered.

As stated, BART is an icon. There is never a critical word in the newspapers, citizens
assume that the service is essential, and although they are more than illusive to analysts,
BART is assumed to have had great positive impacts on community and regional develop-
ment. Ignoring the probability that, if desired, private sector investors and consumers would
have long ago energized developments at BART stations, concentrated development near
BART stations is high on Bay Area planners’ wish lists. Moreover, there is clamor for exten-
sions to swing BART through San Jose and complete connections around the South Bay.

Costs of BART

In today’s contentious world, anyone questioning transit costs is taken to be ignorant and
pro-automobile. Even so, let us do a bit of math on costs anyway. It will give a feel for
magnitudes.

A recent article in a local large circulation monthly says that the BART extension to
Pittsburg/Bay Point to the northeast of Oakland cost $505 million (Yamamoto, 2003), and
it serves about 3,000 round trip riders daily. We do not know how many, but certainly
many of these patrons are regular commuters to centers of employment.

Dividing capital cost by the number of riders says that about $170,000 has been
invested per rider; considering interest in order to calculate annual cost, there is a capital
subsidy of about $17,000 per rider per year. It is left as an exercise for the reader to com-
pute the daily subsidy per one-way trip per rider. Moreover, there is an operating subsidy
applying to each rider, so the total subsidy is somewhat higher. Numbers in this range
apply to many transit investments, especially rail investments.

The $505 million divided by the 6.8 million people in the Bay Area works out to about
$74 per person in the Bay Area, but that is ignored because much of the money went
to Washington and came back as free money. An irony is that the Yamamoto article
highlighted BART Board Director Roy Nakadegawa, who is a transit supporter but ques-
tions the wisdom of BART expansion. If no one pays attention to him, what is the use of
our math?
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Ridership has declined to the point where about 2 percent of all trips are by bus
and streetcar and about 0.3 percent by rail. Thirty-five percent of all transit trips are in
New York City and over one-half are in New York, Philadelphia, Boston, and Chicago.
Cities are planning new systems or expansions of old ones, and vast funds will be
required for these. The experience in rail transit projects says that projects will come in
over budget and will not meet ridership projections (see table 11.1 from a study by Don
Pickrell). Observing that subsidies are highly concentrated, ridership is limited, and
new facilities very expensive, one pundit commenting on the Los Angeles subway
observed, “Never will so many have paid so much for so few.”

Incomprehension

It seems clear that we need to preserve and improve services in urban environments
such as those found in San Francisco and other old, densely populated cities. Citizens
who do not have access to private automobiles need services. But nowhere is it carved
in granite that the federal government was the way to achieve these goals and that its
programs should be continued. One might say that federal transit programs are a suc-
cess because transit service has been preserved, but might there have been other, better
ways to do that? Might downsizing and market specialization as illustrated by the U.S.
freight railroad industry have served better?

Applying Occam’s Razor

The observation that government steps in and does what systems cannot do for themselves
is perhaps the simplest explanation for the situation in mass transit. The observation
applies worldwide. Straitjacketed by high fixed costs, militant labor organizations, and
regulatory constraints, by the 1920s systems were having difficulty adjusting to changes
in competition and markets. So local and/or national governments began to acquire
ownership to maintain the status quo.

In the United States, local actions gave way to federal. This follows from the federal
taste for large programs acquired when water resource, agricultural, and defense pro-
grams increased in the 1930s and 1940s. With its monetary resources and the tilt to
urban-based power in the Congress, urban programs followed. With clamor from large
city business, political, and transit labor interests, transit was there for the taking. Along
with urban freeways and airports, it became one of several national programs leading
to megaprojects. Altshuler and Luberoff’s (2003) analyses of such projects include
reasoning about federal involvement similar to ours (pp. 249-251).

So far, William of Occam’s Razor, “One should not increase, beyond what is
necessary, the number of entities required to explain anything,” holds very well.

It is also easy to provide explanations for distorted project costs and ridership
projections, the sometimes venomous antiautomobile, transit-first clamor, the willing-
ness to use urban planning to (try to) control urban travel, and the use of “ends justify
means” lines of pro-transit reasoning and analysis. (It might be worth noting that high-
way builder Robert Moses once said “If the ends don’t justify the means, what does?”)
People value the status quo. Explanations that involve human avarice and efforts to
impose planners’ values on others are supplementary.
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Heavy rail transit projects

Washington Atlanta Baltimore Miami
Weekday Rail Passengers (thousands)
Forecast 569.9 NF 103 239.9
Actual 411.6 184.5 42.6 354
% difference -28% — -59% -85%
Rail Project Capital Cost (millions of 1988 dollars)
Forecast 4,352 1,723 804 1,008
Actual 7,968 2,270 1,289 1,341
% difference 83% 58% 60% 33%
Annual Rail Operation Expense (millions of 1988 dollars)
Forecast 66.3 13.2 NF 26.5
Actual 199.9 40.3 21.7 37.5
% difference 202% 205% — 42%
Total Cost per Rail Passenger (1988 dollars)
Forecast 3.04 NF NF 1.73
Actual 8.75 5.93 12.92 16.77
% difference 188% — — 872%

Light rail Downtown people mover
Buffalo Pittsburgh Portland Sacramento Miami Detroit

Weekday Rail Passengers (thousands)
Forecast 92 90.5 425 50 41 67.7
Actual 29.2 30.6 19.7 144 10.8 11.3
% difference —-68% -66% -54% -71% -74% -83%
Rail Project Capital Cost (millions of 1988 dollars)
Forecast 487 699 172 165 84 144
Actual 722 622 266 188 175 215
% difference 51% -11% 55% 13% 106% 50%
Annual Rail Operation Expense (millions of 1988 dollars)
Forecast 10.4 NF 3.8 7.7 2.5 74
Actual 11.6 8.1 5.8 6.9 4.6 10.9
% difference 12% — 45% -10% 84% 47%
Total Cost per Rail Passenger (1988 dollars)
Forecast 2.15 NF 1.68 1.53 0.9 1.14
Actual 10.57 7.94 5.19 6.53 7.11 10.21
% difference 392% — 209% 328% 693% 795%

Source: Pickrell (1992).



142 The Modal Experiences
Cognition

How did we get into this situation? We are there because of lack of cognition. One
meets with policy makers, and discusses modal costs and services.!* It is stressed that
fixed rail, people movers, and monorail are off the chart when cost effectiveness is con-
sidered. Alternatives such as improved bus services, or even buying used vehicles or pay-
ing for taxis for those who can’t drive, is now seldom considered. Real improvements,
those that make a factor of two or better changes, should be tried.

But policy makers pay no attention to such suggestions. They have already decided
that autos and buses are nonfeasible solutions to problems. Rail is the only answer.
Exactly what the problem is not always clear. In cases with which the authors are famil-
iar (Denver, Minneapolis, Chicago), CBD access was the main issue. In other cases,
congestion generally and air pollution have been at issue. There also seems to be the
feeling that modern cities have streetcars; what else is there to discuss, especially since
the feds will pay much of the bill? Expressions like “Minneapolis—St. Paul is the
largest city in North America without rail transit” have been bandied about, illustrating
the competitiveness question; to be a world class city one must have a new rail system,
a new baseball stadium, a new football stadium, a new basketball arena, a new hockey
arena, a beltway with three lanes (Minneapolis—St. Paul is apparently also the largest
city in North America with a two-lane beltway), a convention center, a festival market-
place, and so on (and in Minneapolis—St. Paul, if Minneapolis has it, then St. Paul needs
it as well). Transit is just one more instance of feature-itis.

We judge that policy makers, newspapers, and others see transit as the only solution,
and rail transit as the superior choice. We think that is because they can’t imagine seeking
new solutions.!

Assumption

The conspiracy is clearly the most popular view of why transit failed. Milder “devil” theo-
ries have to do with tax subsidy for suburban family homes and subsidies for the automo-
bile. Sometimes it is said that mortgage insurance offered by the federal government
influenced development, but such insurance was available for many kinds of residential
development. One gets the impression that somehow the devil made otherwise good people
make bad decisions about auto ownership and suburban development.'¢ Devil theories go
a little way but end up as not very consequential. Angel theories give the same impression.

We have already mentioned some angel theories: We would be in heaven if smarter,
better trained managers were hired, if new equipment was purchased, if new systems
were developed, and so on.

A couple of cost-related angel theories are that transit is inherently less expensive
than the auto alternative. Intuitive clarity takes over—moving a bunch of people in a
vehicle is relatively inexpensive. That extends to the notion that the higher the capacity,
the lower the cost; for example, BART-like heavy rail systems are lower cost than light
rail, and light rail is lower cost than bus.

It is easy to demonstrate that this is not the case. The best-known work was done by
T. E. Keeler in the early 1970s and published by M. Webber (1976) in Public Interest."?
Figure 11.3, adapted from that publication, compares automobiles, bus, and BART. It
needs to be remarked that this service niche is favorable to the bus. Bus service in thin,
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Figure 11.3. Cost of a Transbay trip on BART. Note: Bus and auto; 8,000 trips per hour.
October 1975; peak hour trip from Orinda to Montgomery Street. High estimates based on rea-
sonable assumptions, but less favorable to BART. Low estimates expected to be most favorable
to BART. (Source: Webber, 1976.)

collector-distributor markets is quite costly. This mythology is important for present
transit advocates, because if the devil, rather than economic forces, caused transit to
disappear, the good angels can bring it back. It is the comparison that is important—rail
is expensive compared to the bus. Costs would be much higher if services were provided
in thin markets and the situation much more favorable to the bus.

Another angel theory is that of avoided cost—providing transit is much less expensive
than providing for increased automobile use. That is a very situation-specific assertion,
and work that we have seen says that it does not hold very widely. At any rate, it makes
assumptions about market growth and about unchanging spatial patterns of demand that
are not very tenable.

Somehow we went from this assertion to the conclusion that we ought to be concerned
only with transit operating costs (fixed costs are of no concern because we would have
had to spend at least that amount of money on auto facilities). This kind of thinking leads
to the conclusion that BART is more efficient than bus because the fare box covers more
of its operating costs and in general the nonsense that high fixed cost, low variable cost
systems are always superior. Amtrak has taken such thinking one step further. At one time
it treated its subsidy as income on its books, and claimed to make a profit.

The notion arises that highly desirable (angelic) urban lifestyles and urban forms
will be achieved by transit development. Because of market segmentation, at some level
the notion has to be true, and the issue becomes “For how many?” If there were lots of
people that find that to be true, then ridership growth would reflect it. Alternatively,
changes in urban land uses and urban form would reflect it.
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Urban transit was pretty well deployed by the 1920s, and subsequent further
deployment has had marginal impact on urban land uses. Edwin Spengler noted as early
as 1930 that when transit services were provided, areas that were declining continued
to decline; where there was little change, little change continued, and growing areas
continued to grow.

Even so, transit’s favorable impact on urban development is the Holy Grail of
transit advocates, and they continue to look for it. Federal transit agencies funded study
after study, and the Transit Cooperative Research Program (TCRP) has begun work in
the area, so far to no avail.

A variety of views exist. Some hold that transit and walking neighborhoods might be
created with desirable social values. Demand is diverse, so there is certainly a market
for such neighborhood developments. Issues are those of the size of the market and why
private decision making has not cleared such markets. If there is a market and there is
some dysfunction constraining it, there might be room for policy actions.

At a much broader view, there are those who advocate return to transit-like cities in
order to improve the quality of life and, in particular, deal with energy use and sustain-
ability problems. Newman and Kenworthy (1989) have pointed out that dense, transit-
dependent cities use less gasoline than “auto cities.” The Newman—Kenworthy policy
of returning to transit-served cities has intuitive clarity to many, but it is not sensible.

Why? As discussed, transit served the city of the year 1900 very well. Subsequent
development of economic and social activities saw cities taking on more of an “auto”
structure. The Newman—Kenworthy policy is much more than just a matter of substi-
tuting one mode for another; it has to do with reversing social and economic trends.
They are tilting at windmills, trying to put Humpty Dumpty back together again.
History does not repeat itself.

This listing and debating of angel theories could go on and on. Important items to be
included are reduced negative externalities (compared to autos), reduced space utiliza-
tion, favorable social impacts of an “enabling the transportation disadvantaged to enter
into societal activities” type, and expanding the energy efficiency discussion.

Discussion

Mass (or public) transit receives much attention from political actors and the press,
and many professionals think transit is where the action is and will be so in the future.
This chapter traced the history of transit and transit usage, and discussed the recent and
current issues facing transit. While in a later chapter we cite a book on the “Rise and
Rise of the Automobile,” we might call this the “Decline and Fall of Transit.”

The argument of the devil versus the angels is very much one of style versus sub-
stance. By demonizing their opponents, angelic transit supporters aim to seize the moral
high ground. Yet their arguments and facts are as mythic as their styles. This raises an
important issue about the ethics of advocacy planning. If the supporters of the conspir-
acy know that the conspiracy is not really to blame for the loss of the streetcar (and we
would venture that some of them do), then they as planners are behaving unethically in
using that story as the cornerstone in their arguments for new rail transit investment.

Simplifying the broad sweep of history, we imagine for passenger transportation
a walking (and draft animal) society, a transit (and electric interurban and intercity
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passenger train) society, and the auto society. Walking gave way to transit, and transit
gave way to the auto. In each case the transition was not graceful. It was costly to fixed
investments and to those for whom lifestyle changes were not easy or desirable. “Gave
way” was destructive of desirable aspects of life such as the activities best served by
walking and transit.

With this preamble, we may state that the transit and walking problems are a failure
of automobilization. The automobile system innovation failed to the extent that it could
not fully replace transit or walking. The response to the transit (and walking) problem
is apparent: tweak the automobile highway system so that it can effectively substitute
for transit and walking.

One option is the devolution of federal activity in the transit area. The reasoning
behind one objection to devolution runs this way. Healthy cities are in the national inter-
est. Therefore, a federal role for transit is in the federal interest. That claims too much,
and it ignores the question of whether the federal government has or could create an
effective role. Another objection is on equity grounds. Some cities are not as wealthy
as others and it is only fair to send money from here to there. However, in conflicts
between the central city and its suburbs, state governments can and do deal with such
issues.

Overall, we see transit as a niche market business, one that should be more focused
on serving those without choices (the transportation disadvantaged such as the poor,
elderly, disabled, and children) rather than providing additional, and largely worse
choices to those who already have options (the car). Policy ought to treat it that way. It
should recognize that in spite of enormous expenditures, the transit market is not
expanding. Niche markets offer appropriate environments for innovation and system
improvements where lessons from other modes, especially the railroad, might apply.
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Turnpikes

The Long Island Motor Parkway will supply an uninterrupted route across the Island
that, owing to its proximity to the metropolis, is destined to be the home of millions with
business and social interests in New York City. Someday the state will supply such
motorways.

—Automobile magazine (1908)

Introduction

To break the monopoly of the dominant Pennsylvania Railroad, the Vanderbilts, who
owned what became the New York Central Railroad, initiated the South Pennsylvania
Railroad from Harrisburg to Pittsburgh, Pennsylvania. (The New York Central already
faced competition from the Erie and related railroads.) Construction began on tunnels
in 1884 and continued through 1885. However, while competition may be good for con-
sumers, it is anathema to capitalists. Financier J. P. Morgan won a seat on the New York
City and Hudson River Railroad and gained sufficient control to force the Vanderbilts
to sell the unfinished line to the Pennsylvania Railroad. Although $10 million was spent
and 26 workers died, “Vanderbilt’s Folly” remained dormant for 50 years.

In 1935, the Pennsylvania legislature authorized a feasibility study of building a new
toll highway using the old, unutilized South Pennsylvania Railroad right of way and
tunnels (Cupper, 1990). Construction started in 1937, and the road opened in 1940. This
was the first significant new turnpike for over 40 years, as the old turnpikes had reverted
to free roads in the late nineteenth and early twentieth centuries. Moreover, it was the
first of a new generation of limited access highways, generally called superhighways,
that came to transform the American landscape.

Why was a model of road financing (the turnpike or toll road) that had been largely
discarded half a century earlier revived? Or perhaps more to the point of this chapter,
why was a model that had clearly once been successful (in the early nineteenth century),
and again successful (in the 1940s and 1950s), largely discarded at the turn of the twen-
tieth century?

This chapter ranges from Ancient Rome to the beginnings of the industrial and com-
mercial revolutions, and we shall see the emergence of policies that continue today.

146
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However, much of the road-building knowledge of the Romans was lost and had to be
relearned. The rebirth of advanced road systems began in Western Europe as commercial
activities began to expand during the Renaissance, and it is sufficient to our study to
take these births as baselines. Transportation knowledge—how to build, control, and
operate transportation—has accumulated from experience (see Lay, 1992, for a sweeping
history of roads).

The discussion will put the English early parish and toll road systems in place. We
want to know what services were in place at the beginning of the industrial revolution
and, in particular, what polices had evolved that served as building blocks for modern
transportation systems generally. Why England? Ultimately England was to lead the
industrial revolution, though that was not obvious to an observer in the 1650s as the
turnpike era began. Arguably the turnpikes enabled that revolution (Szostak, 1991). One
could start this discussion by looking at France, the Low Countries, and North Italy. The
precursor systems were developed earlier in those areas. Paris had grown to be the
largest city in Europe, while France was politically integrated. Paris, the Italian cities,
and Brussels were centers of European science and technology. Even so, we begin with
England because its story seems more sweeping and consequential. Although London
was a world city, England was on the undeveloped fringe of Europe.

This chapter asks what were the chief features of the baselines and then traces these
through to the modern world. It follows the corvée experience in several countries. It
then shows how experience has built on experience and how the trail of and accumulation
of experience is used today. The trail is crystal clear.

Roman Roads

Despite evidence of roads elsewhere, we begin by touching on the development of
Roman roads, a system built over a 500-year period, with mileage about the same as
that of the U.S. Interstate Highway System. Except for bridges, Roman engineering
seems not to have been emulated very much. Reverse engineering on the Roman roads
tell us how they were built—they were stone structures made of polygon-shaped rock
bound by mortar (see figure 12.1). The roads comprised long straight segments with
stiffer grades than those allowed in later road building; curvature was avoided except
where necessary (mountain passes, natural places to ford or bridge rivers). Comparisons
of Roman road mileage between places and modern roads find that the Roman roads
were shorter than modern roads.

It may have been that straight and sometimes steep roads allowed for rapid move-
ment of marching troops. Wagons, which would have liked low grades, were not so
common. Without front axles that turned, Roman wagons worked best on straight roads.
The typical load seems not to have been more than 225 kg (500 1b). Some evidence
exists that the right of anyone to use a road dates from Roman times, as does the idea
of the common carrier. A good part of Roman design was symbolic—a strong, power-
ful artifact ignoring terrain and pushing straight ahead: Roman roads equal Roman
power.

Roman roads accommodated carts, but by about 1600 the population, and military
and church institutions, were mainly served by ways, trails, traces, or paths along which
people could walk, ride on horses, or drive animals (Geoffrey Chaucer provided
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Figure 12.1. Construction of a Roman road. (Source: Margary, 1993.)

descriptions ca. 1380). Like the Roman roads, these routes had an “as the crow flies”
character; they were paths and often had fairly steep grades, with route orientation
tempered by the location of mountain passes and fords.

Renaissance Roads

Today’s road system began to emerge with the growth of trade in the Mediterranean
area and the spread of the commercial revolution to the remainder of Europe, North
America, and the parts of other continents accessible by sea and with a basis for trade.
The growth of wealth and communications created and expanded carriage traffic.
Wagons began to be used to move commodities to growing cities and between ports and
points of origin for the distribution of commodities, and there was a concomitant
growth of institutions supporting all facets of trade.

We are also interested in the ways in which transportation developments led or followed
other developments. One view is that the constraints on trade among the isolated feudal
economies of Europe began to be destroyed in the eleventh century by the Crusades, which
lasted into the beginning of the thirteenth century. A new trade-based empire centered on
Venice began to emerge, soon followed by centers in favored crossroads—Brussels and
the towns of the Hanseatic League; specialized manufacturing began to emerge in
Flanders and Florence. These developments were well under way by the end of the thir-
teenth century. Over the next four hundred years there were dramatic increases in trade,
specialized production, middle-class wealth, commercial towns, and so on.

This way of thinking says that the Crusades destroyed barriers, and opportunities for
production and trade were grasped. Other ways of thinking emphasize the window to
the knowledge of the East opened by the Crusades. The development of transportation
means was not causal, for the means were there, just little developed—pack animals,
coastal shipping, light wagons.

A next round of development emerged in the seventeenth century with the innovation
of the private banks of Amsterdam and London and state banks. This certainly accelerated
the growth of trade; it exploded. Power and wealth moved to those engaged in trade and
away from the crown and the church. Large cities began to emerge, especially London,
Paris, and Amsterdam. Transportation was gradually improved during the period, and
the amount of work it was called on to do increased greatly. Again, however, we would
not want to say that transportation played an important causal role.

Why make the above remarks on whether transportation played a causal role in
development or not? We have made them as “straw man” remarks, for the conclusion
one reaches depends on how transportation is viewed. If we say that transportation is
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something hard and physical, then the remarks hold. If we take a “transportation-as-
transactions” view, then we conclude that advances in transaction capabilities triggered
the developments.

The Corvée in England

England’s longstanding parish road system used (one hesitates to say employed) statute
labor (the corvée system) geared to local needs, and relied on manorial organization. The
system of statute labor seems foreign to the twenty-first century, especially in a United
States without a military draft. The idea is similar to taxation, except that residents were
taxed their time instead of their money. The difficulty is ensuring quality control; a dollar
is a dollar (a pound is a pound), but an hour from a productive individual is very different
than an hour from an unproductive one. The system began to be strained in the sixteenth
century because of the growth of through traffic (roads were no longer a local matter)
and the breakdown of the manorial organization of life. This also introduces the free-rider
problem. Local residents have little incentive to maintain roads for nonlocal (through) trav-
elers. Moreover, the substitution of the Church of England for the Roman Catholic Church
eliminated a major source of road maintenance—monks aiding those on pilgrimages.

The decline in quality of the roads led to a revision of the early sixteenth-century
system. Bridges were a technical and fiscal problem, addressed by the 1537 Statute of
Bridges. This was followed by the Highways Act of 1555, resulting in the election of
surveyors to plan and supervise the four days of statute labor per year (which was soon
raised to six days). With revisions, this system served until the 1830s. Surveyors were
assigned to the Quarter Sessions (the county’s quarterly meeting of justices of the
peace—the predecessor to the modern County Council), they were given powers to
requisition materials, and parishes were empowered to tax for road improvements.
Moreover, labor could be hired—which was important, because hired labor has more
incentive to be productive than statute labor.

However, the mismatch between regional travel and local responsibility remained,
and policy had not responded to technical questions, for example, how to build roads.
Radical changes began to emerge as the local Quarter Sessions attempted to deal with
those problems. Some started charging tolls on heavy vehicles to raise money for repair;
others set maximum weight limits for vehicles. Several Quarter Sessions worked together
to develop toll and road programs. Others wanted to increase the widths of wheels on
large vehicles. (Narrow wheels place more of the wagon’s load on a smaller space,
creating rutting, while distributing the load across wider or more wheels increases the
life of the road.) In the meantime, traffic of all types continued to grow; stagecoaches
and mail wagons emerged in the early seventeenth century. Packhorses and mules were
less and less used; wagons increased in size and weight.

The bridge problem became acute. The Act of 1537 simply put the responsibility for
bridge maintenance on the parishes, and it had few teeth in it. Technical problems had
to do with the narrow width of bridges, unsuitable timber construction, and steep access
and egress.

The stage was set for considerable revision of highway policy. One revision allowed
and encouraged turnpike developments, beginning in about 1650, but taking off in
about 1700. Another was a restatement of the responsibilities of the parishes.
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The parishes’ first policy emerged in the 1760s and 1770s with a rationalization tone.
They attempted to define the technologies needed; town access roads were to be at least
6 m (20 ft) wide. The effort to control weights and vehicle configurations continued:
six-horse teams hauled wagons with wheels 15 cm (6 inches) across; more horses,
wider wheels. Little used routes could be abandoned. Fees were graded so that those who
used the roads the most paid the most. Some ills were cured, but poor construction,
drainage, and bridge problems remained.

Another round of road development occurred prior to the development of the
railroads. The evolution of toll roads built in part from the canal experience, which is
discussed in a later chapter; the stories are intertwined. The role of “tolbooths” in
Scottish culture is illustrated in box 12.1.

The Corvée in France

The French government had been exercising considerable taxing powers, in part
because of the military needs of the central government. The vision and power were
there too. In the seventeenth century Jean-Baptiste Colbert, Louis XIV’s minister of
finance, developed a plan for the orchestration of national life through the use of canals
and roads for commercial and military purposes. A vision sometimes called Colbertism
emerged—in essence, the belief that the state has the wisdom, resources, and power to
do the best and most just things. The vision is sometimes referred to as a tradition of
the ancien régime.

Beginning in 1716, state highway engineers, the Corps des Ponts et Chaussées,' pre-
pared standardized maps for provinces, with centralized planning of roads beginning in
1747 (the year the school for roads and bridges was established). Between 1720 and
1770 the road construction budget increased eight-fold. Plans were implemented using
public capital. In addition to capacity expansion plans, standards were developed for
bridges and other aspects of the physical plant. For instance, all roads were to be
18 m (60 ft) wide. By 1789, the year the French Revolution began, the country had a
27,000 km (17,000 mile) road network. The state engineers had maps for the entire
country, and they saw the need for a plan with standardized facilities, regardless of local
physical conditions and markets.

BOX 12.1 The Heart of Midlothian

The center of activity in any significant Scottish burgh was the “tolbooth” [sic]. As might
be expected, this is where tolls were collected, but as a small well-organized financial center,
these tolbooths came to be administrative centers, with courthouses, and then prisons, and
police and fire stations. In Edinburgh, for instance, the Canongate Tolbooth dates from
1477, the present structure from 1591 (Clark et al., 1991). Canongate was a burgh, just
down the Royal Mile from the Edinburgh Castle, eventually incorporated into the larger
city of Edinburgh. The 1737 Tolbooth Riot (in which the mob aimed to free a prisoner
jailed at the Tolbooth) was fictionalized in Sir Walter Scott’s The Heart of Midlothian
(1818), a novel in which the Tolbooth was the Heart.
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A high-quality, state-planned, financed, and operated, free road system centered on
Paris had been developed prior to the emergence of the railroad. That was at a time
when English major roads were toll roads improved by local capital and managed
locally, and the United States had not much more than strips of mud. Despite its praise-
worthiness as an engineering feat, the road network was burdensome to the poorer
farmers. Roads require resources. The king appointed tax collectors to raise money, and
those who could not pay often saw their land confiscated. Further, from 1737 the roads
were maintained by a special road tax, but those who could not pay were required to
contribute 30 days of labor per year on road crews. Farmers were inspired to overthrow
their oppression of forced labor of the corvée and join the Revolution. Ultimately, the
Revolution nationalized what private toll roads there were as well as the king’s royal
roads. However, by eliminating the dedicated sources of financing and maintenance,
roads became a general public service.?

The Begar in India

In India, a monthly one- or two-day corvée (during Mogul times this uncompensated
contribution of human and animal labor was called Begar) was often exacted from arti-
sans, mechanics, and sudra laborers according to surviving legal texts from very early
times. The Begar was more severe in India than the corvée in Europe, as some persons
were required to bear loads, not merely maintain roads. How early this began is unclear,
but the corvée was mentioned in the Code of Hammurabi (ca. 1700 B.C.E.), though that
document mostly deals with exemptions. The Laws of Manu (ca. 1500 B.C.E.) permit-
ted the sovereign to demand temporary services (DeLoche, 1993). It was noted in the
seventh century by Hsiian-tsang in his Travels. It was established at different times in
different regions, for example in the thirteenth century in the Hoysala kingdom, and
later by Muslim princes. It came and went; for instance, in the Mogul dynasty (starting
in the sixteenth century) Akbar eliminated Begar, but Jehangir reinstated it and Shah
Jahan abolished it again. It was widespread in places, especially near the Himalayan
border. In some areas, for some persons, this lasted through the first part of the twentieth
century (Mishra, 2000), and was not legally abolished until Indian independence in
1947. Despite the relatively poor quality of humans as beasts of burden, this practice
was an important element of transportation as well as construction and maintenance
in India.

The Corvée in Japan

Gishi-wajin-den, a Chinese history from the third century, provides the earliest record
of Japanese roads. From this period through the Meiji Restoration in the late nineteenth
century, roads served pedestrians and animal-powered transportation. As a result, main-
tenance was simplified and reduced, since humans and animals do not damage roads
nearly as much as wheeled vehicles. The mountainous terrain was not conducive to
wheeled traffic, which did not develop as it had in China and Europe. As with the
islands of Greece, sea routes were more prominent than land transportation, especially
for bulk cargo.
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Major overland routes were reported in the Chronicles of Japan, Niho Shoki.?> After
the Taika Era Reformation (645), a central government modeled on the Chinese Tang
dynasty reorganized the governance of Japan. A system of Seven Kaido (Roads) was
established connecting Honshu, Shikoku, and Kyushu islands. These roads, centered on
Kyoto, were the Tokaido (eastern route), Tosando, Hokurikudo, San-indo, San-yodo
(western route), Nankaido, and Saikaido. The backbone provided by those roads remains,
and modern superhighways in Japan use roughly the same routes that were established
when they were originally constructed.

The Seven Roads were used for domestic communication, and a postal courier
system, the “Ekiba, Tenma,” modeled on a system in China and similar to the later Pony
Express in the United States, was established. Every 16 km (10 miles or 30 ri), stations
were placed to provide roadside services and to allow riders to change horses. The
corvée was imposed to construct postal stations, and a rebellion against the corvée
broke out in 1764 (East Asia in the World, 2004).

Roadside beautification, later to be popularized by Lady Bird Johnson in the United
States, was established in the mid-eighth century with the planting of fruit trees along
the Seven Roads. Road signs, or Ichirizuka, were mileposts, similar to those constructed
on Roman roads, providing navigational information for travelers, and were popularized
in the mid-seventeenth century. Road standards were put in place. At the beginning of
the seventeenth century, the Edo Shogunate specified that major highways would be 11 m
(36 ft) wide, secondary routes would be 5.5 m (18 ft) wide. The roads were to be gravel,
and covered with sand. Residents who lived alongside the road through the Shogunate
era performed road maintenance.

Walking with its overnight stays had a social side. A 1952 translation of Ikku
Jippensha’s Hizakurige (ca. 1800) provides a humorous description of travel events.
During Japan’s great modernization, the Meiji Era, wheeled vehicles such as carts and
carriages began to be used on roads. This caused roads designed for people and animals
to deteriorate. Crow (1881) described the Tokaido as having much traffic yet having ruts
and holes large enough almost to swallow a cart. The condition of roads was exacerbated
as the Meiji government privileged rail and sea travel to road travel.

The Fukushima incident of 1882, in which advocates of the Japanese Freedom Party
were suppressed by the prefectural government, resulted from a local rebellion against
the corvée labor tax imposed by the government to build roads (Mainichi Newspapers
Co., 2002). In response, road construction subsidies (from monetary taxes) were imposed.
However, it was only after World War II that Japanese roads were truly modernized.

After World War II, the use of the automobile in Japan took off, as seen in figure 12.2.
The number of vehicles rose from about 142,000 in 1945 to 922,000 in 1955. As late as
1955, the main road between Tokyo and Osaka was unpaved for one-third of its length
(see, e.g., figure 12.3). The first expressways were not opened until the Meishin
Expressway in 1963 (shown in figure 12.4). Clearly the vehicles drove the demand for
expressways, which can be seen to be lagging vehicle growth significantly.

Profile: John Loudon McAdam

John Loudon McAdam, dubbed the “Colossus of Roads,” was born in 1756 in Ayrshire,
Scotland. As with many innovators, his interest began young; while at school he built
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Figure 12.2. Japanese vehicle highway system, 1945-1997. (Source: Road Transport Bureau,
1959, 1960, 1970; Statistics and Survey Department, 1964, 1966; Regional Traffic Bureau, 1992;
Japanese Automobile Inspection and Registration Association, 1991.)

Figure 12.3. Condition of roads in Japan in the 1950s. (Source: MLIT, 2003.)
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Figure 12.4. The Meishin Expressway (1963).

a model road. At the age of 14 he went to America to work for his uncle in New York
City as an “agent of prizes”—a legal form of dealing in prize ships and cargos captured
by the British prior to the end of the American Revolutionary War. By the time he
returned to Scotland in 1783, he was wealthy, and became a road trustee for his district.
Noticing the poor quality of the roads, and this being the era of the amateur scientist,
McAdam pursued a number of techniques to improve the quality of the road. He later
moved to Cornwall, and received a government grant to continue the work. His con-
clusions, documented in two books, Remarks on the Present System of Road-Making
(1816) and Practical Essay on the Scientific Repair and Preservation of Roads (1819),
called for roads that were elevated compared with the adjacent ground, and covered first
with large rocks, then smaller stones, and finally bound with gravel—all to improve
drainage, which he identified as the major destroyer of roads.

Following a parliamentary hearing on road building, “macadamization” was adopted
as the standard for construction, and McAdam was appointed Surveyor-General of
Metropolitan Roads in Great Britain and was compensated for his expenses in researching
the issue. The technology was adopted elsewhere, as illustrated in figure 12.6 (see
page 159).

McAdam’s system, while more expensive than the dirt roads it largely replaced, was
much cheaper than the similar quality of road inspired by Roman road building, the use
of stone slabs carefully laid by masons.

Richard Edgeworth improved the “macadam” method by using stone dust and water
(a form of cement) as a binding agent (though this was opposed by McAdam himself).
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In 1854, the technique was further improved in France by using bitumen (asphalt)
binding, to ensure a smoother surface than simply gravel and slag could provide. This
“Tar-Macadam,” abbreviated “tarmac,” was very much the forerunner of the blacktop
common today. For his efforts, McAdam was offered a knighthood, which he declined
before his death in 1836.

Profile: Thomas Telford

Thomas Telford was born in 1757 near Westerkirk, Scotland. After spending his youth
aiding his uncle as a shepherd, at the age of 14 he was apprenticed to a stonemason. In
1780 he left for Edinburgh where he gained work as a mason, and by 1792 he was
among the elite of his profession, working in London on Somerset House. As a supervisor
of construction, Telford’s first bridge was in Montford across the River Severn. His
other works include designing and building churches.

An interesting project was a canal that was on an aqueduct across the River Dee.
Rather than using clay to form the edges of the canal, which would have been too heavy,
he innovated design by fixing troughs made of cast-iron plates in masonry. In this era
of the engineer, it was not uncommon for an engineer to work on structures, waterworks,
and highways. He aided in the professionalization of civil engineering by founding the
first Institute of Civil Engineers.

He is perhaps most famous for his suspension bridges, such as the Menai Bridge
linking the isle of Anglesey with Wales. He also built cast-iron arch bridges and turned
them into works of art.

In 1803 Telford was hired to help develop the Scottish highlands. He was in charge
of rebuilding the roads from London to Holyhead and from Shrewsbury to Holyhead,
as well as others, totaling 1450 km (900 miles). He set standards for maximum grades
among others.

Telford’s method differed from McAdam’s. First McAdam wanted 25 cm (10 inches)
of graded broken stone above the ground, while Telford used an 18 cm (7 inch) foun-
dation base of larger stones, laid in a trench (rather than on top of the ground). McAdam
argued that Telford’s method was costlier and required more maintenance, and that
well-drained ground would be an adequate foundation. In a sense their dispute was the
first salvo in the battle between asphalt (which most resembled McAdam’s method) and
Portland cement concrete (which is somewhat closer to Telford) that still rages today
(see Chapter 13). Concrete still is more expensive and takes longer to repair, but is
thought to be more durable under heavy loads.

Telford died in 1834 and is buried in Westminster Abbey.

Turnpike Trusts

The parish roads were handled as if they were local roads serving local landowners. But
the growth of mail, passenger, and freight traffic, many with nonlocal origins and
destinations, was imposing costs on the locals. Nonlocal and heavy local users were
demanding improved facilities. The parish system had problems enough dealing with
strictly local demands.
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The toll road or turnpike was the answer. Such roads predate the canal era, and early
ones (e.g., in the seventeenth century) were ad hoc extensions of the parish system—
several parishes would work out a joint project.

Of course tolls were not invented in the seventeenth century. Precursors to tolls date
to the mythological world, with Charon charging a toll to ferry people across the river
Styx. It was easy enough to transfer the idea of tolls for service from ferries to bridges,
and then from bridges to roads. Other early examples include mentions of tolls in
Arabia and other parts of Asia by Aristotle and Pliny. In India, the Arthasastra identifies
tolls prior to the fourth century B.C.E. Tolls were also known among the Germanic tribes
in Europe during the late Roman Empire, who offered to guide travelers through moun-
tain passes (let us call it a protection payment) for a fee. Later tolls were widely used
in the Holy Roman Empire in the fourteenth and fifteenth centuries, and were thought
to be interference in commerce.

Returning to the early eighteenth century, the idea of local administrators seeking per-
mission for tolls from Parliament met much opposition. By and large, it was regarded as
attempting to foist local responsibilities onto others. The locals objected to paying tolls
on roads on which they labored and which they had to use.

This combination of opponents prevented many schemes from going forward. While
some schemes were accepted, Parliament turned many down. When approved, there
were often concessions for local traffic. Even so, there is a record of local uprisings
against toll roads, riots, destruction of gates, and so on. This reflected a larger conflict;
toll roads are in a sense the network analog of the enclosure movement facing England
at the same time. Fenced fields and tollgates were redefining property relationships and
class rights.

Although development of turnpikes was slow in the first half of the eighteenth cen-
tury, a pattern of development had emerged by about 1750. “Town centered” sums it up.
The effects on roads of traffic to London and provincial centers required action, and
successful acts and schemes prior to about 1750 yielded a map of rather disconnected,
urban-centered routes with 143 trusts managing about 4,800 km (3,000 miles) of road.
By 1770 the network was better connected (figure 12.5). Later acts then filled in the
map—by 1830 there were more than 1,000 trusts and 32,000 km (20,000 miles) of road.

Road trustees were local men (and they were almost always men) of substance.
Enabling acts specified powers, accounting and meeting requirements, and provided for
posts of treasurers and surveyors. The early pattern was for tolls to be collected at gates
(by toll farmers), and after expenses were met, reinvested in repair. After experience,
mortgage funding, guaranteed by gate income, began to be common.

Toll schedules were very complex. They reflected geographical (or spatial) equity, the
principle that those who impose costs ought to pay (see, e.g., box 12.2). The tolls thus
aimed to protect roads from damage, by placing high charges on excessive loads and
on vehicles with narrow wheels. The technical view was that roads needed protecting.
At the national level, the General Turnpike Act of 1773 contained 28 clauses relating to
wheels, weights, and so on.

Thomas Telford became involved with the technology of road construction in 1803
when Parliament considered the problem of roads in the highlands of Scotland. A devel-
opment scheme was initiated—Parliament would pay one-half the costs if local politi-
cians would propose schemes and pay the remaining costs. That is the first use of a
financial matching scheme we know of. John L. McAdam obtained experience serving



Turnpikes 157

= \ Legend

b’
) 3
4 y. 9] / _ Canal 1770
J Y .‘a‘o;' ' . Turnpike 1770
: J "&t - ‘\ England
VI3 NN\

2 N
Lot

.1!75"

Figure 12.5. The turnpike and canal network of England and Wales in 1770. (Source: Pawson,
1977.)

on trusts in the 1790s and 1800s, and he interested himself in both technology and
administration. Figure 12.6 shows the first macadam road in the United States that was
constructed on the Boonsborough Turnpike in 1823 outside Hagerstown, Maryland.

By the 1820s much of the road system had been improved to macadam standards.
Extensive, organized coach service operated at 16 km/hr (10 mph), there were mail
wagons and mail service, and freight had emerged in two classes of service—fly wagons
or vans for fast freight and heavy, slow wagons, of about 10 tons.

Yet, in an 1816 editorial, The Times of London described toll collectors as “men
placed in a situation unfavourable to civilized manners, and who might be usefully
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BOX 12.2 Levy of Tolls Using the Dartford to Northfleet Turnpike Road, 1760

For every Coach, Berlin, Landau, Chariot, Chaise, Calash, Caravan, Hearse, Waggon,
Wain, Cart, Dray, or other carriage, drawn by six horses, or other cattle, or more, the
sum of one shilling.

If drawn by two horses, or other cattle, the sum of six pence.

If drawn by one horse, or other beast, the sum of four pence.

For every horse, mare, gelding, mule or ass, laden or unladen, and not drawing, one
penny.

For every drove of oxen, cows, or neat cattle, eight pence by the score, and so in
proportion, for any greater or lesser number.

For every drove of calves, sheep or lambs, five pence by the score, and so in
proportion, for any greater or less number.

For every drove of hogs, six pence by the score, and so on in proportion.

(Source: Dartford Grammar School, 2003)

employed in mending the roads which they now obstruct in a most disagreeable manner,”
giving evidence that tolls were not held in universal acclaim (Albert, 1972, p. 65).

Figure 12.7 shows how investment in turnpikes tapered off even before investment
in railroads increased. After the railroads, some turnpikes failed financially and were
taken over by local governments, which converted them to free roads. Others simply
had their franchises expire and not be renewed. In any case, turnpikes were merged with
the parish road system as the trend toward a nationally controlled and financed system
was strengthened.

Turnpike Companies

In contrast to France, road and canal development in the United States had lagged behind
that in England. Instead of being already ahead, the United States was rushing to catch up.
Also in contrast to France and England, the United States at the time was a federation of
states with a weak central government. Hierarchical governments needed to learn roles.
The main American turnpike experience differed from the British experience in several
other ways. It began later (in the 1780s) and ended later (at the onset of the twentieth cen-
tury). But the organizational form also differed. In the United States, private corporations
held most turnpike charters, while in Britain, the turnpike trusts were institutions with
more public control. The private turnpike companies were regulated, and often, especially
in the early years, had some local government (public) investment, so we are speaking of
degrees of public and private, not absolutes, when we talk about road networks.

The first authorized turnpike in the United States was from Alexandria to Berryville,
Virginia, in 1785, though the road was a public tax-funded road. Maryland followed
in 1787. However, the 100 km (62 mile) Lancaster Turnpike in Pennsylvania (with
nine toll gates), chartered in 1792, with land donated by the state, was the first notable
turnpike company. As can be seen in figure 12.8, 69 turnpikes were charted in the
1790s, rising to 398 by 1810.
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Figure 12.6. First American macadam road (1823). (Source: Rakeman, 1823.)
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Figure 12.8. Turnpikes incorporated in the United States, 1790-1845. (Source: Fielding and
Klein, 1993.)

The logic behind the turnpike boom is in many ways that of an arms race, though
more productive. Turnpikes increased accessibility. With a turnpike (shown in
figure 12.9), Lancaster residents could now get to Philadelphia quickly on a broken
stone and gravel road. This improved overall welfare (absolute accessibility). But perhaps
more importantly, it improved Lancaster’s position with respect to competing towns (its
relative accessibility), whose inhabitants could only get to Philadelphia on slower dirt
(and mud) trails. It was a mixed bag for Philadelphia; while it made the west more
accessible and helped spark the western migration, it brought Lancaster into
Philadelphia’s orbit and away from Baltimore’s. Thus, it improved Philadelphia’s position
with respect to its rivals (Baltimore and New York). Moreover this turnpike was
profitable, paying up to 15 percent annual dividends to shareholders.

A map of the Lancaster turnpike is shown in figure 12.10. Over time, Lancaster
positioned itself at the center of a web of radial turnpikes, in addition to the route to
Philadelphia: the Lancaster/Columbia Turnpike, the Lancaster/Marietta Turnpike, the
Lancaster/Millersville Turnpike, the Rockville (now Rock Hill) Turnpike, and the
Stumptown Turnpike (now Old Philadelphia Pike). As a side note, the Lancaster turnpike
also helped birth the Conestoga wagon as a major vehicle type (which can be seen head-
ing away from the inn, in figure 12.9).

A U.S. critic in the early 1800s might have said that the central government was
destined to play only limited and rather ad hoc roles in transportation development.
Secretary of the Treasury Albert Gallatin’s report to Congress of 1808 had recom-
mended an extensive set of canal and road improvements. But no action was taken. It
was claimed that the Constitution did not provide for federal activities. Was that an
excuse or reason for inaction? The real obstacle to action may well have been the
regional jealousies of the times.

As a result (we think mainly of the problem of consensus about activities), federal
government activities were small and scattered. The Ohio Statehood Act of 1803 set
aside 2 percent of the proceeds of public land sales for building the Cumberland
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Figure 12.9. The Philadelphia and Lancaster turnpike road (1795). (Source: Rakeman, 1795.)

Figure 12.10. 1796 map of Lancaster turnpike. (Source: Cramer, 2004.)
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Road—the first interstate highway—constructed by the U.S. Army Corps of Engineers
(Raitz, 1996). Those monies got the road built but did not provide for maintenance. An
Act was passed in 1822 permitting the collection of tolls for maintenance, but was
vetoed by James Monroe on the grounds that the federal government lacked the neces-
sary jurisdictional power. Not many years later, in 1830, Andrew Jackson vetoed a bill
funding the Maysville turnpike in Kentucky on the grounds that the support of small
local projects created “disharmony among the states.”

Opponents to the turnpikes were in part easterners, who objected to increasing the
accessibility of the west (and thus the migration to the west), and those who opposed
any federal involvement. Rival modes (canals and later railroads) also opposed govern-
ment support for their competitors. Aside from the Cumberland (or National) Road
(today’s U.S. 40), federal involvement in road building was limited.

While the federal government was in general out of the picture, many states partici-
pated in private turnpike construction. Virginia, for instance, saw a network of toll roads
emanating from Alexandria sponsored by local merchants. Alexandria is just across the
Potomac River from Washington, and was part of the District of Columbia from 1800 to
1846 before being retroceded back to Virginia. Local rivalries were intense;* sometimes
opposition was too (Jones, 1990) when local and town interest conflicted.

Box 12.3 shows the quick rise and even quicker fall of privately constructed plank roads.

Fin de Siecle

Our discussion of the decline of turnpikes contemporary with the rise of railroads may
imply that regional roads disappeared as railroads were deployed. That is too simple

BOX 12.3 Plank Roads

Turnpike incorporations slowed with the beginnings of the railroad in the 1830s. Aside
from the plank road boom, turnpikes grew less and less important as an element of the
American transportation network. By 1910, almost all turnpikes were assumed by state
governments.

The plank road boom deserves some discussion. Wood planks provide a much
smoother surface than gravel, and prior to concrete and asphalt would enable the fastest
off-rail transportation by wheeled vehicles. In the 1850s, especially in the timber-rich
states, a boom in plank road construction took place, as shown in table 12.1.

Table 12.2 shows a regression of the plank road data. The greater the rank in lumber
production (i.e., the less lumber produced), the fewer plank roads built. Similarly, the
greater the population, the more roads built. So construction was a function of both material
supply and travel demand.

The plank road boom ended as the first plank roads deteriorated. Wood planks typi-
cally last 8 years in road use. As the planks went bad, they either needed to be replaced
(which was costly) or abandoned, either of which would raise the cost of operation, and
if passed through as tolls, the cost of travel, and make plank roads much less advantageous
than they had seemed 8 years earlier.
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Table 12.1 Plank Road Data

Rank in lumber

State production 1850 population Plank roads
New York 1 3,097,394 335
Pennsylvania 2 2,311,786 315
Ohio 4 1,980,329 205
Wisconsin 11 305,391 130
Michigan 5 397,654 122
Tllinois 10 851,470 88
North Carolina 16 869,039 54
Missouri 9 682,044 49
New Jersey 13 489,555 25
Georgia 18 906,185 16
Towa 23 192,214 14
Vermont 20 314,120 14
Maryland 21 583,034 13
Connecticut 22 370,792 7
Massachusetts 7 994,514 1
Rhode Island 26 147,545 0
Maine 3 583,169 0

a view. Many local roads survived very well. They served feeder functions to railroads.
Local governments provided local roads, and property taxes (or contribution of labor in
lieu of taxes) help kept that part of the road system viable.

There were increasing demands on the local road system as cities grew and as rural
economic growth proceeded. With city growth, there were local markets for products
of farms, and as grain, fiber, and meat production increased, specialized products were
shipped from the farm via railroads to distant markets. These demands emerged in
different ways in different farming communities. For example, the demands on the local
road system for daily movement of fresh milk to the urban market were quite different
from the demands of crops such as grain or cotton.

Improving the rural local road system began to be a matter of state concern during
the latter part of the nineteenth century. The State of New Jersey, for example, passed
legislation permitting the counties to issue bonds for improvement of the local road
system. A plausible explanation was the rapid growth of Philadelphia and New York
providing for market-garden-type agriculture in New Jersey. Emulation may have

Table 12.2 Regression Results of Simple Plank

Road Model

Variables Coefficients t Stat P-Value
Intercept 133.91 2.90 0.01
Lumber rank -7.19 -2.88 0.01
1850 population 0.000040 1.90 0.08
Adjusted R? 0.51

Standard error 75.61

Observations 17
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played a role. References were made at that time to the lot of the European farmer with
his somewhat better government-supplied road system. The spread of bicycle technology
also played a role. Growing, wealthy urban areas demanded improved roads. Facility
improvements—improved drainage, sidewalks, bridges, pavements, for instance—were
regarded as highly desirable.

Turnpike Authorities

This chapter opened with discussion of the Pennsylvania turnpike. It was the forerunner
of another major turnpike boom lasting from 1940 to 1956. During this period (and
counting projects initiated in this period), some 6,400 km (4,000 miles) of freeway class
turnpikes were built in the United States (Levinson, 2002). In 1956 the interstate
highway program was established, giving states 90 percent of the money toward con-
struction of freeways, provided they were “free,” or untolled. While turnpikes are a
great way to collect revenue from nonresidents, who may not pay a state’s gas tax, an
even better way is to get federal cost sharing of this magnitude. Thus the era ended
shortly after it started.

However, by the end of the twentieth century, with the interstate era ended, local
governments again viewed toll roads as a reasonable way to finance roads. New toll
road projects were begun in a number of cities, largely as suburb—suburb connectors,
though with some suburb—city routes as well.

Discussion

There were two styles for road planning. On the Continent, and especially in France,
central governments took responsibility for road development. In England (and places
under English influence) road development was a local affair. As traffic between towns
increased, enabling legislation was sought so that private organizations could improve
roads and fund improvements from tolls. Mostly, short stretches of roads were developed,
and the network evolved as links were improved end to end. To the extent that there
were plans, they were business plans formed for the development or maintenance of an
existing link.

The use of wagons and coaches required facilities quite different from precursor facil-
ities. The requirement to reduce grades often called for new route locations. Pavements
and drainage were used; bridges, inns and warehouses were constructed (Parnell, 1833).
Requirements for investment and maintenance placed new demands on governments
and for the development of capital markets, construction technologies, and management
capabilities. These developments set the stage for the subsequent creation of canal and
railroad companies.

Turnpikes emerged as a financing mechanism in the presence of free-rider problems
facing the existing road network. There were several free rides being taken. Laborers
in the corvée/statute labor system were not putting in a full effort—they were shirking
their taxes. Users were riding on nonlocal roads without compensating the locals
who were responsible for them. A toll system remedied both of these problems. The
remedies came at a cost, frequent stopping to pay tolls and high costs to collect tolls.
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Nevertheless the system worked for almost 200 years before collapsing with the
onslaught of intercity railroads, which were faster, better organized, and cheaper.
Railroads avoided the free-rider problem from the start. Toll roads reorganized in the
United States as feeders to the railroads, rather than competitors, but the long-distance
roads collapsed into bankruptcy. By the end of the nineteenth century, and just before
the widespread adoption of the automobile, those routes, as they had been in Britain,
were taken over by local government and disturnpiked.
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Rural and Intercity Highways

There was Anthony Stracci, who controlled the New Jersey area and the shipping on
the West Side docks of Manhattan. He ran the gambling in Jersey and was very strong
with the Democratic political machine. He had a fleet of freight hauling trucks that
made him a fortune primarily because his trucks could travel with a heavy overload
and not be stopped and fined by highway weight inspectors. These trucks helped ruin
the highways, and then his road building firm, with lucrative state contracts, repaired
the damage wrought. It was the kind of operation that would warm any man’s heart,
business of itself creating more business.

—NMario Puzo, The Godfather (1969)

Introduction

The official website of the Concrete Paving Association of Minnesota resides at
www.concreteisbetter.com. On this page the reader learns that, versus asphalt,

Concrete costs less in the long run!

Concrete lasts longer with less need for maintenance and repair!
Concrete is quiet!

Concrete is safer!

Concrete is environmentally friendly!

Concrete is aesthetically pleasing!

Of course, asphalt does have its proponents, such as the Minnesota Asphalt Pavement
Association who in response claimed the domain www.asphaltisbest.com.! They
promote asphalt’s “Quick easy construction, easy design capabilities, outperforms com-
petitive materials.” They ask, “Doesn’t your community deserve smooth, attractive, asphalt
roadways? American’s best communities choose asphalt, shouldn’t it be your choice?”
They taunt, “Don’t be Rigid in Your PAVEMENT Thinking. Choose asphalt, the Versatile
Paving Material.” The virtues of asphalt seem similar to those of concrete: “Customer sat-
isfaction, economical, speed of construction, durability, versatility, recyclability, smooth &
quiet, maintenance application.”

Flexible asphalt versus rigid concrete—it seems a strange battle, even to those of us
steeped in transportation. In many states, consolidated pavement manufacturers sell the
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appropriate material for the job. However, for whatever historical reason, in Minnesota
the producers remain small and their associations have chosen to compete over the fixed
pie of pavement surfacing and resurfacing rather than coalesce to increase the amount
of pavement available. They promote competing studies arguing in favor of their mate-
rial. Historically, low-volume roads have gone asphalt and high-volume roads have
gone concrete, and they compete at the margins. Since there are many more miles of
low-volume roads, there is a great deal more asphalt on the ground.

Pavements are of course but one aspect of rural highways, an aspect that makes little
difference to the transportation itself, aside from minor adjustments to costs and delays
during construction, yet in the aggregate, pavements are a huge industry, and a large
element of the transportation experience that we would be remiss to omit. Like the debate
between Telford and McAdam in the early nineteenth century, the battle between
asphalt and concrete is both slow, puerile, and futile. A combination of the two (e.g.,
concrete with asphalt overlay) often makes the best technique, though the sides are too
competitive to see it.

In response to pavement advocates, Francis Turner, a former head of the Federal
Highway Administration, would sometimes close the debate by jesting, “The Interstate
is a balanced system, one-half of the mileage is concrete, and the other half is asphalt.”
But there is more to be said about rural and intercity highways and this chapter explores
their policy, planning, deployment, and management. Although some aspects of state
activities are treated in the discussion of the evolution of the modern urban transportation
planning system, the present discussion will begin around 1900 in order to provide a
coherent view of modern rural highways. We shall see that three levels of policy and
planning evolved: federal, state, and local.? In some states there is a fair amount of artic-
ulation between county and state planning, in others there is not.

The Birth of Highways

In the United States, the auto-highway system dates from the mass-produced automobile,
that is, the Ford Model T, around 1910. The current realization of the truck-highway
system also dates from 1910. Alternatively, one might say that steam, electric, and
internal combustion engine vehicles triggered a new realization of old systems, though
their birth dated from many centuries ago. The automobile and truck offered increased
performance (higher horsepower per ton) and, eventually, lower costs compared to animal
propulsion systems. This enabled a renewal or transformation of the precursor system
or, if you wish, the birth of the modern system. The title of Barker and Gerhold’s The
Rise and Rise of Road Transport (1993) mirrors the renewal situation.

Much has been accomplished since the early twentieth century. It was decided what
governments would do as against what private actors would do, funding responsibilities
were set, learning about system capabilities occurred, and the system was deployed.

Some key matters in automobile development were the availability of high-energy
fuels, the shift from the steerable front axle to steerable front wheels, the use of special-
ized labor and Fordist mass production, and the adoption of interchangeable parts.
Interestingly, it took until the 1930s for the predominant design of the automobile and
truck to emerge. Process of production technology was also well developed by about
that time. Development took off in the United States. It is said that circumstances were
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first ready in the United States, where incomes and preferences supported the develop-
ment of mass markets and enabled mass production.

It is instructive to compare the time constants describing market penetration in
various environments, say, the time required to go from 5 percent to 95 percent of market
saturation. This required about seven decades in the United States, two to three decades
in Western Europe, and a little over one decade in Japan. That partly has to do with the
rise of incomes in those areas.

We might expect places that began to automobilize after the United States to automo-
bilize faster than the United States did. Because the technology had been standardized,
only emulation was required. But the notion that the environment was somehow ready
in the United States and not in other places is harder to explain.

The time constants for vehicle market saturation compare in an interesting way with
deployment of improved roads. Comparison of the S-shaped deployment curves for roads
and vehicles (figure 13.1) suggests that road improvements led and vehicle populations
followed. In fact there were many roads before motor vehicles. That observation raises
an interesting question about causality in system deployment.

The automobile and truck appeared in environments where road improvements were
under way. Motorized vehicles begged incremental changes, including pavements to
keep down dust and protect the road surface (and stronger pavements to carry loads),
bridge improvements, increased capacity, and design changes to allow for higher
velocities.

Many preautomobilization design protocols were unchanged. For example, the
higher horsepower per unit of weight of motorized vehicles would have enabled much
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steeper grades. (The critical road grade for a wagon was downhill. The then current
brake technology allowed for a grade of about 2 percent, which was the maximum load
that horses or mules could hold back). Although special facilities for heavy vehicles
were discussed in the early nineteenth century (the idea of iron roads), the protocol of
limited specialization of the road to vehicles and operations continued. Specialized
designs (truck-only or auto-only highways) were discussed in the 1920s and 1930s; but,
except for a few parkways (such as those developed by Robert Moses in New York,
discussed in the next chapter), those designs were never adopted (see box 26.1 for a
discussion of the topic).

The system characteristics of automobiles, trucks, and of highway facilities were
frozen when the predominant technology hardened in the 1930s. The roads, vehicles,
and operations developed by the end of the 1930s have been deployed, and today only
modest “polishing” changes are under way. That is true in the sweep of history in spite of,
if not because of, the increasing number of regulations affecting vehicles and highway
designs.

Demand for Road Improvements

Pressure to improve the rural road system intensified after 1900 as farmers began to
purchase and use automobiles and trucks. There were sharp imprints on rural activities
as a new spatial arrangement of activities (market, recreation, religious, school, etc.)
emerged. For instance, small, local hamlets withered as commercial and social activities
increased at larger centers.?

Rural residents claimed a right to an improved road system. Necessary governmental
institutions were in place (township, county, and, later, state agencies) and technology
(knowledge of how to construct roads and bridges) was available and/or could be
evolved. Authority and power were in place, too, lending political interest and support;
at the time, rural interests dominated the state and federal governments. However,
money was a problem.

Federal Actions

Roads were popular, and the popularity of road improvements was pushed even before
the auto by the need to get farm products to railheads and by use of bicycles. In addition
to state and county initiatives, national level legislators responded warmly to needs for
funds. Table 13.1 gives a partial list of national legislation.

The legislation framed the context of road planning. The 1916 Act referred to post(al)
roads as a way to designate routes to be improved. The Act contained an interesting
equity-oriented statement of purpose, including the need to decrease the isolation of
rural settlements. Rural facilities were poor relative to urban.

The 1921 Act had concentrated resources and triggered the establishment of state
highway departments where they had not already been established. It also gave those
departments specific turf, the 7 percent of all rural highways that would be on the ABC
system. ABC refers to a classification of state highways eligible for federal funding.
Planning came along in 1934 following BPR experiments with state planning.
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Table 13.1 Timeline of Federal Road Legislation

Year Action

1916 PL-64-355 First Federal Aid Road Act set a precedent by allocating $5 million in federal funds
to be matched 1:1 by the states for construction of rural roads. The Bureau of Public Roads
(BPR) administered federal aid to state highway departments

1921 PL-67-212 Federal Highway Act required state highway departments with BPR to designate
a system of state ABC roads

1934 PL 73-393 Federal Aid Highway Act (Hayden—Cartwright Act) authorized funds for
highway planning

1944 National Interregional Highway Committee recommends a 55,000 km (34,000 mile) system

1944 PL 78-521 Federal Aid Highway Act created a national system of interstate highways, not
exceeding 64,000 km (40,000 miles), no funding authorized

1955 Clay Committee (President’s Advisory Committee on a National Highway Program)
recommended $22.5 billion bond-financed interstate highway program

1956 PL 84-627 Federal Aid to Highway/Interstate Highway Act, Highway Revenue Act creates
Highway Trust Fund®

1958 PL 85-625 Transportation Act

1965 PL 89-285 Highway Beautification Act

1966 PL 89-670 Department of Transportation established

1973 PL 93-87 Federal Aid Highway Act

1980 PL 96-296 Motor Carrier Act

1982 PL 97-424 Surface Transportation Assistance Act

1987 PL 100-17 Surface Transportation Act

1991 PL 102-240 Intermodal Surface Transportation Act

1998 PL 105-178 Transportation Equity Act for the 21st Century

“For a discussion of federal legislation close on the heels of the interstate program, see Highway Assistance Programs:
A Historical Perspective, Congressional Budget Office (1978).

During this period and into the 1940s, the rural emphasis of state programs continued.
In 1928 there was an Act allowing expenditures in the sparsely settled parts of cities,
but such areas were essentially the rural parts of cities (the Acts listed in table 13.1 are
not exhaustive). The 1934 Act extended federal aid to cities, a response to the depression
and unemployment problems of the times. The 1932 Act had stressed the same reasons
in its emphasis on farm-to-market roads.

The concentration on high-quality design can be traced as far back as the 1920s;
further, the acts leading to the interstate reflect the interest in high-quality design.

Bonds had been proposed to fund the interstate, but the 1956 Act adopted the fee and
fuel tax protocols used by the states. The subsequent evolution of state/federal protocols
is rather complex; chapter 20 gives a modern snapshot of the situation.

Bureau of Public Roads

The BPR was established in the Department of Agriculture to “aid in the improvement
and construction of public roads and to promote better agricultural engineering work”
(Holt, 1923). Originally founded as the Office of Road Inquiry in 1893, the function of
the Office from its founding to 1912 was primarily educational, conducting studies and
disseminating information through lectures and publications. From 1912 onward, the
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agency expanded its power to include the construction of post roads (as authorized by
the Constitution) and the administrative responsibility for federal aid programs.

In the early part of this century, the Bureau of Public Roads encouraged states to
develop statewide plans for the growing network of roads and highways. It is important to
note the motive for these plans. Washington politicians made a commitment to assist high-
way development in the states, and significant funding became available. But there is never
enough funding, and the BPR’s response was to concentrate resources on through and
important collector routes. Indeed, one of its first actions was the ““7 percent solution: only
7 percent of the state mileage was to be eligible for federal assistance. As we shall see, the
strategy to concentrate resources permeated the subsequent BPR freeway programs.

In the early days the BPR had a role limited to working out techniques and designs,
demonstrating roads, and encouraging states to act. The result was a number of BPR
type roads. These roads failed badly under the traffic demands of World War I, indeed,
so badly that there was a political backlash against the Bureau. In response, and adopting
the “science is good for the country” thinking after World War I, the Bureau adopted
a “rational” scientific method approach in the 1920s. This orientation was successfully
applied first to soil mechanics.

In the 1920s and 1930s the Bureau was finding that facilities were becoming obso-
lete before they wore out. With higher velocity traffic, designs needed upgrading. Also,
traffic growth was pressing capacity. In response, the Bureau became involved in getting
the travel and traffic facts to support planning and design. It began to go beyond
recommending, and required that states develop state plans as a condition for federal
aid funding.

The state surveys of transportation in which the Bureau participated were essentially
identical in their organization, data analysis and findings.* The surveys aimed to pro-
vide not only a detailed description of the existing network, but also a plan for future
highway development. Each survey contains a background description of the history of
roadway development in the state, the organization of the individual state highway
department, highway revenues and expenditures, and methods of state aid and supervision.
There were minor variations among the plans, for instance a discussion of significant
geographical features in the New Hampshire survey and a greater discussion of the
urban needs and the state role in the Ohio survey.

Methods used in the surveys were stressed. Data presented include descriptions of
existing roadways by roadway type, measures of traffic density, truck and bus traffic,
traffic composition and classification, and forecasts of highway traffic. Traffic density
was measured as the number of motor vehicles that passed a count station during a
24-hour period (ADT, average daily traffic), and were classified as light (less than
200 ADT), medium (200499 ADT), and heavy (500 and more ADT). Truck traffic and
density, motorbus routes, interstate travel, and trip length data were also presented.
Forecasts of future traffic and future motor vehicle registration were also developed.

The final sections of the surveys proposed plans for future highway improvement
(for example, five-year plans for Ohio and Vermont, a ten-year plan for New Hampshire).
These plans outline the extent of roads needed to meet future demand, provide estimates
of the cost for the proposed improvements, and discuss safety concerns, areas of growth,
and special study needs.

There was nothing radical or of a breakthrough nature in these early surveys. They
scaled up project type work and used the conventional engineering standards of the day
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(Blanchard, 1919). They illustrate the emerging relations between the Bureau and the
states: the investing of primary responsibility in the states for development and mainte-
nance of the highway network, with the federal government serving to establish both
uniform standards and financing. A kind of partnership emerged which is still a funda-
mental part of U.S. road transportation administration. The roles of the states and of the
federal government have remained substantially the same.

The plans also indicate a change in the role of the roadway network. Then primarily
established as roads to move agricultural products to rail facilities for long-distance
travel, the surveys point to the development of a network that serves additional needs,
including social, economic, national defense, and long-distance transport. The increasing
roles of the automobile and truck were recognized—the role could hardly have been
overlooked at the time. But it is interesting that long-distance truck transport was not
much emphasized. The plans are key documents for the time, indicating the change and
how it came about.

In addition to the concentration of resources theme and the fact-based partnership
themes, the BPR was very much a product of progressive government, professional
leadership thinking in the early decades of the century. The long-time Chief of the
Bureau and Bureau staff personified progressiveness (Lind, 1965). The progressive
movement affected state and local government, of course, but its impact was concen-
trated in the Midwest and western states. As previously mentioned (in chapter 3) and as
discussed by Coke (1968), engineering studies and management confronted the city
beautiful movement.

With the growth of motor vehicle use and the importance of the highway network,
the role of the federal government expanded. The BPR, as part of its responsibility for
administering federal aid for roads, required the states to submit plans for the existing
road network, the organization of the state highway departments, and the method for
securing the necessary finances for road construction and maintenance. The state surveys
were further developed as part of this process.

The Bureau also began to make resources available for planning. Weiner (1983)
remarks that the Federal Aid Highway Act of 1934 authorized expenditures of 1.5 percent
of federal monies made available to states for surveys, plans, engineering, and economic
analyses of projects for future construction, and that by 1940 all of the states had created
highway planning surveys.’

The Bureau began to tiptoe into the urban areas. Holmes and Lynch (1957) remark
that urban area travel studies were not included in the highway planning surveys until
1944, because it was not until the 1944 Act that appreciable federal funds were made
available to urban areas. They also remark that in anticipation of that Act, the Bureau
had “developed a method to give the needed information,” and refer to origin and
destination of trips, mode of travel, and trip purpose.

Holmes and Lynch (1957) discuss the strong nonurban priorities during the 1930s.
As mentioned, there was the problem that early road designs were inadequate to the
growth of traffic (number of vehicles, size of trucks, etc.), and a modernization and
replacement program was needed. Local agencies were making claims on highway user
taxes. Should trucks pay higher taxes? Finally, the state secondary road system, for
which funds were beginning to become available, needed to be identified. These problems
called for “facts,” and the highway planning surveys responded. Study techniques were
honed, and began to include financial topics and road-life analyses.
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Business versus Touring Roads; System Size

One issue debated in the early twentieth century was the emphasis to be given to business
roads versus touring roads. In the days before the Model T, autos were expensive and
used mainly by the upper classes. Touring was an important leisure-time activity for the
idle rich and those aspiring to that job, so they asked for touring roads, as did the auto
manufacturers who thought touring roads would increase the market for vehicles. As
less expensive vehicles came along, there was a great touring boom. Along with the
development of National Parks and as interest in the great outdoors increased, there was
a strong basis for a touring road emphasis. The debate lasted about ten years. The prag-
matic business road concept won the day (U.S. FHWA, 1977), although the business
promoted was often tourism (Preston, 1991).

Though the scope of the state versus the county road systems and how federal money
would be divided was debated, the 7 percent solution for the allocation of federal
money in the 1921 legislation coopted some of the debate. Also, states worked out
different solutions for allocating dollars between the counties and the state systems. The
give and take of state politics managed the county—state issue.

An issue that should have been debated was the matter of rational shifts in the road
pattern given changes in the ratio of fixed to variable costs. In the horse and mule days,
variable costs were high relative to fixed costs when compared to the case once autos
and trucks came along. Consequently, there was an opportunity to reduce road mileage
while providing improved quality roads. James (1916) pointed out that the rural system
would be improved by mileage reductions and concentrating investment on remaining
roads. Just as there was a rationalization of the railroads, a rationalization of rural roads
would be desirable.

Needs for Highway Improvement

The word “needs” is a tough one to work with: how do we establish need for a highway
improvement? Needs were operationalized by the 7 percent solution in the 1921 Act,
and that was tempered in 1932 by legislation that said that states could increase their
mileage by 1 percent per year when the original 7 percent was 90 percent complete
and well maintained. In other words, there is no limit to needs; they grow 1 percent
per year.

Despite the emphasis on business roads, the interest in touring did not die. Henry Joy,
for example, pushed for the Lincoln Highway. It was to extend from the Atlantic to
the Pacific, be built of concrete, and be free to any users. Lots of highways of this sort
were “needed,” some were park-to-park roads to assist visitors visiting the western
national parks (and of course in urban areas like New York different sorts of parkways).

The 1934 legislation provided for state highway planning, and the states gradually
built up planning capabilities. Although the BPR suggested procedures and the contents
of plans, those plans varied somewhat from state to state and yielded no results in the
rationalist facts style desired by the Bureau. At the end of World War II the Automotive
Safety Foundation undertook some needs studies for several states, and these yielded
facts. The Bureau recommended the study strategy to the states, calling attention in
particular to the Automotive Safety Foundation study in California.
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At first, the needs studies that followed BPR urging were made on an episodic
timing, and were sponsored by legislators. A study commission was established with
advisory committees. A sizeable staff, budget, and block of time were devoted to the
work. Staff was largely engineering but included legal and fiscal specialists. The resulting
needs were then considered by the legislature.

Currently needs studies respond both to local interests and to the Congress. The
Congress requires that the USDOT report to Congress on the “condition, performance,
and future capital investment requirements of the Nation’s highway and transit systems.”
This report is carried out every two to three years. The highway condition information
is drawn from the highway Performance Monitoring System (HPMS), which is a federal
database fed by state DOTs.

The cost to improve highways and bridges is developed from the FHWA’s Highway
Economic Requirement System (HERS) and the National Bridge Investment Analysis
(NBIA). HERS determines investment requirements by using the HPMS data on pave-
ment, geometry, traffic volumes, vehicle mix, and other characteristics at the road seg-
ment level and making changes to the road segment to evaluate the benefit—cost ratio. It
chooses the improvements that produce the greatest benefit for the purpose of estimating
recommended improvements. It aggregates the results over all the road segments and
statistically adjusts the results to get a national estimate. It thus approximates local
decision-making (though of course each project still has its own much more detailed
analysis before it actually gets funded).

Roads can be improved in a number of dimensions, including the capacity of the
road, the strength of the pavement, and the strength of the bridges. For pavements, a
serviceability index, which depends on cracking, variance of slope, and amount of
patching, is applied, and projected into the future. Sufficiency ratings are also used for
pavements and bridges.

As stated, today the needs studies are made by the states in a style largely mandated
by the federal government. Manuals of procedure, computer information systems,
and analysis programs are extensively used—embedded in the Highway Performance
Monitoring System (HPMS), which includes data on the extent, condition, performance,
use, and operating characteristics of roads. For instance, the pavement condition is
measured on an index from 0 (extremely poor) to 5 (extremely good). That measurement
produces its PSI (pavement serviceability index). Typically new roads have a PSI of 4.5
and roads are mended when the PSI drops to about 2.5.

It is generally agreed that the needs studies do what they say they do (U.S. GAO,
1987). Even so, there is much to criticize. For example, a need may be recognized to
increase the width of an arterial in a residential area and the cost of that action included
in dollar needs. But as a practical matter, that monetary cost should not be included
because the political-social cost of the improvement makes it highly unlikely (in other
words, the political and social costs plus the monetary costs outweigh the benefits, indi-
cating that it has negative net present value, and is thus not a need). Also, there are
diverse pavement or traffic management strategies that might be less costly than the one
incorporated in the analysis system. Moreover, the studies are not very demand sensitive;
engineering standards drive needs.

The situation is in considerable disarray. Can we determine needs in a better way?
Can we change the point of view of cost studies? Are additional styles of planning
needed?
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The needs study is straightforward in concept, but it is hard to know what goes on
inside the “black box” used when calculations are made. Seemingly simple changes in
standards and/or calculation methods can change results. Everybody says we need more
demand-oriented methods to estimate needs, and the studies have responded by including
calculations based on traffic. But is that the answer? Recently, for example, the studies
have been performing triage on low-volume rural roads: the needs studies find no need
because of light traffic use.

The incremental cost method was established to assign costs of construction. Should
we go to cost methods more responsive to the marginal costs of using the system?

An alternative way to allocate costs is to charge based on benefits received rather
than costs occasioned. Thus those who benefit most would pay the most. This is more
difficult to determine, especially in an unpriced system (vehicles do not pay for each
segment at each time, rather they currently pay for their share of the system).®

States and Counties

State planning, initiated as per the 1934 Act, was not completely coopted by needs
and costs studies and by attention to construction of the interstate. Rather, it evolved
into a fairly short-term routine leading to the placing of projects in the construction
pipeline.

From time to time, and especially now that interstate construction is winding down,
the states have undertaken broader, longer-term, and richer planning activities. Indeed,
this may well be a case where planning is developing options for new policy thrusts and
programs.

Our view is that there is much healthy searching by the states, and we think that the
recent literature supports that view. We may well be seeing the birth of new and richer
state planning activities.

Counties developed routines for road development in the 1920s. What are they doing
now? That question is not easy to answer because the counties are so diverse and because
state—county relations differ so much from state to state. In a few states, the county level
road system is provided entirely by the state (Virginia, for example). In California,
Contra Costa County (largely urban) is in a very different situation from Butte County
(largely rural).

We have one remark to make that fits the case of counties that are road poor, in the
sense that they have lots of mileage but little in the way of economic activity to support
the road system. Those counties are engaged in minimum maintenance; they are allowing
some paved roads to deteriorate to unpaved conditions. Though retroversion of pavement
to gravel may be warranted, some planning that supported systematic reductions in the
road net would be in order.

Interstate Era
The initiation of the interstate highway system followed a long period of gestation.

Some interstate ideas can be traced to the 1920s: limited access designs, interchange
designs, and the regional highway proposals of that time. In particular, in response to
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the logistics problems of World War I, the Pershing map of the 1920s proposed an
extensive system of federal roads (Gifford, 1984).

Bureau road programs faced problems in the 1930s, the depression decade. There
was the argument that Bureau work was not labor intensive, it did not respond to the
need for jobs. (The argument that the purchase of things such as cement and road-building
equipment created jobs was too complex for the political scene.) Road money began to
flow to the Works Progress Administration (WPA), and that Administration began to
supply funds for wages to urban public works departments. In response, rural road
program interests began to press for Bureau-constructed toll roads. In turn, the Bureau
issued its 7oll Roads and Free Roads (BPR, 1939), a feasibility study of a 22,500 km
(14,000 mile) national toll road system (three north—south and two east—west routes).
The study said that tolls would pay only 40 percent of costs, and the toll proposal died.
As an alternative, the Bureau proposed a 43,500 km (27,000 mile) “free” system to be
built to toll road standards.

Bureau Chief Thomas MacDonald disliked the toll road concept, for it was contrary
to the institutional ethic of the Bureau, free roads for all. He was also concerned about
the likely dysfunctions of toll road institutions: self-perpetuating monopolies, nepotism,
graft, and so on. There is every indication that the Bureau did not want the toll road
study to find feasibility. Examining that study, one finds that traffic growth projections
were modest and tolls were projected to dampen traffic growth greatly. Also, the pro-
posals were expensive and overdesigned, certainly more than was needed at the time for
much of the mileage. Interestingly, the proposed designs were one lasting impact of the
toll road study. Aspects of those designs were eventually incorporated in the interstate
highway system.

Returning to interstate proposals, the Bureau proposed that the system be built as a
free road system, the White House asked for greater emphasis on rural roads (the proposal
made for a rather thin net: two east—west routes and three north—south, as mentioned),
and a revised proposal was prepared in 1936. In 1941 an Interregional Highway
Committee was formed, and its 1941 report, Interregional Highways, recommending a
71,000 km (44,000 mile) system built to toll road standards, was enacted into law that
same year. The 1956 Act, 15 years later, implemented the system. During that 15-year
period a fair amount of work was done on route locations, designs, and so on. The urban
extensions of the system were at issue, and they remained at issue well after 1956.
Many thought that the urban extensions would prove too expensive and also that federal
involvement in urban transportation was not appropriate. It is said that President
Eisenhower was not aware of the urban extensions when he signed the 1956 Act, and
he was not pleased when shortly afterwards he saw urban construction beginning on a
drive to Camp David.

Also during that period some toll roads were constructed: the Pennsylvania Turnpike
before World War II and other turnpikes in the late 1940s and early 1950s.

The Bureau’s General Location of the National System of Interstate Highways
(1955) was one result of the 15-year period of planning. There were three approaches
to urban links (illustrated in figure 13.2):

1. small urban places were bypassed;

2. medium-sized urban places were served by a connecting link; and

3. larger places (where links often connected) were served by circumferential routes, as
well as routes that entered the city.
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Figure 13.2. Three approaches to urban links.

The Bureau went to considerable effort to review local plans, and it had in mind
the coordination of the urban links of the interstate with local plans (Horwood and
Boyce, 1959).

Financing was much debated. The Bureau wanted a pay-as-you-drive system, others
wanted bonds. An interesting proposal made from time to time involved taking excess
property for right of way and selling it to finance the system as the system was developed
and benefits emerged. The final financing decision was to use the federal fuel tax and
to match state funds on a 90/10 percent basis. In 1956 the main financing question was
appropriate allocation of costs to vehicles of varying size and weight, although discussion
of benefit-based financing continued for several years.

There are many fathers of successful “inventions”; the interstate is no exception.
Senator Albert Gore, Sr., from Tennessee, was the Senate proponent of the 1956 Federal
Highway Aid Act and the Highway Revenue Act. These acts authorized $31.5 billion in
federal and state aid to build the interstate highway system. There was much debate as
to whether the roads should be “free” or “toll,” dating from the 1930s. Gore fought
against the plans to finance the highways with bonds to be repaid with tolls and was
able to get enacted pay-as-you-go taxes on fuel, tires, and trucks. This “free” system
clearly lowered transaction costs in collecting revenue, and increased use of the system
compared with the “toll” alternative. However, it made management of the system more
difficult as variable pricing (by time of day and by facility) is impossible with gas taxes,
resulting in the overconsumption of urban and suburban roads and congestion that
confronts commuters daily.

Many attribute the Interstate system to President Dwight Eisenhower. As an army
colonel, Eisenhower made a famous cross-country journey in 1919 between
Washington D.C. and San Francisco, which took two months. The road trip in that era
was very much an adventure. And while roads improved in the following 36 years with
the construction of the U.S. Highway system, the German Autobahn was another inspi-
ration for the U.S. Interstate program. Eisenhower, among others, observed the relative
efficiency with which Germany could move forces back and forth in a two-front war
during World War II.
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Federal Trucking Regulation

The extension of federal regulation to trucking appears to have posed no very difficult
problems. By 1935, the industry was sizeable and growing in spite of the Great
Depression. It was unregulated, and there was fierce competition among trucking
firms—competition claimed to be threatening the stability of the industry. At least a few
railroads were beginning to feel the threat of truck competition. An important matter
was the availability of a model and an existing organization—railroads and the
Interstate Commerce Commission (ICC). The depression grew and the truckers and the
railroads sensed a crisis of competition. With little debate and the agreement of all con-
cerned, regulation was enacted. Protocols previously developed for the railroads were
applied. The ICC granted antitrust exemption, rate bureaus were created. The freight
classes used by the railroads were adopted. Shippers paid about 110 percent of the rail
carload rate for truckload shipments and about 115 percent in less-than-carload/
less-than-truckload situations. The situation stabilized.

Unlike the railroads, which were no longer growing, the truckers wished to be pro-
tected from new entries. The Commission applied a good part of its resources to actions
relative to operating rights. A firm could only expand through the purchase of valuable
operating rights. The creation of such monopoly values hardly seems to have been in
the national interest.

It is one thing to create a federal activity; it is another to change an activity.
Deregulation of trucking appears to have been an extreme case on the simple side. It
was difficult to develop a case for a national role for regulation of trucking, for the truck
business is hardly a natural monopoly, nor do the fortunes of a few firms have national
impacts. In addition, there was the recent model of rail deregulation, which occurred
in 1980.

Efficiency gains from trucking deregulation are said to save shippers about $25 billion
per year (about 10 percent of the truck freight bill). Several old line, unionized less-
than-truckload lot (LTL) carriers had difficulty adjusting to the deregulated environ-
ment and went out of business. The adjustment period seems to have passed quickly
(Glaskowsky, 1986).

Yet, the desire of the trucking industry for a trucking agency in the USDOT is an
example of a desire to have an advocate with influence in power, even when regulation
is slight. This modest change in structure, promoting an existing group, resulted when
the Federal Motor Carrier Safety Administration was created in 1999 (taking respon-
sibility out of the Federal Highway Administration). Here the dysfunction was that
other modes were represented in the Department, but trucking wasn’t. The American
Trucking Association heralded the agency as “a major victory for highway safety”
(ATA, 1999).

Discussion
Turnpike and other early road experiences were building blocks for twentieth-century

road program governance, construction, and financing. In addition to the transfer of rail-
road regulatory experiences, which were applied to the trucking industry, the railroad
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experience affected construction because railroad engineering was the training experience
for many civil engineers.

But while the railroads integrated rolling stock and track in the same organization (if
in separate legs), the highway system differs. This has posed a great number of system
difficulties, many of which will be discussed in the next chapter on urban highways.
However, the disjoint control of trucks (owned by trucking firms) and pavements
(owned by governmental road agencies) has created a number of extra costs that proper
management of the system might avoid. Pavements are rated for different loads
of trucks; roads are restricted to 5-ton, 7-ton, 9-ton, and 10-ton axle weight trucks.
Shipments across this network are constrained by the lowest weight limit permitted on
the roads to be used (or risk violation—though weight enforcement off the interstate
highways is very sparse). Some roads should be upgraded, some trucks should have
more axles, but the disjoint nature of the control makes this coordination difficult. A
major solution to these problems lies in rethinking highway financing. The ability to
charge truckers different amounts for different roads would put the proper incentives for
behavior back in the system (Small et al., 1989). Economists have been arguing this for
several decades, and the policy community, which has some working examples and the
promise of modern revenue collection technologies, is finally absorbing it. A second
solution, to improve materials to the point that they are “too cheap to meter,” that is, so
that they are sufficiently strong that the load using them doesn’t matter (within reason),
is the analog to building your way out of congestion. Laying pavements with near zero
variable (per use) costs may be technically possibly, but their upfront fixed (one-time)
costs are likely to be very high.
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People of Earth, your attention please. . . . This is Prostenic Vogon Jeltz of the Galactic
Hyperspace Planning Council. As you will no doubt be aware, the plans for develop-
ment of the outlying regions of the Galaxy require the building of a hyperspatial express
route through your star system, and regrettably, your planet is one of those scheduled
for demolition. The process will take slightly less than two of your Earth minutes.
Thank you. . . . There’s no point in acting all surprised about it. All the planning charts
and demolition orders have been on display in your local planning department in Alpha
Centauri for fifty of your Earth years, so you’ve had plenty of time to lodge any formal
complaint and it’s far too late to start making a fuss about it now.

—Douglas Adams, Hitchhiker’s Guide to the Galaxy

Introduction

On January 23, 1959, the San Francisco Board of Supervisors voted to remove seven of
the ten planned freeways from the City’s master plan. The Embarcadero Freeway, which
had already been constructed from Folsom Street to Broadway, was halted, mid-ramp so
to speak, and left to sit there for another 30 years until the Loma Prieta earthquake
prompted the city to pull down the remainder and reopen the waterfront.

On November 2, 1956, the San Francisco Chronicle published a map of the
proposed freeways through San Francisco while its editorial page was noting about the
emerging revolt:

The remarkable aspect of these protests and claims of injury is their tardiness. They con-
cern projects that have for years been set forth in master plans, surveys and expensive
traffic studies. They have been ignored or overlooked by citizens and public officials
alike—until the time was at hand for concrete pouring and when revision had become
either impossible or extremely costly. The evidence indicates that the citizenry never did
know or had forgotten what freeways the planners had in mind for them.

The newspaper was referring to protests including a petition signed by more than
30,000 residents of affected neighborhoods.

The “Freeway Revolt” which sparked the Board of Supervisors move was a bitter
fight between citizen-activists and the professionals. It was a revolt that was to be
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replayed in many other U.S. cities over the next three decades, with different outcomes
depending on the city.

The revolt in San Francisco was reported in many newspapers across the United States.
It is often taken as an urban anti-interstate revolt, but as the western terminus of
Interstate 80, the interstate mileage was minimal. The freeways were to be state and city
planned and funded. The plan, first developed in 1947, was only partially completed.

The now mature urban vehicle-highway system is large and intertwined in most
facets of American life. Yet, the vehicle-highway system is almost never treated as a
system. People talk about highway policy, automobile policy, safety policy, congestion
policy, truck weight policy, and so on. Historically, public policy has been directed to
the provision of highways, although Interstate Commerce Commission regulation was
extended to interstate truck operations during the 1930s, at the same time the states
began to regulate intrastate trucking. Beginning in the 1960s, and in response to Ralph
Nader’s Unsafe at Any Speed (1972), U.S. federal safety policy has been significantly
extended.

The auto-highway system (AHS) and the truck-highway system (THS) use common
fixed facilities, which requires some common features of the equipment. The organization
and technology of equipment production also have some common features. The systems
differ in their functions, and this is reflected in the operations components of the systems.

A variety of firms operate in the truck-highway system: specialty carriers, less-than-
truckload lot (LTL) common carriers, owner-operators, and so on, and smaller trucks
are often used for both personal travel and hauling freight. Considerable variety also
appears among the users of and the functions performed by the auto-highway system.

We should recall the sheer size of the systems. According to the U.S. Bureau of
Transportation Statistics (year 2000 data), the average person in the United States travels
a little over 16,000 km (10,000 miles) per year and the bulk of that is by automobile.
The average vehicle (cars, motorcycles, trucks, and buses) is driven about 19,300 km
(12,000 miles) per year. About 19,000 ton-km (13,000 ton-miles) of freight are moved
per year per capita. Of average household expenditures of $38,045, transportation
consumes 19 percent or $7,417. Of that, private vehicles consume $6,990 ($1,291 in
gasoline, $3,418 in vehicle purchases), and public transport the remaining $427 (of
which $274 is airline fares, and only $47 is mass transit).

Different growth processes seem to be running in systems. The auto-highway
system has a buy-in character. When the family obtains an automobile, travel increases.
So as we have automobilized, aggregate travel has increased as more and more house-
holds have bought into the system. Now, most have joined, and increases in aggregate
travel result mainly from population increases. This is a simple point, yet one often sees
projections of vehicle miles of travel (VMT) that assume that historic growth rates will
hold in the future. In fact in the year ending in December 2000, VMT growth was
negative for the first time since the data were tracked (though in the following year it
rose again).

We address urban highways in this chapter. Though the formative experiences are
similar, and result from the same laws, urban and intercity systems serve very different
purposes and have very different problems. We profile Robert Moses and Jane Jacobs,
two icons of the highway and antihighway movements, respectively. We discuss the
formation of the urban interstate system, and examine the cases of [-94 in the Twin
Cities and the Big Dig in Boston.
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Profile: Robert Moses

Robert Moses was born in New Haven, Connecticut, in 1888, the son of a department
store owner and grandson of a New York merchant. He studied at Yale and Oxford,
and received a Ph.D. in Political Science from Columbia in 1914. His first job was
with the Bureau of Municipal Research, a data-crunching organization in New York
that let him work on city budget issues. After World War I, he led New York’s
Committee on Retrenchment and Reorganization, and thus aligned himself for
Alfred E. Smith and the good government movement that emerged during the 1920s.
He rose through the political ranks, and in 1927 was appointed New York’s Secretary
of State.

Though he had tangles with Smith’s successor as Governor, Franklin Delano
Roosevelt, Moses was able to leverage the power accumulated while under Smith to
keep him in a dominant position in New York infrastructure for the next 35 years. In
1922, Moses drew up the New York State Park Plan—which included the ability to issue
bonds to rehabilitate parks, and to build parkways, and more importantly, highways
leading to the parks. In 1924 Moses became Chairman of the State Council of Parks,
and also was president of the Long Island State Park Commission.

His parks, especially on Long Island, were very successful, and New Yorkers clam-
ored to reach them. In 1930, Moses extended the parkways into the city. These parkways
were 90 to 180 m (300 to 600 ft) wide, gracefully curving, with no traffic lights and low
overpasses (thereby prohibiting both trucks and buses from using them). Roadside
commerce was also prohibited aside from special rest stops.

His success with the parks and parkways led the new Governor, Herbert Lehman, to
make him chair of the Emergency Public Works Commission in 1933. This commission
promoted new river crossings over the Hudson and East Rivers in New York, which
would be toll bridges, which would require toll authorities, which naturally would be
run by Moses. These authorities were self-sustaining and self-liquidating organizations,
supported by user fees, which could issue bonds repaid by future revenue. They were
new publicly authorized monopolies without elected leadership. In 1933, Mayor
LaGuardia asked Moses to serve in his city cabinet. Moses agreed provided he could
retain his other positions. Unlike present-day politicians, Moses was able to hold state
and city positions simultaneously, allowing his empire to grow.

Aside from an independent revenue stream and the control of multiple agencies at
city and state level, Moses’ tools included having his plans ready and fully designed
before the money became available, thus allowing him to deliver projects quickly.
Today, projects have to go through lengthy design and environmental approvals before
they can be started. So even if cash is available, it will be years before the ribbon
cutting. Somewhat more deviously, Moses tended to underestimate the cost of projects,
so they would be started, and costs and quality desired would escalate: he offered the
sponsoring politicians two choices, provide more money, or he would stop construction
and the politician would have to explain why he wasted all that money building a
half-finished useless project. Though this happened repeatedly, politicians were always
willing to swallow the promise of the low cost because Moses had the reputation of
delivering the ribbon cutting before the next election.

It would take far too long to list all of Moses’ achievements here. Robert Caro (1975)
wrote a 1344-page book, The Power Broker, describing and decrying what Moses did
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to the city. But whether he was loved or hated, he radically reshaped New York into
a modern city using parks and road building as his tools.

Profile: Jane Jacobs

Jane Jacobs was born in 1916 in Scranton, Pennsylvania, the daughter of a doctor, and
moved to New York at the age of 12. She too attended Columbia University and after-
wards entered the publishing industry as an editor and writer for magazines such as
Architectural Forum and Fortune.

A student of the city, she has published several books, including the The Death and
Life of Great American Cities (1961). In that first book she celebrated the rich, textured
chaos of urban streets, like her neighborhood in Greenwich Village, which had shop-
keepers and other citizens monitoring the public spaces as “‘eyes on the street.” She railed
against urban renewal and freeway building (such as Moses’ Cross-Bronx Expressway)
that gutted organically arising places, vital centers of urban life, and replaced them with
artificial inhumane spaces.

In 1962 she became Chair of the Joint Committee to Stop the Lower Manhattan
Expressway. Sponsored by the Downtown Lower Manhattan Association, led by David
Rockefeller, the Lower Manhattan Expressway was proposed by the highway builders
(including Moses) and incorporated into the interstate highway plan to provide, as the
name suggests, a new eight-lane limited access roadway from the west side of
Manhattan (the Holland Tunnel) to the east (the Manhattan and Williamsburg Bridges).
(It had sister projects, the Upper Manhattan Expressway and the Mid-Manhattan
Elevated Expressway.) The road would have bisected neighborhoods such as
Greenwich Village, Little Italy, Chinatown, and SoHo, displacing thousands of resi-
dents, merchants, artists, and artisans. In December 1962 the highway was canceled and
Moses was defeated by a woman he had called a “busy housewife.” In April 1968 she was
arrested in another protest against the highway. (In transportation infrastructure, “no”
rarely means “no.”) The collective protests ultimately led to the highway being cancelled.

Budgeting Urban Highways

A review of the work of the Bragdon Committee (actually, General Bragdon and staff)
will assist in summarizing the mood of the 1950s. The treatment of the work of that
committee is based on discussions with Ellis Armstrong, Commissioner of the Bureau
of Public Roads around the time of the events described, Lee Mertz, former head of
planning at the FHWA, and Paul Sitton, in the Bureau of the Budget at the time. On this
topic and the urban interstate generally, see the full review by Gary Schwartz (1976).
Schwartz emphasizes financing, examples, and legislative history.

President Eisenhower depended on staff work very heavily, as many administrators
must. He supported the Interstate Act of 1956 as a measure to counter unemployment,
and his Assistant for Public Works Planning, General J. S. Bragdon, began to give the
interstate his attention.

The 1956 Act had authorized the expenditure of $27.5 billion over 13 years for the
construction of the interstate. Bragdon was shocked in 1958 when the interstate cost
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estimate (ICE, the cost to complete) came in at $39.9 billion and the end date slipped
into the 1980s. Bragdon, working with the Bureau of the Budget, took it as his task to
correct the situation, and worked for a couple of years to get the estimate under control
and trimmed down.

Working with a staff of about 25, Bragdon made analyses and made suggestions to
the BPR (through the Department of Commerce where it was then housed). A dozen or
so memos record Bragdon’s recommendations and the BPR’s reactions. Bragdon was
very concerned about the money required for the program. He suggested expenditure
reductions, and the BPR typically countered these by reference to the Act and
Congressional intent.

Bragdon suggested that the states that wanted to accelerate programs build toll
roads. They could use the money from those tolls to accelerate the provision of untolled
facilities. The net effect would be to speed up construction.

Though he was interested in toll roads, Bragdon’s main thrust was reduction of
expenditures in urban areas. His argument was that the Congress had not intended to
manage urban problems. He made many proposals suggesting limiting the number of
lanes in urban areas, no capacity for rush hour traffic, limited number of interchanges,
building outer loops only, and limited number of spurs into the cities. All of this was to
keep the cost down. He argued that the Secretary of Commerce had the power to take
routes off the interstate and should take some urban routes off.

Bragdon did not understand the progressive, cooperative traditions of the Bureau,
as discussed by Seely (1987). Many of his suggestions were unthinkable in that
context.

A point of difficulty for Bragdon was the lack of information on where roads were
needed in the urban areas. The BPR and AASHO had been working with the American
Municipal Association and had plans for 149 of the 288 cities of over 25,000 in popu-
lation, and 45 more were on the way. Bragdon did not think it was proper that the BPR
was responding to what the cities wanted. He demanded that planning be required by
the BPR. While it was to be comprehensive, it was to be in the frame of strict policy on
state—local arrangements (i.e., Bragdon’s ideas of how urban extensions should be allo-
cated). Plans, as Bragdon imagined them, could be completed in two months.

As remarked, the Bureau was working with the AASHO and the American
Municipal Association in a cooperative style. It had arranged the First National
Conference on Highways and Urban Development at Sagamore, Syracuse University,
New York, in 1958, which addressed design and planning issues.

Returning to Bragdon’s demand that planning be mandated, the BPR countered that
it did not have the power to require planning. That remark may seem strange from the
perspective of today, for the federal government now requires significant planning
efforts from local and state governments. The issue is a constitutional one. The consti-
tution allows Congress to tax to “provide for the common defense and the general wel-
fare of the United States.” But there is another clause that the states have all the powers
not specifically reserved for the federal government. The debate over the meaning of the
welfare clause began with Hamilton and Madison, and there is a parallel long trail of
court cases.

In the early days of the Bureau’s programs, funding was allocated according to post
road mileage, for providing for the mail was one of the powers of the federal government.
Later, no questions were raised about matching money for the federal aid system.
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An additional question to be settled was whether the federal government could with-
hold tax monies it has collected to get the states to do something. That was the lever-
age the Bureau would have to use to get planning started—either plan or no federal
money will be available.

The power of the federal government to withhold funds was not settled by court
cases until the 1970s, and it was that unsettled question that had made the Bureau go
slow in requiring planning.

There was a “showdown” meeting between Bragdon, the BPR, and Eisenhower in
1960. It is recorded that Eisenhower said that running the interstate through congested
cities was not his concept and wish. However, the BPR pointed out that the “Yellow
Book” (showing urban extensions) was in the hands of Congress, and it was responsible
for the 90/10 formula (90 percent federal funding, 10 percent state), rather than 60/40
as first proposed. Because Congress knew of the urban extensions, the program was
committed to them.

Our interest in Bragdon’s work is because it represents some of the thinking of the
times. There was the fear that urban expenditures formed a monetary black hole. Was
urban congestion a federal government problem? The interstate cost estimate kept going
up and increases in taxes or program stretch-out were not popular. In the early 1950s,
there had been considerable questioning of whether a federal program was needed.

Our view is that the thinking of the times resulted in the urban interstate being built
on the cheap, or at least contributed to it. The centerline mileage of links was limited,
capacity was increased by adding lanes. A lower level of service was accepted in urban
areas compared with rural areas.

Cheapness producing congestion created by channeling traffic onto a limited
mileage facility is our main point. There was little or no debate about improved arterial,
parkway, limited truckways, or other alternative designs. In spite of the multiple lanes
constructed to serve estimated traffic for 20 years, interstate links were soon congested.

How did we get into this mess? Schwartz (1976, p. 512) says, “If there was a moving-
party heavy for the urban interstates, it was the cities themselves rather than the high-
way lobby. . . .” He points out that city planners were generally in favor, and that politi-
cians looked to free money from the federal government. Alf Johnson of the AASHO and
some of the BPR managers that Garrison knew cooled on involvement in urban areas
as the many problems became apparent. The regard for the Bureau of Public Roads was
quite high, as suggested by the event in box 14.1.

Building Urban Highways: The Case of 1-94

Aside from the urban freeway revolts, the construction of the interstate proceeded about
as well as can be expected in most cities. Although over budget and late, it was eventu-
ally built. One such case is I-94 between Minneapolis and St. Paul, Minnesota.
Between 1947 and 1950 vehicle registrations in the Twin Cities increased 58 percent
(Altshuler, 1965, p. 21). St. Paul officials realized that they needed to solve congestion
and other transportation problems. Previously, city officials dealt with increased con-
gestion by widening existing links. This option was becoming increasingly expensive
as the city grew. Freeway plans were developed connecting downtown Minneapolis and
downtown St. Paul, but it was not until the Federal Aid Highway Act of 1956 was
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BOX 14.1 Regard for the Bureau of Public Roads

Ellis Armstrong, Commissioner of the U.S. Bureau of Public Roads from 1958 to 1961,
told a story to Garrison some years ago, one of many that Garrison has heard illustrating
the independence and professionalism of Bureau leaders. After receiving letters and phone
calls from (then) Senator John F. Kennedy, Armstrong agreed to meet with politicians and
business leaders who argued for a shift in the location of the Interstate south of Boston.

Leaving the meeting and greeted by Boston reporters and TV cameras and asked for
his comments, Armstrong remarked, roughly, “I’ve received lots of interesting informa-
tion but I have to take it back to Washington for study. The Interstate is a carefully planned
and balanced system. Moving a link 10 miles to the south here means we will have to
consider moving the entire system 10 miles to the south.”

Concerned that his attempt to be humorous might backfire, Armstrong was relieved
that, when the story played on local television, no one questioned his remarks, nor did
Senator Kennedy. That, it seems, is a comment on the confidence and authority that
Bureau professionals had gained through years of service. Perhaps it also says that some
citizens recognized that nonlocal concerns mattered.

implemented that it became certain a freeway would be constructed. The Federal Aid
Highway Act ensured there would be funds available (90 percent federal to be matched
by 10 percent state). With the construction of some freeway ensured, the next step was
to determine which route it should follow.

St. Paul and state officials recommended that the route follow St. Anthony Avenue, a
largely residential city street parallel to the busiest route between the two cities (University
Avenue), which happened to run through a minority neighborhood (The Rondo).

George Herrold, St. Paul’s Chief Planning Engineer until 1952, argued against the
construction of a freeway along this route. He proposed a plan dubbed the ‘“Northern
Route” about a mile to the north of the St. Anthony Route. The Northern Route, because
of its use of existing railroad right of way and industrial land, would not displace many
residents or sever neighborhoods. In St. Paul, the St. Anthony Route divided the state
capitol and government buildings from the central business district. Despite Herrold’s
advice, St. Paul and state officials would not deviate from the proposed St. Anthony
Route.

With the St. Anthony Route all but built, concerned residents began to speak out. The
St. Anthony Route would displace nearly one in seven of St. Paul’s African-American
residents. African-American community leaders quickly concluded that it would be
nearly impossible to divert the freeway, so they devised a list of actions they requested
government officials to comply with: help displaced residents find adequate housing,
provide proper compensation, construct a depressed (below grade) freeway to enhance
aesthetics. The displacement of the African-American community members was espe-
cially significant because there were few options available to them. At the time (the
1950s, before fair housing laws were enacted), most white communities would neither
sell homes to them nor rent property to them. For this reason, officials feared that the
African-American community would become overcrowded. In the end, only the second
and third actions were followed through.
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The Prospect Park neighborhood in Minneapolis was also severed by the St. Anthony
alignment, and there were worries that the freeway would turn this diverse upper-
middle-class neighborhood into a low-income one. Residents claimed that having a
low-class neighborhood within close proximity to the University of Minnesota would
make the University unappealing to students and faculty. The community had one
request, that the freeway be placed over an existing railroad spur; however, limited
funding prevented this idea. The freeway did, however, skirt the Malcolm E. Willey
House designed by Frank Lloyd Wright. Despite the freeway separating the neighbor-
hood from the Mississippi River, the neighborhood did not deteriorate. The freeway was
completed in the late 1960s.

Aesthetically, the 1-94 freeway is a scar across the surface of the city, which in addi-
tion to having displaced residents and disconnected local streets, has moved traffic from
a relatively even distribution to a more hierarchical one, so that movement depends on
fewer, now more critical links. While certainly more people are moving longer distances
everyday on the urban freeway, congestion has far from disappeared. One can ask in
retrospect whether building the road was the right thing, or whether building it there
was the right thing, but there is no real “control” for this experiment. Asking what-ifs
is easy, answering them is harder. But no one is seriously calling for the removal of this
element of the interstate system, suggesting that the collective intuition of those who
think about the road daily argues that “sunk costs are sunk,” and while in retrospect not
everything was done perfectly, leaving it in place is better than removing it.

Rebuilding Urban Highways: The Case of The Big Dig

Perhaps the last major construction project on the urban freeway system is the
“Big Dig,” Boston’s relocation of its urban freeways from an elevated highway to
underground.

The story of the Big Dig began with the preinterstate construction of the Central
Artery, an elevated highway through downtown Boston that was funded by the state.
Like other highways constructed in the United States in the 1950s, the highway reduced
traffic congestion in Boston for a while, but by the mid-1960s Boston’s highways and
local roads were again heavily congested. Highway planners proposed a ring road
around the downtown central business district as a solution to the congestion, and a
third tunnel was proposed in 1968 for construction between downtown Boston to near
Logan Airport.

The question of whether additional roads should be built raged in Boston during the
late 1960s and early 1970s. Two projects survived: a restricted use tunnel from down-
town Boston to Logan Airport, and reconstruction of the Central Artery that would relo-
cate the highway underground, eliminating the division between downtown Boston and
Boston’s North End and Waterfront neighborhoods, which had been determined to be a
detriment to the City by this time.

Over the next 20 years, the Central Artery/Tunnel project evolved through complex
negotiations into what is being constructed today—the most expensive urban highway
project ever undertaken in the United States. The project was only made possible
because in the early 1980s the Speaker of the House of Representatives, Thomas P.
“Tip” O’Neill, served the Boston area, and on retiring was able to get the highway as
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a “present” from the Congress and then President Ronald Reagan. Nearly every com-
ponent of this project underwent numerous modifications to address concerns of special
interest groups, modification that often resulted in raising the concerns of other special
interest groups. Mitigation costs mounted. Ultimately it is expected that most of the
project’s more than $14 billion cost is due to mitigation. The engineering challenges of
constructing a tunnel underneath a highway, while keeping that highway operating,
should not be underestimated! (Hughes, 2000; Altshuler and Luberoff, 2003).

The Big Dig is an exception to highway planning in the last quarter of the twentieth
century. The Clean Air Act Amendments of 1990 (CAAA-90) restricted highway devel-
opment in air pollution nonattainment areas and promoted actions to restrict vehicle uses.
The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA-91) reformulated
funding to allow for a “level playing field” between transit and highways, allowed for
direct relations between the feds and councils of governments in large urban areas, author-
ized increased funding for transit, and also authorized a National Highway System
(NHS). Legislation in 1995 implemented the NHS. The Transportation Equity Act for the
21st Century (TEA-21) basically followed the formula of ISTEA. Another attempt to
build a new urban transportation facility was the Alameda Corridor, described in box 14.2.

Discussion

Let us review the overall situation and inquire about prospects.

The rapid growth of cities beginning in the late 1800s accelerated the provision of
urban roads, and the cities built institutions and took actions appropriate to their needs.
They created public works agencies, imposts on property owners paid for the construc-
tion and maintenance of local streets, and with experience, ways were found to fund
and build parkways, viaducts, and arterial streets and to broaden funding bases using
property taxes on vehicles and tolls on costly facilities. Design and planning concepts
emerged; every Grand City needed a Robert Moses-like Grand Plan. Planning was
strengthened as the states passed legislation enabling city planning and zoning for the
control of land uses.

Although there was much progress there were nagging problems: street and railroad
conflicts, state highways that dumped traffic on city streets, congestion, and graft and
corruption in street programs. Suburbs enabled by streetcar services were quickly
becoming automobile suburbs and there were hints of the suburbanization of employ-
ment. Running faster just to keep up with the increasing use of automobiles was the
response of street construction and traffic control programs. But their progress stumbled
when the Great Depression of the 1930s reduced funding from property taxes.

Urban growth resumed in the late 1940s and 1950s and by and large the cities had
ambitions, institutions, and plans but little money. But there was hope because state and
national political stages were changing as the balance of political power gradually
shifted from rural to urban areas. (There was lag; the population of urban areas
exceeded the rural population by the 1920s.) By 1950 political support for federal and
state expenditures in cities was in sight and almost in hand for highways and many other
programs.

The picture just painted was the context for snapshots presented in this chapter—
the Bragdon Committee reports, the freeway revolt, the building of limited mileage
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BOX 14.2 The Alameda Corridor

The Alameda Corridor is a system of rail routes that connect the California ports of Los
Angeles and Long Beach to downtown Los Angeles 32 km (20 miles) north. In the 1990s,
the ports of Los Angeles and Long Beach became the busiest ports in the United States
due to the enormous expansion in Pacific Rim trade. Los Angeles and Long Beach ports
are first and second in the United States for container shipments, with 5.18 and 4.46 million
TEUs (twenty-foot equivalent units) respectively for the year 2001. They are third in the
world for container shipments, behind Hong Kong (17.8 million TEU) and Singapore
(15.5 million TEU) (Goodwin, 2002). Congestion on the rail routes spilled over onto
highways because the railroads had track on the streets. Additional freeway congestion
resulted from container traffic. The Alameda Corridor project aimed to increase efficiency
in movement of cargo throughout the United States and to overseas markets.

The Southern California Association of Governments (SCAG) formed the Ports
Advisory Committee (PAC) in October 1981 to improve highway and rail access. PAC
members included local elected officials, representatives of the ports of Los Angeles and
Long Beach, the U.S. Navy, the U.S. Army Corps of Engineers, the railroads, the trucking
industry, and the Los Angeles County Transportation Commission (LACTC). First, PAC
dealt with the problems of highway access to the ports. The committee recommended
numerous small-scale highway improvements, which were completed in 1982. The trains
were consolidated on an upgraded Southern Pacific San Pedro Branch right of way
in 1984.

The Alameda Corridor Transportation Authority (ACTA) was created in August 1989
by the cities of Long Beach and Los Angeles. A seven-member board representing the
cities and ports of Long Beach and Los Angeles and the Los Angeles County Metropolitan
Transportation Authority (MTA) governs ACTA. ACTA believed that the project was not
going to be accomplished without federal intervention and invited Congressmen and other
elected officials to the ports to see the seriousness of the situation. Congress in 1995 iden-
tified the Alameda Corridor as a “Project of National Significance,” which secured federal
funding for the project. Congress appropriated a loan of $57 million for the project in
1997. The U.S. DOT authorized a $400 million 30-year loan for the project in 1998. The
ports provided an additional $394 million. ACTA utilized the “design-build” construction
process, wherein a single firm was responsible for both the engineering and construction
of the project, and the engineering would not be finished before construction began. To
finance the project, ACTA sold $1.2 billion of revenue bonds in January 1999, with addi-
tional funding from California state grants and sources administered by the Los Angeles
Metropolitan Transportation Authority. The total financing package was approximately
$2.43 billion (Hankla, 2001). The loans, grants, and bonds will be repaid by user fees from
the railroads, ranging from $15 for a 20-foot and $30 for a 40-foot container.

The Alameda Corridor Project began operation on April 15, 2002, with 33 trains using
the corridor. It is estimated that 100 trains will use the corridor by the year 2020. Plans
are being made to extend improvements eastward from downtown Los Angeles.

high-capacity state/federal facilities in cities, the actions of Robert Moses and his imi-
tators, and almost half a century later, the status of the urban road system. The heavy
hand of the experience is there, but have we learned from it?

One might say that we have learned to balance local, state, and federal interests and
to pay more attention to the social and environmental impacts of large programs. That is
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a matter of style and equity. It is important. But how well balance and compromise are
achieved is debatable. One thing is certain: project and program approvals require
resources of time and money. Obtaining action requires a trail of studies and plans, a
posture of local, state, and federal cooperation and funding, and providing funding to
compensate for negative impacts. Burdened by “What’s mine is mine and what’s yours
is open to debate” negotiations, obtaining approvals is costly, and one wonders if high
transaction costs constrain the search for innovation.

Imperatives for congestion relief, improved public health, the city beautiful, and
large parks in rural settings affected city building in the late nineteenth and the early
twentieth century, and imperatives continued to drive programs. Defense, congestion,
and employment in public works construction and equipment manufacturing energized
creation of the interstate and its urban extensions. Today there is emphasis on con-
straining urban sprawl and the automobile. The cynic might say that we have learned
that programs require claiming imperatives for action.

Coupled with high transaction costs, imperatives have given us “megaprojects” such
as Boston’s Big Dig and the Alameda Corridor. To tame the automobile imperative con-
strains funding leading to an underinvestment in roads. Of smaller size are projects and
investments in nonroad-based transportation projects (transit) in response to congestion
and environmental imperatives. Congestion and funding imperatives drive interest in
tolls, and congestion drives interest in advanced traffic control systems.

The paragraphs above strove to say where we are using the languages of programs
and events. Speaking in a more general fashion, the authors see the spinning out of the
maturing of the auto and truck highway system in urban settings. The system’s institu-
tional and technological aspects are rather fixed, and strident claims of imperatives are
needed to nudge its evolutionary path. With maturity, productivity growth comes hard
and there is market channeling as efforts are made to fit the system to market niches.

Will market channeling uncover new formats that renew urban transportation
services? Might the building blocks of abandoned railroad routes and yards, congested
highways, heavily subsidized transit services, preautomobile walking streets, and other
relics from urban transportation history merge with modern sensing and communica-
tion technologies and create new futures?
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In the space of one hundred and seventy-six years the Lower Mississippi has shortened
itself two hundred and forty-two miles. That is an average of a trifle over one mile and
a third per year. Therefore, any calm person, who is not blind or idiotic, can see that in
the Old Oolitic Silurian Period, just a million years ago next November, the Lower
Mississippi River was upwards of one million three hundred thousand miles long, and
stuck out over the Gulf of Mexico like a fishing-rod. And by the same token any person
can see that seven hundred and forty-two years from now the Lower Mississippi will be
only a mile and three-quarters long, and Cairo and New Orleans will have joined their
streets together, and be plodding comfortably along under a single mayor and a mutual
board of aldermen. There is something fascinating about science. One gets such whole-
sale returns of conjecture out of such a trifling investment of fact.

—Mark Twain, Life on the Mississippi

Let no one who wishes to receive agreeable impressions of American manners, com-
mence their travels in a Mississippi steamboat.
—Frances Trollope, Domestic Manners of the Americans

Introduction

The Kentucky River joins the Ohio River about midway between Louisville and
Cincinnati. It drains the Blue Grass country and extends to the coalfields of eastern
Kentucky. River development was essential to settlement in the early days, and
Kentucky made surveys and plans for improvement as early as 1798. The appearance
of steamboats on the River in the 1810s pressed for funds for channel clearance. To deal
with the problem of low water several months of the year, Kentucky asked the federal
government for a survey. The survey was made, but at that time the federal government
invested where rivers formed state boundaries and individual state interest was blurred.
Augmenting the federal survey with a state survey, the state developed a plan for 15 dams
and locks, maximum lift 4.6 m (15 ft), to manage the 69.5 m (228 ft) change in eleva-
tion of the river from the Ohio to the mountains. Considering the flow of the river and
potential traffic, it was decided to construct 11.6 by 51.8 m (38 by 170 ft) locks and seek
a channel depth of 1.8 m (6 ft). Work began in the 1830s, and by the 1850s the lower
193 km (120 miles) of the river had been improved. The locks were stonemasonry, but
the dams were inexpensive stone-filled timber cribs.
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The state issued bonds to fund the improvements; tolls were collected. However, the
tolls just covered operating costs. No money was available to repair existing dams,
much less extend service upriver. To cope, the state turned operations over to a private
company, and it had no better success than the state. What is worse, the dams fell into
disrepair and became mainly an obstruction to downstream navigation of floating logs.
The state went to the courts and managed to regain control; it debated a new financing
plan. At the same time, it asked Congress for help, and the Rivers and Harbors Act of
1878 was the first of a series of acts for improvements on the river.

Work began and continued for decades. To start, existing dams were rebuilt and new
dams upstream were added. Interestingly, the first upstream dam was at the head of nav-
igation, Beattyville, in the three forks area. Users there wanted a slack water pool for
the storage of rafts and barges. Sudden release of water (through beartraps) in the spring
was used to float tows to the improved part of the river.

But questions began to be asked about the improvements before the march upstream
produced many new dams. The railroad was in the region by about 1850, and it had
extended service to the Beattyville area by the turn of the century. The railroad captured
packet boat and coal traffic, coal barges were no longer being used. The only traffic was
log rafts, and dams and locks were in the way of that traffic.

Even if the improvements were completed, would the river recapture coal traffic?
Recapture was in doubt. Coal from Pittsburgh could move to Carroltown at the mouth
of the Kentucky River in about the same time as the Beattyville-Carroltown move, and
the latter was more expensive because of the smaller-scale facilities.

The U.S. Army Corps of Engineers pointed out the problems. People in Kentucky
wanted the improvements and the march upstream continued into the 1920s working
directly with the Congress. Eventually, 14 locks and dams were constructed and about
400 km (250 miles) of the river were improved. Some occasional traffic occurred, but
in small amounts. In 1970, the Corps abandoned its responsibility for locks 5 through
14, and the state took them over. Now only recreational traffic uses the locks. The
Kentucky River story is one from a larger set of stories now to be explored.

Water is one of three media through which transportation takes place (the others are
over land and in the air). Most chapters in this book focus on land transportation, roads
and rails, and we shall devote a later chapter to air transportation. This chapter focuses
on inland water transportation. That said, water is not a single mode; while in general
water transport requires boats of some form (few of us walk on water), rivers and canals
and lakes and coasts have very different requirements than open seas and oceans. This
chapter explores the deployment of inland waterways. Inland waterways include river
improvements and canals, as well as coastal waterways.

River Improvements

Prior to the canal era, England’s coastal and river trade took place using flat bottom sail-
ing barges that could move 40-80 tons. The trade mainly centered on London. Coal,
cattle, grain, building materials, and other commodities were moved to serve the needs
of London. Rivers served collector-distributor functions for trade routes across open
seas. Though technological change was slow in both dock and barge technology, more
docks and barges were constructed as the coastal trade grew.
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The developments of interest were river sited. On account of tides, wet dock con-
struction was needed. A good bit of organization, construction, and financing experience
accumulated in response. The low value of many of the commodities moved and the high
costs of land transportation urged movement of barges as far inland on rivers as practical.

River navigation posed some physical difficulties: large tides, low water levels dur-
ing some seasons, dredging needs. Use conflicts developed. Mill operators had dams
and resisted releasing water for navigation. Owners with riparian rights claimed tolls
for improvements or for the use of the embankments for pulling boats or transshipment
and/or could resist river improvements.

A pattern seems to have evolved. Prior to 1500, city corporations were given river
development authority (for instance, the City of London started developing the River
Thames in 1179). Later, the Crown gave development authority to local landowners
who put forward specific development and toll schemes. The latter is of interest because
it is part of the model carried over to the canal era.

Canals in the United Kingdom: Eighteenth Century

The river experience yielded the first institutional form for canals, while technological
experience carried over. River development utilized dredging, flashboards (structures
placed alongside the water to increase the amount of water that can be contained), and
locks. Lock technology, in particular, could carry over directly as could some of the
dredging technology. John Smeaton, later a famous canal engineer, obtained his first
experience on river projects. The flashboard system required a good water supply, and
canals could not be so wasteful of water.

The beginning of England’s canal era was marked by the Duke of Bridgewater’s 12 km
(7.5 mile) canal from coalmines on his estate at Worsley to Manchester. Construction
began in 1759, and the canal opened six years later. This was not a construction first,
there had been long experience on the Continent, and some canals had been built
previously in Ireland and England.

Bridgewater’s canal had some interesting technological features. It tied into his mine
drainage scheme, and the boats ran into the mine for loading. Although the canal could
accommodate larger boats, the within-mine operations kept the beam of the boats
to about 2.1 m (7 ft); they were 15 m (50 ft) long. In order to hold water, the canal
was lined with puddled clay, and to avoid extensive lock construction an aqueduct was
constructed over the River Irwell.

Bridgewater’s canal caught the imagination of the public; it was a financial success,
so it also caught the imagination of developers and investors. The result was a flurry of
inland navigation acts between 1759 and 1794. Most of these were narrow canals, using
boats of the same width as on Bridgewater’s canal. Adoption of the standardized (2.1 m)
boat width kept construction costs down and saved water, a problem for many canals.
(Bridgewater quickly built a canal connecting Manchester to the coast; there had been
starts before, and much later a ship canal was built.) Boats ran to 21 m (70 ft) in length,
could carry about 30 tons, and were hauled by a horse walking along the side. Canal
building yielded valuable experience with earth moving, lock structures, bridges, aque-
ducts, and tunnels as well as other civil engineering tasks. Construction activities were
institutionalized, and navigators became “navvies.”
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Although navigation acts were private acts, the policy-institutional aspects of canal
building began to fall into a pattern. Canal companies were organized and issued stock.
Rights of use carried over from roads, and acts began to require that anyone could operate
a boat if tolls were paid. This was not the case for Bridgewater’s canal. Companies, such
as Pickfords, emerged to offer canal plus pick-up and delivery service (Turnbull, 1979).

By the 1820s, the era of canal building in England was over. In part, the system was
“built out” in that the feasible canals had been built and rail competition came along.

Developments were considerable on any scale, but England was not the leader in
Western Europe. Building on Leonardo’s invention of the miter gate with sluices,
France, the Low Countries, and North Italy were well served by networks of canals by
the late eighteenth century. The Canal du Midi dates from 1666. The decision to adopt
standards suited for Flemish boats was taken in 1810, and a general plan for the canal-
ization of France was adopted in 1820. (Another plan was developed and implemented
in 1880, at a time when canals were pretty much obsolete.)

Building on the fringe of the feasible pressed for suitable technologies, and some
small tub canals were constructed. Commodities were moved in trained, 6 ton “tubs.”
A horse could move each tub on a near-level tramway, and they could be handled
easily on inclines.

Figure 15.1 provides an interesting classification of the sources of funds for canals
and river improvements. Adding the tub canals, England had by about 1820 a four-level
system of inland waterway improvements:

* The rivers and their improvements

* Broad canals, extending river navigation!
* Narrow, 2.1 m canals

* Tub canals

As mentioned, at this time the canal system was pretty much “built out”—canals had
been built where feasible (figure 15.2).

Women
Clergymen 7%

6% 18%
Professioonal Men Yeomen, Graziers,
10% Tenant Farmers
/ 2%
Capitalist
Tradesmen 21%
18%

Peers of the Realm
Manufacturers 3%

15%

Landed Gentlemen

Figure 15.1. Sources of inland waterway capital in England, 1755-1815. (Source: Ward, 1974.)
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Canals in the United States: Nineteenth Century

In a nutshell, by 1800 the coast from Philadelphia and southward was well served by
small ships in local trade, and numerous ports offered trans-Atlantic services. The
Connecticut and Hudson Rivers served limited roles in New York and New England,
and needs there pressed for early canal and road developments. Also, the opportunities
in the west (of Appalachia) and in the interior South pressed for major long-distance
access improvements, to open up territory.

Although 1824 marked the beginning of continuing federal involvement in river
improvements, using the services of the U.S. Army Corps of Engineers (see box 15.1),
early appropriations were modest and were mainly restricted to rivers regarded as
of national importance. Debates about the federal role continued. The states and pri-
vate interests were busy with canal and river works and there was a rising tide of
demands for federal appropriations. Avoiding conflict over specific projects, the federal
government made land grants to the states for internal improvements, and the states and
sometimes the federal government became stakeholders in projects by purchasing
stock.

Many early small canals were built, especially in New England. These were in the
English organizational, financing, and technology style, and they used some English
capital.

Where the terrain was difficult and/or water in short supply, inclined planes (such
as in figure 15.3) were constructed. The plane shown in figure 15.3 was constructed
on the Pennsylvania Canal as part of the portage tramway across central Pennsylvania.
The canal boats could be handled in sections, an unusual feature of this canal
(figure 15.4).

A benchmark, open-territory event was the opening of the 360-mile-long Erie Canal
(built 1817-1825) from Albany on the Hudson to Lake Erie. Built with New York State
support, the canal lowered costs and rates on shipments by an order of magnitude, and
it set off a clamor for similar investments. With a lag of several years while large
projects were organized, canal spending by the states expanded rapidly in the late
1830s, as did railroad construction. Reading the competitive situation and being
displaced by government capital, spending by private canal companies decreased
sharply. Committed to programs and projects, the public sector did not read the com-
petitive situation. The state governments were slow to recognize the strong competition
to be provided by railroads. Figure 15.5 shows the pace of development in the United
States.

One reason for the quick demise of canals was the unusually cold winters of the mid-
dle 1840s—there were short shipping seasons just at the time new canals were opening
and facing competition from railroads.

A so-called debt-repudiation depression began in about 1839 and continued to about
1847. The conventional reason given for that depression is the write-down of invest-
ments made in canals and some changes in currency and banking policy. While not dis-
missing those factors, Santini (1988) links the depression to the clash between the new
and old technology and, in particular, to the displacements that the uses of the technology
occasioned.

Early railroads were at first adjuncts to canals and then competition for them.
Tramways had long been used to move products of forests and mines short distances,
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Figure 15.2. The birth, rise, and fall of canals in England (1750, 1850, 1950). (Source: Stevens,
2000.)

and they fed traffic to canals. Some years after the development of the steam engine,
steam replaced animal power on tramways. The locomotive was evolved, and railroad
deployment began competing—first for passengers previously carried in carriages or on
canals. Railroads next competed for commodities and began to expand beyond territo-
ries already served by canals. Competition between canals and railroads is discussed in
Goodrich (1962) and McCullough and Leuba (1973).

The above is a simple and well-known summary of canal development, but we
should remember that it holds for only a small part of the world, particularly the east-
ern seaboard of the United States and portions of Western Europe. Most of the world
did not share the history of road and canal building; rather, the railroad was the mode
that spread the commercial revolution, consolidated the control of central governments,
and so on. These different beginnings are an important point. It is one of the reasons
why the land transportation situation in Japan is quite different from that in the United
States, for example.

Canals withered given competition with rail, some rapidly, some not. Bartholomew
(1989) discusses the Delaware and Lehigh canals, which survived for some time. There
was a mixed story for coastal transportation and inland waterway transportation,
depending upon topography and peculiarities of markets. The lack of bridges in the
San Francisco Bay Area, for example, kept the scow (hauling hay, building materials,
etc.) and ferry boat in business well into the twentieth century. Coastal transportation of
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BOX 15.1 France in America: The U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers was founded in 1802, the same year that Congress
founded the U.S. Military Academy at West Point. During the early years instruction at
West Point was in French, and the Corps followed the French tradition of science-based
engineering and a prominent role for engineers in public works agencies. France was a
leader in science and engineering, and French recruits to Washington’s Army and the new
nation’s appetite and need for projects pressed for action. There was plenty to be done—
surveying for canals and roads, navigation improvements, and construction in the new
capital city.

The Corps’s beginning is easy to explain, as is the Corps’s continuing role in military
engineering. Its early experience in surveying proposed projects and its scientific-
engineering beginning help explain its early development of what is now called benefit—cost
analysis. But what explains the continuing roles of the Corps in nonmilitary waterway,
flood control, and other internal improvements?

An internal improvement role was debated at the Constitutional Convention and the
provision of internal improvements was mainly left to the states. Improvement advocates
Benjamin Franklin and Elbridge Gerry managed to include in the Constitution reference
to post roads and post offices in addition to mention of military structures and navigation
aids. But the states lacked fiscal means, and with private investors they pressed Congress
for aid; appropriations were first made in 1802. Small appropriations were made for
a number of years and defense was sometimes cited for justification. Surveys were com-
mon and led to the General Survey Bill of 1824 authorizing surveys for improvements of
commercial or military importance or for the transport of mail. Even though the political
and Constitutional grounds for federal action were weak, two years later an Act was
passed and funds were appropriated for improvements to the Ohio and Mississippi Rivers.
The U.S. Army Corps of Engineers provided a variety of services on inland waterways
and at ports (Sherow, 1990; Shallat, 1994).

After beginning work on important inland waterways, such as the Ohio River, the
Army Corps of Engineers institutionalized its responsibilities and strengthened district
offices. Actually, the district office system had been developed by the 1850s, but those
offices had only occasional work.

Following common law and tradition, federal involvement had focused on ocean ports
and the tidal parts of rivers in the early nineteenth century. But actions by Congress
increasingly applied to inland waterways and ports. These actions were legitimized by the
Supreme Court in 1870 (Pennsylvania v. Wheeling Bridge Company). The Court said, in
essence, that navigable rivers (those possible to navigate) are highways of commerce over
which unobstructed trade may be carried. It specified the right of regulation and the right
to improve facilities followed.

The Army Corps of Engineers became involved in flood control work in part because
of the need for water to augment low river flows during the summer. Dams built to aug-
ment low flows could also be used for flood control, although there is a conflict between
those two tasks. The Corps began work at the headwaters of the Mississippi in 1880.
However, as large dams and locks were built on the Upper Mississippi and as other devel-
opments occurred, the Corps found that it was in the recreational resources and flood con-
trol business. Not needing much water storage space to augment low flow once high dams
with locks and slack pools were built, these functions could be accomplished without too
much difficulty.
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BOX 15.1 France in America: The U.S. Army Corps of Engineers—cont’d

Elsewhere, and at other times and in different circumstances, the Corps took on flood
control responsibilities; it began to do levee work to improve channels and for flood con-
trol. The levee work was an extension of its work with wing dams and dredging and
started early on in the New Orleans area. The high dams were built in 1950s, and later
electricity began to be generated with the Corps using a private company franchise system.

Already involved in port and nearby waterway navigation improvements, the Corps
became the agent for river development, and as the role of the federal government
expanded, its role increased accordingly

The Corps also became involved in water quality work. The first problem was the
blocking of channels by debris, mainly from saw mills in the early days, and related prob-
lems of sewage in harbors and in slack water ponds. In response, 1899 federal legislation
gave the Corps authority to control dumping of sewage and debris. But that “clean water
act” was restricted in meaning by the courts. In essence, the Corps could restrict dumping
that interfered with navigation, and that applied to sewage in only limited situations, for
instance, where solids were filling a harbor. Industrialization and urban development led
to a situation where one gallon of every four passing Louisville during low water had been
through an untreated sewage system. A similar situation must have held on the Upper
Mississippi.

The Corps got into general environmental quality work by the turn of the century. The
Upper Mississippi, in particular, was regarded as a scenic and bird flyway route and the
Corps made much of its role in providing supportive river improvements.

Corps programs were influenced sharply by the upturn in environmental awareness
during the 1970s, just as highway and airport programs were. They also shared with those
programs increased problems with land taking—they took land at fair market value but
paid no relocation costs. The conflicts that resulted were a very real shock to the Corps,
for it had regarded itself as a resource development, environment enhancement agency.

The Corps did not charge tolls for the use of facilities. That is a tradition that goes back
to river development in Europe and the notion that waterways ought to be free to all. But
that is ambiguous. Canal operators charged tolls, and a river improved with dams and
locks is much like a canal.

The operative argument against tolls went something like this. We start improvements
with a single dam. It is not reasonable to charge tolls or expect tolls to cover costs because
waterway-related developments and traffic will not emerge until all the dams are built. The
shorthand expression of that idea is “infant industry,” and that expression has been much
used in political debates about waterway tolls. But not all dams ever get built. Those
opposed to tolls say the system isn’t complete because many dams on tributaries still need
to be built.

Today, the Corps expends about $5 billion per year on civil programs ranging from
river and port projects and radioactive site cleanup, to dam safety and recreation site
improvements. Funds are authorized in a budget separate from the military budget.
Expenditures include some matching funds, and the Corps is essentially a civil works
agency managed by the Army. Armies divide geographic responsibility, so the Corps has
district and local offices. It is in the news when there is an argument about wetlands, the
site for a new bridge, flood control and drainage projects, or when a member of Congress
announces funded projects.
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Figure 15.3. Inclined Plane No. 8, by George Storm, date unknown.

Figure 15.4. A Sectional Canal Boat in the Hitching Shed, by George Storm, date unknown.
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Figure 15.5. Canals in the United States (in kilometers).

bulk materials continued, and Great Lakes freight movements increased. River-based
waterway transportation withered quite considerably (to be reinvented later through
tug-barge technology).

Policy Today

The discussion above began to indicate how the structure and performance of inland
waterway activities evolved. As would be expected, flow economies of scale on impor-
tant routes on the network plus traffic patterns and variations in the natural conditions
of routes result in vast differences here and there in the costs of operations and the pro-
vision of facilities (table 15.1). The Lower Mississippi and coastal facilities from the
mouth of the Mississippi to the west are relatively inexpensive and those routes have
lots of traffic. The tributaries of the Lower Mississippi and the Upper Mississippi and
Ohio have more costly facilities and operating costs are also higher. Corps maintenance
costs per ton-kilometer for the entire system run to about $0.10. That is vastly greater
than the ton-kilometer cost of rail services. The evolution of the Ohio—Mississippi River
system is discussed in box 15.2.

In light of these differences, one might suppose that there is much discussion of dif-
ferential toll charges and network rationalization, especially abandonment of facilities.
That is not the case. As a surrogate for tolls, operators pay a modest fuel tax regardless
of where they operate. Congestion occurs at some locks and dams, and congestion tolls
have been argued but not implemented. Taxes are collected to fund dredging, and the
ports are now expected to share dredging costs. Everywhere, locals are expected to
share the costs of improvements, for example, for flood control facilities.
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Table 15.1 U.S. Army Corps of Engineers Costs to Operate and
Maintain Selected Inland Waterways

River Cost per ton-mile
Mississippi River $0.03
Ohio River $0.05
Appalachicola, Chattahoochee, and Flint Rivers $5.26
Allegheny River $9.04
Kentucky River $11.23

Source: Budget of the United States Government, 2003.

Note: See webpage of Corps of Engineers—Civil Works, http://www.whitehouse.gov/omb/budget/
fy2003/bud24.html. See also: http://www.amrivers.org/corpsreformtoolkit/riverbarges.htm for some
similar, but different, estimates.

BOX 15.2 Ohio River—Mississippi River System

Before the Ohio River—Mississippi River system could become an effective nineteenth-
century transportation system, it first had to be domesticated. This required cleaning out
the snags and timber blockages (rafts) that had accumulated over the centuries. The next
steps included channeling, using jetties to narrow the rivers to focus flows to cut deeper
channels. Steamboat traffic increased, and St. Louis, Cincinnati, and Pittsburgh were
among the many inland cities served by the steamboats of the times.

It was during this period that the lasting expression “pork barrel” came into use.
Farmers in the Upper South and Lake States shipped pickled pork downriver in barrels and
as states and private interests sought federal funding for river and harbor improvements,
they were wishing for pork barrel funds.

The Civil War devastated much of the river fleet and, much more importantly, rapid
railroad expansion captured passenger and much freight commerce. That could have been
the end of the story—after about 1900 modest river commerce continued in niche markets
where river and competitive conditions permitted.

But that did not happen because many recalled the valuable services performed by the
river fleets before and during the war, and there was concern about the growing monop-
oly power of the railroads in the absence of competition. A Congressional Report in 1873
called waterways natural competitors and regulators of railway transportation. In 1888
Congress asked for and funded the construction of locks and dams along the Ohio that
would provide a 1.9 m (6 ft) channel and 22 years later a 2.7 m (9 ft) channel was authorized
and began to be funded.

Looking around today, 2.7 m (9 ft) channels are found on the Mississippi and its main
tributaries, channel widths run 45 m (150 ft) or wider, and locks are 33 m (110 ft) in width
and 180 to 360 m (600 to 1200 ft) in length. Locks tend to be smaller on the lesser used
tributaries. There is seasonal congestion at some of the locks and need for continuing
channel and lock maintenance. There are advocates for deeper channels and larger locks
and dams. However, environmental groups and competitive transportation firms oppose
such improvements.
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The Kentucky River gave an early lesson about attempts to improve lightly used
routes. But that lesson was pushed aside by political demands for improvements, and
over its history the Corps improved many “Kentucky Rivers,” such as the Cumberland
and Missouri Rivers. There is not much debate about these facilities.

The Corps now has many tasks extending beyond inland waterway and coastal nav-
igational facilities. Flood control work and related stream improvements give it a pres-
ence in every state, and the same district offices that do civil work also do military
construction. Dredging work at ports is another important Corps responsibility.
Recently, the Corps has taken on the job of dam inspection, and is a player in the devel-
opment of maglev technologies. It is involved in wetland development. In part, the
expanding scope of Corps work represents an institutional response to its having
accomplished its major work. Expanding scope also reflects the Corps’s credibility. It
has access to engineering expertise and is a long-term user of benefit—cost techniques
(since the 1930s) in the context of multipurpose development. Its project and system
plans are state of the art. Whether the Corps deserves to be so well regarded is another
matter, in part because its benefit—cost studies are often questioned.

By about 1970 the growth of traffic was yielding significant delay at locks on the
Ohio and Upper Mississippi. Operators seeking scale economies were creating a
demand for increasing the controlling depth to 3.7 m (12 ft). The Corps responded, and
plans began to emerge for dredging and the modification of locks and dams. In addition
to increasing lock depth, where not already doubled, locks were to be doubled. Larger
locks were proposed to avoid the breaking of tows and reduce delays. Lock and Dam
26 on the Upper Mississippi moved a little and needed urgent repair. The Corps
proposed rebuilding it to the higher standards, and the project became a cause célébre
in the environmental movement. The dam was rebuilt, but as a consequence of the
debate the plans for enlarged, higher capacity facilities are on the shelf. But work for
the Corps is available because there is a considerable backlog of repair and rebuilding
required.

The Corps’s activities have some transit policy features and some highway policy
features. The district offices do plans and programs and manage construction;
Washington rations money among districts. That is highway-like. At the same time,
local groups work directly with Congress to push projects in a pork barrel style
(Ferejohn, 1974). Like the Federal Transit Administration, the Corps has managed to
build some “Miami subways”: for example the Tenn-Tom, a project to link Mobile,
Alabama, with the Tennessee River via the Tombigbee River (see box 15.3).

We see a somewhat larger, overriding question. The United States has to make up its
mind about what it wants to do with its water resources. We told the Kentucky River
story to lay background for this point. River transportation was the name of the game
in the early days. But today inland water transport is economically reasonable in only
a few places. Large subsidies are required elsewhere.

Yet, the imprint of river transportation remains in the location of cities; old, unused,
or little used dams; and in other physical remnants. The important thing is that river
transport remains in the minds of those in the regions that once had those services; it is
part of the culture and history. This sense of history, roots, role, or nostalgia has value,
and perhaps it should be the main consideration in policy development. If we recognize
that the subsidy for water transportation is not really for transportation, but rather to pre-
serve the history of water transportation, then we can decide if the history is worthwhile.2
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BOX 15.3 The Tenn-Tom

The French explorer, the Marquis de Montcalm, first recommended that the Tennessee and
Tombigbee Rivers be connected in 1760. At the time, that territory was in French hands,
and such a canal would aid in French administration of that area. The canal idea
reemerged several times: in 1810 a petition from Knox County, Tennessee, argued for the
connection, and in 1819 the new state of Alabama studied it. In 1874 another study was
undertaken by the administration of Ulysses S. Grant, which concluded that the Corps of
Engineers could build it technically, but that it would be economically impractical. Again
in 1913, it was found to be cost prohibitive. The Corps again studied the waterway in
1923, 1935, 1938, and 1945. Congress approved the waterway in 1946. Proponents
asserted that this would be a natural extension of the works constructed by the Tennessee
Valley Authority. However, most people outside the region saw the Tenn-Tom project as
pork barrel, and railroads opposed it as government subsidy for competing modes.
President Lyndon Johnson budgeted funds for engineering and design in 1968 despite the
opposition, but in the 1970s environmental groups became opponents as well. Though
construction started in 1972, it was in the courts for over seven years during the con-
struction period. It finally opened in 1985 at a cost of at least $2 billion. The U.S. Army
Corps of Engineers predicted that 27 million tons would be shipped in the first year; by
2000, however, only 6 million tons per year were actually being shipped. As with many
large-scale engineering projects, they are ultimately technically successful but economic
failures.

Discussion

The modern modes owe much to canals. They demonstrated the payoffs from capital-
intensive transportation improvements. On the hard technology side, they provided for
the development of construction know-how. They also provided experience to manage,
finance, and operate related institutions. This was learning by those who provide trans-
portation. Burton’s (1992) discussion of railroad construction organizations illustrates
many direct links to the canal experience. The public learned about investment opportu-
nities and about the off-system developments induced by transportation improvements.

Canal learning provided experience toward generic policy for transportation and
public works. Of course canals have been around for a long time. We have not
addressed learning by the English from other Europeans, or learning by Europeans from
the Chinese or the Egyptians (e.g., Pharaoh’s Canal, 2000-610 B.C.E).

Canals developed following the experience with toll roads. Unlike toll roads, upfront
capital for investment was required for canals. Also, canals usually required more engi-
neering work. A style of engineering-fiscal planning emerged, and was engaged in by
early civil engineers. Although a more complex matter, canals were organized and
deployed in much the same way that precursor toll roads had been developed. Subject
to constraints on the availability of water and suitable grades, canals tended to parallel
thriving routes of commerce (as did the continuing development of coastal shipping).
Although the engineers of the times also worked on road plans, bridges, and harbors,
the planning and construction of canals was their major activity.
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The discussion treated changes that took place during a period of population growth,
economic development, and renewal and change in political institutions. On reflection,
we are struck by how well the transportation development story unfolds with only min-
imal attention to these matters. Even more, we are struck by how the story unfolds with
little reference to war and revolution and the great international political and economic
changes taking place.’

The main conclusion from the discussion above is that experience was accumulated
and embedded within the modes. Know-how (rules or policy) evolved bearing on
organizations, pricing, and management and also on the use of hard technologies. With
these exceptions, government actions were generally reactive. Even so, the notion
emerged that government ought be more active. For instance, Adam Smith in his An
Inquiry into the Nature and Causes of the Wealth of Nations (1776) urged:

The third and last duty of the sovereign or commonwealth is that of erecting and main-
taining those public institutions and those public works, which, though they may be in the
highest degree advantageous to a great society, are, however, of such a nature that the profit
could never repay the expense to any individual or small number of individuals, and which
it therefore cannot be expected that any individual or small number of individuals should
erect or maintain. The performance of this duty requires, too, very different degrees of
expense in the different periods of society.
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Maritime

Whosoever commands the sea commands trade; whosoever commands the trade of the
world commands the riches of the world, and consequently the world itself.
—Sir Walter Raleigh

Introduction

On July 1, 2002, the contract between the Pacific Maritime Association (PMA), which
is the industry association for the operators of 29 ports on the West Coast of the
United States, and the International Longshore and Warehouse Union (ILWU) expired.
This was of national importance because West Coast ports handle about $1 billion
worth of freight daily; see table 16.1 for details. It was in many senses a classic dispute
of capital versus labor. The PMA wanted to modernize technology, such as introducing
optical scanners and global positioning systems (GPS) to automate information flow at
the ports. The ILWU was concerned about the employment of members (and especially
the use of nonunion employees to replace members). However, the situation was some-
what atypical because union salaries ranged from $80,000 to $158,000 for what are
normally considered “blue collar” jobs. So the union had successfully captured many
of the monopoly rents available from the ports during previous labor disputes.

The ILWU had been established in 1937, as a breakaway from the (East Coast based)
International Longshoreman’s Association (ILA). The union was forged in 1934 by a
bloody West Coast waterfront strike and a general strike in San Francisco. After many
years of control by communist figures such as the Australian-born Harry Bridges, the
ILWU remained an aggressive and powerful union. To illustrate their control, in
September 2002 the ILWU, which controlled day-to-day work assignments, required
they be randomized, and required strict adherence to safety regulations (a work-to-
contract strategy). This policy, rather than allowing workers to conduct tasks in which
they were skilled, resulted in productivity at the ports being reduced by 20-90 percent.
The rationale for this was not simply to gain leverage over the PMA, but also to protest

206
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Table 16.1 Selected Pacific Gateways: Percent Imports from Asia in
20 ft Container Equivalents

Value of all imports % imports from Asia
(billions)
Seattle $23 6%
Tacoma $14 5%
Portland $8 <4%
Oakland $16 4%
Los Angeles $119 35%
Long Beach $49 30%

Source: Journal of Commerce’s Port Import Export Reporting Service (Census Bureau, 2002).

Note: Total imports from Asia were 7.9 million 20 ft container equivalents (TEUs) for the year
ended July 2002.

work conditions that had resulted in five deaths on the docks in the Los Angeles region
in the past five years.

In response to this work slowdown, on September 27 the West Coast port operators
shut down cargo terminals for 38 hours, and then on September 30 the PMA closed ports
until the ILWU agreed either to an extension of the existing contract or a new contract.
This strategy locked out 10,500 workers from their jobs. The irony of this management—
labor dispute, which cost the economy hundreds of millions of dollars, was that the
monetary difference between the two sides was estimated at only $20 million.

Intentionally evoking images of the movie On the Waterfront, wherein former boxer
and longshoreman Terry Malloy (played by Marlon Brando) has to choose whether
to betray the criminal union leaders on the New York/New Jersey ports or keep solidar-
ity with his fellow workers, the PMA brought armed guards to the negotiations on
October 1—offending the union (or, at a minimum, giving reason for the claim of offense).

The U.S. Secretary of Labor, Elaine Chao, tried to intervene in the negotiations.
However, she failed to negotiate a contract extension that would reopen the ports for
30 days. The ILWU supported an end to this lockout, but the PMA resisted believing
the union would continue to work to rules.

A Board of Inquiry established by the federal government to investigate the issues
reported, “We have no confidence that the parties will resolve the West Coast ports dis-
pute within a reasonable time.” This finding set the stage for the beginning of the invo-
cation of the Taft—Hartley Act (see box 16.1). On October 9, President George W. Bush
sought and received a federal district court order requiring the West Coast ports to
reopen.

On November 1, a tentative agreement was reached. The management desire to cut
clerk jobs (and introduce more computer technology) was agreed to, resulting in cuts of
400 marine clerk jobs. In exchange, however, it was agreed that the new jobs created
would be union jobs. In addition, agreements had to be negotiated about pension secu-
rity, health insurance benefits, higher wages, and safety provision. The details were
worked out by November 24 for a six-year contract. Chief federal mediator Peter
Hurtgen said that the negotiators “demonstrated statesmanlike leadership, which made
this agreement possible.” The ILWU membership voted after Thanksgiving in favor of
the contract.
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BOX 16.1 Taft-Hartley Act

The 2002 West Coast port strike was the first successful use of the Taft—Hartley Act in
ports since President Richard Nixon employed it in 1971 to stop another longshoremen’s
strike, the last major work stoppage at the West Coast ports, which lasted for 134 days.

A Republican Congress, overriding President Harry Truman’s veto, passed
Taft—Hartley in 1947. The law had a number of provisions: it outlawed the closed shop, in
which only union members would be hired, but it permitted a union shop, which required
nonunion workers to join the union. More to the point of this discussion, Taft—Hartley pro-
vided for a 60-day cooling-off period after a contract expires before a strike may be called.
Moreover, the President may extend that period by 80 days. After that period, the National
Labor Relations Board has 15 days to poll employees to see whether they will accept man-
agement’s final proposal and an additional five days to count votes. Then, if the workers
reject the proposal, they can strike.

However, this procedure is rarely imposed; it serves more as a threat. Prior to 2002, it
was last used to calm a 1978 coal strike. Not surprisingly, unions oppose these provisions,
referring to the Act as “Plain ole slavery.”

How come ports are so important that a strike can result one of the most significant
labor disputes in the last three decades in the United States? How can unions demand
wages in this industry three or four times higher than those of other comparably skilled
workers? This chapter explores that question, by giving both a world overview and a
focus of the U.S. case.

Measured on imports and exports, the United States is the world’s largest trading
nation. Worldwide, about 40 percent of the maritime tonnage is engaged in petroleum
movements (and products), about 21 percent is dry bulk, and the remainder is general
(19 percent) and specialized cargo (20 percent). The liner trades move about one-half
of the general cargo. Tons moved in the marine trades are roughly similar to the ton-
nage divisions of the fleet. The United States has ports to match cargos, yet its provi-
sion of seaside services is nil. It has about 1.7 percent of the world’s liner fleet, and less
than 0.5 percent of the dry bulk fleet. The United States has about 5 percent of the
tanker fleet, and most of these tankers are of special sizes that fit some of the conditions
of U.S. trade.

This chapter begins by addressing the emergence of trans-Atlantic trade. Ports and
ships are considered, since the waterways were given free.

Beginnings

In the early days, the European colonial powers sought to profit from sailing to and
from their colonies. England, for example, established a set of navigation laws in the
1660s restricting trade with the colonies to English ships. This same urge, to “carry our
trade in our ships,” continues today. Actually, the colonies fared well from this policy
on one dimension. A key resource for the building of ships was hardwood (especially
oak), and masts required tall pines. The United States had those resources and labor
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skilled in ship construction. So the American shipbuilding industry developed early, and
by the time of the Revolutionary War nearly one-third of all the ships in Britain registered
as English were colonial built (Dickerson, 1951). That was quite an industry, for the
wooden ships of the times lasted ten years at best. The replacement market was coupled
with market expansion.

Just after the revolution, the United States initiated the mercantilist policy to “carry
our trade in our ships.” In 1789, the Congress gave a 10 percent tariff advantage to
goods hauled in American bottoms. It also discriminated in port dues—they were lower
for American ships, and such ships were only charged once a year. The latter ensured
that the coastal trade would move in American ships. Later, the 1817 Act invented cab-
otage restrictions to ensure control of coastal trade. In 1828, the United States passed a
reciprocity act to deal one-on-one with other nations’ trade restrictions. We shall see
that today’s situation is somewhat of a modern-day version of these early matters.

Profile: Isambard Kingdom Brunel

Along with his father Marc, Isambard Kingdom Brunel comes near the top of any list
of great engineers of the nineteenth century. He is recognized for his great works: the
Great Western Railway, tunnels, bridges, and large steamships. He was the chief engi-
neer and a major promoter of the Great Western when it was organized in 1835. The
route from Paddington Station in London to Bristol was opened in 1841. Afterwards,
Brunel constructed or purchased links and built a system to serve the west.

Brunel was sensitive to the economies of scale achieved by building larger equip-
ment and suitable facilities. The Great Western was built with mainly double track at a
wide 2.1 m (7 ft) gauge. Inverted U-shaped rails were used. Where there was overlap
with standard gauge railroads, as on the Oxford—Birmingham route, three rails were
used (Hay, 1985).

Passenger cars ran 24.4 m (80 ft) in length, and drawings of freight and passenger
cars suggest that they were two to three times the size of cars on standard gauge rail-
roads. At first, Brunel placed the body of the car within the gauge, that is, the wheels,
for reasons of safety and ride quality. Later, the bodies were raised above the wheels
and made wider, enabling passengers to sit four on each side of the aisle.

A debate over gauge developed, perhaps because other railroads feared the expan-
sion of the Great Western. In 1845 a Royal Commission on Railway Gauges was estab-
lished. It looked into the gauge problem and concluded that the wide gauge was
superior to Stephenson’s standard 1.435 m gauge (4 ft 8! in).! But it established
Stephenson’s gauge as the standard because it already dominated the mileage.? The Great
Western got along fine for a while using its gauge, but gradually shifted over to standard
gauge, primarily by adding a third rail to accommodate both gauges, and completed the
conversion in a final push over one weekend in 1892.

At the time of the start of the railroad, Brunel went into the steamship business.
Brunel designed the SS Great Western, which entered service in 1837, steaming to
New York in 19 days. The Great Western, a wooden, paddle wheel steamer with sails,
was not the first of its type in service. But at 1,340 gross tons? it was two or more times
larger than the few previous paddle steamers. Unlike previous steamers, its size permitted
it to carry sufficient coal for full-time steaming and thus keep a schedule.*
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The SS Great Britain followed in 1843. Although continuing the convention of sails,
this was an iron ship with a screw propeller, sized up to 3,270 gross tons. (A somewhat
similar ship, the Rainbow at 500 gross tons, was constructed in 1836 and had been
successful in the European trades.) The SS Great Britain ran aground in 1846. Refloated
and reengined, it was used in the Australian trade until 1886.

The SS Great Western and the SS Great Britain were not new, strictly speaking, yet
they triggered the development of the Atlantic liner trades (and some other liner trades).
They were the right designs at the right time and place and brought together other parts
of the design. The SS Great Eastern, a later ship, is profiled in box 16.2.

BOX 16.2 The SS Great Eastern

The SS Great Eastern (figure 16.1) was the largest ship of its era. Its tonnage anticipated
the tonnages appearing about 40 years later, around 1900, although its speed was consis-
tent with the ships of its time. For a size comparison, the Great Eastern was 207 m (680 ft)
in length; the SS Kaiser Wilhelm I1, constructed in 1903 and the largest ship at that time,
was 206 m (676 ft) in length.

Brunel took advantage of several things. The Great Eastern was of iron construction,
and the limitations of wood could be set aside. The main disadvantage of wood was that
connections were difficult, and, for the loads to be carried, structural pieces were large
relative to iron.

The form of the wooden ship was also limiting. To obtain thrust from sails, forces had
to be carried through the masts, rigging, and ship structure to overcome the resistance of
water to ship movement. Ships had to be broad if they were to be stiff under heavy press
of sail. Brunel’s use of propellers and/or paddle wheels overcame that problem.

Brunel also took advantage of knowledge. Newton had studied the resistance of
bodies moving in a fluid and had proposed the “principle of similitude.” William Froude,
working for Brunel, used the principle (for the first time in ship studies) to apply the
results of physical model studies to predict the roll behavior of the Great Eastern. Froude
(best known for the Froude number, a dimensionless parameter defining turbulence that
relates the speed of open channel flow to the square root of gravity times depth) had some
ideas on resistance/propulsion relations, yet the Great Eastern was underpowered.

This knowledge was the base from which Brunel acted. Relative to earlier ships the SS
Great Eastern was long and narrow—its profile was followed by subsequent liners. It
had a double hull, and high bulkheads with no doors between them: 15 traverse and
two longitudinal through the boiler and engine rooms. The Great Eastern was a nearly
unsinkable ship.

The Titanic was the largest ship in the world in 1912, at about 40,000 tons. She too had
15 traverse bulkheads, but they were carried only 3 m (10 ft) above the waterline (in con-
trast the Great Eastern’s were over 9 m [30 ft]). The 30 to 40 doors in the bulkheads
had to be closed by hand. The iceberg that the Titanic encountered opened the first five
bulkheads. As compartments filled, water overtopped the remaining bulkheads.

Brunel took advantage of the technology in the search for scale, yet the Great Eastern
was not a commercial success. He should have achieved lower unit cost (cost to serve a
passenger) than smaller vessels, though he did not achieve quality (speed) advantages.
Perhaps the size of the market prevented realization of lower unit cost.
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Figure 16.1. The SS Great Eastern. (Source: Hulton Archive.)

Ocean Liners

Several precursor service developments were ready to be incorporated into the liner
system. Freedom of the seas had been established as a principle; except for coastal
trade, anyone could sail in any service and anywhere. Beginning about 1812 and, in
part, as a consequence of the War of 1812, a system of independent ship operators had
emerged. Previously, large shippers, like the East India Company, had tended to carry their
goods on their own ships. Packet (scheduled) passenger and high-priority goods and mail
services had emerged in the New York—Europe trade.

The sealanes required no development. Except for the bar which had to be dredged
and where dredging had already started, New York was a deep-water port. Deep-water
ports were already available on the south and west coasts of England. A large shipyard
with special tools had been constructed in Bristol.

After the first crossing of the Great Western, the British offered mail contracts to
support the service. This led to the development of the Cunard Line, which soon dom-
inated the trade. In 1840 the Peninsular and Oriental (P&O) Line was given a contract
to carry mail to Egypt and India. Many operational aids were in place or coming into
place. Insurance systems improved and the British (soon followed by others) developed
ship register and safety ratings systems.
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The growth cycle of passenger and high-priority freight ran from the 1820s and
1830s through the end of World War II. At that time, container ships and aircraft
displaced the service.

The takeover of liner services by steam-powered vessels was very quick. We do
not have data on that; however, we do have data on steam versus sail for all services.
Figure 16.2 displays a typical predator (steam)/prey (sail) relationship. Sail tonnage
grew by a factor of 3.5 between 1800 and 1880, and the tonnage in 1920 was about the
same as it was in 1800. Actually, a better sense of the displacement of sail would be
given if the tonnage of steam was inflated by a factor of about 4—the working capac-
ity of a steamer was about four times that of a sailing ship. Figure 16.3 shows the
improvement in trans-Atlantic crossing times, which was rapid during the early days
of steam, but began to level off by the middle of the twentieth century, when air travel
took off.

American Shipping, 1830-1950

The American shipbuilding advantage was strained in the 1830s when the British began
to use their advantages in propulsion power know-how and iron and then steel produc-
tion to build large, fast steamships. The British also started a mail contract program in
1839, a program emulated by the United States in 1845. Recall Brunel’s construction
of the Great Western. With the advantage pioneered by Brunel, the British began to
dominate the trades.

The clipper ship was the U.S. response to the British steam and iron hull advantage,
a response that kept important market niches for the United States for some
years. However, the U.S. Civil War destroyed the U.S. fleet, and by the 1870s the
United States had little presence in maritime trade. Steps were taken to reverse this in
the late nineteenth century. To build up the inputs needed for the shipbuilding industry,
the Morrill Act of 1884 placed tariffs on iron and steel plates and on marine engines. To
build up the market, it restricted the U.S. registry to ships built in the United States.

Percentage of
shipping vessel type

100 * \ .
90
80 AN —
70

o0 M ent = a1 \/

50 —e— Sail —=— Steam -/\

40
30
20 S
10 //- ~
0 T T T T .
1820 1840 1860 1880 1900 1920
Year

Figure 16.2. British fleets of steamships and sailing ships. (Source: Fletcher, 1958; Ville, 1990.)
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Figure 16.3. Liner trans-Atlantic crossing times (in days), 1838-1955. (Source: Hugill, 1993.)

Many say that the United States was preoccupied with internal development during
this period, and this was the reason for the decline in the shipping industry. To us,
that sounds more like an excuse than a reason. The United States was not competitive.
The Morrill Act did not make the United States competitive; by 1900 U.S. tonnage
was at the 1807 level, and ships of U.S. registry moved only 9 percent of U.S. foreign
trade.

By the turn of the twentieth century, the United States had acquired some colonial
interests and a taste for world power. A symbol was the around the world trip of the
Great White Fleet of 1908, which brought the U.S. maritime situation in focus. For
logistics, the fleet had to be followed by a ragtag collection of foreign-flag trampers.
The Navy had long been concerned about logistics dependence on foreign-flag vessels.

The Cargo Preference Act of 1904 had already begun to respond to that concern; it
required that military goods shipped overseas be carried on U.S. ships. To help enlarge
the fleet, the Panama Canal Act of 1912 allowed the registry of foreign-built vessels,
and it enlarged the market by extending cabotage (the exclusive right to navigate in
coastal waters—see box 17.2 in the next chapter) to Hawaii and the Philippines. The
Seaman’s Act of 1915 required U.S. crews on ships of U.S. registry. These were efforts
to enlarge and control a fleet of vessels, but their impact was not great.

World War I created a crisis, and the Shipping Act of 1916 established a Shipping
Board with the power to construct and operate ships. When the United States entered
the war, the Board acted with vigor. The main result was a large U.S. fleet at the end
of the war. The Act also endorsed the participation of U.S. carriers in open conferences
to set rates (i.e., participate in the maritime rate setting in the style of rail tariff bureaus).
This was a murky area previously. The European carriers had established conferences
in the Atlantic in about 1875. Because antitrust laws were established and enforced in
the United States, participation by U.S. carriers was at question. An open conference is
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one that publishes rates and permits anyone to join. The Act also allowed transfer of
Shipping Board ships to foreign registry—Panama at first, and then Honduras. The
reason was to encourage neutral flag carriers during wartime.

The 1920 Jones Act required U.S.-flag (U.S.-built, owned, crewed and documented)
carriage between U.S. ports, and disposed of the Shipping Board and its ships. The
ships were sold at near scrap prices. This law thus endorsed the principle of cabotage.
With the disposal of the fleet, U.S. maritime activities slumped. The slump set off half-
hearted debates, and it yielded the 1928 Act, which reestablished the mail subsidy and
made available construction loans for shipbuilding.

Things drifted along until the 1936 Act established the U.S. Maritime Commission
and charged it with determining the type of fleet needed, determining essential trade
routes, assigning services, and establishing wage and manning requirements for ships.
The Act canceled mail subsidies and established construction-differential subsidies (CDS)
and operation-differential subsidies (ODS). The CDS ranged from 35 to 50 percent and
made low-cost loans available. The subsidy was only available if approved by the U.S.
Navy, and the ships constructed were in the essential naval reserve. The ODS had no
limit placed on them, except that ships had to be less than 20 years of age and operate
in the foreign trades. These subsidies began to rebuild the U.S. fleet modestly, and by
1941 the U.S. fleet had about 16 percent of world tonnage.

The United States emerged from World War II with 60 percent of the world’s ton-
nage. The 1948 Merchant Ship Sales Act was passed to dispose of the tonnage, and by
1950 the U.S. fleet was reduced to 36 percent of world tonnage.

Policy at the beginning of World War II was to build easily assembled, inexpensive,
and rather slow-sailing ships, for example, the Liberty Ships. But some analysis soon
showed payoffs from improved technology tankers (also termed tankships) and other
new models that were placed in production and began accumulating in the fleet. Many
older ships were scrapped, and these newer ships, purchased especially by U.S. and
European operators, formed the basis of the post-World War II fleets.

But although not generally recognized at first, there was still room for technological
change. In part this was scale-up in form, especially for tankers. Tankers ranged
from 16,000 dwt T-2 to upwards of 600,000 dwts.> Tankers larger than 160,000 dwts
are termed very large crude carriers (VLCCs). Most are in the size range of
250,000-450,000 dwts. Modern designs have the bridge aft, and use a single screw and
rudder.

A problem for the United States is that East Coast ports are limited to 77,000 ton
tankships. Moreover, many important refinery facilities are located in ports that can
only take 50,000 dwt ships. Japan and Western Europe have established VLCC facili-
ties. San Francisco Bay can handle tankships of about 100,000 dwts. The Panama Canal
is 32 m (106 ft) wide, and that yields about a 70,000 dwt tanker.

Passenger ships also scaled up to large sizes (today the Queen Mary 2 is about
150,000 tons), but with the advent of air competition they are now largely deployed in
the resort trades.

Neobulk ships have emerged. These are bulk carriers specialized to new trades, and
they range from scrap and lumber carriers to auto carriers. Such items were once car-
ried as general cargo, and specialized chemical, wine, and other ships have been devel-
oped for other former general cargo commodities. Dry-bulk ships have been scaled up
to 270,000 dwts.
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Logistics Revolution

Up to this point in history (just after World War II), longshoremen climbed onto cargo
ships and using brute force, with the aid of nets and grappling hooks, moved small
packages on and off ships. The process of loading and unloading might keep a ship in
port for weeks. This “break-bulk” shipping was a major bottleneck in world commerce.
It enabled the longshoremen to become a powerful union (as noted at the opening of the
chapter), and operations were prone to theft.

At this point, a major innovator emerged. Malcolm McLean, a trucker from North
Carolina, conceived of loading trucks directly onto ships, without packing and unpack-
ing. In a sense, ships would be used as transoceanic ferries. The trailers could be
stacked if the wheels were removed and the sides reinforced. McLean bought a tanker
company (named Pan-Atlantic, and renamed Sea-Land Service), and modified its ship
to carry detachable trailers. At first, the ship could handle only 58 trailers, but soon this
process was scaled up. In April 1956 the first container ship sailed from New York to
Houston.

McLean’s Ideal-X, which sailed in 1956, mounted containers on the deck of a T-2
tanker. Similarly, the first Matson ships placed containers on the deck of a Victory class
ship (see box 16.3). The first specially built container liners carried 200 TEUs,¢ and
those recently constructed are running 4,000 TEUs. Presently, about 90 percent of gen-
eral cargo moves by containers stacked on ships. Over 200 million containers per year
are now moved worldwide. Rosenstein (2000) notes the rapidity of containerization.
From a footnote in the book Marine Cargo Operations (Sauerbier, 1956), containerization
was essentially complete in 1971, when all containerizable cargo on the trans-Atlantic
route was containerized (see, e.g., figure 16.4).

Containerization takes an old idea (putting things in containers), which has been
around since the first pots and barrels, and scaled it up using advanced technology.
The scaling made many older, smaller ports obsolete and created a generation of new
superports that acted as hubs in a packet-based freight transportation system.

In addition to scale-up and specialization, there have been increases in speeds, for
example, cargo ships from 20 to 66 km/hr (11 to 36 knots) and tankships from 20 to
26 km/hr (11 to 14 knots). However, fuel is a healthy part of operating costs, and to
improve fuel efficiency, speeds have been reduced in some trades. The bulbous under-
water bow section has been widely adopted, as have finer stern sections, and welding
has largely replaced riveting. Low-speed diesels offer fuel efficiency advantages over
turbines.

The State of the Fleet

You don’t understand! I could’ve had class. I could have been a contender. I could have
been somebody, instead of a bum, which is what I am.
—Terry Malloy in On The Waterfront

The adoption of sensors, communications, and computers, along with containerization,
has yielded sharp reductions in the labor required as well as advances in ship routing
and scheduling. Armed with technical know-how, one would think that the U.S. fleet gained
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BOX 16.3 Matson’s Innovations

The Matson Navigation Company’s Hawaiian Merchant sailed on August 31, 1958, with
43 aluminum containers on deck inaugurating Matson’s early entry into container ship-
ping. The Matson Research Corporation had recommended converting ships for up to 75
on-deck container movements and the follow-on step of having ships specially con-
structed for container service. Almost two years after the Hawaiian Merchant sailed, the
Hawaiian Clipper sailed in April 1960 as the first specially designed Matson container
ship.

How could we have innovation and risk taking by an old liner company? Matson’s
experience was operating partly in domestic markets sheltered from foreign competition
and in other markets where ship construction and operating subsidies applied. Tightly reg-
ulated by government and traditions, system-changing innovation was out of the question.
But does regulation always stifle innovation?

Now owned by Alexander & Baldwin, Inc., a Hawaii-based company, Matson serves
the California—Hawaii and U.S. Pacific Possessions trades with specialized container and
automobile ships. Starting over 100 years ago with sailing ships in the Hawaii sugar trade,
Matson is perhaps best remembered for Hawaii, Australia—New Zealand, and Pacific
islands passenger liners. Its rich and complex corporate history includes taking risks,
betting on technology, and the spawning of associated companies for new ventures. For
instance, betting on the future of air services, in 1936 it joined with Pan American Airways
to offer air services in Hawaii and it established an airline subsidiary in 1943 only to have
those endeavors thwarted by regulation.

Inflation in the 1940s and 1950s along with labor strife at ports forced Matson to seek
repeatedly for increased tariffs, but these were strongly resisted. Increased liner size or
velocity was not a route to increased productivity and cost control because of the time
required in port for gangs of 16-20 laborers to load and unload ships—in the Hawaiian
trade, a ship spent as much time in port as it did sailing.

Like any good story, there was tension, conflict, gambling, and mystery. Matson’s
Hawaii market could be and was challenged by competitors, so failure could wreck the
company, which was already shaken by losses in other markets. Should Matson take the
bold step of being the first to offer container services throughout the Pacific? It took steps
by arranging port terminals in Japan and the Philippines. Tensions were high as its Board
of Directors’ support vacillated and bowed to the realities of current economic conditions,
and there are Matson docks in places where Matson ships have never called.

Mysteries included how to manage opposition by labor, the pace of market develop-
ment, and the development of landside intermodal relations.

Small containers were already in use, serving mainly as lock boxes to thwart pilferage
of valuable commodities. What size should general cargo containers be? Because many
states had truck length limits, Matson chose 7.3 m length X 2.4 m width X 2.6 m height
(24 x 8 x 8.5 ft) so that the containers could be moved as doubles—one on the truck and
another on the trailer. Larger “high cube” containers came later.

In ports, Matson saw the opportunity for land-based gantry cranes replacing shipborne
cranes. Container movement equipment and sorting and storage demanded large docks.
Innovative managers at Matson Docks, Inc., and the port of Oakland, California, took
risks and made investments.

Those who stood aside, such as managers at the port of San Francisco, were left behind
as the predominant technology emerged in the format developed by Matson and others.
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Figure 16.4. A container ship being loaded in Vancouver, Canada.

from these developments. One would think that the U.S. fleet could have been a contender
for world trade. Instead, the United States has, on world comparison, a small fleet.

We do not have a good answer to the question of the lack of U.S. comparative advan-
tage. Discussions we hear stress the low cost of buying and using World War II ships—
that was a bargain with the devil for Western European and American operators. Other
nations without those ships adopted new technology forms to produce competitive
ships, and that eventually gave them a lead. The tankships were the first ships to scale
up, and shipyards building those gained technology experience. We also hear that the
U.S. shipbuilding industry is too navy-oriented, both in technology and contracting
style.

The debate continues about the fiscal aids that government gives sea trade (not Jones
Act) shipbuilders and operators, and it is argued that these aids are counterproductive.
Construction-differential subsidies, through their tie to naval interests, overemphasized
the break-of-bulk cargo liner, and the operation-differential subsidies blunted operators’
searches for efficient ships and ship operations. To avoid the special U.S. conditions on
registry, some large operators have extensively used flags of convenience. Today, the
Liberian flag is widely used.

To try to turn this situation around, 1970 legislation extended the construction and
operating subsidies to nonliner ships, and the CDS was increased to 50 percent. 1984
legislation allowed liner service to inland points using contracts with other modes. That
advantage is available to all liner operators, of course. But one cannot blame the situation
entirely on subsidies.
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Table 16.2 The U.S. Domestic Fleet

Coastal and Oceangoing Inland Great Lakes
Container ships (full 55
container/roll-on-roll-off)

Tankers 104 3
Dry cargo barges 982 22,279 101
Tank barges 456 2,791 41
Cement carrier 8
Dry bulk carrier 56
Tugs and towing vessels 5,424

Note: (Jan. 1999) This table does not count passenger vessels serving as ferries, excursion vessels (one of which is part
of the Jones Act Fleet), and gaming vessels. The Jones Act Fleet vessels are generally part of the Coastal and Oceangoing
category.

While table 16.2 shows the domestic fleet, some say that the real fleet is the effec-
tive U.S. control (EUSC) fleet. Ships registered with Liberia, Panama, Honduras, the
Bahamas, and the Marshall Islands are often considered part of the EUSC fleet, and
simply registered with these “flags of convenience.” These ships are generally owned
by U.S. citizens or corporations, and are subject to requisition.” The EUSC concept
originated prior to World War II to avoid the Neutrality Act as a way to provide material
to Great Britain. Most of the ships are crewed by non-U.S. citizens, and thus seizing
the ships will not result in gaining the crews (the principle that sailors were not to be
pressed into service established by the War of 1812).

The EUSC fleet defined as above (7,927 ships) is about 18 times the size of the flag
fleet (443 ships), and constitutes about 28 percent of the world’s fleet (28,296 ships)
(table 16.3). The Maritime Administration encouraged development of the EUSC in the
late 1940s by allowing World War II ships to be transferred to foreign flags in order to
encourage new work for American shipyards. These ships were transferred with the
agreement of the Defense Department; they could be recalled, if needed. Some effective
control was maintained then, but effective control of today’s EUSC fleet is a fiction.
Many of the ships are tankships, and are too large to call at U.S. ports. Yet, during the
Gulf War of 1990-1991, many tankers switched to a U.S. flag to ensure the protection of
the U.S. military.

Ports

The story of port growth parallels that of the ships that sail to them. As the ships grew,
so did the ports. Sea and land transportation surged with the beginnings of modern
commerce and industry, and the need for port facilities followed. Two styles emerged
for development. On the European continent and overseas where Continental nations
exerted power, central governments planned and developed ports. Forts protected space
for housing, government functions, and material handling. Canals provided ship access
to docks. The central government funded the ports using customs and rent receipts
(Konvitz, 1978). There were variations in physical layouts, of course, depending on
local physical situations.
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Table 16.3 World's Fleet by Flag of Registry

Flag of registry Total ships Deadweight tons
Panama 4,727 180,170
Liberia 1,509 78,490
Greece 707 47,168
Bahamas 990 44,928
Malta 1,319 44,198
Cyprus 1,222 35,687
Singapore 852 32,365
Norway (NIS) 651 28,480
China 1,453 22,480
Hong Kong 419 22,387
Marshall Islands 258 18,787
United States 443 14,968
Japan 603 14,095
India 298 10,271
St. Vincent and The Grenadines 740 9,815
Ttaly 420 9,733
Isle of Man 205 9,288
Korea (South) 485 8,907
Turkey 541 8,856
Bermuda 97 8,405
All other flags 10,357 144,359
Total all flags 28,296 793,836

Source: U.S. Maritime Administration (2002).

In contrast, in the early days the central government in England did not exert power
in the Continental style, and port development in England and in places that it influ-
enced was laissez-faire, local initiative in style (Jackson, 1983). Although institutional
and funding arrangements required central government permission, plans were devel-
oped and executed locally, often by a company established for development purposes.
Defense facilities often were not constructed; port development varied greatly depending
on local commercial and physical situations.

Ports increased in size to accommodate demands, and investments were made where
increased throughput permitted the effective use of capital. If traffic were limited, cargo
handling was managed by lightering. A 100-ton ship would anchor in a river, and
lighters of rowboat size or small barges would move cargo to and from shore. Landing
stages accommodated lighters or small barges at the riverside.

Cargo handling was “by hand,” with simple mechanical aids. Small ships had to stuff
and unstuff, and quantities of throughput were small. In the eighteenth century a dock
might have a manual capstan (a cylindrical machine for raising heavy weights by coil-
ing a cable) used for warping (moving) ships, but that was all. Steam engines were
available in the eighteenth century but were not used on the docks. They were stationary
and could not be well employed in loading or unloading small quantities.

Some ports used manual cranes. A few specialized docks had walking cranes
(1750-1850). Laborers walking around a 5 m (16 ft) drum geared to an external boom
and hoist powered the crane. Powered hoists were not used until the mid-nineteenth
century. A central steam engine pumped water to a large storage tower, and the pressure



220 The Modal Experiences

head drove hydraulic crane motors (or water was pumped to an accumulator under
pressure).

Increased movement of goods warranted investment in quays. One reference refers to
460 m (1,500 ft) of quays in London by the year 1700 and remarks on their crowding
and need for additional facilities.

Investment in Liverpool commenced in 1709 when an enclosed dock was con-
structed. The enclosed dock was built to deal with relatively high tides; the alternative
would have been very deep quays. The facility was built using a small estuarial pool
(Liver Pool), and it provided 5.5 m (18 ft) of water. Occupying 1.6 hectares (4 acres),
it could accommodate 100 ships. Pools or basins began to be constructed in London
some years later. The West India Docks opened in London in 1802 and enclosed some
12 hectares (30 acres).

Where the topography was favorable, gravity flow of bulk commodities emerged. On
the River Tees, for instance, Port Darlington was constructed downriver from Stockton
so that rail cars could be dumped directly into coastal vessels.

Other cases differed depending on trade growth and local circumstance. In Hamburg,
for instance, there was very early use of warehouses on small shallow canals. But as
ship sizes increased, river anchoring and the use of lighters became common.
Eventually, ships anchored to large barges for cargo handling and storage, and lighters
worked the barges. That system continued until the 1880s.

Following these early beginnings, ports increased in size over the years. Facilities
were improved to accommodate larger, deeper draft ships, and extended well beyond
the early fort-like ports. Mechanical devices were developed and deployed for material
handling. There was a burst of development in about 1850 as steam liners were placed
in service. In spite of these great changes, we judge them as more growth than develop-
ment in character, with development (change of form to accommodate new functions)
awaiting the emergence of container liners and large cargo ships.

Ports grew, enabling economies of scale. One factor limiting the exploitation of
economies of scale was ship size, which was not increasing very rapidly.

For centuries, general cargo ships were measured on register tonnage, with one reg-
ister ton representing 2.8 m? (100 ft) of space. Net register tonnage space is tonnage so
measured minus space used for machinery and crew quarters. Columbus’s Santa Maria,
the largest of his fleet, was a 300 register ton ship. Large sailing ships at the end of the
sailing era were running at 600-700 tons® (though steel-hulled, steel-masted “grain
racers” would carry more than ten times as much around the beginning of the twentieth
century: Odlyzko, 1997). The economy of scale for ships just wasn’t there. As ships
scaled up, the number of sails and requirements for crew increased in an almost linear
way, as did the expense and difficulty of construction. (Rule of thumb called for three
crew members per sail, though grain racers had crews on the order of 30.) Because of
slow cargo handling, the dead time in port was long, disadvantaging large, expensive
ships, the kind constructed by Brunel.

Water transportation has evolved considerably from the time of our story. Container-
ization radically changed the scale and scope of maritime transportation. The growth of
Asia as a manufacturing center has led to the top four ports being Asian (table 16.4).
London, which is too far inland and served by too shallow a waterway, is no longer
among the top ports, nor is New York.
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Table 16.4 Top International Ports and Containerized Cargo
Throughput, 2000

Country TEUs (millions)
1. Hong Kong, China 18.10
2. Singapore, Singapore 17.09
3. Kaohsiung, Taiwan 8.64
4. Pusan, Korea 7.54
5. Rotterdam, Netherlands 6.27
6. Shanghai, China 5.61
7. Los Angeles, United States 4.88
8. Long Beach, United States 4.60
9. Hamburg, Germany 4.25

10. Antwerp, Belgium 4.08

11. Tanjung Priok, Indonesia 3.37

12. Port Kelang, Malaysia 3.19

Source: Journal of Commerce Week, vol. 2, issue 8, Feb. 26-Mar. 4, 2001, p. 24.

Note: TEU (20-ft equivalent unit, standard container size). TEU statistics for 2000 are
provisional. Empties are included in TEU count. Ship to ship transshipments are double-
counted.

The story for each port is greatly conditioned by local circumstances. Growing ports
increased capacity. Companies or local governments provided financing and exerted
control, subject to enabling actions by central governments and to customs control and
other operational matters of interest to central governments. Navigational aids were
generally provided by local organizations. The City of London, for example, provided
dredging and channel markings.

The theme in England was local government, quasi-government, or private institu-
tions financing, constructing, and operating facilities. That theme continues for air and
water ports in many parts of the world. On the Continent, central governments generally
took the lead in port development. The position was that trade was essential to national
development (the Crown could make money). Defense was also to be considered.

As far as policy goes, the American Association of Port Authorities (AAPA, 2004)
calls for:

» Expanding sources for port development financing and revenues.

« Balancing environmental regulation and economic development.

 Providing waterside port access through dredging and dredged material disposal.
 Securing resources for intermodal landside access to ports.

» Using transportation trust funds for infrastructure development, not deficit reduction.
¢ Enhancing free and fair trade worldwide.

Thus, for ports to grow the industry association wants more sources for financing (they
say that the markets are insufficient, and the ports would like subsidy), they want envi-
ronmental regulations relaxed (but make no suggestion that they should pay for the
externalities they generate), they want resources to expand landside access, and they
want a free trade policy. Only the last is fully consistent with free market competition.
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Outside the United States, many ports, like airports, have been privatized. That may
be a direction in which the United States heads in years to come.

Discussion

A key issue remaining within the ocean freight industry (as in international air travel)
is that of regulation and protectionism. While it is one thing for a government to let
domestic firms compete for domestic trade unfettered (at least all of the gains stay
national), it is another to allow unregulated international flows. Ships from most coun-
tries can carry U.S. trade to other countries. In that sense, trade is already deregulated.
But there are periodic pressures (to support the domestic shipping or shipbuilding
industries) to impose some sort of protectionist measures (e.g., cargo reservation), to
reserve a certain fraction of cargo for U.S.-flag ships. Other countries do similar things
to a greater or lesser extent.

With respect to the vitality of the U.S. fleet and construction industry, one impres-
sion we have is that we ought to let things run their course. It has been said that U.S.
bottoms are more expensive because of mandated safety features, and they are more
expensive to operate because of high labor costs. But as other nations develop, labor
costs and requirements for safety rise. One can make similar comments about ship-
building. The problem with that view is that cost differences are bound to be around for
a long time, and the U.S. fleet and shipbuilding would disappear if there were no con-
struction and operating costs subsidies. At best, we would end up with a U.S.-owned
foreign-flag fleet, as we have in the bulk trades. But that is a risk. The defense sector
would not accept that risk, because they would not have an effective U.S.-controlled
(EUSC) resource. They would not have the shipyards either. An option would be to
continue policies now in force, make them stronger, and put more money behind them.

Recent (and we expect continuing) trends in shipping include:

* More use of computers and communications, not so much to reduce manning, but to
track cargo, including identity-preserved cargo, and for security checks.

 Better fuel efficiency through continued improvements in engine, ship, propeller, and
rudder designs.

» Continued rise in ship sizes. This is limited by physical constraints (e.g., the Panama
Canal or harbor depths).

* Further development of hubbing ports (such as Singapore and Rotterdam), in part to gain
economies of scale in shipping.

 Specialization and increasing sizes of containers, though again constraints (easy transfer
to trucks or trains) play a role.

» Simultaneous loading of multiple containers (stacks) to speed up port turnaround.

* On-ship devices for stowing containers.

» Continued specialization of ships of all types.

Since the logistics revolution, shipping has been reborn, grown, and matured again,
and though it is still evolving, change is again coming slowly. There may be a new
logistics revolution like containerization around the corner—speedy, giant ships from
trans-Atlantic and trans-Pacific trade. If trends continue, the number of important ports
will decline with the size of ships, but those few ports will continue to expand in size.
The remaining constraints will continue to be the canals and the harbors.
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Aviation

Airplanes will eventually be fast, they will be used in sport, but they are not to be
thought of as commercial carriers. To say nothing of the danger; the sizes must remain
small and the passengers few, because the weight will, for the same design, increase as
the cube of the dimensions, while the supporting surfaces will only increase as the
square.

—Octave Chanute, American aviation pioneer (1904)

You define a good flight by the negatives: you didn’t get hijacked, you didn’t crash, you
didn’t throw up, you weren'’t late, you weren’t nauseated by the food. So you’re grateful.
—Paul Theroux, The Old Patagonian Express (1979)

Introduction

Providing supersonic flight at Mach 2, and travel at 18,000 m (11 miles) above the
weather, high enough to appreciate the curvature of the earth, the Concorde just oozed
the future. Yet in June 2003 Air France, and in October 2003 British Airways, retired
their Concorde fleets (seven aircraft), a mere 27 years after they started regular service,
after serving over 2.5 million passengers. The trend in transportation has been toward
steadily higher and higher speeds. So is the retirement of the Concorde without a com-
parable replacement indicative of the general retrenchment in the aviation industry, or
does it suggest cost and technological limits on speed increases?

The history of transportation is full of fits and starts; many U.S. passenger rail routes
achieved their highest routine speeds in the 1920s and have yet to match those records.
Is the history of supersonic transport different?

The Concorde was perhaps the first major technology to be developed jointly by two
governments, the British and French, who in 1956 signed a treaty on the design, devel-
opment, and manufacture of a supersonic aircraft within six years. A little ambitious,
the first prototype was rolled out in 1967 in Toulouse, France, and took flight in 1969.
In 1973 the Concorde made its first flight to the United States, landing at the new
Dallas—Fort Worth Airport. In 1976 British Airways began supersonic service between
London and Bahrain, and in 1977 from London to New York. The first crash of an

223
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Air France Concorde occurred on July 25, 2000, and resulted in the grounding of the
fleet until July 17, 2001.

The Concorde was the only supersonic passenger craft to get off the drawing board and
into continuing service, although there had been plans for a U.S. supersonic aircraft at
around the same time. In 1963 President Kennedy announced that the United States would
develop a supersonic transport, or SST. Boeing won the contract over Lockheed and North
American, though it turned out to be a Pyrrhic victory. Despite President Nixon’s asser-
tion on September 23, 1969, that “The SST is going to be built,” the SST was cancelled
in 1971 for both market and environmental reasons; there were and are concerns about the
effects of sonic booms. Later, in the 1990s, NASA, along with Boeing, spent $1 billion
designing a “High Speed Civil Transport,” which was cancelled due to high costs
(expected to be $18 billion in development alone) and insufficient expected revenues.

The Soviets built the Tu-144, dubbed the “Konkordski” due to its striking similarities
that many assert are the result of industrial espionage. The Tu-144 was the first com-
mercial supersonic aircraft, flown in 1968. During the 1973 Paris Air Show the plane
crashed, probably because of an unusual maneuver to avoid hitting a French Mirage
fighter that was secretly filming it (Nova, 1998). The French and Soviets colluded to
cover up the story, which was only revealed after the end of the Cold War. The Tu-144
did make semiregular service in the Soviet Union between Moscow and Alma-Ata,
Kazakhstan, between 1977 and 1978, but was retired soon after another crash. NASA
later cooperated with the Russians to study the Tu-144, reactivating the plane in 1995.
Other schemes have been proposed, but none has been successful.

The final decision to retire the Concorde is of course premised in market economics,
which the Concorde, as a state-sponsored enterprise operated by state-sponsored airlines,
had been fighting its entire life. The cost of operating the aircraft could not be recovered
by fares; very few people had such a high value of time. The year of retirement, 2003,
during a period of fears about war (Iraq), terrorism (9/11), and plague (the SARS virus),
along with price volatility in oil, was an era of major troubles for the airlines. U.S.
Airways, United Airlines, and Air Canada all went through bankruptcy and American
was tottering on the brink.! Rod Eddington, British Airways’ chief executive, said:
“This is the end of a fantastic era in world aviation but bringing forward Concorde’s
retirement is a prudent business decision at a time when we are having to make difficult
decisions right across the airline.”

In 1998, in the United States, personal expenditure for transportation amounted to
$866 billion, $97 billion of which, about 11 percent, was for air transportation (BTS,
2000c). The activity is relatively small (but growing to about twice the share and four
times the dollar amount as ten years previously), but on expenditure grounds it receives
more than its share of attention. Perhaps that is because it is thought that its policy
problems are more acute than elsewhere. However, we have difficulty seeing air trans-
portation problems as much different and deeper than problems elsewhere. We think the
reasons for relatively high problem visibility and debate include the status of users (the
“jet set” are still image-makers, movers and shakers) and the feeling that air service is
somehow more vital than other services. And recently the terrorism issue has made air
transportation even more prominent.

This chapter treats air transportation using the structure—performance—conduct
format used previously. Comparisons are made to the auto-highway, truck-highway, and
transit systems.
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System Evolution

Lifting vehicles (kites, balloons) have been available for centuries, and as propulsion
systems came along there were efforts to apply them. An early assumption was that
vehicles would emulate birds, and that assumption continued with respect to control of
flight into the 1920s, even after the propeller was adopted (and after the Wright brothers
flew with a fixed wing in 1903). In hindsight, we know that the developers of the times
took an overly simplistic view of the way bird flight is controlled.

The system began to evolve in the 1920s in over-water market niches. Important
actors were Pan American Airlines and producers of “flying boats.” Commercially
viable planes were produced, firm organizations and passenger interrelations were worked
out, and there was important development of en-route control systems. Although, where
national borders were crossed, firms had to make arrangements for rights to provide
service and there was airmail subsidy, governments were not much involved in the
1920s and early 1930s.

Overland commercial systems began to evolve in the 1920s, but their birth is best
marked at about 1935 by the development of the DC-3, a suitable aircraft for such
services (Heppenheimer, 1995). While Boeing’s Model-247 was the innovative aircraft,
combining the best of existing know-how, Douglas’s DC-2 and DC-3 were larger and
faster, and flew farther. In particular, the DC-3 “got it right” for the conditions of the
time (size, velocity, cost); it was the Model T of aircraft, so to speak.

At about the same time, suitable aircraft for other markets began to evolve, for exam-
ple, the Gypsy Moth and the Piper Cub for recreational flying, the Norseman for Arctic
flying, fighter and bomber aircraft, and so on.

Evolution of the system includes more than equipment. Aids to en-route navigation
evolved; during the 1930s there was the development of the AM radio range, suitable
voice communication radio, tower and en-route traffic control, weather forecasting, and
so on. Airmail played a major role (see box 17.1). Heavy government involvement in the
1930s included the development of the precursor to the Federal Aviation Administration
(FAA) and government regulation following the railroad model. The airmail subsidy
was very important.

The situation was quite similar in other nations. However, during this period they
were more affected by the winds of war.

The first uses of the system were for airmail communications and the substitution of
air travel for ship and rail. Recreational flying and some business uses evolved early. We
think that service today provides much more than substitution, for many aspects of
activities have been organized or reorganized and enabled by today’s service.

The increased internationalization of air travel after World War II drove an interna-
tional policy agenda beginning in the late 1940s. As part of that, a debate in the United
States continued from the 1930s, as to whether there should be a recognized U.S. flag
carrier. The United Nations, established at the end of World War II, became involved in
air transportation rather early on through its International Civil Aviation Organization.

In the early days, services had mainly been from small, privately owned fields, many
not much improved over pastures. All that was needed was a level grass field and a
shack or so. As DC-3 service came along, longer runways and pavements were needed.
Airports began to be developed by cities (Barrett, 1987). Airports provided a gate-
way to a city, and they enabled the city to participate in the air system. On the heels of
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BOX 17.1 Airmail

Airmail contracts were the savior for young airlines. Melville Kelly authored the Contract
Air Mail Act of 1925 and the Foreign Air Mail Act of 1928 (the Kelly Acts), which used
the post office to subsidize (and ensure monopolies) for given origin—destination pairs.
The mail contracts covered the costs of the flights, enabling airlines to sell seats for a
profit.

In 1930 the Watres—McNary Act enabled the Postmaster General to award competitive
airmail contracts to the “lowest responsible bidder” rather than simply the lowest bidder.
This made the Postmaster General, Walter Folger Brown (who helped draft the Act), a virtual
czar over the airlines, determining their fate. The main three east-west routes were
given to United Airlines (controlled by Boeing at the time) (the northern route, New York—
Chicago—San Francisco), Transcontinental and Western (TWA) (the middle route,
New York-St. Louis—Los Angeles), and American Airways (the southern route,
Washington—Dallas—Los Angeles). Eastern Airlines was awarded the main north—south
route on the east coast (Boston—-New York—Miami). Braniff was later awarded a north—
south route connecting Chicago and Dallas, and Delta was given a route connecting
Charleston with Dallas. These big six continued to dominate U.S. domestic air travel until
the era of deregulation, and their hubs (or hubs of successor airlines) are still located in
cities for which they received contracts in 1930, showing the effects of lock-in.

World War II, many military fields adjoining cities were acquired for commercial use.
Although a few airports have been constructed from scratch, in the main the former
military fields have been expanded to accommodate traffic growth.

Air traffic control improvements introduced after World War II, included changing
to FM beacons and the use of radar.

Successful jet engine, jet frame commercial aircraft came on the market in about
1960. The B-707 was the first commercially successful jet aircraft, though the Comet
and other aircraft had appeared in Europe earlier. Considerable improvement in service
quality, faster, longer stage length, and a smoother ride, resulted.

The longer runways required for jet aircraft created a problem for airports, as did the
need for larger terminals as traffic swelled. To meet these needs, the federal government
introduced a tax on tickets and developed an airports and airways trust fund, modeled
on the highway trust fund.

The 1930s regulation had been modeled on the railroads. Management of labor dis-
putes was handled by the Railroad Labor Relations Board. Costs were set for passenger
travel using tapered per mile rates. Established during the 1930s, regulation shared the
aim of trucking regulation, to protect existing operators from new entries. Policy was
also concerned with service to small communities; there was the requirement that small
community service be included in the route structures of firms and a minimum level of
service provided.

Regulation kept new firms out of the business. Even so, old firms were able to
increase service areas, and service was gradually increased in the larger markets. Prior
to deregulation, complex classes of fares had been introduced along with hubbing.
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Indeed, O’Hare Airport in Chicago was a hub for DC-6 service as early as the 1950s.
Deregulation of routes and fares, but not safety or air traffic control, came along during
the Carter administration.

Pan American Airlines

To provide mass air transportation for the average man at rates he can afford to pay.
—Juan Trippe’s stated goal for Pan Am

The Trippe family were bankers descended from English seafarers who had settled in
Maryland in the seventeenth century. Born in Sea Bright, New Jersey, in 1899, Juan
Trippe attended Yale, where he played football and served as a Navy flier during World
War 1. Trippe formed his first airline, Long Island Airways, to provide taxi service in
the New York area to other wealthy gadabouts. When that company failed, he and his
classmates from Yale joined Colonial Air Transport in 1922, which was a beneficiary of
the federal airmail contracts, serving the Boston to New York market. While not
Hispanic, he used his name as a way to enter the Latin American markets (the source
of his name “Juan” is disputed). After clashing with Colonial over expansion, which
Trippe favored but the stockholders opposed, Trippe formed a new company (Aviation
Corporation of America) in 1927, and using his name as an aid, obtained Cuban landing
rights from Cuban President Garardo Machado. However, when the airline won the
landing rights, it had no airplanes, no money, and no contract. One competitor had the
airmail contract, but no landing rights. A third company, Atlantic, Gulf, and Caribbean
Airways, had access to Wall Street financing. A new company was formed from
Trippe’s new company and the two competitors (none of which was operating planes at
the time) and adopted its name from one of those newly merged companies (run by
Henry “Hap” Arnold, who went on to run the Army Air Force during World War II). In
1927 the new company under Trippe’s leadership was able to provide airmail, and by
1928 passenger service, between Havana, Cuba, and Key West, Florida (Young, 2001).

Trippe successfully used the levers of government (both U.S. and non-U.S.) to fur-
ther private ends, making Pan Am effectively the United States flag carrier. With airmail
contracts lined up in Latin American markets, the State Department would work on his
behalf to ensure it a monopoly position where possible. Trippe then used Pan Am’s
dominant position in the air carrier business to play airframe manufacturers such as
Boeing and Douglas against each other. The Clipper services, establishing long-distance
over-water services (first Carribean, then Atlantic and Pacific routes), were essential for
Pan Am to ensure dominance.

While Trippe started out providing luxury services with his Long Island Airways, he
was the first to expand the market to the middle classes by establishing “tourist class”
fares between New York and London ($275 in 1945) (Branson, 1999). This drew the ire
of competing flag carriers and the IATA cartel, and Britain closed its airports to Pan Am,
forcing the airline to fly to Shannon Airport in Ireland.

Trippe introduced jet aircraft, the Boeing 707, in 1958, which were faster, higher,
and carried twice the load. Trippe created the “jet set” with the trans-Atlantic jet services,
but then brought the “jet set” within reason by continuously lowering costs and prices.
While the 707 had a cost of $0.041 per seat km ($0.066 per seat mile), he wanted to
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lower that further, which could only be achieved with greater economies of scale. A new
class of still larger jets was needed. To that end, he told Boeing, “If you build it, I’ll buy
it,” to which Boeing’s CEO William Allen replied, “If you buy it, I’ll build it.” The
supplier—customer relationship was not simply a market transaction, but involved signifi-
cant negotiation. Aircraft were far from a perfectly competitive market, and at the time
the same was true of airlines. Pan Am was intimately involved in the design of the 747,
including ensuring that part of the upper deck would be for passengers.

While the 747 was ultimately a very successful aircraft, still in widespread use, it
had such high fixed costs that it almost bankrupted both Pan Am and Boeing. Pan Am
was hit hard by rising oil prices in the 1970s, which forced it to raise fares and reduced
demand. Trippe died in 1981 and Pan Am merged with National Airlines, a Miami-based
domestic carrier. The airline failed in 1991.

Policy

The formats for current policy problems (within components, component to component,
system, and system versus its environment) hold for the air transportation system. Not
much is to be gained by listing problems. Instead, brief remarks will be made on several
policy matters. After highlighting the discussion, some comparisons will be made of air,
transit,