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Abstract: High-speed rail in infrastructure construction has become a priority worldwide, and vast investments have been made; therefore,
it has become increasingly necessary to appropriately assess regional economic impact, and more importantly, to deliberate policy to improve
regional industrial development. This paper looks at the impacts of Shinkansen lines on industrial locations in Japan. Unlike previous
research, this study investigates both sociceconomic factors and physical determinants through an empirical industrial location model
and multivariable stepwise regressions. The results indicate that during the period of 1990-2000, the dominant driving force of industrial
location has changed from industrial transaction interdependence to population consumption demand. The elasticity of accessibility to the
Shinkansen network has also shown an increasing trend from 1990 to 2000. Further expansion of Shinkansen lines would encourage the
development of several industries, such as real estate, commerce, and services, and would thus contribute to forming the regional economic

structure. DOI: 10.1061/(ASCE)TE.1943-5436.0000467. © 2012 American Society of Civil Engineers.
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Introduction

The construction of transport infrastructure is often considered to
be a primary factor affecting accessibility and industrial location,
and hence, the growth of a region. Due to such characteristics as
safety, reliability, convenience, time-saving, and environmentally
friendliness, high-speed rail (HSR) has been recognized as one of
the most important transport modes and has been given increasingly
great priority in regional development in the world. However, when
regions and cities profit significantly from HSR, some side effects
are simultaneously generated, such as the over-agglomeration of
economy and population in some megacities and the decrease of
economic potential. With more HSR to be introduced or expanded
in both developed and developing countries, it is increasingly nec-
essary to have a better understanding of HSR’s role in economic
organization, and to develop appropriate strategies and policies
to reduce its side effects on regional development.

Globally, a good deal of research has been conducted concern-
ing the regional impact of transport infrastructure. Nakamura et al.
(1981) classified the direct and indirect impacts of Shinkansen and
sorted the causal links among affecting factors through an interpre-
tive structural modeling approach. They also developed a system
dynamics model to simulate the impacts of the Sanyo Line on
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Hiroshima City. Nakamura and Ueda (1989) analyzed the demo-
graphic changes in the area with and without Shinkansen and high-
way services in Japan. They found that since the operation of HSR,
there is a significant concentration of population into the main
metropolitan centers, cities with HSR stations, and areas with high-
way services. These are consistent with the findings of Vickerman
(1997), who reviewed the experiences of HSR development in
Europe and pointed out that nearly all HSR stations are located
in major metropolises, which probably results in the expansion
of regional divergence. Gutierrez (2001) evaluated the accessibility
impacts of the Madrid-Barcelona—French border high-speed line
by means of three indicators: weighted average travel times, eco-
nomic potential, and daily accessibility. Munnell (1992) used an
extended production function approach in which US highway
capital is added as a public input to evaluate the economic influence
of infrastructure. Rietveld et al. (2001) discussed the experiences
of Japan and France and conducted a cost-benefit analysis of the
planned HSR links in the Netherlands. Kantor (2008) conducted
scenario analysis of the benefits with and without the construction
of HSR in the Central Valley of the United States, in which pop-
ulation and employment growth, quality of life enhancement, real
estate impacts, and other aspects, are projected. Leitham et al.
(1999) used the multiregional input-output approach to explain
the impacts of transport infrastructure investments on regional
economic development. They estimated interindustry/interregional
trade flows as a function of transport cost and a fixed matrix
of technical interindustry input-output coefficients. Koike et al.
(2000) and Ueda et al. (2001) applied the spatial computable gen-
eral equilibrium (SCGE) model to evaluate the potential economic
damage of a catastrophe in the HSR network during the 1995 Kobe
earthquake in Japan. The European Observation Network on
Territorial Development and Cohesion (ESPON 2011) reviewed
the primary literature on global, European, and regional accessibil-
ity studies, and presented a set of accessibility indicators and
impact indicators to assess the effect of transport infrastructure
on accessibility at different levels and its linkage to economic
development. These studies provide useful insights into transport
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infrastructure, especially the regional impact of HSR. How-
ever, most studies either rely on theoretical abstraction and
qualitative discussion, or treat the impact on the regional economy
as a whole. Although many developments have recently been made
in modeling the impact of transport infrastructure on regional
economic development, such as extended production function
models, multiregional input-output trade models, or SCGE models,
these methods are sophisticated in theoretical foundation and
complex, non-linear mathematics, but lack detail or sound empiri-
cal application. Comprehensive ‘and quantitative investigations
have not yet been reported regarding which part of regional
economic framework HSR may affect or the extent of the impact
of HSR.

Given this background, Shinkansen has been selected for
empirical analysis because Japan was the first country in the
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Fig. 1. Study area and existing Shinkansen network in 2010 (figures
in parentheses represent the year the Shinkansen line was put into
operation)

Table 1. Data Used in This Study

~ world to construct HSR in 1964, and Shinkansen has played

an important role in structuring the regional economy and loca-
ting industries. This paper consists of four further parts. The next
section describes the characteristics of the study area and lists
the data used for modeling. A further section presents an industrial
location model to evaluate the impact of Shinkansen on 11 major
industries concerning their location choice, by which the de-
tailed contribution to regional economic organization is under-
stood. The penultimate section surveys the empirical results,
and the final section summarizes the paper with conclusions and

discussions.

Study Area and Data

Japan is an East Asian country consisting of 47 prefectures, with a
population of 128 million in 2008 in a comparatively small land
area of 377,000 km? (Statistics Bureau 2010). It has the second
largest economy in the world after the United States, at a GDP
of approximately 4.6 trillion USD in 2005 (International Monetary
Fund 2006). Because most large cities and industrial zones are loca-
ted linearly along the coastal plain and the population density is
very high, Japan has a favored environment for rail passenger trans-
pert, which is dominated by the inter-city railway mode and cen-
tered on the Shinkansen. Despite the remarkable development of
airlines and highways, Shinkansen held a 6% share of the total
domestic and 16% of inter-prefecture transport volume in 2005
(Central Japan Railway Company 2008). Because the Tokaido Line
between Tokyo and Osaka, with a distance of 515 km, was first put
into operation in 1964, the National Shinkansen Construction Act
was introduced in 1970, intending the construction of nationwide
HSR network of approximately 7,000 km. By 2010, six primary
Shinkansen lines and two Mini-Shinkansens have been completed,
with a total network expanded to 2,460 km (Fig. 1).

To study the change of Shinkansen’s impact on industrial
locations and consider the data availability, materials in 1990
and 2000 are collected from various sources at different
scales. As listed in Table 1, data include socioeconomic statis-
tics, travel time and cost, and access time to the Shinkansen
network.

Scale Data Year Source
Country level Transactions value and labor input 1990, 2000 “Input-Output Tables” (Statistics Bureau 1990, 2000a)
among 11 industries )
Prefecture Population 1990, 2000 “Historical Statistics of Japan™ (Statistics Bureau 1996, 2008)
level (47 Number of employed persons by 1990, 2000 “Population Census” (Statistics Bureau 1995, 2000b)
prefectures) industries
Inter-prefecture transport mode share 1990, 2000 “Inter-regional Travel Survey” (Ministry of Land, Infrastructure and
Transport 1990, 2000)
Inter-prefecture travel time 1990, 2000 “JTB Timetable” (JTB 1990, 2000)
Inter-prefecture generalized travel cost 1990, 2000 “Cost-benefit analysis manual for Airport Development
Project”(Ministry of Transport Aviation 1999)
“Cost-benefit analysis manual” (Road Bureau, Ministry of Land,
Infrastructure and Transport 2003a, 1999)
“Evaluation method of travel cost per unit time and per unit value
(2003 price)” (Road Bureau, Ministry of Land, Infrastructure and
Transport 2003b) '
City level Population 1995, 2000 “Japan City Yearbook” (Japan Association of City
(761 cities) Mayors 1990, 2000)
Travel time from city center to the 1990,-2000 “JTB Timetable” (JTB 1990, 2000)

nearest Shinkansen station by using
conventional railway
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Table 2. Transaction Values in Input-Output Table
Output Total

No. of
Input 1 2 ... ro .. k output employees
1 Aox2 0 Xt X x! EMPL!
2 22 0 X . ¥ X EMPL?
m amlogm o Logm L gmk xmo EMPL
kK Ao gk xk EMPL*
Total input X' X* ... X* .. Xt
Table 3. Labor Input Matrix Among Industries
Output
Input 1 2 . r k
1 oM o2 L oM L oM
2 A -
m o g g
K X I S
Sum Emek‘ﬁ”ﬂ zmek‘sz Emek‘Pmr Zmekwk
Table 4. Employment Correlation Coefficient
Affecting Affected industries 4
industries 1 2 v r k
1 o\ 62 o o
2 6 6% 6 6%
m i e L gw L gk
K g ge L g g
Sum 1 1 cee 1 e 1

Methodology and Model Setting

Considerable literature has been written on industrial loca-
tions from which to develop a model of business location choice.
Theoretically, this was first proposed by Weber (1929), who

Electric power, gas
and water supply

emphasized transportation cost reduction in a profit-maximizing
world; his theory has been modified by many researchers in its level
of detail, sophistication, and incorporation of more complexity into
the model assumptions (Moses 1958; Greenhut 1963; Hamilton
1967; Greenhut and Ohta 1975). However, compared with such a
great volume of literature on industrial location theory, empirical
analyses are relatively few. One reason may be data constraints.
Most researchers either apply a multinomial logit model in
industrial location study, which is-commonly used in transporta-
tion mode choice analysis (Hansen 1987; Pearmain et al. 1991;
McQuaid et al. 1996); or use statistical methods by reducing com-
plex decisions to an algorithm form involving a limited number of
explanatory factors such as characteristics of a specific industry,
locality and importance of connections with other areas and indus-
tries, and agglomeration economies (Porter 1990; Storper 1995;
Leitham et al. 2000). In this study, rather than analyzing the impact
of Shinkansen on industrial location through defining the explana-
tory variables while neglecting important determinants, such as
transaction correlation among industries in different regions and
the population’s consumption demand from neighboring areas, this
study uses the works of previous studies (Nakamura et al. 1983;
Sumitomo Trust Business Research Institute 1991) as a base, be-
cause they considered the previously discussed factors, and incor-
porate local access to the Shinkansen network as another important
driving force. Moreover, this method has a relatively loose reliance
on data requirements. In modeling, the number of employed per-
sons is used to represent the size of each industry in location choice.
Through a stepwise estimation that manages to avoid multicolli-
nearity in selecting the most significant variables, a logarithm-type
multivariable stepwise regression model is proposed as follows:

In(EMPL¥) = of In(InterD}) + f* In(ConsD}) — ¥ In(AT;) + C*
M

where EMPLY = number of employees of a specific industry k in
prefecture i; InterD¥ = function of industrial interdependence,
which indicates the interaction influence of industries in other areas
on the industry k in prefecture i; ConsD} = consumption demand
from neighboring areas on the products or services offered by
industry k in prefecture i; AT; = weighted average access time
of prefecture i to the Shinkansen network, which to some extent
reflects the difficulty of an area to profit from Shinkansen. It is

Agriculture, forestry
and fishery

| Commerce

administration
Services fr—
i Finance and
Construction inetrance
1 Mining
)y §>0.4
T rt and A ) (.3-0.4
ransport an [ Manufacturi ] )
communication alm' acturing "—t gig;

Flg. 2. Interdependence mechanism among 11 industries in 2000 (only & values larger than 0.1 are mapped)
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OO =N .
b NSO\OOO\Q\O\O\O\O\OO i : I
%|2333832333323 assumed that the larger AT; is, the more difficult prefecture i is to

attract employees from other industries and areas. C* is a constant.
In detail, the explanatory variable InterD is defined by

) aﬁg E § §§ § §\:o: Egs. (2)~(5). ConsD and AT are expressed by Egs. (6) and (7)
o828l lellTd respectively:
tehadhbhunbhos K
N3232MSEIES merDf = Yok (S BMPLY -PLE)
[ | [} m J
_ A where 6™ = employment correlation between industry m and k;
28889888y EMPL” = number of employees of k’s relevant industry m in
TTTI9T99T neighboring prefecture j; PL",-'}" = probability of industry m of pre-
§ g OO fecture j in choosing prefecture i to trade with industry &, which is
= §§§§§$$§$ : further defined by a logit-induced model:
T 771711 T
PL7 = EMPL{‘ ekxp(A . GC]!') 3)
1]
.|288 gg§2g§83 " X EMPLexp(- GCy)
E|ISoe cTecee : where )\ = travel impedance decay parameter, which is estimated
O|FRAR BRIYHIS by a widely used doubly constrained gravity model shown in
©eec ococecses Eq. (4) (Kadas and Klafszky 1976; Black 1981; Frost and Spence
_ 1995; Gutierrez 2001). This study uses the “Person Trip Survey in
8 a NI sggoe the Tokyo Metropolitan Area 1998” (Tokyo Transport Planning
96 s8Sccocdddd Association 2010) for calculation. Because the study area is the
g w2 ¥% b 28,2 2 - 47 pr;fgctures of Japan, which .include the .Tokyo me?ropolitgn
SSssas83ssa . area, it is assumed that the A derived from this only available trip
survey database can be used as the most approximate impedance
p] p
olang decay parameter that can be applied to all Shinkansen-related
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empirical analyses in Japan:

((TP,, = K,,KqO,,Dq exp(—ACpy)

sesc2ca8%cs X, = l
REER R " Tt
FELERE I L N PR @
M AaEnEnEak AR q%:QTppq:Op' p=1...P
N 2 TP,, = D,, g=1,...,0
g5839%88y  PeF
ORAORAADRAOID h - - -
& JLLLLlLLL where TP, = number of trips betw;en the traffic analysis zone
§ ¥55-8530%3 (TAZ) p and ¢; O, = number of trips produced by origin TAZ
- coocoosdsSo p, D, = number of trips attracted in destination TAZ q. X, K, =
T TTTTTITTT g P g
balancing factors solved iteratively in the doubly constrained grav-
PR ity model; C,, = travel cost between TAZ p and g. Through the
AlRARE BSds82 previously stated database and equations, ) is estimated as 0.0001.
g|S =S Sezese Here, GC}; is the generalized transport cost from prefecture j to
§ Ol838 9¥aS }E ® i, for which a number of transport characteristics such as travel
Q ocoo ooCoooo costs, parking costs, reliability of travel time, and service level
g _ . are usually taken into account; all of these components are usually
o ao8sasseand g converted into monetary value and then summarized as a whole. As
S Q| 22v3I= g o= g o 3 proposed by Williams (1977), a method called Logsums is widely
8 2| oa T By By g Y i used when multiple transport modes are considered (Ben-Akiva
s SS283835s88 g and Lerman 1985). The advantage of Logsums is that it is good
o] g for relatively comparing the accessibilities of different locations,
_§ > £ and it is a useful tool to calculate the consumer surplus change
3 e g for cost-benefit analyses of transport projects (Jong et al. 2007).
2 g ?_ §, Its disadvantage, however, is that the absolute value by itself does
& Z g8 £ not have an intuitive meaning. In addition, it involves precise
e oy _z 8 gu parameters that must be estimated based on discrete choice model;
kS 5 §5 g - B particularly the revealed preference and stated preference survey
3 < g E § Sl L'; data. Depending on the availability of statistical data, a simple
g g w0 =8 2 g S&E but effective average of modal generalized transport cost weighted
;‘3’ S Egs e g g8y by modal shares, shown in Eq. (5), is employed in this study instead
. ggmégé‘é‘gg%g“ ggé of Logsums:
) 2 = g Q| = o= .
5| Z|EE3¢g g g E S3EE gg% GCji =) 5 (Fli+w' - 1) ®
- S|l<ESOMFOLRAR|PLY neN
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where n = transport mode, which means airway, highway, and rail-
way (conventional railways and Shinkansen) in this study; 5% =
modal share of n in the total transport from prefecture j to i;
F; = transport fare of mode n from j to i in Japanese yen (JPY);
t%. = travel time of mode n from j to i in min; w" = time value of
mode #n in JPY/min.

According to the standard classification, 11 major industries are
considered in this study. These are: (1) agriculture, forestry, and
fishery, (2) mining, (3) manufacturing, (4) construction, (5) electric
power, gas, and water supply, (6) transport and communication,
(7) commerce, (8) finance and insurance, (9) real estate, (10) serv-
ices, and (11) public administration. Table 2 shows a transactions
value matrix as an input-output table. For a specific industry r, the
necessary labor input from the relevant industry m, ¢™", can be
calculated as (x™”/X") x EMPL" (Table 3). The share of labor in-
put from each industry m to r, which is the employment correlation
coefficient (§"") stated in Eq. (2), equals "/ ",,cxe™", as shown
in Table 4. This indicates the dependence of industry r on m. The
larger the #"'", the more important the industry m in the production
process of r.

As for ConsD, it is assumed to have a positive effect on indus-
trial location, and is defined as

ConsD} = > POP; - PL¥, 6)
J

where POP; = population of prefecture j; PL";; = probability of pop-
ulation of prefecture j in choosing prefecture i to consume the
products or services offered by industry k, which is similar with
the definition in Eq. (3).

City population is used as the weight for the calculation of AT.
Due to the data limitation, only the access time by using conven-
tional Japan Railways (JR) is considered. Here, one of the objec-
tives is to investigate the relative change of the most important
factor influencing regional economy, and the properly low accuracy
calculated by the only available JR access time was ignored:

AT) = Z(Popz ) /POP,- )

where POP? = city population of z in prefecture i; ¢, = travel time
from city z to the nearest Shinkansen station by using JR.

( w——Tokaido (1964)
= Sanyo (1972)
Shinkansen< o = Tohoku (1982)
Jyoelsu (1882) 1
. s
=== Hokuriku (1997) ( Hachinohe
" == Kyusyu (2004) I\kij.a
Mini- { = Yamagala (1999) Shinjy s e
Shinkansen | sesss Ty Yamagats: bt
Adta (1997) | Tgmag f,.;.mm

ey
Nagano prefecture

Results

Based on the value of @ calculated from the input-output table in

2000, Fig. 2 shows the interdependence among the 11 industries, so

that the mechanism of industrial location can further be quantita-

tively analyzed. Taking construction as an example, it is found that
real estate and electric power, gas, and water supply are industries
that rely heavily on the development of the industry. However, the
industry is primarily dependent on the inputs of commerce, serv-

ices, manufacturing, transportation, and communication. Such a

strong correlation suggests that industrial interdependence may

play an important role in the location choice of construction.

By using the ordinary least square (OLS) technique, the cross
section data covering 11 industries and 47 prefectures for 1990 and
2000, respectively, are analyzed. The parameters of regression
model are shown in Table 5, from which the following primary
points are identified.

» Except for a low value for agriculture, forestry, and fishery and
mining, R? for most industries is high, which suggests a reason-
able explanatory capability of Eq. (1).

* In 1990, the dominant variable that influences industrial loca-
tion is industrial interdependence (InterD). In eight out of 11
industries, such as construction, finance, and insurance, and
public administration, their elasticity is as high as 0.70-0.89,
which indicates that a 100% increase of industrial interdepen-
dence would result in 70-89% growth of the number of employ-
ees in the corresponding industry. However, in 2000, the most
important determinant changes to consumption demand from
neighboring areas (ConsD) for over half of the industries such
as real estate, transport, and communication, manufacturing, the
elasticity ranges from 0.29 to 0.85.

» Although the effect of access time to Shinkansen (AT) on indus-
trial location is relatively small compared with the other two
explanatory variables, its elasticity at a range from —0.04 to
—0.21 in most industries shows a slight increase from 1990
to 2000, which is consistent with the theoretical expectation that
the more the Shinkansen network is constructed, the more sig-
nificant the impact will be on the regional economy, specifically
the industrial location choice on which this study focuses.
For a better understanding of Shinkansen’s impact on industrial

location, Fig. 3 illustrates the change in the number of employees
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Fig. 3. Number of employees for 11 industries in Nagano prefecture, 1990-2000
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for 11 industries in Nagano prefecture during the period of
1990-2000. In 1997, the Hokuriku line, which runs from Takasaki
to Nagano with four stations established within Nagano prefecture,
was opened for operation. Thus, the access time of Nagano prefec-
ture to the Shinkansen network is expected to decrease significantly
from 1990 to 2000. Due to the negative effect of AT shown in
Table 5, the number of employees has increased at an annual rate
of 2.7, 2.0, 1.1, and 0.4%, respectively, in those industries for
which the elasticity of AT is also relatively high, such as real estate,
services, commerce, and public administration.

Conclusions and Discussions

This paper has discussed the impact of the Shinkansen network on
regional economies, with special focus on industrial locations in
Japan. A quantitative investigation has been highlighted regarding’
driving forces behind changes in the number of employees in
industries. In contrast with previous works, socioeconomic factors
have been explicitly detected in this study, including transaction
interdependence among 11 industries across 47 prefectures.and the
consumption demand of people, together with physical determi-
nants like access to the Shinkansen network. Through multivariable
stepwise regressions based on cross section data, it is found that the
most important variable influencing industrial location has changed
from industrial interdependence to people’s consumption demand
in neighboring areas during the period 1990-2000. Although the
access time to.Shinkansen plays a minor but important role in
affecting industrial location, its elasticity for most industries has
shown a slight increase with the expansion of the Shinkansen net-
work from 1990 to 2000. The policy implication is that construc-
tion of Shinkansen lines will improve the accessibility of an area
and encourage development of several industries like real estate,
commerce, and services, hence contributing to the formation of
regional economic structure.

Although this paper presents an empirical model analyzing the
regional economic impact of the Shinkansen, there still exist some
limitations to be improved in future work. When estimating the ac-
cess time of a prefecture to the Shinkansen network, only the travel
time using JR is considered, whereas other transport modes like
private car,-bus, and subway are not considered because of a lack
of available data. A comprehensive estimation of the accessibility
to Shinkansen will better reflect the regional differences and have a
more significant effect on industrial location.

On the other hand, a many potential uses and further studies can
be derived..By using the industrial location model and a panel data
analysis, the parameters could be used for simulation of industrial
location change in the scenarios with and without Shinkansen,
or future projection under different socioeconomic and policy set-
tings. The negative effects caused by Shinkansen (for example, the
economic potential of Osaka City has been decreasing since the
opening of the Sanyo Line in 1972) can also be measured in detail
with longer decade data support. Moreover, the methods presented
in this study could also be applied in other regions of the world
where HSR will be constructed, such as the HSR project in
California in the United States, and HSR from Beijing to Shanghai
in China.
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