
Citation: Sugimori, S.; Hayashi, Y.;

Takeshita, H.; Isobe, T. Evaluating the

Regional Economic Impacts of

High-Speed Rail and Interregional

Disparity: A Combined Model of I/O

and Spatial Interaction. Sustainability

2022, 14, 11545. https://doi.org/

10.3390/su141811545

Academic Editors: Piotr Rosik,

Andrzej Szarata and

Bartłomiej Rokicki

Received: 22 July 2022

Accepted: 9 September 2022

Published: 14 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Evaluating the Regional Economic Impacts of High-Speed Rail
and Interregional Disparity: A Combined Model of I/O and
Spatial Interaction
Shuji Sugimori 1,*, Yoshitsugu Hayashi 2, Hiroyuki Takeshita 2 and Tomohiko Isobe 1

1 Department of Constructional Engineering, Graduate School of Engineering, Chubu University,
Kasugai 487-8501, Aichi, Japan

2 Center for Sustainable Development and Global Smart City, Chubu University, Kasugai 487-8501, Aichi, Japan
* Correspondence: tc20801-0718@sti.chubu.ac.jp

Abstract: Among the benefits of high-speed rails (HSRs) discussed from various aspects, indirect
benefits may contribute to medium- and long-term economic impacts such as an increase in service
supply and gross regional product (GRP). In order to estimate the economic impacts, we modeled
I/O–spatial interaction by combining the inter–industrial transactions shown on the I/O table with
the geospatial distance decay of economic mass through passenger transportation. In addition, the
regional economic impacts, as a part of the indirect benefits, were evaluated by the model applied to
the Mumbai–Ahmedabad High-Speed Rail (MAHSR) corridor in India, which is an emerging country
with remarkable economic growth. The results showed the economic impacts on each zone and each
industry along the MAHSR corridor as a relative distribution. The unique feature of this approach is
that it is possible to evaluate the geographic distributions and interregional disparity of economic
impacts by combining the industrial I/O relationships with the changes in passenger accessibility
associated with a large-scale transportation project such as an HSR. Moreover, this method can be
applied to various countries and regions where detailed I/O statistical data, such as interregional
I/O tables, are difficult to obtain, as well as various transportation project evaluations taking into
account interregional equity.

Keywords: high-speed rail; regional economic impacts; input–output table; spatial interaction

1. Introduction

High-speed rail (HSR) has been developed in many countries and regions, beginning
in Japan with the opening of the Tokaido Shinkansen in 1964. The Shinkansen brought a
paradigm shift in the flow of business and tourist passengers to the 500 km-long metropolis,
resulting in remarkable economic development and changes in the social environment.

The benefits of HSRs are discussed from various aspects and perspectives. In the
planning and construction phase of the HSR, economic multiplier effects will be generated
in the short term through the construction of the HSR and its surrounding facilities and
through investment and demand inducement in related industries in anticipation of the
opening of the HSR. Subsequently, during the operational phase, direct benefits will accrue
to travelers through time savings and improved comfort when traveling between cities
along the HSR in the short term. On the other hand, indirect benefits may contribute to
medium- and long-term impacts associated with the stimulation of business-to-business
communication and industry interaction as well as an increase in service supply and gross
regional product (GRP).

As an example of an HSR project, the Mumbai–Ahmedabad High-Speed Rail (MAHSR)
connecting Mumbai and Ahmedabad (Figure 1) is currently under construction. The
MAHSR is the first HSR in India, which is an emerging country with remarkable economic
growth. This project is being heralded as a milestone in the establishment of a nationwide
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HSR network planned in India. Mumbai is the economic and financial center of India as
well as the capital city of Maharashtra State, and Ahmedabad is the largest city in Gujarat
State. The Mumbai–Ahmedabad route will take approximately six hours by conventional
rail, and the fastest MAHSR trains will stop only at Surat and Vadodara, with a planned
travel time of approximately two hours [1].
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Figure 1. The MAHSR route map [2].

The geographical layout of the metropolitan areas of Mumbai, Surat, and Ahmedabad
along the MAHSR is similar to that of Tokyo, Nagoya, and Osaka in Japan, with the total
population of the districts (administrative divisions under Indian states) being approxi-
mately 50 million [3] (Table 1). This is much larger than the population of approximately
30 million [4] in the area along the Tokaido Shinkansen line in 1960 before the Shinkansen
began operations.

Table 1. Overview of the districts along the MAHSR corridor (2011) [3].

State District Population Population Density
(per km2)

Gujarat

Ahmedabad 7,214,225 890
Kheda 2,299,885 582
Anand 2,092,745 653

Vadodara 4,165,626 552
Bharuch 1,551,019 238

Surat 6,081,322 1337
Navsari 1,329,672 592
Valsad 1,705,678 567

Maharashtra
Thane (including Palghar) 11,060,148 1157

Mumbai (including suburban) 12,442,373 20,634

Total 49,942,693 1013 (average)
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From the perspective of an industrial structure, comparing the composition of em-
ployees by industry between the MAHSR corridor region in 2011 [5] (Figure 2a) and the
Tokaido Shinkansen corridor region in 1960 [6] (Figure 2b), it can be seen that they have
similar proportions for each industrial sector at the primary to tertiary levels. Additionally,
comparing the flow of expenditure among industries and services between India in 2007 [7]
and Japan in 1960 [8] by referring to the input–output (I/O) tables, similarities can be seen,
e.g., in the proportion of expenditure flowing into manufacturing (Figure 3a,b).

Thus, what changes will be seen in the industrial interactions when the HSR is intro-
duced in India and the passenger travel times between cities are reduced? In this study, the
regional economic impacts as a part of the indirect benefits were analyzed by the model
combining input–output (I/O) and spatial interaction, using the MAHSR corridor as a
case study.
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Figure 2. Composition of employees by industry: (a) MAHSR corridor, 2011; (b) Tokaido Shinkansen
corridor, 1960.
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This approach allows the examination of interregional disparity that occurs with I/O
interaction and distance impedance between the regions, and it is expected that this method
will help the discussion for improvement in terms of economic development considering
interregional equity in various emerging countries in the future.

2. Literature Review

The regional economic impacts of HSR have been discussed in a number of studies in
recent years (e.g., Vickerman [9], Blanquart and Koning [10], and Chen et al. [11]). Chen
and Silva [12] analyzed the long-term impact of Spain’s HSR network on employment
and GDP using a panel structural equation modeling (SEM) formulation. Li et al. [13]
investigated the redistribution of economic activities in the Yangtze River Delta region in
China using the geographical network weighted regression model, and they showed that
HSR drew an inflow into second-tier cities alongside the HSR for investment activities.
Cheng et al. [14] examined changes in accessibility and provided evidence for the changes
in specialization for the main cities and their hinterlands in China and Europe and then
concluded that the processes of convergence and divergence vary by the stage of economic
development. Vickerman [15] investigated the impact on the intermediate areas between
major metropolitan areas along the network of northwest Europe and revealed that both
levels of service and potential economic impacts were much less pronounced in these
intermediate areas. The above discussions can be concluded in various ways depending on
the social environment of each country and region including population distribution, urban
structure, geographical conditions, and economic stage. Much discussion is still needed to
establish analytical methods, and continued study and improvement are desirable.

The conventional cost–benefit analysis (CBA), which has been applied to many trans-
portation projects including HSR, targets the direct benefits for users. However, in recent
years, this concept has been reconsidered, and the need to capture wider economic im-
pacts (WEI) as indirect benefits for non-users has been discussed. WEI is categorized
into three types: induced investment, employment effects, and productivity impacts [16].
Among them, employment effects are related to changes in commuting behavior, mainly
for intra-urban transit, while induced investment and productivity impacts are particularly
related also to connectivity between metropolitan areas through intercity transportation
such as HSR.
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Regarding productivity impacts, Deng [17] summarized the various related literature
estimating the contribution of transport infrastructure to productivity and economic growth.
Rice et al. [18] found a robust relationship between productivity and proximity to economic
mass. Chèze and Nègre [19] applied the UK agglomeration effects assessment method to the
Bretagne Pays de Loire high-speed line in France and explored the possibility of assessing
agglomeration and productivity gains. Thanh and Derrible [20] analyzed productivity and
agglomeration changes and the wider economic impacts of an HSR project in Vietnam
by measuring effective employment density. However, these studies did not take into
account the I/O relationships among industries, i.e., the affinities and interactions among
industries as expressed by input coefficients. We tried to combine the I/O interaction with
productivity impact evaluation in this study.

In terms of ‘passenger or freight’, changes in the accessibility of passenger flow by HSR
will assist in the development of a knowledge economy (Chen and Hall [21]) and regional
innovation (Komikado et al. [22]) among multiple cities; in other words, it will bring
communication effects related to the establishment of a new business or the promotion of
existing business. These effects have different characteristics from those brought about by
changes in freight transportation along with the construction of highways and roads. Yi
and Kim [23] analyzed the spatial economic impacts of road and railway accessibility levels
on manufacturing output in South Korea and revealed that there is not a substitutive but a
complementary relationship between the two transportation modes. Related to the above,
SCGE models have been applied to many transportation projects as the benefit analysis
method at the microeconomic level (e.g., Tavasszy et al. [24], Koike et al. [25]); however,
those are not necessarily versatile, because detailed statistical data, such as interregional
input–output tables, are required.

As an alternative approach, the correlation between the industrial linkage and the
actual changes in the number of employees in each industry, before and after the opening
of the Nagano Shinkansen in Japan, was examined by Han, Hayashi, et al. [26], using a
regression model that incorporates accessibility into the interdependence of inter–industrial
transactions and consumption demand obtained from the I/O table. This is an extension
of Nakamura, Hayashi, et al. [27] and Miyamoto et al. [28], which developed a model to
predict industrial and commercial locations for a large metropolitan area in Japan, taking
into account the economic distance between regions. This approach will be employed by
the model in this study. In the abovementioned literature, the number of employees was
applied as the explained variable, but since labor productivity actually differs from one in-
dustry to another, in this study, the production value was applied to represent productivity.

3. Methodology and Data
3.1. Model Setting

To represent the changes in the activity levels of industries and services induced by the
shortening of travel time between cities following the opening of an HSR, we constructed
an I/O–spatial interaction model by adding geospatial concepts to the I/O data. The
modeling of geospatial distortions caused by the location of industries as an economic
mass, which do not appear in general I/O data, was used to estimate the regional economic
impacts caused by the distance impedance reduction associated with the opening of the
MAHSR. The author developed the initial version of the I/O–spatial interaction model
(Sugimori et al.) [29], and we applied an improved version in this study. The process of the
model’s settings is described as follows.

In a case based on an ordinary I/O table, the relationship between the production
value of each industry and aggregate demand for that industry, including both intermediate
demand and final consumption demand, is as in Equation (1).

DINm = ∑
k
(Amk × PROk) (1)
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where DINm is the demand for inter–industrial input from all industries to industry m;
PROk is the production value of industry k (including final consumption demand as one
of the industries); Amk is the input coefficient from industry m to industry k. In this case,
Equation (2) naturally holds.

PROm = DINm (2)

Then, combining Equation (1) with the spatial distortion associated with distance
decay, it can be expressed as Equations (3) and (4).

DINkm
ij = Amk × PROk

i × PTm
ij (3)

DINm
j = ∑

i
∑
k

DINkm
ij (4)

where DINkm
ij is the demand for inter–industrial input from industry k in zone i to industry

m in the surrounding zone j; Amk is the input coefficient from industry m to industry k;
PROk

i is the production value of industry k in zone i; PTm
ij is the probability of each industry

in zone i trading with industry m in zone j. PTm
ij is derived from Equation (5).

PTm
ij =

EMPLm
j ×

(
GCij

)−λm

∑j EMPLm
j ×

(
GCij

)−λm (5)

where EMPLm
j is the number of employees (as economic mass) of industry m in zone j, GCij

is the generalized travel cost from zone i to zone j, and λm is the distance decay parameter
of industry m. In this study, GCij was calculated according to Equation (6) as the total
monetary value, considering the time value and transportation modal share.

GCij = ∑
n

sn
ij·
(

Fn
ij + ω·tn

ij

)
(6)

where sn
ij, Fn

ij , and tn
ij are the modal share, transport fare and travel time, respectively, of the

transportation mode n from zone i to zone j, and ω is the time value.
As described above, the spatial distribution of demand (expenditure) is expressed by

considering the probability of trade between industries and services, determined by the
distance-decayed economic mass (Figure 4). Accordingly, we define the main model as
Equation (7), adding I/O–spatial interaction to the relationship in Equation (2).

ln
(

PROm
j

)
= αm ln

(
DINm

j

)
+ cm (7)

where αm is the scale parameter, differing for each industry m; cm is a constant. This
equation represents the agglomeration effects in a similar form to the Cobb–Douglas
production function.

In reality, input coefficients change as time progresses. We recognize that the change
is both due to performance progress in production and service and due to technological
progress in transportation. Among them, in this model, the change of I/O volume between
industries due to transportation technology progress is clearly shown. It was intended to
be applied to the evaluation of various network improvements, such as the opening of
HSR, which could not be expressed in an ordinary I/O model that discards spatial effects.
I/O–spatial interaction model can be usually applied to any country and region which has
I/O tables. It is an advantage of this method that we can well imagine the future changes in
inter-industrial dependence due to technological progress in transportation. The Changes
due to performance progress in production and service, and technical coefficients, are left
for another study.
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3.2. Data Used
3.2.1. Production Value and Input Coefficients

The production value and input coefficients of the MAHSR corridor region were
estimated using data from the whole of India. Specifically, the regional economy in the
MAHSR corridor was assumed closed internally, and the production value for the I/O table
of the whole of India (2007) [7] was proportionally distributed according to the number
of employees (2011) [5] in each industry and in each zone (based on the municipal unit of
districts) along the MAHSR. In this case, the difference in production value between the
MAHSR corridor region and the whole of India, resulting from the difference in the share
of employees by industry, is regarded as the import or export value and deducted from the
final consumption demand. Accordingly, the I/O table and the matrix of input coefficients
Amk in the MAHSR corridor region were structured (Table 2).

Table 2. Input coefficients Amk in the MAHSR corridor area.

Industries and
Services

Agriculture,
Forestry and

Fishery

Manufacturing
(Including

Mining)
Construction Infrastructure

Services Commerce Hotels and
Restaurants

Other
Ser-

vices

Public
Ser-

vices

Final Con-
sumption
Demand

Agriculture,
forestry, and

fishery
0.19 0.07 0.03 0.01 0.00 0.25 0.00 0.00 0.10

Manufacturing
(including

mining)
0.06 0.47 0.30 0.27 0.06 0.20 0.05 0.00 0.36

Construction 0.01 0.01 0.12 0.01 0.00 0.02 0.02 0.00 0.14
Infrastructure

services 0.03 0.08 0.06 0.08 0.06 0.05 0.04 0.00 0.10

Commerce 0.05 0.07 0.07 0.05 0.01 0.09 0.00 0.00 0.09
Hotels and
restaurants 0.00 0.00 0.00 0.05 0.01 0.04 0.02 0.00 0.02

Other services 0.01 0.04 0.04 0.04 0.05 0.02 0.07 0.00 0.16
Public services 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

Value added 0.65 0.26 0.38 0.48 0.81 0.33 0.80 1.00 -

Total 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

The industries and services were categorized into eight types that were common to the
various statistical data in India. The “Infrastructure services” consisted of electric power,
gas, and water supply, transport, communication, etc., and the “Other services” consisted
of finance, real estate, research, education, medical, entertainment, etc.
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3.2.2. Generalized Travel Cost

In calculating the GCij between each zone (between the central area of each zone)
before and after the opening of the HSR, the transport mode share, fare, and travel time
were set based on the results of the feasibility study of the MAHSR [30]. Additionally, the
time valueωwas calculated based on actual data in Japan. Specifically, theω of MAHSR
was set at seven rupees per min, which is one-sixth of the value of 40 yen per min in
Japan [31], as the planned HSR fare between Mumbai and Ahmedabad is approximately
2300 rupees, which is about one-sixth of 14,500 yen for the Tokaido Shinkansen between
Tokyo and Shin-Osaka in Japan [32]. Because both HSRs commonly take approximately
two hours and have approximately 70% of the modal share [33], they are also expected to
have users in almost the same income class. Note that the surrounding zone j means zone i
itself also, and the fare and time between zone i and itself were set at half of the average
fare and time between zone i and neighboring zones. The generalized travel cost GCij set
between the zones without the MAHSR is shown in Table 3.

Table 3. Generalized travel cost GCij (INR) set between the zones in the MAHSR corridor area
(without MAHSR) (INR).

Ahmedabad Kheda Anand Vadodara Bharuch Surat Navsari Valsad Thane Mumbai

Ahmedabad 249 592 958 1252 1996 2688 2944 3232 4831 5573
Kheda 592 223 419 792 1572 2232 2526 2820 3466 5197
Anand 958 419 193 439 1227 1853 2156 2459 3204 5041

Vadodara 1252 792 439 323 914 1550 1853 2166 2920 4805
Bharuch 1996 1572 1227 914 387 712 1035 1348 2428 3732

Surat 2688 2232 1853 1550 712 267 419 722 1820 3064
Navsari 2944 2526 2156 1853 1035 419 186 409 1506 2559
Valsad 3232 2820 2459 2166 1348 722 409 366 1146 2232
Thane 4831 3466 3204 2920 2428 1820 1506 1146 545 1136

Mumbai 5573 5197 5041 4805 3732 3064 2559 2232 1136 551

3.2.3. Distance Decay Parameter

The distance decay parameter λm may be set at 1.000 uniformly for all industries
practically in the simplest way (e.g., Gutierrez [34] and Venables et al. [35]); however, in
reality, the distance impedance is expected to be individually different for each industry m,
so the distance decay parameter by industry from Graham et al. [36] and the Department for
Transport [37] were applied (Case 1). Though these values were estimated from commuting
demand within the UK metropolitan area, we applied them because they can be utilized in
terms of distinguishing relative differences in the distance decay by industry. For examining
sensitivity by various distance decay parameters λm, Case 2 (foot-loose case) and Case 3
(foot-tight case) were added as shown in Table 4.

Table 4. Distance decay parameter λ set for each industry.

Case 1 Case 2 Case 3

Agriculture, forestry, and fishery 1.655 1.000 1.800
Manufacturing (including mining) 1.097 1.000 1.800

Construction 1.562 1.000 1.800
Infrastructure services 1.818 1.000 1.800

Commerce 1.818 1.000 1.800
Hotels and restaurants 1.818 1.000 1.800

Other services 1.746 1.000 1.800
Public services 1.655 1.000 1.800
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4. Estimation and Results
4.1. Estimated Parameter

The results of the parameter estimation using the regression model in Equation (7) are
shown in Table 5 as a representative example for Case 1. It is inferred that industries with
a relatively high-scale parameter α value (infrastructure services, hotels, and restaurants,
public services, etc.) may multiplicatively gain economic impacts by reacting to the increase
in demand for input.

Table 5. Estimated parameters (Case 1).

α c R2

Agriculture, forestry, and fishery 0.988 0.144 0.53
(3.34) (0.04)

Manufacturing (including mining) 0.959 0.634 0.99
(35.01) (1.63)

Construction 0.976 0.290 0.97
(16.71) (0.39)

Infrastructure services 1.031 −0.536 0.94
(11.42) (−0.46)

Commerce 0.957 0.548 0.97
(15.69) (0.71)

Hotels and restaurants 1.077 −1.191 0.92
(10.48) (−1.04)

Other services 0.971 0.349 0.95
(12.85) (0.35)

Public services 1.186 −2.611 0.91
(9.29) (−1.90)

(The bracketed values are t-values).

4.2. Regional Economic Impacts Evaluation

Using the scale parameter α obtained above, the economic impacts brought to the
MAHSR corridor region were evaluated. Specifically, on the right-hand side of Equation (5),
which determines the probability of trade PTm

ij , substituting the generalized travel cost GCij
without the MAHSR in the denominator, and GCij with MAHSR (Table 6) in the numerator,
it was expressed that newly induced demand will arise due to the reduction in travel time.
In addition, by using Equation (7), the increase in production value PROm

j in reaction to
increased demand for input DINm

j was estimated.

Table 6. Generalized travel cost GCij (INR) set between the zones in the MAHSR corridor area
(with MAHSR).

Ahmedabad Kheda Anand Vadodara Bharuch Surat Navsari Valsad Thane Mumbai

Ahmedabad 249 498 955 1252 1996 2564 2818 2994 3919 4307
Kheda 498 223 377 792 1572 2232 2526 2753 3466 4240
Anand 955 377 193 397 1227 1853 2156 2459 3204 4241

Vadodara 1252 792 397 323 885 1550 1853 2166 2920 3897
Bharuch 1996 1572 1227 885 387 682 1035 1348 2428 3530

Surat 2564 2232 1853 1550 682 267 419 722 1820 2903
Navsari 2818 2526 2156 1853 1035 419 186 409 1506 2421
Valsad 2994 2753 2459 2166 1348 722 409 366 1116 2216
Thane 3919 3466 3204 2920 2428 1820 1506 1116 545 1136

Mumbai 4307 4240 4241 3897 3530 2903 2421 2216 1136 551
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Additionally, substituting the following Equation (8) into Equation (5), Equation (9)
is obtained.

EMPLm
j =

PROm
j

LPm (8)

PTm
ij =

PROm
j ×

(
GCij

)−λm

∑j PROm
j ×

(
GCij

)−λm (9)

where LPm is the labor productivity of industry m. In this case, when substituting the
production value PROm

j estimated by Equation (7) into Equation (9), PTm
ij is renewed.

Accordingly, DINm
j obtained by Equations (3) and (4) is also renewed, and to be corrected

back by iterative calculation. In this calculation, DIN by industry is proportionally adjusted
while DIN by zone is fixed, because the supply of land and labor as production factors
tend to be geographically invariant.

Table 7 shows the annual GRP increase by industry and by zone with MAHSR (as
a representative example for Case 1), which was obtained by multiplying the estimated
production value by the input coefficients A of “Value added” in Table 2. In this estimation,
“Agriculture, forestry, and fishery” and “Public services” were excluded because the rela-
tionship between the location conditions of those industries and intercity passenger flow
was considered trivial.

Table 7. Annual GRP increases (billion INR) by industry and by zone (Case 1).

Manufacturing
(Including Mining) Construction Infrastructure

Services Commerce Hotels and
Restaurants

Other
Services Total

Ahmedabad 4.6 1.7 2.4 4.4 0.3 4.3 17.6
Kheda 4.3 −0.4 −0.2 −1.0 −0.2 −0.7 1.9
Anand 0.6 0.4 1.0 1.5 0.3 1.9 5.6

Vadodara 3.3 0.0 −0.3 0.3 −0.2 −0.5 2.7
Bharuch 0.0 0.1 0.5 0.0 0.0 0.6 1.3

Surat 1.6 0.2 0.4 1.3 0.1 0.6 4.1
Navsari 0.4 0.0 −0.1 −0.1 −0.1 −0.1 0.1
Valsad 0.4 0.1 0.0 0.3 0.0 0.3 1.0
Thane 0.5 0.5 1.1 1.2 0.2 1.7 5.2

Mumbai 3.3 0.2 1.9 1.4 0.5 1.3 8.6

Total 19.1 2.6 6.8 9.3 0.8 9.4 48.1

Similarly, Figure 5a,b shows the increasing rate of annual GRP by industry and by
zone, respectively. Though there was some variation in the results for each case according
to the differences in the distance decay parameter λ, commonly in all cases, it can be seen
that the increase rate of annual GRP for each zone in Gujarat State, including Ahmedabad,
was relatively high, being newly connected to Mumbai. Moreover, these results suggest
that smaller- and medium-sized intermediate cities can also gain economic benefits to a
certain extent. The increase rate of annual GRP averaged in the MAHSR corridor region
was 1.6%~1.8% (Table 8).

Table 8. Increasing rate of annual GRP averaged in the MAHSR corridor region.

Case 1 Case 2 Case 3

1.8% 1.8% 1.6%
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In Table 7 and Figure 5, the GRP effects of network improvement by high-speed
rail are not uniform across industries and regions, i.e., the possibility of interregional
disparity is quantitatively expressed. Figure 5a shows that Case 2 (foot-loose case) tends
to produce greater interaction effects than Case 3 (foot-tight case) in all industries and
services. Figure 5b shows that in Case 2, Mumbai and Ahmedabad (especially Mumbai)
with large economic mass have an advantage over smaller cities, which means the so-called
straw effect. In other words, while the reduction of distance impedance by HSR installation
may promote regional economic development, it may also widen the economic gap among
cities in the HSR corridor area. In order to maintain the economy of each city from being
absorbed into that of the larger metropolitan areas, it will be important to develop a unique
industrial structure, which helps to either preserve or enhance PT in Equation (3). As
an example of the Tokaido Shinkansen corridor in Japan, the industrial base, especially
manufacturing, which is well anchored in Nagoya City, was not swallowed up by Tokyo
(Hayashi et al. [38]).

The abovementioned annual GRP increases are expressed as the difference between
‘without the MAHSR’ economic sizes of the MAHSR corridor at a given point in time (2007
in this study) versus the assumed ‘with the MAHSR’ transportation network, along with
its geographic distribution. This was shown as the additional economic scale that could be
obtained indirectly, apart from the macroeconomic growth of the region as a whole.

5. Conclusions

This study evaluated the regional economic impacts as a part of the indirect benefits
brought by the Mumbai–Ahmedabad High-Speed Rail (MAHSR), which is currently under
construction. In order to estimate the impacts, we modeled the I/O–spatial interaction
by combining the inter–industrial transaction shown on the I/O table with the geospatial
distance decay of economic mass through passenger transportation.

The results showed the economic impacts on each zone and each industry along
the MAHSR corridor as a relative distribution. In addition, the increase rate of annual
GRP averaged among all industries and zones was estimated as 1.6%~1.8% (variation by
distance decay parameter λ set in this study). In this estimation, it was assumed that the
production value of each industry in each city would increase by completely accepting the
newly induced demand coming in. However, if a scenario in which industrial location and
labor flow freely among cities is assumed, industrial concentration in larger metropolitan
areas, as well as interregional disparity, may occur, which means a straw effect. In order to
maintain the economy of each city from being absorbed into that of the larger metropolitan
areas, it will be important to develop a unique industrial structure.
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As described above, the unique feature of this approach is that it is possible to evaluate
the geographic distributions and interregional disparity of economic impacts by combining
the industrial I/O relationships with the changes in passenger accessibility associated with
a large-scale transportation project such as HSR. In addition, this method can be applied to
various countries and regions where detailed I/O statistical data, such as interregional I/O
tables, are difficult to obtain, as well as various transportation project evaluations taking
into account interregional equity.

For future work, the statistical data used should be updated, and the model should be
applied to multiple cases in other HSR corridor regions in India and abroad and validated
based on empirical evidence. In addition, it will be possible to estimate a wide range of
effects of HSR by combining impacts on the regional economy with QOL improvement as
impacts on personal well-being, which can be estimated by the ‘QOL accessibility method’
(Hayashi et al. [39]).
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