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Abstract: High speed rail (HSR) networks have been an essential catalyst in stimulating and balancing
regional economic growth that ultimately benefits the society as a whole. Previous studies have
revealed that HSR services sustainably yield superior social values for people, especially for adults
and those of working age. This has become an advantage of HSR networks over other forms of public
transportation. The Shinkansen network in Japan is one of most successful HSR models. Its services
bring significant social advantages to the communities it serves, such as shorter travel times and
increased job opportunities. Nevertheless, the societal impact of HSR networks depends on many
factors, and the benefits of HSR could also be overrated. The goal of this research is to measure the
socioeconomic impacts of HSR on people of all genders and age groups. The outcomes could lead
to more suitable development of HSR projects and policies. This study investigates data sets for
Japanese social factors over 55 years in order to determine the impacts of HSR. The assessment model
has been established using Python. It applies Pearson’s correlation (PCC) technique as its main
methodology. This study broadly assesses social impacts on population dynamics, education, age
dependency, job opportunities, and mortality rate using an unparalleled dataset spanning 55 years of
social factors. The results exhibit that younger generations have the most benefits in terms of equal
educational accessibility. However, the growth of the HSR network does not influence an increase in
the employment rate or labour force numbers, resulting in little benefit to the workforce.

Keywords: socioeconomic impacts; population dynamic; high-speed rail (HSR); sustainability;
transport and policy

1. Introduction

Railway transport is the safest and the most environment-friendly mode of transport.
However, the socioeconomic impacts of high-speed rail (HSR) have become a global debate
in various political arenas. Many experts have claimed that HSR services generate benefits
to a society, but it has not been possible to evaluate the extent of the HSR’s impacts. Many
researchers have attempted to adopt various statistical methods to assess HSR’s actual
social impacts. However, the scope of research outcome is inadequate since HSR networks
can be affected by various conglomerate factors, such as geography, station locations, and
population incomes.

HSR networks have been considered to be a new and smart alternative form of
public transportation, and have become highly competitive compared with other modes of
transportation for medium-distance journeys. Japan’s HSR network, the Shinkansen, is
considered as one of the greatest HSR networks. The operation of Japanese HSR services
has influenced the lives of residents and has ultimately offered various social benefits in
terms of population dynamics and the country’s workforce (especially to adults). The
Shinkansen network shares the market with four other modes of transportation (i.e., buses,
ferries, cars, and airplanes) and has become the most competitive service for distances
between 500 and 700 km, gaining 69.1% of the total market share [1]. Similarly, other
studies showed that HSRs gain the greatest market share when implemented for the
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distance between 483 and 692 km [2–5]. HSR has brought the advantage of greater mobility
to local communities across the service area, widening the opportunities for the society.

HSR acts as a catalyst to connect urban and suburban areas, and its service enables
economic growth. The vast and seamless connections of the network are of great interest to
HSR passengers. As an illustration, China’s HSR network has become the most extensive
network in the world, containing over 15,000 km of HSR tracks [6]. The HSR system
enables Chinese people to travel across the country and links China with its borders,
directly enlarging its markets. The HSR network is expected to enhance China’s GDP by
approximately 1–3%. Additionally, significant extension of HSR networks has also occurred
in Europe, showing a growth in networks from 643 km in 1985 to 7343 km in 2013 [6],
and raising the market share in most of the European countries [7]. These European
HSR networks enable passengers to travel across borders and stimulate the economy by
increasing productivity, growing the workforce, and enlarging markets [8,9]. The HSR
services undoubtedly reflect advantages for adult commuters in terms of business and jobs.
On the other hand, no study has examined the impact of HSR networks on young and
elderly groups of passengers. Therefore, this research aims to fill these gaps by analysing
the effects of HSR and relevant social factors on every passenger of all generations.

This research considers Japan’s HSR network as a case study for evaluating the socio-
economic impacts stemming from the growth of the Shinkansen network. One way to
overcome issues of uncertainties within the study is to use the long-term datasets of social
factors to derive a correlation with the growth of the Shinkansen network. In addition,
correlation and PCC models have been established using Python. The research focuses on
12 critical factors related to socioeconomic impacts in Japan. The outcomes of this study
can represent exactly how HSR networks will benefit society. Additionally, the models can
be applied to HSR systems in other countries in order to measure the actual impacts of the
HSR networks, which can lead to good decision-making for any future HSR development.

2. Methodology

To evaluate the social impacts of HSR services in Japan, long-term data on social
factors has been collected from the World Bank [10], which is considered a reliable data
source. Twelve social factors to be considered in this study have been identified, involving
population dynamics, educational, local economic, and workforce issues. All 12 data sets
were compiled for 55 years between 1964 and 2019. Data preprocessing has been conducted
to validate the information. After identifying missing data for some of the selected social
factors, a k-nearest neighbor (kNN) model was created through Python to predict missing
values. A correlation analysis was then undertaken to measure the impacts of the HSR
network growth on these social factors, as shown in Figure 1.
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2.1. K-Nearest Neighbour (kNN)

The kNN algorithm is used to replace missing values in the data sets. The concept of
kNN is to substitute missing values with the most similar complete values. The k value can
vary depending on the amount of complete data in the data sets. For example, when k is
selected as 3 (k = 3), the three nearest data points are calculated using the selected functions
(i.e., Euclidean, Manhattan, Pearson) to create and insert a new value for the missing one.
However, the selection of the k value must be carefully considered because inappropriate
selection can result in poor model performance in terms of estimation. A lower k-value
may indicate the lack of conformity to the trend in the data set, whereas a higher k value
may be included with other disturbance values [11]. The best solution for finding a k value
is to test different k values in the data sets to reduce arbitrary error [12]. This study uses
the standard Euclidian distance form, as shown in Equation (1).

In this study, the kNN is used to predict missing values in the World Bank’s official report.

d(p, q) =
√
(p1 − q1)

2 + (p2 − q2)
2 + · · ·+ (pn − qn)

2 (1)

where: d = Euclidean distance between the point p and q, p = {p1, p2, . . . , pn}, q = {q1, q2, . . . , qn},
and n = number point p and q from 0 to n.

2.2. Pearson’s Correlation Analysis

Pearson’s correlation coefficient has been successfully applied in various statistical
studies [13–16]. It is commonly used to measure the relationship between two variables,
and the results range from −1 to 1. There are multiple aspects of the data analysis of the
correlation between two factors depending on the area of study; for example, the range of
strong relationships is 0.7–0.9 in psychology, 0.4–0.6 in politics, and 0.8–0.9 in medicine [17].
In this research, a value in the range ±0.1 to ±0.3 means a weak relationship, ±0.3 to ±0.5
means a moderate relationship, and ±0.5 to ±1.0 means a strong relationship. A positive
value means that both factors are in direct variation, whereas a negative value means both
factors are in inverse variation.

In this study, the Pearson’s correlation is taken to measure the correlation between
social factors and the growth of the Shinkansen network, as shown in Equation (2):

P =
∑(Xi − X)(Ya − Y)√

∑(Xi − X)2 ∑(Ya − Y)2
(2)

where P = correlation coefficient; Xi = values for social factor i; X = mean of the values for
social factor i; Ya = the length of Shinkansen network in year a; Y = mean length of the
Shinkansen network.
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2.3. Weighted Average Travel Time (WATT)

This study uses WATT to measure accessibility in Japan. In addition, it can be used to
compare conventional rail and HSR services.

WATTa =
∑B

b=1 Mb ∗ ttab

∑B
b=1 Mb

(3)

where: WATTa = Weight average travel time, Mb = population density of station, ttab =
travel time from origin a to b.

3. Result and Discussions

From the Pearson’s correlation analysis among 12 social factors and the growth of the
Shinkansen network, the outcomes represent values between −1 and 1, as described in
Table 1 and Figure 2.

The benefits of HSR networks can be classified as either direct and indirect effects on a
society. The core concept of HSR is to build on the improved train performance in terms of
speed. The first era of rail transportation was characterized by lower train velocities. One
obvious benefit of trains is the increased accessibility. Table 2 shows the WATT analysis
results for the Shinkansen network of Honshu area. The results for the Shinkansen network
represent time saving of at least 25% compared with conventional trains on the same routes.

Table 1. The summary of PCC results of Japan’s socioeconomic factors.

Socioeconomic Factors PCC Result

Population 0.9428
Age dependency ratio for young group −0.9419
Age dependency ratio for elderly group 0.8751

School enrolment, primary 0.2425
School enrolment, secondary 0.9641

School enrolment, tertiary 0.9217
Progression to secondary school 0.6935

Primary completion rate 0.2378
Labour force participation rate −0.7483

Employment to population ratio −0.7775
Unemployment 0.6577

Proportion of seats held by women in national parliaments 0.5958

Table 2. The summary of Shinkansen services in the Honshu area and WATT analysis.

Train
Operators Lines Route

Distance
(km)

Number of
Stations

WATT Analysis (mins) a

Conventional
Rail HSR

JR West
Hokuriku Tokyo–Kanazawa 345.4 18 240 148

Sanyo Shin Osaka–Hakata 553.7 19 224 137

JR Central Tokkaido Tokyo–Osaka 552.6 17 587
142 (Nozomi),
180 (Hikari),

240 (Kodama)

JR East

Tohoku Tokyo–Shin Aomori 713.7 26 242 143

Joetsu Tokyo–Niigata 333.9 13 Inaccessible 120

Yamagata Tokyo–Shinjo 421.4 16 203 149

Akita Tokyo–Akita 670.2 16 306 229
a The WATT analysis used the data from official report of Shinkansen’s operators [18–20].
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With respect to JR West, the maximum reduction in travel time from that of conven-
tional rail is 38.83% for the Sanyo Shinkansen. The Tokkaido Shinkansen, the most popular
Shinkansen service, has three different train classes in services, namely Nozomi, Hikari and
Kodama. The fastest train has a travel time saving of 76.15% compared to the conventional
line. Overall, Shinkansen services reduce travel time by between 25.16% (Akita Shinkansen)
and 40.90% (Tohoku Shinkansen) compared with JR East’s conventional lines. As a result,
remarkably shortened service times and increased station accessibility provide a potential
impact on Japanese society.

Socioeconomic benefits are recognized as indirect effects of HSR services. With grow-
ing demand for services, an increased demand for tourists in areas with HSR services can
also be expected. Figure 3 illustrates the coverage of the Shinkansen network with the total
operating distance of 3066.2 km. The transportation system is one of the critical factors
that induces passengers to travel [21–24]. The volume of traffic has been found to have
increased by 10% in the short-term, reducing 20% of the travel time in HSR corridors [22].
Therefore, social and economic conditions can be improved as a side effect (or secondary
benefit) of HSR (i.e., population growth and educational benefits).
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Through the PCC analysis, 12 social factors have been evaluated, and can be split into
three groups: population dynamics, educational, and local economics/workforce.

3.1. Population Dynamics

The dynamics of population relate to accessibility of urbanization, relocation, and
other relevant factors such as accommodation and workplaces. It is found that the trend
in population growth has been marginally higher along HSR lines after the Tokkaido
Shinkansen came into service [24,25], and those cities with HSR stations have 22% higher
growth than cities without HSR [23,26]. Moreover, half of those prefectures contain at
least one HSR station, and had a population growth higher than the national average. The
Tohoku HSR line’s effects are shown to represent a population growth of 32% in cities
close to HSR stations, whereas the remaining areas have shown no significant population
growth [27].

The benefits of increasing regional accessibility are revealed from the time-space
convergence effect [28]. Also, HSR services increase spatial disparity in a region, with
long-term connectivity benefits to people who live in areas close to HSR stations [29,30].
Moreover, the provision of HSR services increases the quality of affected residential areas,
because they serve people’s need for accessible travel, which enhances visits or work
travel between places. This has been evidenced by the increased in property prices around
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stations. Buildings can therefore gain a positive connectivity impact from their locations
close to stations. It is noted that commercial properties within 0.25 miles of stations are
12.2% more expensive than other residential properties. Also, there is a variation of 4.2%
in prices shown between areas close to railway stations and other business zones [31]. In
addition, the areas close to railway stations connected to central business districts (CBD)
have received the most significant impacts on property prices [32]. The statements above
precisely show that HSR services have positive effects on quality of life.

A strong positive relationship (R = 0.924) has been found between the development
of Shinkansen networks and the benefits to Japanese residents. Similarly, the potential
impact on population dynamics due to Shinkansen services is shown in some areas [33]. In
terms of age dependency, the younger and older generations have been investigated. The
outcome for the younger generation is −0.9419, and for the older generation is 0.8751. It is
interesting to note that the advent of the Shinkansen network has offered more benefits to
the elderly than to younger age groups.

3.2. Educational Factors

Access to proper education is one of the crucial factors that have driven society
forward. This research measures the opportunities for children to attend three school levels
(primary, secondary, and tertiary). These factors demonstrate how HSR services can impact
the younger generation. In fact, children in developing countries have faced problems
because of the lack of educational opportunities [34]. Some studies have revealed that
many children must walk to/from school for up to six hours daily because their homes are
so far from the nearest school. Additionally, this issue still prevails in the suburban areas
of developed countries, since children require a higher standard of education equivalent
to that of city children. Therefore, the development of the HSR networks can remove the
barriers to a standard education system.

Hence, the benefits of HSR services for the young generation should be measured by
the school attendance rate that reflects educational opportunities. This research has col-
lected information from the school enrolment data for the primary, secondary, and tertiary
levels in Japan, demonstrating the positive relationships with the growth of Shinkansen
networks. It is worth discussing these promising outcomes revealed by the enrollment rate
results for secondary and tertiary school, which are 0.9641 and 0.9217, respectively. More-
over, the result of the progression to secondary school is 0.6935. This can be interpreted to
mean that the Shinkansen networks provide benefits to the younger generation in order to
enhance their educational opportunities.

3.3. Local Economic Benefit and the Workforce

With respect to the economy in Japan, Shinkansen services seem to have only affected
the labor market at the beginning of their operational periods. Many researchers had
evaluated the Shinkansen network’s impacts on population dynamics as including the
effects on employment and the labor force. Cities with HSR stations have gained 16–34%
higher employment growth. Growth rates are found to be 1.8% in areas connected to HSR
stations, but they are only 1.3% in those areas without HSR stations [35]. Reportedly, the
employment rate has decreased through the following years. While the result has showed
an overall fall of only 2.8% in 1989, it has reduced by 3.6% in the areas without HSR. In
comparison, the information technology (IT) sector has risen to 22% [36]. These comparison
imply that the Shinkansen network’s impact is associated with a very limited part of the
labor market. The businesses involved, such as food retailing and the accommodation
sector, need a higher degree of accessibility to stations [26,36,37]. On the other hand,
the HSR network has increased job opportunities for women [37,38]. This study has
investigated the proportion of seats held by women in the national parliament as a factor
in this study. The outcome is 0.5958, which illustrates a strong positive relationship with
the HSR network. However, job opportunities for women can also be measured in other
sectors. This assumption might be addressed in future studies.
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However, the outcomes of this study in terms of the labor force and employment
rate are −0.7483 and −0.7775, respectively. Moreover, the result for the unemployment
rate is 0.6577. This reveals that the overall advantage of the Shinkansen network for the
Japanese labor market has decreased, as shown in specific sectors and locations. Similarly,
the study’s PCC result for employment is 0.1375, indicating a low positive correlation with
the growth of the Shinkansen network.

In Figure 4, the PCC results exhibit that the quality of living, the educational and local
economics, and the workforce pillars are 0.0800, 0.4120 and 0.1375, respectively. The results
raise the average PCC of all factors to 0.2098, which implies that the Shinkansen network
has relatively small socioeconomic benefits.

Infrastructures 2021, 6, x FOR PEER REVIEW 8 of 11 
 

network. However, job opportunities for women can also be measured in other sectors. 
This assumption might be addressed in future studies. 

However, the outcomes of this study in terms of the labor force and employment rate 
are −0.7483 and −0.7775, respectively. Moreover, the result for the unemployment rate is 
0.6577. This reveals that the overall advantage of the Shinkansen network for the Japanese 
labor market has decreased, as shown in specific sectors and locations. Similarly, the 
study’s PCC result for employment is 0.1375, indicating a low positive correlation with 
the growth of the Shinkansen network. 

In Figure 4, the PCC results exhibit that the quality of living, the educational and local 
economics, and the workforce pillars are 0.0800, 0.4120 and 0.1375, respectively. The re-
sults raise the average PCC of all factors to 0.2098, which implies that the Shinkansen net-
work has relatively small socioeconomic benefits. 

 
Figure 4. The comparison on the radar charts of quality of living, education, and employment in 
Japan. 

4. Policy Implications 
This study suggests that the government can increase opportunities for adults and 

the workforce through a suitable and robust design of sustainable development policies 
related to the Shinkansen network. 

First, the development of business areas and office space close and connected to HSR 
stations can increase job opportunities. HSR stations close to central business districts are 
able to increase job rates because secured and convenient services are offered to workers 
[21,38–40]. Also, workplaces within walking distance of HSR stations can become an es-
sential criterion for job seekers and new businesses for greener urban innovation towards 
net zero or even negative emissions [41,42]. 

Next, special weekday tickets for workers should be considered. Most rail authorities 
offer specially priced tickets for children and the elderly. However, the authorities should 
also offer weekday access to workers who regularly travel between their workplaces and 
homes. This study underpins that the affordable connectivity strategy can generate better 
long-term benefits for the workforce and the country’s economy. HSR station can act as a 
hub for services and can build on synergies that attract secondary and tertiary revenues 
[43,44]. 

Lastly, the HSR timetable should be rescheduled to support workers’ demands, es-
pecially in the suburban areas. This would be an extraordinary benefit for people who 
require on-demand access to early and late services to be timetabled. 

  

0.0800

0.4120

0.1375

-1.0000

-0.5000

0.0000

0.5000
Quality of living

EducationEmployment

Figure 4. The comparison on the radar charts of quality of living, education, and employment
in Japan.

4. Policy Implications

This study suggests that the government can increase opportunities for adults and
the workforce through a suitable and robust design of sustainable development policies
related to the Shinkansen network.

First, the development of business areas and office space close and connected to
HSR stations can increase job opportunities. HSR stations close to central business dis-
tricts are able to increase job rates because secured and convenient services are offered to
workers [21,38–40]. Also, workplaces within walking distance of HSR stations can become
an essential criterion for job seekers and new businesses for greener urban innovation
towards net zero or even negative emissions [41,42].

Next, special weekday tickets for workers should be considered. Most rail authorities
offer specially priced tickets for children and the elderly. However, the authorities should
also offer weekday access to workers who regularly travel between their workplaces
and homes. This study underpins that the affordable connectivity strategy can generate
better long-term benefits for the workforce and the country’s economy. HSR station can
act as a hub for services and can build on synergies that attract secondary and tertiary
revenues [43,44].

Lastly, the HSR timetable should be rescheduled to support workers’ demands, espe-
cially in the suburban areas. This would be an extraordinary benefit for people who require
on-demand access to early and late services to be timetabled.

5. Conclusions

This study determines the social impacts of the Shinkansen network on Japan’s res-
idents and the economy. The research aims to evaluate social benefits that can lead to
sustainable development policies for future HSR networks. This study is the world’s first
study to provide quantitative evidence underpinning the socioeconomic benefits stemming
from an HSR network. Some scholars have highlighted the social impacts of HSR services,
but most previous studies had focused only on adults. Such studies cannot truly reflect a
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society in its entirety. This study has produced unparalleled long-term datasets collected
for 12 social factors in Japan since 1964. Although the collected data sets have some missing
information, the data imputation method (kNN) has been used to predict those missing
values. This study has also established a new evaluation model based on Pearson’s analysis
as a critical methodology.

Our new findings indicate that Japanese HSR services contribute to the social im-
pact differently, especially when considering different generations. Previous studies had
suggested that HSRs can benefit workers and stimulate the Japanese economy. However,
this study is the first to illustrate that the younger and adult generations enjoy greater
opportunities than the adult or worker groups. The social impacts are evidenced by school
enrolments. The primary, secondary, and tertiary enrolment rates demonstrate a strong
relationship with the growth of the HSR network. This can be confirmed by an increase in
the average PCC value for educational factors of 0.4120.

On the other hand, the impact on the adult workforce and the availability of job
opportunities has not been significant. The results illustrate that the average value of
employment opportunities for all genders is −0.7278, which denotes a strong negative
relationship. However, this study also reveals that HSR generates clear benefits in terms of
women’s job opportunities; for instance, in the national parliament.

6. Study Limitations and Future Works

This research assesses the socioeconomic benefits of the Shinkansen network in Japan
by cross-investigating 12 socioeconomic factors. The results are presented with reference to
Pearson’s correlations. However, some limitations of this research should be noted.

First, the socioeconomic factors were recorded between 1964 and 2019, enabling a
comprehensive data set. Nevertheless, any adjustment of the dataset (e.g., evaluation
period, variables) will in turn change these socioeconomic impacts. Second, the study
focuses only on the impact of HSR on Japanese society. The findings and policy implications
are related only to Japan. Therefore, an analysis using local data sets is necessary to develop
a suitable framework for other countries.

For future works, the review of the socioeconomic benefits can be implemented for
other countries such as China, France, South Korea, and Spain. The results could be
compared to indicate cultural differences between Asian and European countries. Lastly,
an in-depth analysis of job opportunities in each sector could be conducted with respect
to the expansion of HSR networks. The outcomes could lead to sustainable development
suitable for each particular network.
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