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ABSTRACT

With the advent of Shinkansen in 1964, a unique inter-city transport network in which high-speed
railway and air transport developed simultaneously, emerged in Japan, and modal choice between them
based on price and speed has been manifested. Looking ahead, the next generation high-speed transport,
the Maglev, is on the horizon.

In order to capture the full impacts of the Maglev technology, simulation analysis with a dynamic
spatial nested logit model was conducted. From this, we identified a significant opportunity for the Maglev
Super-express between Tokyo, Nagoya and Osaka, but with net benefitsexceeding net costs only with an
annual economic growth of approximately 2% - 3% achieved in the next 65 years in Japan. If such
economic condition were realized, the total air transport market would also continue to grow despite strong
competition from the Shinkansen/Maglev system.

Another point of interest is Maglev’s impact on reducing global warming. CO, emission from Maglev
is one-third of air transport. Introduction of Maglev Super-express in inter-city transport, however, also
attracts passengers from Shinkansen that has five times lower CO, emission intensity. Indeed, our
simulation analysis shows that total CO, emissions from high-speed inter-city transport increases when
Maglev Super-express is introduced. Increase in total CO, emission from electricity users including
Maglev Super-express could be mitigated by energy conversion sector’s effort to reduce CO, content of
electric power supply, for instance, by increasing utilization of nuclear energy. Further research in
assessing possible impact of capacity constraint in existing network, not considered in this paper, would
facilitate deeper understanding of the future high-speed inter-city transport system.
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1. INTRODUCTION

Increasing the value of time in modern society has brought high-speed railway and air transport to the
forefront of today’s inter-city transport. With the advent of Shinkansen in 1964, Japan has unveiled the
significant potential of high-speed railway in inter-city travel. ICE in 1991 and TGV in 1993 have opened
a new era for Europe and with the start of twenty-first century, South Korea, followed by China, have
introduced their system. This year, the President of the United States of America (USA) has announced his
vision for high-speed railway.

Unlike in the USA where air transport long stands as a dominant mode of inter-city transport, air
transport in Japan developed side-by-side with Shinkansen. Liberalization and infrastructure development
have facilitated Japan’s establishment of an extensive network of air transport market, filling the gap in
market segments that Shinkansen could not fulfill. The two different modes of transport, high-speed
railway and air transport, have provided Japan with a modern inter-city transport system, with the unique
feature of having extensive competition between them.

Looking ahead, we see a new technology for the next generation of high-speed transport, the Maglev.
A business plan to introduce Maglev system between Tokyo and Nagoya by 2025 has recently been
released. We thus need to anticipate a new high-speed inter-city transport system with three different
modes of travel.

This paper highlights historical landmarks of how high-speed railway and air transport developed in
Japan and takes a look beyond the horizon of future inter-city transport. Various transport statistics are
compiled and analyzed in an attempt to underpin some/the characteristics of these transport modes. We
also set up a dynamic spatial nested logit model to assess the nation-wide impact of Maglev Super-express.
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2. EVOLUTION OF HIGH-SPEED INTER-CITY TRANSPORT IN JAPAN

2.1. 1960-70

It was October 1964. In the era when maximum speed of the railway system was 120km/h,
Shinkansen , with a maximum speed of 210km/h, was considered as the super-express “dream come true”.
The seven-hour trip between Tokyo and Osaka, of a distance of 550km , was cut to four hours and ten
minutes by the initial bullet train. At first, ten “Hikari” super-express trains, that only stopped at Nagoya
and Kyoto between Tokyo and Osaka ,and ten “Kodama” express trains, that stopped at other stations,
were operated. The first fleet consisted of twelve cars with a total of 987 seats. The capacity of the
passenger railway transport between Tokyo and Nagoya increased by 42% even though rapid train service
on existing network was reduced by more than 30%. Within one year, Shinkansen was speeded up to
shortene the trip between Tokyo and Osaka to three hours and ten minutes. Frequency was increased to 55
round-trips per day. The fare between Tokyo and Osaka by Hikari was 2 480 Yen. In six months,
Shinkansen’s ridership reached 11 million. Speed and price significantly attracted business trip-makers in
particular. Figure 1 shows that by 1970, annual Shinkansen passenger ridership reached 85 million.

Figure 1. Demand of air transport and Tokaido Shinkansen in passenger-kilometers
(1964-1975)
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The nested logit model is used to reflect consupreference of Shinkansen and Maglev that are
closer substitute than air transpand railway in general. Thus, the second stage of modal choices a
parameter that gives the level of correlation between the two alternatives, Shinkansen and Maglev. Higher
the the two choices are independent adding Maglev as an alternative is valued higher by trip makers.
Since we do not have observable data of degfdadependence between Shinkansen and Maglev, we
shall use an exogenous value of 0.8.as

4.5. Parameter estimation and exogenous values
Parameter estimation is conducted for a tripriistion model and a modal split model. They are
detailed in the appendix.Price elasticity in the tripegator model is taken from past surveys. We use the

following values. See appendix for a listgrfce elasticity values in past surveys.

Table 5. Demand elasticity

Business | Sightseeing Private
Price elasticity (1) 0.7 15 1.5

Income elasticity in the trip generation model isoataken from past research. Income elasticity of
1.78 is used in the model based on Murakatral. (2006). See appendix fer list of income elasticity
values in past surveys.

4.6. Future setting of socio-economic factors and service characteristics of Maglev

4.6.1. Population and economic growth

Future estimates of population sizes is giventiy National Institute of Population and Social
Security Research at the city level. According to this estimate, national population is to decrease from 127
million to 119 million individuals; representing an approximate 6% decteadditionally, city level data
aggregated to 207 zones indicate that while metropolitan areas such as Tokyo, Yokohama, Toyota (in
Nagoya region) and Amagasaki (in Kansai region) ire@eheir population, other areas suffer decrease.

As for economic growth, the current economic situation makes it difficult to specify robust economic
prospects. Thus, we consider a number of scenaitbsanwnual growth rate ranging from 0.5% to 3%, in
0.5% intervals. The base year of the data setinsié® model is 2005. Maglev Super-express inauguration
year is set at 2025. Standard project duration of fiftars is used for Maglev Super-express so that the
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project is evaluated though the year of 2075.

4.6.2.  Service characteristics of Maglev

Following trip time reduction and increase in price between Tokyo-Nagoya and Osaka is used as a
scenario of future demand estimate.

Table 6. Service characteristics of the Maglev Super-express

Tokyo - Nagoya Tokyo - Osaka
Time 40 minutes 60 minutes
Cost 1,000 Yen increase 1,000 Yen increase

Note: Twenty minutes are added at transfer point when Maglev Super-express and other railway are used
in a single journey.

4.6.3.  OD zones that are affected by introduction of Maglev

We need to assign OD zones that are affected by the introduction of Maglev. It is clear that OD pairs
that are geographically irrelevant to the Tokyo-Nagoya-Osaka corridor need to be eliminated. Using
NITAS, we identify OD pairs that currently take trips via Tokaido Shinkansen. Potential OD pairs that are
currently not taking Tokaido Shinkansen but may choose Maglev once it is introduced are also included in
the simulation.

4.6.4.  Metropolitan zones
Three major metropolitan regions include the following prefectures. They compose the metropolitan

areas of Tokyo, Osaka and Nagoya respectively.

Table 7. Three metropolitan areas and prefecture

Tokyo- Region Hanshin- Region Chukyo- Region

prefecture | Tokyo, Kanagawa, Chiba, Saitama | Nara, Kyoto, Osaka, Hyogo | Aichi, Mie, Gifu

4.7. Result of the simulation
4.7.1.  Impact of Maglev Super-express on modal split

Table 8 shows an estimated annual number of trips for the national total in 2025. Due to the decrease
in population, benchmark figures without Maglev decrease by 2% compared to 2005 population case. With
the introduction of Maglev Super-express between Tokyo and Nagoya, nation-wide modal split for
Shinkansen and Maglev combined shifts from 75.6% to 76.1%. Table 9 depicts estimated annual number
of trips for the corridor between Tokyo and Hanshin regions in 2025. There is much larger impact in this
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corridor; modal split for Shinkansen and Maglev combined changing from 78.6% to 81.4%. When the
Maglev Super-express connects Tokyo and Osaka via Nagoya, then 84.4% would be shared by Shinkansen
and Maglev combined. Although the introduction of the Maglev Super-express does have a strong impact
on air transport, more significant is the impact on Shinkansen. Indeed, more than half of Shinkansen trips
are taken away by Maglev in the corridor between Tokyo and Hanshin regions.

Table 8. Estimated annual number of trips (in millions) — national total in 2025

Air Shinkansen Maglev Total
without Maglev 84 261 - 345
(24.4%) (75.6%) -
with Maglev 83 216 46 345
Tokyo=Nagoya | (23.9%) (62.6%) (13.4%)
with Maglev 81 200 64 346
Tokyo=0Osaka (23.4%) (57.9%) (18.6%)

Table 9. Estimated annual number of trips (in millions) — between Tokyo and Hanshin regions in

2025
Air Shinkansen Maglev Total
without Maglev 8 31 - 39
(21.4%) (78.6%) -

with Maglev 7 13 19 40
Tokyo=Nagoya | (18.6%) (32.8%) (48.7%)

with Maglev 6 11 24 41
Tokyo=0Osaka | (15.6%) (26.4%) (58.0%)

Benefits and costs of Maglev Super-express

The future benefit of introducing Maglev Super-express depends on the level of economic growth. We
conducted a sensitivity analysis of net benefit with annual growth rate ranging from 0.5% to 3% in 0.5%
intervals. As for cost, we use data from a joint report by the Japan Railway Construction, Transport and
Technology Agency (JRTT) and JR Central of July 2009, which revealed construction cost, maintenance
cost and repair cost for the Tokyo-Nagoya Maglev Super-express with 50 years of project duration’.

It could be observed from Figure 16 that net benefit exceeds net cost when economic growth is above
the 2.0% to 2.5% range. It should be noted that net benefit is calculated in comparison to BAU case
without any capacity constraint in Shinkansen or air transport. Net benefit would be greater if capacity
constraint existed. With regards to annual economic growth, over 2% is a challenging target but not an
inconceivable one. Future economic prospect released by the Cabinet Office of Japan in January 2009
indicates a number of different GDP growth rate cases. Depending on the speed of recovery of the world
economy, Japan is expected to grow at approximately 1.5% to 2% and above for the next decade. Demand
growth from emerging economies such as China and India is promising. New opportunities in
environmental business, nano-technology and robotics, among others, are expected to generate growth in
the Japanese economy through the twenty-first century.
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Figure 16. Net benefit and cost of Maglev introduction (trillion Yen)
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Impact of Maglev Super-express on CO, emission

The environmental friendly nature of Maglev technology should be noted. CO, emission intensity of
Maglev Super-express is one third of air transport. One of the expectations of introducing Maglev Super-
express is in its capability of mitigating CO, emission from high-speed inter-city transport.

This, however, is not precisely the case. Because Maglev Super-express, with CO, emission intensity
five times higher than Shinkansen, attracts a considerable number of passengers not only from air transport
but also from Shinkansen, total CO, emission from high-speed inter-city transport increases by 2.7% with
Maglev Super-express between Tokyo-Nagoya and 4.9% between Tokyo-Osaka. If, however, capacity
constraint in Shinkansen diverts considerable demand to air transport these estimates would need to be
revised. We leave this question to future analysis.

Also, there is a possibility, that the increase in CO, from Shinkansen and Maglev could be mitigated
by the reduction of CO, content of electric power supply. Due to the low utilization of nuclear energy, CO,
content of electric power supply in Japan is five times higher than in France. There is potentially a large
room for substantial reduction in CO, emission from this perspective.
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5. CONCLUSION

In This paper, we revisited the evolution of high-speed inter-city transport in Japan and conducted a
simulation analysis of introducing the next-generation transport mode, the Maglev. In a unique market in
which both high-speed railway, the Shinkansen, and air transport developed simultaneously, modal choice
based on price and speed has been manifested very clearly. So, in assessing the impact of Maglev Super-
express planned to be introduced between Tokyo and Nagoya by 2025, we need to take into account the
difference in price and speed characteristics of existing and the new transport mode.

From the simulation analysis through a dynamic spatial nested logit model, we identified a significant
opportunity for the Maglev Super-express between Tokyo, Nagoya and Osaka. Accumulated social welfare
and operational revenue, however, was found to exceed the net investment, maintenance and repair cost
only when approximately 2% - 3% annual economic growth is achieved for the next 65 years. If such
economic condition is realized, total air transport market would also continue to grow despite strong
competition from the Shinkansen/Maglev system.

One other finding was Maglev’s impact on CO, emission. Maglev could not take advantage of CO,
emission intensity considerably lower than that of air transport. This is because Maglev attracts more
passengers from Shinkansen that has five times lower CO, emission intensity. Increase in total CO,
emission from electricity users including Maglev Super-express could be mitigated by energy conversion
sector’s effort to reduce CO, content of electric power supply through increase in utilization ratio of
nuclear energy, for instance.

More analysis is needed to unveil the full impact of high-speed inter-city transport improvement. In
particular, we need to take capacity constraint into consideration. When economic growth triggers
additional trips capacity constraint in existing Shinkansen network, for instance, may divert considerable
demand to air transport. If this is the case, we need to alter the BAU case and reassess net benefit and
impact on CO, emissions. Furthermore, productivity gains, migration effects and national land-use
efficiency are some of the themes that have not been covered by this paper. We look forward to further
development in such areas of research.
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ANNEX

Estimate of parameters for trip distribution and modal split model is conducted as follows.

i)  Trip distribution model

a) Model to be estimated

Distribution model is in the following form. In order to derive function to be estimated we give a
benchmark destination J,for every i. Relative probability of allocation of trips to destination j

(i # j) vis-a-vis benchmark destination J,, leaving out OD pairs without any trips, are pooled as

samples.

PC
ln(P"C]:VU—VM =6"q,+60,InS -6°q, -6, InS,

i
= alD (q,, _qi11)+92D (lnSj _lnSJi)

S
= 910 (qi/' 49 ) + 920 [ll’l SJJ

g
Ji: a random benchnark destinati on fromzone i (j#Ji
S: total trip destination to zone j
q,- log sumof trip between zones i and j

Distribution model is estimated by weighted least squares method.

v=m| 7|l = g 67 1n|
=41n Plj - (qi/_CIL/i)+ , Sijl

P S
o = o ;(.]}%an(q,,—q,.,,.>+m (5]
Ji

i

\/;,.: squared root of trip generation at zone i
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b) Description of data
Table 10: List of data

Item Definition of data Source of data

National Population Census
(2005, MHLW)
Number of employees of the | National Population Census

Population | Population of the zone

Zone Employment

zone (2005, MHLW)
data e
attrl:lction Aggregate number of | Inter-regional Travel Survey
factor destination trips to the zone (2005, MLIT)

O-D trip between zones by

Number —of major transport modes and

Inter-regional Travel Survey

O-D trips purpose of travel (2005, MLIT)
Inter- NITAS : National
zone OD  travel | 1y1e of travel between zones Integrated Transport
data time Analysis  System (2008,

MLIT)

OD travel | Fares paid for travel between | Survey of Air Passengers
zones (including access and | (2005, MLIT), JTB time
cost egress) table (2005, JTB)

¢) Result of the parameter estimation

Result of parameter estimation is shown in Table 11. Parameters are statistically significant and

R’ atan acceptable level. Parameter for generalized cost ( 6,” ) is negative as we had expected.

Table 11: Trip distribution parameter

Trip distribution Business Tourism Private
parameter Parameter | t-ratio |Parameter | t-ratio |Parameter | t-ratio
Generalized
Cost ( 0,”) -0.294/-97.688  -0.286/-59.157|  -0.361/-89.392
Trip attraction ( 6, ) 0.765[122.545  0.703| 75.642]  0.551| 66.505
R’ 0.684 0.531 0.642
Sample Size 11,334 7194 7732

ii ) Modal split model

a) Model to be estimated

Probability of selecting air transport vis-a-vis railway could be expressed in the following form.
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exp(V,")
B exp(V,)+exp(V;') exp(V;)

v

B exp))  exp(V))
exp(V,") +exp(V;")
P P
1n{p} J - ln[l—jP..A j =V -V =60(gy ~4;)+6;

Larger weight is placed for OD pairs with high trip volume. We use squared root of the total OD

trips between zones ij (w; ). 67 should be negative since higher generalized cost reduces incentive

to choose that mode. Parameters 6, ,6; are estimated with weighted least squares method.

P!
\/w,-/-ln[l_}ﬁj:\/%@f(q,?—qj‘)+ w,0;
i
w,. total nunber of trips between zones i and j

0, = 5 n[exp 070 +6 ) +exp(674] )]

1
A _ A A R _ _R R
4y =P; T Whs q; =p; +W;
A, H H R. H H
q,: generalized cost of air transport, ¢g;: generalized cost of railway
q,- expected generalized cost of travelling between zones i and j

w. value of tine
b) Description of data

In addition to data used for estimating the trip distribution model, following value of time factor
from existing literature is used to convert travel time into monetary value. This parameter is used
by MLIT in air transport demand model for airport planning in Japan and is estimated from
disaggregate data of air transport passengers.
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Table 12. Value of Time

Business | Sightseei | Private
ng
Time value (Yen, hr) 4,193 3,642 3,133
Time 69.88 60.70 52.22
value (Yen, min)

¢) Result of the parameter estimation

Result of the parameter estimation is listed in Table 13. Parameters are statistically significant. As

we had expected parameter 6 is negative.

Table 13. Modal split parameter

Modal solit parameter Business Tourism Private
PHLP Parameter | t-ratio |Parameter | t-ratio |Parameter| t-ratio
Transport Cost ( 01 ) -1.433-48.688]  -0.846/-13.028]  -1.113|-20.495
Constant(62 ) -1.479/-27.462|  -0.932/-11.259|  -1.449)-24.511
R’ 0.699 0.303 0.487
Sample Size 1,670 588 955

iii ) Price elasticity for trip generation model
Following is a list of major surveys of demand elasticity that were referenced.

Sources:

Table 14. Survey of demand elasticity

Leisure Business
Travel Travel
Air Passenger Travel (Cross- 1.52 1.15
) section)
Intercity Rail Travel (Cross- 1.40 0.70
section)
(ii) Air Passenger Travel 1.10-2.70 0.40-1.60
Intercity Rail Travel 1.40-1.60 0.60-0.70
(iii) | Air Passenger Travel (Short) 1.52 0.7

(1) Oum, Waters and Yon (1992)
(i) Oum, Waters and Yong (1990)
(iii) IATA and Inter VISTAS Consulting Inc. (2007)
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iv ) Income elasticity for trip generation model
Following is a list of major surveys of income elasticity for air transport market in Japan that were

referenced.

Table 15. Survey of income elasticity

Income
elasticity
@) Ohashi et al (2003) 1.50
(i1) Yamaguchi (2005) 1.44
(iii) Murakami et al (2006) 1.78
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NOTES

' As of January 2001, the Ministry of Transport was integrated with the Ministry of Construction etc., into
the Ministry of Land, Infrastructure, Transport and Tourism (MLIT).

% 45/47 stands for 1970 and 1972 in Japan’s Showa era.

? In 1988, the name was changed to Japan Air Systems (JAS). In 2002 it was merged with JAL to form the
current Japan Airlines Inc.

* Apart from the two Class One airports, there are currently three others. New Tokyo International Airport,
currently Narita International Airport, was constructed as a 100% government owned agency,
while Kansai International Airport opened in 1994 and Chubu International Airport opened in
2005 were PFIs.

° Here-in-after referred to as “Shinkansen”.

% Since there is no estimate for regional employees, we take the 2005 value as constant.

7 Tokyo-Osaka Maglev Super-express costs were estimated by route length since no official figures were

released as of July 2009. Both net benefit and net cost are present values at year 2025 depreciated
by 4% per annum.
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