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EXECUTIVE SUMMARY

Supplemental Report to the U.S. Surface
Transportation Board on
Capacity and Infrastructure Investment

INTRODUCTION

The August 2008 Performance Work Statement for this
supplemental report (Work Statement) calls for the analysis of long-term
forecasts of freight rail demand that serve as the basis of railroad
investment projections. In particular, the U.S. Department of
Transportation’s Freight Analysis Framework (FAF) is the foundation of
the demand-side study of railroad capacity investment needs through 2035
performed by Cambridge Systematics. The Work Statement calls for the
review of FAF and augmentation of FAF to permit greater incentive-based
responses by economic agents and to test the sensitivity of FAF to key
inputs such as fuel prices and rates.

In this report, we benchmark the FAF commodity flow forecasts
against other macroeconomic forecasts and also against a number of
commodity-specific forecasts to develop alternative forecast scenarios of
future freight rail volumes. This benchmarking is important in two
respects: the range of alternative forecasted volumes indicates the inherent
uncertainty of forecasting almost 30 years into the future; and subsequent
to the release of the FAF commodity flow forecasts, the U.S. economy
went into a recession, which has caused downward adjustments in long-
term economic forecasts. Additionally, we illustrate how responses to
economic factors, such as changes in fuel prices or changes in relative
prices of factors in the logistics chain, may change forecasted rail
volumes.

We also analyze the 2007 Cambridge Systematics' (CS) study that
used the FAF commodity flow forecasts to estimate the amount of
infrastructure investment needed to meet the projected demand through
2035. Chapter 3 of this report provides a detailed review of the methods
and conclusions of the CS study. Our analysis is limited by the fact that
there are proprietary elements in the FAF and CS models, which preclude
the replication or sensitivity analyses of these models. Thus, the results of

! Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007.
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the alternative forecast scenarios we present should be viewed as
approximations of how the alternative scenarios would change the FAF
commodity flow projections and the CS projections of railroad investment
needs.

We begin this report with a synthesis of conceptual issues
regarding the definition, determinants, and measurement of railroad
capacity; a summary of the economic theory of investment relating to
railroad infrastructure improvements; and a proposed framework for
analyzing the demand for freight rail services. This report concludes with
a discussion of the role for public funding of railroad infrastructure.

ES1 RAILROAD CAPACITY—CONCEPTUAL CONSIDERATIONS

To provide a coherent framework for analyzing railroad capacity
supply, demand, and investment behavior, Chapter 2 examines the
theoretical and definitional aspects of these concepts.

Railroad Capacity Definitional Issues

Railroad capacity can generally be thought of as a railroad’s ability
to transport volumes (in a given amount of time) over its network. The
amount of capacity available from a given quantity of production inputs
will be affected by factors such as technological innovations, work rules
and other regulations, railroad operating practices, and learning by doing.
A very important influence on railroad capacity is the existence of
congestion at points in the network. While congestion can occur on
mainline segments that are heavily utilized, it often occurs in terminal
areas, highly crowded urban areas, ports, and other transloading facilities.”
The multidimensional aspects of railroad capacity are illustrated by the
various ways railroads can increase capacity, including running more
trains, running trains faster, running trains closer together, running bigger
trains, installing and improving track , technological improvements, and
adding and improving staff.’

Economic Theory of Railroad Investment Behavior

The economic theory of investment enumerates three features that
are particularly relevant for analyzing railroad infrastructure investment
behavior. First, railroad infrastructure investments are often very large in
scale. Second, railroad infrastructure investments are generally long-lived

? Christensen Associates, 4 Study of Competition in the U.S. Freight Railroad Industry
and Analysis of Proposals that Might Enhance Competition, report to the Surface
Transportation Board, November 2008, (Christensen Report), p. 16-1.

3 Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues,
CRS Report for Congress, RL34186, September 26, 2007, pp. 27-28.
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and are designed to meet freight transportation demand that is uncertain.
Third, most railroad infrastructure investments are irreversible.

Lumpy and irreversible investments in markets with uncertain
demand will mean that those investments will have significant option
values. Thus, one would expect to see that such investments would be
undertaken only if they are clearly expected to be profitable. For if
demand turns out to be at the low end of future expectations, the costs
associated with the sunk investments will not be recovered. Because of
fluctuations in demand, railroads face significant option value associated
with major infrastructure improvements. Short-run capacity shortages,
which result in capacity rationing of some sort and/or service degradation,
may be the economically rational response in the short-run to demand
fluctuations.

In evaluating some shippers’ concerns that the railroads have made
insufficient investments in railroad capacity, one must consider that the
relationship between railroad capacity and demand during the last few
years does not necessarily indicate exploitation of railroad monopoly
power. Rather, it may have been the observed outcome of the economic
investment decision process.

Demand for Rail Transportation and the Logistics Chain

Freight transportation services (including rail) are combined with
other logistics inputs in order to provide goods and services to final
consumers in a timely fashion.* Some of these other logistics inputs can be
used as substitutes for freight transportation, while others are
complements. For example, if a firm cannot rely on fast and reliable
transportation, it can still accommodate the demands of its customers by
siting its warehouses closer to its customers, increasing its inventory levels
so that it can respond to unexpected increases in final demand, and siting
its production closer to the locations of its final demand.

The demand for freight railroad transportation and its response to
different levels of congestion on a particular rail corridor is affected in
very complex ways by the ability to substitute different logistics inputs for
transportation, the prices of these different logistics inputs, the demand for
the shipper’s final goods and services, and congestion elsewhere on the
network. Over time, this demand relationship will change as the firm has
greater ability to reorganize its logistics operations.

* The relationship between transportation and inventory management was first explored
by William J. Baumol and Hrishikesh D. Vinod, “An Inventory Theoretic Model of
Freight Transportation Demand,” Management Science, 14(7), March 1970, pp. 413-421.
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ES2 EVALUATION OF FAF PROJECTIONS RELATIVE TO
ALTERNATIVE MACROECONOMIC PROJECTIONS

While the FAF projections on which the CS study is based provide
a useful scenario of what the future may possibly look like, it must be
recognized that there are a number of uncertainties concerning future
economic conditions and these uncertainties increase as projections reach
farther into the future. Therefore, as with all long-term forecasts, these
projections should not be viewed as having a high degree of precision. The
Federal Highway Administration only reported a base case scenario and
did not include low-growth and high-growth scenarios in the final FAF
model, nor is there publicly available information on alternative growth
scenarios.

Another factor that should be kept in mind when evaluating the
FAF forecasts is that they were made in 2007 and at that point in time
most economic forecasters were more optimistic about future economic
growth than they are today. Although information is not available to
determine how the forecasts used as inputs to the FAF model might have
changed since 2007, we examine other publicly available forecasts to see
how the unexpectedly severe recession that began at the end of 2007 has
affected economic forecasters’ views of the future.

Comparison of FAF to Alternative Forecasts

In Chapter 4, we illustrate the degree of uncertainty surrounding
long-run forecasts by considering the forecasts of real GDP used by the
Trustees of Federal Old-Age and Survivors Insurance and Federal
Disability Insurance Trust Funds (OASDI) to determine the financial
positions of those trust funds. These forecasts include intermediate, low-
cost (i.e., high GDP growth) and high-cost (i.e., low GDP growth)
scenarios. This set of OASDI scenarios provides a benchmark against
which we can demonstrate the uncertainty surrounding long-run forecasts.
As shown in Figure ES-1, in the low-cost scenario, real GDP is projected
to increase by 151 percent between 2002 and 2035. In contrast, real GDP
is projected to increase by only 80 percent in the high-cost scenario and by
112 percent in the intermediate scenario.

In order to determine how the current economic recession is
affecting economic forecasters’ views of the future, we analyze
macroeconomic forecasts made by the Congressional Budget Office
(CBO) in both January 2007 and January 2009. Figure ES-2 compares
projected real GDP growth paths from these two CBO forecasts. Using the
assumptions implicit in the January 2007 CBO forecast, we project real
GDP growth to increase 131% between 2002 and 2035. Using the
assumptions implicit in the January 2009 CBO forecast, we project real
GDP to increase only 115% during that period.
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FIGURE ES-1
OASDI REAL GDP FORECASTS MADE IN 2007:
INTERMEDIATE, LOW-COST, AND HIGH-COST SCENARIOS
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As we discuss in Chapter 4, these alternative forecasts illustrate the
degree of uncertainty inherent in long-term forecasts that is not conveyed
in the FAF projections. Furthermore, such uncertainty has implications for
future freight railroad demand, railroad capacity needs, and the ability to
fund such needs.

Changes in Rail Freight Demand Resulting from Changes
in Prices and Other Factors

The CS model assumes constant modal shares by commodity and
origin/destination combinations for the 2002-2035 time period. However,
the potential responsiveness of demand to changes in prices should be kept
in mind when evaluating long-term projections of freight transportation.
Because trucking costs are more sensitive to fuel prices than are rail costs,
a permanent increase in fuel prices will have a larger percentage impact on
trucking prices than on rail prices, resulting in a decrease in the price of
rail relative to trucking. Whether increases in fuel prices result in overall
increased or decreased rail volumes depends upon the degree to which
consumers view rail and truck transportation as substitutes or
complements.

ES3 EVALUATION OF FAF PROJECTIONS RELATIVE TO SELECT
ComMMODITY PROJECTIONS

In Chapter 5 we analyze major sources of uncertainty for future
rail demand and the extent to which the FAF forecasts for freight rail
shipments are consistent with alternative forecasts for major commodities
in the rail shipment mix. The focus of this analysis is long-term structural
factors rather than declines related to the current recession. Overall, we
find that the FAF model forecasts very high rail demand growth compared
to current production forecasts from the Department of Energy for coal
and for petroleum products (excluding gasoline and fuel oils) and from the
Department of Agriculture (USDA) for grains.

The FAF forecasts assume constant modal shares by commodity
and origin/destination combinations, but future rail demands also depend
on the extent to which relative costs or transportation policy
considerations may favor rail over other modes, especially long-haul
trucking. We consider these factors along with the commodity-level
forecasts for a rough quantification of a range of possible rail capacity
investment needs. Summaries of two major commodity analyses from
Chapter 5—coal and grains—appear below.

Coal

The Department of Energy’s Energy Information Administration
(EIA) forecasts coal production, supply, and demand through 2030 using
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the National Energy Modeling System (NEMS). Rail is the dominant
mode for long-distance coal shipments, and there are relatively few
opportunities to economically substitute other transportation modes for
rail. Thus, we would expect the path of rail transportation of coal to
generally follow that of coal supply.

Recent NEMS runs for the EIA’s Annual Energy Outlook (AEO)
show significant uncertainty in long-range coal supply forecasts and, by
extension, forecasts of rail shipments of coal, arising from varying long-
range forecasting assumptions. Generally, the FAF model’s forecasted
growth in coal tonnage shipped by rail outstrips the growth in total coal
production from recent EIA forecasts. The FAF forecast calls for 78
percent growth in coal rail tonnage from 2002-2030, versus 50 percent in
the AEO 2007 scenario and 24 percent in the AEO 2009 scenario.

There are significant variations in forecasted coal production at the
regional level, with the EIA forecasts anticipating continued westward
shifts of coal production. The EIA forecasts also predict that the coal
production in the Appalachian region will be below current levels for most
of the forecast period through 2030.

Grains

The “cereal grains” category is the second largest in the FAF
model’s forecasted rail tonnage growth after coal. The FAF projects rail
tonnage for grains will nearly double between 2002 and 2035, with an
addition of 150 million tons. The USDA’s long-term projections for major
field crop production extend only through the 2017/2018 marketing year,’
so our main consideration is whether the 10-year growth rates in FAF are
reasonable. The USDA projections suggest that the forecasted rail
shipment growth rates for cereal grains in the FAF model are excessive
under the assumption of constant modal shares.

Capacity and Investment Implications of Commodity
Forecasts

The commodity-level summaries above suggest that alternative
forecasts of major components of freight rail tonnage exhibit relatively
low growth during the bulk of the FAF forecast horizon. The growth rate
differentials between the FAF forecasts and other commodity-specific
forecasts lead to large effects on the rail traffic projections in the later FAF
forecast years. Table ES-1 illustrates the effects of forecast variations

> U.S. Department of Agriculture, USDA Agricultural Projections to 2017, Long Term
Projections Report OCE-2001-1, February 2008, at
http://www.ers.usda.gov/Publications/OCE081/.
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between the FAF and alternative sources for the four major commodity

groups discussed in Chapter 5.

EFFECTS OF FORECAST VARIATION ON RAIL TONNAGE PROJECTIONS,

TABLE ES-1

SELECTED MAJOR CoMMODITY GROUPS

FAF
Compound
Annual Alternative Alternative FAF
Growth Growth Growth Rate 2035 Alternative
Rate, Rate, Source and/or Tons 2035 Tons
Commodity  2002-2030 2002-2030 Assumption (000) (000) Difference
Annual Energy
Coal 2.1% 0.7%  Outlook 2009 1,617,892 998,077 -619,815
USDA field
crop production
Cereal forecasts, yield
Grains 2.0% 1.0% growth rate 304,733 214,364 -90,368
Waste and FAF Average,
Scrap 3.1% 1.7% Rail Mode 192,856 113,973 -78,883
Petroleum
and Coal
Products Annual Energy
excl. Fuels 2.8% -0.8%  Outlook 2009 186,573 57,139 -129,434
Total 2,302,054 1,383.553 -918,500

We use the approach developed by Burton® to calculate very rough
estimates of the effects of alternative forecast assumptions on required rail

investment. We observe that coal accounts for approximately half of the

projected freight rail growth, and therefore assume that it is responsible for
roughly half of the needed capacity investment. Using average length-of-
haul statistics from the Carload Waybill Sample for the Appalachian,

Interior, and Western regions, we calculate a rough estimate of the coal
ton-mile growth implied by the FAF forecast for rail shipments of coal.
We also calculate the coal ton-miles obtained by recalibrating the 2002
FAF coal traffic to the coal production growth rates by region from the
AEO 2009. Using an estimate from Burton for the average incremental

investment cost, we calculate the impact of the different coal forecasts on
the required level of incremental investment and report our results in
Table ES-2.

® Mark L. Burton, Measuring the Cost of Incremental Railroad Capacity: A GIS
Approach, at http://www.njrati.org/files/research/papers/adobe/TPUG-01.pdf, p. 24.
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TABLE ES-2
EFFECT OF FORECAST VARIATION ON
CAPACITY INVESTMENT RELATED TO COAL

Incremental
2002 Coal 2030 Coal Ton-Mile Investment Cost
Forecast Ton-Miles Ton-Miles Growth ($ millions)
FAF Coal Forecast 591,504 1,222,162 630,657 74,733
FAF Calibrated to
AEO 2009 591,504 727,579 136,074 16,125

Note: Data in columns 2 through 4 are in millions of ton-miles.

Lower growth coal scenarios also entail lower railroad revenues
and contributions in excess of marginal costs. Based on results from our
competition study, the AEO 2009 scenario would reduce 2030 revenues
by $8.5 billion, and the 2030 contribution by $3.6 billion (in 2000 dollars)
relative to the FAF baseline.’

Intermodal Traffic and Truck-Rail Modal Shares

Although intermodal shipments are not readily identifiable in the
FAF database,” it is possible to partition rail traffic between commodities
commonly shipped in bulk and those likelier to be shipped in standard
shipping containers or truck trailers. The FAF tonnage for the latter group
of commodities is of a similar magnitude to the estimated tonnage for
trailer-on-flat-car and container-on-flat-car (TOFC/COFC) shipments in
the Carload Waybill Sample. Rail tonnage for this group of commodities
is projected to grow at approximately the same rate as rail tonnage as a
whole.

The FAF forecast actually may understate the growth in this
component of rail shipments if tonnage roughly tracks trend economic
growth after recovery from the current recession. The effect of growth at
real GDP rates on tonnage for this component of rail would be relatively
modest, but the effect on carloads (and hence train counts) would be
relatively large.

The corresponding risk for intermodal shipments over the long-
term appears to be on the upside of the FAF forecast, though intermodal
traffic has shown substantial declines due to current economic weakness.
Rail’s share of long-haul shipments of commodities that are amenable to
shipment in trailers and standard containers is relatively low, so shifts of
moderate fractions of truck freight to the rails would have particularly
large effects on rail carloads. A number of key rail corridors have seen
considerable capacity-expanding investments, largely in response to
increased international trade in manufactured goods, which may also be

’ Christensen Report, p. 11-22.
¥ In particular, the tonnage for shipments using the FAF model’s “Truck & Rail” mode is
much lower than that for trailer and container shipments in the Carload Waybill Sample.
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useful for the provision of truck-competitive services under surface
transportation policies that reduce the implicit subsidies to highway
transportation from unpriced negative externalities.

ES4 EXTERNALITIES AND THE ROLE OF PUBLIC FUNDING

It is a well-understood economic principle that private, profit-
maximizing firms will under-invest from a social perspective when public
benefits (i.e., positive externalities) exist, creating a demand for public
participation of some form. The economic justification for public
involvement (e.g., public funding of some type) in private sector
investment is that the private market does not provide enough of a “good”
whose social benefits exceed its private benefits—i.e., there are positive
externalities (external benefits) produced by the investment.

Unlike highway projects, where public infrastructure is involved,
the public funding of railroad projects involves the commitment of public
funds to the infrastructure of private entities. One of the primary
justifications for public involvement in railroad investment is that there is
an economically inefficient level of congestion in the highway
transportation network (a negative externality) that can be alleviated by
encouraging a shift to more rail transportation. Therefore, the public
benefit of increased rail transportation is actually a diminished level of a
negative externality. Other arguments for public sector involvement in
railroad infrastructure improvements are that shifting freight shipments
from truck to rail transportation would lower detrimental emissions,
reduce highway maintenance and security costs, increase fuel efficiency,
and promote economic development.

The Role of Cost-Benefit Analysis in Assessing Publicly
Funded Projects

Cost-benefit analysis is a policy evaluation tool that has been used
in a variety of public investment projects to determine whether the social
benefits of a public investment project outweigh its social costs, and to
rank projects according to their cost effectiveness. The tools necessary to
identify externalities and quantify the benefits that would result from
railroad infrastructure improvement include demand models that account
for shipper responsiveness to changes in prices, quality of service, and
economic activity, and supply models that can be used to model the
impacts of particular infrastructure investments on capacity.

The use of cost-benefit analysis that encompasses global costs and
benefits is a key to targeting the most socially desirable projects. For
example, it has been suggested that due to the substantial costs of highway
infrastructure projects in some areas, it may be more cost-effective to
reduce highway congestion through improvements in railroad
infrastructure that divert some freight traffic to rail, rather than through
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improvements in highway infrastructure that directly increase the capacity
of the highway network. In considering the relative merits of the highway
versus railroad project, one must analyze both the relative costs of the two
projects and the degree to which traffic would transfer from highways to
rail.

Infrastructure Investment when Social Benefits are not
Precisely Quantified

Although the development of a comprehensive cost-benefit
analysis would be a desirable next step in improving the evaluation of
railroad infrastructure projects, it is often not feasible to collect the
information needed for such an analysis. This is particularly true where
track has been taken out of service and other instances where detailed data
on specific corridors, bridges, tunnels, and terminals are not available.

In considering whether public funding should be used for rail
projects when data on corridor traffic may not exist and public benefits are
not quantifiable, some decision makers have eschewed a traditional or
enhanced cost-benefit analysis and developed innovative approaches in
implementing public/private partnerships. The Shellpot Bridge in
Delaware is a prime example. Despite not being able to precisely quantify
the public benefits from restoring the Shellpot Bridge to service, Norfolk
Southern Corporation and State of Delaware officials agreed to a
public/private partnership to repair the bridge. The traffic volumes over
the Shellpot Bridge during the 15 months following its reopening and the
railroad’s payments to the State of Delaware based on these volumes
indicate that if rail traffic continues at a similar level, Delaware will
realize an annual return of 9.75 percent on its investment in this project.’

Public Funding Options

Across the board investment tax credits for infrastructure
improvements and expansions can encourage general investment behavior
that may or may not mesh with social priorities. While general investment
tax credits may not always incent private decision makers to make socially
optimal decisions, such tax credits will produce positive social benefits to
the extent that society determines there are generally public benefits
associated with rail transportation.

On the other hand, targeted public/private partnerships can, in
principle, focus on particular externalities, but these mechanisms can be
complex and subject to political or bureaucratic manipulation.
Public/private partnerships are employed in a number of current rail

? Randolph R. Resor, James R. Blaze, and David W. Campbell, “The Shellpot Bridge: A
Public/Private Partnership That Worked,” Review of Network Economics, 7(1), 2008,
p. 95.
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infrastructure projects—for example, the Chicago-area CREATE program
and the Heartland Corridor double-stack clearance project. In some cases,
the public-private partnership is an “up front” commitment of public
money that is fully or partially paid back through railroad user fees of the
facilities. Examples of this type of financial arrangement include the
Shellpot Bridge project in Delaware, the Sheffield Flyover in Kansas City,
and the Alameda corridor in Los Angeles.
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CHAPTER 1

INTRODUCTION TO SUPPLEMENTAL REPORT
TO THE U.S. SURFACE TRANSPORTATION
BOARD ON CAPACITY AND INFRASTRUCTURE
INVESTMENT

INTRODUCTION

The August 2008 Performance Work Statement for this
supplemental report (Work Statement) calls for the analysis of long-term
forecasts of freight rail demand that serve as the basis of railroad
investment projections. In particular, the U.S. Department of
Transportation’s Freight Analysis Framework (FAF) is the foundation of
many demand-side studies of future transportation capacity needs. The
Work Statement calls for the review of FAF, and also the augmentation of
FAF to permit greater incentive-based responses by economic agents and
to test the sensitivity of FAF to key inputs such as fuel prices and rates.
The Work Statement goes on to state, “Given the high profile these
projections have in policy debates regarding the state of rail capacity and
what needs to be done to ensure adequate future capacity, we believe this
would be an important contribution to the policy debate.”!

In this report, we benchmark the FAF commodity flow forecasts
against other macroeconomic forecasts and also against a number of
commodity-specific forecasts to develop alternative forecast scenarios of
future freight rail volumes. This benchmarking is important in two
respects: the range of alternative forecasted volumes indicates the inherent
uncertainty of forecasting almost 30 years into the future, and subsequent
to the release of the FAF commodity flow forecasts, the U.S. economy
went into a recession, which has caused downward adjustments in long-
term economic forecasts. Additionally, we illustrate how responses to
economic factors, such as changes in fuel prices or changes in relative
prices of factors in the logistics chain, may change forecasted rail
volumes. We also analyze the 2007 study by Cambridge Systematics’
(CS) that used the FAF commodity flow forecasts to estimate future
freight rail demand on primary corridors of the U.S. freight rail network
and the amount of infrastructure investment needed to meet the projected
demand through 2035.

"Work Statement, p. 2.
? Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007.
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Our analysis is limited by the fact that there are proprietary
elements in the FAF and CS models, which preclude the replication or
sensitivity analyses of these models. For example, the FAF model relies
on proprietary macroeconomic forecasts to produce its commodity flow
forecasts. Thus, the results of the alternative forecast scenarios we present
should be viewed as illustrative approximations of how the alternative
scenarios would change the proprietary forecasts used as inputs to FAF,
the FAF commodity flow projections, and the Cambridge Systematics
projections of investment requirements.

This report also discusses the role of public involvement in railroad
infrastructure investment. The economic justification for public
involvement (e.g., public funding of some type) in private sector
investment is that the private market does not provide enough of a “good”
whose social benefits exceed its private benefits—i.e., there are positive
externalities produced by the investment. There are various approaches to
public investment in railroad capacity (e.g., public-private partnerships
and tax credits) and the social benefits and costs should be identified,
where possible, to determine the appropriate level of public involvement.

Below, we provide a brief summary of the subsequent chapters in
this supplemental report.

OVERVIEW OF CHAPTER 2

Chapter 2 is a background chapter providing a synthesis of
conceptual issues that are important for understanding railroad capacity
and economic investment behavior. The chapter begins with a brief
summary of the analysis of railroad capacity and performance contained in
our November 2008 report to the STB, and the update of this analysis that
appears in the Chapter 2 Appendix. We also discuss the elusive definition
of railroad capacity and the difficulties in measuring railroad capacity. To
fully analyze railroad capacity and capacity constraints, we conclude that
the analysis must be performed at a disaggregate level that is complex and
data-intensive. However, there is a general lack of publicly available data
to perform a detailed analysis without making strong assumptions that
may limit the usefulness of this approach. This chapter also presents an
overview of the economic theory of firm investment behavior and the
demand for rail transportation as an element in a firm’s logistics decisions.

OVERVIEW OF CHAPTER 3

In Chapter 3, we provide a review and suggested extensions of the
Cambridge Systematics’ 2007 study of railroad capacity and the future
ability of railroads to accommodate projected demand for freight rail
transportation. Our review includes a discussion of the study methodology
and also FAF, on which the study’s estimate of long-term (through 2035)
infrastructure investment requirements is based.
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The CS study presents a landmark analysis that provides a useful
tool for assessing railroad capacity issues under a given set of
assumptions. Using the demand forecasts from the FAF model, this study
predicts that there will be significant, system-wide capacity problems in
2035 unless substantial investments are made in railroad infrastructure.
The conclusions of the CS study are sensitive to the economic projections
that drive freight commodity flow forecasts, future decisions about plant
locations, potential shifts among transportation modes, and changes in
regional business operations.

OVERVIEW OF CHAPTER 4

In Chapter 4, we evaluate the FAF model and its forecasts. While
the FAF projections provide a useful scenario for what might happen in
the future, one must recognize that there is considerable uncertainty
surrounding all forecasts that extend 30 years into the future. We illustrate
the uncertainty in long-range forecasts with a macroeconomic forecast that
not only has a “base case” projection, but also reports “high” and “low”
scenarios. We note that long-range forecasting uncertainty is not reflected
in the base case FAF forecasts that were used in the CS study.

There have been significant changes in the U.S. economy after the
FAF forecasts were released that are likely to lead to lower GDP growth in
the future. Obviously, this is not a fault of the FAF model. If the
macroeconomic forecasts on which the FAF commodity projections are
based were to be made today, they would likely forecast lower growth that
would result in lower FAF commodity flow projections. We also illustrate
how factors such as changing fuel prices and the economic relationships
between truck and rail transportation may affect rail volume projections.
For example, if fuel prices rise significantly, there is likely to be a shift
from truck to rail transportation, thus increasing freight rail demand and
railroad investment requirements.

The substantial variability in macroeconomic forecasts has
implications for the CS study results. We illustrate possible changes to the
CS study results based on alternative macroeconomic forecasts. Since the
results of the CS study are to a great extent based on proprietary
information, our analysis provides only rough approximations of how
alternative forecasts could affect the results of the CS study.

OVERVIEW OF CHAPTER 5

In Chapter 5 we review the FAF forecasts for coal, grains, other
coal and petroleum products, and waste/scrap. These four commodity
groups account for 78 percent of the projected growth of rail tonnage from
2002 to 2035 in the FAF forecast database. Overall, we find that the FAF
model forecasts very high rail demand growth compared to current
production forecasts for from the Department of Energy for coal and for



petroleum products (excluding gasoline and fuel oils) and from the
Department of Agriculture for grains. Forecast scenarios featuring high
coal demand have the potential to project substantial additional railroad
investment requirements; whereas Department of Energy forecasts based
on current law do not fully recognize the downside risk of stringent
greenhouse gas restrictions. Assuming no countervailing effects, such as a
shift in freight transportation market share toward rail, the potential
reductions in rail volumes relative to the FAF forecasts would be expected
to materially reduce incremental investment needs, and also railroad net
revenues, relative to the CS study’s baseline.

The corresponding risk for intermodal shipments over the long-
term appears to be on the upside of the FAF forecast, though intermodal
traffic has shown substantial declines due to current economic weakness
and may be expected to remain below long-term trends for some time
given forecasts of a protracted economic downturn.

OVERVIEW OF CHAPTER 6

In Chapter 6, we discuss common rationales for pubic funding of
railroad investment and then outline the appropriate economic framework
in which the benefits and costs of railroad infrastructure projects should be
evaluated. The main policy justifications for public support of freight
railroad infrastructure concern the reduction of externalities of highway
congestion. Other public benefits of railroad investment include reductions
in highway maintenance and security costs, environmental benefits, fuel
efficiency, and economic development.

We next discuss the appropriate framework for assessing costs and
benefits of public investment projects. Because of the relationship of
highway and rail freight transportation within a company’s logistics
operations that we discuss in Chapter 2, a well designed cost-benefit
analysis of transportation projects would explicitly address this
relationship. A multi-modal framework would fully incorporate the
complementarities and the substitutability between highway and rail
freight transportation, as well as safety and environmental benefits.

Alternative methods of funding public investments in
infrastructure are also discussed.
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CHAPTER 2
CONCEPTUAL FRAMEWORK FOR ASSESSING
RAILROAD CAPACITY SUPPLY AND DEMAND

INTRODUCTION

This chapter provides a synthesis of conceptual issues regarding the
definition, determinants, and measurement of railroad capacity; a summary of
the economic theory of investment relating to railroad infrastructure
improvements; and a proposed framework for analyzing the demand for
freight rail services. Before turning our attention to these topics, however,
Section 2A briefly summarizes the analysis of railroad capacity contained in
our November 2008 report to the STB (“Christensen Report” or “our report”)
and our update of this analysis that appears in the appendix to this chapter. In
Section 2B we discuss railroad capacity definitional issues that are found in
the literature. Section 2C enumerates the various factors determining railroad
capacity, while Section 2D describes measurement issues and the lack of
publicly available data. Section 2E provides a conceptual discussion of the
economic framework for investment decision-making as it relates to the
freight rail industry. Section 2F discusses the role of transportation in supply-
chain logistics as a driver of demand for transportation services.

2A SUMMARY AND UPDATE OF CHRISTENSEN REPORT’S
ANALYSIS OF RAILROAD CAPACITY

As we discussed in Chapter 16 of our report, railroad capacity can be
generally thought of as a railroad’s ability to transport volumes (in a given
amount of time) over its network. The amount of capacity available from a
given quantity of production inputs (i.e., capital, materials inputs, and labor)
will be affected by factors such as technological innovations (often embodied
in capital), work rules and other regulations, railroad operating practices, and
learning by doing. A very important influence on railroad capacity is the
existence of congestion at points in the network." This impact of congestion
on the railroad network is similar to the effects of blocking or congestion that
occur in communications or data networks when limited switch or router

! James W. McClellan, “Railroad Capacity Issues,” Research to Enhance Rail Network
Performance, Transportation Research Board, 2007, p. 32.



capacity creates a restriction in network throughput despite the existence of
virtually unlimited fiber optic capacity.’

Our report concluded that, based on a number of approaches, there is
not a current shortage of railroad capacity in the aggregate. However,
congestion at various points or corridors in the railroad network appears to be
the major culprit in capacity-related performance issues over the last ten years,
similar to localized congestion in other types of networks that causes
reductions in output and service levels despite largely unconstrained capacity
elsewhere in the network.’

Our primary dataset for analyzing railroad capacity and performance
was the Railroad Performance Measures (RPM) weekly dataset reported by
Class I railroads.* Our report used the terminal dwell time metric found in the
RPM dataset as the principle measure for identifying network congestion. The
RPM dataset also contains measures of average train speed for each railroad
overall and for five different train types—i.e., intermodal, manifest,
multilevel, coal unit, and grain unit. As we discussed in Chapter 17 of our
report, average train speed and variations in average speed are proxies for
service quality.’

Because of definitional changes in the RPM data during 2005, our
report provided analyses of the RPM data for two distinct time periods:
January 1999 through September 2005 (Period 1), and October 2005 through
December 2007 (Period 2). In the appendix to this chapter, we update our
tables for the latter period to include analyses of the RPM data for calendar
year 2008. We observe that CN data have not appeared recently in the RPM
dataset available online. Therefore, we focus on the “Big 4” Class |
railroads—BNSF, CSX, NS, and UP—in our update. We find that the addition
of 2008 RPM data to our Period 2 analysis does not alter the conclusion of our
November study that there currently is not a shortage of railroad capacity in
the aggregate.

With RPM data now available through the end of 2008, we can also
examine whether the economic recession that officially began in December
2007 has had an effect on railroad congestion or performance as reflected in
the RPM metrics. In the appendix to this chapter, we examine whether there is
a relationship between the behavior of the RPM data and the current economic
downturn. In particular, we would expect that any capacity constraints or
network congestion would have eased in the last year due to the economic
downturn and declines in volumes shipped by the railroads. Largely because

? Christensen Associates, 4 Study of Competition in the U.S. Freight Railroad Industry and
Analysis of Proposals that Might Enhance Competition, report to the Surface Transportation
Board, November 2008, (Christensen Report), pp. 16-1 — 16-2.

3 Christensen Report, pp. 16-30 — 16-31.

4 Association of American Railroads, Railroad Performance Measures, at
http://www.railroadpm.org/.

> Christensen Report, p. 17-19.



of these shipment reductions, we would also expect train speeds to increase
and variability in speed to decrease. As described in the appendix, we find
somewhat mixed support for these hypotheses despite the severity of the
economic downturn. We principally attribute the inconclusive results of our
analysis to the aggregate nature of the RPM data. Consistent with our
assessment of the RPM data contained in our report, we believe that a more
informative investigation of service and capacity issues would require data
and modeling at a more disaggregate level.

2B RAILROAD CAPACITY CONCEPTS

There are a few key themes regarding railroad capacity that are
apparent from Chapter 16 of our report and the broader literature. First,
although a widely agreed-upon definition of railroad capacity is elusive, an
important component of the definition is the consideration of factors that
increase the railroads’ ability to transport freight volumes. Second, and closely
related, is the recognition that there are a number of factors in addition to
physical infrastructure that are important in determining the railroads’ ability
to transport volumes and, hence, railroad capacity. Third, it is difficult to
measure railroad capacity because there is a lack of publicly available data on
railroad capacity metrics. We discuss these themes below and in the following
two sections of this chapter.

Definition of Railroad Capacity

A number of sources indicate that there is no uniformly accepted
definition of railroad capacity. However, regardless of the particular
definition, an important element in the definition of railroad capacity is the
ability to transport volumes on the railroad network. According to Abril et al.:

Capacity, whose definition is a classical problem, has
long been a significant issue in the railway industry. The
goal of capacity analysis is to determine the maximum
number of trains that would be able to operate on a given
railway infrastructure, during a specific time interval,
given the operational conditions.®

Although capacity seems to be a self-explanatory term in
common language, its scientific use may lead to
substantial difficulties when it is associated to objective
and quantifiable measures. It is a complex term that has
numerous meanings and for which numerous definitions
have been given. When referring to a rail context, it can
be described as follows:

® M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to 7RE, April 2007, p. 2.
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“Capacity is a measure of the ability to move a specific
amount of traffic over a defined rail line with a given set
of resources under a specific service plan.” (Krueger,
1999).

A 2008 Rand study of railroad capacity (the Rand study) states:

To our knowledge, no universally accepted definition of
rail capacity exists, but measures of capacity should be
tied to the volume of freight that can be moved over a
period of time across a certain distance.”

Theoretical vs. Practical Capacity

There is a distinction between theoretical capacity and the capacity
that railroads can practically use. According to Abril et al., there are four
related capacity concepts: theoretical capacity, practical capacity, used
capacity, and available capacity.

e Theoretical Capacity: [T]he number of trains that
could run over a route, during a specific time interval,
in a strictly perfect, mathematically generated
environment, with the trains running permanently and
ideally at minimum headway (i.e., temporal interval
between two consecutive trains). It is an upper limit
for line capacity. Frequently, it assumes that traffic is
homogeneous, that all trains are identical, and that
trains are evenly spaced throughout the day with no
disruptions. It ignores the effects of variations in
traffic and operations that occur in reality. ...

e Practical Capacity: [T]he practical limit of
“representative” traffic volume that can be moved on a
line at a reasonable level of reliability. The
“representative” traffic reflects the actual train mix,
priorities, traffic bunching, etc. If the theoretical
capacity represents the upper theoretical bound, the
practical capacity represents a more realistic measure.
... It is usually around 60%-75% of the theoretical
capacity, which has already been concluded by Kraft
(1982). Practical Capacity is the most significant
measure of track capacity since it relates the ability of

" M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to 7RE, April 2007, p. 4. See also H. Krueger,
“Parametric Modelling in Rail Capacity Planning,” Proceedings of the 1999 Winter
Simulation Conference, 1999, pp. 1194-2000.

¥ Brian A. Weatherford, Henry H. Willis, and David S. Ortiz, The State of U.S. Railroads, A
Review of Capacity and Performance Data, Rand Corporation, 2008, p. 11.
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a specific combination of infrastructure, traffic, and
operations to move the most volume within an
expected service level.

o Used Capacity: [T]he actual traffic volume occurring
over the network. ...

e Available Capacity: [The difference between the
Used Capacity and the Practical Capacity. ...’

A 2007 Cambridge Systematics study (the CS study) suggests that a
volume-to-capacity ratio of 70 percent of theoretical capacity represents a
corridor’s “practical capacity.”

A rail corridor that is operating at a volume-to-capacity
ratio of 0.7 ... is operating at 70 percent of its theoretical
maximum capacity. This is considered to be the
corridor’s practical capacity because a portion of the
theoretical maximum capacity is lost to maintenance,
weather delays, equipment failures, and other factors.'’

Others have cited 75 percent as the practical capacity benchmark.''

However, a 2007 Congressional Research Service (CRS) report
authored by Stan Kaplan (the CRS/Kaplan report) contends that defining
[theoretical] railroad capacity and, hence, determining the percent of capacity
actually used are both elusive:

Railroad network capacity is ... not a single metric, but is
different for each type of traffic, and depends on the
assumptions made for traffic mix, acceptable costs, and
many other variables. Since the amount of capacity on a
rail network is hard to pin down, the degree to which
total capacity is being utilized is also “elusive.”"?

M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to 7RE, April 2007, pp. 4-5. See also E. R. Kraft, “Jam
Capacity of Single Track Rail Lines,” Proceedings of the Transportation Research Forum,
23(1), 1982, pp. 461-471.

1 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-9. See
Chapter 3 for additional discussion.

" For example, see Denver Tolliver, Fundamentals of Freight Railroad Capacity, PowerPoint
presentation, p. 77.

12 Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, p. 35.



2C DETERMINANTS OF RAILROAD CAPACITY

Despite the absence of a widely agreed-upon definition of railroad
capacity, it is generally acknowledged that there are a number of factors, in
addition to physical infrastructure and inputs, that affect a railroad’s ability to
provide services and, thus, its capacity. This expansive notion of capacity is
intertwined with the concept of productivity, which is generally defined as the
amount of output that can be produced with a given amount of inputs. “Non-
input” elements of capacity—e.g., operating practices—can be viewed as
factors that contribute (either positively or negatively) to productivity.

The Rand study cited above provides an example of this expansive
definition of railroad capacity:

The capacity of the rail network is determined by several
parameters that span the physical and operational
components of the rail system. ... James McClellan[,] ...
a rail industry consultant formerly of Norfolk Southern
(NS), said that rail capacity is determined by four
interrelated factors: infrastructure, motive power,
operating strategies, and crews. To this, we add industry
structure as a factor."

Abril et al. note that:

Railway capacity is not static. It is extremely dependent
on how it is used. The physical and dynamic variability
of train characteristics makes capacity dependent on the
particular mix of trains and the order in which they run
on the line. Furthermore, it varies with changes in
infrastructure and operating conditions."

These authors go on to describe a number of factors that affect railroad
capacity (and productivity), placing the factors into three categories:
infrastructure parameters, traffic parameters, and operating parameters.

e Infrastructure Parameters
« Block and signaling system
« Single/double tracks
« Definition of lines, routes
« Network effects
o Track structure and speed limits
« Length of subdivision

1 Brian A. Weatherford, Henry H. Willis, and David S. Ortiz, The State of U.S. Railroads, A
Review of Capacity and Performance Data, Rand Corporation, 2008, p. 11.

4 M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to 7RE, April 2007, pp. 5-8.



e Traffic Parameters
« New or existing lines
o« Train mix
« Regular timetables
o Traffic peaking factor
o Priority
e Operational Parameters
« Track interruptions
o Train stop time
« Maximum trip time threshold
« Time window
. Quality of service, reliability, or robustness."’

A similar set of factors affecting railroad capacity was mentioned in
the CS study. Furthermore, Table 4.2 of the CS study illustrates the interaction
of the various factors determining railroad capacity included in its analysis.
This table shows the CS estimates of the maximum number of trains per day
that could travel over a typical freight corridor, dependent on the number of
tracks, type of control system, and mix of train types.'®

The CRS/Kaplan report notes the difficulty of defining railroad
capacity and the various elements that contribute to it:

One study broadly defines rail capacity “as the greatest
possible output while maintaining a specified minimum
acceptable level of service (e.g., a minimum speed).
However, this kind of formulation does not address a
host of complications. There are in fact no standard
definitions or measures of rail system capacity. ...

A measure of rail system capacity is ultimately a function
of the assumptions made by the analyst. The U.S. rail
network has 70,000 origin-destination pairs, many
routing options, and carries a wide variety of products.
The carrying capacity of a section of railroad depends on
the quality of the track, whether the corridor is single-
tracked or double-tracked, the number and length of
sidings, and the type of signaling system installed.
Railroads move trains over the network at varying
speeds, depending on the quality of service needed to
compete with trucks or barges, the weather, maintenance
programs, and the condition of the track. Capacity is also

1S M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to TRE, April 2007, pp. 5-8.

"®Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-7.



2-8

a function of the cost of service the railroad is willing to
incur and which shippers are willing to pay. Without a
consideration of cost, “the concept of capacity is
meaningless.”"’

The CRS/Kaplan report further notes that “BNSF lists volume, train
density, physical plant elements, and productivity as determinants of system
capacity.”"® Below, we discuss some of the important determinants of the
ability of railroads to move volumes of traffic over their networks.

Network Effects

The interrelatedness of railroad networks—where what happens on
one segment of the network may have spillover effects on other parts of the
network—is commonly referred to as network effects or network externalities.
According to Abril et al., network effects can have a far-reaching impact on
congestion and railroad network capacity:

A single line cannot be considered as a fully independent
part of the whole network due to crossing and
overlapping lines, which can be true bottlenecks. As a
consequence, the capacity of a line cannot be defined
withol%t considering what happens on the interfering
lines.

Related to the network effects, is the concept of cascading failures that
has typically been applied to analyze outages in the electric transmission grid.
A cascading failure occurs in a network when an individual network
component fails, and following the failure of this component the natural
dynamics of the system induce the failure of other components. In the context
of railroad capacity problems, a cascading failure analysis has been used to
examine Union Pacific’s service issues in the late 1990s.%

' Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, p. 35 [without footnotes].

'8 Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, p. 36 [without footnote].

M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to 7RE, April 2007, p. 6.

% David Alderson, “Cascading Failures in Infrastructure Networks,” Workshop on Large-
Scale Engineering Networks, Institute for Pure and Applied Mathematics, UCLA, April 15,
2002.
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Traffic Mix and Prioritization

Other factors affecting the capacity of a rail network are the traffic mix
on the network and the prioritization of certain types of traffic over other
types of traffic (e.g., passenger/commuter vs. freight):

The changing traffic mix on the rail system has also
contributed to tighter capacity. There is a tradeoff
between the number of coal and other bulk cargo trains
running on a system versus high-speed/high-priority
intermodal traffic. To compete against trucks, rail
intermodal traffic must be price competitive and offer
speed and timeliness. Consequently, intermodal traffic
usually takes priority over coal trains (and other freight
traffic). ... In general, when trains of varying speeds are
mixed on a rail system and the faster trains are given
priority, the effective carrying capacity of the slower
trains—the amount of cargo they can move over a given
period of time—is reduced.”’

The prioritization of trains is likely an important factor when a mix of
train types shares service on a corridor or network. According to Abril et al.,
this shared usage also has an effect on capacity:

The priorities of trains play a vital role. Train priorities
decrease capacity because priority trains are given
preferential treatment over lower priority trains, which
results in increased delays. This basically allows the
priority traffic to move as if it were the only traffic in the
network. As a rule, the greater the number of priority
classes, the less capacity is available.

For example, intermodal trains typically have a higher priority than
merchandise trains among freight trains, and passenger/commuter trains have
priority over most types of freight trains.

Network Chokepoints

As we discussed in Chapter 16 of our report, a very important
influence on railroad capacity is the existence of congestion at chokepoints in
the network. A feature common to most network industries is that congestion
at nodes and other specific network locations can often become a binding

2! Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, p. 25 [without footnotes].

2 M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and A. Lova, “An Assessment of
Railway Capacity,” Preprint submitted to 7RE, April 2007, p. 7.
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constraint on the utilization of network route capacity.”> We concluded in our
report that congestion at various points or corridors in railroad networks
appears to be the major culprit in capacity-related performance issues over the
last ten years.”*

James McClellan, formerly of Norfolk Southern and its predecessor
companies, points out that, despite the availability of plenty of capacity on
most of the network, congestion occurs at various chokepoints in the network:

The reality is that, much of the time, plenty of capacity is
available on most of the track network ... However,
around urban areas, key junctions, and other choke
points, congestion can worsen during certain parts of the
day or on certain days of the week.”’

The impact of railroad chokepoint congestion is similar to the effects of
blocking or congestion that occurs in communications or data networks when
limited switch or router capacity creates a restriction in network throughput
despite the existence of virtually unlimited fiber optic capacity.*®

A study by the American Association of State Highway and
Transportation Officials (AASHTO) discusses the role of network
chokepoints of various types that affect the overall throughput capacity of
railroad networks:

The railways have significant physical constraints, too.
These are principally in the form of critical choke points:
antiquated bridges, low-ceiling tunnels, “missing”
connections, outdated signal systems that cannot
accommodate both high-speed passenger trains and slow-
speed freight trains, single track line without adequate
sidings, bridges too weak to safely carry today’s heavier
rail cars, and inadequate terminal capacity. These choke
points reduce the overall throughput capacity of the rail
system. The rail network also has significant operational
constraints: railroads must interchange traffic among
themselves, share right-of-way with passenger rail, and
cross highway traffic at grade. The railroads also have
significant business requirements: in the face of limited
profitability and capitalization, they must operate as
bottom-line-oriented, for-profit businesses that live or die

» James W. McClellan, “Railroad Capacity Issues,” Research to Enhance Rail Network
Performance, Transportation Research Board, 2007, p. 32.

2 Christensen Report, p. 16-31.

25 James W. McClellan, “Railroad Capacity Issues,” Research to Enhance Rail Network
Performance, Transportation Research Board, 2007, p. 32.

26 Christensen Report, p. 16-2.



by quarterly profit statements and annual investment
returns. However, there is also considerable unused
potential in the nation’s rail system, capacity that could
be reclaimed and utilized to strengthen the national
freight transportation system.”’

A U.S. Government Accountability Office (GAO) report from 2007
discusses the role of bridges and tunnels as rail chokepoints that create
constraints on capacity and may result in congestion:

Several factors contribute to congestion on freight
railroad networks, including grade crossings and
passenger trains, both of which can decrease freight
railroad capacity and cause freight train delays. Bridges
or tunnels may also cause network congestion. For
example, single-track bridges and tunnels constrain
capacity on double-track lines, as do low clearances that
do not accommodate double-stack intermodal trains,
bridges that open for marine traffic, and other structural
characteristics such as sharp curves and steep grades that
require slower train speeds. Deteriorated bridge and
tunnel conditions can also contribute to congestion by
requiring reduced train speeds, closures, and increased
time out of service for maintenance. Where repairs or
improvements to bridges and tunnels may not be
financially viable or sufficiently profitable, railroads may
institute slow orders or shut down lines and reroute
traffic. In some cases, especially for Class III railroads, a
bridge or tunnel closure can isolate a shipper and cripple
a railroad’s entire network.*®

This GAO study provides a few examples of particular chokepoints in
railroad networks that have far-ranging influences on delays and congestion
throughout the network:

Although FRA officials estimated that 10 percent or less
of freight railroad congestion is attributable to capacity
constraints caused by railroad bridges and tunnels,
railroad officials whom we spoke with identified some
key bridges and tunnels as chokepoints on their
networks. For example, one chokepoint is a moveable

7 American Association of State Highway and Transportation Officials, Freight-Rail Bottom
Line Report, p. 52.

¥ Government Accountability Office, Railroad Bridges and Tunnels, Federal Role in
Providing Safety Oversight and Freight Infrastructure Investment Could Be Better Targeted,
Report to Congressional Requesters, GAO-07-770, August 2007, p. 16.



bridge that is one of only a few bridges across the
Mississippi River owned by a Class I railroad. According
to railroad officials, during peak periods, the bridge must
open up to 15 times per day for river traffic while
accommodating between 65 and 70 trains per day. Each
opening for river traffic generally takes an average of 25
to 30 minutes, although the bridge is sometimes open for
more than an hour, causing train delays as far as the West
Coast. In addition, this bridge is closed for routine
maintenance for over an hour several times a week.
Another chokepoint is the 1.7 mile Howard Street Tunnel
... constructed in 1895 under downtown Baltimore,
Maryland, which is the largest and most expensive
obstacle to transporting double-stack railcars from
Baltimore to Chicago. The tunnel regularly causes
passenger and freight train delays in the Baltimore area
and beyond because it is a single-track tunnel with
insufficient clearance for double-stack railcars on a
double-track main line. Grades in and curves near the
Howard Street tunnel also contribute to congestion,
constraining freight traffic to 25 miles per hour through
the tunnel. In addition, during a fire in the tunnel in 2001,
freight traffic was rerouted, resulting in 18- to 36-hour
delays.”

Because of its location, confluence of railroads and resulting
congestion, arguably, the most significant chokepoint in the U.S. railroad
network is the Chicago area. The Chicago Region Environmental and
Transportation Efficiency (CREATE) Program was designed to alleviate
congestion in the Chicago area. In general terms, CREATE calls for:
developing one passenger rail and four freight rail corridors through Chicago;
building numerous grade separations and flyovers: and upgrading track,
switches, and signal systems. CREATE partners include Amtrak, six of the
Class I railroads, local freight and commuter rail concerns, the city of
Chicago, and the U.S. DOT.* Because of its national significance, CREATE
has federal oversight:

One-third of America’s rail and truck cargo moves to,
from, or through the Chicago region. The Chicago rail
network not only serves Illinois and the Midwest, but
also the rest of the United States and North America.
After Illinois, the four states most economically

¥ Government Accountability Office, Railroad Bridges and Tunnels, Federal Role in
Providing Safety Oversight and Freight Infrastructure Investment Could Be Better Targeted,
Report to Congressional Requesters, GAO-07-770, August 2007, p. 17.

3 Progressive Railroading, February 4, 2009.



dependent on Chicago’s rail system are California,
Texas, Ohio, and New Jersey. The magnitude of the
Chicago region’s trade activity is such that improvements
in rail efficiency can have large impacts on businesses
and consumers throughout the nation. In addition, seven
rail lines entering Chicago are part of the Strategic Rail
Corridor Network — rail lines identified as critical to
national defense. CREATE is considered so important to
national infrastructure needs that an unprecedented
interdepartmental team in the U.S. DOT, comprised of
representatives from the FRA, Federal Transit
Administration (FTA), and Federal Highway
Administration (FHWA), was created to oversee it on a
national level.”!

Capacity Usage and Railroad Performance

There is a strong relationship between the amount of available railroad
capacity and service performance. Rail corridors or networks where capacity
is relatively tight (or that suffer from significant chokepoint issues) are also
susceptible to service problems that are difficult to resolve, resulting in the
railroad version of cascading failure:

A capacity-constrained rail network may lack resiliency
and have limited ability to deal with unexpected events
(e.g., bad weather, mechanical failures, unexpected
growth in demand). ...

[R]ailroad equipment has limited mobility within a
system of tracks and yards that cannot be appreciably
expanded or modified over the short term. Consequently,
congestion on rail networks can persist for weeks or
months.

When a rail system is congested it loses “fluidity.” As the
term suggests, the system slows down. Trains are late
and the railroads may be unable to carry all the traffic a
shipper has contracted for or otherwise wants to move.*

In testimony at the STB’s Ex Parte 671 proceedings, The Honorable
Jeffrey N. Shane noted the impact of tight capacity on average train speed:

3! David Hunt, Return on Investment on Freight Rail Capacity Improvement, NCHRP 08-36,
Task 43, April 2005, p. 2-6.

32 Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, pp. 25-26.



While much of the system needed paring back due to
redundancy and unused and light density lines, traffic on
the remaining portion is moving over heavily traveled
corridors. This has resulted in a reduction in system
average train speed by nearly 20 percent, accompanied
by network congestion and deterioration in service
reliability. In 2005, for example, train velocity (train-
miles per train-hour) fell to 18.6, the lowest level in 16

years. ... There are some preliminary signs of a reversal
in 2006.%

According to the CS study, as capacity usage exceeds 70 percent (the
boundary between level-of-service or “LOS” grades C and D), service
performance can quickly become unstable following unanticipated
disruptions:

A corridor operating at LOS C [0.4 to 0.7] will have
stable train flows, ensuring that schedules can be met
reliably and safely, and permitting timely recovery from
service disruptions. At LOS D [0.7 to 0.8], a corridor will
have stable operations under normal conditions, but
service can quickly become unstable with unplanned and
unanticipated disruptions. At volume-to-capacity ratios
significantly greater than 0.8 (e.g., at LOS E or F), train
flow rates and schedule reliability deteriorate and it takes
longer and longer to recover from disruptions. To
provide acceptable and competitive service to shippers
and receivers, railroads typically aim to operate rail
corridors at LOS C/D or better.”*

An illustration of how network operations become more difficult at
higher volume-to-capacity ratios is given by events that occurred in 2005
when high network usage meant little or no network “reserve capacity.” As a
result there was diminished network “fluidity” and congestion at particular
locations cascaded throughout the network:

Even now, events that once would have had little effect
now cause major disruptions throughout the rail network,
because there is no reserve capacity. Our experience in
2005 was a good example. West Coast storms interrupted
shipments from California ports to the east, and forced

3 Jeffrey N. Shane, Under Secretary for Policy, U.S. Department of Transportation,
Statement before the Surface Transportation Board, Ex Parte 671, Rail Capacity and
Infrastructure Requirements, April 11,2007, p. 2.

3* Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-9.
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eastern carriers to hold traffic moving west; the result
was filled yards and a clogged rail system. In the Powder
River Basin, necessary track work and severe winter
weather slowed deliver of coal to utilities.”

2D MEASUREMENT OF RAILROAD CAPACITY

The CRS/Kaplan report notes the difficulty of defining railroad
capacity and the lack of public data to measure it:

[M]ost of the public information on railroad capacity are
anecdotal. ... The unavailability of public data on rail
capacity is in part because rail system capacity is difficult
to measure and define.*®

The 2007 GAO report on bridges and tunnels suggests that, while not
publicly available, railroads do possess information on bridges and tunnels
that are important for determining capacity and railroad investment priorities:

Little information is publicly available on the condition
of railroad bridges and tunnels, and on their contribution
to congestion, but private freight railroads collect and
maintain this information to varying degrees and use it to
set investment priorities. This information will be
increasingly important to the railroads as the demand for
freight transportation grows, aggravating existing freight
railroad congestion problems and further straining the
railroads’ infrastructure, which includes aging and
expensive bridges and tunnels.”’

While it may be difficult to develop network-wide measures of
capacity, the problem is apparently more tractable for segments of the network
(i.e., corridors) or particular types of traffic, and railroads possess the data for
assessing this more narrowly defined capacity:

And while the practicality (and utility) of encapsulating
the capacity utilization of an entire rail system in a single

% Jeffrey N. Shane, Under Secretary for Policy, U.S. Department of Transportation,
Statement before the Surface Transportation Board, Ex Parte 671, Rail Capacity and
Infrastructure Requirements, April 11,2007, p. 3.

3% Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, p. 34.

37 Government Accountability Office, Railroad Bridges and Tunnels, Federal Role in
Providing Safety Oversight and Freight Infrastructure Investment Could Be Better Targeted,
Report to Congressional Requesters, GAO-07-770, August 2007, p. 3.
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index number may be questionable, it is possible to
define capacity for key corridors and categories of traffic
for a given set of assumptions. For instance, in the past
CSX has reported the degree of capacity utilization on its
network for general merchandise traffic and for
intermodal traffic. ...

Railroads estimate the current and projected capacity of
parts of their systems in order to make investment
decisions. ...

In summary, while a system-wide capacity index may be
difficult or impractical to develop, corridor-specific
capacity measures appear to be meaningful and
feasible.”

However, the ability to determine capacity along specific corridors
also appears to be limited by the broad nature of the determinants of railroad
capacity and the corresponding lack of data for many of these determinants, as
illustrated by the recent CS study:

The capacity of rail corridors is determined by a large
number of factors, including the number of tracks, the
frequency and length of sidings, the capacity of the yards
and terminals along a corridor to receive the traffic, the
type of control systems, the terrain, the mix of train
types, the power of the locomotives, track speed, and
individual railroad operating practices. Complete,
consistent, and current information on all these factors
was not available for the study, so the capacity of the
primary corridors was estimated using only the three
dominant factors (e.g., number of tracks, type of signal
system, and mix of train types).

In our study, we mentioned an approach developed by Mark Burton
for measuring railroad capacity that overcomes many of the obstacles listed
above.* Burton notes that railroad capacity issues must be examined at a fully
disaggregate level by evaluating the capacity of individual links (i.e., route
segments) that form specific routes. This approach is both complex and data-

¥ Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, pp. 36-37 [without footnotes].

3% Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-5, fn. 15.

40 Mark L. Burton, Measuring the Cost of Incremental Railroad Capacity: A GIS Approach, at
http://www.njrati.org/files/research/papers/adobe/TPUG-01.pdf.
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intensive.*' Burton combined railroad traffic data from the Carload Waybill
Sample (CWS) with geographic information systems (GIS) infrastructure
information on the U.S. railroad network and engineering cost estimates to
develop traffic flows over railroad links. The CS Study performed a similar
analysis. The estimated traffic flows and data on link characteristics are used
to estimate an econometric model of railroad “link” capacity and incremental
capacity costs.* With the results of his regression model, Burton was able to
simulate the capacity of route segments having particular physical
characteristics. He then combined his regression results with cost estimates of
various capacity-enhancing additions (e.g., sidings and controls) to develop
generic estimates of potential capacity improvements.

Burton acknowledges that the limitations of publicly available data
required him to make strong assumptions in order to enable the analysis. The
CWS data do not include details on shipment timing (other than a waybill
date) or information on how shipments are formed into trains; the data also do
not provide information on service-quality characteristics, notably for
intermodal shipments. In practice, some relevant details on network flows will
tend to be lost to factors including data aggregation or modeling limitations
even to the extent that the railroads may be able to provide additional
information on traffic flows and their characteristics.*

2E INFRASTRUCTURE IMPROVEMENTS, CAPACITY CONSTRAINTS,
AND THE ECONOMIC THEORY OF INVESTMENT

In recent years, both shippers and the railroads have expressed concern
about current and future capacity constraints on the railroad network. Shippers
have mostly expressed concern about current capacity constraints and the
reliability of rail service. Some shippers have expressed the opinion that
railroads have an economic incentive to limit capacity improvements, creating
capacity shortages, which allow the railroads to charge higher rates. Railroads
have expressed more concern about the long-run future capacity needs and
their ability to fund these needs. With a view to the railroad infrastructure
requirements over the next thirty years, railroads anticipate that capacity will
need to be increased considerably while they may not have the financial
resources to meet these capacity needs.

! Mark L. Burton, Measuring the Cost of Incremental Railroad Capacity: A GIS Approach, at
http://www.njrati.org/files/research/papers/adobe/TPUG-01.pdf, pp. 1-2.

> Burton notes that a fundamental assumption of his analysis is that the components of the
rail network were optimally suited to accommodate the observed traffic moving over them, so
that the observed traffic moving over a link represented that link’s capacity. See Mark L.
Burton, Measuring the Cost of Incremental Railroad Capacity: A GIS Approach, at
http://www.njrati.org/files/research/papers/adobe/TPUG-01.pdf, p. 6.

# Railroads may possess detailed data on additional dimensions of capacity utilization, but we
would expect these data to be treated as confidential. Thus, if the STB were to request the
necessary data for modeling railroad capacity, it would need to come up with procedures to
protect highly confidential data, much as it does with the Carload Waybill Sample.
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In order to evaluate the state of railroad capacity supply, it is useful to
begin with the economic theory of investment to determine the incentives that
a typical firm faces when making investment decisions. Focusing on railroad
infrastructure investments, the economic theory of investment enumerates
three features that are particularly relevant. First, railroad infrastructure
investments are often very large in scale. In some instances, it is not realistic
to make these infrastructure investments incrementally because of scale
economies. In other cases, the payoff to the infrastructure improvements will
not be realized until the entire project is completed. Second, railroad
infrastructure investments are generally long-lived and are designed to meet
freight transportation demand that is uncertain. As evidenced by volume
declines during the current economic downturn, railroad shipments are quite
sensitive to the business cycle and unforeseen sectoral changes in the U.S.
economy can have significant impacts on rail demand. Third, most railroad
infrastructure investments are irreversible. Unlike investments in assets such
as office buildings, automobiles, and computers, the cost associated with
track-related infrastructure investment is sunk: that investment can be used to
handle railroad shipments over the improved route, but it cannot be moved
and used for other purposes.

Classical investment theory has long noted that in instances where an
industry is growing and investments are “lumpy,” i.e., can only be made in
large increments, a firm can experience periods with a shortage of capacity
followed by periods with excess capacity. When there is a shortage of
capacity, short-run marginal costs are above long-run marginal costs. When
there is an excess of capacity, short-run marginal costs are below long-run
marginal costs. In a competitive industry, the firm must weigh its future
revenue stream against its costs to determine the optimal timing of lumpy
investments. If the industry has a shortage of capacity, prices will be
determined by short-run marginal costs that are above long-run marginal
costs. These prices will provide incentives for investment in the industry. On
the other hand, if the industry has an excess of capacity, industry prices based
on short-run marginal costs will be below long-run marginal costs and the
incentives will be to reduce capacity, if that is possible.

More recent investment literature, summarized by Dixit and Pindyck,**
shows that uncertainty of future demand and irreversibility of investment have
additional implications for investment incentives. Dixit and Pindyck note that,
under conditions of uncertainty when investment is irreversible, the firm must
consider the option of delaying an investment instead of investing in the
current period. They liken this investment opportunity to a financial call
option. A call option gives the holder the right for some specified time period
to purchase an asset for a predetermined price. Exercising the option is
irreversible; once the option is purchased it can be resold to another investor,
but the original investor cannot retrieve the option or the money spent to

* Avinash K. Dixit and Robert S. Pindyck, Investment under Uncertainty, (Princeton, New
Jersey: Princeton University Press), 1994.
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purchase the asset.”’ Likewise, once a firm makes an irreversible investment,
it cannot reverse that investment decision. Although the asset can be resold to
another firm, the value of that sale will be dependent upon the current market
value of that asset, not the original purchase price. As demand becomes more
uncertain, the option value of delaying an investment increases. In order for
the investment to be economically profitable, the net present value of the
future returns to the asset must cover both the cost of the asset and the option
value. Furthermore, Dixit and Pindyck also note that the presence of an option
value in and of itself does not represent a market failure that needs correction
through government intervention.*

This investment theory framework has significant implications for
evaluating the railroad industry’s investments in infrastructure improvements.
Lumpy and irreversible investments in markets with uncertain demand will
mean that those investments will have significant option values. One would
therefore expect to see that such investments would be undertaken only if they
are clearly expected to be profitable. For if demand turns out to be at the low
end of future expectations, the costs associated with the sunk investments will
not be recovered. Furthermore, one would also expect to see the railroad
industry embrace whatever cost-effective programs improve capacity
utilization without large and irreversible infrastructure improvements.

In terms of evaluating some shippers’ concerns that the railroads have
made insufficient investments in railroad capacity, one must consider the fact
that the relationship between railroad capacity and demand during the last few
years does not necessarily indicate exploitation of railroad monopoly power.*’
Freight demand increased substantially in the years prior to 2008, but we have
also seen substantial reductions in freight demand during this past year.
Because of these fluctuations in demand, railroads face significant option
value associated with major infrastructure improvements. Observed short-run
capacity shortages (which need to be handled through capacity rationing) may
be the economically rational response in the short-run to demand fluctuations.

2F FRAMEWORK FOR ANALYZING DEMAND FOR RAIL
TRANSPORTATION

The demand for railroad freight transportation is a major component of
the U.S. economy’s needs for logistics services. Freight transportation
services are combined with other logistics inputs such as warehouses,
inventories, and information technology in order to provide goods and

* Avinash K. Dixit and Robert S. Pindyck, nvestment under Uncertainty, (Princeton, New
Jersey: Princeton University Press), 1994, p. 9.

* Avinash K. Dixit and Robert S. Pindyck, nvestment under Uncertainty, (Princeton, New
Jersey: Princeton University Press), 1994, p.19.

47 As we demonstrated in our report, there was not an increase in the railroads’ exercise of
market power when capacity constraint issues became a concern in the early and mid-2000s.
See Christensen Report, Chapter 10.
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services to final consumers in a timely fashion.”® Some of these other logistics
inputs can be used as substitutes for freight transportation, while others are
compliments. For example, if a firm cannot rely on fast and reliable
transportation, it can still accommodate the demands of its customers by siting
its warehouses closer to its customers (at the same time constructing
warehouses with smaller capacity), increasing its inventory levels so that it
can respond to unexpected increases in final demand, and siting its production
closer to the locations of its final demand (once again requiring that each
production site have smaller capacity). When transportation services are
improved, the firm can centralize its warehouse and production operations and
maintain lower overall inventory levels. Improvements in information
technology can also improve the utilization of transportation services, making
them more attractive relative to the use of other logistics inputs. An example
of this complementary relationship was the widespread adoption of just-in-
time inventory management. With just-in-time inventory management, fast
and reliable transportation has been combined with information technology to
reduce the need for maintaining large inventories, improving the overall
efficiency of the logistics process.

Microeconomic Framework for Assessing Demand

In thinking about railroad freight transportation demand, it is important
to place it in the context of providing logistics services. The Office of Freight
Management and Operations section of the Federal Highway Administration
(the same section that is responsible for the Freight Analysis Framework
forecasts) has developed the following microeconomic model of
transportation and logistics services, which is used to determine the
underlying demand for freight transportation.* While the focus of this model
is highway transportation, the model incorporates transportation over all
modes.

In this framework, a freight shipment is viewed as the basic unit of
transportation provided. The relevant characteristics of the shipment S; =
S(Li, Wi, Mi, Vi, Ti, Gi) are:

L = the origin-destination pair of the shipment™
W = the shipment weight
M = the transportation mode

* The relationship between transportation and inventory management was first explored by
William J. Baumol and Hrishikesh D. Vinod, “An Inventory Theoretic Model of Freight
Transportation Demand,” Management Science, 14(7), March 1970, pp. 413-421.

* Freight Benefit/Cost Study: White Paper — Benefit-Cost Analysis of Highway Improvements
in Relation to Freight Transportation: Microeconomic Framework; presented to the Federal
Highway Administration, Office of Freight Management and Operations, by ICF Consulting,
HLB Decision Economics, and Louis Berger Group, February 26, 2001, at
http://ops.fthwa.dot.gov/freight/freight analysis/econ_methods/microecon frmwk/index.htm.
%% Arguably, one might also want to distinguish shipments by the time the shipment begins
and the time it ends.
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V = value added services associated with the shipment
T =the expected travel time of the shipment
o = the variance of the expected travel time.

The relationship between logistics inputs and the level of service
needed to support the firm’s production and distribution operations is
described by the production function Y = {(S, I, B, IT), where Y is the level of
the firm’s final sales; S is the vector of shipments over all origin-destination
pairs, transportation modes, shipment sizes, and other shipment
characteristics; I is the level of inventories maintained by the firm; B is a
vector of warehouse spaces; and IT is the information input related to order
processing. Based on the prices of these different shipments, inventories,
warehouse capacities, information inputs, and the profit-maximizing level of
final sales, the firm determines its cost-minimizing utilization of these
logistics inputs. This means that the demand functions for transportation
services are dependent upon all of the factors listed above.

One example of the interrelated demands for freight transportation and
inventory levels can be found in the electricity generation industry. Since the
early 1980s, there has been a substantial reduction in the average level of coal
stocks for electricity generation. In 1980, the average level of coal stocks
reflected 110 “days of burn,” meaning that plants could run at their customary
level for 110 days before exhausting their coal stock. Since 1980, average coal
inventories at electricity generators have been cut in half, with the average
level of coal stocks standing at 52 days in 2008.>' With “day of burn”
inventories at a much lower level, prompt and reliable freight transportation is
essential for the effective functioning of coal power plants. But it is also the
case that a power plant can respond to less reliable rail transportation by
increasing its inventory levels (although one must recognize that this is not a
costless change in operations for shippers and power plants). As capacity
shortages emerge, a possible alternative to adding additional freight rail
infrastructure would be for power plants to increase their stocks of coal. From
a public policy perspective, choosing one response over the other depends
upon their relative costs.

The link across capacity, congestion, and freight transportation
demand is captured in this framework by the expected travel times of different
shipments and the variance of these expected travel times. If congestion
increases the expected travel time or its variance, the level of transportation
service declines, i.e., 0S/0T < 0 and 6S/0c < 0. In this context, if the charge
for a particular shipment remains constant while the expected travel time or its
variance is increased due to congestion, the quality-adjusted price of the
shipment is increased, and the firm will attempt to substitute other logistics
inputs for the shipment. The degree to which the demand for that particular

>l U.S. Department of Energy, Energy Information Administration, Monthly Energy Review.
Stan Kaplan of the Congressional Research Service graciously provided us with the data used
in this analysis.
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shipment responds to this increased congestion is dependent upon the
elasticity of substitution between the different logistics inputs. For example, if
an alternative mode of transportation is readily available and is also
competitively priced, then there will be a significant response to this increased
congestion and the demand function for that particular shipment will be
relatively elastic.

Short Run vs. Long Run Considerations

As the Federal Highway Administration framework recognizes, the
elasticity of transportation demand with respect to changes in congestion is
smaller in the short run than in the long run. For example, suppose that there
is a reduction in congestion levels for a particular rail corridor. In the very
short run, contractual commitments and production schedules may limit the
degree to which the firm can take advantage of this reduced congestion. In a
slightly longer timeframe, the firm may be able to shift some of its highway
transportation to this now less congested rail corridor. If the firm has multiple
production sites, it might also increase production at the plant served by this
corridor, while decreasing production elsewhere. The firm also might
determine that expanding its final sales is profitable, further increasing
production at the plant served by this rail corridor and thus increase
transportation along this corridor. As many firms make similar decisions, the
increase in transportation demand along the more attractive rail corridor will
have a feedback effect on the congestion on that corridor (tending to offset, to
some degree, the congestion improvement), while relieving congestion on
other rail corridors or for other transportation modes.

In the longer run, firms may decide to relocate production operations
and warehouses to make further use of that rail corridor. This will lead to
further shifts in transportation utilization across modes and corridors. To the
extent a railroad recognizes the increased value that reduced rail corridor
congestion provides customers and consequently raises its rates, firms will
make further adjustments to their logistics operations to minimize cost.

Implications for Forecasts

The demand for railroad freight transportation and its response to
different levels of congestion on a particular rail corridor is affected in very
complex ways by the ability to substitute different logistics inputs for
transportation, the prices of these different logistics inputs, the demand for the
firm’s (shipper’s) final goods and services, and congestion elsewhere on the
network. Over time, this demand relationship will change as the firm has
greater ability to reorganize its logistics operations. In the Appendix to
Chapter 4, we review the empirical literature on rail freight transportation
demand. That review indicates that the studies published to date show a wide
range of elasticity estimates. Due to the complexity of the relationship
between transportation and logistics, this wide range of estimates is probably
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not surprising. At the same time, a careful evaluation of future infrastructure
needs requires a good understanding of freight transportation demand, as the
Federal Highway Administration has recognized. This is an important area for
future research.

CONCLUSION

The multidimensional aspects of railroad capacity are illustrated by the
various ways railroads can increase capacity (and productivity). For example,
according to one source, railroads have several avenues for increasing
capacity, including running more trains, running trains faster, running trains
closer together, running bigger trains, installing and improving track (e.g.,
double-track, more and longer sidings, straightening curves, and using heavier
rail), technological improvements, and adding and improving staff.”
Furthermore, attempts to increase capacity through these various elements
may require increases in other aspects of the network in order to be successful.
For example, increasing the size or weight of cars may also require alterations
in bridges or tunnels to accommodate these increased dimensions.™ It is
apparent that the concept of railroad capacity is strongly related to factors that
affect railroad performance or productivity, including the potentially far-
reaching spillover effects of congestion at various points in the network. A
useful characterization of the interrelated elements of railroad capacity and
their effects on performance is provided by McClellan:

Capacity is created (or destroyed) by a host of
interrelated factors. Although we tend to think of
capacity as an infrastructure issue, rolling stock, motive
power, employees and operating strategies (e.g., size,
speed, and timing of trains) are all part of the equation.

In a complex network business such as railroading, all of
these factors are related. Underpowered trains wreak
havoc with track capacity. Too many trains running at
different speeds have the same impact (which is why
some railroads are taking a harder line about faster
schedules for UPS and other premium intermodal
customers). If yards are congested, then trains are held on

32 Stan Mark Kaplan, Rail Transportation of Coal to Power Plants: Reliability Issues, CRS
Report for Congress, RL34186, September 26, 2007, pp. 27-28.

33 Government Accountability Office, Railroad Bridges and Tunnels, Federal Role in
Providing Safety Oversight and Freight Infrastructure Investment Could Be Better Targeted,
Report to Congressional Requesters, GAO-07-770, August 2007, p. 10.
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line of road, which reduces line-of-road capacity and
“burns” crew availability.™*

In terms of evaluating some shippers’ concerns that the railroads have
made insufficient investments in railroad capacity, one must consider the fact
that the relationship between railroad capacity and demand during the last few
years does not necessarily indicate the exploitation of railroad monopoly
power. In fact, during the mid-2000s when capacity tightness issues were of
concern in the railroad industry, our study concluded there was no increase in
the exercise of market power by railroads.’® Because of fluctuations in
demand, railroads face significant option value associated with major
infrastructure improvements. The economic theory of investment says that
observed short-run capacity shortages (which need to be handled through
capacity rationing) may be the economically rational response in the short-run
to demand fluctuations and, thus, do not represent an increased exercise of
market power.

The demand for railroad freight transportation and its response to
different levels of congestion on a particular rail corridor is affected in very
complex ways by the ability to substitute different logistics inputs for
transportation, the prices of these different logistics inputs, the demand for the
firm’s (shipper’s) final goods and services, and congestion elsewhere on the
network. Over time, this demand relationship will change as the firm has
greater ability to reorganize its logistics operations.

In our opinion, the use of rough proxies, such as the RPM data, do not
provide information at the appropriate level of detail to thoroughly examine
capacity issues. To fully analyze railroad capacity and capacity constraints,
analyses must be performed at a disaggregate level that is complex and data-
intensive. However, there is a general lack of publicly available data to
perform a detailed analysis without making strong assumptions that may limit
the usefulness of this approach. Railroads may possess much of the data that
would allow such an analysis, but these data are typically confidential. Thus,
if the STB were to request such data for modeling railroad capacity, it would
need to come up with procedures to protect confidentiality, much like it does
with the Carload Waybill Sample.

5% James W. McClellan, “Railroad Capacity Issues,” Research to Enhance Rail Network
Performance, Transportation Research Board, 2007, p. 32.
> Christensen Report, Chapter 10.
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CHAPTER 2
APPENDIX: REVIEW AND UPDATE OF CAPACITY
AND PERFORMANCE FINDINGS

INTRODUCTION

Chapters 16 and 17 of the Christensen Report examined capacity
measurement, railroad performance, and the relationship between them. In this
appendix, we provide a brief review of our findings and update some of the
performance metrics presented in our earlier study. Given the current
economic downturn that officially began in December 2007, we also examine
how capacity and performance measures relate to the downturn.

Our primary dataset for analyzing railroad capacity and performance
was the Railroad Performance Measures (RPM) dataset of weekly data
reported by Class I railroads.”® Although the RPM data are available back to
1999, in October 2005, standardized definitions were adopted, so that pre-
October 2005 data are not directly comparable to post-October 2005 data.”’
Because of the definitional changes, we analyzed the RPM data for two time
periods in our report: January 1999 through September 2005 (Period 1), and
October 2005 through December 2007 (Period 2). Furthermore, direct
comparisons of RPM measures across railroads are not necessarily
meaningful.”®

We now have an additional year of RPM data that go through the end
of 2008. In this report, we update our analysis of the RPM data and focus on
the latter period (i.e., Period 2) from our study. We observe that CN data have
not appeared recently in the RPM dataset available online. Therefore, we
focus on the “Big 4”—BNSF, CSX, NS, and UP—in our update.

A1 TERMINAL DWELL TIME

In Chapter 16 of our report, we concluded that, in the aggregate, there
is not a current shortage of railroad capacity. However, as is the case for other
types of networks such as electricity distribution and telecommunications,
congestion at particular points in the network can have widespread impacts on
output and service levels, even though there is virtually unconstrained
capacity throughout the rest of the network. This type of congestion appears to

56 Association of American Railroads, Railroad Performance Measures, at
http://www.railroadpm.org/.
57 Association of American Railroads, Railroad Performance Measures, at
http://www.railroadpm.org/.
58 Association of American Railroads, Railroad Performance Measures, at
http://www.railroadpm.org/.
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have been the major culprit in capacity-related railroad performance issues
over the last ten years.”

The primary measure we used in our study to identify network
congestion was the terminal dwell time data found in the RPM dataset. We
stated in Chapter 16:

The time railcars spend in terminals (terminal dwell
time) can be considered an indicator of numerous
dimensions of railroad operations. It can be thought of as
a measure of capacity, a reflection of railroad operational
efficiency, a contributor to performance and customer
satisfaction, and a symptom of capacity constraints or
network congestion. With respect to capacity or
congestion, it may be the case that there is sufficient
mainline capacity, but congestion at terminals creates a
slowdown in railroad performance. Or increased terminal
dwell time may be symptomatic of congestion elsewhere
in the network.®

In focusing on RPM measures for the pre-October 2005 period (Period
1), we concluded in Chapter 16 of our report that while each railroad has a
somewhat unique pattern, one thing that does stand out is a general increase in
terminal dwell time in the 2003-04 period, followed by a decline in 2005.
Moreover, individual terminals differed considerably in the variability of their
dwell times, suggesting that those terminals with the longest dwell times and
largest variability might be affected by capacity constraints.®’ We also
concluded that increased equipment spending in recent years combined with a
relatively weak economy indicates that any capacity tightness that may have
existed at the beginning of this decade has likely loosened in recent years.*

Table 2.1 updates Table 16.3 from our report for overall railroad
terminal dwell time in 2008. Given the current recession, we would expect
that the lower shipment volumes would result in fewer network capacity
problems, including congestion. Thus we would expect that average dwell
times and the variability of dwell times would be reduced. Focusing on Period
2, we see that the 2008 average dwell time is down slightly for the two
Western railroads (BNSF and UP) compared to 2007. However, compared to
2006, average dwell time in 2008 is higher for BNSF and significantly lower
for UP. Both Eastern railroads (CSX and NS) have 2008 average dwell times

%% Christensen Report, pp. 16-30 — 16-31. We also noted that the RPM dwell-time data are of
limited usefulness in a number of respects. For example, they do not indicate the source of
dwell-time changes, nor do they distinguish cars that are being reclassified for continuations
of their trips to their ultimate destinations from cars that have reached their destinations.

5 Christensen Report, pp. 16-10 — 16-11.

o Christensen Report, pp. 16-30 — 16-31.

62 Christensen Report, p. 16-25.
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that are the same as in 2007 and lower than in 2006. Variability in terminal
dwell time, measured by the coefficient of variation (CV), increased
noticeably in 2008 for the two Western railroads, particularly BNSF, and
declined for the two eastern railroads. Comparing 2008 to 2006, the same
pattern holds for the two Western railroads while it was mixed for the two
Eastern railroads. It is not clear why the 2008 CVs were so high for BNSF and
UP. Overall, however, there appears to be a weak relationship between the
state of the economy and the average terminal dwell time and its variability.*®

TABLE 2-1
TERMINAL DWELL TIME BY YEAR

2006-2008
Average BNSF CSX NS UpP
2006 23.9 25.1 22.4 27.2
2007 243 233 21.8 25.2
2008 24.1 233 21.8 24.8

StdDev
2006 0.965 1.375 1.706 1.711
2007 0.957 1.818 1.611 1.325
2008 1.763 1.311 1.465 1.714

Ccv

2006 4.0% 5.5% 7.6% 6.3%
2007 3.9% 7.8% 7.4% 5.3%
2008 7.3% 5.6% 6.7% 6.9%

A2 AVERAGE TRAIN SPEED

As we discussed in Chapter 17 of our report, average train speed and
its variability (measured by the CV) is a proxy for service quality, and
changes in average speed represent changes in performance and service
quality.®® The RPM data allow us to calculate average train speeds across a
railroad’s network for different train types—intermodal, manifest, multilevel,
coal unit, and grain unit. Comparisons of changes in average speed and its
variability (measured by the CV) across train types provide an indication of
changes in service quality for customers of these train types.”” However, the
RPM data do not allow for route-specific or corridor-specific analysis. Nor do
the RPM data allow an evaluation of on-time performance or variability of
performance from a shipper’s perspective.

% An examination of individual terminal data for each of the railroads also indicates a weak
relationship between the average terminal dwell time and the state of the economy, as many
terminals had their highest average dwell times and greatest Period 2 coefficients of variation
in 2008.

64 Christensen Report, p. 17-19.

55 Again, we caution that comparisons across railroads are not necessarily meaningful.
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Table 2.2 summarizes the overall change in average train speed by
train type between 4Q05and 4Q08 by railroad, and the overall change in
terminal dwell time for this period. Table 2.2 updates information from Tables
17-2 (BNSF), 17-5 (CSX), 17-7 (NS), 17-8 (UP), and 17-10 (summary) of our
report. In general, reductions in average dwell time appear to be strongly
correlated with increases in average speed.

TABLE 2-2
TOTAL CHANGE IN AVERAGE TRAIN SPEED BY TRAIN TYPE
4Q08 over 4Q05
Coal Grain
All Intermodal Manifest Multilevel Unit Unit Dwell
BNSF 10.8% 15.3% 21.6% 14.2% 7.8% 18.4% -12.4%
CSX 12.0% 10.2% 15.8% 17.5% 11.0% 7.5% -20.5%
NS 5.4% 6.2% 6.1% 6.7% 13.4% 1.2% -9.1%
UP 21.8% 27.4% 24.3% 24.0% 13.3% 21.4% -16.6%

With the current economic recession, we would expect that average
train speeds would increase and variability would decrease as railroad
networks become less congested. Therefore, we would expect relatively large
increases in average train speed and relatively low CVs in 2008. Tables 2.3
through 2.6 provide information by year for each of the railroads. The
prediction of higher train speeds in 2008 is supported by the results for UP,
which had the largest changes in its average speeds across all train types in
2008. However, the other three railroads did not post large increases in
average speed during 2008. In fact, CSX had a decline in overall average
speed in 2008 as well as declines in average speed for two of the five train
types. Regarding variability in speed, NS was the only railroad that had its
lowest CVs in 2008. Both Western railroads and CSX had their largest overall
CVs in 2008, as well as for most of the train types. Therefore, the evidence
regarding railroad performance does not show the expected improvement as
the state of the economy deteriorated.
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TABLE 2-3
SUMMARY OF BNSF AVERAGE SPEED AND VARIABILITY
Coal Grain
Avg All Intermodal Manifest Multilevel Unit Unit
2006  22.87 32.58 21.13 27.69 18.07 22.53
2007  23.33 34.04 21.54 28.19 19.15 23.03
2008  23.96 34.69 22.38 28.26 20.11 23.75
Change
4Q05-4Q06  4.9% 6.7% 14.4% 11.5% 2.1% 11.5%
4Q06-4Q07  2.0% 4.0% -1.2% -0.9% 12.2% -0.3%
4Q07-4Q08  3.5% 3.9% 7.7% 3.3% -1.8% 6.5%
Std Dev
2006  0.59 1.61 1.00 1.20 0.63 1.02
2007  0.53 0.90 0.83 0.97 1.00 0.99
2008 0.79 1.66 1.07 1.21 0.99 1.24
Cv
2006  2.6% 4.9% 4.7% 4.3% 3.5% 4.5%
2007 2.3% 2.6% 3.9% 3.4% 5.2% 4.3%
2008  3.3% 4.8% 4.8% 4.3% 4.9% 5.2%
TABLE 2-4
SUMMARY OF CSX AVERAGE SPEED AND VARIABILITY
Coal Grain
Avg All Intermodal Manifest Multilevel Unit Unit
2006 19.89 28.03 19.43 22.19 15.29 18.37
2007 20.78 29.37 19.98 22.81 16.66 19.27
2008 20.51 29.44 20.10 22.97 15.74 18.12
Change
4Q05-4Q06  6.5% 3.1% 8.2% 10.4% 6.3% 4.0%
4Q06-4Q07  5.8% 5.5% 4.3% 6.5% 8.9% 8.2%
4Q07-4Q08  -0.5% 1.3% 2.6% -0.2% -4.1% -4.5%
Std Dev
2006  0.53 0.87 0.61 0.75 0.47 0.72
2007  0.82 1.10 0.90 1.30 0.61 0.90
2008 0.84 1.00 0.98 1.11 0.74 0.98
CVv
2006  2.7% 3.1% 3.2% 3.4% 3.1% 3.9%
2007  4.0% 3.8% 4.5% 5.7% 3.7% 4.7%
2008  4.1% 3.4% 4.9% 4.8% 4.7% 5.4%
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TABLE 2-5
SUMMARY OF NS AVERAGE SPEED AND VARIABILITY
Coal Grain

Avg All Intermodal Manifest Multilevel Unit Unit

2006 21.63 27.40 20.83 22.72 15.09 18.59

2007 21.58 27.66 20.51 21.95 15.64 18.30

2008 21.63 27.77 20.49 22.81 16.19 17.97
Change
4Q05-4Q06 52% 4.8% 6.5% 4.5% 5.5% 7.9%
4Q06-4Q07  -0.6% 0.4% -1.5% -1.9% 3.9% -4.5%
4Q07-4Q08 0.8% 1.0% 1.2% 4.1% 3.4% -1.8%
Std Dev

2006  0.64 0.83 0.69 0.88 0.49 1.12

2007  0.90 1.14 0.99 1.36 0.60 0.99

2008  0.53 0.66 0.62 0.81 0.52 0.72
Ccv

2006  3.0% 3.0% 3.3% 3.9% 3.3% 6.0%

2007  4.2% 4.1% 4.8% 6.2% 3.9% 5.4%

2008  2.5% 2.4% 3.0% 3.5% 3.2% 4.0%

TABLE 2-6
SUMMARY OF UP AVERAGE SPEED AND VARIABILITY
Coal Grain

Avg All Intermodal Manifest Multilevel Unit Unit

2006 21.45 25.23 19.85 22.18 20.80 20.10

2007 21.81 26.13 20.40 22.45 20.41 20.15

2008 23.47 28.69 21.93 24.43 21.98 21.87
Change
4Q05-4Q06 6.7% 7.5% 8.9% 6.9% 2.2% 6.7%
4Q06-4Q07 1.8% 4.1% 0.6% 2.5% 1.9% 0.5%
4Q07-4Q08  12.2% 13.8% 13.4% 13.1% 8.8% 13.1%
Std Dev

2006  0.52 0.86 0.60 0.60 0.71 0.75

2007  0.68 0.98 0.65 0.83 1.02 0.74

2008  1.27 1.93 1.26 1.49 1.15 1.14
(Y

2006 2.4% 3.4% 3.0% 2.7% 3.4% 3.7%

2007  3.1% 3.8% 3.2% 3.7% 5.0% 3.7%

2008  5.4% 6.7% 5.7% 6.1% 5.3% 52%
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A3 IMPLICATIONS OF RPM DATA FOR RAILROAD CAPACITY AND
PERFORMANCE

In addition to terminal dwell time and average train speed, the RPM
dataset contains information about cars on line, which roughly proxy volumes
transported. Table 2.7 summarizes annual changes in various RPM
performance metrics (4Q over 4Q) by railroad from 4Q05 through 4Q08. Real
GDP changes are also presented. Assuming that the cars-on-line metric is a
proxy for volume, we would expect fewer cars on line as the economy
worsens. This is the case for BNSF and UP, which experienced their only
decline (BNSF) or largest decline (UP) in cars on line during 2008. While cars
on line also declined for NS in 2008, its 2008 decline was smaller than its
2007 decline. On the other hand, CSX experienced an increase in cars on line
in 2008 after declines in 2006 and 2007.

TABLE 2-7
ANNUAL CHANGES IN PERFORMANCE METRICS
2005-2008
4Q over 4Q
BNSF
Cars on Avg Dwell Real
Line Speed Time GDP
05-06 3.0% 4.9% -9.4% 2.4%
06-07 2.1% 2.0% 5.1% 2.3%
07-08 -1.0% 3.5% -7.9% -0.2%
CSX
Cars on Avg Dwell Real
Line Speed Time GDP
05-06 -1.9% 6.5% -16.3% 2.4%
06-07 -3.1% 5.8% -8.0% 2.3%
07-08 1.8% -0.5% 3.3% -0.2%
NS
Cars on Avg Dwell Real
Line Speed Time GDP
05-06 0.6% 52% -8.5% 2.4%
06-07 -1.2% -0.6% -2.5% 2.3%
07-08 -0.7% 0.8% 1.9% -0.2%
UP
Cars on Avg Dwell Real
Line Speed Time GDP
05-06 -3.8% 6.7% -13.2% 2.4%
06-07 -2.0% 1.8% -1.6% 2.3%

07-08 -4.7% 12.2% -2.3% -0.2%
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Table 2.8 updates the correlations between quarterly changes in
average speed and average dwell time, and quarterly changes in average speed
and cars on line from Table 17.9 of our report. It shows small negative
correlations between changes in average train speed and average terminal
dwell time for all years, 2006-2008, with the weakest correlation in 2008, and
larger negative correlations between changes in average speed and cars on
line, with the strongest in 2008. The particularly strong negative correlations
between changes in average speed and changes in cars on line in 2007 and
2008 suggest the effects of a slowing economy. Generally, fewer cars on line
and lower volumes indicate less network congestion and greater available
capacity, thus allowing for greater speeds.

TABLE 2-8
CORRELATION WITH CHANGE IN AVERAGE SPEED ACROSS RAILROADS BY YEAR
1Q06-4Q08
Avg. Dwell Time Cars on Line
2006 (0.24) (0.28)
2007 0.41) (0.74)
2008 (0.16) (0.88)
06-08 (0.28) (0.62)

Table 2.9 presents correlations between changes in average speed and the
other two RPM variables, by railroad, from 1Q06 through 4Q08. The one
unexpected result is the positive correlation between changes in average speed
and average dwell time for UP.

TABLE 2-9
CORRELATION WITH CHANGE IN AVERAGE SPEED ACROSS YEARS BY RAILROAD
1Q06-4Q08
Avg. Dwell Time Cars on Line
BNSF (0.22) (0.74)
CSX (0.63) (0.74)
NS (0.27) (0.56)
uUP 0.40 (0.42)

To more directly examine the relationship between the performance of
the U.S. economy and railroad network congestion and performance, Tables
2.10 and 2.11 correlate changes in the RPM variables with changes in real
GDP over the 1Q06-4Q08 period. Table 2.10 present correlations of quarterly
changes in real GDP with quarterly changes in average terminal dwell time,
cars on line, average speed, and the ratio of average speed to average dwell
time. These correlations are for the years 2006, 2007, and 2008 across
railroads. The 2008 correlations present the most interesting results. After
relatively strong negative correlations for 2006 and 2007, the correlation
between changes in GDP and changes in average terminal dwell time is
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weakly positive in 2008. The 2006 and 2007 results are puzzling as they
indicate less congestion is associated with stronger economic (and presumably
volume) growth. For the other two RPM indicators, 2008 witnessed strong
correlations with changes in real GDP growth. Changes in cars on line had a
strong positive relationship with changes in real GDP, suggesting lower real
GDP growth is strongly related to lower volumes and cars on line. This is
consistent with the strong negative correlation in 2008 between changes in
real GDP and changes in average train speed: the lower volumes and increase
in available capacity due to the economic downturn were a significant factor
allowing for increased train speeds.®®

TABLE 2-10
CORRELATION WITH CHANGE IN GDP ACROSS RAILROADS BY YEAR
1Q06-4Q08
Average Cars on Average  Avg. Speed /
Dwell Time Line Speed Avg. Dwell

2006 (0.42) 0.19 0.24 0.44

2007 (0.40) 0.21 0.11 0.32

2008 0.09 0.66 (0.81) (0.58)

06-08 (0.27) 0.32 (0.24) 0.07

Table 2.11 presents correlations of quarterly changes in real GDP with
quarterly changes in the RPM variables by railroad across the 1Q06-4Q08
time period. Three of the four railroads show a negative correlation between
changes in real GDP and changes in average dwell time, which implies a
paradoxical result that increases in economic activity lead to reductions in
average dwell time. Only BNSF had a positive correlation between changes in
real GDP and changes in average dwell time over this time period. Regarding
the correlations between changes in real GDP and changes in cars on line and
average speed, the two Western railroads—BNSF and UP—have relatively
strong correlations in the expected direction (positive for cars on line, negative
for speed). The two Eastern railroads—CSX and NS—have mixed and
relatively weak correlations for changes in both cars on line and average speed
and changes in real GDP.

% However, note that correlations in 2006 and 2007 between changes in real GDP and
changes in average train speed are positive.
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TABLE 2-11
CORRELATION WITH CHANGE IN GDP ACROSS YEARS BY RAILROAD
1Q06-4Q08
Average Cars on Average Avg. Speed /
Dwell Time Line Speed Avg. Dwell

BNSF 0.13 0.79 (0.67) (0.43)

CSX (0.41) (0.18) 0.02 0.27

NS (0.52) 0.08 (0.02) 0.34

UP (0.37) 0.85 (0.47) (0.05)

A4  ASSESSMENT

As we discussed in our report, the RPM data are aggregate metrics that
do not allow for a detailed examination of railroad capacity performance
issues. To further evaluate their usefulness as predictors of capacity problems,
we looked at how these measures behaved during the 2006 to 2008 period,
and particularly in the recession year of 2008. We found that the RPM
measures did not consistently change in the direction one would expect with a
downturn in the economy. We conclude that these measures provide only
rough guidance in identifying emerging capacity or service problems on the
freight railroad network.



Chapter 3 Contents

CHAPTER 3 REVIEW OF CAMBRIDGE SYSTEMATICS’ 2007 REPORT:

NATIONAL RAIL FREIGHT INFRASTRUCTURE CAPACITY AND

INVESTMENT STUDY ...t eveveaeaeeeeeeesesasnnennnens 3-1
[Nz {0] 10 o 1 o] N IO 3-1
3A  FREIGHT ANALYSIS FRAMEWORK MODEL.......cieieieieieieieieieeeeeeeeeeeeeeeeeeeeeeeeeaeaeaeaeaeenns 3-3
3B CAMBRIDGE STUDY METHODOLOGY ....ueieieeeeeieeeeeieieieieeeeeeeeeeeeeaeeeeeaeaeanaeaeaeaeseaenennns 3-5
3C  LEVEL OF SERVICE (LOS) GRADES AND CAPACITY CATEGORIES ....cccecvvveerueeeeaineeennn 3-8
3D DISTRIBUTION OF CURRENT RAIL CORRIDORS ACROSS CAPACITY CATEGORIES ....... 3-10
3E  DISTRIBUTION OF FUTURE RAIL CORRIDORS ACROSS CAPACITY CATEGORIES.......... 3-12
3F  ADDITIONAL INFRASTRUCTURE IMPROVEMENTS ....ueeiiiivitieeeeeeeeeeitieeeeeeeeesnnneeeeeaes 3-16
3G  ESTIMATED COSTS OF PROJECT IMPROVEMENTS ....cccvvviiieeeeeeeeeeiiieeeeeeeeernieeaeeeees 3-16
3H  ALTERNATIVE PRODUCTIVITY SCENARIO .....cccvvuuiieeeeeiiiiitieeeeeeeeeeiteeeeeeeeevnnneaeeeaes 3-20
3l EXTRAPOLATIONS OF THE CS MODEL PRESENTED IN THE BLUE RIBBON REPORT ..... 3-21
3J  POSITIVE TRAIN CONTROL ..uuieieieeeieieieeeee e eeeeeeeeeeeeee e eeesesee e e en e e e e e ennnnnnnns 3-22
(070] N [o] 1 U] o] N 3-24






LIST OF TABLES

TABLE 3-1 LEVEL OF SERVICE GRADES AND VOLUME-TO-CAPACITY RATIOS .....eeeiiiiviiiieeeens 3-8
TABLE 3-2 CAPACITY CATEGORIES, CATEGORY DESCRIPTIONS AND LOS GRADES..........uu....... 3-9
TABLE 3-2 REVISED CAPACITY CATEGORIES, CATEGORY DESCRIPTIONS
AND REVISED LOS GRADES ....uvvvvvtrusrrrrureresesrsrsrsssssssssssssssssssrsssssssssrsssssssssrsss. 3-10
TABLE 3-3 CURRENT DISTRIBUTION OF CORRIDOR MILEAGE BY CAPACITY CATEGORY AND LEVEL
OF SERVICE GRADE ....iiie i i e eeee e e e e e e s e s e s e e e e s e e e e e e e e e e e s e e e s e e n e nnnnnn 3-11
TABLE 3-4 2035 DISTRIBUTION OF CORRIDOR MILEAGE BY LOS GRADE, ASSUMING NO
IMPROVEMENTS ....ettttieeeeeeeette e e e e e e e eetee e e e e e e e eaaa e e e e e e e easaaaeeeeeeessaannaeeeeeessannaaeeeeeens 3-12
TABLE 3-5 2035 DISTRIBUTION OF CORRIDOR MILEAGE BY LOS GRADE WITH MODELED
IMPROVEMENTS ...ttt et ee ettt e e e e e e et e e e e e e e e e e e e e e e eetaaaeeeeeeeeataneeeeeeesarnnaaeeeeeens 3-14
TABLE 3-6 COST OF FREIGHT RAIL INFRASTRUCTURE IMPROVEMENTS TO MEET PROJECTED
NEEDS IN 2035....cceieieeeieeeieeeeeeeee ettt ettt ettt ettt e e e e e e e e e e e e e e e e e e e e e e eeeeeeeeeaees 3-19






CHAPTER 3

REVIEW OF CAMBRIDGE SYSTEMATICS’ 2007
REPORT: NATIONAL RAIL FREIGHT
INFRASTRUCTURE CAPACITY AND INVESTMENT
STUDY

INTRODUCTION

The U.S. Congress established the National Surface Transportation
Policy and Revenue Study Commission (the Commission) in 2005 under the
Safe, Accountable, Flexible, Efficient Transportation Equity Act—A Legacy
for Users (SAFETEA-LU). Among its duties, the Commission was charged
with “conduct[ing] a comprehensive study of... the current condition and
future needs of the surface transportation system.”' The Commission submitted
to Congress its report entitled Transportation for Tomorrow (the Blue Ribbon
Report) in January 2008. The Blue Ribbon Report recommended “the
development of a strategic plan to improve the condition and performance of
the Nation’s surface transportation infrastructure.” The Commission
envisioned that this strategic plan would take an integrated approach in looking
at the country’s infrastructure needs across all modes of surface transportation
including highway, public transit, freight rail, passenger rail, intermodal, and
water.

This plan would be based on a rigorous, systematic
transportation planning process incorporating a strong
economic analysis component to identify the relative
benefits and costs of alternative potential investments, and
would serve to provide a greater understanding of the
investment needs of the system as a whole.’

In the absence of an integrated strategic plan for the U.S. surface
transportation infrastructure, the Blue Ribbon Report summarized the results of
a series of analyses that were undertaken in an attempt to obtain a first
approximation of the infrastructure investment needs using currently available
data and analytical tools.

''U.S. Code, Title 23, 101(b). See the Commission’s website at
http://transportationfortomorrow.org/about/.

2 Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, Volume II, p. 4-1.

3 Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, Volume 11, p. 4-1.
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These [interim] analyses are intended to convey a sense of
scale of the overall needs and facilitate discussions of
alternative financing options, but would ultimately be
supplanted by the cost estimates developed as part of
the recommended strategic plan.4

As part of its work, the Commission requested the help of the
Association of American Railroads (AAR) in conducting an analysis of the
freight railroad transportation mode. In turn, the AAR commissioned a study
by Cambridge Systematics (CS). In September 2007, CS published a report
(the CS study) that provided an estimate of the capacity expansion needs of the
continental U.S. freight railroad infrastructure through 2035.” The CS study
concluded that infrastructure investment of $148 billion in 2007 dollars (an
average of $5.3 billion per year over 28 years) would be needed to keep pace
with projected demand for freight rail transportation from U.S. Department of
Transportation’s (U.S. DOT) Freight Analysis Framework Version 2.2 (FAF)
model . In making its projection of the infrastructure investment requirement
through 2035, the CS study states that the “goal was not to improve a corridor
beyond the current level of service.”® However, a comparison of the study’s
Figures A.2 and A.3 indicates that substantially fewer corridors would be near,
at or above capacity in 2035 after the selected infrastructure improvements
than in 2005.”

In the next section of this chapter, we provide a brief description of the
FAF, which provides the forecasts of long-term freight railroad transportation
demands that serve as the basis of the CS study.® The remainder of this chapter
then provides a summary of the CS study’s methods and discussions of its
findings along with suggestions for possible extensions to the CS study’s
analysis. The CS study makes a significant contribution to the understanding of
railroad capacity issues. Unfortunately, we (and any other analysts) are not able
to model alternative assumptions and perform sensitivity analyses without
gaining access to critical proprietary data and the model structure used in the
CS study.

* Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, Volume I1, p. 4-1 [emphasis added].

> Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment Study,
prepared for the Association of American Railroads, September 2007.

® Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment Study,
prepared for the Association of American Railroads, September 2007, p. A-15. The CS study’s
estimation of the freight railroad network’s current level of service is illustrated in its Figure
4.4 and Table 4.4 (p. 4-10). Although the CS study discusses its estimated distribution of
corridors across various level-of-service grades, it does not state whether the current freight rail
network displays adequate, excess, or tight capacity.

7 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment Study,
prepared for the Association of American Railroads, September 2007, pp. A-13 and A-15.

¥ A more extensive discussion of the FAF model can be found in Chapter 4 of this report.
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The U.S. DOT’s FAF model provides commodity demand forecasts
that serve as the basis for estimating freight rail volume growth by type of train
service from 2005 to 2035 in the CS model. The FAF model uses long-term
growth projections for the nation’s population, the U.S. economy, and
international trade, to forecast demand by origin, destination, commodity, and
mode for freight transportation. The U.S. DOT’s model relies on forecasts of
production, consumption, and trade by major industry sector as well as
economic regions in the United States, North America, and the rest of the
world. Forecasted changes in regional economic output over time and the
input-output structure of the U.S. economy are used in modeling future
commodity flows. The FAF model uses 2002 as its base year and forecasts
freight traffic demands for 2010 to 2035 in five-year increments.” Long-term
forecasts for over 40 commodity types are used to estimate future volumes of
each commodity type moving among 138 economic zones on the primary
corridors of the U.S. freight rail network."

The FAF model’s demand forecasts used in the CS study assume that
the current market shares by transportation modes for each combination of
commodity, origin zone, and destination zone remain constant between 2002
and 2035. Under this assumption, the use of transportation modes may only
vary as a result of changes in the composition (by commodity and
origin/destination) of economic activity and differences in regional growth
rates. Holding the modal shares constant, even at a relatively fine level of
commodity and geographic disaggregation, is restrictive as it precludes
economic demand responses to changes in the relative prices of transportation
modes.

In stating its objective, the CS study recognizes the uncertainties
associated with long-range forecasts and other assumptions underlying its
analysis, and the consequences of changes to the forecasts and assumptions:

[T]he forecasts and improvement estimates in this study
do not fully anticipate future changes in markets,
technology, regulation, and the business plans of shippers
and carriers. Each could significantly reshape freight
transportation demand, freight flow patterns, and railroad
productivity, and, thus, rail freight infrastructure needs.""

’ Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment Study,
prepared for the Association of American Railroads, September 2007, p. A-7.

1% Issues relating to long-term economic forecasts are discussed in Chapters 4 and 5 of this
report.

" Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 1-1.
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Possible Extensions. As with all long-range forecasts spanning almost
30 years, the FAF forecast used by the CS study incorporates many
assumptions and judgments about economic and population growth patterns.
Oftentimes, long-range forecasting analyses present a range of results, where a
“most likely” or base-case outcome is bounded by “less optimistic” and “more
optimistic” outcomes.'” Given the length of the forecast period, it would have
been informative if the CS study had included a range for the estimated
railroad infrastructure investment needed to accommodate forecasted train
volume in 2035. This study’s $148 billion projected investment needed in
railroad infrastructure improvements has been widely cited by stakeholders,
industry analysts, and government agencies—sometimes without mentioning
the caveat that unanticipated future changes in markets, technology, regulation,
etc. could significantly reshape freight rail infrastructure needs.

The FAF model provides demand forecasts between 2010 and 2035 at
five-year intervals, while the CS study analyzed the freight rail investment
needed to meet projected demand at the end of the forecast period in 2035. The
CS study reported that $5.3 billion per year ($148 billion divided by 28 years)
was the average annual investment needed to meet the 2035 demand. An
informative extension to the CS study results would be the forecasted stream of
investment needed at five-year intervals based on the FAF model’s demand
forecasts at five-year intervals.

Given concerns about highway congestion and safety, long-term
projected prices for diesel fuel, and environmental issues, it would have been
helpful if the CS study had included one or more scenarios that assumed
potential shifts in market shares across different transportation modes."” In
addition, a scenario incorporating possible shifts in plant locations due to
differential economic growth forecasts across regions as well as regional
transportation network availability and costs would also provide a useful
comparison to the base case analysis.'* Presenting only a single forecast of
future rail infrastructure needs—and assuming no demand responses, such as
changes in modal mix or plant locations, over a 33-year time horizon—does
not reflect the uncertainty inherent with any long-term forecast and thus tends
to limit the usefulness of the CS study.

2 For example, see the description of Global Insight’s high-growth and low-growth forecasts
supplied as alternatives to the base-case forecast for the FAF model, at
http://ops.thwa.dot.gov/freight/freight_analysis/faf/faf2_reports/reports8/s4 highandlow.htm.
1 See Section 31 below for a discussion of the extrapolations to the CS study’s results that are
found in the Commission’s report.

' Plant relocations could be associated with either increased or decreased railroad investment
needs, depending on whether the relocated plants increased or decreased the forecasted
demand for rail transportation.
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The methodology employed in the CS study includes the following
steps:

(1) Identify the high-volume corridors of the U.S. Class I railroad network
and divide these high-volume corridors into primary freight rail
corridors covering 52,340 miles.'® Establish a railroad network model
identifying key corridor characteristics of the primary corridors,
including number of tracks per corridor and type of signal/control
system, based on the Oak Ridge National Laboratory (ORNL) Center
for Transportation Analysis’s Rail Network (Version 5-5) combined
with the network developed by the Tennessee Department of
Transportation;

(2) Estimate the current annual freight train traffic for each primary
corridor of the railroad network based on the 2005 Surface
Transportation Board’s (STB) Carload Waybill Sample (CWS) data on
loaded car movements and Uniform Rail Costing System (URCS) data
on empty car movements, then estimate the number of freight trains for
a day representing the 85" percentile of the maximum trains per day
from the 2005 data;

3) Estimate the current passenger train traffic on primary freight rail
corridors for an average weekday based primarily on 2007 schedules;

(4) Estimate the total current corridor train volume by combining the
estimates for freight trains and passenger trains;

(%) Estimate the current capacity in trains per day for archetypical rail
corridors representing different combinations of number of tracks per
corridor and signal/control types, based on data from Class I railroads
and AAR;

(6) Compare total current corridor train volume to current corridor
capacity;

(7) Estimate future freight train volume by type of train service from 2005
to 2035 based on the U.S. DOT’s FAF forecasts of freight rail demand
by origin, destination, and commodity;

(8) Estimate the total future train volume by combining the estimated
future freight train volume and the estimated 2007 passenger train
volume (that is, hold passenger train volume constant between 2007
and 2035);

9) Compare total future corridor train volume to current corridor capacity
and note where capacity shortages will arise;

" The CS study classifies approximately one-half of total Class I corridors, or one-third of total
national freight rail corridors, as primary freight rail corridors.



(10)  Identify the additional capacity needed on the primary corridors and all
additional infrastructure improvements required to reliably serve the
estimated future train volume;

(11)  Estimate the costs of improvements to the primary corridors, including
upgrades to the number of tracks per corridor and signal/control
systems; and

(12)  Estimate the costs for all additional infrastructure improvements,
including: upgrades to Class I secondary mainline and branch line
tracks as well as short line and regional railroad tracks and bridges to
accommodate 286,000-pound freight cars; improvements to significant
rail bridges and tunnels; and expansion of intermodal terminals, carload
terminals, and service and support facilities."®

Important Model Assumptions.'” The CS study’s model includes the
following important assumptions:

e Holds passenger rail use of freight corridors constant between 2005 and
2035' (pp. ES-1 and A-7).

e Estimates the capacity of primary corridors using three major factors:
number of tracks, type of signal system, and mix of train type (Table
4.2 onp. 4-7)."

' Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, pp. 3-2 — 3-4 and
A-1-A-2.
7 The CS model relies on other assumptions that are listed throughout the CS study. For
example, see Cambridge Systematics, National Rail Freight Infrastructure Capacity and
Investment Study, prepared for the Association of American Railroads, September 2007, p. A-
9, for the CS model’s assumption concerning empty traincar return ratios.
'8 The Commission convened a separate passenger rail committee to study the need for
improvements and investments in railroad infrastructure to support passenger rail demand in
the 21* Century. For a summary of the passenger rail findings, see Transportation for
Tomorrow, Report of the National Surface Transportation Policy and Revenue Study
Commission, December 2007, Volume II, Chapter 4. It is important to note that running
multiple train types on a given railroad corridor configuration generally reduces the capacity of
that corridor compared to when only single train types are using the corridor. Thus, any
forecasted growth in passenger rail service on freight railroad corridors would need to be
incorporated in the forecasting model for freight railroad service. It is not appropriate to
separately estimate the impacts of forecasted growth in passenger service and forecasted
growth in freight service on the same railroad corridors and then sum the results from the
separate models.
' Footnote 15 of the CS study states:

The capacity of rail corridors is determined by a large number of factors,

including the number of tracks, the frequency and length of sidings, the

capacity of the yards and terminals along a corridor to receive the traffic,

the type of control systems, the terrain, the mix of train types, the power

of the locomotives, track speed, and individual railroad operating

practices. Complete, consistent, and current information on all these

factors was not available for the study... (p. 4-5).
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e Estimates the number of freight trains operating in 2005 on a
hypothetical 85" percentile representative day, using “volume from the
day representing the 85" percentile (based on volume of cars) ... to
scale the annual volume to a daily volume” (p. A-6) for each primary
corridor (pp. A-4 to A-6).

e Defines typical number of cars/intermodal units by train service type in
both Eastern and Western railroads (Table 4.1 on p. 4-3).

e Holds the assignment of commodities to train type constant between
2005 and 2035. Develops weighted averages of the forecasted
commodity growth rates to forecast growth factors for each of the four
train types for each origin-destination combination in the FAF model
(pp. A-7 to A-9).

e Models three train-type groups to capture traffic mix (p. 4-6) and
estimates average capacity of typical freight rail corridors (Table 4.2 on
p. 4-7).

e Estimates a volume capacity for each primary corridor based on its
actual number of tracks, type of control system, and mix of train types.
Adjusts these estimated corridor capacities after reviewing the
estimates with railroads participating in the study (p. 4-7).

e Defines average capacity of typical freight rail corridor combinations of
tracks, controls, and mix of train types (Table 4.2 on p. 4-7, repeated in
Table 6.1 on p. 6-1). Table 4.2 includes estimates of average capacity
for 5-track and 6-track corridors, which are included in the study to
accommodate future demand but didn’t exist at the time of the study. It
would be helpful to have more information about the estimated
differentials between single and multiple train-type use corridors for the
hypothetical 5-track and 6-track corridors. The estimates for these
future corridor types look unusual relative to each other.

e Holds the number of miles included in primary rail corridors constant
between 2005 and 2035. Might differential population and economic
growth across regions during these three decades (a) bring about
abandonment of some primary corridors, (b) cause some secondary
corridors to be upgraded to primary corridors, or (¢) require
construction of totally new primary corridors?

The CS study’s analysis relies on proprietary data, such as railroad-
specific capacity tables and railroad cost estimates for expanding terminals,
which are not publicly available. In addition, the CS study often reports model
assumptions and results at an aggregated level, omitting more detailed input,
output, and intermediate results that would be needed by other analysts to
model alternative scenarios or run sensitivity analyses.
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3C  LEVEL OF SERVICE (LOS) GRADES AND CAPACITY
CATEGORIES

The CS study classified the primary corridors in the railroad network
model by their ratios of current train volume to capacity (V/C). The CS study
defines six level-of-service (LOS) grades for railroads, designates a range for
the volume/capacity ratio associated with each of the six LOS grades A-F, and
then assigns each of the primary rail corridors to one of the LOS grades based
on its volume/capacity ratio. The CS study’s LOS grades and their associated
volume/capacity ratios are listed in Table 3-1.

TABLE 3-1
LEVEL OF SERVICE GRADES AND VOLUME-TO-CAPACITY RATIOS

LOS Grade Range for Volume/Capacity Ratio
0.0to0 0.2
0.2t00.4
0.4t0 0.7
0.7t0 0.8
0.8to0 1.0
>1.0

TmOaOw >

The CS study states that its LOS grades correspond generally to “the
LOS grades used in highway system capacity and investment requirement
studies,” but while highway capacity studies make use of six qualitative LOS
grades (A - F) in their analyses, these studies don’t inform us as to the range of
volume/capacity ratios associated with each of the six LOS grades related to
railroad capacity.' CS applies V/C ratio ranges to each of the six LOS grades
and assigns the LOS grades to four broader capacity categories as shown in
Table 3-2. Next, the CS study defines the volume/capacity ratio of 0.7 (at the
boundary between its LOS C and LOS D grades) to be the “practical capacity”
of a primary railroad corridor.””

20 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-8.

! The Montana Highway Capacity Manual provides the following definition for LOS: “A
qualitative concept that has been developed to characterize acceptable degrees of congestion as
perceived by motorists.” See Montana Highway Capacity Manual, November 2007, at
http://www.mdt.mt.gov/other/traffic/external/pdf/chapter 30.pdf.

> The CS study goes on to state, “To provide acceptable and competitive service to shippers
and receivers, railroads typically aim to operate rail corridors at LOS C/D or better.” (p. 4-9)
This quote implies that “practical capacity” might more broadly be defined by volume-to-
capacity ratios encompassed by the LOS C/D range of 0.4 to 0.8, rather than the knife-edge
value of 0.7 for this ratio. Abril et al. note that practical capacity “is usually around 60%-75%
of the theoretical capacity.” See M. Abril, F. Barber, L. Ingolotti, M. A. Salido, P. Tormos, and
A. Lova, “An Assessment of Railway Capacity,” Preprint submitted to TRE, April 2007, p. 5.
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TABLE 3-2%°
CAPACITY CATEGORIES, CATEGORY DESCRIPTIONS AND LOS GRADES

Range for
Capacity Description of Capacity LOS Volume/Capacity
Category Category Grade Ratio
Low to moderate train flows A 0.0t0 0.2
Below with capacity to accommodate B 0.2t00.4
Capacity Fna%ntenance and recover from C 041007
incidents
Heavy train flow with moderate
Near , capacity to accommodate D 071008
Capacity maintenance and recover from
incidents
Very heavy train flow with very
At limited capacity to accommodate
. . E 0.8t0 1.0
Capacity maintenance and recover from
incident
Above Unstable flows’ service F ~10
Capacity breakdown condition ’

Possible Extensions. It is somewhat surprising that the critical LOS C
grade has the broadest range of volume/capacity ratios, where the
volume/capacity ratio of 0.4 at the bottom of the LOS C grade is used to
represent corridors operating substantially below capacity, while the 0.7 ratio
at the top of the LOS C grade is associated with primary rail corridors
operating at “practical capacity.” In analyzing current and, more importantly,
future capacity issues, it may be helpful to revise the range of ratios associated
with the six LOS grades in order to provide a better picture of the track miles
that are nearing, near, and at capacity levels of service. A possible revision of
LOS ranges that would provide fuller information in these important capacity
categories appears in Table 3-2 Revised.

Another concern with the CS study’s level-of-service grades is that the
ranges of V/C ratios assigned to each LOS grade may not be equally applicable
to single- and all multiple-track lines. Multiple-track main lines—especially
lines with three or more tracks—are intended to be capable of handling “very
heavy” train flows while accommodating maintenance and incident-recovery
needs; indeed, such investments may only be economically viable when
operated “near” or “at” capacity in the CS study’s LOS classification.

3 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, Table 4.3, p. 4-8.
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TABLE 3-2 REVISED
CAPACITY CATEGORIES, CATEGORY DESCRIPTIONS AND REVISED LOS GRADES

Revised Revised Range for

Capacity LOS Volume/Capacity
Category Description of Capacity Category Grade Ratio
Low to moderate train flows with
Below capacity to accommodate A’ 0.0 < V/IC <0.6
Capacity maintenance and recover from B’ 0.6 < V/IC < 0.7
incidents
Heavy train flow with moderate
Near , capacity to accommodate C 0.7 < V/C < 08
Capacity maintenance and recover from
incidents
Very heavy train flow with very
At limited capacity to accommodate D’ 0.8 < V/IC <09
Capacity maintenance and recover from E’ 09 <V/IC <10
incident
Abovq Unstgl?le flows’ service breakdown F V/C > 1.0
Capacity condition

3D DISTRIBUTION OF CURRENT RAIL CORRIDORS ACROSS
CAPACITY CATEGORIES

Having defined LOS grades and capacity categories for primary rail
corridors, the CS study uses an engineering model to allocate current rail
corridors to capacity categories. The CS study’s summary of current rail
volumes compared to current capacity on primary rail corridors appears in
Table 3-3, which displays the estimated distribution of primary corridor
mileage by capacity category and LOS grade.

As seen in Table 3-3, the CS study characterizes less than three percent
of the current primary rail corridor mileage at or above capacity, with
substantially less than one percent of these miles in the “above capacity”
category. (According to Figure 4.4 in the CS study, the corridors that are
currently above capacity are located near Chicago, Kansas City, and the
Mississippi-Tennessee border.) Approximately 88 percent of primary corridor
mileage is categorized as “below capacity” in LOS A through LOS C, while
nine percent is “near capacity” in LOS D, based on the study’s definitions of
capacity categories. As mentioned in footnote 22, the CS study noted that
railroads aim to operate in the range of LOS C/D or better. Table 3-3 indicates
that this criterion is met by 97 percent of primary corridor miles. In reporting
these results from the CS study, the Commission observed that “the Nation’s
freight rail network is relatively uncongested at current volumes of cargo.”**
Thus, by focusing on primary rail corridors—and abstracting from the
adequacy of facilities, bridges, tunnels, and other rail corridors—it appears that
the current U.S. freight rail network does not exhibit system-wide capacity

* Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, Volume I1, p. 3-15.



problems. However, as we determined in our November 2008 report (and also
discuss in Chapter 2 of this report), while there may not be system-wide
capacity constraints, congestion and constraints at localized points in railroad
networks (including terminals, bridges, tunnels, and other facilities as well as
corridors) are sufficient to create far-reaching congestion problems throughout
a network.”

TABLE 3-3%
CURRENT DISTRIBUTION OF CORRIDOR MILEAGE BY
CAPACITY CATEGORY AND LEVEL OF SERVICE GRADE

Total Corridor

Capacity Category LOS Grade Mileage Percentage
A 9,719 19%
Below Capacity B 15,417 30%
C 20,683 39%
Near Capacity D 4952 9%
At Capacity E 1,461 3%
Above Capacity F 108 <1%
Totals All 52,340 100%

Possible Extensions. Table 4.4 of the CS study (results replicated in
Table 3-3 above) was not intended, nor is it able, to show how congestion on
capacity-constrained corridors may potentially flow to other rail corridors as
congestion problems on corridors with choke points lead to traffic delays on
“unconstrained” corridors through the interconnectedness of the railroad
network. Additionally, potential problems may arise if train crews meet their
work hour limits in the middle of a run on a congested corridor and are
consequently unable to work on a subsequently scheduled run, thus causing
delays elsewhere in the network. The CS study includes a brief discussion of
line expansion on non-primary corridors; improvements to significant rail
bridges and tunnels; and projected expansion of terminals, intermodal yards,
service and support facilities, and international gateway facilities in its
projection of the railroad infrastructure investment required to accommodate
forecasted freight railroad demand in 2035. However, there is no discussion
concerning whether these other major elements of the freight railroad network
were capacity-limited in the 2005-2007 time period. Further work is needed to
address the current freight railroad network’s ability to withstand the
theoretical possibility of cascading congestion problems across interconnected
rail lines and facilities. Due to the unknown potential for the spillover of
congestion problems from busy corridors or facilities to other lines or
structures of the railroad network, the CS study’s results appearing in Table 3-3

3 See Christensen Report, Ch. 16.

26 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, Table 4.4, p.
4-10.
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above may suggest a misleadingly optimistic impression of the capacity
availability on today’s freight rail network.

3E DISTRIBUTION OF FUTURE RAIL CORRIDORS ACROSS CAPACITY
CATEGORIES

Using forecasts from the FAF model to provide input for its
engineering model, the CS study forecasts future volumes across the primary
rail corridors and then compares the forecasted volumes for 2035 to the current
capacity on these primary rail corridors. The CS study assumes that future rail
volumes are demand driven®’—with no supply-side constraints—and estimates
the railroad infrastructure investment required through 2035 “to keep pace with
economic growth and meet the U.S. DOT’s forecast demand.””®

The CS study makes an initial volume-to-capacity comparison for 2035
assuming no improvements to the primary rail corridors over the 2007 to 2035
timeframe. The CS study’s summary of projected 2035 rail volumes based on
forecasted demand for rail services compared to current capacity on primary
rail corridors appears in Table 3-4, which displays the projected distribution of
primary corridor mileage by capacity category and LOS grade.

TABLE 3-4%°
2035 DISTRIBUTION OF CORRIDOR MILEAGE BY LOS GRADE, ASSUMING NO
IMPROVEMENTS
Capacity Total Corridor
Category LOS Grade Mileage Percentage
A 4,895 9%
Below Capacity B 6,626 13%
C 11,708 23%
Near Capacity D 5,353 10%
At Capacity E 7,980 15%
Above Capacity F 15,778 30%
Totals All 52,340 100%

Table 3-4 indicates that if no infrastructure improvements are made
through 2035, 30 percent of primary corridor mileage will be above capacity,
15 percent will be at capacity, and 10 percent will be near capacity. According
to the CS study, the resulting level of congestion would affect nearly every

" However, as we describe in Chapter 2 of this report, due to the lumpiness of railroad
investments, there may be episodes of capacity shortages over time, which will likely result in
price increases that will ration existing capacity and provide the incentives for railroads to
invest in additional capacity.

2% Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. ES-1.

%% Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, Table 5.1, p. 5-6.
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region of the country and would likely shut down the national rail network™*"
Of course, the scenario portrayed in the CS study’s Table 5.1 (and repeated in
Table 3-4 above) mainly serves as a jumping off place for estimating the
railroad investment needed to meet forecasted demand; its assumption of no
improvements to primary rail corridors is not realistic given that Class I
railroads invested an average of $1.5 billion per year on infrastructure
expansion during the three-year period ending in 2006, and the AAR estimated
that Class I railroads would spend approximately $1.9 in 2007 for capacity
expansion.”!

The CS study employed its engineering model and assumptions to
determine the rail improvements needed for each primary rail corridor in order
to be able to accommodate the forecasted future train volumes in 2035. The CS
study’s model treated corridors that are currently below capacity differently
from corridors that are currently at or above capacity. *> The CS study states:

To avoid double-counting improvements that are currently
programmed or underway, new improvements were
selected to accommodate only forecast demand, not to
correct current capacity shortfalls. If a corridor is below
capacity today and needs additional capacity to
accommodate future demand, improvements were
selected to bring the volume-to-capacity ratio up to a
maximum of 0.70. If a corridor is at or above capacity
today and needs additional capacity to accommodate
future demand, improvements were programmed to bring
the volume-to-capacity ratio back to the current ratio. For
example, if the current volume-to-capacity ratio of a
corridor is 0.85 and the future volume-to-capacity ratio
without improvements is estimated to be 1.6,
improvements were made to bring the volume-to-capacity
ratio back to 0.85, not to 0.70.%

30 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 5-6.

3! Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-12.

*2 The CS study does not indicate how it treats those corridors that were slotted as “near
capacity” in 2005-2007 and will need additional capacity to accommodate projected future
demand through 2035. However, based on the results included in the CS study’s Table 6.2, it
appears likely that corridors slotted as “near capacity” based on the 2005-2007 data were
treated the same as corridors slotted as “below capacity” during that time frame. As seen in
Table 6.2, very few corridor miles end up in the LOS grades above LOS C after the
infrastructure improvements modeled in the CS study.

33 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 6-2.
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Table 3-5 displays the results from the CS study’s engineering model
that programmed infrastructure improvements on primary freight railroad
corridors to accommodate projected demand in 2035.

TABLE 3-5*
2035 DISTRIBUTION OF CORRIDOR MILEAGE BY LOS GRADE WITH MODELED
IMPROVEMENTS
Capacity Total Corridor
Category LOS Grade Mileage Percentage
A 4,895 9%
Below Capacity B 15,198 29%
C 31,036 59%
Near Capacity D 608 1%
At Capacity E 597 1%
Above Capacity F 6 <1%
Totals All 52,340 100%

Based on the results of the CS study’s modeling of track improvement
to accommodate the forecasted 2035 train volumes, only six corridor miles
(approximately 0.01 percent) of the primary corridor mileage would be above
capacity in LOS F.* In addition, only 597 corridor miles (one percent) would
be at capacity (LOS E) and 608 corridor miles (one percent) would be near
capacity (LOS D). It is worth noting that Cambridge Systematic anticipated
that the 1211 miles of primary corridor mileage appearing in LOS grades D
through F in Table 3-5 above would be upgraded as the result of the Class I
railroads’ infrastructure investment expenditures that were already planned or
underway in 2007.%° If the railroads have already implemented or planned
infrastructure improvements for the corridors characterized as at or above
capacity in 2005 that brings the volume/capacity ratios down to 0.7 on these
corridors now or in the near future, then the investment programs modeled in

* Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, Table 6.2, p. 6-3.
> As seen in the CS study’s Figure 6.1 (p. 6-3), these “above capacity” six miles of primary
corridor are located near Chicago. Based on a comparison of maps, it appears likely that these
six miles of capacity-constrained corridor are included in the infrastructure improvement
projects of the ongoing Chicago Region Environmental and Transportation Efficiency
(CREATE) Program. See http://www.createprogram.org/PDF/corridors_map.pdf.

3 As seen in the block quote above, the CS study’s methodology attempted to avoid “double
counting” current or planned infrastructure investments on corridors that were at or above
capacity in 2005-2007. For a corridor at or above capacity in 2005-2007, the CS study’s
engineering model programmed only those improvement required to bring that corridor’s
volume/capacity ratio in 2035 back down to its 2005-2007 volume/capacity ratio. This
procedure implies that CS anticipated that Class I railroads were currently implementing or had
already planned infrastructure improvements to address the capacity problems on corridors that
were at or above capacity in 2005-2007. It is possible that data on recent (2007-2008) or
planned track infrastructure investments for the primary corridors characterized as at or above
capacity in the CS study’s Table 4.4 would indicate whether the capacity-limited corridors in
2005-2007 have already been or are being improved.
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the CS study would result in categorizing 100 percent of primary rail corridors
in LOS A through LOS C (the “below capacity” category) in 2035.%

Possible Extensions. According to Table 3-5 above, 59 percent of the
2035 corridor miles fall into LOS C. Given the large range of volume/capacity
ratios (0.4 to 0.7) for LOS grade C, it would be informative to know how the
59 percent of 2035 corridor miles in LOS C would be distributed to the
suggested LOS grades A’ and B’ defined in Table 3-2 Revised.

As mentioned above, the CS study indicated that railroads typically aim
to operate in LOS C/D or better. According to Table 3-3, there are currently
4,952 primary corridor miles in LOS D, which is characterized as “near
capacity.” However, the CS study’s process resulted in only 608 primary
corridor miles appearing in LOS D after programmed improvements in 2035.*
The CS study states that the maps showing the 2005 and 2035 primary
corridors by LOS grade “should look similar ... since the goal was not to
improve a corridor beyond the current level of service.” However, a
comparison of these two maps indicates that there are substantially more
yellow (LOS D) corridors in 2005 than in 2035. Conversely, there are
substantially more green (LOS A/B/C) corridors in 2035 than in 2005.
Although CS suggests that the lumpiness of railroad investments may lead to
the observed differences between the 2005 and 2035 maps, the cause of the
differences may have more to do with the treatment of corridors that were near
capacity in 2005-2007. *

The projected 2035 LOS distribution of primary corridors after
improvements has approximately ten percent more “below capacity” primary
corridor miles than the current distribution. It would be interesting to see the
resulting 2035 map from a scenario that set a maximum volume/capacity ratio
of 0.75 (rather than 0.7) for corridors that are currently below/near capacity
today but are projected to need improvements to accommodate projected future
volume. The CS study states that some corridors programmed to receive
improvements in order to accommodate projected future volume end up
dropping several LOS grades due to the “step-function nature of adding

37 It seems somewhat misleading that the CS study’s Table 6.2 and its description indicate that
approximately two percent of primary corridors would be near/at/above capacity in 2035 after
the modeled improvements. The corridors appearing in these categories are artifacts of the
methods CS used in attempting to avoid double counting infrastructure improvements
anticipated for the corridors that were capacity-constrained in 2005-2007.

¥ Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, pp. 4-10 and 6-3.
Note that if Class I railroads implemented/planned improvements on the corridors that were
at/above capacity in 2005-2007, there might be close to zero primary corridor miles in LOS D
in 2035 after the programmed improvements to meet projected future demand.

3% Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-15.

1t would be interesting to see the 2035 map that would result if the CS model treated the
2005-2007 “near capacity” corridors the same way it treated the 2005-2007 “at” and “above”
capacity corridors.



capacity.”*! A sensitivity analysis that sets the maximum volume/capacity
ratios at 0.01 increments above the CS study’s 0.7 maximum ratio (for current
corridors below capacity) would also provide valuable information concerning
the range of investment needed through 2035 to meet forecasted demand.
Another model extension might look directly at programmed investments that
would cause a corridor to drop several LOS grades. For example, if a corridor
was projected to have a 2035volume/capacity ratio slightly above 0.7 without
investment, but substantially below 0.7 with investment, then no investment
would be programmed for that corridor and it would remain in the acceptable
LOS C/D range. The lumpiness of railroad investment projects would seem to
indicate that using a knife-edge value of 0.7 for the maximum V/C ratio may
be too restrictive.

3F ADDITIONAL INFRASTRUCTURE IMPROVEMENTS

In addition to the estimated improvements (adding tracks or upgrading
signal control systems) required on primary rail corridors to accommodate
projected freight rail demand in 2035, the CS study includes projections for the
following improvements:

e Line expansion:
- Improvements to significant rail bridges and tunnels
- Upgrades to non-mainline Class I lines to accommodate
286,000-pound freight cars
- Upgrades to non-Class I tracks and bridges to accommodate
286,000-pound freight cars
e Facilities expansion:
- Expansion of carload terminals, intermodal yards, and
international gateway facilities owned by railroads
- Expansion of Class I railroad service and support facilities such
as fueling stations and maintenance facilities.*

While the CS study provided some discussion on the methods used to estimate
the needed upgrades to primary rail corridors, its treatment of these other
railroad infrastructure improvements is principally a listing of the categories
along with a table that breaks down the estimated cost of improvements by
investment category.

3G ESTIMATED COSTS OF PROJECT IMPROVEMENTS

The CS study provides estimated costs for the following infrastructure
improvement categories:

I Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-15.

2 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-1.
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Line haul expansion

Major bridges, tunnels, and clearance
Branch line upgrades

Intermodal terminal expansion

Carload terminal expansion

AN AN I

Service facilities

Table 7.2* in the CS study presents the average unit costs used to price
out line haul expansions, distinguishing rail corridors by the number of tracks
and control sys‘[ems.44 The note to this table states that “[t]he actual costs of the
corridors were estimated using railroad-specific capacity tables ... [,]” but “...
the railroad-specific cost tables were not included in this report to protect
confidential railroad business information.” The note goes on to say the
Eastern rail corridors used higher construction cost per mile estimates because
of the number of urbanized areas, hilly terrain, and numerous river crossings,
while the Western rail corridors used lower cost estimates due to the flatter
terrain and non-urbanized areas for some of the Western primary rail corridors.
Without more disaggregated cost data than those appearing in Table 7.2, it is
not possible to form a sense of the reasonableness of the estimates used in the
CS study to cost out its predicted need for line haul expansion improvements.

The cost estimates for the second infrastructure category (major
bridges, tunnels, and clearance) were based on individually provided estimates
from the railroads participating in the study for “significant structures”
identified as needing improvement by CS. The estimates provided were “not
based on detailed engineering studies, and therefore only provide a rough
approximation.” The CS study calculated average costs for major structures
based on the railroads’ individually provided estimates, and then developed a
“significant structures cost estimate ... for CN, CP and KCS by prorating the
total significant structures cost by the ratio of the line haul expansion cost for
these three railroads to the total line haul expansion cost.”** The CS study
doesn’t include a list of the “significant structures” that it schedules for
expansion to meet forecasted demand in 2035. A listing of the structures
identified by CS as requiring upgrades would have provided valuable
information about the potential location of chokepoints, and allowed for the

* Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-3. This table
is repeated as Table A.7 on p. A-16 of Appendix A in the CS study.

* Some bridges and tunnels along the primary corridors were included in the cost estimates for
line haul expansions; however, the CS study provides a separate cost estimate for “major”
bridge and tunnel projects.

* Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-16.

* Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-16.
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comparison with listings of the major structures identified as capacity-limited
in other current and future studies of freight railroad infrastructure.

In order to estimate the cost of branch line upgrades, the CS study
updated the results of the 2000 American Short Line and Regional Railroad
Association (ASLRRA) report, which identified $6.9 billion (in 1999 dollars)
in costs to upgrade the track of America’s short line and regional railroads to
accommodate 286,000-pound loads.?’ After rebasing the ASLRRA cost
estimate to 2007 dollars, subtracting the estimated costs for upgrading bridges
and including an estimate from ASLRRA of $5 billion for significant
structures, and subtracting the cost estimate for 2,395 miles of track “assumed
to be upgraded to 286,000-pound standards between 1999 and 2007,”* the CS
study estimated that it would cost $7.2 billion (in 2007 dollars) for upgrading
short line and regional railroad track to accommodate 286,000-pound loads.*

Cost estimates for the last three infrastructure categories (intermodal
terminals, carload terminals, and service facilities) followed a methodology
similar to the approach described above for major structures. “CS provided to
each study participant a table of on-point and off-point volumes by county and
railroad service type for 2005 and 2035. The railroads individually provided
costs (sic) estimates for expanding [each of the three infrastructure categories]
to accommodate the projected growth between 2005 and 2035.7°° As with the
cost estimates for major structures, the estimates of cost improvements for
these three infrastructure categories individually provided by the railroads
“were not based on detailed engineering studies, and therefore only provide ...
rough approximation[s].”' The CS study once again does not provide a
detailed list of the projects identified for these three categories of infrastructure
improvements, which would provide valuable information for other researchers
and government agencies.

Table 3-6 provides the CS study’s cost estimates for capital
improvements to accommodate the projected demand for freight rail service in
2035, by infrastructure category and railroad classification.

7 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-17.

* Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-17.

* See page A-17 of the CS study for a fuller description of its procedures for this infrastructure
category.

%% Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-19.

> Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, pp. A-19 — A-20.
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TABLE 3-6°
CoOST OF FREIGHT RAIL INFRASTRUCTURE IMPROVEMENTS TO
MEeeT PROJECTED NEEDS IN 2035
(Millions of 2007 Dollars)

Short Line and

Class I Regional

Freight Freight
Infrastructure Category Railroads Railroads Totals
Line Haul Expansion $ 94,750 § 320 $ 95,070
Major Bridge, Tunnels, and $ 19,400 $ 5,000 $ 24,400
Clearance
Branch Line Upgrades $ 2390 $ 7,230 $ 9,620
Intermodal Terminal Expansion $ 9,320 $ 9,320
Carload Terminal Expansion $ 6,620 $ 6,620
Service Facilities $ 2,550 $ 2,550
Totals $ 135,030 $ 12,550 $ 147,580

As seen in Table 3-6, the total estimated cost of freight railroad
infrastructure improvements to meet the projected demand in 2035 amounts to
$148 billion. The annual investment needed would average $5.3 billion over
the 28-year period from 2007 through 2035. Of the projected $148 billion cost
estimate for infrastructure improvements, $135 billion is the projected share for
Class I railroads and $13 billion is the projected share for short line and
regional freight railroads. The $148 billion investment requirement is driven by
forecasted demands from the FAF model, estimated current railroad network
capacity, and estimated infrastructure expansion costs. In summarizing the CS
study’s methodology, the Commission noted, “The individual investments
implicit in the projected investment levels presented in this analysis have not
been subject to benefit-cost analysis.”>

The Class I railroads anticipated in 2007 that they would be able to
cover around a half of their $135 billion share of projected investment needed
to meet forecasted demand in 2035. According to the CS study:

If rail revenues grow proportionally to rail tonnage,
currently forecast to increase by 88 percent by 2035, and
if the railroads maintain their current level of effort for
expansion, then the Class I railroads will invest
cumulatively about $70 billion over the 28-year period.™*

> Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-2.

> Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, Volume II, p. 4-17.

> Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, pp. 7-5 and ES-2.
Chapter 4 below discusses the ability of Class I railroads to fund investments.
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Possible Extensions. More transparency in the study’s methods
including the use of publicly available data, and more detailed information on
identified infrastructure improvement projects would be especially desirable.”
The magnitude of the public subsidy implied by the CS results argues that the
study should be replicable and that further research should be conducted on
various scenarios based on alternative assumptions. Also, investment projects
using public funds should, where possible, be assessed using benefit-cost
analysis as suggested by the Commission.

3H ALTERNATIVE PRODUCTIVITY SCENARIO

In projecting that $148 billion ($135 for Class I railroads and $13 for
other railroads) in infrastructure improvements would be needed to
accommodate the projected demand for freight rail services in 2035, the CS
study assumed that future needs would be met “by using current technology
and existing rail corridors.”® The CS study recognizes that “there are
alternative futures that could, and eventually should, be examined.”’ Although
the CS study did not attempt to present alternative scenarios based on a host of
alternative assumptions, it did include “a preliminary estimate ... of the
potential cost savings from productivity improvements.”*

Based on the railroads’ anticipated productivity improvements, CS re-
estimated its model assuming a 0.5 percent productivity improvement per year
over the 28-year period from 2007 to 2035. In Section 7.2, the CS study notes
that this alternative productivity scenario “would reduce capacity expansion
needs in many corridors, reducing the cost of [investment] across all railroads
from $148 billion to about $121 billion.”> The CS study also notes how the
reduction in required investments would be distributed across railroad classes.

The Class I freight railroads’ share for infrastructure
expansion would be reduced from $135 billion to $109
billion, a savings of $26 billion. The short line and
regional freight railroads’ share of capital expenditures

> The CS study projects that the total Class I investment requirement through 2035 averages
$4.8 billion annually, with an anticipated average annual investment of $2.5 billion from Class
I railroads and a gap averaging $2.3 billion per year.

%6 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-4.

37 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-4.

¥ Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-4.

%9 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-4. The CS
study includes the following footnote: “Productivity improvements are only applied to line
costs, not to terminals, yards, facilities, etc.” p. 7-4.
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would be reduced from $12.6 billion to $12.3 billion, a
savings of about $0.3 billion.”

Looked at another way, the gap between the projected amount needed
for Class I infrastructure expansion and the estimated amount that Class I
railroads anticipate they could generate for infrastructure investments would be
reduced from $65 billion ($135 billion minus $70 billion) to $39 billion ($109
billion minus $70 billion). In other words, under this alternative productivity
assumption, the gap between projected infrastructure needs and projected
investment generated by the railroads is reduced by 40 percent. Over the 28-
year study period, this productivity scenario reduces the average annual gap
from $2.3 billion to $1.4 billion.

Possible Extensions. Given the significant impact of the 0.5 percent per
year productivity scenario, it would be desirable to know the impacts of
scenarios that assumed both less optimistic and more robust productivity gains
than the single productivity scenario reported.'

3l EXTRAPOLATIONS OF THE CS MODEL PRESENTED IN THE BLUE
RIBBON REPORT

The Blue Ribbon Report reviewed the current status of and future
investment requirements for all modes of the surface transportation system in
the United States, including the results of the CS study on projected freight rail
investment needs to meet forecasted demand. The Commission further
requested that CS conduct analyses to supplement the CS study by modeling
the impact of changes to the railroad’s market share of freight transportation
between 2005 and 2035.%% The Blue Ribbon Report included the results of
several scenarios assuming different market shares in terms of the average
annual investment required over the 28-year period. Table 3-7 presents the
results of the market-share scenarios requested by the Commission.®’

5 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-4.
Improvements in technology can be embodied in alternative productivity scenarios. Chapter
4 of this report discusses the Class I railroads’ historical levels of productivity growth.
62 The Commission also requested that CS extrapolate the results of its study to project the
investment needed in freight railroad infrastructure through 2055. The result of this
extrapolation appears in Transportation for Tomorrow, Report of the National Surface
Transportation Policy and Revenue Study Commission, December 2007, p. 4-18.
% The Commission refers to this analysis of changes in the railroad’s market share as an
extrapolation of the analysis in the CS study. It does not seem likely that this extrapolation
includes the modeling of demand response. See the discussion in Transportation for
Tomorrow, Report of the National Surface Transportation Policy and Revenue Study
Commission, December 2007, pp. 4-16 —4-18.
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TABLE 3-7%
IMPACT OF CHANGING RAILROAD MARKET SHARE ON
AVERAGE ANNUAL FREIGHT RAIL INVESTMENT REQUIREMENTS

Avg. Annual
Rail Ton-Miles in 2035 Investment Required
Market Share Scenario (trillions) (8 billion)
Reduce Current Market Share 2.46 $3.9
Maintain Current Market Share® 2.75 $5.3
Increase Market Share 5% 2.89 $5.7
Increase Market Share 10% 3.03 $6.0
Increase Market Share 20% 3.30 $7.1

As can be seen in Table 3-7, the CS study forecasts that a 20 percent
increase in the railroads’ market share of freight transportation would result in
a 34 percent increase in the projected average annual freight rail investment
requirement. Over the 28-year analysis period, the projected railroad
investment requirement would increase from $148 billion to $198 billion.
Since the 20 percent increase in the railroads’ market share would be
accompanied by a corresponding decrease in trucking’s market share, the
average annual highway capacity investment requirements would decrease.
The Blue Ribbon Report states that “the impacts of these modal shifts would
vary widely depending on the specific corridors in which they occur.”® The
results from the scenarios assuming different market shares illustrate the
impact of the CS model assumption of no shift in market shares, and provide
insight into the sensitivity and nonlinearity of the CS study’s model.

3J PosITIVE TRAIN CONTROL

In recent years, various legislative proposals have been introduced
before Congress that would require, among other provisions, Positive Train
Control (PTC) on our nation’s rail corridors. On October 16, 2008, President
Bush signed into law the Rail Safety Improvement Act of 2008 (Public Law
110-432). The PTC provision in this act requires that all Class I railroads, as
well as intercity passenger and commuter railroads, install PTC on main line
tracks by Dec. 31, 2015.

This legislation requires substantial investment in PTC technology by
Class I railroads over the next seven years that was not fully anticipated at the
time of the CS study. When the CS study projected that a primary corridor
would need to be expanded to meet the forecasted demand for rail service in
2035, it always selected line upgrades that included Centralized Traffic Control

 Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, p. 4-17.

% The “Maintain Current Market Share” scenario is the case described in the CS study.

% Transportation for Tomorrow, Report of the National Surface Transportation Policy and
Revenue Study Commission, December 2007, p. 4-18.
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and Track Control Systems (CTC-TCS).?’ It is possible that the newly
mandated PTC upgrades could be substituted for the CTC-TCS upgrades
included in the CS model. Therefore the cost of implementing PTC would be
partially offset by the cost of the CTC-TCS upgrades scheduled in the CS
study. However, it is not possible to assess the impact of the legislated PTC
requirement on the CS study’s results since the CS study does not indicate a
timeline of infrastructure investments through 2035, nor does it indicate the
share of Class I railroad miles that would have upgraded control systems in
2035.

Descriptions of the benefits from installing PTC generally mention that
these controls can increase the capacity of existing railroad lines.®®

FRA in its Five-Year Strategic Plan for Railroad
Research, Development, and Demonstrations
...[stated,] In addition to providing a greater level
of safety and security, PTC systems also enable a
railroad to run scheduled operations and provide
improved running time, greater running time
reliability, higher asset utilization, and greater
track capacity.®”

Similarly, the CS study’s description of CTC and TCS states that these
systems “increase capacity.””’ An earlier study concluded that advanced train
dispatching systems also “have the potential of improving general freight
service over and above the effects on line operations alone,” as more efficient
terminal operations are also likely to result.”" One railroad industry analyst
suggested that following the mandated implementation of PTC, the
volume/capacity ratio indicating “practical capacity” may be in the range of 0.8
to 0.85. Thus the new mandate to install PTC on all Class I railroads by 2015 is
likely to have offsetting impacts on projected railroad investment requirements
in the CS study: (a) increased investments to cover PTC installations on all
Class I railroads, and (b) decreased investments associated with defining
“practical capacity” at a volume/capacity ratio above 0.7.

87 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. A-14.

% The U.S. Federal Rail Administration submitted a report to Congress in 2004 at the request
of the House and Senate Committees on Appropriations for updated information on the
benefits and costs of PTC systems. See U.S. Department of Transportation, Federal Rail
Administration, Benefits and Costs of Positive Train Control, August 2004, at
http://www.fra.dot.gov/downloads/safety/ptc_ben_cost report.pdf.

% U.S. Department of Transportation, Federal Rail Administration, Benefits and Costs of
Positive Train Control, August 2004, pp. 29-30.

" Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 4-5.

"' Carl D. Martland and Michael E. Smith, “Estimating the Impact of Advanced Dispatching
Systems on Terminal Performance,” prepared for the Transportation Research Forum,
October 11-13, 1989.
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Possible Extensions. Given the passage of the Rail Safety Improvement
Act of 2008, it would be useful to model an alternative scenario that assumed
the investment needed to fully implement PTC technology by the end of 2015,
along with a timeline of acceptable volume/service ratios that would increase
from the current 0.7 ratio used in the CS study to 0.8 or 0.85 for 2016 through
2035, and possibly starting earlier than 2016 for some corridors.

CONCLUSION

Forecasting capacity needs thirty years into the future is, at best, an
imprecise and difficult project. Using the demand forecasts from the U.S.
DOT’s FAF model, the CS study predicts that there will be significant, system-
wide capacity problems in 2035 unless substantial investments are made in
railroad infrastructure. The CS study presents a landmark analysis that provides
a useful tool for assessing railroad industry capacity issues under a given set of
assumptions. It develops a methodology and engineering model to estimate the
investment requirements in lines and structures to avoid projected capacity
constraints in 2035.

In Section 1.0 of the study, Cambridge Systematics noted that the
forecasts it relied upon did not fully anticipate all changes that could
significantly reshape freight transportation demand and, thus, freight rail
infrastructure investment needs. Despite this caveat, the study provided only a
point estimate of the investment needed to accommodate forecasted rail
volume demand in 2035, rather than a range of values for future investments to
reflect low-growth and high-growth scenarios as well as the base case.

In Section 7.2, the CS study provided the results of one alternative
scenario that allowed for 0.5 percent per year productivity growth in the
railroad industry. The discussion in this section states that the assumed
productivity improvements would reduce the projected cost of infrastructure
expansion from $148 billion to about $121 billion, noting that the Class |
railroads savings would be $26 billion.

However, the Executive Summary of the CS study does not mention the
$121 billion estimate. Rather it focuses on the $148 billion projected as the
cost of infrastructure expansion under the strict assumption of no productivity
growth in the railroad industry. The CS study adds the Class I railroad’s
estimated $26 billion savings in infrastructure expansion costs from the
productivity scenario to the $70 billion investment for Class I railroads
projected in Section 7.3.” In its Executive Summary, the CS study then
describes this sum of approximately $96 billion ($26 billion plus $70 billion)
as the amount that “[T]he Class I railroads anticipate that they will be able to

72 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. 7-5.



3-25

generate ... Although the gap of $39 billion between the Class I railroads’
projected investment requirement and investment ability is the same whether
the $26 billion in productivity savings is subtracted from the base case $148
billion investment requirement or added to the $70 billion investment ability,
we think it would have been more appropriate if the Executive Summary had
mentioned the $121 billion result as the projected investment requirement
assuming productivity savings.

The conclusions of the CS study are sensitive to the economic
projections that drive freight commodity flow forecasts, future decisions about
plant locations, potential shifts among transportation modes, and changes in
regional business operations. While the results of the CS study may be
illustrative, they cannot—nor could any study based on a 28-year forecast of
population growth and economic activity—provide a precise forecast of
capacity needs almost three decades into the future. To illustrate this point, we
can consider the steep increases in fuel prices during the first half of 2008
followed by more recent decreases in fuel prices, and the differential impacts
of the current recession across U.S. regions and industries with especially dire
predictions for the U.S. auto industry. With the CS study’s use of auto train
service as one of its four train types, uncertainties regarding the economic
health of the U.S. auto industry have a very visible link to the model’s
structure. Given the inexact nature of long-range economic forecasts, it would
have been very helpful if the CS study had provided some details about the
forecasted commodity growth rates that drive demand for freight railroad
traffic, and results for low-growth and high-growth scenarios to establish a
range around its base case result. Furthermore, since the FAF projections are
available at five-year intervals, some of the forecast uncertainty could be
alleviated by having railroad investment projections done at these shorter-term
intervals.

3 Cambridge Systematics, National Rail Freight Infrastructure Capacity and Investment
Study, prepared for the Association of American Railroads, September 2007, p. ES-2.
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