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This dissertation examines whether the positive experience with High Speed Rail
(HSR) in Europe and Japan is likely to be transferable to North America without signifi-
cant modifications. It studies how important the access advantage was to the success of

the Japanese system.

A utility impact analysis revealed that access and egress related variables account
for 26 - 43% of the total absolute utility of typical air and rail travel. Terminal fixed ef-
fects were found to be about four times more important for HSR than for air. They cap-

ture not only accessibility attributes, but also the attractiveness of the terminal's location.

If the utility of HSR travel in the United States would depend on the magnetism
of large downtown stations as much as it appears to in Japan, innovative solutions must
be found to replicate this effect. Two solutions are outlined in the first and last chapters.
They require a paradigm shift to convergence, seeing urban, regional, and high speed

ground transportation as one coherent system.

Almost 50000 air and rail observations of the 1995 Intercity Travel Survey could
be used to estimate separate airport pair and HSR station pair choice models. The HSR
choice set consisted of 1260 station pairs and had to be randomized. Weights compen-
sate for heteroskedasticity and extend the sample to a typical Fall day with daily expan-

sion factors.

The small air and large HSR coefficients estimated with nested logit suggested
that a new airport would mostly draw passengers away from other airport pairs, while

adding HSR stations would have a high impact on other modes.



Methodologically, the research found that a log plus linear specification for access
and egress distance is often called for. Linear, quadratic, and cubic functions underesti-

mated the disutility of feeder distance at the median and mean by up to two thirds.

When randomizing choice sets the researcher should only draw conclusions from
a set of models, each using a different number of alternatives, to detect converging values
and standard errors likely to be incorrect. Using this approach, strong evidence of a

threshold effect for access and egress started to emerge.
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Abbreviations, Notation and Japanese Terminology

Abbreviations

ANA
HSR
HSGT
BART
JNR

JR East
JR Central
JR West

GLM
MNL
NL
ITA
DEC

O&D
LOS
OVT

All Nippon Airways

High Speed Rail

High Speed Ground Transportation
(San Francisco) Bay Area Rapid Transit
Japanese National Railways (until 1987)
East Japan Railway (since 1987)
Central Japan Railway (since 1987)
West Japan Railway (since 1987)

Generalized Linear Models
Multinomial Logit

Nested Logit

Independence of Irrelevant Alternatives
Daily Extension Coefficient

Origin and Destination
Level of Service
Out of Vehicle Time

Mathematical Notation

Vi

Py orrx,
Xink

Xz’n

B: or B,
Sn

Zin

Systematic utility of alternative 7 for individual n

Choice probability of alternative i for individual n

Attribute k of alternative 7 for individual n

Attributes of the K explanatory variables of alternative i for individual n
Parameter vector of alternative i (column vector)

Characteristics of individual n

Attributes of alternative i for individual »

Alternative i can take on the values 1 .. 82 for airport pair choice models, 1 .. 1260 for

HSR station pair choice models, and 4 or R for the upper level mode choice model denot-

ing air and HSR respectively.
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Model Designation

The indicator for airport pair choice models is ‘A’ and for HSR station pair mod-
els ‘R.” Airport pair choice models are numbered sequentially, while the number in HSR
station pair models points to the size of the choice set, the number of alternatives used.
The suffix “-2” in the model designation indicates that a correction for heteroskedasticity
was made. The “-2” suffix is often implicit and therefore suppressed. Capital letters at
the end of the model number as in R 300A or R 300A-2 denote minor variations in the

model specification.

Japanese Terminology

High Speed Rail Shinkansen service gives travelers a choice of three train catego-
ries. Local and regional service with stops every 30-40 km is called Kodama or “Echo”
(mnemonic: ko-damned slow). There are two long-distance services: Hikari (“Light-

ning”’) and the extra fast, premium service Nozomi or “Hope” (mnemonic: zoom ahead).

Shinkansen

Nozomi Hikari Kodama

Tokyo — Osaka = “Tokaido” corridor

Osaka — Fukuoka = Sanyo (“Mountain Sunshine”) corridor (Map 1 on page 64)
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1.1 The Internal Distribution Advantage of HSR

Every trip by air or rail has three components: 1) access to the airport or rail sta-
tion, 2) the trip from airport to airport or station to station called “linehaul”, and 3) egress
from the airport or the rail station. This research examines how access and egress affect

linehaul market share.

Our study will shed more light on a particular phenomenon of intercity markets in
the range of 300 — 700 km that feature direct competition between air and rail: surpris-

ingly high market shares for rail in spite of a considerably longer linehaul time (Table 1).

Table 1 - The Phenomenon

Linehaul Time
Market Air HSR HSR Market Share
London - Paris 1h 2:45 h 67%
New York - Washington 1h 2:45h > 40%
Tokyo - Osaka 1lh 2:30 h 80%

Sources: (Hughes, 2004; Jackson, 2004a)

A price advantage is not the reason for this phenomenon. In fact, for the Tokyo —
Osaka line the opposite is true. The profitable Tokaido Shinkansen has to subsidize the
construction cost of newer Shinkansen lines, built for political reasons into less populated
areas, which increases its capital cost by over 30%. This forces JR Central to set fare lev-
els higher than the inherent cost of providing the service. In the face of cut-throat airline
competition, Yoshiyuki Kasai, president of JR Central, calls this an “economic distor-

tion” (Kasai, 2000).



Research conducted on the mode choice behavior of business travelers between
London and Paris indicated that many business travelers prefer the Eurostar over much
faster air service because of the long period of uninterrupted time they can use produc-
tively. Air travel with the necessary trips to and from the airport is too fragmented and
therefore less productive. This illustrates that access and egress play a central role in

markets where air competes head on with High Speed Rail (HSR).

The investigation has far reaching implications for the design of High Speed Rail
systems in the US. HSR has been able to capture substantial market share in Japan and
Europe, where downtown to downtown connections offer a great advantage over the
competing air mode. All European and Japanese high speed rail systems had to do was to
serve the already existing central stations, and their access advantage over air was handed
to them “on a golden platter”. Downtown-to-downtown connections do not offer a great
access advantage in decentralized widely dispersed US metropolitan areas. In North
America, outside of the Northeast Corridor, most business trips do not originate or termi-
nate in the central business district and a much more sophisticated approach is likely to
be necessary for HSR to be competitive with air. A simple transfer of the European or
Japanese experience to North America will probably not be successful (Kanafani &
Youssef, 1993). The “internal distribution” advantage of HSR needs to be carefully stud-
ied. Before defining internal distribution advantage, we will first attempt to answer the
question of what high speed ground transportation can do that air cannot, or only with
great difficulty. These are the competitive advantages that high speed rail may have vis-

a-vis air (Clever, 1994):
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#1-speed:

#2-subway:

#3-split up:

#4-quick stop:

#5-fully automatic:

Between metropolitan areas up to 200 km, high speed rail is faster
or equally as fast as jet service. Examples are: New York — Phila-
delphia, Paris — Lille, or Cologne — Frankfurt. The fastest connec-
tion between the airports of Frankfurt and Cologne will soon be the
train. Between metropolitan areas up to 400 km apart, high speed

rail is about as fast as commuter aircraft service.

Inside metropolitan areas, trains can go through a metamorphosis
and turn into subway trains, even going underneath city streets, di-
rectly serving high density areas with as many stops as may be re-

quired by the traveling public.

Unlike planes, trains can also split up into many pieces once they
reach a metropolitan area, each piece serving a different commuter

rail corridor.

High speed trains can serve rural areas and mid-size cities more ef-
ficiently than airplanes. The penalty for an additional stop on a
high speed segment is only a little more than 5 min. In contrast,

the equivalent penalty for air is about half an hour.

Rail is also the easiest mode to fully automate. Train controls have
to essentially concern themselves only with one-dimensional op-
eration. On the other hand automobiles need 2-dimensional and
planes 3-dimensional controls. Fully automatic operation enables
service to be extremely frequent with very short trains the way it

has already been realized with people movers.




Advantages #2-subway and #4-quick stop illustrate the adaptability of this mode
to frequent stops. Competitive advantages #1-speed and #4-quick stop are very well un-

derstood and taken into consideration in every high speed rail study.

e We define the Internal Distribution Advantage of HSR

as competitive advantages # 2-subway and #3-split-up.

The internal distribution advantage of HSR is generally not considered in present

HSR studies.

A metaphor will illustrate the main point of this chapter and of this dissertation:
dogs are both stronger and faster than cats. On a wide open field dogs could dominate
cats completely. However in reality dogs do not seem to be able to catch cats very fre-
quently. That is because cats can do things that dogs cannot: climb trees, squeeze under-
neath fences, jump onto rooftops, etc. Most HSR planning in the United States proposes

to have dogs and cats compete on a wide open field.

In order to be competitive with air, HSR may have to serve several strategic
points in each metro area. Due to its by and large longer linehaul times HSR needs to get
much closer to travelers’ origins and destinations than air. HSR stations have to be lo-
cated almost in the center of those activity zones within a metropolitan area that generate
the most traffic in a particular corridor. This dissertation will contribute to the under-

standing of the internal distribution advantage of high speed ground transportation.

Research on travelers’ mode choice behavior almost exclusively concentrates on

urban trip making. Only a very small portion looks at intercity trips. Within intercity



mode choice models, investigation of access parameters is usually restricted to estimating
coefficients of access time and access cost. In addition, there seems to be little agreement
on the magnitude of access coefficients in intercity travel (please see Section 2.1 below).
One reason may be that access parameters have been of little interest in almost all of the
modern studies. The sole focus of this dissertation is an in-depth analysis of access re-
lated variables. Only after having gained a clear understanding on how access and egress
affects mode choice behavior can we proceed to the next step proposed as recommended
future research: deduce more information on the optimal location of HSR terminals. This
is not possible with present mode choice studies (Schneider, 1993). After being able to
give decision makers more information on the best routing of a high speed ground trans-
portation system within a metropolitan region can we say that we are beginning to under-

stand the internal distribution advantage of HSR.

A good example of the present state of the practice is the passenger forecast for
the proposed high speed rail system in California (California Intercity High Speed Rail
Commission & Charles River Associates, 1996). While very sophisticated survey and
forecasting techniques are being employed for the analysis, little attention is being given
to the optimal location of high speed rail terminals within the region. Suburban stations
will be located just where the high speed rail corridor happens to enter the urban area. If
the Altamount Pass route is chosen for access into the San Francisco Bay Area, there will
be a high speed rail terminal in Pleasanton. If another pass is chosen, only the suburban

locations that happen to lie on that path will be served directly by high speed rail.

As of this writing, an alignment via the Pacheco Pass to San Jose is the preferred

corridor into the San Francisco Bay Area. That means there will be suburban stations in



Gilroy and along the Peninsular Corridor. In case a branch line to Oakland is built, some
cities in western Alameda County could also be served. However, the fastest growing ar-
eas in the region are Eastern Alameda County, Contra Costa County, and the I-80 corri-
dor. They are also poorly served by the present airport system and would therefore show
some of the best ridership potential for a HSR link between Northern and Southern Cali-
fornia. Unfortunately, this area will be completely bypassed by the proposed route

alignment.

Airport access surveys conducted by the Metropolitan Transportation Commis-
sion reveal that there is a very high concentration of air travelers in high income areas
like Walnut Creek. It is simply not believable that air travelers to Southern California
would choose rail, when the air trip takes one hour and the rail trip takes three hours and
the access time to Oakland International Airport is about the same as the travel time to

the high speed rail station in downtown Oakland.

Since high speed rail will probably not get a second chance in the United States if
the first all newly constructed system does not meet expectation, this is reason for grave

concern.

Korea may serve as a warning. The initial patronage of Korea Trains eXpress
(KTX), which started operating in April 2004, reached 50% of forecast. Forty (40) per-
cent of KTX riders considered “Poor accessibility of the KTX stations” the main disad-
vantage versus competing modes. Other reasons trailed far behind: expensive price

(19%), scheduling problems (15%), and other (26%) (Lee & Chang, 2006).



1.2 Reasons for Scant Research on This Topic

A combination of two powerful impediments to serious research, lack of interest
and paucity of useful data is most likely responsible for the lack of analysis on the impact
of access related variables on mode choice behavior. Lack of interest originated from
“lack of choice” on the part of European railways. Central stations were built in the 19th
century close to the cities’ urban core, and their locations cannot be changed, except un-
der very special circumstances. Since the entire urban transportation system is focused
on these central stations, there is also little need to relocate them. Consequently, access

parameters were looked upon as constants.

It may be due to the lack of interest in and the resulting lack of knowledge of ac-
cess and egress related issues that we can see examples where HSR systems do not take
travelers to the center of urban activity even though the infrastructure is already available.
Paris to Brussels Thalys trains terminate at Brussels South Station, and do not continue
on to Brussels Central and Brussels North. When Berlin's cross-city-line was rebuilt after
the fall of The Wall, Berlin — Alexanderplatz station was not upgraded to handle long-
distance trains, even though it is at a more central location and far more accessible by

public transportation than the traditional East Terminal (Ostbahnhof).

Lack of interest leads to paucity of useful data. However, besides lack of interest,
there are other formidable impediments to the availability of useful data, not the least of
which is a concern for the protection of privacy. In order to be able to draw conclusions
on how quickly rail market share drops with increasing distance to the station one needs
detailed geographically precise data on trip origins and destinations. This data tends to

be either government-owned and confidential (non-public use files of the 1995 American
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Travel Survey, Enquéte Francaise, 1995 Japanese Intercity Travel Survey) or proprietary
(Amtrak’s KPMG Northeast Corridor telephone survey data, German Rail’s Mobility 97,
Fernverkehrspanel, Level of Service Data File for the Japanese Intercity Travel Survey,
etc.). Even if some government-owned and confidential files were publicly available,
they may still not be useful because they do not contain enough observations per cell (En-
quéte Francaise, German Rail’s Mobility 97). In order to do this research one needs ac-

cess to proprietary, in addition to government-owned and confidential databases.

To complicate matters even further, in order to gauge how access/egress variables
and linehaul factors jointly affect intercity travel mode choice, one needs a data set with
meaningful variation in these factors. There are only two countries with extensive
enough high speed rail systems that would allow us to compare many different corridors:
France and Japan. As mentioned earlier, the Enquéte Francaise does not contain enough
observations per cell to draw meaningful conclusions, leaving only Japan. For this re-
search both the government-owned and confidential 1995 Japanese Intercity Travel Sur-
vey and the proprietary Level of Service Data File for the Japanese Intercity Travel Sur-

vey have been graciously made available to us.



1.3 Impact on City and Regional Planning

This research has potentially important implications for land-use planning. Con-
sider for example a high speed rail line linking Northern and Southern California includ-
ing several access branches at both ends (Figure 1). (The last chapter of this dissertation

looks at the technical feasibility of such a system.)

Figure 1 - California Corridor HSR System with Access Branches

If such a system were to be built (sharing right-of-way or tracks with existing
commuter rail systems on the access branches wherever possible), opportunities for com-
plimentary land-use development could be substantial. The 16 access points depicted in

Error! Reference source not found. for both Northern and Southern California (ran-



domly chosen just for illustration purposes) would in a sense become mini-airports with-
out the enormous space requirements of an airport. If transportation planning were to be
properly coordinated with land use planning, these access centers could become the seed

for a more auto-independent urban form in the Western United States.

Research has shown that closeness to a transit station positively impacts office
rental prices (Cervero & Landis, 1993), making the real estate more valuable. Commer-
cial land prices near LRT stations are typically valued 24% and near commuter rail sta-
tions 120% higher than comparable parcels in other locations (Cervero & Duncan, 2002).
It has also been shown that the closeness of an office building to a transit station, together
with employment density and two other variables explained 92% of the variation in rail
modal split for commuters (Cervero, 1994). If these transit stations were also high speed
rail intercity stations, the synergistic effects between transportation and land-use could

reasonably be expected to increase.

Transit villages, which have been suggested some time ago (Bernick & Cervero,
1997) are presently being studied for a number of Northern California BART stations
(DeFao, 2000). Combining some of the BART stations with high speed rail access sta-
tions would make the transit village concept considerably more attractive to developers

and give it an additional boost.
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1.4 Dissertation Outline

This outline should prove helpful to the reader who would like to scan the thesis

in order to quickly find information relevant to his or her particular interest and research.

1. Motivation and Introduction
2. Literature Review
3. Contributors to Mode Choice

4. Model Definitions

5. Data Sources and Sampling Issues

6. Model Results

7. Conclusions and Recommended Future Research

Chapters 1 and 7 bracket the dissertation like bookends. Both deal with the over-

arching vision motivating this project.

The first section of the next chapter briefly summarizes in tabular form the main
results of the literature review and places our investigation in the proper context. The re-
mainder of the chapter examines how specific research questions relating to access and
egress were answered in the last 37 years, and offers the reader a brief overview of the

evolution of discrete choice models as applied to intercity transportation.

Referring back to the literature review where appropriate, chapter 3 examines all
major contributors to mode choice. Particular emphasis is given to access and egress and
a simple model illustrates how terminal access can be the deciding factor when choosing

between air and HSR.
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Chapters 4 and 5 describe the research methodology. While chapter 3 analyzes
the single components of the utility function, chapter 4 combines them to define the dif-

ferent models used in this dissertation.

Chapter 5 describes how the data set was assembled from many different sources.
It elucidates the various approaches to different sampling issues so that all underlying
model assumptions are met. Which weights are used in the analysis and why is discussed

in detail in this chapter.

The focus of chapter 6 is on the practical results obtained from this investigation.
Its methodological contribution is the discussion in Section 6.1 on the correct functional

form for access and egress distance.

Chapter 7 gives a brief summary of the main conclusions and suggests the next

steps to attain a better understanding of the internal distribution advantage of HSR.
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2.1 Summary

The focus of this chapter is on archival literature, which reflect the state of the art,

not the state of the practice.

Studying the summary table on the following pages, two points might become

evident to the reader:

e The last in-depth analysis on how access affects linehaul market share was
done almost 40 years ago, when none of the modern demand analysis tools

was yet available (Beimborn, 1968).

e There is little agreement on the relationship between access and egress

time on one hand and linehaul time on the other.

Most authors agree that access time is more onerous than linehaul time. Their es-
timates range from 1.5 times as onerous to 10 times as onerous. (Hensher, 1997) as-
sumed access and egress time to be approximately valued at 1.5 times in-vehicle time and
considered this “a generally accepted ratio.” (Stopher et al., 1999) stated that this value
ranges in the literature between a low of 2 and a high of 10, and (Walther, 1991) found
the disutility of out-of-vehicle time rising exponentially with increasing length of out-of-

vehicle time.

14



There is also very little research done on how high speed rail station locations af-

fect ridership and market share (Schneider, 1993).

This literature review shows, that while the methodology applied to the analysis
of intercity travel demand became more and more sophisticated, the attention to access
and egress issues ranged from nonexistent to barely considered for reasons of complete-
ness. No recent study of intercity mode choice focused exclusively on access/egress is-

Sues.

The literature review indicates that a detailed study on how accessibility affects

market share would be timely.

The remainder of this chapter is organized as follows: The first section after the
summary tables (Section 2.2) discusses the last dissertation with a topic very similar to
this one. It is followed by a review of publications evaluating determinants of terminal
accessibility (Section 2.3). Papers on airport choice and airport access models are in-
cluded here. Section 2.4 deals with transfer penalties, and Section 2.5 presents a detailed
analysis of the treatment of access issues in major intercity mode choice studies. It also
provides a nice overview of the evolution of discrete mode choice models relating to

intercity passenger transportation.
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91

Methodology

Study

Considerations
Given to Access/Egress Is-
sues

Important Results Regarding Access and
Egress

(Beimborn, 1968)

Focus of the Dissertation.

Increase in rail mode share from adding a sta-
tion at Capitol Beltway in Maryland is equiva-
lent to the rail mode share increase that could
be obtained from reducing intercity travel time
from 133 to 40 minutes.

Nested Logit

(Morrison & Dummy variable for avail- | none
Winston, 1985) ability of bus and rail transit
at destination.
(Koppelman & none none
Hirsh, 1986)
(Koppelman, 1989) | none none
(Forinash & Kop- Estimated ratio of OVT to | Out-of-vehicle time (OVT) is four times as on-
pelman, 1993) IVT. erous as in-vehicle time (IVT).
(Wen & Koppel- Estimated ratio of OVT to The ratio was closer to 3:1 for the generalized
man, 2001) IVT. nested logit (GNL) model.
(Lyles & Mallick, none none
1990)
(Vrtic & Axhausen, | Estimated ratio of access Ratio was 2.7 in mode choice and 2.9 in joint
2003) time to in-vehicle time. mode and route choice model.

Stated Preference

(Morikawa, 1989)

Estimated ratio of terminal
to linehaul time.

Ratio of terminal time to linehaul time a stable
5:1 in all RP/SP combined models.

(Morikawa, Ben-
Akiva & Yamada,
1991)

Estimated one combined
coefficient for access and
egress.

RP model: access/egress coefficient double
linehaul coefficient.
Combined RP/SP model: ratio reversed.

(Hensher, Brotchie
& Gunn, 1989)

Access/egress times and
cost held constant for each
mode and respondent.

none




Methodology

Study

Considerations
Given to Access/Egress
Issues

Important Results Regarding Access and
Egress

design.

Stated Preference (Hensher, 1998) none none
(continued) (Widlert, 1998) none none
(Vrtic & Axhausen, | none none
2003)
Box-Cox (Mandel, Gaudry & | none none
Transformations Rothengatter, 1993)
Logit Captivity (McCarthy, 1997) none none
Random Effects (Hensher, 1997) Access/egress parameters To compare his value of time estimates with
Logit not varied in stated choice | other studies an assumption was made: “access

and egress time are approximately valued at 1.5
times the main mode in-vehicle time — a gener-
ally accepted ratio.”

access time.

Neural Networks (Xie, 2000) none none
Other (Stopher et al., Did literature review to ob- | Found ratio in his literature review to be be-
1999) tain ratio of in-vehicle to tween a low of 2 and a high of 10.

(Walther, 1991)

Studied the relationship of
different components of
out-of-vehicle time with
respect to in-vehicle time.

Normalizing the disutility of in-vehicle time
with a time valuation factor of 1, the disutility
of out-of-vehicle time rises exponentially with
increasing length of out-of-vehicle time.

L1

Table 2 - Treatment of Access/Egress in Major Intercity Choice Studies




2.2 The Last Dissertation on the Impact of Access upon Inter-
city Mode Choice

In 1968 a dissertation was published by Edward Beimborn at Northwestern Uni-
versity with a title very similar to the one of this dissertation: “An Examination of the Ef-
fects of the Access Portion of a Trip upon an Intercity Mode Choice” (Beimborn, 1968).
Its major findings were published by the American Society of Civil Engineers

(Beimborn, 1969).

Beimborn developed a general model to investigate the degree to which local ac-
cess or terminal locations affect the choice of an intercity mode. He exercised his model

to analyze travel between Washington, DC and Philadelphia.

His model was based on the disutility of travel; travelers were assigned to the
mode which minimized the impedance (time and cost) of each trip. Beimborn developed
two models, a mode choice model and a travel demand model. His mathematical model
for mode choice could be geometrically represented by a family of indifference curves
representing the tradeoff a trip maker is willing to make between travel cost and travel
time. To determine the demand of travel between the local zones of the two cities, census
data was used to find the proportion of high, medium and low income families in each
zone. He could then apply the appropriate travel intensity factors to each income group.
A new terminal could be added to his model by finding the coordinates of its location,
and by assuming access time and access cost equations, in addition to linehaul time and

linehaul cost characteristics.
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2.3 Determinants of Terminal Accessibility

Noting that it had already been shown by Beimborn that accessibility to intercity
linehaul termini has a significant influence on modal choice behavior, Leake and Un-
derwood (1977) proposed an intercity terminal access modal choice model. This was
undertaken as part of a detailed analysis of the bi-modal choice between air and rail in

Great Britain.

The mathematical formulation for their analysis was based on the entropy maxi-
mization model of A.G. Wilson. It was used to develop a theoretical trip distribution
model similar to the gravity model. It is interesting to note that when the model is ap-
plied to modal split analysis it is almost identical to the now very familiar logit formula-
tion. The only differences are that instead of using utility (a positive number), general-
ized cost (a negative number) was exponentiated, and instead of calibrating a vector J3,
only a scalar a (a constant term) and a scalar 3 (coefficient of the generalized cost differ-

ence) was solved for.

Access time and cost arrays were developed for each city region using 5 km grid
squares. To calculate the generalized cost, a value of time coefficient was adopted for

each city region and each trip purpose.

The value of B measured the variation of modal split with increasing generalized
cost difference. The higher the value of (3, the higher the sensitivity to changes in gener-
alized costs would be. Leake and Underwood found that the values of 3 were greater for

travel to rail termini than to airports and concluded: “This suggests that the values of mo-
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dal split to and from rail termini are likely to be more susceptible to changing costs and /

or times than those for airports.”

Leak and Underwood developed an intercity terminal access mode choice model,
not an airport pair or HSR station pair choice model as we have done in this research. So
their findings are not directly comparable with ours. But the similarity is nevertheless

noteworthy.

Sobieniak et al. (1979) proposed a disaggregate demand model for the choice of
access mode to intercity transportation terminals in Canada’s national capital region (Ot-
tawa-Hull and vicinity). For their methodology they referred to a paper by Rassam et al.
first published in 1970, then republished in the Highway Research Record in 1971 enti-
tled “The n-Dimensional Logit Model: Development and Application” (Rassam, Ellis &
Bennett, 1970, 1971). Note that Rassam et al. published their research on logit methodol-
ogy even before McFadden (1972), (1974). The paper by Sobieniak et al. clearly re-

flected the state of the art and not the state of the practice.

Separate models were developed for access to air, rail, and intercity bus terminals,

stratified by personal and business trip purposes.

The findings, as the authors pointed out, were neither surprising nor controversial.
But they had definite implication on public policy regarding the improvement of public
transit access to intercity terminals. “Capital investments to improve transit linehaul
times to intercity terminals are unlikely to attract a significant number of new passen-
gers.” Access at trip origin, service frequency, and baggage handling were found to be
much greater determinants of mode choice. They concluded that shared-ride taxis of-

fered a compromise between the lower cost of transit services and convenience and speed
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of private automobile and taxi and could become the predominant mode. As we know

today, their prediction turned out to be accurate.

These findings are very important, because they emphasize that access time is not
a very good metric of accessibility to an intercity terminal. It also means that if several
high speed rail terminals in a region competed with one single airport, the airport may
have better “accessibility” even though it was further away, if it was better served by
shared-ride taxis. Airport shuttles can handle many-to-one origin and destination patterns
very well, but they might never be able to reach critical mass with a multitude of high
speed rail terminals in a region. This directly contradicts the vision set forth in the last
chapter of this dissertation. The most effective way to overcome the disadvantage of
worse accessibility by shared-ride taxis would be for high speed rail terminals to offer

ample free parking, which is not available at airports.

Lunsford and Gosling (1994) gave a review of the most important airport choice
and airport ground access mode choice models to that date. They also noted that travel
time does not provide a comprehensive representation of ground access quality at an air-
port. In his airport choice models Harvey (1988) included ground access quality with a

variable that represented the expected utility from his ground access mode choice model.

Harvey (1986a) was able to quantify the deterrent to using public transit as an ac-
cess mode created by the amount of luggage. He found that the implicit price of each ad-
ditional piece of baggage per person, which is the fare reduction required to offset the
disutility of having to handle the additional bag, was $ 11.17 for non-business travelers,

about 2.4 times the implicit price for business travelers.
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Harvey (1987) emphasized the importance of stratification between business and
non-business travelers. He noted that airport choice models for business travelers had
more explanatory power than the models for non-business travelers. A cause for this, he
suggested, may be that non-business travelers do not behave as rationally as business
travelers. It did not seem likely to him that the same variables could be used to adequate-
ly explain the behavior of all types of travelers. Variables regarding the gender of the
traveler, the amount of luggage, as well as the effect of income on cost sensitivity are
much more important in the non-business model than in the business model. Generally it
appeared that variables related to travel time are most important to consider for business

travelers, while variables related to cost are more important to non-business travelers.

Two studies found that female travelers show a strong preference for modes that
provide escorted door to door service, like being dropped off at the airport, or more se-
cure modes like taxis and limousines (Harvey, 1988; Sobieniak et al., 1979). A third
study (Harvey, 1986b) found that considering gender was only important for non-
business travelers. These findings suggest that non-business females evaluate the concept
of “accessibility” to an intercity terminal completely differently than males. It empha-
sizes the need to include sex as an important socio-economic variable when modeling the

effect of accessibility on linehaul market share.

Lunsford and Gosling (1994) noted that there was very little consistency in the
parameter values estimated across the different models. There may be many explanations
for this. In different parts of their working paper the authors noted that the nested logit
model had been used in relatively few studies to date. Since the MNL assumption of In-

dependence from “Irrelevant” Alternatives cannot be maintained across all individual and
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public transportation airport access modes, we would expect biased parameter estimates
from many of the models for this reason alone. Important explanatory variables like fare
levels were also omitted in airport choice models, since information on that is often not
included in air passenger surveys. Harvey (1988) also identifies improper coding of the
survey results into a computer file as a problem with all of the surveys he has worked

with to develop choice models.

The lack of consistency in the parameter values across different models indicate
how difficult it would be to develop access related models that are transferable across re-

gions.

Lunsford and Gosling suggested the following improvements for future airport

choice and airport ground access mode choice models:

Access/Egress Differentiation. Since survey data is usually obtained from en-
planing passengers, little information is known about the trip from the airport. Ellis
(1974) developed the only model that took trips from the airport into account (Ellis, Ben-
nett & Rassam, 1974). He found that the difference in parameters between trips to and
from the airport is comparable to the difference in parameters between business and non-

business trips. That means the distinction between access and egress is very important.

Passenger Awareness of Ground Access Alternatives. All of the models reviewed
by Lunsford and Gosling used the actual observable attributes of the competing modes.
No consideration was given to travelers’ perceptions of the values of these service attrib-
utes. Spear (1984) recommended that models should be calibrated with data on passen-
ger awareness of ground access modes. This would allow researchers to determine how

better marketing could increase ridership.
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Perceived Variance in Travel Times. Lunsford and Gosling suggested that lower
variance in travel time to the airport may be more important to many air travelers than
shorter travel times. This is due to the relative low frequency of departures in many mar-
kets and the resulting great inconvenience of missing the flight. The authors also predic-
ted that the perceived variance for travel time parameters would differ greatly between

business versus non-business and short haul versus long haul flight stratifications.

Automobile Operating Cost. Gosling (1984) wanted to capture the difference be-
tween perceived and actual automobile operating cost, which is substantial. He suggested

the cost to be expressed in terms of travel time.

Pels, Nijkamp, and Rietveld (2003) looked at access to and competition between
airports in a case study of the San Francisco Bay Area. They found access time elastic-
ities to be considerably larger than access cost elasticities for both business and leisure
travelers. Their recommendation was that airport planners “that want to increase their
share in the local market should invest in relatively fast access modes.” The authors felt
that the relatively low fare elasticities indicated that an increase in fares to pay for the
faster access modes “will have little effect on demand and that an investment in the qual-

ity (accessibility) of an airport will be beneficial to both airports and airlines.”

The only study specifically considering distance to the terminal could be found in

the urban transportation literature. It was also the only investigation using gradients:

Cervero (1994) has calculated what he called a “ridership gradient” to determine
how fast rail transit’s market share falls off with increasing walking distance to the sta-

tion. He found:
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Percent Rail = 1105(Distance in feet)*”" (1)

To arrive at this result, Cervero controlled for 9 other factors determining mode

choice for commuters in a binomial logit model (private automobile versus rail).

Cervero’s research focused on the question whether transit-focused development
could lure significant numbers of Californians out of their cars. He examined the rider-
ship impacts of existing large-scale office projects near stations of five of California’s ur-
ban rail systems. The selected rail systems had been in operation the longest and there-
fore offered mature station environment to study the ridership impact of transit-focused

office development.
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2.4 Transfer Penalties

2.4.1 Transfers in the Middle of a Long Distance Trip

It may seem like a digression to discuss the penalty associated with a change of
trains or planes in the middle of a long distance trip, but understanding traveler behavior
in this instance does help explain the high market share of high speed rail in spite of its

comparatively long line haul times.

Before 1990, many papers had been written on the tradeoff between fare and fre-
quency in the airline industry (e.g. Morrison & Winston, 1985). Hansen (1990) devel-
oped an airline hub competition model and for the first time looked at to what extent fre-
quency could compensate for the inconvenience of a connecting flight through a hub.
Assuming just one direct flight a day, he found that with no extra distance involved,
“15 flights per day on each leg would be required for the hubbed service to gain a 50%

share.”

This shows how little travelers like to transfer enroute and is completely consis-

tent with the empirical evidence collected by European railways on the same topic.

Vrtic and Axhausen (2003) estimated a combined revealed and stated preference
route choice model of regional and long distance public transportation trips in Switzer-
land. They concluded that as long as transfer time is included as a separate variable, the
transfer itself is penalized with 19 minutes in-vehicle time. (This compares to 13 minutes
in-vehicle time in the urban transportation literature discussed in Section 2.4.3 below.

Again, transfer time was included as a separate variable).
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After the introduction of the TGV Atlantique, some conventional trains from Paris
to Atlantic seaboard cities were replaced with a combination of high speed TGV trains
and diesel trains. Conventional trains have the advantage that at the end of the electrified
line, the electric engine at the front of the train is switched with a diesel engine. Pas-
sengers can stay on the train. On the other hand, if a TGV high speed train set is used for
the electrified portion, passengers have to change from the TGV across the platform to a
diesel train at the end of electrified line. Vilmart and Paix (1994) found the transfer
penalty to be equivalent to between 40 minutes and one hour of in-vehicle time. In other
words, the TGV diesel train combination had to be at least 40 minutes faster than the con-

ventional train in order for people to find it worthwhile to switch to the TGV.

Before the opening of the first TGV line, initial plans were to have TGV’s only
run on the new high speed lines and make passengers transfer to conventional trains even
when connecting lines were electrified. These plans were immediately abandoned after
research showed how many potential passengers would be lost due to the forced transfer.
The initial plan was never implemented and TGV’s now connect Paris with every major
city in the country as long as at least a small portion of the trip can be run on high speed

lines.

Because of the polycentric structure and the resulting dispersed nature of travel
patterns in Germany, it is not practically possible to design a long distance train system
where no transfers are necessary. “Integraler Taktfahrplan” or Integrated Timed Transfer
(ITT), also known as Pulsed Hub System (Maxwell, 2003) became one of the main
buzzwords in transportation planning in Germany, Switzerland, and Austria. The goal

behind this type of scheduling approach is to “blanket” the country with hubs, where all
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trains, buses, trams, etc. arrive and depart at approximately the same time in order to
minimize transfer times at as many places as possible (Clever, 1997). It is important to
note that while an ITT system is designed to minimize transfer times, it is also being
designed to minimize the number of transfers. Great care is taken to do exactly that. The
German long distance train timetable for the year 2000 was tested against an origin and
destination matrix with 185 124 cells. The simulation showed that 61.6% of long dis-
tance travelers never have to switch trains, while 79% of those having to change only
need to do it once. This was made possible because of line switching. Even though each
line is served at least once every 60 minutes, InterCity trains, e.g., only follow the same

route every 4 hours (Krista & Oltrogge, undated).

Experience in Germany on an anecdotal level reveals that travelers from Mainz to
Hamburg often prefer to take the conventional InterCity train on the circuitous route via
Cologne in order to avoid having to change trains in Frankfurt, half an hour away from

Mainz. Traveling via Frankfurt on the ICE is almost 2 hours faster.

In every instance passengers like to enjoy as long a portion of their journey as
possible to be completely uninterrupted. And they are willing to pay considerable penal-

ties for that privilege.

A good summary on how passengers feel about switching trains enroute is given

in a report to German Rail by Infratest (1992) (Infratest Sozialforschung, 1992):
“Die ganze Gemiitlichkeit wird unterbrochen. Erst breitet man sich aus, verteilt seine Sachen
iiberall, packt die Brotzeit aus und dann muf3 man alles wieder zusammenpacken, Taschen schlep-

pen und dann wieder alles auspacken. Die Zeit, in der man es sich gemiitlich machen kann, wird

erheblich verkiirzt.”
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“The whole coziness is totally interrupted. First you get comfortable, spread out your stuff all
over the place, get out the sandwiches, and then you have put everything back together again, lug
your baggage around everywhere, and then take everything out again. The time in which you can

make yourself comfortable is significantly shortened.”

Infratest also gives the result of its survey of intercity rail passengers in Germany
in the same report. It found that if a transfer was unavoidable, 55% of the respondents
would prefer it at the beginning of the journey, 22% in the middle, and 22% at the end.
This indicates that a transfer at the end of a trip would be considered as onerous as a

transfer in the middle of a long distance trip.

Traveling by plane from London to Paris with 1 hour access time and 1 hour
egress time is having the trip cut into three equal pieces, none of them long enough to get
comfortable. The disutility of such a trip can be better understood with the concept of
“lost time, ” time that cannot be used productively. For a 3 hour Eurostar trip with an ac-
cess time of 30 min and an egress time of 15 min, we have a total lost time of 45 min.
For a one hour plane trip with an access time of one hour (including waiting in check-in
lines) and an egress time of one hour (including waiting at the baggage carousel) we have
a total lost time of two hours. Even though the total door-to-door time is shorter for the
plane trip, the total lost time is shorter by rail. Plus, spending one hour in constrictive
economy seating may not be that productive either. So many travelers may actually per-
ceive the 3:45 h train trip to be more pleasurable than the 3:00 h total travel time by

plane.
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2.4.2 Transfers at the Beginning or End of a Long Distance Trip

Unfortunately, to the author’s knowledge, no research has ever been done that as-
sesses the penalty of a transfer between an intercity mode and a local access mode, like a
subway or a taxi. All studies assumed that a transfer between an intercity and a local ac-

cess mode takes place.

However, it is entirely conceivable that many final destinations of business trips
would be within walking distance of a HSR station located right next to the financial dis-
trict. No information is available on how such close proximity to an intercity terminal at

the end or beginning of a trip affects mode choice.

A simple example will help to illustrate why it is important to know the transfer
penalty at the beginning or end of a long distance trip: Connecting air passengers have to
walk as far as 1500 m between arrival and departure gates (Detroit Midfield Terminal be-
fore the opening of the people mover line). If train passengers were willing to walk as far
at the beginning or end of a rail journey, and if a future California high speed rail system
were able to use the four downtown San Francisco Market Street stations, practically all
of downtown San Francisco, including the financial district and the South of Market area
would be within walking distance of a high speed rail station. This could have a notice-
able impact on mode shares, since, as pointed out just above, people absolutely do not
like to transfer at the end of a trip. If one of the competing common carrier modes re-
quired no transfers to reach an area with a very high trip end density, the impact on mode

share could be significant.
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2.4.3 Transfer Penalties in the Urban Transportation Literature

Since no information at all is available on the penalties for transfers at the begin-
ning or end of a long-distance train trip, it is necessary to take a brief look at the urban

transportation literature.

Walther (1991) quantified travelers’ valuation of distinct travel time components.
A minute waiting time is always perceived to be more unpleasant than a minute spent in a
moving vehicle. He defines the time valuation factor while inside a moving transit vehi-

cleas 1.

His empirical research, conducted in Germany, found that the time valuation fac-
tor for waiting time increases exponentially with the necessary wait. For a waiting time
of 2 minutes the time valuation factor is approximately 2, for 6 min it is 4, and for 10 min
about 8. That means he would calculate the disutility of a 10 min wait at a transfer sta-

tion to be 10*8 = 0.

Walther’s research was done in the context of urban transportation planning, but

his models were extended to intercity travel (Oetting, 1995).

However, North American research did not find the time valuation factor to in-

3

crease exponentially with the waiting time. “...there is no a priori reason to expect that
time valuation would change markedly in the course of a wait.” (Horowitz, 1981) There-
fore, most models use a constant time valuation factor for waiting time. In the course of
the development of a consensus paper on how transit transfers affect ridership during the

evaluation of the Houston METRO project, Don Pickrell wrote in a memo to Chairman

Lanier:
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“Somewhat surprisingly, the results of these models imply that transit passengers view time spent
transferring from one vehicle to another — including from buses to relatively high-frequency rail
service in the controlled environment of modern rail stations, or from one rail vehicle to another,

as from three and one-half to nearly four times as valuable as time spent riding aboard transit ve-

hicles.” (26 June 89, unpublished).

Sometimes researchers use a time valuation factor of 4 as a general estimate:
“Waiting time is evaluated by the passenger as four times riding time, ...” (Bakker,
Calkin & Sylvester, 1988, p. 7). A comprehensive Central Transportation Planning Staff
study in Boston clearly distinguishes between a time-independent transfer penalty of
13 minutes in-vehicle time, and an additional waiting time penalty of approximately 2%
times the in-vehicle time (Central Transportation Planning Staff, 1997). The Boston
study states confidently that “a transfer penalty for broken trips of 13 min could be estab-

lished at the 95% confidence level.”

It is this time-independent transfer penalty measured in minutes of in-vehicle
time, that would be so helpful to know for the transfers between intercity and local access
modes. The time-independent portion of the transfer penalty would be an indication for
the benefit of a railway station being within walking distance from the point of trip origi-

nation or trip end.
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2.5 The Treatment of Access Issues in Major Intercity Mode

Choice Studies

2.5.1 From Abstract Mode Choice Models to Logit

Most intercity travel models developed prior to the mid 1970’s were based on de-
terministic and aggregate methods of analysis. That meant that the models were more
descriptive than causal, had questionable transferability properties, and limited applica-
bility to policy analysis (Stephanedes, Kumar & Padmanabhan, 1984). The key element
in the deficiencies of those approaches was the lack of a behavioral basis. That was an
inevitable result of the analysis being done at the zonal level (city, region), whereas the
behavioral unit is the individual or household (Koppelman & Hirsh, 1986). The empha-
sis from the mid 60’s to the mid 70’s was on the development of aggregate models
mostly in conjunction with the Northeast Corridor project. A summary of passenger de-

mand modeling from the mid 60’s to the mid 80’s is given by Koppelman (1984).

Quandt and Baumol introduced the abstract mode choice model in 1966. It re-
ceived considerable attention for obvious reasons. Entirely new modes were being con-
templated at the time, e.g. maglev service in the Northeast Corridor. Travel models used
at that time were entirely inadequate to model demand for as yet non-existent modes.
Quandt and Baumol’s approach looks at modes purely with respect to their performance
characteristics, like travel time, trip cost, and number of departures. It completely ig-
nores the perception a traveler may have of a particular mode. It assumes a business
traveler would be indifferent between using air or taking a Greyhound bus, provided all

the attributes like travel time, trip cost, and number of departures are the same. This ap-
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proach has obvious disadvantages. Later research found that automobile travel is consis-
tently believed to have better attributes than it actually has, while public transit is consis-
tently believed to have worse attributes than it actually does. Part of the reason may lie in
the disparity of advertising dollars spent to convince people to buy automobiles versus to
ride public transit. Please see the discussion on Brog, 1982 later in this chapter (page 36).
Mode specific constants are essential parts of today’s mode choice models. Among other

reasons, mode specific constants are necessary to ensure that the location parameter 77 of

the Gumble distribution in case of the logit model can reasonably be assumed to be zero

(M. E. Ben-Akiva & Lerman, 1985, p. 104).

Brown (1968) developed in his dissertation an intercity passenger transportation
demand model that improved upon most models used at that time by not simply extrapo-
lating trends, but instead developing a structural model that described the interrelation-
ship between socioeconomic and transportation system characteristics related to trip mak-
ing. He also overcame the inability of many models of that time to predict demand when
current modes are improved or new modes are introduced. Brown described transporta-
tion modes abstractly. His model was entirely theoretical without use of empirical data.

It did not specifically address access and egress issues.

By the mid 1970’s the theoretical basis of the now ubiquitous logit analysis was
developed (Domencich & McFadden, 1975; McFadden, 1972, 1974). However it was
not until the latter part of the 1980’s that these models did not only become state of the

art, but also state of the practice.

In the field of intercity travel forecasting, the first major study using disaggregate
analysis was by Peter Watson (1974), (see also Stephanedes, Kumar & Padmanabhan,
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1984). By the mid-1970’s many claims were being made that aggregate models contain
significant errors. However, there was no evidence available until Peter Watson was able
to show with a dataset that was suitable for the estimation of both aggregate and disag-
gregate models that this claim was correct. He used data from the Edinburgh-Glasgow
Area modal split study. In his model he did use a separate variable to capture the walking

and waiting time for train journeys.

Kraft and Kraft (1976) estimated one of the first intercity mode choice models
where the demand for each mode was derived from an individual utility function with a
stochastic disturbance term. Individual travel mode characteristics were derived from
aggregate data. Parameter estimates were given for cost, comfort, convenience and sub-
stitution. It was assumed that a person is more comfortable the shorter the travel time.

Travel time was adjusted for the time spent traveling to and from mode departure points.

Peers and Bevilacqua (1976) contributed to the discussion of aggregate versus
disaggregate models by proposing an alternative approach, developing a set of direct-
demand models for estimating intercity transit travel for the Sacramento-Stockton-San
Francisco Bay area corridor study. They described in their paper why structural rather
than sequential models were chosen, and why direct demand models rather than probabil-
istic choice models were used. The authors only used a single variable to describe total
transit time and total transit cost respectively. No distinctions were made between the

access/egress and the linehaul portions of each trip.

Cohen et al. (1978) used a 2-stage modeling process to forecast the 1975-1980
rail patronage in the Empire State Corridor (New York City — Buffalo). The authors used

gravity formulations to relate annual volume to city size, government employment, and
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hotel and motel sales receipts. To estimate mode choice, binary logit models were devel-
oped where rail competed differentially with air, auto, and bus, in order to circumvent the
Independence of Irrelevant Alternatives (IIA) assumption of logit. To estimate the logit
model, only an aggregate database of 31 city pairs was used. No socio-economic vari-
ables were built into the model. Rail service and terminal quality variables were included
together with linehaul time, cost and frequency. No consideration was given to ac-

cess/egress issues.

Werner Brog introduced the situational approach into the English literature in
1982. It is an almost entirely qualitative approach relying on long and detailed interviews
with relatively few people. This method does not involve any model calibration. Werner
Brog’s approach is contrarian inasmuch as it does not make use of complicated mathe-
matical models. He has nevertheless been able to achieve considerable forecasting accu-
racy with his alternative methodology, which has recently also been employed by US re-

searchers, (e.g. Goulias, Brog & Erl, 1998).

Brog has always emphasized the important role of perception in his travel demand
analyses. Basic research in Germany during the second half of the 1970’s showed that
demand models need to take perception into account to have better predictive value. This
applies especially to changes in transportation supply characteristics like travel time and
travel cost. Surveys indicated that people overestimated public transit travel times by
30% and underestimated automobile travel times by 15%. Therefore public transit would
have had to be about 50% faster to be perceived as being equally as fast by the general
public (Brog, 1988). That means using only level of service indicators from secondary

sources like travel time could introduce systematic errors and thereby cause the assump-
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tion of independent identically distributed error terms to be violated. In the last chapter
of “Discrete Choice Analysis” entitled “Models of Travel Demand: Future Directions,”
Ben-Akiva and Lerman note (pp. 363 — 364):
“The statistical demand models in use typically treat utility as a function of a vector of
observed, physically measured attributes. This approach does not explicitly represent the
process by which physically measured attributes are perceived and acted on by individual
decision makers. It has been proposed that individuals assess alternatives by first con-

structing some intermediate variables and then evaluate their alternatives based on these

intermediate constructs.”

This problem has been addressed in recent years with latent variable models.

Brog has also tried to deal with the issue of captivity in his situational approach.
As a good illustration of this problem he points out that in Germany in 1995 12% of all
local person-trips were made using public transit. Analyzing the other 88%, 24% of the
trips could not use public transit due to a particular situation, like traveling with a lot of
baggage, small children, etc., in 35% of the cases the area was not adequately enough
served by public transit to be seen as a viable alternative, 20% of the people did have no
information at all about public transit service in their area and no intention of ever getting
it, because it was simply not seen as an option, and 4% were so negatively presupposed
towards public transit that they would not consider it under any circumstances, leaving
only 5% of the 88% that had used non-transit modes “free” to make a choice. Of the
12% that had used public transit, 4% were objectively required to use public transit.
These were captives because they lacked the availability of an automobile. Another 4%
needed to subjectively use public transit (they did not want to use a car). That left 4% of

the 12% that had used public transit free to make a choice. Brog believes that standard
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logit models could only be applied to this 5% + 4% = 9% of all person-trips. The issue of
captivity has recently been addressed with logit-captivity models. Please see the discus-

sion on McCarthy, 1997 later in this chapter (page 48).

Stephanedes et al. published two major intercity mode choice studies based on
fully disaggregated models in 1984. The background was the recently passed Bus Regu-
latory Reform Act of 1982, which eased the regulatory burden on the bus industry. The
authors found that bus companies could expect a 58% increase in business fare revenue
by moderately reducing travel time with the introduction of more nonstop services and
fares. The first paper (Stephanedes, Kumar & Padmanabhan, 1984) uses data from a
transportation survey of business travelers conducted by the authors in the Minneapo-
lis/St. Paul — Duluth corridor, the second paper (Stephanedes & Kumar, 1984) employs
travel data of business trips from the Minneapolis — Chicago city pair. The authors spe-
cifically distinguished between out-of-vehicle and in-vehicle-time and found that that dis-
tinction significantly improved model performance. Comparisons were made to earlier
studies by Grayson (Grayson, 1981) and Stopher (Stopher & Prashker, 1976) which used
partially disaggregated data. The authors concluded that National Travel Survey data
employed by Grayson and Stopher did not contain accurate information regarding travel
time and travel cost. The authors also pointed out inconsistencies in Stopher’s model

casting “doubt upon that entire specification.”

Lyles and Mallick (1990) employed a multinomial logit model to study the De-
troit — Chicago corridor using passenger survey data. The authors found that high speed

rail would not be able to effectively compete with other modes in that city pair. Out of
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vehicle time was the only variable related to access and egress and it was dropped in the

final analysis because the unexpected sign of its coefficient.

Peter Stopher et al. (1999) developed a model for high speed rail patronage in
Thailand in the absence of comprehensive local data and any intercity forecasting models
for the nation. The method adopted was to create synthetic demand and mode choice
models, using parameter estimates from other recent studies. These models then were ad-
justed by using some of the data that was available in Thailand. Several studies were re-
viewed to obtain a ratio of in-vehicle to access time. Stopher looked at both urban trans-
portation and intercity mode choice models. He found the ratio to vary between a low of
2 and a high of 10, with most values around 3 to 7. He selected 5 as the mean of the val-

ues reported.

2.5.2 Nested Logit Models

Steven A. Morrison and Clifford Winston (1985) estimated one of the first
nested logit models for intercity travel. The authors developed a multidimensional mode,
destination, and rental car choice model for both intercity business and vacation travelers.
The only access/egress related parameter used in their models was a dummy variable for
the availability of bus and rail transit at the destination in the rent a car choice model.
The estimation of the rental car mode choice model for vacation travelers was successful
with all the parameters having the expected signs and in most cases exhibiting a reason-
able amount of statistical significance. However, Morrison and Winston were unable to

obtain reasonable parameter estimates for the rental car choice of business travelers.
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Their major conclusion were that both rail and bus could be successful in diverting both
vacation and business patronage from other modes by significantly reducing travel time
and increasing frequency, even if this resulted in a small fare increase. Those measures,
however, would not have any major effect on increasing the overall size of the market.
On the contrary, air’s most successful strategy would be to increase market size by reduc-
ing fares for vacation travelers, even though this approach would not likely divert patron-
age from other modes. Morrison and Winston emphasized that any specification of an
intercity demand model should attempt to capture the effect of the number of household
members on a trip, trip distance, and household income, since these variables had the po-

tential to contribute significantly to the predictive power of the model.

By the time Frank Koppelman (1986) introduced his conceptual structure for
models of intercity passenger decision making, most studies of intercity travel behavior
were still based on the analysis of aggregate data and lacked a behavioral basis. Koppel-
man postulated that because of the lack of an appropriate behavioral framework for inter-
city travel, none of the travel surveys conducted so far had collected all the relevant data
needed to test important hypothesis. In his follow-up paper in 1989 Koppelman proposed
a 4-stage model hierarchy: 1) trip frequency choice, 2) trip destination choice, 3) mode
choice, and 4) service class choice. He suggested that this interrelated choice structure
could be represented by the nested multinomial logit model. The nested logit model had
been introduced into the literature by McFadden (1978a) a decade earlier. In both of his
papers Koppelman took a very macro view of the conceptual structure of intercity pas-

senger decision making models. Access and egress issues were not considered.
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Christopher Forinash wrote his Masters Thesis in 1992 on the application of
nested logit models to intercity mode choice. Major research findings were published by
Forinash and Koppelman in 1993. At the Third International Conference on Behav-
ioural Travel in 1977, the nested logit model was recommended for “immediate imple-
mentation” (Westin & Manski, 1979). Nevertheless, Forinash and Koppelman stated in
their paper that the multinomial logit model had been used almost exclusively “until re-

2"

cently.” The authors noted Morrison and Winston (1985) as one of the few exceptions.
The nested logit model had been limited due, in part, to the lack of more flexible soft-
ware. Forinash and Koppelman compared the results of several multinomial and nested
logit specifications on passenger survey data for the Windsor, Ontario — Quebec City cor-
ridor. Their paper demonstrated “a statistically significant rejection of the multinomial

2

logit model in favor of three alternative nested logit models.” The adoption of either of
the nested logit models resulted in substantially higher rail probabilities at the individual
level and greater rail shares on the aggregate level. Thus, the exclusive utilization of
multinomial logit models would have significantly underestimated the effect of improve-
ments in rail service. At the average distance traveled of 231 km, it was found that the
value of in-vehicle travel time was 22 Can$/h for high income and 16 Can$/h for low in-
come travelers. The values for out-of-vehicle time were 92 Can$/h and 83 Can$/h for

high and low income travelers respectively. This means that travelers at that average dis-

tance considered out-of-vehicle time about four times as onerous as in-vehicle time.

The restriction of the multinomial logit model (MNL) that the distribution of the
random error terms is independent and identical over alternatives leads to the independ-

ence of irrelevant alternatives (IIA) property, best illustrated by the famous red bus / blue
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bus problem (Train, 1986, p. 19). Wen and Koppelman (2001) note that while the
nested logit model allows the error term of pairs or groups of alternatives to be corre-
lated, “the remaining restrictions ... may be unrealistic in important cases.” Many other
models relaxing the assumptions of MNL and all based on McFadden’s generalized ex-
treme value (GEV) model have been developed. Among them are the paired combinato-
rial logit model, the cross nested logit model, the ordered generalized extreme value
model and the product differentiation model. The generalized nested logit model (GNL)
introduced by Wen and Koppelman (2001) includes all these, plus the MNL and the 2
level nested logit models as special cases. It also closely approximates the nested logit
model with more than 2 levels. The authors note that the GNL model “provides a unify-
ing structure for previously reported GEV models, with the exception of the nested logit
model, and provides a framework for understanding the properties of these models.” To
illustrate their model, Wen and Koppelman used again the 1989 VIA Rail dataset that
was collected among other reasons to estimate demand for high speed rail service in the
Toronto-Montreal corridor. This dataset was also used by Forinash and Koppelman
(1993), discussed in the previous paragraph. The hypotheses were tested that the restric-
tions imposed by the MNL, nested logit, cross nested logit, and combinatorial logit mod-
els were realistic in this case. These hypotheses were “rejected at very high levels of sig-

nificance, in excess of 0.001.”

The basic ratio of value of time for out-of-vehicle versus in-vehicle time was 4:1
for most models. However that ratio was closer to 3:1 for the generalized nested logit

(GNL) model.
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2.5.3 Stated Preference Analysis

The method of stated preference analysis for the estimation of travel demand
models had been introduced into the literature as early as 1981 by Louviere et al. It had
previously already been used in consumer research (Green & Srinivasan, 1978). How-
ever, the use of SP data had often been and still is sometimes rejected due to their un-

known reliability.

A major milestone in the acceptance of SP data for use in travel demand models
was the dissertation by Taka Morikawa in 1989. Its major results were summarized in a
paper published by Ben-Akiva and Morikawa in 1990. SP responses cannot be used
alone for forecasting actual behavior because of their unknown bias and error properties,
but they contain very useful information on trade-offs among attributes. They also add
critically important information on the acceptability of yet non-existing new services.
And, as this study showed, they can solve an identification problem, if the RP data does
not exhibit enough variability. Therefore, the best forecasts combine RP with SP data.
Ben-Akiva had presented a general framework for statistical estimators which combine
data from multiple sources. This framework was the basis of Ben-Akiva and Morikawa’s
data fusion method that allow the combination of two or more complementary data
sources into a single data base. The authors stated that their framework is general enough
to be applicable in a wide variety of contexts (e.g.: combining disaggregate and aggregate
data for the estimation of discrete choice models, combining survey and census data to
estimate trip tables, or even combining data from different regions to spatially transfer a
travel demand model). The methodology was illustrated with survey data of intercity

travelers in The Netherlands. The survey included RP data and 2 SP experiments. Ben-
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Akiva and Morikawa found that the RP model alone was not able to determine the coeffi-
cient for the important linehaul travel time variable (it had an incorrect sign and was not
statistically significant due to the limited variation of linehaul travel time in the RP data).
In the SP model the coefficients of linehaul time were negative and significantly different
from zero. These results were seen to be encouraging for practitioners to employ the
joint estimation method. The ratio of terminal time to linehaul time was a stable 5:1 in all

of the RP/SP combined models.

The first major study applying this methodology to intercity mode choice analysis
was published in 1991 by Morikawa, Ben-Akiva, and Yamada. A rail operator in Ja-
pan was considering upgrading additional trains in an unnamed corridor and wanted to
know how many passengers could be expected from other modes. Three models were es-
timated in this study, a revealed preference model, a stated preference model, and a com-
bined SP/RP model. In the RP model the coefficient for access and egress travel was
double the magnitude of the coefficient for linehaul time, which is what we would expect.
In the combined RP/SP model however, that ratio was reversed. Unfortunately, this issue

was not discussed in the paper.

In 1989, the year of Taka Morikawa’s dissertation, Hensher, Brotchie, and
Gunn outlined their method developed to identify the demand for a very fast train (VFT)
between Sidney, Canberra, and Melbourne. The integration of revealed and stated pref-
erence data was a central feature of their approach. The authors described their intensive
data collection effort in detail. Their primary raw data was an intercept survey of present
travelers in the corridor (29,982 trip records), a telephone survey of a random sample of

2,116 households in 12 population centers within the catchment area of the new train ser-
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vice in order to be able to relate the data from the intercept survey to the population at
large, a detailed face to face interview with its sample drawn from both the intercept and
the telephone survey in order to delve in more detail into the underlying reasons for a par-
ticular travel behavior, and an international tourist survey. Secondary raw data included
level of service characteristics of the travel network, population growth rates, and socio-
economic and demographic zonal profiles. The stated choice design focused on the
trade-off between linehaul travel time and linehaul travel cost. Access and egress times
and cost were held constant for each mode and each respondent, so no conclusions could
be drawn on how changes in access and egress parameters would affect mode choice.
The trip distances covered in the stated choice design ranged from 120 km to 1700 km.
The results suggested that VFT was being viewed as an appealing mode for interregional
travel, with its highest popularity being displayed in the medium distance market around
700 km, which also happens to be the approximate distance between the Bay Area and

Southern California.

David Hensher (1998) developed a nested logit stated choice analysis of pricing
options for the demand of sleeper services between Sidney and Brisbane. All intercity
mode choice models up to that time had only considered a simple weighted average fare
without contemplation of the potential for switching between classes of travel within the
train market. Hensher was able to establish a matrix of switching elasticities sensitive to
the class of rail fare, thereby enabling rail planners to predict more accurately the impact
of differentiated fares on patronage and revenue. He also noted that all things being
equal, the current modal use increases the probability of continuing with that mode. This

was an important variable to include in a model because it recognizes the role of inertia
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“and other dimensions of prior experience” that are not picked up by other explanatory
variables. The data revealed that the actual door to door travel time for car, coach and
train were very similar within each observation, resulting in the coefficient for travel time
only being significant for the plane mode. No consideration was given to access/egress

1Ssues.

A large number of stated preference studies had been carried out, but relatively
little was known about how the design of stated preference studies affected the results un-
til Staffan Widlert first presented his research at the 7™ International Conference on
Travel Behavior in Santiago, Chile in 1994. His work was later republished in 1998. For
the project 25 different types of interviews were carried out during the same time period
of the year on long distance trains in Sweden. 5 700 travelers completed the interviews.
Passengers were asked to evaluate different train alternatives, and the questions between
the 25 different designs were as similar as possible. The disparity of results between the
distinct types of interviews was very large, the smallest and highest value of time differed
by a factor of four (!). The coefficients from which the values of time were calculated
were all highly significant. It was not possible to conclude which results — if any — were
correct by simply analyzing the goodness of fit measures. Widlert found that the most
important bias was caused by the simplifications the interviewees made when completing
the SP games. The second most important bias arose when the games where not custom-

ized to the actual trip the interviewee was making.

Vrtic and Axhausen (2003) estimated a combined revealed and stated preference
route choice model of regional and long distance public transportation trips in Switzer-

land. This study was already referred to on page 26 in Section 2.4.1 on transfer penalties.
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The attributes in the SP design were in-vehicle time, number of transfers, transfer time,
headway, and price. No access or egress parameters were estimated. However, results
from another estimation based on different SP data were briefly reported in a summary
table at the end of the same paper. Access time was included in that dataset. The esti-
mated ratio of access time to in-vehicle time was 2.7 in a mode choice model (MNL) and

2.9 in a joint mode and route choice model (Nested Logit).

2.5.4 Box-Cox Transformations

A major research focus for Marc Gaudry has been the estimation of the func-
tional form of travel demand models (Gaudry & Wills, 1978). He introduced the Box-
Cox Transformation for logit models, named after the two statisticians Box and Cox (Box
& Cox, 1964). In his 1991 paper he described three families of mode choice models ap-
plicable to intercity travel demand, the second family being the Box-Cox logit family
(Gaudry, 1995). Box-Cox transformation allow the relaxation of the assumptions that the
familiar S-Curve of the logit probability be symmetric and that the thickness of the tails
(indicating captivity) cannot vary. The methodology also makes it possible to do in a
continuous fashion what researchers often do on a trial and error basis to obtain a better

fit, e.g. exploring quadratic or logarithmic transformations of a variable.

A disaggregate Box-Cox logit mode choice model of intercity passenger travel in
Germany by Mandel, Gaudry, and Rothengatter, in 1993, did not contain access or

egress parameters at all. “Breaking up the travel time between some of its components
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(in-vehicle and out-of vehicle time), adding elements (number of driving pauses), ..., ei-

ther did not increase the log likelihood value, or introduced multicollinearity.”

2.5.5 Logit Captivity Models

While linear logit models assume that there are no captive market shares for any
of the modal alternatives, the logit captivity model specifically relaxes this assumption. It
is sometimes referred to as dogit, because it also “dodges” the IIA property. According
to Patrick McCarthy (see below) the model was developed separately by McFadden in
1976 in an unpublished memorandum of 30 September, by Ben-Akiva (1977) in a work-
ing paper, and by Gaudry and Dagenais (1979). Since the logit captivity model is nested
in the linear logit model, one can easily use the likelihood ratio statistic to test the hy-

pothesis that the captivity parameters are zero.

Patrick McCarthy (1997) used an aggregate time series model estimated on an-
nual intercity travel data for the 32-year period 1960 to 1991, in order to, among other
things, identify the effects of regulatory reforms of the 1970’s and 1980’s. McCarthy
could strongly reject the null hypothesis that the captivity parameters are zero. The like-
lihood ratio test statistic was 35.7, considerably greater than the 13.2 critical value for
four degrees of freedom. While the rail and intercity bus captivity coefficients were sig-
nificantly different from 0, the likelihood of captivity was less than one percent. On the
other hand, intercity car travel showed a likelihood of captivity of 48% (!). That means
that there are no viable alternatives for a large portion of intercity car trips. It also means

that since standard logit models assume intercity car trips to be non-captive, the resulting
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parameter estimates and elasticity measures are biased and the predicted effects of trans-
portation policy on intercity travel are incorrect. McCarthy estimated both linear logit
and the more general logit captivity model and concluded that the latter produced signifi-
cantly different elasticity measures for important variables. He found that car shares are

virtually price-inelastic with respect to travel cost changes.

Concerning the effect of regulatory reform McCarthy concluded that airline de-
regulation had a strong positive effect on the market share of air travel, while bus deregu-

lation had no identifiable effect on the likelihood of using this mode.

McCarthy’s only modal attributes used in his model were travel cost, travel time,
fatality rate and mileage. No consideration was given to access and egress issues. He
employed a Box-Cox transformation and found that a linear specification of travel cost
(Box-Cox parameter not significantly different from one) and logarithmic transformation
of travel time (Box-Cox parameter equal to zero) produced the best fit. The models were
estimated using TRIO, a software program written by Marc Gaudry and Associates at the
Center for Research on Transportation of the University of Montreal. An earlier version
of his paper was presented at the Transportation Research Forum Conference in Chicago

in October 1995.

2.5.6 Random Effects Logit Models

Standard logit models assume that all individuals exhibit the same preference e.g.
towards certain modes, because in a standard logit model only one mode specific parame-

ter is estimated for each mode and it is assumed to apply equally to all individuals. It
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would be impossible to estimate one mode specific parameter for each individual (fixed
effect), but we do not need to, we only need to know the distribution of that mode spe-
cific parameter across all individuals (random effect). If we assume the distribution of a
certain parameter across individuals to be Gaussian, all we need to estimate now is two
parameters (the mean and the standard deviation) instead of one parameter (the mean) in
a standard logit model. The advantage of this approach is that it relaxes the independence
of irrelevant alternatives (IIA) assumption of the MNL model without forcing the re-
searcher to a priori define a partitioned tree structure as required by the nested logit

model.

Hensher (1997) studied the switching behavior and the calculation of induced
demand in the presence of a new mode (high speed rail) between Sidney and Canberra.
He employed a stated choice heteroskedastic (random effects) logit model, which had re-
cently been implemented by Bhat (1995) and others. Hensher found relatively high fare
share direct elasticities in the business market for air travel, which was not surprising
given that the HSR fares were considerably lower than equivalent air fares with door to
door travel times for HSR being shorter for most O-D pairs. As in his 1989 study, access
and egress times were not varied in the stated choice design, making it impossible to ob-
tain information on the sensitivity of linehaul market share to changes in access and
egress. The value of time for the current business air market ranged from 36 Aus$/h to
74 Aus$/h, but included in-vehicle, wait, and transfer times. To be able to compare these
with other estimates, Hensher assumed “that access and egress time are approximately
valued at 1.5 times the main mode in-vehicle time — a generally accepted ratio.” Hensher

also pointed out that the appeal of car travel is a single cost independent of party size. He
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therefore controlled for the number of people in the traveling party, an important issue
ignored in the literature “with the exception of Wardman et al. (1994).” However, Morri-

son and Winston had already emphasized this point in 1985 (see page 39).

2.5.7 Neural Networks

Machine learning techniques have expanded significantly just over the past few
years. Neural Network (NN) models do not require any distributional assumptions, can
model non-linear systems and have a better ability than classic statistical models to deal

with noisy data (Mohammadian & Miller, 2002).

Xie (2000) used a city to city aggregate database of Amtrak passenger travel to
model and predict intercity passenger flows. He applied both neural network and stan-
dard linear regression models. The focus of his dissertation was to evaluate the predic-
tive ability of NN models employing very large databases with many zero values (Am-
trak passenger flows between 97 stations). The passenger flows predicted by the model
followed the same seasonal pattern the data exhibited. The root mean square errors im-

proved 38 — 51% over those of the linear regression model.

Abolfazl Mohammadian and Eric Miller (2002) compared the performance of
artificial neural networks to that of nested logit for the prediction of household automo-
bile choices. They found that while both methods gave satisfactory results, the “artificial

neural network yielded a better predictive potential.”
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2.5.8 Activity Based Models

Activity based models play an ever increasing role in the urban transportation lit-
erature. Their obvious theoretical attractiveness is that since travel is an induced demand
one could get much better results modeling the underlying demand for activities which
then result in travel choices. However “the inherent complexities of an approach based
on ... a whole collection of activities and their associated travel, rather than on character-
istics of a single isolated trip,” have been a formidable barrier in the development of the
approach “beyond either qualitative or rudimentary statistical analyses” (Recker, 2001).
Recker offers an analytical framework unifying the complex interactions, thereby “bridg-

ing” travel demand modeling and activity based travel analysis.

John Bowman developed a complex model system in his 1998 dissertation which
was subsequently used by the Metropolitan Planning Organization (MPO) for Portland,
Oregon to forecast future travel demand in the region. This practical implementation of
an activity based approach for the modeling of urban travel by an MPO represented a big

milestone.

2.5.9 Logit Kernel or Continuous Mixed Logit

The most commonly used discrete choice models, multinomial and nested logit,
rely on simplifying assumptions, whose validity has been subject to much debate. In her
dissertation Joan Walker (2001) noted that typically extensions to the basic models were
examined and applied in isolation. She presented a generalized methodological frame-

work that integrated these advances. In order to avoid complex multidimensional inte-
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grals she employed a logit kernel formulation leading to a probability simulator in MNL
form that can be used in maximum simulated likelihood estimation. The advantage is
that the resulting discrete choice model has both probit-like and additive i.i.d. Gumbel
disturbances. It therefore “combines the flexibility of probit with the tractability of
logit.” The disadvantage is that “seemingly obvious specification and estimation prac-
tices can have unintended consequences.” This can lead to serious identification prob-

lems, the subject of a special paper (Walker, 2002).

A popular textbook teaching discrete choice methods with simulation (Train,

2003) is available online at http://elsa.berkeley.edu/books/choice2.html.
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The reader cannot be expected to be intimately familiar with either Japanese ge-
ography or the peculiarities of the Japanese transportation system. Without this short in-
troduction later sections and chapters would be very hard to understand. Because of the
frequent use of Japanese words and the exclusive use of SI in this dissertation, it might at
times become difficult for the reader to follow the argument, had we not presented some
mnemonic and visualization aids with the material. SI is the international abbreviation
for Systéme International d'Unités, or International System of Units. For more informa-

tion please see www.bipm.org/en/si/.

The first section focuses on the state of competition of passenger transportation in
Japan at the beginning of the 21* century. We will see that the Japanese transportation
system differs in important respects from those in other industrialized countries. The fol-
lowing sections then will explain which combination of factors enabled the country to
achieve such a balanced passenger transportation system. In a balanced system all
modes, each one having its unique set of advantages and disadvantages, are able to do
what they do best. Frequent short haul feeder flights within a metropolitan area, as e.g.
between Burbank and Los Angeles International Airport, made necessary by the slow and
unreliable uni-modal ground transportation system, would indicate the opposite — an un-
balanced transportation system. Airplanes are required to fulfill a transportation function
that is handled more efficiently elsewhere by rail. The focus in this chapter and in this
dissertation is on air and HSR, and those two modes do not complement each other as in

Europe, but compete head-on in Japan. Moreover, we do not have to contend with mar-
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ket distorting public subsidies, since both companies which operate HSR service in the

corridor of interest, are highly profitable, and mostly so because of their HSR service.

The Japanese transportation system then provides us with an excellent environ-
ment to study the nature of competition between air and HSR (we will also touch on con-
ventional rail where appropriate). The individual contributors to mode choice discussed
in different subsections below are intended to be a checklist of factors that need consid-
eration in any intercity mode choice analysis which includes air and/or rail. Particular
emphasis is given to accessibility simply because it is the most “underappreciated” con-

tributor to mode choice in HSR studies to date.

This chapter also highlights the unique convergence of factors that makes it pos-
sible for Japan to develop such an outstanding transportation system, which contributes
largely to the country enjoying the lowest per capita green house gas emission of any in-

dustrialized nation.
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3.1 The State of Competition in Japan

Figure 2 illustrates Japan’s unusual high mode share of both transit rail and inter-
city passenger rail compared to all other industrial nations. The United States and Can-
ada have the lowest mode share of passenger rail. It is interesting to note that for freight
transportation the reverse is true. Railroads in the United States have one of the highest
shares of the total freight market (40.6% of tonne-kilometers (tkm) in 1995) — but in Ja-
pan rail cargo is insignificant (4.5% of tkm, (Mayrzedt, 2001)). In North America rail is
mostly used for freight transportation, while the Japanese rail system is almost exclu-
sively employed for passenger transport. As the map on page 64 shows, most major cit-
ies in Japan are seaports, which explains both the importance of coastal shipping for
freight and ferries for passenger transportation. Coastal shipping accounts for about half

of all domestic “tonnes lifted” (Jackson, 2005).

Air also plays a significant role in passenger travel in Japan (Figure 3). However,
we notice in Figure 4, that personal vehicles are used much less than in other countries.

There are two reasons for this:

1) Japanese cities are extremely densely populated making them ideal for rail but

not conducive for automobile transportation. Parking is very limited.

2) Japan has 9000 km of private toll ways including most of the important inter-

urban roads (Mayrzedt, 2001). This makes intercity travel by car very expensive.

The bus share of total domestic passenger-km (Pkm) is 6.7%, which is average for
most industrial countries. This leaves 11.2% of the domestic Pkm. (G-7 Countries:

Transportation Highlights, 1999). Ferries dominate this “other modes” category.
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Competition between air and high speed rail was boosted by the breakup and pri-
vatization of the former Japanese National Railroad (JNR) into six vertically integrated
regional passenger railways and one national freight carrier in 1987, followed by domes-
tic airline deregulation introduced in stages in the 1990’s. The main island, Honshu, is
served by three passenger railways: JR East, headquartered in Tokyo, controls the region
to the east and north of Tokyo. .JR Central operates out of Nagoya and runs the nation’s
busiest intercity corridor between Tokyo and Osaka. JR West is based in Osaka and is
responsible for the Sanyo Corridor between Osaka and Fukuoka (Map 1 on page 64).

The other three passenger railways are JR Kyushu, JR Shikoku, and JR Hokkaido.

The reader of the electronic version will notice the color coding maintained

throughout this dissertation: air is sky-blue and intercity rail fire-engine-red.

Figure 2 - Share of Total Domestic Pkm — Intercity Rail and Transit Rail
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Figure 3 - Share of Total Domestic Pkm — Air
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Japan’s conventional railways are narrow gauge (1067 mm). Their advantage is
the smaller footprint, which is the reason why meter gauges are often used for street cars
and special mountain railroads elsewhere. However the small gauge limits both transport
capacity and speed. On October 1%, 1964 the first standard gauge “new trunk line” (in
Japanese: “shin kan sen”) was opened in the heavily populated Tokyo — Osaka = “To-
kaido” corridor. By 1975 the line was extended through the Sanyo (“Mountain Sun-
shine”) area to Hakata/Fukuoka on the island of Kyushu. The Tokaido and Sanyo
Shinkansen lines serve two thirds of the Japanese population. Three quarters of the Japa-
nese economy (the second largest in the world) is concentrated in the Tokaido and Sanyo

areas (Jansch & Rump, 1990).

To help decentralization and regional development efforts Shinkansen lines from
Tokyo into the eastern parts of the country began operation in the early 1980’s. Since
these lines were built into regions with low population densities, they did not necessarily
have to be profitable. The southern section of the Kyushu extension, which will eventu-
ally connect Fukuoka with Kagoshima, was opened in March 2004. However to reach
the high speed rail segment, travelers first have to transfer to a conventional train in Fu-
kuoka. The analysis in this dissertation focuses on the heavily populated Tokaido and

Sanyo corridors (Tokyo — Osaka — Fukuoka).

Standard gauge (1435 mm) high speed Shinkansen services give travelers a
choice of three train categories (Figure 5). Local and regional service with stops every
30-40 km is called Kodama or “Echo” (mnemonic: ko-damned slow). There are two
long-distance services: Hikari (“Lightning”) and the extra fast, premium service Nozomi

or “Hope” (mnemonic: zoom ahead). The fare for Kodama and Hikari service is the
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same, so no passengers would use a Kodama between two Hikari stations. Nozomi re-
quire a surcharge and Japanese rail passes are not valid on this train. Table 4 compares
the Tokaido and Sanyo Shinkansen lines with North East Corridor service. Notice a
146 km distance for New York — Philadelphia and Tokyo — Shin-Fuji. If the Acela Ex-
press were to stop in between New York and Philadelphia not only in Newark, but also in
Metropark, Princeton Junction, and Trenton and still made the trip in 1 h and 9 min, its
service would be equivalent to the all-stop Kodama. The average speed including all

stops is the same for both Kodama and Acela Express trains: 132 km/h or about 80 mph.

The distance from Tokyo to Nagoya is equivalent to New York — Washington.
Due to the fast Nozomi and Hikari train service this market was abandoned by the air-
lines shortly after the opening of the Tokaido line. By contrast, New York — Washington
is one on the largest air travel markets in the United States. Punctuality is one of the
railways’ strengths. “The average delay per train throughout the year is 0.4 minutes, in-
cluding delays caused by typhoons, earthquakes, snowfall, heavy rain, and other natural
disasters” (Kasai, 2000). The distance between Tokyo and Fukuoka is about the same as
from New York to the border between South Carolina and Georgia. Once the Shinkansen

line is extended to Nagasaki it would be equivalent to New York — Atlanta.

Figure S - Japanese High Speed Train Categories

Shinkansen

Nozomi Hikari Kodama
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By December 1%, 2002 the total length of high speed double track Shinkansen
lines had reached 2049 km. However the original 515 km Tokaido line still carries well
over half of all passenger kilometers (Hope, 2003). Air competition is significant in the
Tokyo — Osaka market where the Shinkansen still carried 80% of all passengers before
the time table change in 2003. However that means a decrease over 5 years by 6% (Table
3). Three airlines have gone on the offensive and introduced cheap fares and frequent
flights. After the opening of the Shinagawa station 9 km southwest of Tokyo Central on
October 1, 2003, Nozomi service was improved from 3 to 7 trains/h (one every 8.5 min).
Three cars in each Nozomi are now available for passengers without reservations
("Tokaido Line to be Improved," 2003). The number of Hikari semi-fast trains was re-

duced, as was the fare differential between Nozomi and Hikari.

Shinagawa station, which shortened access time by 20 — 30 min for travelers in
the southwestern suburbs (Knutton, 2004), cannot be taken into account in the present
analysis which uses a 1995 data set. On the other hand Tokyo-Ueno, 4 km north of To-
kyo Central, was connected to Tokyo Central by underground tunnel in 1990. Together
with three other Northern Shinkansen suburban stations (not shown in Table 4) it is in-

cluded in our research.

Table 3 - Air Rail Market Shares in the Tokaido and Sanyo Corridors

Combined Air - High Speed Rail Market (1999)
Market Share
km Market Air HSR Passengers / day
366 Tokyo - Nagoya 0% 100% 54,000
553 Tokyo - Osaka 14% 86% 103,000
733  Tokyo - Okayama 18% 82% 6,000
894  Tokyo - Hiroshima 44% 56% 12,000
1180 Tokyo - Fukuoka 88% 12% 22,000

Source: (Hope, 2003)
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Table 4 - Tokaido and Sanyo Shinkansen Compared to the Northeast Corridor

Acela Express

Travel Time from Tokyo

Average Speed in km/h

Travel Time  Average Speed
km from NY in km/h km Nozomi Hikari Kodama Nozomi Hikari Kodama
0 New York NY 0:00 0 Tokyo 0:00 0:00 0:00
16  Newark NJ 0:13 74.3 29 Shin-Yokohama 0:17 0:16 102.4 108.8
40  Metropark NJ 0:26 92.3 84 Odawara 0:36 140.0
93  Trenton NJ 105 Atami 0:46 137.0
121 Mishima 0:55 132.0
146  Philadelphia PA 1:09 127.3 146 Shin-Fuiji 1:08 128.8
187  Wilmington DE 1:29 125.9 180 Shizuoka 1:22 131.7
229 Kakegawa 1:44 132.1
257 Hamamatsu 1:57 131.8
298  Baltimore MD 2:09 138.5 294 Toyohashi 2:17 128.8
318 BWI Airport MD 2:21 135.3 336 Mikawa-Anjo 2:35 130.1
362  Washington DC 2:44 132.5 366 Nagoya 1:38 1:56 2:49 224.1 189.3 129.9
375  Alexandria VA 396 Gifuhashima 3:03 129.8
415  Manassas VA 446 Maibara 3:22 1325
472 Culpeper VA 514 Kyoto 2:16 2:41 3:47 226.8 191.6 135.9
542  Charlottesville VA 553 Shin-Osaka 2:32 2:59 4:03 218.3 185.4 136.5
590 Shin-Kobe 3:14 4:18 137.2
612 Nishi-Akashi 4:31 135.5
641  Lynchburg VA 644 Himeji 4:45 135.6
665 Aioi 4:59 133.4
742  Danville VA 733 Okayama 3:15 4:01 5:19 225.5 182.5 137.9
758 Shin-Kurashiki 5:35 135.8
791 Fukuyama 4:22 5:49 136.0
811 Shin-Onomichi 6:02 134.4
824  Greensboro NC 823 Mihara 6:13 1324
843  High Point NC 862 Higashi-Hiroshima 6:27 133.6
900  Salisbury NC 894 Hiroshima 3:52 4:54 6:53 231.2 182.4 129.9
936 Shin-lwakuni 7:10 130.6
967  Charlotte NC 987 Tokuyama 5:34 7:30 131.6
1003  Gastonia NC 1031 Okoori 747 1325
1091  Spartanburg SC 1093 Shin-Shimonoseki 8:25 129.9
1141  Greenville SC 1112 Kokura 4:39 5:56 8:34 239.1 187.4 129.8
1189  Clemson SC 1180 Hakata (Fukuoka) 4:57 6:17 8:55 238.4 187.8 132.3
1244  Toccoa GA
1304  Gainsville GA
1382 Atlanta GA

Source: (Overseas Timetable, 2000)




Map 1 — Tokaido and Sanyo Corridors in Relationship to Major Islands and Cities




3.2 Accessibility Related Mode Choice Determinants

3.2.1 Definitions

The etymological origin of the English word access can be found in the Latin verb
accedere, to approach. That lead to accessus, the approach, and access to be understood
as “permission, liberty, or ability to enter, approach, communicate with, ...” (Merriam
Webster's Collegiate Dictionary 10th Edition, 1993). Accessible then means “capable of
being reached” both in a literal and figurative sense. Accessibility is often used in the
context of physical disabilities, but for the purpose of this dissertation we would like to

use the following definition:

e Accessibility is to be understood as the weighted sum of
all attributes of every mode of transportation commonly
used to travel from the trip origin to a linehaul terminal or
from a linehaul terminal to the final destination. The
weights are proportional to the perceived importance that
each traveler assigns subjectively to each mode and mode

attribute.

In everyday language the word trip can either have a uni-directional (trip back
home) or a bi-directional (trip to Europe) meaning. For the purposes of our research, we

would like to define this term precisely:

e Trip is defined to only refer to one-way travel.
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e To denote bi-directional travel, we will use the term

Round Trip.

Each Observation in our database describes one trip with one origin and one des-
tination for a single traveler. That means in this dissertation the terms observation, trip,

traveler, trip maker, and passenger can be used interchangeably.

Empirical research differentiates between access and egress based on two distinct

effects:
1. Access and egress referring to the beginning or end of a trip.
2. Access and egress referring to the home or non-home part of a trip.
We prefer the second definition for two reasons:

e Those non-linchaul portions of the trip, which are perceived as
most similar by the traveler are encapsulated under the same term.
Access for example refers to non-linehaul travel in the home re-
gion, which the trip maker is likely to be intimately familiar with..
This makes for a more meaningful comparison between access and
egress, than if travel in his or her home district is assigned to ac-

cess and egress only on the basis of trip direction.

e High speed rail can get travelers close to big clusters of office
buildings or hotels. However, it cannot do the same for residential

areas — the home part of the trip.
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After making the last distinction, we are still left with three different meanings of

the English word access:

1. It usually means a single one-way trip to or from the linehaul terminal

(uni-directional).

2. It may also be used to refer to the sum of access and egress (bi-di-

rectional).

3. When the writer deems the distinction to be of no importance in the con-

text, access can refer to either access or egress (uni-directional).

We will only use the word access in its first meaning.

e We define Access as one trip between home or office and

HSR station or airport.

e Egress is defined as one trip between the non-home des-

tination and airport or HSR station.

There is no English term which unambiguously encompasses the sum of access
and egress. To avoid these problems we propose a new “inclusive” term that covers both
access and egress. It is already widely used in the field of transportation engineering:

FEEDER.

Major arteries have feeder roads. Railroads have main lines and feeder lines. Air
transportation distinguishes between trunk and feeder routes. All of these examples im-

ply bi-directionality.
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Access to the terminal and egress from the same terminal would be called the
terminal’s feeder service. When emphasizing its operational aspects we describe it as the
terminal’s feeder operation. Access operations would only deal with incoming feeder
traffic. Feeder time as distinguished from linehaul time refers to the sum of access and

egress time.

e The term Feeder denotes the sum of access plus egress.

This leads to an intuitive and easily memorized equation:

Travel Distance = Feeder Distance + Linehaul Distance (2)

... and to the precise definition:

e Travel Distance describes the sum of linehaul distance

plus feeder distance.

Analogously we would define travel cost as the sum of linehaul cost plus feeder

cost.

Travel Cost = Feeder Cost + Linehaul Cost (3)

With travel time we also have to take terminal time, which is the sum of origin

terminal time plus destination terminal time, into account.

Travel Time = Feeder Time + Terminal Time + Linehaul Time (4)

68



e Travel Time expresses the sum of feeder time plus ter-

minal time plus linehaul time.

The terms travel time, travel cost, etc. are used somewhat informally by some re-
searchers. When the feeder portion of a trip is not explicitly considered in the analysis
travel time or travel cost is often used when only referring to linehaul time or linehaul

cost. Such imprecise terminology is best to be avoided.

Please note that the terms access, egress, feeder, and linehaul are relative terms,
whose meanings depend on the research focus. Our inquiries concentrate on the competi-
tion between high speed rail and air, so any travel, no matter how long, on conventional
rail to the high speed rail terminal is considered to be part of the access portion of the
trip. Were we to analyze commuter rail operations, only the part from home to the com-

muter rail station would be understood as access.

The above definitions ensure that the word access has only one single meaning, a
trip between home and HSR station or airport, and it is used only with this distinctive

meaning for the remainder of the dissertation.

This only leaves one definition for this subchapter. The term Competitive Trian-

gle is illustrated and defined in the following subsection.

69



3.2.2 The Competitive Triangle — The Relationship between Feeder

and Linehaul Time

The first section illustrates with the help of a simple model how access can be the
deciding factor to determine mode choice between air and HSR. This simple model
makes a strong case that access and egress variables should never be left out of a mode
choice model, which, unfortunately, is the case with many models up until today. This
model has been kept as simple as possible with a generic specification for the explanatory
variables and no mode specific constants. That means it is an abstract mode choice
model (p. 33). For an illustrative model this is not a major restriction because we can
surmise from Table 1 on page 2 that travelers do not appear to have a significant negative

disposition towards using high speed rail.

For this simple example we also assume that terminal time is included in feeder

time.

As briefly described earlier, research has shown that business travelers between
London and Paris prefer the 2:45 h journey on the Eurostar featuring short access and
egress times to the 1 h air travel which necessitates long travel to and from the airport in
addition to long waiting times at security checks, ticket counters and in departure
lounges. The distinction between X denoting access time and L representing linehaul

time is the distinction between unproductive and productive time.

Formally, in the model:
V=aX+a,lL (5)
where:
V' denotes the systematic or observed utility of a representative traveler
X denotes the sum of access and egress, i.e. feeder time, and
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L denotes linehaul time

we would expect:

a, <0, a,<0,and |a1|>|a2| (6)

In a hypothetical situation:

e air (a) with a 1 h linehaul, 1 h access, and 1 h egress time (2 h feeder time) com-
petes with

e rail (b) characterized by a 1.5 h linehaul time, but requiring only 1 'z h of feeder
time.

Total travel time for the two competing modes is the same, but it is split up differ-
ently between unproductive access and egress and more productive linehaul time. If we
accept the hypothesis that feeder time is more onerous than linehaul time, then, ceferis
paribus, we would expect rail to have a higher market share than air. As we look at two
other hypothetical scenarios (¢) and (d) we would expect rail to increase its market share

as linehaul time increases while feeder time decrease.

Figure 6 plots the different scenarios on the X-L plane (X symbolizing feeder
time, and L denoting linehaul time). While all 4 competitive configurations lie on the
same line of a constant total travel time of 3 h, (a) represents a lower utility than (b),
(b) represents a lower utility than (c), etc. So we know the indifference curve for sce-
nario (a) is further from the origin than the indifference curve for scenario (b), etc. In this

case we assumed access time to be doubly as onerous as linehaul time, or ¢, = -2 and

a, =—1 in our simple model V' =, X +a, L.
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These assumptions for &, = -2 and «, = —1 appear reasonable, or even conserva-

tive, given the results of the literature review. All authors agree that access time is more
onerous than linehaul time. Their estimates range from 1.5 times as onerous to 10 times
as onerous (please see Section 2.1 starting on page 14). The thick blue indifference curve
representing the utility of air, connecting 5 h linehaul time and 2.5 h access plus egress
time (= feeder time) represents the outside border of the “competitive triangle” that high

speed ground transportation systems have to get into in order to be competitive with air.

e Competitive Triangle describes a right triangle bounded
by the non-negative x- and y-axes of a Cartesian coordi-
nate system representing feeder time and linehaul time
respectively. Its hypotenuse is the locus of all feeder
time and linehaul time combinations with equal level of
utility, namely the utility of the air service for that city

pair.

The simple model developed so far is sufficient to illustrate how high speed rail in
Europe and Japan could have been so successful while similar high speed rail projects in
the United States could fail unless modified. Figure 7 describes a city pair with a dis-
tance of 700 km, e.g. Madrid — Barcelona. The California Corridor between Los Angeles
and San Francisco is approximately equidistant. Conventional rail in both Europe and
Japan would take about 7 h to connect the end points of that corridor. Given the land use
patterns in Europe and Japan with very high population densities in the urban cores best

served by rail, the assumption of a one hour combined access and egress time seems real-
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istic. High speed rail for the most part serves the same terminals as conventional rail, so

the feeder time would be the same.

Figure 7 - High Speed Rail in Europe and Japan
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Essentially, the only improvement over conventional rail that high speed rail
needed to make was to reduce the linehaul time from 7 h to typically 3 h. That alone
made HSR competitive with air and therefore, by default, with other modes as well. Re-
ducing the linehaul time from 7 h to 3 h was sufficient to “get into the competitive trian-

2

gle.” By contrast, land use patterns in the United States with generally low density,
multi-centered urban areas would suggest that rail does not enjoy a similar access advan-

tage over air.

Figure 8 illustrates that even using what has been informally called “Very High
Speed Rail” systems (maximum speed 350 km/h) that might reduce intercity travel time
to as little as 2 h will probably not be sufficient for rail to be competitive with air. The
only two alternatives are either building a maglev system which in the future may well
approach the linehaul time of air, or improving access by serving more suburban rail sta-

tions at the expense of longer linehaul times.

Figure 8 also points to the futility of Amtrak’s “incremental approach.” Amtrak is
spending billions of dollars to upgrade American freight railroad track to European and
Japanese passenger rail standards, enabling it to provide a similar service as conventional
rail in those countries. That is very similar to saying: “Our competitors are offering the
widget for § 2.- Let’s spend billions of dollars in new capital equipment so we can offer
widgets for $ 4.- instead of previously $ 7.-“ This strategy is dependent on continued

heavy subsidies.

Railway Age reported that more than $ 1.2 billion had been invested by the State
of California to upgrade right-of-way and rolling stock, and “hundreds of millions addi-

2

tional dollars are in the pipeline.” The fare box return, which does not include interest
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and depreciation on Amtrak owned equipment, is 48% for the San Diego — Santa Barbara
corridor, 42% for the Oakland — Bakersficld one, and 32% for San Jose — Sacramento

(Wolinsky, 2000).

Figure 8 - High Speed Rail in the United States
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For more information on the pitfalls of Amtrak’s incremental strategy, the reader
might want to refer to a book, well known in the industry, and written by a former presi-
dent of the High Speed Ground Transportation Association and one time Amtrak execu-

tive (Vranich, 1997).

For rail to be self sufficient it needs to offer a combination of access and linehaul
time that is inside of the “competitive triangle.” Figure 7 demonstrates that by reducing
access time while at the same time increasing linehaul time, HSR could improve its com-
petitive position in Europe or Asia even further. Reducing access time by increasing
linehaul time is optional in Europe and Asia (Figure 7), but it is required in the United

States (Figure 8).

Trains can reduce access time while increasing linehaul time by using their com-
petitive advantage vis-a-vis air, described in Section 1.1 beginning on page 3. The trade-
off between access time and linehaul time depends on the Marginal Rate of Substitution,
which is the same as the slope of the indifference curve. It can be estimated in mode

choice models.
ov )

In our hypothetical example the Marginal Rate of Substitution is — % =-2.
2

If access time were reduced by 30 min, as long as the resulting increase in line-

haul time was less than 60 min, rail would improve its competitive position. Please note
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that this simple application of our model employs a rather conservatively low marginal

rate of substitution of -2 given the results of the literature review.

A 30 min feeder time cut is not unrealistic. Recall from Section 3.1 that Shina-
gawa station shortened access time by 20 — 30 min for travelers in the southwestern sub-
urbs of Tokyo (Knutton, 2004). This access time reduction can be very inexpensive, if all
that is required is adding one additional stop at a station that has already been built. On
the other hand, reducing linehaul time by 60 min is almost always very expensive, since a
running time reduction of that magnitude can usually only be achieved by building a new
line. Deutsche Bahn AG (German Rail) uses € 50,000,000 internally as a rough estimate
for the cost of one minute in linehaul time reduction when a new line is required. That
means the cost for a 60 min linehaul time reduction in Germany is about € 3 billion,
which is a little more than $ 3 billion. The reader surely noticed that two extreme cases
were compared: no capital outlays for a 30 min reduction in access time achieved by
stopping at an already existing suburban station, versus a $ 3 billion cost in Germany for
the equivalent 60 min decrease in linehaul time. Germany very likely has the most ex-
pensive high speed rail system in the world (Clever, 1996). We should also remember
that an extra stop only benefits those travelers that get on or off at that station. The other
passengers on the train experience an increase in linehaul time, often in excess of 5 min,
without compensation. In spite of these caveats one would expect a railroad company to
exhaust all feeder time savings options before embarking on a new line construction pro-
gram, in other words offer its ser