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ABSTRACT

The construction of the first transcontinental railroad is a key event in the westward
expansion of the rail network and the US economy. The railroad was built between
1863 and 1869 with large federal government subsidies. The standard view is that
the railroad was not expected to be profitable (built ahead of demand) but turned
out to be profitable (built after demand). The thesis develops a novel approach to
evaluate whether the first transcontinental railroad was expected to be profitable.
The approach emphasises on using information generated during the ex-ante period
and comparing it to ex-post information. The ex-ante information comes from two
different sources. First, reports written by entrepreneurs (and - overlooked by
previous literature) are used to identify entrepreneurs’ declared expectations.
Second, since such expectations could be different from entrepreneurs’ true beliefs,
an empirical entry decision model is used to evaluate the plausibility of declared
expectations — simulated expectations. The ex-post information was revealed by the
operation of the railroad, once built. The three sets of information (entrepreneur’s
declared expectations, simulated expectations, and observed performance) are
compared to identify unforeseen events that may have affected profitability. The
evidence indicates the railroad was expected to be profitable, and thus it was both
ex-ante and ex-post built after demand. Subsidies may have still helped to promote

construction during the Civil War.
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CHAPTER 1. INTRODUCTION

The construction of the Pacific Railroad was one of the most important events
during the expansion of the American economy to the west. The railroad was built
between 1863 and 1869 by two private companies: the Central Pacific Railroad
Company and the Union Pacific Railway Company. When both railroad companies
joined their rail tracks together at Promontory Summit, Utah, on May 10th 1869,

the United States became a smaller place.

The event, considered an American feat, was widely celebrated, photographed, and
commented on. Photographs testified to the accomplishment of the construction

during harsh winters and over steep, arid and thorny mountains (see figure 1).

Figure 1.

Photographs o f construction

Source: Best (1969) locomotive in snowstorm p. 142 and wagon road p. 24

The nation embraced the railroad and travelled to the west. The major newspapers
sent correspondents to cover the construction works, the inauguration ceremony and
to describe the landscapes of the vast west. The diaries of the migrants and tourists

were widely diffused.



Miriam F. Leslie travelled to California in 1877 with her husband, a New York
newspaper businessman and correspondent. After crossing the Rocky Mountains
and traversing Wyoming and Utah she noted in her diary, “Of all the desolate land
we have travelled, Nevada may be the worst yet. I cannot imagine that a drop of
dew has ever lain on this God-forsaken land. The Humboldt or the Twelve-Mile
Canyon breaks up the monotony of the desert with its steep, high cliffs rising nearly
perpendicular 300 to 600 feet above us. Coming out of the canyon, we rush by the
“Maiden’s Grave”. This pioneer grave was discovered by the railroad builders and
tenderly fenced as a reminder of the many whom died while moving west”'. The
writings convey a very strong and clear message. The territories over which the
railroad was built were “desolate”, presented “high cliffs”, and many “died” just-

travelling over them, let alone settling on them.

People did not live along the route of the railroad. The harsh winters, the arid and
thorny mountains, the high cliffs and the many who died, all prevented settlement
of the lands along the route. And it was difficult to think any of these characteristics
would change radically and rapidly enough to promote settlement during the mid
1800s. Why build a railroad into such a territory? Why would an entrepreneur
organise construction of a railroad into such difficult territories if no customers

were waiting to transport themselves or their goods?

The purpose of this thesis is to examine whether demand for the Pacific Railroad
existed before it was built. More precisely, the aim is to identify if entrepreneurs
were interested in promoting the Pacific Railroad to profit from its operation, as
opposed to promoting the road to profit from federal government subsidies. The
issue is important and interesting. The Pacific Railroad reduced transportation time
between the eastern and western United States from months to days, and promoted
migration and economic development of the west. By enlarging the natural factor
endowments of the economy the railroad contributed to the faster growth of

America during the second half of the 19" century. Consequently, it is important to

! Leslie (1877).
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understand the motivations which lead to such a historical event as the construction
of the Pacific Railroad and which triggered the beneficial effects it delivered to

Americans.

The construction of the Pacific Railroad is not only a historically important and
interesting event, it is also a fascinating intellectual problem. The decision to build a
railroad is a complex investment decision under any circumstance, but even more
under the difficult conditions presented by the territories to be crossed by the
Pacific Railroad. The sheer size and sunken nature of investment in building the
railroad meant the stakes were high. The unpopulated territory over which the
railroad was to be built implied creativity was key to identifying potential sources -
of transport demand and increasing potential profits. Measurement of the key
variables for the decision was full of difficulties, which lead uncertainty to play an

important role in investment decisions.

Additionally, identifying and measuring entrepreneurial expectations is difficult.
Expectations may be declared in the form of project reports. It is not always easy to
identify these documents when they still exist. But even when these documents still
exist and may be identified, it is possible the information they convey does not
reflect the true beliefs of the people writing the reports. Entrepreneurs frequently
face incentives for opportunistic behaviour. The complexity of the investment
decision and the difficulties in measuring entrepreneurial expectations create
important methodological challenges that make the subject of this investigation

even more attractive.

The conventional view is that the railroad was not expected to be profitable, but
once it was built it turned out to be very profitable. In the parlance of economic
historians, the railroad was expected to be built ahead of demand, but it turned out
to be built after demand. Construction of the railroad was promoted by large federal
government subsidies. The evidence supporting this view is twofold. Firstly, there

are many declarations by members of the board of directors of the Central Pacific

11



and the Union Pacific indicating it was difficult to collect funding to build the
railroad. In turn, difficulty in collecting funding has been interpreted by scholars as
indication of risk and poor profitability expectations’. The photographs, diaries and
letters documenting the complications of construction and the desolation and
harshness of the territory have also contributed implicitly to strengthening the idea
that the railroad could not have been expected to be profitable (the two photographs
and the extract from Leslie’s diary presented above are good examples of these
sources of evidence and their influence). Secondly, the cost-benefit analysis of the

private and social returns of the railroad indicates both were high®.

The key criticism of the conventional view put forward in this thesis is that the-
evidence it relies on was all generated during construction or afterwards. Therefore
the evidence provides little information regarding expectations. And it is
information about expectations, more precisely, about entrepreneurial expectations
that we need to understand the motivations to build the railroad. Were there high
enough incentives for a private company to build the railroad to profit from its
operation? In sum, we need more appropriate information to determine whether the

railroad was not expected to be profitable.

The approach presented here focuses on expectations, by measuring and
understanding better these expectations. The approach is based on collecting
information derived from three different sources to evaluate expected profits.
Firstly, information left by the entrepreneurs was collected. In particular, the
entrepreneurs wrote project reports evaluating the investment opportunity and
indicating expected costs, revenues, and profits. These reports represent a valuable

window into how entrepreneurs perceived the venture of building the railroad and

? Fogel (1960) developed an estimate of the perceived risk of failure of the Union Pacific during
construction based on some of these declarations. Most other economic historians and historians take
the declarations by the members of the board of directors at face value, see Conkling and Shipman
(1887), Griswold (1962), McCague (1964), Dagget (1966), Trottman (1966), Ames (1969), Mercer
(1982), Klein (1987), Williams (1988), Stover (1997), Bain (1999) amd Ambrose (2000).

? See Fogel (1960) and Mercer (1982).
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what were the key technical difficulties, the potential sources of revenue, the level

of expected profits and the methods used to evaluate the investment opportunity.

Secondly, since entrepreneurs faced incentives to behave opportunistically, it is
possible they were not declaring their true beliefs, and it is necessary to determine
the reliability of the information contained in the reports. A model of the investment
decision to build the Pacific Railroad is developed based on the methods
entrepreneurs used to evaluate railroad investment decisions during the 1850s. The
parameters of the model are then set based on information available publicly before
construction of the Pacific Railroad started. The purpose of developing a model of
the investment decision based on the methods used by entrepreneurs in the 1850s
and information publicly available before construction is to conform to the ex-ante
spirit of the exercise. The outcomes deduced using the simulation model may be

described as simulated expectations.

Thirdly, the information generated during the construction and the first decade of
operation of the railroad is used to deduce the pricing decisions by the entrepreneurs
and the traffic outcomes. More generally, observed entrepreneurial behaviour is

identified.

Finally, the three sources of information are compared. The declared expectations,
simulated expectations and ex-post behaviour are compared to identify what events
the entrepreneurs predicted correctly and what unforeseen events were experienced.
The key is to determine if the Pacific Railroad’s observed profits were predicted or

were the consequence of an unforeseen event (e.g. luck).

The evidence drawn from the entrepreneurial reports assessing the project to build
the Pacific Railroad indicates that entrepreneurs performed rational and costly
assessments to evaluate the Pacific Railroad as an investment opportunity. The
entrepreneurs determined expected market size for the railroad by focusing on a

specific source of transport demand (for instance shipping to and from the Pacific
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Ocean), and then identifying the average price and aggregate traffic to calculate
expected revenues. The construction and operation costs of American eastern
railroads were used to infer expected construction and operation costs for the
Pacific Railroad. Next, entrepreneurs deduced profits. All entrepreneurial reports

concluded the Pacific Railroad was expected to be profitable.

The project reports may be classified into two groups. One group promoted
construction of the Pacific Railroad as a single stage project. The second group

promoted construction of the railroad in two stages.

The group of proposals promoting construction of the Pacific Railroad as a single
stage project emphasised on international and inter-regional trade as key sources of
demand for the Pacific Railroad. The first proposal was produced in 1845 and
focused on profiting from Asian trade. The purpose of building the railroad was to
carry tea, silk and other commodities of Asian trade. The key for the project was
that a railroad across the United States could act as a land bridge reducing transport
time and distance between Europe and Asia. Once the Pacific Railroad was built,
the travel distance and time between China and England, for instance, would be

reduced as it was possible to avoid going via the Cape of Good Hope or Cape Horn.

Between 1846 and 1848 the United States expanded to the west and gained control
over the Pacific Coast. Additionally, the gold rush in California was experienced.
Demand for transporting trade to and from the Pacific Ocean experienced a large
positive boost. Entrepreneurs reacted to these new profit opportunities and proposed
several other railroad projects. The aim of these projects was to profit from

transporting the Chinese and California trades to eastern United States.

Entrepreneurs were also learning about the level of expected demand. The first
entrepreneurs to propose a Pacific Railroad project indicated the railroad would
compete directly with shipping around the Capes, diverting traffic by reducing

prices (competing on prices). Later entrepreneurs pointed out that the railroad
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would offer transport time reductions that would, in turn, generate savings for the
merchants. As transport time was reduced, a merchant’s trade expenses on
insurance and working capital would also be reduced. Thus, the railroad could
charge a premium compared to ship freight rates and still induce merchants to use
the road as the preferred transportation mode (competing on quality). The
understanding of the business case for the Pacific Railroad improved as projects to
build it appeared and social learning was experienced. In turn, as learning was

experienced, even higher private and social gains from the project became apparent.

Moreover, the reports also allow us to spot that the Pacific Railroad entrepreneurs
were not alone in the race to profit from providing transportation for the rapidly-
growing trade with the Pacific Ocean. The expected profits from transporting this
trade led to intense international competition. The Clipper ships improved existing
shipping technology to increase their speed and reduce the long transport times to
the Pacific Ocean, and merchants paid them substantial freight rate premiums to use
their services. American, British and French entrepreneurs also considered and
promoted projects to build railroads or canals through Central America, the Suez,
and the Ottoman Empire. The high expected profits from transporting trade to the
Pacific Ocean led to intense international entrepreneurial competition and to the
proliferation of projects to supply transportation. The intense international
competition is an indirect but important piece of evidence supporting the perception
that a Pacific Railroad focusing on large and rapidly growing markets was likely to

generate profits.

The first group of projects for a Pacific Railroad had a weakness. The Army had
performed a rough technical feasibility survey for several different routes across the
American west during the first half of the 1850s. But it was still necessary to
produce detailed surveys to demonstrate a railroad could operate over such a route
and to produce a reliable estimate of construction costs. Additionally, the project
also faced some other complications. Any project to build a Pacific Railroad had to

cross federal territories and therefore had to be discussed in Congress. In Congress,
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the Pacific Railroad generated strong conflicts between regions for the allocation of
benefits and costs derived from the project. Additionally, the distribution of benefits
and costs had important political implications. Consider the case when a railroad
was built on the north. Northern territories would grow faster and gain state status
earlier than southern territories, disrupting the delicate political balance of 1850s
pre Civil War America. Because of the political conflicts over the distribution of

benefits and costs, the railroad projects faced a political deadlock.

The second group of projects were produced during the late 1850s and early 1860s.
In 1859 a gold rush was experienced in Nevada. Mining in Comstock, Nevada,
generated substantial transport demand to cross from California to the eastern slope
of the Sierra Nevada. Entrepreneurs very rapidly realised this was an important
source of demand for the Pacific Railroad. They reacted by developing a detailed
survey assessing the possibility of building a railroad from Sacramento, California,
to the mining camps in Nevada, as a first stage for the Pacific Railroad. The detailed
survey contained measurement of grades and curves to a high level of precision.
The necessary tunnels and bridges of the route across the Sierra Nevada were
identified and their cost estimated. As a result of these surveying activities it had
been possible to improve the location of the route. Now it was expected total
construction cost to be less than 50% of that indicated by the army surveys in the
mid 1850s. Additionally, the entrepreneurs used the grade and curve information to
show that the route implied similar technical challenges for operation of a railroad
as those posed by the Baltimore and Ohio Railroad, a successful eastern railroad. If
the Baltimore and Ohio had been operating successfully, the Pacific Railroad would
also do so, the entrepreneurs argued. The survey also contained detailed traffic
surveys, revenue estimations and profit expectations. The entrepreneurs declared
that they expected the first stage of the Pacific Railroad to be profitable. The second
stage was to continue from Nevada to the Missouri river. The outlook for the
second stage was also positive. A railroad to Nevada would have overcome the
most difficult technical challenge, the Sierra Nevada, and would also generate

revenues to build the second stage.
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In sum, the project reports written by the entrepreneurs indicate that they performed
costly investments to collect information reducing uncertainty about the project and
assessing it as an investment opportunity. Entrepreneurs expected the Pacific
Railroad to be profitable. The estimated costs were substantially lower than
originally expected by the army survey performed in the mid 1850s. The main
sources of revenue were the Chinese and Californian trades to eastern United States
and the mining trade between Nevada and California. In terms of economic history

parlance, entrepreneurs believed the railroad was to be built after demand.

The simulation model produces simulated expectations and allows assessment of
the plausibility of the entrepreneurial expectations. The issue is whether what the
entrepreneurs were declaring was feasible or not. The simulation model suggests
that entrepreneurs were right to consider the first stage of the project profitable. The
mining traffic implied market size was large and the technological advantage of the
railroad compared to wagon roads was so high that the railroad should have been
profitable under many different circumstances. The simulations indicate the second
stage of the project should have also been expected to be profitable, but the analysis
more interesting and less straight forward. Rail technology cannot compete with
shipping around the Cape Horn by reducing transport prices, but it can profit from
transporting passengers and goods faster at higher prices. Rail technology was
about ten times more expensive to operate than shipping, while the Pacific Railroad
route reduced travel distance only by a factor of five. Although crossing the
continent allowed for high distance savings on the railroad route, these were not
enough to make rail competitive compared to shipping. However, the rail route
offered substantial transport time reductions, more stable and less extreme climatic
conditions, and passengers and merchants value these attributes. The Pacific
Railroad should have charged a premium (compared to shipping around Cape Horn)
and the premium was high enough to compensate for the cost disadvantage and

generate profits.
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The comparison of the ex-ante and ex-post information revealed important
information. The outcome of the first stage indicated the entrepreneurs had
correctly predicted substantial construction cost reduction, and final cost was just
over 50% of what was expected in the mid 1850s. Detailed information for
operation of the first stage is not available, but the existing data suggest it was
highly profitable. The outcome of the second stage was in line with the expectations
of entrepreneurs. Construction cost was reduced and the road competed on quality.
Actual construction cost was almost 40% lower than originally expected in the mid
1850s. The ex-post information indicates the Pacific Railroad set high prices to

charge a premium for its improvement in transport quality (especially speed).

The findings point to several conclusions. Firstly, the entrepreneurs did play an
important role in the development of the Pacific Railroad as they collected
information to evaluate it as an investment opportunity. Moreover, particularly after
the Nevada gold rush and the entrepreneur’s division of the project into two stages,
their expectation that the first stage of the railroad would be profitable was right.
The simulated expectations indicate the first stage of the road was likely to be
profitable. And the railroad actually operated profitably. The entrepreneurs were not
focusing on settlement as the key source of demand for the railroad. Rather, they
focused on the Nevada mining trade as the key source of local traffic. The second
stage of the project focused on the Californian and Chinese trades as the key
sources for through traffic. For the second stage to be profitable it was also
indispensable that entrepreneurs priced to compete on quality. In sum, the
entrepreneurs identified sources of transport demand (different to settlement) and
expected the railroad to be profitable. The railroad was expected to be built after

demand.

Secondly, the reader may have noticed that a major issue connected to the Pacific
Railroad has not been mentioned yet in this introduction. The railroad was actually
promoted by subsidies provided by the federal government through the Pacific
Railroad Act. In fact, one more reason why the Pacific Railroad gained visibility
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during the 19" century was the corruption scandal surrounding the passage of the
Pacific Railroad Act and construction of the Union Pacific. Essentially, in 1872-3 it
was discovered that the promoters of the Union Pacific had developed a
construction company, the Credit Mobilier, to appropriate subsidies as construction
profits. The scandal led to Congressional hearings, investigations and sanctions and
has been frequently portrayed as a symbol of the gilded age - a symbol of
corruption in an era of corruption. The issue of government subsidies and the
corruption scandal had not been mentioned in this introduction because they are all
ex-post information and are not connected to the operational profits of the railroad.
Thus, these political events act more to distract the reader than to illuminate matters
when' trying to determine if entrepreneurs expected the Pacific Railroad to be:

profitable or not.

However, the thesis does contribute to the discussion concerning whether subsidies
were necessary or not to promote the Pacific Railroad. Note that if one considers the
subsidies, the corruption scandal and the ex-post profitability of the Pacific
Railroad, a natural question arises. Were subsidies necessary to promote private

construction of the Pacific Railroad?

The findings presented in this thesis indicate the importance of the Act in providing
subsidies cannot be discarded. As indicated above, both the first and the second
stage of the Pacific Railroad were expected to be profitable. But the idea the
entrepreneurs had in mind was to build sequentially the first and the second stage.
The Pacific Railroad Act generated simultaneous construction of the first and the
second stage. In doing so it reduced total construction time and also reduced the risk
of the first stage being built during the 1860s, but the second stage only later.
Essentially, the Pacific Railroad Act promoted coordination between the first and
second stages of the railroad and very likely‘accelerated construction by setting the
two railroad companies to build in opposite directions simultaneously, competing

against each other.
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Thirdly, the evidence on activities performed by the entrepreneurs also allows a
contribution to the debates on the rationality of railroad entrepreneurs. Albert
Fishlow provided indirect evidence of the high level of rationality of the railroad
entrepreneurs. He noted that railroads reached a given county only after it had been
settled. Thus, he inferred that entrepreneurs were building railroads after demand.
The evidence presented in this thesis confirms Fishlow’s inference and provides
direct evidence of the entrepreneurs’ rationality. Railroad entrepreneurs collected
and processed information in a rational manner. In fact, the evidence suggests that

entrepreneurs were already more sophisticated by the 1850s than we thought.

Finally, the alternative approach proposed in this thesis, which emphasizes the"
collection, production and comparison of three distinct sets of information (ex-ante
expectations as declared by entrepreneurs, ex-ante expectations as drawn from a
historically plausible simulation model, and ex-post information), is not only novel
but also valuable. The method identifies the potential biases of information
depending on the period during which the information was produced (ex-ante or ex-
post). Additionally, the method also develops techniques to control these biases.
The approach allowed the identification of important facts not known before. For
instance, expected construction costs were substantially higher than observed ones.
And the approach also opens a window to explore in a different way one of the
most fascinating topics in history and economics: entrepreneurship. How have the
methods employed by entrepreneurs to evaluate investment opportunities evolved
through time? What has been driving the evolution of these methods? Do changes

in these methods have implications for economic efficiency?

The thesis is organised as follows. The second chapter defines in detail the problem
at hand in the context of the historiography. Additionally, the approach proposed
here is also explained. The third and fourth chapters present the evidence drawn
from the entrepreneurial reports. The third chapter focuses on the projects to build
the Pacific Railroad as a single stage project, while the fourth chapter focuses on the

projects to build it in two stages. The next chapter uses the evidence collected and
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presented in chapter three and four to develop a taxonomy of the activities
entrepreneurs used to perform in the 1850s. The evidence drawn from projects to
build the Pacific Railroad is also complemented with evidence drawn from railroad
projects generally, to guarantee the generality of the taxonomy. The sixth chapter
presents the simulation model, the empirical approach to anchor it in the 1850s, and
discusses the key results. The chapter also compares outcomes expected by the
entrepreneurs, simulated outcomes, and ex-post performance of the Pacific Railroad
to identify what the entrepreneurs predicted and what they did not foresee. Finally,

conclusions are put forward.
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CHAPTER 2. BUILDING AHEAD OF DEMAND AND THE
PACIFIC RAILROAD

2.1. Introduction

The Pacific Railroad has attracted the attention of entrepreneurs, politicians,
scholars and, indeed, America since the 1830s. As a key event in the western
expansion of the United States the railroad has been a constant object of research. In
this thesis our attention is focused on one of the several angles that have been
invésfigéted. The literature déve'loped by economic historians has focused on the
nature of the expansion of the railroad network (with the construction of the first
transcontinental railroad as a key event) and the impact of railroads on economic
growth. The main aim of the thesis is to examine the decision to build the Pacific

" Railroad, the role entrepreneurs played in this decision and their motivation.

In this chapter the problem at hand is clearly defined and the existing literature
addressing it is examined. Next, the approach developed here is discussed. The
second part of this chapter clearly defines the problem considered and why it
matters. The next section discusses the existing literature. The fourth evaluates the
existing literature. The approach developed here and the outline of the thesis is

presented in the fifth section. Finally, some conclusions are put forward.
2.2. The problem: Building ahead of demand

In this section, the problem to be investigated in this thesis is clearly and carefully
identified. The issue is to study the entrepreneurial decision to build the Pacific
Railroad and determine whether it was built ahead of demand or not. The nature of
the decision and the particular characteristics of the Pacific railroad is complex. The

complexity of the decision is one of the reasons why it is an interesting issue to
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investigate. Other reasons why the problem is important and deserves our attention

are identified next.

2.2.1. The Problem

The problem investigated in this thesis is whether an entrepreneur in the early 1860s
should have invested in building the Pacific Railroad or not? The Pacific Railroad
was a generic label to describe any project proposing to build a railroad from the

Mississippi River Valley to the Pacific Ocean, such as Omaha to San Francisco.

Figure 2.
Map ofthe Central Pacific and Union Pacific

Source: Cisco (1868)

A railroad to the Pacific, connecting the eastern United States to the Pacific Ocean
was first dreamed of in the 1830s. During the 1840s and 50s the dream became a
project and was intensively discussed in the specialised and general press, and in
Congress. The first railroad over to the west was built between Sacramento and
Omaha, 1863-1869. In figure 2 the Pacific Railroad corresponds to the single track

going horizontally from Omaha (between the states of Kansas, Nebraska, and lowa)
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to Sacramento in California, crossing the Rocky Mountains in Colorado and the
Sierra Nevada between the states of Nevada and California. It came to be known as
the first transcontinental railroad and was built by two different railroad companies:
the Central Pacific Railroad Company and the Union Pacific Railway Company.
The Central Pacific constructed the railroad from Sacramento eastward to
Promontory Point, close to Salt Lake City. The Union Pacific built the railroad from
Omaha westward to Promontory Point. Later during the 19™ century four additional
transcontinental railroads were developed in the United States. However, the
decision to build the first one is the only one studied here. The first transcontinental
railroad was the key road: its operation demonstrated the technical feasibility and

- profitability of building railroads over to the west.

The Pacific Railroad, as an engineering problem, represented a challenge in that it
would cross the most difficult terrain in the United States. The railroad would cross
the Rocky Mountains and the Sierra Nevada, facing steep grades, deep ravines,
solid granite walls and harsh winters. It would also cross the deserts between the
Rockies and the Sierra, where very little construction inputs like wood, water and
food were available. The key engineering challenge was to choose a route

minimising all of these difficulties.

The Pacific Railroad, as an investment problem, was a project that required careful
evaluation. The sheer size of the project, expected to be the longest railroad in the
world, and more than four times longer than any other American railroad, meant
that massive investment was required. The engineering problem meant that
construction costs were high and construction time long. But neither the level of
costs nor the length of time were certain before the decision to build was taken. On
the earnings side, it was not clear traffic was high enough to render the project
privately profitable. Since the project was proposed when the American economy
was still expanding its frontier westwards, substantial parts of the proposed route

had not been settled, and some would never be settled as they were deserts.
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Consequently, it was not obvious that demand for railroad transportation was

already there.

A first approximation to the problem is to suggest that the decision the entrepreneur
has to make depends on the size of the market relative to the costs of providing
transportation. The simplest expression of this relationship between demand and
costs is profitability. In consequence, the entrepreneur should build the railroad if
he expects it to be profitable. This simple first approximation hides important
complexities that characterised the decision whether or not to build the Pacific

Railroad.

First, the cost of building the railroad was high, sunk and had to be performed
upfront. Railroad construction was one of the most expensive activities during the
19" century. It required substantial capital to buy tools and pay a relatively large
workforce to build the roadbed. The rails had to be bought, transported and then
placed on the roadbed. Locomotives and cars were expensive capital goods that had
to be sourced and then transported. Stations and freight infrastructure like elevators
and warehouses had to be built. And a large workforce had to be employed and
trained to operate the railroad. Just to provide a sense of the order of magnitude, the
average New York State manufacturing establishment in 1860 invested $7,600
annually, while the average construction cost of just one mile of railroad was
$20,000, and the road was expected to be about 2,000 miles long4. It is not a
coincidence that Chandler called railroads “the first big businesses™. Additionally,
railroad investment was to a large degree sunk. Consequently, if the railroad fails,
most of the investment cannot then be easily recuperated. Only some items included
in construction costs, like the rails, locomotives and cars, may be re-sold. And
transport costs will surely consume part of their second hand value. The sunken
nature of investment to build the Pacific Railroad implies that stakes are very high.

Finally, the investment needs to be made upfront. Construction must be performed

* Manufacturing investment comes from US Census data downloaded from University of Virginia
website. Railroad construction cost comes from Fishlow (1965) p. 389.
3 See Chandler (1965).
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before the railroad can operate and generate any revenue. All these characteristics
make the choice of the appropriate threshold opportunity cost of capital difficult to
indentify.

Second, as explained above, the United States was an economy experiencing
growth and expanding to the west. The question for an entrepreneur in the early
1860s, before the Pacific Railroad Act was passed, was if enough trade and
economic activity between the eastern and western United States was already
experienced in order to generate enough transport service earnings to pay for
construction and operation costs. The timing of the construction of the railroad was
critical. If built too early, the investment would render losses for a relatively long
period of time before generating profits. If the decision was made too late, another
entrepreneur may have taken the lead and build the railroad. Additionally, it was
feasible that the railroad would experience market power. Under these
circumstances, the pricing of railroad services could have effects on its own
demand. If the transport price was reduced, it would induce higher levels of growth
and trade in both the eastern and western United States. In turn, higher levels of
growth and trade in the eastern and western United States would result in higher
transport demand. Thus, the optimal timing and market power complicated the

investment decision problem.

Third, the difficulties measuring the expected costs of building and operating the
railroad and the expected demand for transportation were substantial. Some useful
information was publicly available, like transport prices of alternative transport
modes. Some other important information, like traffic of alternative transport
modes, had to be collected and analysed in a private, expensive and judicious effort.
Sometimes inferences were necessary. Finally, some critical information could only
be forecast, like the rate of future growth of trade between the eastern and western
United States. Since the life of the project was long, this information was critical. In

sum, the information required for the decision implied measuring things that could
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not be observed directly, making the analysis of the investment decision even more

complex.

Finally, at the most basic level, construction of such a railroad in a frontier
economy also implied a coordination problem between demand and supply. For a
railroad to be profitable, demand for transportation must exist. In turn, for transport
demand to exist, people in the two regions to be connected by the railroad must
travel and exchange goods and services frequently. In a frontier economy, by
definition, one of the regions will be at most lightly populated, making the flow of
passengers, goods and services also light. Under these circumstances it is unlikely
such a large investment with a large transportation capacity as a railroad was -
privately or socially worthwhile. However, it also likely that if transport costs were
reduced people would be willing to move from the core region to the frontier
region. The population in the frontier region would grow and generate enough
transport demand to render the railroad project profitable. Thus, the key issue was
how to organise construction of the railroad simultaneously with the movement of
people from the core region to the frontier region, a coordination problem. The
coordination problem was complicated because the large capital investment
required building a railroad across the west. For a railroad of this nature requires a
large transport demand to make the project profitable and, in turn, also requires a

simultaneous relocation of a large number of people.

To summarise, the problem faced by the entrepreneur was complex. Investment was
high, sunk, and upfront, making difficult the choice of threshold opportunity costs
to use. The demand was growing, but it was not entirely obvious it was large
enough to support a railroad by 1860, making the timing of investment critical.
Additionally, the railroad could increase its own demand by coordinating migration
to the frontier and by pricing appropriately its services. Demand, to a certain extent,
was endogenous to the entrepreneurs’ decisions. A substantial part of the

information required to analyse the decision to build the Pacific Railroad could not
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be observed directly. Thus, calculating expected profitability of the Pacific Railroad

was a complex process.

2.2.2. Importance of the Pacific Railroad

The construction of the first transcontinental railroad is not only interesting because
it was more complex than the typical investment decision, as explained above. It is
also interesting because it is a significant event in the history of the United States

and in the history of transportation.

The importance of the Pacific Railroad lies in the fact that it crossed about two -

thirds of the United States, from Iowa to California, allowing for easier and cheaper
transportation between the two coasts for the first time. It is easy to understand this
point when one considers the alternative routes between New York City and San
Francisco by 1860. First, the overland routes of the Oregon, Mormon or California
trails allowed communication between the Mississippi River valley and the Pacific
coast. People could use Wells Fargo’s stagecoaches or mail letters and small items
through the Pony express. The route would take 10-15 days through the Pony
Express and at least one month, and frequently much more, using the stagecoach. It
was also possible to buy horses, a wagon and provisions and join a migrant caravan
to the west through any of these trails. The route implied high risk of an accident,
assault by Native Americans, or hardship and even death due to the harsh

environmental conditions of part of the trip.

Second, people and mail could also take a steamship to Chagres, on the Caribbean
coast of Panama, cross the Isthmus by mule or railroad, arrive in Panama City and
then connect with another steamship to arrive in San Francisco about a month later.
The dangers in this route were associated with malaria, cholera, yellow fever and

other tropical diseases while crossing the Panama Isthmus.
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Finally, most of the freight took the Cape Hom route, from New York City, all the
way around South America, crossing from the Atlantic to the Pacific Ocean via
Cape Horn, and then heading north to San Francisco. The trip would take between
three to six months, depending on the weather and the type of ship. The dangers
were associated with wrecks, epidemic diseases on board and the dangerous

crossing from the Atlantic to the Pacific Ocean.

The Pacific Railroad opened in May 1869 and squeezed all this travelling into less
than one week for passengers and about two weeks for freight, bringing relative
safety and speed to the trip. Moreover, the first transcontinental was not only a
' major innovation in transportation by providing substantially reduced travel times
within the United States. It also helped to reduce travel time around the globe. In
November 1869 the Suez Canal opened, and the two projects managed to
revolutionize transportation around the globe. An advertisement indicated “A
traveller or a business man who, a few years ago, went to Hong Kong or Calcutta,
made his will and arranged his affairs with a certain knowledge that at least a year
or two of his life were required, and the possibilities were against his returning even
then. Today he packs his portmanteau for a run around the globe, transacts
important business, and is back in his office in London or New York in ninety days,
after having enjoyed an agreeable tour in which he was always communicated with
the chief centres of business by telegraph and steam posts”®. And the advertisement
pointed out it was not only possible to travel in 81 days, but it was also possible to
organise the whole trip with one single agent. One cannot prevent connecting these
events and the advertisement with the publication of Jules Verne’s book “Around
the World in 81 Days” in 1873. Not only travelling between New York and San
Francisco became shorter, the world became smaller and more connected. If time is
money, businessmen captured profits. The event captured the imagination of people

around the globe.

¢ See Around the World by Steam (1870) p. 4.
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The Pacific Railroad also represents an interesting example of the role governments
may have in the diffusion of large-scale technologies typical of infrastructure. In
1862 President Lincoln signed the Pacific Railroad Act. The act stated that two
railroad companies would build the Pacific Railroad: the Central Pacific Railroad
Company and the Union Pacific Railway Company. Additionally, the act stated
subsidies were available to the companies. Soon after construction finished, one of
the most visible corruption scandals of the 19" century United States erupted.
General Grant's government had been continuously linked to corruption scandals by
the newspapers. In September 4, 1872 the New York Sun's headline was: “The king
of frauds: how the Credit Mobilier bought its way through congress™’.

In December 1872 the Poland Committee was appointed to investigate if
government officials or congressmen were guilty of accepting bribes. The list of
congressmen investigated included vice-president Schuyler Colfax, the current
presidential nominee Henry Wilson, James Blaine, James Garfield, and other
prominent Republicans. Not a single Democrat was included in the list. The hope
was that this would also help Horace Greely to win the election for presidentg. The
committee reached the conclusion that Oakes Ames was guilty of offering bribes.
The rest of the congressmen were not guilty of accepting the bribes, as they were
too naive to understand what was being offered or they were simply looking to
make a profitable investment. The only other congressman found guilty was James
Brooks, who was congressman and government director for the Union Pacific,
which barred him from holding stock. The committee took action against Oakes and

Brooks and recommended both to be expelled from the House®.

In January 1973 the Wilson Committee was appointed to investigate if government
had been defrauded in the transactions between the Union Pacific and the Credit
Mobilier. The Wilson Committee found that that the railroad cost to the Union
Pacific Railway Company was close to $93.5 million while the cost to the Credit

7 Klein (1987) p. 291.
¥ Klein (1987) p. 292.
® Klein (1987) p. 297.
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Mobilier Company, subcontracted to build the road and owned by the Union Pacific
Railway Company promoters, was close to $50 million. It was inferred that the
difference, almost $44 million, was made up of over-costs and a substantial part of
it appropriated by the promoters as profits'®. The Wilson Committee concluded that
government had done all it promised to do. In return, builders deceived and
defrauded government. Although the government acknowledged the difficulties in
building the road, it gave them little weight''. Several have suggested the Central
Pacific Railroad Company was involved in similar activities, but it was never

formally investigated and its books were lost in a fire.

The Credit Mobilier endures as one of the most notorious scandals of its age, the
symbol of a generation condemned for its excesses and corruption. Textbooks use it
to describe the gilded age and the robber barons. But the Pacific Railroad is not
only an icon of an age that lies in the past. It is also one more example in a long list
of projects demonstrating the difficulties faced by a society when determining the
appropriate role for government when building a large scale infrastructure project.
Think about large scale projects and frequently one also has to also think about
government participation, long delays, over-costs and corruption scandals. Boston’s
Big Dig may be a more recent example of the kind of social processes involved in
these projects and the challenge we face as a society when developing them in

manner more conducive to an efficient and fair allocation of resources.

In sum, this thesis examines the problem an entrepreneur faced when considering
whether or not to build the Pacific Railroad. The issue is interesting because it was
a complex investment decision, thus it is interesting to think about how these
decisions are made. Additionally, the Pacific Railroad was also a key transportation
work that increased the speed and safety of transportation to the Pacific, integrating
the eastern and western economies and generating substantial social benefits.

Finally, the first transcontinental is also a case illustrating the complex and

19 Fogel (1960) pp. 66-74.
1 Klein (1987) p. 294.
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sometimes perverse social mechanisms in play when large scale infrastructure

projects are developed.

2.3. The approach followed by economic historians to study the decision to

build a railroad

The study of the entrepreneurial decision to built a railroad or not is an interesting
question in its own right. As explained above, it is a conceptually difficult problem.
Additionally, railroads were at the centre of the transformation of the American
economy during the 19" century. Economic historians have extensively studied the
process of the diffusion of the railroad in the United States to identify the nature and -
magnitude of its impact on the economy. In turn, the process of diffusion is only the
consequence of a series of decisions to build individual railroads. In this section, the

literature by economic historians on the decision to build a railroad is reviewed.
2.3.1. Building ahead of demand

The key issues involved in the decision to build a railroad were framed by Joseph
Schumpeter in his 1939 book “Business Cycles”. In this book, Schumpeter
hypothesised that economic transformation is experienced through long growth
cycles associated with the diffusion of important innovations. The first one of these
cycles was what we now call the First Industrial Revolution. The second one, which

he called “Railroadization”, was experienced between 1843 and 1897.

Schumpeter studied the role of entrepreneurs during this second cycle,
“railroadization”. He stated that the key entrepreneurial effort to build railroads
consisted “not so much in visualizing possibilities or in the solution of technical
problems, as in the leadership of groups, in successfully dealing with politicians and
local interests, in the solution of management problems and of development in the

regions the roads opened up”'’. Additionally, the entrepreneur also had to co-

12 Schumpeter (1939) p. 327.
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ordinate and organise the “credit creation mechanism” to finance the railroad"’.
Foreign investors were buying railroad bonds, banks were lending directly to
(railroad) companies against their notes or on bonds to be sold later to the public,
investment was being made by the public and financial speculation was taking

place'*.

In the case of the mid-western and western railroads, Schumpeter indicated
entrepreneurial activity went even further, as it also “involved creating the
conditions of profitability of the enterprise as many of them meant building ahead
of demand in the boldest acceptance of the phrase. ... The entrepreneur then
secured subsidies or loans amounting to subsidies (and suggested the Southern and
the Union Pacific as good examples of these practices)”'>. More precisely,
concerning the Pacific Railroad, he stated that “the first transcontinental route ...
led the way and indicated what was to be the particular feature of this boom ...
promoters securing options of right of way, having the company chartered and
endowed with land grants, selling the options to it and taking securities in payment,
finally placing the bonds - the stock being commonly treated as a bonus - in order to
provide the means for construction, and buying equipment on instalments through
equipment trust certificates. In case of success, issue of further securities would
then become possible to consolidate the situation. Failing this, there was

reconstruction ... 'S, Schumpeter chose to exemplify the concept of building

13 The “credit creation mechanism” is a concept that Schumpeter created to describe how the
entrepreneur collects large amounts of resources to finance the development and implementation of
the innovation. The “credit creation mechanism” is the way the entrepreneur organises different
groups of people/organisations (like banks, public investors, and politicians) to promote the
development of the invention into innovation. Moreover, the entrepreneur needs not to be a capitalist
as she/he might or not expose her/his capital in the venture. If she/he fails, other people will certainly
lose their money. If she/he succeeds, she/he and others will collect the profits from innovation. The
distribution of profits/losses will depend on the actual form of the “credit creation mechanism”
developed. Additionally, an indirect effect of the “credit creation mechanism” is that it induces a
crowding-out effect on the non-innovative sectors. Unfortunately, Schumpeter is not terribly clear
about the details of the “credit creation mechanism” or its crowding out effects, but what is clear is
that, in Schumpeter’s view, it is the key mechanism through which the benefits and risks of the
innovative process are distributed throughout society.

'* Schumpeter (1939), p. 329.

'3 Schumpeter (1939), p. 328.

16 Schumpeter (1939), p. 334. In this case, Schumpeter refers to boom as the 1867-73 railroad
construction boom that ended in the financial panic of 1873, as opposed to the whole railroadization
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ahead of demand with the Southern Pacific (initially named the Central Pacific) and
the Union Pacific. The first transcontinental railroad became the icon of building
ahead of demand.

In short, Schumpeter suggests that when building the Midwest and far west
railroads, entrepreneurs perceived that the investment opportunity to build and
operate the railroads was not expected to be profitable. Demand was not there yet.
In consequence, entrepreneurs proceeded to develop ways to make the investment
opportunity profitable. They lobbied government in search of subsidies, and they
also promoted “watered stock” and company bonds of dubious quality as if they
were first rate investments. In short, entrepreneurs tried different: financial-
manoeuvres to fund construction, with the intention to profit from construction
rather than operation of the railroad. The result, in Schumpeter’s view, was profit
for entrepreneurs and losses for government and investors while the railroads were

“built ahead of demand”. The icon of this process was the Pacific Railroad.

The next generations of economic historians assumed the entrepreneurial
characterisation put forward by Schumpeter was true and devoted their efforts to
explore further how the railroads transformed the American economy. However, in
this process the entrepreneur turned from a person developing ways to profit from
construction of railroads to a visionary leading the process of settlement of the mid
and far west. Leland Jenks, for instance, suggests that “It was determination to build
the railroad in advance of traffic that gave the “railroad idea” prolonged force in
American economic life. ... (The entrepreneur) was rarely limited in outlook to the
railroad itself. ... His imagination leaped readily from the concrete problem of
securing the right of way to visions of countryside filled with nodding grain,

settlements of industrious families, and other evidences of progress and

cycle. This is because in Schumpeter’s view, each long term cycle of growth (i.e. the First Industrial
Revolution or railroadization) was composed of shorter cycles, one of them being the 1867-71
railroad construction cycle.
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civilization”'”. Thus, the idea that the mid and far west railroads were built ahead of

demand was entrenched.

2.3.2, Market equilibrium, building ahead of demand, and empirical testing

The 1960s saw a methodological transformation of economic history. Not only was
qualitative evidence and descriptive statistical evidence used to provide
interpretation. The role of economic theory and econometrics was also emphasized.
Cliometrics was developing and the analysis of the role of railroads in American

development was one of the first topics to experience the methodological

" transformation.

Albert Fishlow was the first one to explicitly and carefully study if Schumpeter’s
assertion, that railroads were built ahead of demand, did fit the available evidence.
He started by describing the notion of building ahead of demand using the tools of
economic analysis, mostly supply and demand equilibrium. Building ahead of
demand is a sequence of market equilibriums produced by a series of shifts to
supply and demand. The first equilibrium was one where the railroad was built and
its supply schedule faced initially a demand schedule that did not justify it. The first
equilibrium resulted in the inexistence of any profitable price clearing the market
and the railroad offered its services at a price lower than its costs. The second
equilibrium resulted as lower prices induced demand growth through real income
effects and demand shifts to the right. As demand shifted to the right, equilibrium
prices and quantity slowly increased, ultimately allowing for profitable prices
clearing the market. Under these circumstances investing in building the railroad
was “the domain of government subsidy or entrepreneurial error”'®. A second

alternative was that entrepreneurs used expected demand rather than actual demand,

17 Jenks (1944) p. 2.
18 Fishlow (1965), p. 167.
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and, if the transition period was short enough, investment may have been fully

justified'®.

Fishlow made operational his tighter formulation of building ahead of demand by
identifying three measures for it*°. First, ex-ante profits should be negative, and
they may be observed as high risk premiums in capital markets or the existence of
subsidies. Second, ex-post profits, after being carefully cleaned from any external
force inducing profits downwards or upwards, should be initially negative and grow
into positive as supply induces rightward shifts in demand?!. Third, population
density should be lower than the “minimum population density to allow for a
profitable railroad”**. Fishlow also notes none of these three measures on its own is
sufficient evidence to determine whether a railroad was built ahead of demand, but
the three measures used simultaneously should clearly indicate the nature of the
railroad.

Fishlow then proceeded fo collect evidence to test the hypothesis that railroads were
built ahead of demand in the Midwest during the antebellum period. Evidence
collected on the first measure, ex-ante profitability, comes exclusively from local,
state, and federal aid. Subsidies during this period were relatively small compared

to total investment”. Ex-ante profitability could also be approximated by capital

1% Fishlow (1965), pp. 166-67.

20 Eishlow (1965) pp. 167-71

2! Fishlow acknowledges that negative profits does not necessarily imply building ahead of demand,
as other forces external to railroad demand may be affecting profits. If a railroad is built during the
downturn of the (aggregate) economic cycle, it is possible that a railroad exhibiting negative profits,
would have exhibited positive profits if built during the upturn or the crest of the cycle. In this case,
it is the economic cycle that determines profits, not that the railroad was built ahead of demand. He
also indicates other two sources influencing a railroad’s profits that, if observed in conjunction with
negative initial profits, would require adjusting experienced profits in order to evaluate the
hypothesis of “building ahead of demand” : municipal competition and mismanagement (Fishlow
(1965), p. 168).

2 My own interpretation of Fishlow's explanation (see p. 170). Additionally, also note it is not well
defined what number is the “minimum population density allowing for a railroad to be profitable”.
% Fishlow (1965) p. 189-93. Federal aid financed only two railroads during this period, the Illinois
Central and the Hannibal and St. Joseph. State aid was provided in several states to canals and
railroads during the 1840s, but generally performed badly, leading to inclusion of prohibitions of
State aid in the State’s constitutions. Local funds played a more substantial role. “The very fact of
contributions by towns and counties along the route gives the lie to the existence of an unsettled
wilderness” (p. 191). Moreover, local aid funds represented a small part of the funding. In Indiana it
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market quotations, but these were difficult to use due to the unorganised nature of
capital markets in 1850s and the aggregate nature of the desired measure?*. Thus,
the ex-ante profitability evidence indicates antebellum railroads were not built

ahead of demand

The evidence collected on the second measure, experienced profitability, indicated
Midwest railroads were built after demand. Net earnings of western railroads as
percentage of construction costs were between 5.6% and 7.2%, positive and close to
the rate considered as reasonable. Eastern and western railroads experienced very
similar net earnings relative to costs, indicating western railroads had adapted to the
lower traffic levels by building cheap roads. Finally, Fishlow emphasised the fact
that for several railroads profits had been initially high and then decreased, contrary

to the second criteria for evidence for building ahead of demand®.

The evidence on the third measure, population density, allows Fishlow to conclude
that three patterns were observed. First, Ohio received most railroad mileage during
the 1850s, when it was already a populated, rich and influential state. Second,
construction tended to move sequentially. Initially, railroads were built in eastern
states, arriving in Ohio in the early 1850s, then in Indiana two years later, to Illinois
during the mid-1850s, and into Wisconsin and Iowa at the end of the 1850s. The

railroads were following the expansion of the agricultural frontier and its associated

was less than 4%. Only in Jowa and Wisconsin local aid represent a substantial share of total
funding, but it was overestimated. Fishlow then notes that more than building ahead of demand,
subsidies seem to have promoted construction of excess capacity. Competition between towns
induced them to offer aid to secure location in a railroad line intending to achieve economic
advantages compared to other towns in the State. The result was many towns contributing to the
proliferation of lines, intense competition between railroads, and their bad general financial
yerformance during the late 1850s.

* Fishlow (1965) p. 167.
% Fishlow (1965) pp. 178-89. Fishlow also provided complementary evidence supporting his
conclusion. The loan rate charged to western railroads in the capital markets was about an effective
rate of 8-9%, indicative of the positive view investors had of these railroads. The bad financial
performance of the railroads during the last years of the 1850s was attributable to the panic of 1857,
mismanagement, and entry of competitor railroads squeezing down profits. Entry was highlighted as
particularly important, as “competition not only eroded profits but could be carried to excess as
well”. Excess construction was illustrated by comparing railroads in Ohio and Wisconsin. Ohio had
been already settled, but its railroads experienced profits; Wisconsin had not been settled intensively
yet, but its railroad experienced moderate profits.
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increasing population density. Thus, evidence from population density indicates that
the hypothesis that railroads were built ahead of demand may be rejected and that
demand in the form of relatively high population density and agricultural activity
was already there when railroads arrived®. Exactly the same pattern of agricultural
and railroad development was highlighted by Harley for the Midwest 1871

construction boom?’.

The evidence from the three measures discussed above led Fishlow to conclude that
railroads had in fact demand waiting for them. He suggested an alternative
explanation: anticipatory settlement. “Once the railroad reached Ohio, settlement in
Illinois and Iowa became more attractive than before. By the time railroads-
advanced farther west the population and economic development necessary to
sustain them was already there — that is why those railroads were built when they
were — so that individual, private projects were feasible. But the reason why such
settlement was waiting was the railroad itself, considered collectively. ... This
interpretation takes us far from a simple Schumpeterian world. Indeed, it almost
turns that model on its head: instead of a heroic role for the railroad investor or even
the state, the beneficiaries of railroad construction display the crucial attributes of
foresight. The western American farmer was different from its European
counterpart or agrarians in underdeveloped countries today, and that difference
consisted of responsiveness to market forces and ubiquity of a profit motive”*,
American farmers moved to areas they predicted would be soon connected to the
railroad network. As the railroad actually arrived, land prices hiked. Soon after the
railroad arrived, the farmers (or at least some of them) sold the land, and continued

moving west to speculate further on the future developments of the railroad network

% Fishlow (1965) p. 171-4. “The Galena and Chicago railroad from Chicago, and the Milwaukee and
Mississippi from its lake rival port, were both attempts to exploit the surpluses of the Rock River
Valley, an area that had already contributed importantly to the large grain export of 1847 and 1848”
(p. 74). Within each state, railroad mileage was increasing in counties associated with wheat
production and higher population density. In Wisconsin “the 7 largest producing counties plus
Milwaukee, with but 10% of the total area, contained one half of the state mileage at the end of
1860”.

?7 Harley (1980)

%8 Fishlow (1965) pp. 196-7.
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and land prices®. In this way, “railroads, considered collectively in the region as a

whole did create their demand by their initial supply”*°.

In sum Fishlow concludes that little evidence exists for the hypothesis that
antebellum Midwestern railroads were built ahead of demand. “No matter if we
look to population densities, to government subsidies or gross receipts, our
impression must be that the expansion was rooted in rationality, not insanity”*'. In

his view, only the railroads into the far west may have built ahead of demand*.

Note that Fishlow’s approach differs substantially from that of his predecessors.
First, the idea is tightly developed to describe profitability derived from operation
of the railroad, compared to Schumpeter and Jenks. The possibility that
entrepreneurs may profit from construction or other activities connected to
construction of the railroad has been excluded from the analysis, and
entrepreneurial performance is assessed on operational profits only. All that is left
to justify entrepreneurial behaviour in promoting an unprofitable railroad are
subsidies or entrepreneurial error. Second, there is no role for non-market
coordination. The idea that individuals organise construction or settlement has
disappeared. Everything takes place through markets. Third, Fishlow’s emphasises

on using theory to derive operational hypothesis and on collecting quantitative

% Fishlow (1965) pp. 196-200.

3% Fishlow (1965) p. 200.

3! Fishlow (1965) p. 204.

32 Fishlow (1965) p. 204. More recently, Jeremy Atack, Fred Bateman, Michael Haines and Robert
Margo (Atack, Bateman, Haines, and Margo (2009) and Atack, Haines, and Margo (2008) revisited
the hypothesis of building ahead of demand. Atack et al framed the problem in a similar manner to
Fishlow. The focus was on identifying the causality between the expansion of the railroad network
and growth in population density in Midwest counties, following the spirit of Fishlow’s analysis of
his third measure, population density. Atack et al improved the railroad network data by collecting
and comparing various sources and developing a GIS map of the network. The GIS information was
then connected to population and urbanization data at county level. The differences-indifferences
and instrumental variable analysis performed by Atack et al established that the railroad network had
little impact of population density, confirming Fishlow’s findings. But their work also indicates that
the railroad network expansion caused part of the growth in the share of urban population per county
and establishment size. Thus, the relationship between the expansion of the railroad network and the
western expansion and development of the American economy is complex and may not be described
in a simple causal relationship.
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indicators to evaluate it, is evocative of the Cliometric approach. Finally, Fishlow’s
empirical results seem to be strong, even though he did not develop a measure for

ex-ante profitability’>.

2.3.3. Coexistence of building following demand, ahead of demand and

railroad construction booms

The late 1970s and 1980s saw more methodological developments to evaluate
Schumpeter’s hypothesis. Harley formally integrated investment and industrial
organisation theory to evaluate if the transcontinental railroads of the northern
Midwest (Minnesota, Wisconsin, and Kansas) were built ahead of demand®*. The
key source of demand for Harley was settlement. Drawing on investment theory,
Harley showed that, assuming continuous demand growth, the problem is one of
timing of construction. The intuition is simple. As demand grows the road goes
from not profitable, to break-even and then to profitable. The optimal investment
timing is determined by the break-even demand level. In a way Harley was
describing more formally Fishlow's second measure indicating building ahead of

demand (observed profitability)*>.

Additionally, it is possible for an investment lasting for 15 years or so to start
operating before it breaks-even and on average be profitable over the 15 years.
Harley noted that the period over which the railroad operated as unprofitable may
described as a period during which building ahead of demand was still rational.

Moreover, Harley also notes that the railroad in question would have been even

33 Many scholars also share this view. Reviews of Fishlow’s book were generally very positive.
Chandler (1969), Locklin (1966), Neu (1966), Potter (1967), Ransom (1967), Supple (1966) and
Williamson (1967) were satisfied with Fishlow’s approach and finding that railroads were not built
ahead of demand. Bruchey (1967) indicates Fishlow overlooked governmental aid to build railroads
across the Apalachians and suggested a more detailed look at government activity before concluding
that railroads were built following demand. McAvoy (1968) indicates that Fishlow does not provide
an adequate benchmark to compare railroad profitability to alternative new ventures. He doe not
suggest if the profitability of alternative new ventures is higher or lower than that of established
ones. One has to presume that it is higher as it would otherwise not be a source of criticism of
Fishlow’s analysis.

3 Harley (1982).

%5 Harley (1982) pp. 800-1.
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more profitable if it had executed construction just after demand hit the break even
point. Thus, railroads actually faced a range of demand levels giving positive
average profitability, and had incentives to wait until demand was fully developed,

at least to allow breaking even from day one of operation®®.

Moreover, barriers to entry also existed. Any company intending to connect its
existing rail network to a new city had to be as close as other companies competing
to connect that city. Otherwise, it had to invest to build the road just to get as close
to that city as competitors and overcome this disadvantage. Additionally, since
distances between existing cities and a new city tended to be long in the Midwest,
minimum investment tended to be high. Consequently, once a company had laid a-
substantial mileage of road and initiated operations, it enjoyed substantial
advantages to build new roads on the boundaries of its existing lines, compared to
potential entrants. Additionally, only a few roads existed in the boundaries of a

certain city in the western territories®’.

The combination of incentives to wait and the existence of only a few competitors
was propitious for the creation of cartels. The cartelised railroad companies
allocated the different routes to the different participants and promoted waiting to
build until demand reached the break even point. However, once demand began to
reach the break even point, incentives for the different roads to build in the most
promising direction were too high to maintain the cartel. One company would break
the cartel and start building on the routes with the highest perceived potential. The
other companies in the cartel would react by trying to build faster and capture the
market and a construction boom would be experienced. Construction following
demand was the most profitable decision, but competition and first mover

advantages induced railroads to build ahead of demand. The effects of subsidies

36 Harley (1982) pp. 801-3.
37 Harley (1982) pp. 8034.
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(land grants) would be to reduce the incentive to wait and generate an ordered and

slowly increasing rhythm of construction®®.

Harley developed a simulation model for the roads of the northern Midwest
(Minnesota, Wisconsin, Kansas, ... ). He supported his behavioural assumptions of
cartelisation with evidence from the Iowa pool Demand was measured by rural
population. As rural population grew, his model predicted construction in miles per
year for the building ahead of demand scenario and the cooperative (cartel)
scenario. Simulated construction building ahead of demand essentially grew at a
constant growth rate. Simulated construction in the cartel scenario grew more
slowly at the beginning and boomed at the end of the period. Observed construction-
in Kansas (for instance) grew slowly initially, following the cartel scenario
construction path. At the middle of the period construction boomed and in a matter
of a few years all railroad mileage to be built was built. The model predicted
accurately the first phase as resulting from the cartel scenario. However, the boom
was experienced before the point predicted by the model. Additionally, during the
observed construction boom in Kansas, the rail network was almost completely
finished, while the simulation cartel path predicted a smaller boom preceded and
followed by continuous construction®. Although Harley’s cartel simulations
experienced difficulties predicting the timing and extent of the construction boom,
the simulations predicted much more accurately the case for land-grant railroads.
The model predicted a slowly increasing construction rate, and the railroad’s
experience showed a similar trend, particularly in contrast to the non-land grant
roads’ explosive growth. Finally, Harley used the detailed narratives of formation
and dissolution of the Mid-western transcontinental railroad cartels provided by
Grodinsky in his book “Transcontinental railway strategy” to illustrate positively

the process predicted by the model*.

%% Harley (1982) pp. 804-5.
* Harley (1982) pp. 807-9.
“* Harley (1982) pp. 809-15.
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The approach developed by Harley is interesting. It emphasises the timing of
investment as the key issue and explains the coexistence of building railroads ahead
of demand and following demand. The model also explains the construction booms
characteristic of railroad construction. Harley situates his approach closer to
Schumpeter in that he emphasises booms and construction waves and cycles. But
Harley also situates his approach further away from Schumpeter in that he develops
fully rational explanations for both building ahead of demand and following
demand. Schumpeter suggests a process of building ahead of demand in which the
railroad’s operation would not be profitable, not even on average, and therefore the
entrepreneur has to look for profits from alternative sources: construction and

corruption.

In sum, Schumpeter’s research triggered substantial attention to the causality
relationship between railroad construction and demand for transportation. His view
was that American entrepreneurs had frequently expected Midwest and far west
railroads not to be profitable investments opportunities because demand was not
already there when they were to be built. The entrepreneurs did not leave the
investment option, but rather searched for ways to profit from activities different
from operation of the railroad, such as construction, land sales, and financial
speculation. Schumpeter coined the term “built ahead of demand” and succinctly
framed the analytical problem. During the next two decades, the literature placed
more emphasis on the entrepreneur’s determination to build ahead of demand than
on the search for alternative sources of profits. For instance, Jenks portrayed
entrepreneurs as (non-rational) heroes. Fishlow proposed to test the hypothesis and
developed a tight definition of the idea in terms of supply-demand equilibriums.
Additionally, to make operational the definition he also identified three indicators
that should allow one to empirically test the idea: i) expected negative profitability
and existence of subsidies, ii) initially negative and monotonically increasing
profitability, iii) railroad mileage should precede population settlement. Finally,
Harley indicated that it was possible to build ahead of demand while being rational.

Optimal investment timing was to build when demand was large enough to break
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even from the first day. However, it was still possible to derive average positive
profits by building before demand allowed to break even, by initially experiencing

losses and making profits that more than compensated losses as demand grew.

Conceptually the literature shifted substantially. The emphasis on the
entrepreneurial search process and alternative sources of profits disappeared. The
issue became essentially one of causality in the statistical sense — what came first,
railroad construction or settlement? Empirically, the methods became more

quantitative and targeted an increasingly narrow idea of building ahead of demand.

Although the approach adopted in this thesis is discussed below (section 2.5), it is-
still relevant at this stage to highlight the differences between it and the literature
reviewed above. The approach in this thesis focuses on a narrow definition of
building ahead of demand. If operational profits are not feasible, then the railroad
was built ahead of demand. And it also follows the more recent literature in that it
involves substantial quantitative analysis. However, it differs from all previous
literature in that it focuses the empirical analysis on the expectations entrepreneurs
had. It does not assume that it is possible to derive information about
entrepreneurial expectations using ex-post information (revealed preferences).

Instead, it emphasises the expectations that entrepreneurs actually had.

2.3.4. The evidence on the entrepreneurial decision to build the Pacific
Railroad

The construction of the Pacific Railroad was such an important national event that
an extensive literature on the history of the Pacific Railroad does exist. Each of
these histories is of qualitative nature and tends to focus on a particular angle or a
particular source to enrich the broader literature. Most of these histories implicitly
assume the road was not expected to be profitable. The implicit argument seems to
be that the railroad was so massive and the technical, financial and organisational

difficulties so large that it is somehow obvious the railroad required subsidies. In
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their view the corruption scandal has more to do with traits of individuals involved
in building the railroad and changes in public mood during and after the Civil War

than with the expected profitability of the project and the need of subsidies*’.

Studies explicitly focused on the entrepreneurial decision to build the Pacific
Railroad have been profoundly influenced by the Credit Mobilier scandal. As
discussed above, the Wilson Committee Report indicated the Union Pacific Railway
company paid $93.5 million to subcontractors to build the railroad, while the cost to
subcontractors was $50 million*?. The initial interpretation was that the loan plus
the land grants very likely were more than enough to build the road. The subsidy in
the Pacific’ Railroad Act was a giveaway. However, others pointed out that the-
Wilson Committee and other sources had overestimated profits. Construction costs
for the Credit Mobilier had not been well accounted for, and were in reality higher
than described by the Wilson Committee. Additionally, the difference in the
construction cost to the Union Pacific and to subcontractors was not only paid in
cash, but also in stock and company bonds. Only cash could have been appropriated
illegally without any economic risk. Stock and bond values were tied to the
company’s performance. Finally, the maps of the land grants had not been

accurately drawn and exaggerated the land granted to the railroad companies®.

The tension between the two views increased. The case became an icon, focusing
most of the attention and energy on the evaluation of the land grants policy to
railroads. On the one hand, a group focused on the excesses of the policy, and
questioned the policy as a give away. On the other hand, a group qualified the
circumstances of the policy, as government had surplus land and little cash to

promote expansion to the west. They concluded that the policy, if not the most

I See Ambrose (2000), Bain (1999), Stover (1997), Williams (1988), Klein (1987), Ames (1969),
Trottman (1966) McCague (1964), Griswold (1962), and Conkling and Shipman (1887). An
exception is Dagget (1966) who indicates clearly that subsidies were perceived as necessary to build
the Pacific Railroad by the California State legislature and Railroad Conventions. He does not
explain why, though. Orsi (2005), Galloway (1950), Lewis (1938) and Sabin (1919) do not address
the issue.

“2 Wilson (1873)

* White (1895) p. 35-6 reviews the different arguments.
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efficient possible one, was relatively effective in promoting the westward

movement of the economic frontier and settlement**,

When Robert Fogel approached the topic, at the suggestion of his supervisor Carter
Goodrich, the issue was about the appropriate role for government intervention in
such a project as the Union Pacific*’. The corruption scandal certainly pointed to an
unnecessary waste of resources, large or small. But could the waste have been
avoided? What was the appropriate instrument to promote construction of the
Pacific Railroad?

Initially Fogel stated that the Union Pacific was a premature enterprise — meaning
that “unaided private enterprise, guided solely by the search for profits (would not

undertake the project)”*

. Note the similarity between Fogel’s definition of
premature, the intuition behind Fishlow’s definition of building ahead of demand,
and the focus on operational profits adopted in this thesis. He continued indicating
that the project was premature in 1845, when Asa Whitney presented the first
project to Congress, and was still premature in 1862-64 when the Pacific Railroad
Act was discussed in Congress47, “The building of the road was pushed ahead
although it had not yet matured as a profitable private enterprise, and made

*# Legislation to promote a premature

government intervention inevitable ...
enterprise was passed through Congress for two main reasons. The American public
had judged it was necessary and had been waiting for more than seventeen years.

Additionally, there were economic benefits to reap from internal and international

* Carstensen’s (1962) volume collects eight essays published by historians in the 1940s and
illustrating the intense debates between historians on their assessment of the railroad land grants
during the 1940s.

*5 Fogel (1960) p. 11. Carter Goodrich had been working intensively on the role of State (federal,
State, and local government) in public development projects, mostly transportation and particularly
canals (see for instance Goodrich (1948, 1950, 1956)). The influence of Goodrich’s interest in the
role of State is evident in Fogel’s approach.

“ Fogel (1960) p. 18.

47 Asa Whitney was the first entrepreneur to formulate a proposal to build a transcontinental railroad
to the Congress of the United States. The proposal was submitted to Congress in 1845.

“¢ Fogel (1960) p. 18.
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commerce (and military and political ones also)*. Thus, the picture portrayed by
Fogel is that of a railroad that is not expected to be privately profitable but is a
national (economic) necessity. In modern economics parlance, it was a project

characterised by high positive externalities.

Once the problem was specified, Fogel continued by reviewing the Congressional
debates for the Pacific Railroad. The private projects presented to Congress were
described. For instance, the Whitney plan was described by Fogel as a mixed
economy plan. The idea to build a railroad using sales of federal government land
grants and to operate it just to cover repairs and maintenance could not be described
in any other way’". The next stage of the debates was a series of project proposals
varying in the degree to which different instruments (like land grants, government
loans, rights to exploit the resources within the boundaries of the land grants, and
public ownership)®'. The final stages of the debates were the discussion of the
Pacific Railroad Acts of 1862 and 1864. The 1862 Act was a hybrid between
incentives to private investment and protection of public interest. The incentives to
private enterprise were a federal government loan (for about half of expected
construction cost) and land grants. Public interest was protected by some influence
over the board of directors (2 out of 15 members were government named), the
provision of some subsidies only after construction of segments of 40 miles, the
provision of other subsidies until completion of construction, and some influence on
the pricing policies set by the railroad. The Pacific Railroad Act of 1862 was not
enough for the capitalists. Once the Union Pacific was organised they sought
changes. Congress reduced the mileage to be completed before subsidies were to be
provided and increased its influence over the board by electing 5 out of 20
members>2. In Fogel’s view the Act was, however, defective because it did not

provide enough resources to cover construction, induced promoters to speculate

* Fogel (1960) pp. 20-22.
5% Fogel (1960) pp. 25-32.
3! Fogel (1960) pp. 32-44.
52 Fogel (1960) pp. 44-50.
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and, by allowing the issue of first mortgage bonds of the Union Pacific, doubled the

debt equity the railroad would carry, increasing greatly financial risk of failure.

The analysis then focuses on the level of profits achieved by entrepreneurs. Fogel
argues that the Wilson Committee overestimated profits. As explained above, the
Wilson Committee computed profits as the difference between the construction cost
to the Union Pacific and the cost to subcontractors, or more than $40 million.
However, only part of this $40 million was cash, and Fogel calculated it was about
$6 million. The rest was Union Pacific and Credit Mobilier securities that had to be
sold in the market to actually capture the profit. The fact that the securities had to be
sold in the market implied that the promoters faced the risk the price for these-
securities would not be high at the time of sale. And this risk was not considered by

the Wilson Committee™,

The gamble as perceived by Fogel is as follows. The promoters were willing to put
forward their funds during the first years of the project. Borrowing at 19% (using
personal assets, government bonds and Union Pacific’s first mortgage bonds as
collateral) they collected the funds for construction. Alternatively, the promoters
could have sold the Union Pacific securities at cheap prices to collect construction
funds. The fact that they preferred to borrow rather than sell the stock and bonds
reveals that higher future prices for securities were expected. The gamble was to
invest at the beginning their own funds to wait and sell stock and bonds at high

prices in the firture™.

The level of risk to which promoters were exposed was identified by comparing the
expected price of the first mortgage bond of the Union Pacific to the interest
rendered by a government bond. The expected price of the Union Pacific bond
during the 1864-66 peridd comes from the testimony before the Wilson Committee
of John Alley, a member of the board of the Credit Mobilier. Comparing the two

53 Fogel (1960) pp. 57-70.
>* Fogel (1960) pp. 78-79.
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rates Fogel inferred the risk of failure perceived by the public as 72% and argued

that it was a lower bound estimate>>.

In July 1867 the market began buying the first mortgage bonds (which previously
were only accepted as collateral), and by the end of 1867 about $10 million in
bonds had been sold*®®. Fogel argues some kind of certainty arrived during 1867.
The Union Pacific engineers were lucky to find an easy pass over the Rocky
Mountains at the end of 1865. The track was built at record speed during the late
1866 and whole 1867. The road had passed Evans Pass and reached Cheyenne on
the Rocky Mountains. The Central Pacific had crossed the Sierra Nevada.
Consequently, during the second half of 1867 the Union Pacific first mortgage
bonds began to be marketable. Although Fogel did not calculate the implicit risk of
failure after 1867, he indicates the project had become a very low risk one. The

funding difficulties of the Union Pacific were over®’.

After adjusting the Wilson Committee estimate of the construction cost to
subcontractors, Fogel calculated the maximum profit entrepreneurs could have
reaped as $16 million. Additionally, the expected profit rate for promoters, given
the probability of failure estimated above, was also estimated. The promoters had
invested $3.6 million by June 1867 (the high risk period), faced 72% chance of
failure, and should have expected about $11 million profits for their investment’®.
Fogel concluded that observed profits (maximum of $16 million) were not

unreasonable given the high risk of failure faced by entrepreneurs.

The study then focused on estimating the private and the social rates of return of the
project and identifying the appropriate form of governmental intervention. The
estimated private rate of return was relatively high. In 1870 it was 4.2% and grew
monotonically up to 17.5% in 1879. The average rate of return was 11.6%. “These

%5 Fogel (1960) pp. 81-84.

%6 Fogel (1960) pp. 51-7.

°7 Fogel (1960) pp. 79-81.

58Fogel (1960) pp. 66-74 and pp. 84-86. Expected profits were calculated using a probability
expected value assuming the alternative investment was government bonds.
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figures lead to a startling conclusion. The Union Pacific was premature by mistake!
It was premature because private investors expected it to be unprofitable. But their
expectations were based on the incorrect evaluation of the course of economic
development. In actual fact the railroad was highly profitable and should have been
taken up by unaided private enterprise. Interestingly enough only in the halls of
Congress did one find a sizable proportion of individuals who like Senator James H.
Lane of Kansas predicted that the completed Union Pacific would be “one of the
great paying through fares of the world”. This fact might be taken as an indication
that Congress perceived the true state of nature while private businessmen had
failed to do s0”*. The estimated social rate of return was 29.9%. Finally, the ideal
governmental intervention was for government to build the railroad and sell it later,

when it was operationally profitable, to the private sector.

In sum, Fogel argued the Union Pacific was expected to be premature - built ahead
of demand. A measure of the expected probability of failure was identified using
bond sales during the early period of construction: 72%. However, the railroad
actually turned out to be profitable from the beginning and highly profitable on
average. The financial instability that characterised the history of the Union Pacific
once it was completed had to do more with the (unintended) inducement for
promoters to create excess debt implicit in the Pacific Railroad Acts of 1862 and
1864. Note that implicitly in this purely empirically oriented piece of work, Fogel
pointed out several of the issues later identified in a more explicit and structured
framework by Fishlow. The definition of premature, the importance of a measure of
expected profits and subsidies, and the pattern of monotonically increasing

profitability were all in Fogel’s work.

During the 1970s Mercer followed Fogel and Fishlow’s work and performed a
similar analysis for the rest of the land grant railroads®. In particular, when testing

whether the land grant railroads were built ahead of demand, Mercer followed

59 Fogel (1960) p. 97.
8 Mercer (1969, 1970, 1974 and 1982)
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Fishlow’s specification. He evaluated the time pattern of profit rates. Mercer found
that the Central Pacific and the Union Pacific experienced profits from the
beginning of operation and took them several years to reach the market capital rate
of return. Over the project life (20 years of operation) the average rate of return was

above the opportunity cost of capital for both railroads®'.

Additionally, Mercer complements Fishlow’s empirical specification of the building
ahead of demand by analysing the level of utilisation of capacity. The point is
simple. If the railroad was built ahead of demand, excess capacity should be
observed. Consequently, capacity should not be expanded at the beginning of
operation and utilised capacity should increase with time®. After estimating an
investment demand function, Mercer found that observed investment is sensitive to
previous output level (accelerator principle) and to capital costs. The measure of
capacity utilisation is negatively related to time. Investment was responsive to
contemporaneous output level and capacity utilisation declined, contrary to what
one would expect to observe if the railroads were built ahead of demand®. The
work by Mercer as a whole suggests that the Central Pacific and the Union Pacific
were not built ahead of demand, but he still adhered to the view that subsidies were

necessary (as the roads were probably not expected to be profitable).

In the 1980s and 1990s the attention centred on evaluating the need for land grants.
Fleisig focused on opportunistic behaviour.** Entrepreneurs could profit from
construction (as opposed to operation) by appropriating the subsidies as
construction profits. He concluded that in fact entrepreneurs profited from
construction, faced little risk, and enjoyed high profits. Land grants did not affect
entrepreneurial behaviour and were not necessary to induce them to invest or
accelerate construction. However, even though he did not explicitly address the

issue, it is possible to deduce that in his analysis the loan subsidies do play an

8! Mercer (1982) pp. 119-123 and p. 139.
52 Mercer (1982) pp. 123.

5 Mercer (1982) pp. 124-39.

% Fleisig (1974 and 1975).
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important and positive role in inducing entreprencurship effort®. A similar

approach was developed succinctly by Atack and Passell®.

The profession’s evaluation of the literature seems to suggest agreement on one
point: The Pacific Railroad was expected to be built ahead of demand. But the
consensus breaks down when discussing whether the Pacific Railroad was actually

built ahead of demand and the need for land grants.

Some argue that the Pacific Railroad was built ahead of demand and land grants did
induce private effort into building the railroad®’. Additionally, since social savings
cannot capture the whole benefits and ramifications of any positive effects railroads
had on the economy, the social benefits must be so large that they dwarf the size of
the subsidies. They finish by acknowledging that land grants may not have been the
most efficient instrument to provide subsidies, but given the circumstances, fiscal
pressure and land abundance, the railroad land grant policy was certainly a positive

one.

Some others indicate the Pacific Railroad was actually built following demand. The
Central Pacific and Union Pacific railroads experienced relatively low initial profit
rates (but not losses), profit rates growing along time, and higher average profit rate

than alternative investment opportunities. Land grants were not necessary to induce

% Also note that Fleisig claims he develops an ex-ante approach to evaluation the issues. What
Fleisig means by an ex-ante approach is an evaluation of the profits entrepreneurs may have legally
derived from construction, given the provisions in the 1862 Act.

% Atack and Passell (1994) pp. 442-41.

" Boyd and Walton (1972), Engerman (1972), Gunderson (1970), Hunt (1967), Lebergott (1966)
and McClelland (1968). Hughes and Cain (2003) summarise and articulate this view. Some
historians have suggested that the key argument for subsidies was non-economical. White (1895)
indicates the Union Pacific attained non immoderate profit, and by 1862 when the Pacific Railroad
Act was approved in Congress several congressmen expected financial success. But the key
argument for State involvement was political — war with Indians and potential war with England (pp.
37 and 69-72). Haney (1910) also shares this view. More precisely, he suggested that subsidies
(particularly the loans) to the Central Pacific and Union Pacific were politically necessary under the
circumstances of the Civil War. But the other transcontinental railroads should have been built
privately. These views are similar to those expressed by people who doubt the ability of capturing
the political and military benefits of the railroad through the evaluation of the social savings derived
from subsidies and land grants.
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entrepreneurial effort to build the railroad. But none seem to object to the need for a

loan subsidy®®.

In short, there seems to be a strong consensus that the Pacific Railroad was
expected to be built ahead of demand. And, although a weaker consensus, there
seems to be agreement that the Pacific Railroad was actually built following

demand (in the sense that it was privately profitable).
2.4. Evaluation of the literature
Consensus’

The Pacific Railroad was a milestone in the development of the American transport
network, the expansion of the United States to the west and its subsequent growth.
Understanding the nature of the expansion of the railroad network to the Pacific
Ocean surely deserves our attention. The issue has been approached essentially
under the lens framed by Schumpeter when he indicated that the Pacific railroad
was built ahead of demand. Schumpeter suggested entrepreneurs had searched,
found and used different means to organise the different agents necessary to build

the road when demand was not there already.

The conceptual framework has been narrowed down. The idea of building ahead of
demand initially involved the entrepreneur organising by non-market means and
acting in many markets. As time passed by the idea has been increasingly framed by
the analysis of supply and demand of a single market, the transportation market. A
supply-demand framework was used to identify the conditions for a railroad to be
built ahead of demand. These are i) that expected profits are negative and subsidies

are observed, ii) observed profitability should increase monotonically and average

¢ Walton and Rockoff (2005), Huneke (2003), Atack and Passell (1994), and Fishlow (1972 and
2000) articulate this view based mostly on Fogel and Mercer’s work. Note that Atack and Passell
also mention capital market imperfections as an argument to provide subsidies. A bond loan was an
adequate subsidy to overcome, but not land grants.

53



observed profits should be below the opportunity cost of capital, and iii) settlement
should follow railroad mileage expansion geographically. Note the emphasis on
simple causality — the railroad is observed first, settlement and profits lag behind.
Additionally, an oligopoly model was also used to identify the difference between
building ahead of demand and following demand under entrepreneurial rationality.
Both building strategies may be observed. Although only one is optimal, both are
profitable. Competition may lead railroad companies to accelerate slightly the
optimal entry date, compared to a break even demand level. Finally, the role of the

entrepreneur was lost in the process of narrowing down the hypothesis.

The empirical studies for the Pacific Railroad have followed the approach above-
(see previous section — Fogel and Mercer emphasise testing the second condition).
The first condition has been partially tested as subsidies were a major issue in the
story of this road. The second condition has been tested and results indicate the road
was profitable from the beginning, profits increased monotonically and on average
experienced higher profitability than the capital opportunity cost. The third
condition, to my knowledge, has not been tested. In short, the consensus indicates
the railroad was expected to be built ahead of demand but turned out to be actually

built after demand.

The consensus naturally raises the question of what unforeseen event was
experienced for the Pacific Railroad to turn from privately unprofitable to
profitable. The literature has developed two explanations. First, Fogel has suggested
that an unforeseen positive demand shock may be the key explanation. Second,
implicitly, Fogel and others have argued that the project experienced some kind of

technological uncertainty that was overcome during construction.

Unforeseen increase in demand

Fogel’s explanation of the sources for unexpected profits is that entrepreneurs

misjudged the course of economic development — possibly meaning that there was
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demand waiting for the railroad in places initially described as wastelands®. Fogel
is, unfortunately, vague about what the course of economic development was. Was
it settlement of the region or mining activities or the California trade? When and

why did demand actually arrive?
Technical uncertainty

Implicitly, Fogel also argues for a second explanation: the project overcame
technical risks in 1867. Fogel’s argument is that since the Union Pacific
entrepreneurs preferred not to sell almost any company first mortgage bonds before
July 1867 and sold more than $10 million during the rest of 1867, it is possible to
infer the public’s perception about the project was transformed. Initially, the public
predicted failure with high probability, and then turned to predicting failure with
low probability after July 1867. The public’s perception turned because, Fogel

argues, technical difficulties like the pass over the Rockies were overcome’.

Several difficulties interpreting bond sales information as evidence of technical risk
do exist. First, the entrepreneurs could have not expected bond sales to be large
until mid-1866. The Pacific Railroad Act of 1862 and 1864 prohibited the sales of
the companies’ first mortgage bonds in advance of actual construction. The Act was
changed in March 1865 to allow for sales of bonds connected to the next 100 miles
to be built. Additionally, it was not until July 1866 that the Central Pacific Railroad
was allowed to continue building to the east after the California State line. Thus,
before March 1865 any bond sales by any of the two companies were limited to
what had already been built. It should not be surprising that the entrepreneurs could
not perform large bond sales at the beginning when construction speed was slow.
As construction gained speed, bond sales also accelerated. Bond sales were high in
1868 and 1869, precisely at the same time the two railroads construction gained

speed (see figure 3). Thus, the level of bond sales may be, at least partially,

% Fogel (1960) p. 97. See discussion in previous section.
™ Fogel (1960) p. 79-81. See discussion in previous section.
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explained by the constraints imposed by the Pacific Railroad Acts and its

amendments71.
Figure 3.
Construction cost Central Pacific and Union Pacific
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Source: Miles: Central Pacific and Union Pacific Bond Prospectuses, 1863-69; Cost: Central Pacific
comes from Mercer (1982) p. 154; Union Pacific comes from Mercer (1982) p. 164. Deflator: CPI
index from David and Solar (1977).

Second, recall that entrepreneurs preferred not to market the Union Pacific first
mortgage bonds and instead used these bonds as collateral for loans. But if the
bonds were as risky as Fogel implies, why would they be taken as collateral?
Collateral, as an instrument to reduce risk exposure ofthe lender, only works if it is
connected with assets whose value is high and independent ofthe project for which
funds are loaned. The bond’s value was low and directly connected to performance
to the project for which money was lent. Moreover, the reaction of bond sales to the
arrival of information on technical risk was, at least slow. Fogel indicates the pass

over the Rocky Mountains was discovered in 1866 and information only leaked to

7l Government Printing Office (1897) Acts and Joint Resolutions of Congress and Decisions of the
Supreme Court of the United States Relating to the Union Pacific, Central Pacific and Western
Pacific Railroads, pp 25-27.1am grateful to Richard White for pointing out, during our
conversation, that the bond sale in advance of construction was illegal in the Pacific Railroad Acts
1862 and 1864.
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public domain by January 1867". But bond sales only hiked after mid 1867.
Moreover, the case of the Central Pacific also strengthens this point. The route was
known in a high level of detail (including the pass over the Sierra Nevada) by 1862,
but still sales of first mortgage bonds of the Central Pacific only triggered in late
1867. One may ask, if information about overcoming technical risk was the key,
why it took more than six months (four years in the case of the Central Pacific) to
have effects of bond sales. Put another way, why did the Union Pacific
entrepreneurs delay the spread of the information and take so long after the
information was made public to organise the bond sale? It is intriguing why the
entrepreneurs preferred to use the company’s first mortgage bonds as collateral
rather than selling them, but it is certainly far from clear that this had to do with the

public’s perceived risk of the failure of the Union Pacific.

Third, it is also difficult to identify the effects of technical risk on bond prices and
sales because many other factors were also acting simultaneously on these two
variables. Major instability was experienced during most of the period during which
the railroads were built. The Civil War, between 1862 and 1865, crowded out
investment that under normal circumstances may have been attractive, possibly
including the Pacific Railroad. The post-war depression did not help either.
However, during late 1867 and early 1868 the economy began to experience strong
growth again (see figure 4). In fact, aggregate railroad construction roughly also
followed this pattern. Construction experienced a sharp decline during the 1857
panic. The decline continued during the Civil War, until the post-war reconstruction
effort. In 1867 railroad construction had recovered and approached the 1857 levels.
A new railroad construction boom started in 1867 and continued into 1873, when
the financial panic broke the boom (see figure 5). Thus, aggregate economic and
railroad investment fluctuations may have acted as a third variable explaining the

pattern of sales of Union Pacific first mortgage bond, as described by Fogel.

72 Fogel (1960) pp. 118-9.
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Figure 4.

Business cycle and construction cost o f Central Pacific and Union Pacific
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Source: Construction cost CP comes from Mercer (1982) p. 154 and UP from Mercer (1982) p. 164.
Deflator: CPI index from David and Solar (1977). Business cycle comes from NBER in Carter
(2006) p. 3-79, table Cb5-8.

Figure 5.

Railroad construction in United States and construction cost o f Central Pacific
and Union Pacific
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Source: Construction cost CP comes from Mercer (1982) p. 154 and UP from Mercer (1982) p. 164.
Deflator: CPI index from David and Solar (1977). Miles of main line built per year comes from Poor
(1881) and excludes mileage by CP and UP.

The implicit argument that the railroad experienced some kind of technical

uncertainty is also found in many ofthe qualitative histories ofthe two railroads. In
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a nutshell, the books initially portray the difficulties experienced by the workers,
engineers and entrepreneurs with full details and many photos, then highlight that
construction work was too hard, and then ask if such demanding work did not

deserve subsidies.

The construction of the Summit tunnel is one of the examples of this hard work.
The histories of the Central Pacific all agree it was one of the key (if not the key)
milestones during construction. And excavating the Summit tunnel was indeed very
hard work. It took 13 months and was excavated in four different directions. Nitro-
glycerine was used in some segments of the tunnel although it had not been
stabilised yet. Black powder was used in the rest of the segments. The expenditure
in nitro and black powder was high. The rate of advance during some days was
measured in a few inches. Many workers died. It is clear excavating the Summit
tunnel was painful and required a long, sustained and expensive effort to achieve

SllCCbeS73 .

However, the important issue cannot be that construction was hard work, as the
histories acknowledge. The important issue is whether it was expected to be hard
and how this difficulty deterred investors. Since the literature has provided no
indication of entrepreneurial expectations, it sheds no light on this. Neither can the
literature bring any light on whether actual construction was more difficult than

expected.

Moreover, an example makes clear the limitations of the hard work argument, as an
explanation for the difficulties the Union Pacific entrepreneurs faced when trying to
sell the railroad’s bonds. The Panama Railroad was a competitor of the Pacific
Railroad. It was completed in 1855 using stock and bond issues to collect the
required funding. The dividends were 6% annually and bonds paid 6% interest,
within the range of 5%-7% return normally paid by railroads. The railroad cost $8

million and was only 47 miles long, making it one of the most expensive railroads

3 Ambrose (2000) p. 147
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in the world at an average cost per mile of more than $170,000 per mile (almost
twice as much as the entrepreneurs expected the crossing of the Sierra Nevada to
cost ($88,000 per mile) and more than three times higher than the expected average
cost of the whole Pacific railroad ($50,000 per mile) — see more on this in chapters
3 and 4 below). The main difficulty was that the best crossing identified through the
Panama Isthmus was over an extremely humid jungle and a cut was required,
making landslides tricky to control and human survival unlikely due to yellow
fever, cholera and malaria. Construction was, as expected, hard work. It took almost
five years, an average of 9 miles per year (while the crossing of the Sierra Nevada
was performed at an average rate of 31 miles per year and the full railroad at a rate
of 172 miles per year). The death toll is not known, but it is accepted to be very
high (informal estimates range from 6,000 workers upwards). Thus, the Panama
Railroad was expected to be difficult and expensive to build, and it was actually
difficult and expensive to build’®. Still entrepreneurs and the capital market were
willing to invest in the venture and it became one of the most profitable businesses
in America. The Panama Railroad provides an important, relevant and powerful
counterexample to idea that difficult projects improving transportation to and from

the Pacific Ocean cannot be funded through the capital market.

In sum, it is not clear why the Pacific Railroad was not expected to be profitable but
turned out to be profitable. No research on what the entrepreneurs believed,
researched, or expected is available in the literature. Nor is a good explanation
available of what unexpected event positively affected profits. Rather, a strong,
inarticulate and implicit assumption that the railroad simply could not have been
profitable by 1860, prevails in the literature. It is this assumption that leads
economic historians to suggest the Pacific Railroad was expected to be built ahead

of demand, while ex-post evidence indicates it was not.

In order to overcome our limited knowledge about the development of the Pacific

Railroad it is necessary to understand better what entrepreneurs expected. What

7 Poor (1872/73) p. 402 and Mack (1944) pp. 149-60.
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were the sources of demand the entrepreneurs expected to profit from? Was there
any uncertainty regarding demand? What were the technology and routes proposed
by the entrepreneurs? Was there any uncertainty regarding technology (as Fogel and
others imply)? And, also very importantly, how can we identify and measure the
entrepreneur’s expectations? If declarations by entrepreneurs were to be used to
identify entrepreneurial expectations, then there is the question of how to know if
these declarations reflect their true beliefs? Only after identifying and
understanding better entrepreneurial expectations it is possible to determine whether
the Pacific Railroad was expected to be built ahead of demand or not. Moreover, if
it is found that entrepreneurs expected to build the railroad ahead of demand, only
after carefully identifying the entrepreneurial expectations and comparing these to-
what actually happened it will be possible to identify the unforeseen events that
boosted profits.

Finally, the literature described above has provided us with substantial knowledge
regarding the economic effects of the first transcontinental railroad, but has also
obscured some very interesting features of the project. First, a feature of the
literature by economic historians reviewed above is that entrepreneurs progressively
disappeared from the analysis of the process of building ahead of demand. As
economic analysis tools were increasingly used to specify the hypothesis of
building ahead of demand, entrepreneurs disappeared. This process is not surprising
as it has been noted that the entrepreneur has little, if any, role in formal economic

theory””.

Second, the strong association between the first transcontinental and the land grant
debates has obscured many important and interesting angles of the Pacific Railroad.
Whether land grants were efficient or effective, and more efficient or effective than
other alternative given policy instrument, is a debate that has focused attention on
settlement and agriculture exclusively. However, the non-agricultural local

activities and the international angle of the railroad were also very important.

75 See Baumol (1968) and Casson (2003).
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Localised enclave activities may also generate substantial transport demand. For
instance mining booms were experienced in Colorado and Nevada in the late 1850s
and represented potential local traffic demand for transportation. From the
international angle, the United States was expanding precisely at the time the road’s
project was launched. And the railroad would have been politically unfeasible had
America not acquired an exit to the Pacific Ocean, and California in particular. In
fact, there would have been little to settle after 1860 had America not developed its
territorial expansion in the 1840s. Additionally, the first era of globalisation was
also starting during the period. Flows of goods to and from the Pacific Ocean were
increasing as the gold rushes in California and Australia were experienced and
China opened to trade. International and Californian trade may have been important-
sources of transport demand for the road. The movement of American agriculture
westwards is certainly an important issue, but it is unlikely to be the whole story of

the first transcontinental railroad.

Third, another important and curious feature of the existing economic history
literature is the insistence on treating the Central Pacific and the Union Pacific as
two entirely different entities. The Pacific Railroad was a project to be built by a
single company for almost its whole life as a project. The Central Pacific and the
Union Pacific shared markets, and faced similar problems and advantages because
they were conceived as a single road. The fact that the road was divided into two
companies by the Pacific Railroad Act of 1862 does not imply the project was not
conceived and pursued as a single road. The project was originally for only one
company, but the Pacific Railroad Acts acknowledged several possible different
companies and branches, and in practice two companies came to dominate the
operations and the story. The insistence on treating the two companies as entirely
different entities may have accountancy advantages but neglects the past as it

actually was.
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2.5. Approach

Extensive literature on the history of the Pacific Railroad exists. The consensus
among economic historians is that by 1862 the road was expected to be built ahead

of demand. But it turned out to be built following demand and to be very profitable.

Unfortunately, the information regarding the activities entrepreneurs performed and
what they actually expected is very limited. The attempts in the literature to assess
entrepreneurial expectations have examined information generated in Congress
during construction or the Poland and Wilson Committees hearings. The position of
the entrepreneurs when declaring "in' front of Congressional committees and the-
murky environment of the Civil War make it difficult to construct an unbiased
assessment of entrepreneurial expectations. More important, any declaration during
the Poland and Wilson Committees is ex-post and has benefited from hindsight, so

it is not really an expectation.

The purpose of this thesis is to develop an investigation allowing these
shortcomings to be overcome, illuminating our understanding of the western
expansion of the railroad network, as the first transcontinental railroad was built.
The approach is simple and follows four steps. First, entrepreneurial declared
expectations are identified and described. Second, since entrepreneurial declared
expectations do not necessarily reflect the entrepreneur’s true beliefs, a simulation
model is developed to generate “simulated expectations” and check the plausibility
of declared expectations. Third, observed outcomes and how entrepreneurs actually
behaved when operating the railroad are identified. Fourth, declared expectations,
“simulated expectations” and observed outcomes are compared. The purpose is to

determine if any unforeseen events may explain the profitability of the railroad.
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First step — entrepreneurial declared expectations

Entrepreneurial activity promoting construction of the Pacific Railroad is identified
by tracing back the documents supporting different projects discussed in Congress.
Since all of the projects for the Pacific Railroad implied crossing federal territories,
these projects had to go through congressional debates before they could acquire the
right of way. Thus, congressional debates do provide an appropriate way to identify

the projects promoted by entrepreneurs.

The documents identified are the actual plans developed by entrepreneurs to build
the Pacific Railroad. The documents are project reports, reports of the chief
engineer on the preliminary surveys, and bond prospectuses. These documents
provide a description of the motivation for the Pacific Railroad, the proposed route
and construction costs (engineering research), and the expected operation costs,
earnings and profits (market research). Exactly the information required to provide
an idea of entrepreneurial expectations regarding the railroad. Moreover, these
documents were known by some of the historians of the Central Pacific and Union

Pacific, but not examined carefully®.

Next the nature of the plans proposed by the entrepreneurs is described. Essentially
the point is to identify the markets targeted and the competitive strategy proposed
by the entrepreneurs. The expectations regarding profitability are also identified.
Additionally, the information included in these documents is put in historical
context by reviewing other relevant events at the time, paying particular attention to

events experienced by potential competitors to the Pacific Railroad.

The information set describing entrepreneurial activities, plans, and expected

profitability for the Pacific Railroad project are called here declared expectations.

78 More precisely, some historians like Ambrose (2000) and Bain (1999) identified some of these
documents but did not use the content of the documents. Some other historians do not seem aware
these documents exist, as they are not mentioned in their writings. All economic historians belong to
this last group.
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These are expectations as declared by the entrepreneurs in the documents they

wrote to promote the project.

Second step — entrepreneurial simulated expectations

Once the entrepreneurial declared expectations have been identified it is necessary
to develop a method to evaluate how closely these expectations reflected the true
beliefs of the entrepreneurs. More precisely, the entrepreneurs knew their own
framing of the investment decision, the information used to evaluate the decision,
and the outcome of the decision. But entrepreneurs did not have to reveal their own
true beliefs régarding the investment decision (framing, information, and outcome).
Rather, they could provide the markets or Congress the set of framing, information
and outcomes that the entrepreneurs thought markets or Congress wished to hear
and obtain in this way the capital for the project. Thus, entrepreneurs held private
information — information on whether the information revealed is the closest to their

true beliefs.

Moreover, since entrepreneurs required other agents to participate in the project,
they also faced incentives to behave opportunistically. Revealing a certain set of
framing, information and outcomes may have allowed them to convince the other
agents to participate in the project, even though the interests of entrepreneurs and
the other agents may not be aligned. Thus, entrepreneurs may provide a set of
framing, information and outcomes that please other agents but do not reflect their
true beliefs and withhold private information about this distinction. Formally, the
interaction between the entrepreneurs and the other agents is described as a game

with asymmetric information.

For instance, as any project of a Pacific Railroad had to go through Congress, at the
very least to acquire the right of way through federal territories, the entrepreneurs
faced incentives to understate group specific benefits and costs and overstate nation

wide benefits (assuming that Congress prefers to maximize national welfare rather
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than group-specific welfare). Under these circumstances the entrepreneurs would
provide a different set of framing, information and outcomes than the ones truly
believed and withheld private information about the distinction between their

declared set and their truly believed set.

The implication is that the information included in the project reports does not
necessarily reflect the entrepreneur’s true beliefs. Since the relevant information for
determining whether the entrepreneurs expected the railroad to be profitable or not
is the truly believed set of framing, information and outcomes, it is necessary to
devise a method to determine whether the declared expectations are in fact truly
believed expectations. The method used to control any potential opportunistic
behaviour from the entrepreneurs is a simulation model. The model focuses on the
fundamentals of the transport industry — determinants of supply and demand. The
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