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Introduction

The ongoing discussion about the future implementation of high-speed rail (HSR) in the
Northeast Corridor (NEC) is full of questions on the feasibility of HSR and the ability of Amtrak
to implement it. Indeed, the introduction of the Acela Express in the past decade was not free
from operating problems, but even with trains running below their full potential, the Amtrak
NEC had substantial market growth. Thus, it is not clear if a true HSR service is feasible in the
NEC, and if the current prospects are potentially effective.

This report uses classical productivity analysis to consider the future potential of HSR in the
NEC as further discussed below.

Approach and Methodology

To evaluate the performance of the NEC and its main services in FY 2002-2012, and make
inferences about HSR in the NEC for the next 30 years, we use productivity analysis. We employ
a non-parametric single factor productivity (SFP) Toérnqvist trans-log index approach with
several metrics. We set ridership, revenue, revenue passenger-miles (RPM), and available seat-
miles (ASM) as outputs, and operating costs as input. In this way, we provided guidelines and a
robust structure of analysis that can be useful for subsequent passenger rail productivity studies.

Findings
The findings of this research are described below:
e Productivity analyses are useful for assessing performance and determining the drivers of

performance in intercity passenger rail transportation, but the literature is sparse.



Productivity analyses allow managers and decision-makers to understand the behavior and the
drivers of productivity change in the NEC, and to better prepare or respond to potential
realizations of the future. In general, productivity improvements explain long-term
improvements in intercity passenger transportation. In the past, they have translated into benefits
to operators and users. For the future, they can reveal if a strategy is realistic or not, and even if a
strategy is preferred over another. However, the literature on passenger rail transportation
productivity is not extensive, is sparse, and the myriad of approaches to productivity analyses,
selected by various researchers, make it hard not only to comprehend, but also to compare results

across studies.

e Not only is the productivity literature sparse, but also has guidelines that are confusing,
sometimes contradictory, and rarely specific for transportation studies. Thus the following
(not exhaustive) guidelines for analyzing productivity and communicating results in intercity
passenger transportation may be useful for subsequent studies.

Reference explicitly and (where possible) jointly the output and input data categories, the
productivity metrics, and the method of a productivity analysis, in order to prevent confusion and

to understand if results are comparable across studies.

Select the output and input data categories, then the productivity metric(s), and finally the
method of productivity analysis.

DATA: Keep in mind that it is unclear exactly which are the outputs and inputs of a
transportation process (unlike in economic studies, where at least there is a consensus on GDP,
labor, and capital). For intercity passenger transportation, different outputs (not to be mistaken
for multiple outputs) coexist and have different meanings: Available Seat-Miles are a proxy for
transportation capacity, Revenue Passenger-Miles measure the ability to use the available

capacity, and Revenue measures the ability to economically exploit the capacity.

The inputs are even more ambiguous than the outputs. There are many possible input (or cost)
breakdowns, which, as with outputs, will give different meanings to the productivity metrics
derived. Previous analyses have used the economic approach to inputs (labor, capital) with an
additional category for fuel. The input breakdown is relevant when working with MFP and TFP,

but not when using SFP.



We encourage developing alternative outputs and/or inputs in order to measure the quality of the
service provided (LOS) and to account for the quality of the inputs. However, we recognize that
the data might not be readily available, as they do not correspond to incumbent managerial
reporting schemes.

Select physical outputs and inputs over monetary quantities where possible, but keep in mind

that they are harder to get. Deflate monetary quantities as detailed as possible.

METRICS: Do not use partial productivity interchangeably with SFP, and MFP with TFP.
Partial productivity is an arbitrary metric in multi-output multi-input or multi-output single-input
processes that necessarily excludes some outputs or inputs. SFP, instead, is a metric of a single-
output single-input process; MFP is used in single-output multi-input processes; and TFP is used
in multi-output multi-input processes. SFP, MFP, and TFP do not exclude (at least intentionally)
factors of production. Partial productivity does.

SFP is the preferred choice in single-output single-input processes and in multi-output multi-
input processes that can be unmistakably reduced to a single output single-input process. MFP
and TFP are definitively preferred over the (inappropriate) partial measures of productivity in
multi-output multi-input processes that cannot be unmistakably reduced to a single output single-

input process.

METHOD: Select the method to analyze productivity depending on the question of interest, the
type of data, the data availability, the computational resources, and additional context-specific
constraints. Robustness and computational easiness are desired attributes of a method of analysis.
Parametric methods are very powerful; they can provide detailed information on the drivers of
productivity change, but are data-intensive and computationally complex. Non-parametric
methods may sacrifice the amount of information they return, but are less data-intensive and
computationally friendlier than parametric methods.

Use complementary analysis, like reviewing historical events or using various productivity

metrics, to compensate for the disadvantages of a particular method.

Obtain the cumulative SFP by compounding year-to-year SFP instead of by directly computing
an inter-year SFP.



e In FY 2000-2012, there was substantial but not uniformly distributed ridership and revenue
growth for Amtrak. Currently, system-wide unprofitability and capacity constraints in the

NEC remain as two of the most pressing challenges that Amtrak faces.

Amtrak’s system-wide ridership and real ticket revenue grew 55% and 38%, respectively, in FY
2000-2012. Short and special routes became more profitable and utilized than longer routes. The
NEC contributed nearly half of Amtrak’s ridership. Even with HSR trains running below their
full potential, the NEC showed increasing revenue, ridership, operating profits, and air/rail
market shares. Similarly, the incremental ridership of the Acela Express proved to be highly
profitable, much more than that of the Northeast Regional and other services.

However, Amtrak still requires about $1.2 billion annually in governmental subsidies (to which
they respond that other modes are heavily subsidized as well). The NEC, the most heavily
utilized railway corridor of the U.S., is still facing capacity constraints, aging infrastructure, and
maintenance backlogs. Frequently, the political issues of the entire Amtrak system transfer to the
NEC and make it difficult for the NEC to be discussed independently.

e Route changes, technical problems with train sets, targeted capital investments, and
economic recession and recovery in the NEC translated into volatile, but considerable
productivity growth in FY 2002-2012.

The analysis of four distinct SFP metrics (i.e., ridership, revenue, revenue passenger-miles, and
available seat-miles SFP with respect to operating costs) through a non-parametric Térnqgvist
trans-log index showed that the NEC had very volatile, but upward productivity growth in FY
2002-2012. Overall, the NEC was less productive by FY 2010 than in FY 2005, had substantial
productivity dips in FY 2006 and FY 2009 (-10% to -20%), but boosted its productivity in the
last three years (as high as 20% in one year). As shown in Table 5.1, the yearly average SFP
growth of the NEC was in the range of ~1-3%. Although results are not directly comparable with
previous studies of rail transportation in the U.S., the NEC experienced higher average
productivity improvements in FY 2002-2012 than the U.S. railroads (combined freight and
passenger outputs) in 1951-1974 (2.5% RPM SFP v. 1.5% [RPM & RTM] TFP) (Caves et al.
1980).

Table 5.1- Summary of NEC SFP Growth in FY 2002-2012

Yearly Ridership Revenue RPM SFP ASM SFP



Average SFP SFP
Growth 2005-2012

NEC 0.9% 2.8% 2.5% 0.4%
Express 1.3% 2.9% 2.8% -1.1%
Regional 1.0% 2.1% 2.4% 1.3%

2002-2012

NEC 2.4% 2.0%
Express 2.0% 1.7%
Regional 3.0% 2.4%

e In the past decade, Amtrak increased its ability to fill up and economically exploit the
available capacity in the NEC. On the other hand, supply-side productivity did not follow it.

The NEC became cumulatively ~20% more productive on RPM SFP (demand side) and only
~3% more productive on ASM SFP (supply side) in the past seven years. In fact, the ASM SFP
of the express services actually decreased. Amtrak was far more effective at using the available
capacity in the NEC (by filling up trains with more passengers over longer distances) than at

generating it (running trains cheaper).

e The NEC-spine trains were volatile to external events, had large economies of scale, and
presented slow adjustment of capacity that were not homogenous, but rather depended on

specific routes.

Even though the effect of the economic recession of 2009 was a regrettable 2-3-year setback in
ridership and revenue for all routes in the NEC, the effects of lost or gained ridership on ticket
revenue were more pronounced for express services than for regional services. Also, the SFP of
express services was more volatile than that of regional services. This shows that the Acela
Express is more sensitive than the Northeast Regional to external factors, thus revealing risks but

also opportunities for improved performance of future HSR.

The increased demand combined with a low marginal cost per RPM was evidence of economies
of scale that boosted productivity on the demand side in recent years. Most of the new ridership
was accommodated on existing capacity, at low extra costs. However, increasing load factors

suggest that the productivity increments achieved through economies of scale might be limited in



the future unless the capacity of the corridor is enhanced. Such capacity enhancements remain an

unmet challenge for the NEC.

e NEC users are traveling longer distances by rail, and trains are becoming more competitive

in traditional short-haul air markets.

This is evidenced by the fact that cumulative RPM SFP exceeded ridership SFP over the last
decade, and also by the increased air/rail market share of Amtrak in the New York-Washington
and New York-Boston routes. In the Boston-Washington market, Amtrak is still not too

competitive with air travel.

e The ability to implement and operate HSR in the NEC is similar as the state of the regional
economy so far as productivity concerns go; however, the demand side productivity of the
NEC was more volatile with respect to external factors than the supply side.

The reestablishment of the Acela Express in FY 2006 reduced productivity more than the
economic recession of 2009, and ASM SFP only recovered after infrastructure investments in

recent years.

The economic dip of 2009 greatly affected the demand side of the NEC (RPM, ridership, and
revenue SFP) but had little influence on the productivity of the supply side (ASM SFP).
Ridership, revenue, and RPM SFP also increased at higher rates than ASM SFP in favorable

years.

Although the introduction of 40 additional Acela-Express coach cars to lengthen the train sets in
FY 2014 is promising (Amtrak 2011c), it might not increase ASM productivity if not

coordinated with infrastructure enhancements and modifications to maintenance facilities.

e The characteristics of the NEC reveal a potential for the successful introduction of a true
HSR service; however, determining a consensual implementation strategy is challenging but

mandatory to move forward effectively.

The extrapolation of the past productivity determined a ballpark estimate of what the
productivity in the future could be, and suggested drivers of productivity change that could help
sustain such productivity growth rates. Thus, productivity changes in the past suggested future

improvements in the NEC, potentially driven by well-known internal and external factors.



Now, although the geographic and socioeconomic characteristics of the NEC make it an ideal
candidate for HSR, it is a multi-stakeholder, multi-state, multi-purpose corridor under a funding-
constrained scenario and a polarized debate. So, current initiatives and studies attempt to find a
way to enhance the NEC, e.g., the NECMP (2010), the Amtrak Vision for HSR in the NEC
(2010, 2012), the multi-stakeholder effort NEC FUTURE (2012-present), and Sussman et al.
(20123, 2012b).

However, most of the planning efforts are at the early stages of development. Alternatives are
still to be scoped, consensus to be reached, and significant choices made. For some critics,
substantial trip time reductions are scheduled to be realized too far in the future. Current
estimates of investments are highly variable. Alignments, services, and institutional
arrangements have not yet been determined. So, there is uncertainty in this long-term planning
and implementing process, but a common strategy among stakeholders is still needed to advance
HSR in the NEC effectively.

e Amtrak’s prospects for HSR in the NEC are realistic but perhaps not too ambitious. The NEC
VISION may be risky.

Our analysis of the NECMP of 2010 revealed that higher productivity levels could be expected,
and that the prospects for bringing the corridor to a state of good repair and accommodate some
capacity growth were feasible. However, such interventions will prevent the NEC from truly
deploying an international-quality HSR service, and there might be a greater potential for

increased productivity and services, which the NECMP did not consider.

Our analysis of the NEC VISION of 2012 showed that the performance on the NEC is still
sensitive to many factors, and the projected productivity levels are volatile and especially low at
the beginning of the proposed interventions. Thus, productivity benefits may take years to
realize. If the financial leverage is not there to temporarily support adverse events, or if the
market and managers take too much time to adapt to changing conditions, there might be reasons
to doubt on a successful implementation of HSR.

Also the NEC VISION is in some ways a bit unambitious, since the projected cumulative
productivity growth is low in comparison to the growth in the past decade (20--40% in the next

30 years v. 20% in the past 10 years). In addition, international comparisons of HSR in corridors

10



similar to the NEC suggest that Amtrak’s projections of ridership and revenue are reasonable,

but might be on the low side.

Conclusions

After a process of data rationalization and scoping of the analysis at the route levels, we
demonstrated that a non-parametric SFP Tdrngvist trans-log index with varying metrics was
useful to assess the productivity of the NEC-spine trains from FY 2002 to 2012. This structure of
analysis is first of its kind for intercity passenger rail transportation productivity in the U.S.,
which has never been studied in isolation before, or for the selected time period (to the best of
the author’s knowledge). Despite data constraints and inconsistencies, the analysis provided
robust results that could be associated to notable episodes of the past decade. It went on to
evaluate specific sets of routes and it overcame various limitations of parametric methods
through the use of multiple SFP metrics and year-to-year calculations. Within the limited
productivity literature for rail transportation in general, the analysis has provided a robust
platform for future productivity studies of passenger services. An immediate extension of this
method could be the analysis of other routes or sub-networks of Amtrak in the same time period.

The productivity analysis was useful to understand the system’s behavior. In general, the NEC
experienced volatile productivity changes in FY 2002-2012; by FY 2010 it was less productive
than in FY 2005, but in the last three years its productivity boosted. Several events provided
reasons for that varying productivity: route changes, technical problems with train sets, capital
investments in the NEC, and economic recession and recovery. The results suggested critical
characteristics of the NEC: volatility to external events, large economies of scale, and slow
adjustment of capacity. Such characteristics, however, were not homogenous and rather
depended on specific routes. For instance, the productivity of express services was more volatile
than that of regional services, thus showing a greater range of performance. In addition,
increasing ALF suggest that the productivity increments achieved through economies of scale
might be limited in the future unless the capacity of the corridor is enhanced. This is a worrisome
situation for a corridor that exhibits slow capacity adjustments and that not until 2015 will define

a clear capital investment strategy.

These results are useful in thinking about if and how to move forward with HSR in the NEC.

Express services proved to have a wide range of performance, thus revealing risks and
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opportunities for an uncertain future. The fact that NEC users are traveling longer distances is
promising for HSR, as it shows that trains are now more competitive in short-haul (<500 miles)
air markets. When contrasted with previous studies of rail transportation in the U.S., Amtrak’s
results are impressive. Although results are not directly comparable, Amtrak experienced higher
average productivity improvements in FY 2002-2012 than the U.S. railroads (freight and
passenger) in 1951-1974 (2.5% RPM SFP v. 1.5% [RPM & RTM] TFP) (Caves et al. 1980).
These are reasons to be optimistic with the potential for enhanced HSR service.

However, the ability to implement and operate HSR is similar as the state of the regional
economy so far as productivity concerns go. For example, the reestablishment of the Acela
Express in FY 2006 reduced productivity more than the economic recession of 2009, and ASM
SFP only recovered after infrastructure investments in recent years. Although the introduction of
40 additional Acela-Express coach cars to lengthen the train sets in FY 2014 is promising
(Amtrak 2011c), it might not increase ASM productivity if not coordinated with infrastructure

enhancements and modifications to maintenance facilities.

Furthermore, productivity benefits may take years to realize. Perhaps productivity is expected to
go down after the initial years of the establishment of a new HSR. If the financial leverage is not
there to temporarily support adverse events, or if the market and managers take too much time to
adapt to changing conditions, there may be reasons to doubt future HSR development in the
NEC.

When designing a strategy for targeted investments in the NEC, it would be useful to analyze the
northern and southern leg of the NEC spine independently. An analysis at a more disaggregate
level would allow flagging potential areas for improvement, and could determine where

enhancements would be the most effective.

We used three analyses to infer the future productivity of the NEC based on best publicly

available data, which we plan to update.

The first case of analysis, our simple EXTRAPOLATION of recent market and productivity
trends in the NEC, would optimistically (and perhaps naively) anticipate high productivity

growth rates. However, this ignores future interventions that might take place on the corridor,
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and neither Amtrak nor the author claims that these performance rates are to be obtained. So, the value
of the EXTRAPOLATION was in determining a ballpark estimate of what the productivity of in
the future could be, and in suggesting drivers of productivity change that could help sustain such

growth rates.

The second case of analysis, the qualitative analysis of the NECMP of 2010, revealed that while
higher productivity levels could be expected, they are limited by the conservative interventions
presented by the NECMP. Although the author is optimistic about the potential achievement of
the prospects described in the NECMP, such interventions will also prevent the NEC from truly
deploying an international-quality HSR service. As implied by the analysis, there might be a
greater potential for increased productivity and services in the NEC that the NECMP is not

exploiting.

Greater expectations for the corridor were in fact considered in the quantitative analysis of the
NEC VISION of 2012. The analysis showed that the performance on the NEC is still sensitive to
many factors, and that perhaps Amtrak’s vision is both risky and in some ways a bit unambitious.
On one hand, the projected productivity levels are volatile and especially low at the beginning of
the interventions. On the other hand, the projected cumulative productivity growth is low in

comparison to the growth in the past decade.

This reveals the need for an improved vision that both reduces risk and takes advantage of the
opportunities of the NEC. In fact, international comparisons of HSR in corridors similar to the
NEC suggest that Amtrak’s projections of ridership and revenue are reasonable, but might be on
the low side. An improved level of service in the NEC could attract more riders and bring
additional revenue. Air/rail cooperation and competition could be key in shaping a more

comprehensive vision for HSR in the NEC.

The results of the analysis in this chapter raised our confidence in the structure of analysis
developed earlier. On one hand, the expected SFP growth was within the ranges of what the NEC
has shown in the past, both in the cumulative and year-to-year values. The sensitivity analysis
also revealed that results are robust to changes in key assumptions regarding data generation and
uncertainty of forecasts. On the other hand, the interventions and market effects embedded in
Amtrak’s forecasts could reasonably explain future productivity growth. However, we think they

ignored external factors, managerial changes, and unplanned interventions that might affect
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productivity in the future. Finally, comparisons of results across the cases of analyses were
difficult, and there were tradeoffs between qualitative and quantitative analyses: The qualitative
analysis allowed us to infer the behavior of several SFP metrics, but did not provide specific
values. In contrast, the quantitative analysis gave specific results, but restricted the analysis due
to lack of data to just two SFP metrics on the demand side of rail transportation: revenue SFP

and ridership SFP, both with respect to operating cost.

Naturally, there is room for major improvements in the analysis. The introduction of available
seat-miles SFP or any other metric on the supply side will allow us not only to understand the
supply side of the services, but also to understand the implications for profitability and further
growth when compared to the demand side. Additional cases of analysis could be included, e.g.,
cases with substantial ridership changes, or cases based upon the preliminary alternatives report
of the NEC FUTURE. Another improvement would be the development of a way to allocate
operating costs at the route level, which would permit a comparison of performance between
regional and express services, and perhaps the refinement of a strategy to mix those services.
Finally, more disaggregate data at the specific route-level or O-D-level, or additional information
on the way in which Amtrak made the forecasts (which might be available in the “NEC Business
and Financial Plan”), would allow a direct comparison between future and past productivity, and

expand the analysis of the future productivity of the NEC.
Recommendations

Recommendations for the Prospects of HSR in the NEC

Amtrak set forth a myriad of short-, medium-, and long-term goals and objectives to advance its
vision for HSR in the NEC. In addition, the ongoing NEC FUTURE planning process frequently
receives public input. Thus, there are some ways in which the current prospects for HSR in the
NEC could be enriched by the findings of this thesis, in order to reduce risk and to take

advantage of the opportunities of the corridor:

e The projections of ridership and revenue should be revised, given that they might be
underestimated. This is in line with Amtrak’s short-term (6-12 months) goal to “Further
refine and develop program alternatives as part of the capital expenditure re-profiling
efforts...” (Amtrak 2012).
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Air/rail cooperation and competition should be explicitly considered in shaping a more
comprehensive vision for HSR in the NEC. The FAA should be involved in the planning
process. This builds on Amtrak’s short-term goal to “Devise future market strategies and
coordinate with rail industry experts...” (Amtrak 2012).

The effect of improved management practices within Amtrak and other stakeholders of
the NEC should be considered in the projections (in case it has not been considered
already). This is aligned with the medium-term (1-3 years) goal to: “Develop appropriate
program management capabilities and undertake staffing and resource assessments”
(Amtrak 2012).

From a productivity perspective, priority should be given to stages of the implementation
that promise the highest productivity improvements. More concretely, efforts to
accelerate the Gateway Program or to develop an alternative project that achieves such
benefits should be included. This is in line with Amtrak’s medium-term goal to: “Define
and advance “pathway” projects to gain early support and momentum” (Amtrak 2012).
The productivity of the NEC is quite sensitive to multiple factors, including large,
unexpected regional events that were not explicitly considered in Amtrak’s forecasts.
Also, there is uncertainty related to political support, external events, or funding for HSR.
These are strong arguments for a scenario-planning approach (see Schwartz 1996) and
the design of flexibility in the proposed investment alternatives, which might be useful to
be better prepared to unexpected (good or bad) circumstances (see Sussman et al. 2012a).
For example, new policies could favor governmental funding of HSR over air
infrastructure funding. Under appropriate economic conditions, express services should
be expanded much more than regional services. This is in line with Amtrak’s long-term
(3-10 years) goal to “Review ongoing changes that may be needed in the structure of
Amtrak and the current phased implementation strategy to effectively deliver the
program” (Amtrak 2012).
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Abstract

The ongoing discussion about the future implementation of high-speed rail (HSR) in the
Northeast Corridor (NEC) is full of questions on the feasibility of HSR and the ability of Amtrak
to implement it. Indeed, the introduction of the Acela Express in the past decade was not free
from operating problems, but even with trains running below their full potential, the Amtrak
NEC had substantial market growth. Thus, it is not clear if a true HSR service is feasible in the
NEC, and if the current prospects are potentially effective.

To evaluate the performance of the NEC and its main services in FY 2002-2012, and make
inferences about HSR in the NEC for the next 30 years, we use productivity analysis. We employ
a non-parametric single factor productivity (SFP) Toérnqvist trans-log index approach with
several metrics. We set ridership, revenue, revenue passenger-miles (RPM), and available seat-
miles (ASM) as outputs, and operating costs as input. In this way, we provided guidelines and a
robust structure of analysis that can be useful for subsequent passenger rail productivity studies.

We find that the NEC experienced highly volatile, but considerable productivity growth in FY
2002-2012 (in the range of ~1-3% per year). Amtrak increased its ability to fill up and
economically exploit the available capacity, but did not perform equally well on the supply side.
Service changes, technical problems with train sets, targeted capital investments, and economic
recession and recovery were the main drivers of productivity change. The Acela Express and
Northeast Regional were very sensitive to external events, had large economies of scale, and
implemented slow adjustment of capacity via rolling stock and infrastructure improvements,
which varied depending on the service.

The characteristics of the NEC reveal a potential for a successful introduction of HSR, but
although Amtrak’s Vision for HSR in the NEC is realistic (in terms of productivity), it is risky
and perhaps the time scale is not ambitious enough. We recommend revising the current
projections, incorporate additional planning approaches, accelerate key stages of the Vision and
include the FAA in the planning process.

Thesis Supervisor: Joseph M. Sussman
Title: JR East Professor of Civil and Environmental Engineering and Engineering Systems
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Introduction
The Northeast Corridor (NEC) of the United States is the most densely settled region and the
economic engine of the country. It has been plagued for decades with congestion on its intercity
transportation system, and the expected population growth will most likely make worse this
situation. Within this context, enhanced high-speed rail (HSR) service seems like a promising
solution for improving mobility in the future, since it is suitable for the physical and economic
characteristic of the NEC. Thus, the Obama administration’s effort to prioritize HSR nationally
was recently echoed by new plans and studies that look for ways to implement HSR in the NEC.
But, multiple stakeholders and uses, aging infrastructure, the need for substantial capital
expenditures, and the lack of trust in Amtrak’s ability to manage the corridor pose complex

upgrading challenges.

In informing if and how HSR could be implemented in the NEC, it is key to review the recent
performance of the corridor and the implications for the future. This thesis uses productivity, a
concept widely used in economic studies but not so much in passenger rail transportation, to
assess the past performance of the NEC and make inferences on future HSR developments. The
goal is to highlight characteristics of the corridor, identify drivers of productivity growth, and

make recommendations for the ongoing planning processes.
This thesis is organized as follows:

e Chapter 1 discusses the concept, the metrics, and the methods of productivity
measurement, followed by a review of previous productivity studies in rail transportation,
and a discussion of the implications for the research on productivity of intercity
passenger rail transportation.

e Chapter 2 reviews the history and performance of Amtrak, the passenger rail
transportation system of the Northeast Corridor (NEC) of the U.S., and its high-speed rail
(HSR) prospects for the next decades.

e Chapter 3 lays out a structure to study productivity of passenger rail in the NEC,
followed by an analysis of the productivity of the NEC-spine trains from FY 2002 to
2012
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e Chapter 4 uses the structure of analysis and findings of Chapter 3 to make inferences on
the productivity of future HSR developments in the NEC as described in Chapter 2.

e Chapter 5 summarizes key research findings and contributions, reflects on the
recommended ways to move forward for HSR implementation in the NEC, and suggests

potential areas of future research.
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1. Productivity Review

1.1. Introduction
This chapter discusses the concept, metrics, and methods of productivity measurement drawing
on the extensive subject literature. Then it reviews previous productivity studies in rail
transportation. Finally it discusses the implications for the research on productivity of intercity

passenger rail transportation.

1.2. Basic Concept
Productivity is a way of evaluating the performance of a country, industry, firm, system or
process. At the most fundamental level, it is simply the relationship between outputs and inputs
(Coelli et al 2005, Solow 1957).

Box 1.1- Productivity: Basic Concept

o Outputs
Productivity = W

Because productivity is a derived metric instead of a direct measured quantity, there are three

basic ways of improving productivity:

- By producing the same outputs with fewer inputs
- By producing more outputs with the same inputs

- A combination of the two approaches

Increments in productivity are caused by drivers of productivity growth, which may be multiple
and seldom self-evident. On one hand, there might be ‘true’ shifts of the production function
caused by technological change (new technology), organizational change (changes in the process
or managerial skills), or externalities (economic conditions, industry conditions). But on the
other hand there might be effects due to non-technological progress like adjustment costs,
economies of scale, cyclical effects, or pure changes in efficiency and measurement errors
(OECD 2001, Coelli et al 2005, Oum et al 1992, Solow 1957).
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Productivity is used to compare performance of processes, systems, firms, industries, regions or
countries with respect to each other and over time. Applications include, for example, the
comparison of the productivity of two railroads in one year, or the assessment of the productivity
of the US railroad industry over time.

Productivity improvements are of importance to the economy. Economic growth, interpreted as
the output of the economy, can be increased by either increasing input quantities or by improving
productivity. Given that input quantities have well-known physical limits but innovation does
not, long-term economic growth is achieved by productivity improvements rather than by surges
in input quantities. Thus, productivity may be used to trace technological change or to assess the
standard of living (OECD 2001, Solow 1957).

1.3. Productivity Metrics
Depending on the number of inputs and outputs, productivity metrics can be categorized as
Single Factor Productivity (SFP), Partial Productivity, Multi Factor Productivity (MFP) and
Total Factor Productivity (TFP). As will be shown later in Section 1.4 (Methods for MFP/TFP),
the conceptual differences between these metrics are clear, but their empirical application is
heavily dependent on the method of analysis.

1.3.1. Single Factor Productivity (SFP)
The concept of single Factor Productivity (SFP) is intuitive for a single-input single-output

process:

Box 1.2- SFP Definition

- Single Factor Productivity (SFP): A one-to-one relationship defined as the ratio of the

single output to the single input of a process.

The treatment of this metric is mostly unrestricted. It ranges from plots and tables of SFP,
adjusted for inflation, that analyze the evolution of a process over time, to comparisons of

different firms with the same kinds of output and input at one point in time.
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The normalization of SFP with respect to the productivity on a base year, or the calculation of
the changes in productivity from year to year, allows the comparison of productivity gains of

single-input single-output firms producing a different output.

The general methods to be described in section 1.4: Methods for MFP/TFP can be simplified and

extended to SFP in the case of single-output single-input processes.

1.3.2. Multi Factor Productivity (MFP) and Total Factor Productivity (TFP)
In multi-output multi-input processes, two aggregate measures of productivity are preferred over

SFP:

Box 1.3- MFP and TFP Definition

- Multi-Factor Productivity (MFP): A relationship of a single output to a function that
relates multiple inputs. A one-to-many relationship can involve all factors of production.

- Total Factor Productivity (TFP): A relationship of a function that relates multiple outputs
to another function that relates multiple inputs. A many-to-many relationship that

involves all factors of production.

It is a common mistake to use the terms MFP and TFP interchangeably. One could argue that
MFP is a kind of TFP, but not vice versa. In a similar fashion, SFP could be a type of MFP, but

not vice versa. This distinction is illustrated on Figure 1.1.

Figure 1.1 - Categories of Productivity Metrics

Outputl  Output 2

Single Output 1 Output3 { Output 4
e 7N
A
> “Partial”:
SFP .-~ "MFP TFP
/’/ AL V
Single Input Input 1 Input 2

Input 3 Input 4
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1.3.3. Partial Productivity

As implied above, a multi-output multi-input process could use SFP metrics. In this case, such
measures are known as “partial” productivity metrics, because they take into account only one
factor of production at a time (OECD 2001, Oum et al. 1992). This is why the terms SFP and
Partial Productivity are commonly used interchangeably (and confusingly) in the literature. The
author strongly recommends making the distinction between SFP (for a single-output single-
input process) and partial productivity (for a combination of an output and an input of a multi-
output multi-input process). That distinction is manifest in the rest of this document.

Although partial measures give an idea of productivity by relating a given output to a given
input, they are inappropriate to determine the productivity of a multi-output multi-input process

for the following reasons:

Box 1.4- Disadvantages of Partial Productivity Metrics

- They ignore deviations that are not explainable by the selected input.

- They ignore the interdependency of multiple inputs and outputs. For example, an increase
in one input may be cancelled out by a decrease in other input.

- They can explain the correlation between a single input and a single output, but that does

not imply nor demonstrate causality.

1.4. Methods for MFP/TFP
As mentioned earlier, MFP/TFP metrics need a method that relates multiple inputs and/or
multiple outputs. Different methods can give MFP/TFP a different meaning, and decompose the

productivity changes into one or more sources of growth.
Two main categories of methods are available: parametric and non-parametric methods.

Non-parametric methods combine the inputs (or outputs) into a single index before computing
the productivity, or use a transformation for computing productivity gains without aggregating
the inputs (or outputs) into a single index. These methods can be computed directly from data,
without the need for any kind of statistical regression. They are more sensitive to year-to-year
variations than parametric methods. They return gross measures of productivity; residuals that do

not distinguish whether the changes are due to shifts of the production curve or to movements
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along the existing production curve. Furthermore, they cannot determine the specific sources or

drivers of productivity growth. (Oum et al. 1992, Coelli et al. 2005).

Parametric methods estimate a production or cost function through regression analyses (least-
squares econometric production models, stochastic frontiers). They are less sensitive to year-to-
year variations than non-parametric methods. These methods can distinguish between true
“technical” shifts in productivity and economies of scale or other phenomena related to the
production process (i.e. movements along the production curve) (Oum et al 1992, Coelli et al.
2005).

Careful consideration must be given to the selection of the method. Methodological differences
can cause substantially different results for MFP/TFP metrics® (Oum et al 1992). Analyses
performed with different methods, outputs, or inputs may not be comparable, even if they study
the same entity.

Before continuing, it is important to note that sometimes productivity is analyzed by
manipulating incremental gains of inputs (or outputs) rather than their absolute value. An
incremental gain is defined as the relative growth of an output (or input) during a given time

period. It is a dimensionless unit.

1.4.1. Non-parametric Approaches

The growth-accounting approach, inspired by Solow (1957), is the most relevant non-parametric
approach. It computes MFP/TFP productivity growth as the sum of incremental gains in output
(or the sum of a linear combination of incremental gains of outputs) less a linear combination of
incremental gains in inputs. The residual, i.e., MFP/TFP growth, represents the rate of change in
output that cannot be explained by the rate of change in inputs. This is the combined effect of
technological and non-technological progress, labeled as a gross productivity measure that
cannot distinguish between those two categories of drivers of productivity change (Oum et al.
1992). For this reason, the index approach should be complemented by a review of historical
events in order to conjecture about the causes of productivity change (OECD 2001).

A linear combination of incremental gains requires weights for the relative importance of input

(or output) variables. The input weights are calculated as the share of each input on total input,

! Much confusion would be spared if researchers stop reporting SFP, MFP or TFP alone without specification, and
rather report the metric put together with the method of application
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and the output weights are calculated as the share of each output on total output, and both can be

either fixed (constant weights) or variable (moving weights).

The various ways of defining incremental gains and determining the weighting coefficients
required by the growth accounting m