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Abstract

In this paper, an engineering systems frameworkguie CLIOS Process, scenario analysis,
and flexibility analysis is used to study the impkntation of a high-speed rail corridor in the
Northeast Corridor of the United States. Given tilsgnendous uncertainty that characterizes
high-speed rail projects, the implementation ofdtternatives proposed, which are very similar
to other commonly accepted ways to implement hjgked rail in the corridor, are analyzed
under different scenarios. The results motivaternparation of flexibility into the alternatives to
allow decision makers to adapt as situations evilale designing-in this flexibility has a cost,
it may facilitate the implementation of the altdimes by enabling adaptation to uncertain
outcomes, thereby improving performance.
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INTRODUCTION

Although the literature presents an extensive nurabstudies that analyze different alternatives
for the implementation of high-speed rail (HSR)rmors, the substantial uncertainty around
these kinds of projects and the possibility of @em the implementation of such long-term
investments generate the need for a more comprekensechanism for thinking through
different alternatives.

In particular, the developing field of engineerisgstems presents the possibility of
looking at the HSR corridors with new methods ttatld lead to further insights about how to
improve mobility. This study applies methods frame tengineering systems field to seek those
insights:

The CLIOS Processthis research builds on a CLIOS representatiora gfarticular
application, the Northeast Corridor (NEC) of theitdd StatesX,2 (chapter 1))

Scenario analysi$3,4) used in conjunction witthe CLIOS Process a unique way to
understand the main sources of uncertainty; and

Building “Flexibility” (5,6) into what are called “bundles of strategic alédives” to
recognize if the uncertain future we face goingvind toward implementation.

These concepts have been applied to analyze the-N&f@tching from Boston, MA to
Washington, DC — which is the most densely settégion in an economically and politically
powerful nation in the world; yet it has been plegdor decades with congestion on its roads, in
the air and on its rails. It is arguably the mdstdsed region in the world from a transportation
perspective, but is also one of the most challepgpnstudy: for example, the rail system alone
has three infrastructure owners and eight passeag@perators{), operating on infrastructure
originally built around the turn of the @@:entury.

The overall result has been some useful new waykioking about the NEC, such as
showing the importance of designing flexibilityanthe alternatives. Flexibility is useful as even
in cases in which there is strong political suppartHSR, different factors may prevent HSR for
being successfully implemented.

The rest of the paper is structured as follows:ni#vet section presents some background
on the methodology proposed. Then, the alternatareaslyzed in this paper are presented.
Subsequent sections present scenarios used tozantlg alternatives presented, and the
evolution of the alternatives under such scenaridsat evolution suggests the benefits of
considering flexibility (in technology and institahs structures) in the alternatives proposed.
The last section presents the main conclusionsispaper.

BACKGROUND
The CLIOS Process

Transportation systems, and in particular, railveggtems, are examples of CLIOS Systems,
where CLIOS stands for complex, large, interconedcbpen, and sociotechnical. In general, it
is very difficult to predict the behavior of and ptan those systems. The CLIOS Process can be
used as a methodology famderstanding a CLIOS system’s underlying struetand behavior,
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identifying and deploying strategic alternatives fmproving the system’s performance, and
monitoring the performance of those strategic alégives”, (1).

This approach to systems views them as a physidaimain” nested within an
institutional “sphere”. The strategic alternativkat are chosen to change the performance of the
system can involve the physical domain and/ortuistinal sphere.

The CLIOS Process has three phases encompassiatgd® The first stage involves
representing the physical domain and institutional sphere sat trelationships between
components and key drivers can be identified. \Wilystem representation developed within the
framework of a broad research project about tranapon in the NECZ), this research focuses
on the next stage where strategic alternativeslasggnedand evaluatedbased on the system
representation. Robust bundles of strategic altees are therselectedthat should perform
reasonably well across a variety of scenarios.fifta stage involvegmplementinghe strategic
alternatives in both the physical domain and on itm&itutional sphere, monitoring their
performance, and preparing to repeat the processdban the results. Background material
about the CLIOS representation and the frameworlartalyze the implementation of HSR
projects in the NEC is presented ). (

Scenario planning

According to 8), scenarios arestories about the way the world might turn "puiut “[not]
predictions of the future”, nor extrapolations bétpast either. They are also “tools for ordering
one’s perception about alternative future enviromtsién which one’s decision might be played
out”; “might be rational”; and should “have to dathvthe driving forces of the system, that is,
the key factors that will determine or drive thetamme of the system.” In this setting
characterized by high stakes and poorly charae@rimcertainty, scenarios can help inform
decisions, provide inputs to assessments, andg@ararious forms of indirect decision support,
such as clarifying an issue’s importance, framinglexision agenda, shaking up habitual
thinking, stimulating creativity, etc4).

The objective of this project is to develop scermnepresentative of some plausible
future situations. Three different scenarios hagenbchosen instead to test decisions related to
the timing and level of investment in HSR for thE®! vis-a-vis a diverse set of “positive” and
“negative” future situations.

Flexibility

Predicting the future is difficult, even for sheéetm horizons. As Karl Popper saidorig-term
prophecies can be derived from scientific condalopredictions only if they apply to systems
which can be described as well-isolated, stationamg recurrent. These systems are rare in
nature; and modern society is not one of the@iven the significant uncertainties associated
with forecasting many driving factors (such as #@m®nomy), the performance of a strategic
alternative is difficult to predict. The success K8ER is particularly susceptible to these
uncertainties due to the high capital costs (onattter of $100 billion for the NEC) and long
timelines that will ultimately be required to impient the system. While there may be attempts
to reduce these uncertainties, uncertainties Wilags remain. As a result, this paper explores
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how flexibility can be used to achieve better outes for HSR, by allowing decision-makers the
ability to respond dynamically to different realipas of the future.

In addition to the CLIOS Process and the scendaoning framework, where
appropriate, the real options framework develope@®phas been used to think about flexibility
in the system. The definition of a real option pded in @) is “the right, but not the obligation,
[for the option holder] to take some action at aufie date at a predetermined pritén other
words, a potential option holder (decision-maken) design flexibility now in order to create or
maintain the possibility of taking a potential actiin the future.

BUNDLES OF STRATEGIC ALTERNATIVES CONSIDERED

Strategic alternatives are essentially the chacgasidered to improve the performance of the
system. Usually, a set of strategic alternativessetected for simultaneous or phased
implementation instead of a single strategic afteve. In CLIOS Process terminology, these
sets are called bundles.

Four potential bundles of strategic alternativesehbeen developed differentiated by
four decisions (Figure 1): technology, infrastruetuorganizational structure, vertical
integration/separation, and competitive structdrantercity train operations; these represent the
four high-level decisions that decision makers hevenake when planning a railway system.
The authors recognize that other combinations neapdssible but these have been chosen for
illustrative purposes. These decisions have beeanged in a hierarchical structure, with
technology as the first decision for the analystrtake and competitive structure as the last
decision.

Initial State

i}

International- Incremental
Technology quality HSR
[ 1 Public ownership Public ownership
Inﬁ‘aSt.ruc‘.m‘e Amtrak with private Amtrak with private
organization involvement involvement
Vertical Vertical | Vertical Vertical Vertical
integration/separation Integration separation Integration separation
Comp.etitive_: structure [ ope | Multiple [ One Multiple
of intercity train nga?kr operators ﬁag operators
operations i) e
K3l

Additional Lower-Level Strategic Alternatives

FIGURE 1 Proposed bundles of strategic alternativefor NEC.
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The hierarchy chosen is not intended to limit othessible ways to look at the problem
but to carry out a first proof-of-concept of thethwdology proposed by analyzing the effect of
implementing different types of HSR systems witfiedlent choices of institutional structures.

In particular, two strategic alternatives in theoicke-set for technology have been
considered: international-quality HSR and increraeriSR. International-quality refers to
developing a HSR system similar in service qudalitythe Japanes8hinkanseror the French
TGVon a primarily dedicated track alignment. IncretabriSR refers to upgrading the existing
NEC alignment gradually to reduce trip times.

There are also two strategic alternatives listedtha infrastructure organizational
structure choice-set: Amtrak, and an alternativéblipuownership structure with private
involvement. The third decision has two alternaiwethin its choice-set: vertical integration vs.
vertical separation. Vertical integration refershaving ownership and management of both
track infrastructure and train operations handlgdie organization; vertical separation refers to
having the ownership and maintenance of track striugture handled by one organization and
train operations handled by one or several othgarorations. Finally, the competitive structure
of intercity train operations flows out of the d@ons made at previous levels. If Amtrak is
selected as the organization to own and managR MG infrastructure, intercity passenger train
operators will likely be limited to Amtrak. Howevef public ownership with vertical separation
is selected, there could be one or several infeti@tn operators on the NEC. In addition to these
strategic alternatives, it is worth noting that rtheare a significant number of strategic
alternatives that can be considered in the futi@@jsing on route and service plan decisions for
example. However, these issues require detailednesgng analysis, and have thus been
excluded from this initial set of higher-level $&gic alternatives.

The bundles presented here are similar to existmdementation proposals for HSR in
the NEC. Bundle 1 represents the implementatioarofnternational-quality HSR system and
organizational structure similar to the plan dethiin ©). Bundle 2 is similar to the PennDesign
proposal 10), which recommends having a regional public bérafrporation take the lead on
developing international-quality HSR. Bundle 3which Amtrak remains the primary owner of
the NEC and develops HSR incrementally, would lgrgesemble the plan outlined i)( This
bundle is the closest to maintaining the “statugs“qan the NEC. Finally, although the physical
upgrades to the NEC in bundle 4 would be similathiose of bundle 3, it would consider
alternative ownership structure similar to thosedssed in thel(0,11,12,18

For this study, bundles 2nfernational-quality-HSIR and 3 {hcremental-Amtrak are
analyzed. These bundles allow the application &f tonceptual framework to evaluate
distinctions at both the technology and infrasuoetorganizational structure decision levels, and
overall present the most contrasting bundles (stajuo vs. total implementation of an
international-quality HSR with a new institutiorsttucture).

DEVELOPMENT OF SCENARIOS

As noted above, the scenarios should address tilatiem of thedriving forcesof the system.

The most critical components of the NEC and thelatron to the major driving forces in the
system can be identified examining the CLIOS regmé&gtion (background material on the
process followed to identify the driving forces rfirahe CLIOS representation is available in
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2):

. economic growth

. political support

. congestion

. technological change

. public perception

. environmental changes
. energy

. funding sources

. multimodal cooperation
. changes in land use

. andsocial attitudes toward the environment

In the classic scenario-planning manner, the scenavill be stories about plausible
evolutions of these driving forces into the futute. particular, three scenarios have been
considered:

. Scenario no-growth-support: This scenario will assume that the US experienvesyg
slow economic growth, but at the same time themdriang political support for HSR in
the NEC.

. Scenario growth-no-support: This scenario will assume that the US experiemapgl

economic growth. However, there is little politicalpport for HSR projects.

. Scenario modest-growth: This scenario will assume some years of mediunm@oic
growth, as well as political support for developmeinHSR in the NEC.

In the definition of the scenarios, the researclmteincorporated the interaction of
different driving forces. Extremely optimistic oegsimistic scenarios that might lead to obvious
conclusions have not been considered. At the same sufficiently diverse stories are told to
avoid the mistake of only considering the “mostelR scenario. Hence different levels of
political support have been combined with differlavels of economic growth, and with other
realizations of driving forces such as energy (availability of a new oil extraction technology),
severe weather and environmental changes, newdkdies, etc.

These kinds of scenarios might point out differstrategies (like the possibility of
private investment in HSR, or postponing investnatisions, or any other alterations in the
bundles). In order to identify these strategies, gpecific characteristics of these scenarios must
be specified, along with the point in time at whelery event occurs. It might happen that the
political support is weak now, but might be strangetwo years. Consequently, each scenario
has been developed considering different decisiages: decisions about the system might be
implemented at time 0 (now, before US presidemiattions), time 1 (in two years, before the
next US congressional elections), time 2 (in foeang, just before the next presidential election),
time 3 (in eight years, just before the followingegidential election), and in time 4 (in sixteen
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1 years). The evolution of the scenarios in the plribetween those decision stages is provided,
2 so in this scenario world, decision makers makasdets without using information that they
3 would not have available at that time. A timelirfeteese three scenarios can be found in Figure
4 2.
Severe (\;ﬁ;g?djﬁom Scenario no-growth-support
2012 2014 2016 2020 2028
Time 0| Time 1 | Time 2 Time 3 Time 4
L r 1 ¥ 1 1 1 L 1 1 N
I} 3 I* ' ] ] ] 1 ] ] v
Decision | Decision Decision Decision Decision
Stage 1 Stage 2  Stage 3 Stage 4 Stage 5
| |
| Pr. Obama wins elections |
|
| Euro fall | | Approval of clean air legislation
| Democrats win house and senate elections
Scenario growth-no-support
| Important economic growth in the US
2012 2014 2016 2020 2028
Time 0| Time 1 | Time 2 Time 3 Time 4
L 4 1 h 4 1 1 1 X 1 1
1 * f I ] I ] 1 v
Decision  Decision Decision Decision Decision
Stage 1 Stage 2  Stage 3 Stage 4 Stage 5
| |
Pr. Obama loses elections |
|
Implementation of new oil
extraction technology
Scenario modest-growth
2012 2014 2016 2020 2028
Time 0 Time 1 Time 2 Time 3 Time 4
L 1 1 1 1 1 1 1 L .
TF 1 F —F 1 T T 1 T T >
Decision | Decision Decision Decision Decision
Stage 1 Stage2  Stage 3 Stage 4 Stage 5
| | |
Pr. Obama loses elections | Dedicated infrastructure
investment fund
) Arh:ﬁcial
:;:;ﬂii:;; Economic recovery |
development
5
6 FIGURE 2 Scenariosno-growth-support, growth-no-support, and modest-growth timelines.
7
8 EVOLUTION OF THE BUNDLES UNDER EACH SCENARIO
9 In this section, the evolution of the bundles aht&gic alternatives previously described is
10 analyzed under each of the three scenarios.
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Scenario no-growth-support

This scenario is characterized by strong politszgdport for HSR from both the president of the
U.S. and the Congress, and by an economic receissiba US caused by a recession in Europe.
Under this scenario, low levels of economic agpivitight be expected, which will cause a
decrease in transportation demand and hence inahgestion level of the NEC. At the same
time, the adoption of a strict environmental regjala(e.g. a cap and trade policy on emissions
or a carbon tax) might on the one hand increaséuldget available to invest in transportation,
but on the other hand discourage even further patetion demand, which would likely
decrease air emissions, congestion and transp@mnues 2).

Imagine that under these circumstances, the prastdenmits to the incremental-Amtrak
bundle. If a clear strategy is adopted, modesttangible improvements along NEC services
would likely be seen. Even though the economicasibn is not promising during the early time
periods, the political support for HSR projects Vdohelp ensure that adequate funds are
committed to the incremental-Amtrak bundle. Aftee first time periods, support for HSR in the
NEC could increase for two reasons. Firstly, theilehave been tangible improvements on the
corridor, which will have a direct impact on thgtattributes and hence in the modal split and
the railway transportation demand. Secondly, thepadn of strict environmental legislation
through the adoption of cap and trade policies misgions will also favor social support for a
more efficient transport system. Therefore, althotige results coming from the incremental-
Amtrak bundle will be modest, political support ftime bundle will ensure that tangible
improvements to intercity passenger rail on the N@ssibly designed to accommodate an
eventual international-quality HSR alternative) lwiésult, which would ultimately encourage
more funding for an international-quality NEC HSRtem.

If the president and Congress commit to proceediitly the international-quality-HSR
bundle instead, the difficulty of raising funds ftive project given the economic recession,
together with the fact that the investment of thiesels might be spread out over the U.S. (since
the political agenda will not have NEC as a targell) generate a situation in which it would be
very difficult to make tangible movements towards iaternational-quality HSR corridor.
Furthermore, because there will be little fedeuading available for HSR, there may be limited
cooperation amongst the Northeast states to devatomppropriate alternative ownership
structure. Ultimately, lack of progress might mehat in five years’ time there is increasing
opposition to construct HSR in the NEC.

Scenario growth-no-support

The main characteristics of this scenario are tbktigal party’s decision to postpone HSR
investment in the US, as well as important econayrevth during the time period, enhanced by
trade with China and South America and by the disopof a new oil extraction technology that
reduces oil extraction cost and increases lower-frgd availability. The first implication of

economic optimism in the US will be an increasesaonomic activity, and hence, increased
transportation demand starting in the initial tipexiod. An increase in transportation demand in
the NEC will imply a higher level of congestion an already congested corridor. In this
environment, different national and foreign compeanwould be willing to invest in railway
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technology, although the political situation hastofavorable in order to allow the creation of
public-private partnerships. In addition, the admptof the new oil extraction technology that
lowers fuel prices in 2014 will support a highwagskd transport systerf)(

Under these assumptions, the adoption of the inemégsmhAmtrak bundle without
adequate funding will likely lead to a degradatioh intercity passenger rail. The lack of
adequate and consistent funding would also hampeatrak’s ability to properly manage
upgrades to NEC as it will have to: (a) constatubby for funds and (b) constantly be changing
the sequencing of projects to match available fuAdsa result, Amtrak’'s weakened state could
then potentially be used as an argument to creamainstitutional structure on the NEC. The
poor performance of rail may also provide an arguni® pursue a strategy of highway
expansion. Furthermore, the adoption of the oitaetion technology in the US might challenge
railway investment for some years, further suppgrthe construction of more highways and the
support of car-based transportation.

Under this scenario, the adoption of the intermatiaquality-HSR bundle as currently
defined will not be feasible. It is not possiblefgostpone railway investment and, at the same
time, promote an international-quality HSR project.

Scenario modest-growth

Scenariomodest-growthis characterized by political support for HSR e tNEC, and by a
modest economic recovery. The development of aficat intelligence technology that allows
lowering the cost of constructing HSR will makerastructure investment more appealing,
though the project will not create as many jobspasdicted. However, the construction
companies might benefit from that situation, enlr@gn@conomic activity and creating jobs in
other industries. The economic growth starting@ 42 will also promote economic activity and
higher levels of transportation demand. In thisescasansportation benefits will increase, due to
lower construction cost, and high ridership levélsese revenues, together with the growth of a
dedicated infrastructure bank and other innovatinancing mechanisms such as the Railroad
Rehabilitation and Improvement Financing progranRIf, may have a positive impact on
transportation infrastructureg)(

The adoption of the incremental-Amtrak bundle irs thituation will lead to modest,
tangible improvements in the NEC. However, the vecp of the economy will cause an
increase in transportation demand, making NEC ewere congested. Under this situation, the
corridor will continue to be constrained.

The adoption of the international-quality-HSR buendh this case will likely be
successful. During the first period of limited (negative) economic growth, the NEC will
benefit from government support over other possitaidway corridors; support from the
institutional sphere, for a new public ownershiptioé NEC; and the advantages of the new
technologies, that will lower the cost of constmgtthe international standard HSR lines. One
might expect to observe big increases in transpont@emand, due to the economic activity and
the improvements in transportation infrastructuiiéhis situation will provide a unique
opportunity to develop intermodal passenger trariapon policies that will provide a high-
quality mobility service for all users and potelyi@esult in positive economic gains.
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Table 1 presents a summary of the evolution obtihalles of strategic alternatives under
each scenario.

The imaginative nature of the scenario planningc@ss helps us to think more deeply
about the NEC, and can lead to unexpected resithout this analysis, one might expect the
incremental-Amtrak bundle to perform well underrsngos that presents low levels of economic
growth (or economic recession); whereas the intemal-quality-HSR bundle should perform
best under scenarios in which economic growth datasy However, these results suggest that
other factors, particularly political support, stgly influence the performance of the bundles.

Scenarios

Scenario no-growth- Scenario modest-growth

Scenario growth-no-
support

support (new technology, moderate
(economic recession, economic growth)

political support for HSR (economic growth, weak

political support for HSR

in the NEC)
« Difficult to achieve » Success of international-
International- international-quality * Not feasible quality HSR
ity- HSR . .
quzlgszeSR « Commitment to car- » Transportation demand and
« Increasing oppositionto| based transport system  benefits increase
(bundle 2) HSR due to lack of (highways)
results

_ _ | * Modest but tangible
» Degradation of intercity| improvements along NEC

Incremental- | « Modest but tangible passenger rail

Bundles of Strategic Alternatives

Amtrak improvements along « Constrained NEC (in terms
bundle NEC « Commitment to car- of capacity)
. based transport system
(bundle 3) Stronger support to HSR (highways)

TABLE 1 Performance of the bundles under each scamio without flexibility

BENEFITS OF DESIGNING FLEXIBILITY INTO THE BUNDLES

The above process largely assumed that once a bundle was in the process of being
implemented, deviations would not occur. That assumption leads to implementing the
bundle that performs acceptably across the broadest range of scenarios, even if there are
other bundles that perform better under a subset of the scenarios. Recognizing, however,
that the process of implementing HSR in the NEC would take place over many years, it
seems worthwhile to consider flexibilities in the bundles of strategic alternatives that
would allow the bundles to be altered under changing circumstances. These flexibilities
will allow adapting to the situation and taking advantage of the evolution of the system.

The scenario framework shows that the strict adioeréo a bundle (e.g. international-
guality-HSR bundle) does not lend itself to a scenavith postponed investment, whereas
bundles with greater flexibility might allow a graal transition between incremental and
international quality HSR. However, using flexibjlipresents challenges as the real options that
could be applied in the NEC are “comple):(different actors will be involved in purchasing,
designing-in and exercising the options (Amtrakief@l and state governments, etc.); multiple
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actions may need to exercise an option; and théerophay change over time (e.g. if a

technology like maglev becomes the appropriaten@lcigy to pursue). In addition, the cost to

exercise the flexibility may change dramaticallyedo inflation or deflation, and there might be

significant political “costs” associated with adtyaexercising a real option. As a result both

guantitative and qualitative analysis techniquescl{s as cost-benefit analysis, sensitivity
analysis, etc.) are required to evaluate the binafid drawbacks associated with designing-in
and exercising flexibility in the bundles of stigitealternatives for the NEC.

With these challenges in mind, potential opporiasitto design-in flexibility in the
bundles of strategic alternatives have been idedtifThe flexibilities identified relate to the
decision levels presented when the bundles ofegfi@talternatives were created, including:
institutional structure, technology, and compegtstructure.

The following subsections identify flexibilitiesahcould be designed-into the bundles. A
brief description of how the flexibilities discussdelow would play out in the different
scenarios is then presented.

Table 2 show the institutional and technologicekibility options discussed below. The
first column describes what is meant by “designimgthe flexibility into each of the bundles of
strategic alternatives, and the second column thescthe result from exercising the flexibility.

Technological flexibility

The first type of flexibility that could be desigh@to the bundles is the option to change from
implementing international-quality HSR to increnadrdSR and vice-versa as future economic
or political conditions demand.

If the incremental-Amtrak bundle were implementadlexible approach would focus on
upgrades that would benefit both international-tipadnd incremental HSR systems. Some
examples of these projects include expanding tipaaty of New York Penn Station and its
access tunnels and increasing the capacity of Bd&&tmith Station. In addition to upgrading the
NEC infrastructure incrementally, the planning,rpiting and design processes associated with
international-quality HSR could be pursued. If thi®cess were to start soon even if future
funding is uncertain, implementing internationabtjty HSR would not be delayed (as much) by
regulatory and design issues.

If the international-quality-HSR bundle were chosentially, flexibility could be
designed-in by allowing the construction of the redignment in phases. For example, a section
from New York to Philadelphia could be constructiest, and HSR could run between the two
cities. If demand were lower than expected, theastfucture owner would not incur such big
losses (as trying to build out the system all atednas the infrastructure owner could stop
construction of the new international-quality algent on other links, North of New York or
South of Philadelphia. There would still be inheresiue to this construction, however, as trains
would be able to run on the new alignment for pathe route (from Philadelphia to New York,
for example), and thus trip time would be redugad\(ided that the new train sets could operate
on the new and existing system). If demand werhdrithan expected, then the new riders of the
HSR system would represent a new stakeholder gndngpcould push for the further expansion
of the system.9) presents a potential phasing scheme in theirtepo
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In summary, under circumstances of low transpamatiemand or low economic growth,
this research suggests a transition (and hencedigrdin flexibility that allow that transition)
from the international-quality-HSR to the incren@mmtrak bundle. Conversely, under
circumstances of significant economic growth andl veeeived upgrades of the railway system,
a change from the incremental-Amtrak to the inteomal-quality-HSR one is suggested. Again,
there are risks and costs with implementing fldiibinto the system that should be explicitly
considered.

An international example of this type of flexibylibccurs in the French TGV system.
Travelers taking a TGV trip between Paris and Nvietravel on an international- quality HSR
alignment between Paris and Marseille, but, whisy/ing on the same train, will travel on a
conventional rail network between Marseille andeéNiEven though the international-quality link
does not go all the way to Nice (and may not bét e several years), the upgraded link still
provides value to those travelers continuing toeNic

Institutional flexibility

Other significant debate regarding HSR in the NEGvhether Amtrak or another alternative
entity should be responsible for the implementabbmfrastructure upgrades. Amtrak currently
owns most of the NEC infrastructure and alreadyrates higher-speeécela service, and
therefore could begin the process of upgrading NE@structure and service immediately),
although other stakeholders, like commuter railrafmes, may prefer the implementation of an
alternative public ownership structurg2). Implementing a structure like the “regional pabl
benefit corporation” proposed 1@ could take months if not years of negotiationséo up,
however, which would hold up improving HSR seniviceghe NEC.

There appears to be value in ensuring that antutisthal structure is in place that can
appropriately manage the significant capital innesit projects that will be required in the NEC
and balance the needs of all NEC users. Argualiytrdk, in its current state (as represented in
the incremental-Amtrak bundle), may not be bestesuio handle these tasks, but has the
advantage of being already in place and able tanbiegplementing any upgrades. It may be
possible to design-in flexibility within Amtrak thallows for (but does not require) a transition
into a new organizational structurd5l. Some of this flexibility could be designed-in
immediately, while some of it could be includedhdater date (see Table 2). Additionally, some
of the flexibility presented could also have inlmrealue, even if the flexibility is never
exercised.

There would be advantages and disadvantages to ssulgxible approach. The first
advantage is that Amtrak could begin upgradingasthucture almost immediately (subject to
availability of funding). At the same time, theXikility in the approach would provide Amtrak
and other decision-makers some ability to redeted operation if they later choose to exercise
that option. If an alternative public-ownershipusture were pursued immediately, years might
go by before any actual upgrades (incremental loeratise) take place on the NEC. The second
advantage is that the flexibility provides stakeleot the ability to compromise. Splitting
Amtrak into separate entities acknowledges the sieflboth Amtrak supporters (as Amtrak will
still exist) and detractors (as the flexibility prdes some potential to reopen the debate about
future institutional structure). Finally, the fléxity allows decision-makers gradually change the
ownership structure of the NEC and test additioetdrms without having to jump completely to
a radically different ownership structure.
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There are some disadvantages to this approach vieoweor example, although many of
the proposals above have inherent value, designifigxibility adds cost. For instance, there is
the added cost of separating the accounting of &minto profit centers based on NEC
operations that may not be needed if Amtrak ismitse operating well (but it will substantially
reduce the cost of implementing a new institutioonf scratch, in terms of time, political
willingness, money, etc.). Note also that this aesle does not study whether Amtrak (or a
private firm) has the expertise to construct andage international-quality HSR in the NEC but
simply recognizes the possibility of having diffet@wnership formulas.

One example of the use of institutional flexibilitternationally occurred in Germany;
where the government split up their rail operatdo i"entrepreneurial areas" and "public sector
areas" in the early 1990s with the idea of potdgtiivatizing the entrepreneurial services at a
later date 16).

Design-in flexibility at various times Exercise flaibility in the future
Institutional Flexibility
Incremental- Institute accounting separation within AmtrakSeparate NEC operations into separate
Amtrak bundle | and separate NEC operations into separate| subsidiaries of a larger Amtrak holding
(bundie 3) business units (i.e. NEC business division[s])company
Separate NEC operations into separate Take NEC subsidiaries and place them under
subsidiaries of a larger Amtrak holding a new public ownership structure
company
International- Negotiate contracts with train operators tha Buy-back/cancel access rights from train
quality-HSR allows public owner to buy back access right®perators, and sign a contract with only one
bundle or cancel access rights if train operators arg operator to offer service on the NEC
(bundie 2) not providing an adequate level-of-service
Design the organizational structure such thatSell operating functions to private sector
there is a well-defined separation between
oversight functions and day-to-day operating
functions
Include in any contracts with private-partners
the ability to sell operating rights to the
private sector
Technological Flexibility
Incremental- Upgrade portions of the existing corridor thatBegin implementing an international-quality
Amtrak bundle | Would also benefit an international-quality | HSR alignment
(bundie 3) HSR alignment
Undertake planning activities for an
international-quality HSR alignment
International- | Construct the international-quality HSR Under an “optimistic” situation in which
quality-HSR alignment in geographic phases (e.g. startingdemand is high, garner support from the
bundle between New York and Philadelphia) and | current users of the system to further expand
(bundie 2) connect the new alignment with the existing international-quality HSR
system Under a “pessimistic” situation in which
demand is lower than expected or the
economy is poor, discontinue implementing
international-quality HSR and focus on
incremental upgrades to the existing corridar
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TABLE 2 Summary of institutional and technologicalflexibilities considered

Using flexibility in the bundles based on differentscenarios of the future

An analysis of the NEC that allows designing-inxility and exercising it in when the
circumstances are suitable reveals that it is ples$d mitigate some of the weaknesses of the
bundles of strategic alternatives presented. Fetante, the economic recession situation
presented in scenarioo-growth-supportcan be handled by delaying many of the investment
decisions under the incremental-Amtrak bundle.dditzon, since these investments are planned
to obtain tangible results with the available reses, social and political support for HSR
throughout the period can be ensured. Under seemgawth-no-support despite political
support during the first two years not being astp@sas needed, the increase in demand caused
by both economic growth and by improvement of &ifributes obtained with carefully planned
initial investments in HSR will ensure higher levelf political support in the next time periods.
Finally, under scenarimodest-growththe projected decrease of HSR construction togéther
with the economic recovery might generate intes@stinvestment in international-quality HSR.

Table 3 shows a plausible set of flexibility opsoio design-in and exercise for each of
the two bundles proposed, and under each scenevedaped. The main advantage provided by
the inclusion of flexibility in the bundles is th#te decision maker may be able to alter the
bundles to better adapt to the circumstances gsptlag out. Note again that this research does
not say that any of these are going to happemusit iepresents a way of training the decision
maker’s thinking to deal with future uncertainties.

The way to interpret Table 3 is the following: tist row of the table represents which
flexibilities are designed-in the international-tityaHSR bundle first and the incremental-
Amtrak bundle next under scenario-growth-supportt different time periods. In particular, no
flexibility can be exercised at time 0 (how) beaatise bundles have not been implemented yet.
At time 0 (now) the decision-makers will not haveyanformation about the scenario, so the
flexibilities designed-into the bundles will be idieal for each scenario. In the first time period,
after having some information about how the sibrathas evolved, and after two years of
economic recession, the decision-makers might dettidexercise the technological flexibility
(TF) designed-in, and focus exclusively in condingc HSR from New York to Philadelphia.
The situation will still be similar to the initigituation, so they may not identify new flexibii
to design-in the bundles. In time period 2 (foulange later), since the economic recession
continues, the decision-makers may want to desgym ftexibilities in the bundle to be able to
stop the construction of international-quality H&RJ to continue with the incremental-Amtrak
bundle (upgrade the system) instead. This flexybilill be exercised in time period 3, when
decision makers will also design-in new technolabiitexibilities allowing a focus on those
upgrades that might be especially helpful in cdse they are able to continue constructing
international-quality HSR in the future. The futureolution column of Table 3 presents the
evolution of the system that one might expect tgeobe after the last decision stage. This
evolution highlights the positive effects of fledity, since the performance of each bundle
under each scenario considered is better thann@evahout flexibility (higher levels of political
support, public perception, possibility of obtaigitangible results, etc.). Of course, the sunk
costs of designing-in flexibility will never be megered if the real option is never exercised.



Oooo~N OO, WwWN B

Pena-Alcaraz, Carlson, Archila, Stein, and Sussman 16

CONCLUSION

In this research, two bundles of strategic alteveatdeveloped within the framework of the
CLIOS Process have been analyzed under three szedaveloped by the research team. There
were instances in which the scenarios providedyimsithat were congruent with those deriged
priori. For example, if the economy is growing and thera significant demand for travel, the
incremental-Amtrak bundle will be unable to accondiaite the generated transportation demand.

In other cases, as the scenarios allowed consioieraf contrasting futures in which
some driving forces are strong but others are weal, insights were obtained that challenged
prior assumptions. For example, if the economyesky even if political support is fairly strong,
the incremental-Amtrak bundle may perform best,tlere would be modest but tangible
improvements to HSR that could demonstrate Amtraldmpetence at managing the NEC,
whereas the international-quality-HSR bundle mgghtl because of insufficient funding.

The evolution of the bundles under each scenarggested the potential of adding
flexibility to the bundles of strategic alternattyes a way to be able to easily adapt the bundle t
different future scenarios and improve its perfanoga For example, under scenammgrowth-
support after several years of successfully improving H8&ementally, there might be the
opportunity for greater investment in an internadilbquality system, allowing the transition
between two bundles.

In order to think about how the bundles of strategdiernatives might change over time,
different types of flexibilities that could be dgsed-into the bundles of strategic alternatives
were identified, using a “real options” framewolkKith real options a potential option holder
(decision-maker) may pay extra now in order to terem maintain the possibility of taking a
potential action in the future. The cost of desigrin and exercising the flexibility must be
lower than the cost of taking the potential actishen the flexibility is not designed-in the
system, in terms of money, time, or political féégly of taking the action, etc.

First examined was how the system could benefinfidesigning flexibility into the
strategic alternatives related to thestitutional structure recognizing that there might be
different options for the ownership of the NEC. iiltechnologicalflexibility was considered,
with options to phase the construction of both moramental or international-quality HSR
system. The possibility of adapting the bundlesdw situations by designing-in these different
types of flexibility and exercising them when thg#cemstances are appropriate leads to
improved results. This flexibility will allow theegtision maker to get tangible results under each
possible future realization of the different unaarties. Note however that while many of the
flexibilities identified might sound good in thegrthere are certainly hurdles associated with
applying them in practice when the price of desigrin or exercising the flexibility is unknown,
or when the entities that design-in and ultimatetgrcise the option are not the same.

Finally, the research successfully demonstrateghberetical usefulness of combining
the CLIOS Process, scenario planning, and theoman flexibility approach to allow decision
makers to think more deeply about the future of HE®en though many of the ideas were not
novel, this framework highlights key issues thabigtd be considered for the NEC planning.
Future research may use this framework to analygempacts of different driving forces in the
systems (fuel prices, connections with public titaregc.), and the performance of other bundles
of strategic alternatives.
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International-quality-HSR bundle

Time 0 (2012)

Time 1 (2014)

Time 2 (2016)

1]

Flexibility - — - — , —
Exercise Design-in Exercise Design-in Exercise Dggtin
* TF (sign contracts
that allow decision
. TF (focus maker to .stop
Scenario no- exclusively on the aosnstrgctl?g new
growth- construction of the N/A N/A »butlo
. upgrade current
support first phase of . .
HSR). corridor instead —
go back to the
* Institutional incremental-
flexibility — IF Amtrak bundle)
(negotiate contracts tQ
allow public owners
to buy back access |. i
. rights); L'i:th((iﬁgtmue only * TF (construction of
Scenario Technological construction of second p_hase of th
growth-no- flexibility — TF HSR from New N/A N/A HSR comc!or from
support (construction of new |  york to Philadelphia to
alignment in phases, | philadelphia). Washington D.C.).
in particular, focus on
the construction of the
international-quality
HSR from New York
to Philadelphia).
Scenario N/A N/A N/A N/A

modest-growth

TABLE 3 Possible time periods to design-in and exeise flexibility options under the different scenaios
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1
International-quality-HSR bundle
- Time 3 (2020) Time 4 (2028) .
Flexibility - — - — Future Evolution
Exercise Design-in Exercise Design-in
e TF (go back to » TF (start upgrading » Although the economic
the incremental- the system on those situation is not favorable tg
Scenario no- Amtrak bundle, points in which the proceed with HSR, there
growth- commitment with upgrades might be N/A N/A will be social and political
support successive helpful for future support to railway
upgrades of the construction of transportation, allowing
NEC). HSR). HSR in the future.
» TF (focus on the
?ﬁgzterggﬁgn (r?;lse TF (continue with « After the success of
Scenario P the construction of | ¢ TF (continue with different HSR phases, the
of the HSR : . : S
growth-no- . the HSR corridor the construction o N/A transportation service in
corridor from . L
support . - from Boston to New the HSR corridor), NEC will improve, and so
Philadelphia to .
. York). the transportation demand.
Washington
D.C).
TF (continue with « TF (continue with » Success of HSR
. the construction of |  TF (focus on the . implementation. The
Scenario . the construction of . - .
the second phase of|  construction of the . construction of this corridor
modest- N/A he HS id doh f the HSR corridor il inspire th X
rowth the H R corridor second phase o from Boston to Newl Wi inspire the construction
9 from Philadelphiato| the HSR corridor). York) of other HSR corridors in
Washington D.C.). ) the US.

2 TABLE 3 Possible time periods to design-in and exeise flexibility options under the different scenaios

3
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Incremental-Amtrak bundle
o Time 0 (2012) Time 1 (2014) Time 2 (2016)
Flexibility - — X . - .
Exercise Design-in Exercise Design-in Exercise Dgatin
Scenario no- e TF (focus on the ) Igg(r;?jrgénilrieomg
growth- upgrades N/A N/A bottle-necks of the
support proposed). corridor).
* Institutional
flexibility — IF
(creation of a division
within Amtrak » TF (continue with
dedicated to NEC). . . the upgrades
Scenario « Technological « TF (focus onthe | IF (r(;?jr:;nilrieomtehr proposed).
growth-no- flexibility -- TF (start|  upgrades bgtqtle-necks ofthe |° IF (creationofa N/A
support upgrading the system  proposed). id regional public
on those points in corridor). benefit NEC
which the upgrades corporation).
might be helpful for
future construction of
HSR as Penn Station « TF (prepare a
in NY, tunnels to transition to the
access NY, increase international-
capacity in South TE . ith quality-HSR
Scenario Station in Boston). |« TF (focus on the | (continue wit « TF (continue with bundle, studying
upgrades in other f
modest- upgrades the upgrades the construction of
bottle-necks of the . )
growth proposed). . proposed). international-
corridor). .
quality HSR from
New York to
Philadelphia).

TABLE 3 Possible time periods to design-in and exeise flexibility options under the different scenaios
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Incremental-Amtrak bundle

o Time 3 (2020) Time 4 (2028) )
Flexibility - — - — Future Evolution
Exercise Design-in Exercise Design-in
e TF (prepare a
transition to the
international- After several years of
Scenario no- | * TF (continue quality-HSR tangible improvements of
with the upgrades bundle, studying the NEC, social and politica
growth- N/A N/A . .
proposed). the construction of support to HSR will allow
support . ; X
international- the construction of
quality HSR from international-quality HSR.
New York to
Philadelphia).
* TF (prepare a
transition to the
international- After several years of
Scenario quality-HSR tangible improvements of
bundle, studying the NEC, social and politica
growth-no- N/A N/A N/A f .
the construction of support to HSR will allow
support . ; ;
international- the construction of
quality HSR from international-quality HSR.
New York to
Philadelphia).
e TF (start the
construction of
international- « TE (construction of After different success
. quality HSR from constructing international-
Scenario second phase of the . o
NY to . quality HSR, the situation
modest- . . N/A N/A HSR corridor from . .
Philadelphia). . . will be favorable to end with
growth . Philadelphia to )
e |IF (creation of a . the construction of a NEC
\ . Washington D.C.).
regional public HSR system.
benefit NEC
corporation).

TABLE 3 Possible time periods to design-in and exeise flexibility options under the different scenaios
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