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Abstract: In this study, we analyzed the external effects of wind turbines, which are often considered
detrimental to the promotion of wind power generation. Understanding these externalities is essential
to reaching a consensus with residents who live near the site of a planned wind turbine. Our research
objective was to determine the relationship between wind turbines and people’s well-being in areas
where they have been installed for a long time. We hypothesized that wind turbines would have a
negative impact on people’s well-being. We conducted a survey by postal mail in Chōshi City, Chiba
Prefecture, Japan, to examine the external effects of wind turbines, adopting a subjective well-being
index to measure respondents’ well-being. Regression analysis suggests that having a view of wind
power turbines has a positive effect on the subjective well-being of local residents. Moreover, the
results indicate that such well-being increases with increasing distance from the turbines. Except
for scenic elements, we found that wind turbines are not always considered desirable by residents.
Therefore, it is important to further clarify the external influence of wind turbines and other facilities
in local communities.

Keywords: subjective well-being; wind turbines; renewable energy; externalities; life satisfaction
approach; local residents

1. Introduction

From the perspective of climate change and energy security, the rapid introduction of
renewable energy is greatly expected. Countries around the world have been researching
and introducing renewable energies that take advantage of local natural capital [1–4].
Despite the remarkable growth of photovoltaic energy via a feed-in-tariff (FIT) scheme,
the installed capacity of renewable energy has not been fully utilized in Japan. Therefore,
the introduction of other renewable energy sources, such as wind and geothermal power
generation, has been greatly expected. In fact, in announcing that it will achieve carbon
neutrality by 2050, the Japanese government proposed the expansion of onshore wind
power and offshore wind power [5]. However, it has been suggested that the operation
of wind power generation facilities may bring negative externalities to local communities.
For example, Japan’s Ministry of the Environment [1] reported typical damage and nega-
tive impacts that building or operating wind turbines has caused, including obstructed
views, noise, low-frequency sounds, impacts on animals and plants, and shadow flicker,
which represent negative externalities for local residents, leading to conflicts regarding the
construction of wind turbines.

Conflicts related to the construction of wind turbines are considered to be a disincen-
tive for their expansion. In Japan, conflicts have occurred in approximately 40% of the cases
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of wind turbine construction [6,7]. According to estimates by the Ministry of the Environ-
ment [8], the potential for wind power energy in Japan is approximately 1.9 million MW.
However, the amount of installed capacity as of 2020 was 443.9 MW [9], which shows that
the use of wind power is lagging behind its potential. Of course, such conflicts also exist in
other countries. In Europe, for example, wind power is more widely installed than in Japan
(approximately 220,000 MW in 2020) [10]. However, in Europe, as in Japan, approximately
40% of projects have been postponed due to disputes [11]. In response to these conflicts, in
2008, the International Energy Agency Wind Technology Collaboration Programme (IEA
Wind TCP) started a task force related to the social acceptability of wind power, which has
been working toward more rapid introduction of wind power in Europe [12].

Given the current situation, it is critical to develop a framework to deal with the
conflicts related to turbine construction and accelerate the introduction of wind turbines
in Japan. One option is to share the benefits related to the construction and operation of
wind turbines. Therefore, it is necessary to examine the possible negative externalities and
review relevant studies that can be used for discussion with residents. To the best of our
knowledge, such studies have not been conducted in Japan. Therefore, this study is the
first attempt to examine whether and how wind generation results in negative externalities
in Japan.

The purpose of this study is to clarify the extent of externalities in areas where wind
turbines have actually been in operation for a long time. There are some areas in Japan
where wind turbines have been operating for a long time after conflicts were resolved,
but the externalities in these areas have not been clarified. We believe that clarifying
these external externalities will be useful for building consensus when constructing wind
turbines in the future. We hypothesize that even if conflicts did not occur, externalities
exist and have some negative impact on people. The purpose of this study is to clarify this
hypothesis.

While wind power mitigates the negative externalities of conventional electricity
technologies, notably the emission of CO2 and other air pollutants, it also entails externali-
ties [13]. There are many studies on the externalities of wind turbines, for example, visual
pollution [14–17], noise pollution [18–22], and impacts on wildlife [23–27]. Several studies
have investigated the negative impacts on landscape aesthetics [14–16,28,29]. While there
have been several studies on the noise impact of wind turbines [18–22], many studies report
that annoyance does not indicate evidence of causal health effects [13]. In addition, wind
turbines may change the habitats of wildlife such as birds and bats, and many studies have
examined whether and how wildlife is impacted [24–28]. However, whether the general
effect on wildlife is positive or negative is uncertain [13].

On the other hand, wind turbines do not always lead to only negative externalities for
residents. They can induce positive externalities by stimulating the tourism industry if they
can create special landscapes. There are numerous studies about such effects on tourism,
but with different results, so the evidence on local tourism effects remains mixed [13]. Some
case studies establish negative impacts on local touristic appeal [29–31], while others detect
negligible effects or enhanced attractiveness [32–36].

There are typically two types of methods for conducting research on wind turbine
externalities. First, there are research methods involving the use of questionnaire surveys,
such as the contingent valuation method (CVM) and choice experiment (CE). These estimate
respondents’ willingness to pay (WTP) to prevent the construction of wind turbines or their
willingness to accept (WTA) construction. Many CVM and CE studies have shown that
neighboring residents perceive negative externalities from wind turbines [16,37–39]. On
the other hand, some studies show that consumers are willing to pay for wind turbines to
obtain green electricity [40–43]. There is also an analytical method that combines the CVM
and CE with the travel cost method (TCM), which predicts landscape value from tourist
travel costs [44]. Kipperberg et al. [45] used this method to show the negative impact of
wind turbines. These methods have some problems. First, they may be affected by strong
opposition from local residents to the construction of wind turbines. In such cases, the
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results will be greatly biased. In addition, the scenarios of the questionnaires used in these
methods can greatly affect respondents’ evaluations. In this regard, we need to be very
careful when creating questionnaire scenarios.

A second analytical method involves the use of a hedonic approach [46]. When people
select housing, they make decisions by considering environmental factors, including noise
levels and landscape. The hedonic method in this context is based on the premise that land
prices include people’s WTP for the environment. By using this method, we can assess
how the externalities of wind turbines, such as noise and landscape effects, affect land
prices [47]. Jensen et al. [29] analyzed the impact of the presence of wind farms on land
prices using Danish land price data. In their study, they analyzed the negative influence
of wind turbines in terms of landscape and noise separately. Numerous other studies
have also used the hedonic method, including those by Sims and Dent [48] in the UK,
Heintzelman and Tuttle [49] in the USA, Dröes and Koster [50] in the Netherlands, Sunak
and Madlener [51] in Germany, and Gibbons [52] in England and Wales. However, in the
Japanese context, using the hedonic method of analysis is difficult because there are only a
few cases where wind power generation facilities have been introduced near housing, and
there is a very small amount of data on housing transactions near wind power generation
facilities. However, there are some cases where wind turbines are constructed very close
to residences, because there are no regulations controlling the distance between them
in Japan.

In recent years, the life satisfaction approach (LSA) using subjective well-being has
attracted attention as a new analytical method. Compared to the CVM and hedonic ap-
proach, the LSA avoids bias resulting from the expression of attitudes or the complexity of
valuation; it also avoids misconceptions regarding the real estate market (slow adjustment
of prices, incomplete information, transaction costs, etc.) [53–55]. Several studies have
used the LSA to analyze, for example, air pollution [56,57], landscape amenities [58], noise
pollution [59–61], and flood disasters [62].

Kunimitsu [63] analyzed the positive influence of the existence of physical capital
in an area on well-being, while Brereton et al. [64] show the positive impact of airports
on well-being. On the other hand, some studies show that the “not in my backyard”
(NIMBY) attitude has a negative impact on well-being. For example, roads [64–67], dump-
ing grounds [64], and nuclear power plants [68] have been shown to have a negative impact
on well-being. On the other hand, in the context of wind turbines, the NIMBY argument has
been controversial. Some studies argue that NIMBY may not be an appropriate framework.
They claim that “NIMBY resistance may be a result of opposition rather than an explanation
of it” [69]. Other studies claim the proximity hypothesis, which states that people are more
likely to oppose the introduction of a controversial facility if they live closer to it [70,71].

A handful of studies used the LSA to investigate wind turbines in Germany [55,72].
These studies found negative effects of wind turbines on happiness, but such effects
appeared to be both spatially and temporally limited [13,55,72]. In this study, similar to
those of Krekel and Zerrahn [55] and von Möllendorff and Welsch [72], our analysis is
focused on the relationship between subjective well-being and wind turbines.

The first feature of this study is that, similar to Krekel and Zerrahn [55], we use
detailed distance data. Since the degree of externalities from wind turbines may vary
greatly depending on the distance from people’s place of residence, we also consider this
point in the analysis.

Second, we examine what elements of wind turbines affect well-being. Krekel and
Zerrahn [55] focused on the distance to existing wind power generators and well-being.
In this study, we focus not only on the distance from wind turbines but also on whether
residents can see or hear them. Even if residents live close to a wind turbine, it is possible
that its influence will differ depending on whether they can see it.

In addition, different from Krekel and Zerrahn [55] and von Möllendorff and Welsch [72],
this study features an analysis of an area where wind power generation has operated for
a long period of time. Krekel and Zerrahn [55] point out that although the well-being of
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people in an area where wind turbines are introduced will be negatively affected in the
short term, the influence will decrease over time. Therefore, in this study, we analyze the
relationship between wind turbines and the well-being of people in areas where the tur-
bines have been operating for a long time. Specifically, we analyze Chōshi City; currently,
the oldest wind turbine in Chōshi has been in operation since 2001 [73]. In other words,
Chōshi is a region where wind turbines have existed for more than a decade. The reason
why this study chose Chōshi will be discussed in the next section.

To analyze the relationship between wind turbines and the subjective well-being
of local residents, it is necessary to grasp their positional relationship. In this study, we
adopted a postal mail survey approach to gather completed questionnaires. By gathering
more data on subjective well-being from residents who live near or moderately close to a
wind turbine, we were able to analyze this relationship.

The rest of this paper is organized as follows. Section 2 presents our methods, includ-
ing the survey design and estimation model. The estimation results follow in Section 3.
Section 4 discusses the implications of the empirical results. We then briefly summarize
our findings in Section 5.

2. Materials and Methods
2.1. Research Context: Subject Area and Wind Power Generation Facility

Chōshi City, the subject area of our study, is part of Chiba Prefecture in the Kanto
area, which comprises 7 prefectures, including Tokyo (Figure 1) [74,75]. We combined a
map of Chōshi [74] and a map of Japan with Mandara 10 (free mapping software) [75] to
construct Figure 1. Chiba Prefecture is in the eastern Kanto area, and Chōshi is located
in the far eastern part of this area, approximately 100 km from central Tokyo. Similar to
other municipalities in Japan, Chōshi has experienced problems related to a declining birth
rate and an aging population; its population was approximately 59,000 as of 2021 [76],
but it was more than 80,000 in 1995. In terms of age distribution, the 65–69 age group is
the largest across genders and amounts to a higher share of the older population than the
national average [77].
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Energies 2021, 14, 3984 5 of 18

According to the “Wind Power Generation Facilities and Installations Report in
Japan” [73], 35 wind power generation facilities were operating in Chōshi as of March
2017. Indeed, the eastern part of the city had a concentration of commercial facilities before
the construction of wind turbines began (Figure 2). Figure 2 shows a map of the Chōshi
area and the locations of wind turbines. We mapped the locations of wind turbines on
Google Maps using address information from NEDO [73] and the basic residence register
for Chōshi City. The home icons indicate the residential locations of our sample, the X icons
indicate wind turbines that were not targeted, and balloon pins represent the targeted wind
turbines. Although there are windmills in Asahi City and Kamisu City around Chōshi City,
we focused on windmills in Chōshi and houses near them. We also excluded from our
analysis those windmills that were already out of operation even if they were located near
targeted houses. The average output of wind farm facilities is 1500 kW; however, some
facilities have much a higher output, up to 2400 kW. Since the size of wind turbines in
Chōshi does not vary much, in this study we considered their size to be almost constant.

An offshore wind farm was first introduced in Japan east of Chōshi, and it has been
operational since 2013. Wind farms were also introduced in Asahi and Kamisu, which
are located to the west and north of Chōshi, respectively. Given the number of wind
farms that have been introduced around Chōshi, it appears reasonable that its residents are
familiar with wind farms. There have also been few conflicts with residents regarding the
introduction of wind farms [78]. Therefore, we chose Chōshi as the survey area.
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2.2. Survey Design and Data

We specified the survey area to collect information from residents who lived close
to wind turbines. We selected Chōshi City as our study area because, as explained in the
previous section, it is an area where several wind turbines have been installed for a long
time. Chōshi consists of 166 areas. Given budget limitations, we decided to focus on 25
areas. There are three areas near wind turbines. We randomly chose 22 towns from the
remaining areas.

To collect questionnaires from the residents of the selected towns, we conducted the
survey by postal mail. To do so, we accessed the Basic Resident Ledger at the Chōshi
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City Hall, which allowed us to look up the names and addresses of residents for research
purposes. Using the basic residence registers, we randomly selected 300 people from the
25 areas and mailed them the questionnaires.

The survey included questions on subjective happiness, individual attributes, and
wind turbines. Regarding the latter, we asked respondents whether the turbines were
visible from their homes, and for their evaluation of noise and low-frequency sounds
emitted by the turbines. We applied the same questions to other buildings (steel towers,
factories, large shopping centers, etc.) located near their homes. To develop questions
on evaluating wind turbines, we referred to materials published by the Ministry of the
Environment [5], which discloses public complaints regarding wind turbines. We also
included the same questions for other buildings.

It is possible that questions about wind turbines can themselves lead to negative
answers from people due to confirmation bias, such as the framing effect [79]. Therefore,
we applied the same questions to other buildings located near their homes. These questions
help to keep people from focusing their negative impressions on wind turbines. In addition,
due to confirmation bias [79], people may decide on their answers regarding subjective
well-being based only on their evaluation of wind turbines. As a way to deal with this issue,
we asked the subjective well-being question first so that the evaluation of wind turbines
would not directly affect the answer.

Since our objective was to examine the relationship between the distance from wind
turbines and residents’ happiness, we needed the distance information. This information
was obtained by using Google Maps. For the three towns located near wind turbines,
we used street number data to measure the distance between individual homes and the
turbines, and for the other 22 towns, we used postal codes to measure the distance between
the town and the closest wind turbine.

We mailed the questionnaire to 600 people and obtained 229 responses, for a response
rate of 38%. Figure 3 shows the income distribution of our sample compared with na-
tional population statistics obtained from the Comprehensive Survey of Living Conditions
(CSLC) [80]. Compared to the population, our sample contains a larger share of people
earning an annual income of JPY 2 to 3 million and a lower share of people earning more
than JPY 7 million. Figure 4 shows the age distribution of our sample versus the pop-
ulation [80]. Note that the survey targeted residents who are 18 years of age or older.
Compared to the national age distribution, our sample had a smaller share of young re-
spondents, especially the 10–19 age group, because only people who are older than 18 years
of age are eligible to complete our survey. On the other hand, our sample contained more
people aged 50 and above, and especially older than 70 years. In summary, we had a greater
share of respondents who earned less income and were older compared to the general
population, which could partially be because the rate of aging in Chōshi (33.7%) is higher
than the national average (26%). In any event, the difference in demographic information
between the sample and the national population should be noted when interpreting the
estimation results.
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Figure 5 shows the distribution of distance from residential areas to wind turbines.
The majority of respondents live in areas 1500 to 2000 m from wind turbines, followed by
people who live within 1000 to 1500 m of wind turbines. At the extremes, some live more
than 2000 m from turbines, while others live within 500 m.



Energies 2021, 14, 3984 8 of 18

Energies 2021, 14, x FOR PEER REVIEW 8 of 19 
 

 

 
Figure 4. Distribution by age (comparison of our survey data and Comprehensive Survey of Living 
Conditions (CSLC)). 

Figure 5 shows the distribution of distance from residential areas to wind turbines. 
The majority of respondents live in areas 1500 to 2000 m from wind turbines, followed by 
people who live within 1000 to 1500 m of wind turbines. At the extremes, some live more 
than 2000 m from turbines, while others live within 500 m.  

 
Figure 5. Distribution of distance from wind turbines to residences. 

Figure 6 graphically summarizes factors of the residential environment related to the 
presence of wind turbines and other large buildings, such as visibility and audibility. With 
regard to visibility, we asked respondents, “How many wind turbines can you see from 
your home?” and totaled how many saw at least one. We found that almost half of the 
respondents could see wind turbines from their homes. We also asked, “Do you have any 
large structures (e.g., towers, factories, large shopping centers) near your home?” We 
found that large buildings were visible from 44% of respondents’ homes. Regarding the 
sound, we asked, “Do you hear the sound of wind turbines (e.g., blades blowing in the 

2%

6%
8%

14%

20% 19%

31%

10% 11%
14%

16%
13%

16%

21%

0%

5%

10%

15%

20%

25%

30%

35%

<19 20–29 30–39 40–49 50–59 60–69 >70

Survey CSLC

11

40

75
80

21

0

10

20

30

40

50

60

70

80

90

<500 m 500–1000 m 1000–1500 m 1500–2000 m >2000 m

Figure 5. Distribution of distance from wind turbines to residences.

Figure 6 graphically summarizes factors of the residential environment related to the
presence of wind turbines and other large buildings, such as visibility and audibility. With
regard to visibility, we asked respondents, “How many wind turbines can you see from
your home?” and totaled how many saw at least one. We found that almost half of the
respondents could see wind turbines from their homes. We also asked, “Do you have
any large structures (e.g., towers, factories, large shopping centers) near your home?” We
found that large buildings were visible from 44% of respondents’ homes. Regarding the
sound, we asked, “Do you hear the sound of wind turbines (e.g., blades blowing in the
wind, mechanical noise from the generator)?” Figure 6 shows that only a small proportion
of respondents could hear noise or low-frequency sounds of wind turbines. We also asked
the same question about the noise of other large buildings. Among the respondents, 57
and 29% heard noise or low-frequency sounds, respectively, from other buildings.
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Figure 7 summarizes the evaluation of wind turbines, having a view of them, and
having a view of other large buildings. We asked respondents whether they liked or
disliked the presence of wind turbines, having a view of wind turbines, and the presence of
other buildings. For each question, if respondents were indifferent, they scored it a zero; if
they felt positive (1 to 3) or negative (−1 to−3) they would give positive (1 to 3) or negative
(−1 to −3) scores. Larger values indicate stronger positive or negative feelings. The results
show that the majority of respondents were indifferent toward wind turbines and having
a view of wind turbines and other large buildings from their home. Nonetheless, more
respondents answered with positive scores.
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Figure 8 shows the evaluation of noise and low-frequency sounds generated by
wind turbines and other large buildings. We asked respondents to rate the noise and
infrasound on a 4-point scale from “Not noisy at all” to “Very noisy”. Only respondents
who previously reported that they could hear such noise (Figure 6) were asked this question.
A few respondents gave negative scores to wind turbines, while a greater number felt
uncomfortable with the noise and low-frequency sounds from other large buildings.
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Summarizing the results from Figures 6–8, approximately half of the respondents
could see wind turbines from their homes, and having such a view was not necessarily
perceived as negative. Although noise and low-frequency sounds are often associated with
wind turbines, the respondents did not perceive them as issues related to wind turbines,
but rather to the other buildings considered in our survey. Based on the results of the
open-ended questions, many respondents are concerned about sounds from factories and
from cars and trucks driving near their homes.

Figure 9 shows the distribution of happiness levels. For subjective well-being, we
asked “How happy are you at the moment?” with responses ranging from “Very unhappy”
(0) to “Very happy” (10). This was based on a survey method of life satisfaction conducted
by the Cabinet Office in Japan [81]. In our survey, the average level of subjective well-
being was 6.56, which is higher than the life satisfaction of the 2018 Cabinet Office survey
(5.89) [81]. The reason for this may be that the Cabinet Office survey included many young
people under the age of 19, while our survey had more elderly people and fewer young
people. The level of life satisfaction in Japan is higher among the elderly than the young.
However, as for the shape of the distribution, the results were similar to the Cabinet Office
survey, with many people giving scores of 5 and 7 or 8.
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2.3. Estimation Model

This study examined the relationship between happiness and the presence of wind
turbines based on the following estimation model:

H∗i = γviewi + βidisti + β2noisei + Xi
′θ+ εi, (1)

The dependent variable represents the well-being of individual i. The independent
variable, viewi, is a dummy variable for whether residents can see wind turbines from their
houses. disti is a set of dummy variables based on the distance between wind turbines and
respondents’ homes. The base group, within 500 m, indicates that a wind turbine is located
within 500 m of their home. We also constructed four dummy variables, each of which is
equal to one if people live 500 to 1000 m, 1000 to 1500 m, 1500 to 2000 m, or beyond 2000
m from wind turbines. noisei is a dummy variable that is equal to 1 if respondents can
hear the sound generated by wind turbines and other sources in their residential areas and
0 otherwise.
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Xi is a vector of individual attributes that includes dummy variables for male gender,
employment status, at least a high school education, marital status, annual income, and the
duration respondents have been living at their home. It also includes the age variable and
its squared term. εi represents the error term. γ, β1, β2, and θ are estimation parameters.

Although we cannot observe H∗, which is the true degree of well-being, we asked
respondents to rate their subjective degree of well-being on a scale of 0 to 10 by means of a
questionnaire. We define H as subjective well-being obtained from the questionnaire. Then
the relationship between H and H∗ is as shown in Equation (2):

H = k i f µk−1 ≤ H∗ < µk k = 1, 2, 3, . . . , 10 (2)

µk (k = 1, 2, 3, . . . , 10) is a threshold value that divides H∗, the unobservable well-being
level, into 10 levels, and it is also a parameter to be estimated. If we assume that the error
term in Equation (1) follows a normal distribution, the equation we should estimate can be
written as Equation (3):

P(Hi = k) = Φ(µk−1 ≤ H∗i < µk) (3)

This is known as the ordered probit model, and we can estimate the parameters by
the maximum likelihood method.

We used three estimation models based on Equation (3). In Models 1 and 2, we used a
dummy variable that takes the value of 1 if respondents can see wind turbines from their
home; this dummy is used as a proxy for viewi. noisei. is used in Model 2. Table 1 shows
the descriptive statistics of the data that we used for estimation. In Model 5, to check the
robustness of variables other than the wind turbine information, we removed the wind
turbine information variable from Equation (1). Of the initial 229 respondents, we removed
those with unclear income information, leaving a sample size of 201.

Table 1. Descriptive statistics (N = 201 observations).

Variable Mean Std. Dev. Min Max

Well-being 6.56 1.85 1 10
View 0.49 0.50 0 1

Distance (<500 m) 0.05 0.22 0 1
Distance (500–1000 m) 0.18 0.39 0 1

Distance (1000–1500 m) 0.32 0.47 0 1
Distance (1500–2000 m) 0.36 0.48 0 1

Distance (>2000 m) 0.08 0.28 0 1
Noise 0.58 0.49 0 1

Income (<2 million JPY) 0.16 0.37 0 1
Income (2–3 million JPY) 0.23 0.42 0 1
Income (3–4 million JPY) 0.10 0.31 0 1
Income (4–5 million JPY) 0.12 0.33 0 1
Income (5–7 million JPY) 0.19 0.40 0 1

Income (7–10 million JPY) 0.10 0.31 0 1
Income (10–15 million JPY) 0.05 0.22 0 1
Income (>15 million JPY) 0.03 0.17 0 1

Male 0.51 0.50 0 1
Employment 0.60 0.49 0 1

Ln Age 4.00 0.35 2.9 4.5
Ln Age Squared 16.12 2.70 8.4 20.1

Education (= High school) 0.27 0.45 0 1
Marriage 0.63 0.48 0 1

Duration of Residence (<10 years) 0.11 0.31 0 1
Duration of Residence (10–20 years) 0.18 0.39 0 1
Duration of Residence (20–30 years) 0.24 0.43 0 1
Duration of Residence (>30 years) 0.46 0.50 0 1

3. Estimation Results
Estimation Results of Ordered Probit Models

Table 2 presents the results of the ordered probit analysis. Regarding the visibility of
wind turbines, the estimation result of Model 1 shows that the dummy variable (View),
representing whether people can see wind turbines from their home, is positive and
statistically significant at the 10% level. However, it is not significant in Model 2, which
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has an additional variable representing noise. In terms of distance, the dummy variable
indicating a distance of 1000 to 1500 m from wind turbines is positively significant at the
5% level in Models 1 and 2. The dummy variable indicating a distance of more than 2000
m from wind turbines is positively significant at the 5% level in Models 1 and 2. From
these results, we find that a certain distance from wind turbines (1000–1500 m or more
than 2000 m) may positively affect well-being, but may also positively affect well-being
with respect to the view of the wind turbines. We did not find any significant impact
of noise on well-being in any model. While Table 1 indicates that more than half of the
respondents could hear noise, based on the regression results (Table 2), that does not affect
their perceived level of well-being.

Regarding any impact of individual attributes, we observed similar results in all mod-
els. Our estimation results suggest that the dummy variable for male gender is negatively
related to well-being, while those for employment and marital status are positively related.
The coefficient of Ln Age is negative, but its squared term is positive. The results of Ln
Age and its squared term show that well-being decreases with age but increases again after
a certain age. Regarding annual income, setting the dummy variable for less than JPY 2
million as the base group, the dummy variables for annual income of JPY 4 to 5 million,
JPY 5 to 7 million, and JPY 7 to 10 million are significantly positive. The dummy variable
for annual income of JPY 10 to 15 million is positive and significant at the 10% level in
Model 2 only. However, we find that the dummy variable for income more than JPY 15
million is not related to well-being. Finally, respondents who have lived in their current
homes for 10 to 20 years or 20 to 30 years have higher well-being than those who have
lived in their homes for less than 10 years.

Table 2. Results of ordered probit analysis.

Variable Model 1 Model 2 Model 3
Coef. Std Error Coef. Std Error Coef. Std Error

View 0.55 0.30 * 0.50 0.30 *
Distance (500–1000 m) 0.74 0.71 0.84 0.71

Distance (1000–1500 m) 1.36 0.68 ** 1.46 0.69 **
Distance (1500–2000 m) 0.94 0.70 0.98 0.70

Distance (>2000 m) 1.54 0.83 * 1.61 0.84 *
Noise 0.29 0.28

Male –1.08 0.28 *** –1.06 0.28 *** –0.97 0.27 ***
Employment 0.64 0.34 * 0.67 0.34 ** 0.58 0.33 *

Ln Age –14.97 8.14 * –15.60 8.08 * –12.74 7.70 *
Ln Age Squared 2.08 1.08 * 2.17 1.07 ** 1.77 1.02 *

Education (=High school) 0.37 0.30 0.36 0.30 0.42 0.30
Marriage 0.68 0.30 ** 0.70 0.30 ** 0.78 0.29 ***

Income (2–3 million JPY) 0.55 0.42 0.60 0.42 0.50 0.42
Income (3–4 million JPY) 0.31 0.52 0.35 0.52 0.34 0.50
Income (4–5 million JPY) 1.34 0.50 *** 1.36 0.50 *** 1.36 0.50 ***
Income (5–7 million JPY) 1.18 0.48 ** 1.20 0.48 ** 1.13 0.47 **

Income (7–10 million JPY) 2.19 0.56 *** 2.27 0.56 *** 2.06 0.54 ***
Income (10–15 million JPY) 0.98 0.66 1.13 0.67 * 1.00 0.67
Income (>15 million JPY) 0.97 0.89 0.86 0.90 0.86 0.84

Duration of Residence (10–20 years) –1.07 0.50 ** –1.10 0.50 ** –1.18 0.48 **
Duration of Residence (20–30 years) –1.15 0.47 ** –1.18 0.47 ** –1.21 0.46 ***
Duration of Residence (>30 years) –0.54 0.46 –0.56 0.46 –0.60 0.44

/cut1 –30.31 15.15 –31.08 14.99 –27.58 14.29
/cut2 –29.59 15.13 –30.36 14.97 –26.85 14.27
/cut3 –27.76 15.10 –28.54 14.94 –25.03 14.24
/cut4 –26.88 15.09 –27.67 14.94 –24.18 14.23
/cut5 –25.41 15.09 –26.19 14.93 –22.76 14.22
/cut6 –24.72 15.08 –25.50 14.92 –22.07 14.22
/cut7 –23.49 15.07 –24.26 14.92 –20.89 14.21
/cut8 –22.31 15.07 –23.07 14.91 –19.72 14.21
/cut9 –21.60 15.06 –22.36 14.91 –19.00 14.21

Observations 201 201 201
LR chi2 55.06 *** 56.18 *** 47.35 ***

Pseudo R2 0.07 0.07 0.06

*** p < 0.01, ** p < 0.05, * p < 0.1.
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4. Discussion
4.1. Discussion

Contrary to expectations, our study finds that the existence of wind turbines does not
negatively affect the well-being of residents, because there were few negative evaluations of
noise and low-frequency sounds. Moreover, noises from sources other than wind turbines
do not affect well-being, suggesting that such noises in Chōshi may be considered to be
at an acceptable level. There are two possible explanations. First, it is conceivable that
the noise level in Chōshi is generally acceptable to the residents. Second, although there
are noises, including those from wind turbines in Chōshi, residents are already used to
their environment, hence their well-being may remain unaffected. To clarify this point, it is
necessary to analyze the data using a quantitative noise level measure.

We also find that a view of wind turbines is positively related to well-being. We
suggest that positive evaluations of wind turbines, as shown in Figure 7, could contribute
to the estimation results. Moreover, the respondents did not negatively evaluate other
large facilities.

Based on these results, we think that wind turbines could operate without having
a negative impact on people in areas with some pre-existing or low-frequency noise.
However, we need to pay more attention to the noise of wind turbines and health hazards.
The relationship between noise or annoyance from wind turbines and health hazards has
been noted [82]. On the other hand, the health hazards of noise tolerated by residents are
uncertain. In the future, we will need to analyze the relationship between noise, health
hazards, and subjective well-being in more detail.

4.2. Research Limitations

We will discuss the limitations of our study. First, there is the issue of sample size.
Our study is based on a limited sample. Therefore, we need to keep in mind the possibility
of bias in our analysis results.

Second, there is a possible problem of endogeneity. For example, some of the residents
originally had a positive impression of wind turbines. An analysis that does not control
for these factors could result in biases in the estimation results. While we did not address
endogeneity in our model this time, we believe that an additional analysis considering
endogeneity is needed in the future.

Third, there is the measurement problem of visible wind turbines. In this study, we
were not able to identify whether the wind turbines visible to respondents are nearby or
distant. For example, in Chōshi City, there are places where nearby wind turbines cannot
be seen from houses because they are blocked by forest. In such a situation, the view of
wind turbines that affects respondents positively may not be invisible wind turbines near
the house, but those that are visible far from the house. In order to solve this problem in
the future, it will be necessary to measure the distance between houses and wind turbines
that are actually visible.

Fourth, there is the problem of missing information on windmills. There are currently
wind turbines in Chōshi with sizes ranging from 1500 to 2400 kW. Our analysis is based on
the assumption that all wind turbines in Chōshi are the same size. However, the impact
on people may vary greatly depending on the size of the turbine. We also did not analyze
the number of wind turbines in detail, but it is also possible that the impact on people
may change depending on the number of wind turbines they can see. Therefore, further
analysis considering these factors is recommended.

4.3. Future Recommendations

First, we need to consider a more detailed classification of factors that can be neg-
ative externalities of wind turbines. In this study, we focused on landscape and noise
as externalities; however, there are other possible problems such as flicker and shadows
depending on the time of day. In addition, the shape and appearance of wind turbines
could also be considered for analysis. To sum up, in order to examine people’s acceptance
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of wind turbines, these types of externalities of wind turbines should be included in the
estimation models.

Second, additional health hazards caused by the externalities of wind turbines can
be investigated. For example, there are many studies on wind turbine noise and health
hazards, but the relationship between acceptable levels of noise and health hazards is
uncertain [81]. We believe that an analysis of health hazards is important to improve the
cost–benefit analysis of wind turbines.

Third, we could analyze possible changes in preferences over time. This would require
an analysis using panel data such as the one used by Krekel and Zerrahn [55]. With cross-
sectional data, we cannot analyze effects that change over time. Therefore, we believe that
it is very important to investigate how the negative externalities of wind turbines that
decrease over time change over a longer period of time.

Fourth, an analysis of wind turbines as a tourism resource is desirable. In order to
comprehensively consider sustainable local economic development, it is important to
discuss wind turbines not only as a region-specific energy resource, but also as a tourism
resource. In order to do so, we need to analyze wind turbines not in terms of negative
externalities that destroy the existing natural landscape, but as entities that complement
the landscape and make it more valuable.

Fifth, we are considering the use of cross terms. Initially, we analyzed the combined
effect of distance to and view of wind turbines to conduct a more detailed analysis of the
influence of landscape on well-being. By using the cross term between distance and view,
we expected to test whether people who can see wind turbines from a certain distance
and those who cannot have different levels of happiness. However, as mentioned in the
research limitations, we were not able to do a detailed analysis due to the small sample
size. For a future study, we could analyze the distance at which the view of wind turbines
affects the level of well-being by using a larger sample.

Sixth, factors other than wind turbines near houses could be further investigated.
From the questionnaire survey, we found that there are environmental factors that may
affect people more than wind turbines. However, we were not able to use them for the
ordered probit analysis in this study. We could analyze the effects of wind turbines more
precisely by controlling the effects of other buildings and noise around houses.

Seventh, it is important to analyze attachment to the land and well-being. In the
present study, our analysis showed that the number of years of residence increased the
level of well-being. The length of residence may indicate attachment to the land [83].
Residents who are attached to the land where wind turbines exist may have a higher
level of well-being due to the view of the turbines. On the other hand, residents who are
attached to the landscape before the construction of wind turbines may have a lower level
of well-being due to the turbines. We need to conduct an analysis that takes into account
the landscape of wind turbines, the level of well-being, and attachment to the region at the
same time.

5. Conclusions

This study investigated the externalities of wind turbines, which is an essential pro-
cedure for developing a framework to reach a consensus among local residents. Using
a subjective well-being index to measure respondents’ well-being, we examined how
wind turbines affect well-being. We collected data for the analysis through questionnaires
distributed via postal mail to randomly selected residents in Chōshi City in Japan.

Contrary to expectations, our survey results suggest a mixed assessment of the view
of wind turbines. Additionally, noise and low-frequency sounds, often considered external-
ities of wind turbines, do not attract much attention from respondents.

The regression analysis suggests that the view of wind turbines positively affects
respondents’ well-being. In particular, there is a large positive influence on people who
can see wind turbines from a distance of 1500 m or less. On the other hand, the impact of
noise on happiness could not be shown in this analysis.
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Bearing these estimation results in mind, we recommend that the acceptability of
wind turbines at planned construction sites should be assessed. In particular, preferences
with regard to potential factors of conflict, such as noise, should be carefully examined.
This survey reveals that our respondents did not consider noise or low-frequency sounds
to be a serious issue.

Initially, we expected that there would be some negative externalities in areas where
wind turbines had been installed for a long time. However, the results of our analysis show
that the landscape and noise of wind turbines may not have a negative impact on people’s
well-being in Chōshi City, which was selected as our study site. Most of the existing
studies on negative externalities of wind turbines were conducted in areas where clear
environmental changes were expected due to the introduction of the turbines. However,
in order to recommend the construction of wind turbines, it is necessary to investigate
in more detail their externalities not only in areas where conflicts occur, but also in areas
where turbines have been in operation for a long time. We suggest analyzing in more detail
what is accepted by people in areas where the introduction of wind turbines is successful,
and what factors have a positive impact on people.

Furthermore, if wind turbines can increase tourist satisfaction, municipal govern-
ments might be able to develop them as tourist attractions. This study suggests that it is
important to consider such externalities for residents when developing construction plans
for wind turbines.

One limitation of this study is that our survey targeted an area where wind turbines
have been in place for several years. Krekel and Zerrahn [55] suggest that the negative
impacts of wind turbines on well-being decrease with time. While this may apply to
Chōshi City, we cannot effectively conclude that this is the case, since we did not conduct
the survey immediately after the wind turbines were built. In addition, we focused on
analyzing the information about wind turbines separately with regard to visual and noise
perception and distance, and we used only cross-sectional data for analysis. However, it
is possible that people’s subjective evaluation of their visual and auditory perceptions of
wind turbines may change over time. In the future, we will need to conduct a panel data
analysis to account for changes over time.
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