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a b s t r a c t

The development of the Shinkansen railway network in Japan has continued since 1964; however, asso-
ciated noise and vibration have seriously affected communities located beside the lines. The Kyushu
Shinkansen Line (KSL) was opened in 2011 and a second temporary conventional railway line (STL)
was operated in 2012. The purpose of this study was to compare community responses to railway noise
and vibration before and after the opening of these two lines. Socio-acoustic surveys were performed in
Kumamoto from 2009 to 2012, where the conventional and Shinkansen lines are adjacent. The noise and
vibration exposures were increased slightly after the opening of the KSL but decreased slightly after the
opening of the STL. When multiple logistic regression analysis was applied using highly annoyed/
annoyed as the dependent variable and using day–evening–night sound level (Lden) and a dummy vari-
able of before or after the opening of the KSL as independent variables, high annoyance was not changed
significantly but moderate annoyance decreased significantly following the opening. There was no signif-
icant difference in either high or moderate annoyance between the periods before and after the opening
of the STL.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Noise and vibration from the Shinkansen railway network has
been a serious social problem in Japan since the opening of the
Tokaido Shinkansen Line in 1964. Noise, vibration, and low-
frequency noise caused by the running of high-speed trains con-
tinue to annoy people living alongside the Shinkansen railway
lines. To overcome this problem, the Japanese government imple-
mented the ‘‘Environmental Quality Standards for Shinkansen
Superexpress Railway Noise” [1] and ‘‘Measures for Noise and
Vibration Caused by Shinkansen Trains” [2] policies. In the period
following the establishment of the environmental standards and
measures, the noise and vibration along the Shinkansen lines have
been improved markedly by the countermeasures.

Toida et al. [3] compiled survey data of noise and vibration from
the Tokaido Shinkansen Line that have been recorded in Nagoya for
30 years. They showed that since the opening of the line, noise and
vibration exposure had decreased by about 20 and 2–3 dB, respec-
tively, by 1995. Yano et al. [4] conducted a social survey and noise/
vibration measurements along the Sanyo Shinkansen Line, and

based on the finding that the Shinkansen line emitted a higher
level of vibration than the conventional line at the same noise
level, they suggested that noise annoyance was increased by vibra-
tion. Yokoshima et al. reported a series of noise and vibration sur-
veys of Shinkansen lines. They found that community response to
the noise of Shinkansen lines had moderated from 1985 to 2002
because of the implementation of effective noise countermeasures
but that the response to vibration was unchanged [5]. They sug-
gested that LAmax was a better index for consistent exposure–re-
sponse relationships among the three surveys than LAeq [6].
However, this latter finding is reversed when recent surveys are
considered [7]. They proposed not only a noise exposure–response
relationship but also a vibration exposure–response relationship
[8]. Yokoshima et al. compared the exposure–response relation-
ships for transportation noise with datasets accumulated in Japan
and they showed that the noise of Shinkansen lines was equally
as annoying as commercial aircraft noise but more annoying than
conventional railway and road traffic noise [9].

As a part of the development of the Shinkansen network, the
Kyushu Shinkansen Line (KSL) was opened in 2011. This line runs
from Fukuoka to Kagoshima via Kumamoto, which lies at the mid-
point between the two cities. The conventional railway and Shin-
kansen lines are adjacent around Kumamoto station. Following
the opening of the KSL, a second temporary conventional railway

http://dx.doi.org/10.1016/j.apacoust.2016.09.004
0003-682X/� 2016 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail addresses: hiroyuki.y0316@gmail.com (H. Tetsuya), yano@gpo.kumamo-

to-u.ac.jp (T. Yano), yasuhiro@arch.sojo-u.ac.jp (Y. Murakami).

Applied Acoustics 115 (2017) 173–180

Contents lists available at ScienceDirect

Applied Acoustics

journal homepage: www.elsevier .com/locate /apacoust

http://crossmark.crossref.org/dialog/?doi=10.1016/j.apacoust.2016.09.004&domain=pdf
http://dx.doi.org/10.1016/j.apacoust.2016.09.004
mailto:hiroyuki.y0316@gmail.com
mailto:yano@gpo.kumamoto-u.ac.jp
mailto:yano@gpo.kumamoto-u.ac.jp
mailto:yasuhiro@arch.sojo-u.ac.jp
http://dx.doi.org/10.1016/j.apacoust.2016.09.004
http://www.sciencedirect.com/science/journal/0003682X
http://www.elsevier.com/locate/apacoust


line (STL) was operated in 2012. The Shinkansen network contin-
ues to be expanded in Japan; the Hokuriku and Hokkaido Shinkan-
sen Lines were partially opened in 2015 and 2016, respectively,
and a Nagasaki Shinkansen Line is being planned. Therefore, accu-
mulating data of community responses to noise and vibration from
the Shinkansen lines is of considerable strategic importance in
Japan. However, rapid transit railway networks have been con-
structed in European countries such as France, Spain, and Germany
and in Asian countries such as China, Taiwan, and Korea. It is also
expected that the expansion of rapid transit railway networks will
occur in developing countries such as Brazil and India. Therefore,
impact assessments of rapid transit railways are urgently required,
not only in respect of a steady-state scenario but also in consider-
ation of step-change conditions.

The focus of many step-change studies has been whether peo-
ple overreact to a change in the level of noise exposure compared
with steady-state conditions. In their reviews, Brown and van
Kamp [10,11] called this effect an ‘‘excess response” but they
acknowledged in a footnote that the term ‘‘overreaction” is often
more appropriate [10]. The opposite case is called an ‘‘under
response.” In the current paper, the terms ‘‘excess response” and
‘‘under response” have been adopted. Fidell et al. [12] investigated
community response to a step change in aircraft noise exposure
following the opening of a new runway and they determined an
excess response. However, Fidell et al. [13] indicated no excess
sleep disturbance following changes in exposure to nighttime air-
craft noise. Öhrström [14] reported a large decrease in annoyance
following a reduction in road traffic noise but did not specify
whether it was an excess reduction. Nilsson and Berglund [15]
investigated road traffic noise annoyance both before and after
the erection of a noise barrier. They found that while indoor expo-
sure–response curves agreed with steady state exposure–response

curves, outdoor exposure–response curves did not. Brink et al. [16]
investigated the effects of a step decrease and a step increase in
aircraft noise exposure on the exposure–annoyance relationship
and found an excess response with the step increase. Brown and
van Kamp [11] listed 11 explanations interpreting the excess
response and identified 3 as plausible: changes in modifiers of
exposure–response relationships, differential response criteria,
and retention of coping strategies. Brown and van Kamp [10] sys-
tematically reviewed 43 step-change studies and found an excess
response in comparison with steady-state exposure–response rela-
tionships, at least for road traffic noise change at source. Of the
reviewed studies, six focused on railway noise, including one that
considered noise from Shinkansen lines.

The purpose of this study was to provide fundamental data for
deciding future noise and vibration policy by comparison of com-
munity responses to railway noise and vibration between the peri-
ods before and after the opening of the KSL and STL in Kumamoto.

2. Method

2.1. Survey site

The KSL opened in March 2011. At that time, the KSL and the
conventional railway line were adjacent in the area around Kuma-
moto Station, as shown in Fig. 1. An elevated section of the conven-
tional railway line was then constructed in an area from about
5 km north to 1 km south of Kumamoto Station. The stages of the
construction process of the elevated conventional railway line over
a period of more than 10 years are shown in Fig. 2(c)–(f). In March
2011, conventional trains were operated on the first temporary
line (Fig. 2(c)) and then moved to the STL in August 2011 (Fig. 2

Fig. 1. Survey area for Shinkansen and conventional railway noise and vibration.

Fig. 2. Process of constructing railways in North area (Survey I in 2009–2010, Survey II in 2011, and Survey III in 2012).
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