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SUMMARY

Urban ecosystems are the foundation of people's lives and improve their well-being, but their
well-designed conservation and management are not easy. It is desirable to manage ecosystems to
improve the well-being of residents and realize a sustainable society. However, the benefits that urban
ecosystems provide to residents and society are not always traded through the market, making it
difficult to recognize their value and sometimes preventing them from resisting development pressures
in the market economy. The conservation and management of ecosystems must be considered by
public policies, not left to market mechanisms. The valuation of urban ecosystems can provide critical
information for making appropriate decisions about the costs and benefits of policies and priorities
based on conservation needs, but traditional environmental economic approach has not completely
addressed the valuation of urban ecosystems. Pioneered by the Millennium Ecosystem Assessment,
an economic valuation effort mainly led by ecologists in 2005, worldwide research projects of
international organizations such as IPBES have been working on ecosystem valuation. Still now,
however, many challenges and limitations remain, and ecosystem degradation continues. Especially,
human-nature relationship has been an important research topic. The reduced interaction of urban
residents with nature accelerates the destruction of urban ecosystems. A feedback loop has been
identified as a problem, in which the destruction of urban ecosystems reduces opportunities for urban
residents to interact with nature, which in turn accelerates the destruction of ecosystems. By
accumulating research that focuses not only on the proper valuation of ecosystems, but also on human-
nature interactions, it is necessary to consider a framework for conservation management.

Therefore, this dissertation discusses the following four issues.

(1) The extent to which urban ecosystems enhance the well-being of urban residents.

(2) Factors that determine residents' valuation of urban ecosystems.

(3) Heterogeneous preferences of urban residents for ecosystems.

(4) Proposing a new valuation method with psychological factors and policy recommendations.

By exploring these four issues, this dissertation aims to deepen the understanding of urban
residents' interactions with nature and to develop urban ecosystem valuation studies.

In the first study (CHAPTER 1I), the Hanshin region, which is one of megacities in Japan, was
used as the study area to analyze what kind of urban ecosystem services increase the life satisfaction
of urban residents. The results showed that an increase in the area of urban green spaces increases life
satisfaction, and that green spaces in the same area have different impacts on life satisfaction
depending on their quality. In addition, the Life Satisfaction Approach (LSA) was used to estimate the
monetary value per unit increase in urban green space. While traditional environmental valuation

methods are based on utility theory and cannot value the benefits that residents unconsciously receive



from the environment, the LSA was developed with the aim of valuing such benefits. As a result of
this study, the monetary value per unit increase in urban green space estimated by the LSA tended to
be higher than the value estimated by the traditional environmental valuation method. One of the
reasons for the difference in value is considered to be that the traditional valuation method can only
estimate the value perceived by the residents, while the LSA can also estimate the value received
unconsciously.

In the second study (CHAPTER III), using Singapore as the study area, the factors that determine
an individual's willingness to pay (WTP) for environmental policy were analyzed. Two factors in the
formation of WTP were given special attention: the frequency of contact with nature in childhood and
the sense of "connectedness to nature". As a result, it became clear that the higher the frequency of
contact with nature, the stronger the sense of "connectedness to nature", and the stronger the sense,
the higher the WTP. The results also showed that those with a stronger sense of "connectedness to
nature" placed more importance on "providing recreational and educational opportunities" among the
functions of urban green spaces. This finding suggests that those who had more frequent contact with
nature in their childhood tend to want the next generation to have frequent contact with nature as well.
On the other hand, less frequent contact with nature is also likely to be passed on to the next generation.

The third study (CHAPTER IV) analyzed the effects of less frequent contact with nature on the
relationship between residents and urban rivers flowing through the Hanshin region. A decrease in the
frequency of contact with nature may lead to the degradation of the natural environment. Therefore,
this study compared groups with high and low frequency of contact with nature and analyzed whether
there is a difference in the relationship between the level of biodiversity and subjective satisfaction in
the neighborhood waterfront. A unique feature of this study is the use of the environmental DNA
method to quantitatively approximate the level of biodiversity. The results indicated that urban
residents with less frequent contact with nature in their childhood had lower subjective satisfaction
with the waterfront as the level of biodiversity increased. If biodiversity enrichment does not improve
the subjective satisfaction of urban residents, it will be difficult to implement environmental policies
that enrich biodiversity. Policymakers need not only to create urban ecosystems rich in biodiversity,
but also to understand exactly what kind of rivers urban residents want and make efforts to reflect their
preferences in their policies.

The fourth study (CHAPTER V) extended the first study (CHAPTER 1I), which analyzed the
impact of green spaces on life satisfaction, and focused on residents' subjective perception of the size
of green spaces. The results showed that residents' perception of the size of green spaces varies with
the quality of the green space, even when the same area of green space is used. Furthermore, LSA
based on the two-stage least squares method was used to focus not only on the physical area of green
spaces, but also on residents' subjective perception of the extent of green spaces. In the first step, the

effect of physical green area on subjective green area was estimated, and in the second step, the effect
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of subjective green area on life satisfaction was estimated. The results indicate that the impact of
physical green space on life satisfaction is estimated to be small when passing through the filter of
subjectively perceived green space. This is consistent with the suggestion made in the first and third
studies (CHAPTERS II and 1V) that urban residents unconsciously benefit from urban ecosystems.
Consideration of these subjective measures is essential when designing environmental policies aimed
at improving the subjective well-being of residents.

This dissertation has shown that in order to maximize the well-being of residents, it is important
to value ecosystems based on well-being rather than only on traditional environmental economic
valuations based on utility theory. This is because traditional valuation methods that use residents'
utilities for environmental goods sometimes fail to account for environmental values that are not
reflected in residents' utilities. In other words, policymakers may be better able to enhance residents'
well-being if they are not overly constrained by the utility extrapolated from residents' preferences.
On the other hand, this dissertation has also shown that it is important to consider the subjective
preferences of residents when designing and managing urban areas with the objective of promoting
residents' interactions with nature. The reason for the apparent discrepancy between these proposals is
that satisfying preferences does not always maximize residents' well-being, which is less associated
with short-term pleasure and has a more long-term and sustainable life perspective.

In particular, there are two factors that lead to discrepancies. One is that residents may not have
preferences for conservation policies that maximize their own well-being, for example, if they
unconsciously benefit from the ecosystem. Another is that residents' preferences are heterogeneous,
so that minority preferences are ignored when policy decisions are made based on majority preferences.
In order to address these issues, policy makers should not be too constrained by residents' preferences,
but sometimes it is necessary to implement paternalistic policies aimed at maximizing residents' well-
being. Future research is needed on how to guide urban residents to make choices that maximize their
own well-being, and how to make reasonably paternalistic policies without being overly constrained
by residents' preferences. The identification of issues that need to be addressed in the future is an

important outcome of this dissertation.
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CHAPTER I

Introduction

1.1. Preface

Since the dawn of humanity, we have drawn various benefits from ecosystems and developed
society through their use. As the world's population exploded after the Industrial Revolution, people
formed urban areas in search of a more comfortable lifestyle. In general, urban areas are human-
oriented places created for people to engage in social and economic activities. In urban areas, not only
man-made structures such as roads and buildings, but also natural features such as trees and grasslands
are formed according to human preferences and convenience. However, even in man-made urban areas,
urban residents derive various benefits from these ecosystems, and their lives are supported by these
benefits. Even in urban areas, ecosystems are indispensable to people. However, the explosive growth
of urban populations is putting urban areas under intense development pressure. Despite the
importance of urban ecosystems, green spaces are shrinking in many cities around the world (Giineralp
et al., 2020).

In addition, the decline in urban residents' interactions with nature has contributed to the loss and
degradation of urban ecosystems. Pyle (1993) called this decline in human interactions with nature the
"extinction of experience" and warned that it is a factor that makes it difficult to properly conserve
ecosystems. The extinction of experience is particularly pronounced in urban areas, where urban
residents' interactions with nature are rapidly disappearing. The loss of urban experience not only leads
to the loss and degradation of urban ecosystems. The proportion of the world's urban population, which
was 55% in 2018, is still growing rapidly (UN, 2018), and the impact of urban residents' lives on
natural ecosystems outside urban areas is also increasing. If urban residents lose interest in ecosystem
conservation, ecosystems around the world will suffer serious damage. Leakey (1996) warned of the
loss of biodiversity due to the emergence of humanity, calling it the "sixth extinction," but the urban
area's extinction of experience could accelerate the sixth extinction.

Residents of urban areas derive tremendous physical and psychological benefits from ecosystems,
and therefore the dilution of their interactions with nature leads to a decline in their well-being. In
order to promote urban residents' interactions with nature, it is necessary for the government to take
the lead in properly conserving urban ecosystems that are under development pressure. When the
government implements a policy, it may involve the injection of public money and restrictions on the
rights of some residents. The role of government is to implement environmental policies that enhance

the well-being of residents. In recent decades, the various benefits that people derive from ecosystems



have been recognized as ecosystem services, and the need to conserve urban ecosystems has been
widely acknowledged. However, ecosystem services have not been sufficiently valued in
environmental economics and, partly because of this, ecosystems have continued to be degraded. Since
MEA (2005) highlighted the importance of ecosystem services, research on the economic valuation of
ecosystem services has finally begun to accumulate. As representative examples, international projects
such as TEEB (Kumar, 2010) and international organizations such as IPBES (Diaz et al., 2015) have
attempted to value ecosystem services. However, convincing valuations remain a challenge. This is
mainly because ecosystem services have not only market values, but also non-market values that do
not manifest as market values.

The purpose of this dissertation is to deepen our understanding of the interactions between urban
residents and nature, to examine appropriate valuation methods for urban areas, and to derive policy
implications. Through the four case studies in CHAPTERS II-V, the objectives of this dissertation are
achieved. The following four points are discussed in each of the four case studies. CHAPTER II
discusses the extent to which urban ecosystems enhance the well-being of residents, which is crucial
when dealing with human-nature interactions. The following CHAPTER III discusses which factors
determine the valuation of ecosystems by residents. In making environmental policy decisions, it is
also important to build consensus among residents, and CHAPTER III provides useful suggestions
from this perspective. The following CHAPTER IV discusses the environmental preferences of urban
residents. Previous studies have confirmed that some urban residents tend not to favor rich biodiversity
(Soga et al., 2016), and a detailed analysis of this aspect is essential for understanding human-nature
interactions. CHAPTER V, which presents the final case study, introduces a new valuation
methodology that considers psychological factors in order to derive policy suggestions. Each case
study provides a new perspective that deepens our understanding of human-nature interactions.

The main study area is the Hanshin region (Kobe, Ashiya, Nishinomiya and Amagasaki cities),
which is part of the Kansai metropolitan area in Japan. The Hanshin region is an urban area in close
proximity to the rich natural environment of Mt. Rokko (designated as a national park) and the Seto
Inland Sea. By targeting the Hanshin region, it is possible to address both peri-urban forests and green
spaces scattered throughout urban areas. Furthermore, since there are many urban rivers in the Hanshin
region that flow from Mt. Rokko to the Seto Inland Sea, it is also possible to focus on the relationship
between these rivers and urban residents. This dissertation takes advantage of the characteristics of the
Hanshin region to analyze the impact of peri-urban forests, urban green spaces, and rivers on the well-
being of urban residents. This dissertation also includes a case study of Singapore, focusing on the
process of promoting environmental awareness. Singapore is a region that has successfully
implemented a national greening policy, and its success can be attributed to the high level of
environmental awareness among its citizens. By focusing on such a model region, important

suggestions for raising environmental awareness are obtained.



The remainder of this dissertation is organized as follows: before introducing the four case studies,
a review of previous studies is given in 1.2. After clarifying the purpose of this dissertation and the
objectives of the four case studies in 1.3., the four case studies are introduced in CHAPTER II through
CHAPTER V. The CHAPTER VI, develops the discussion through all the case studies.

1.2. The Theory and Practice of Economic Valuation of Urban Ecosystem Services: A Literature

Review
1.2.1. The Human-Ecosystem Relationships in Urban Areas
1.2.1.1. Practical Definition of Urban Area and the Targeted Areas in this Dissertation

When focusing on urban ecosystems, it is important to clearly define the urban area. However, it
is difficult to strictly define urban areas. The definition may vary from country to country. In Japan, a
densely inhabited district (DID) is sometimes used as a standard. The DID basically uses townships
as the unit of aggregation, and its criteria are a population of at least 5,000 and a population density of
at least 4,000 persons/km?. Based on the DID definition, the percentage of Japan's population living
in urban areas was 70.0% in 2021, up 1.6% from 68.4% in 2015 (Statistics Bureau of the Ministry of
Internal Affairs and Communications, 2021). However, the results change when Japan's urban
population ratio is measured by the standards of other countries. For example, the United States (US)
defines an urban area as having a population of 2,500 or more and a population density of 386
persons/km? or more (Tsuchiya, 2009). Although the tabulation is based on population statistics as of
2005, the figure would be 92% if the US definition is adopted and 100% if the UK definition is adopted
(Tsuchiya, 2009). The level of certification for urban areas in Japan is set high. The United Nations
report, 2018 revision of the World Urbanization Prospect, also does not provide an absolute definition
of urban areas (UN, 2018). The cultural and geographical context of each region is likely to have an
impact on how urban areas are defined. In Japan, for example, the threshold for defining an urban area
is likely to be set high due to the country's history of densely populated settlements based on its rice-
growing culture before urbanization. While there is no uniformity in the definition of urban areas
across countries, most definitions are based on population size or population density.

According to the UN (2018), the world's urban population, which was about 30% in 1950,
surpassed the rural population for the first time in history in 2007 and has been growing ever since.
The percentage of the world's urban population was 55% in 2018 and is expected to increase to 68%
by 2050. The world's urban population, which was 7.7 billion in 2018, is projected to grow by 2.5
billion by 2050, with about 90% of this population growth occurring in Asia and Africa (UN, 2018).
Among cities, urban areas with a population of 10 million or more are called megacities (UN, 2004).
As 0of 2018, there were 33 megacities in 20 countries (UN, 2018). China has the most megacities, with
a total of six. Japan has two megacities: the Tokyo metropolitan area and the Kansai metropolitan area.

The Tokyo metropolitan area is the largest urban area in the world, with a population of 37 million,



followed by Delhi, India, with 29 million (UN, 2018). As of 2018, approximately one in eight of the
world's population lives in a megacity. By 2030, 43 megacities are expected to be occurred, most of
them in developing countries. The UN report "World Population Prospects 2022" (UN, 2022) predicts
that the world's population will peak in the 2080s at about 10.4 billion people, and that the world's
urban population will continue to grow until then.

According to the Statistics Bureau of the Ministry of Internal Affairs and Communications
(SBMIAC) (2022), Japan's total population has been declining steadily from 2008 to 2022. Along with
the decline in the total population, the population of the three metropolitan areas (Tokyo, Kansai, and
Nagoya) has also declined to varying degrees. For the Tokyo metropolitan area, the population
declined from 2021 to 2022, the first decline since statistics began in 1975 (SBMIAC, 2022). While
the urban population share is expected to continue to increase in Japan (UN, 2018), a new problem of
urban shrinkage is beginning to emerge as the total population is declining at a faster rate than urban
population growth (UN, 2018). Urban shrinkage is a problem that many developed countries will have
to deal with in the future (UN, 2022), as countries with low fertility rates, such as Japan and South
Korea, face similar problems.

The Hanshin region, which is part of the Kansai metropolitan area, is the main study area for this
dissertation. This dissertation focuses on the cities of Kobe, Ashiya, Nishinomiya, and Amagasaki as
the Hanshin region. The region covers an area of 726 km? and has a population of 2.56 million
(SBMIAC, 2020). In 1950, there were 1.21 million people living in the region (SBMIAC, 1950), and
it has been growing continuously since then, but the growth almost stopped around 2010. The
population density in 2020 is 3,531 persons/km?, but since this population density was measured
including forested areas, it would be even higher if the population density were measured for the DID.
Population densities in the DID (persons/km?) are 8,800 for Kobe City, 10,000 for Ashiya City, 11,000
for Nishinomiya City, and 9,100 for Amagasaki City (SBMIAC, 2022). Despite being a densely
populated area, the region is characterized by the rich natural environment of Mt. Rokko, which has
been designated as a national park. Mt. Rokko is a lush green mountain range that stretches about 30
km from east to west and rises very close to the urban area. By selecting this area as the subject of the
study, it is possible to address both peri-urban forests and green spaces scattered within urban areas.
In addition, since the Hanshin region is a sloping land between Mt. Rokko and the Seto Inland Sea,
water from Mt. Rokko flows to the Seto Inland Sea through rivers.

Of the four case studies presented in this dissertation, three focus on the Hanshin region and one
focuses on Singapore. Singapore has an area of 720 km?, almost the same as the Hanshin region, but
its population is 5.69 million in 2020 (Ministry of Foreign Affairs, 2021), more than twice that of the
Hanshin region. Between 1987 and 2007, the population increased from 2.7 million to 4.6 million,
while the green area increased from 35.7% to 46.5% (National Parks, 2019). This is attributed to the

"Garden City" plan initiated in the 1960s, and the country is doing relatively well in terms of



conservation and nature management. By focusing on a country that has had some success in
environmental conservation in recent decades as a case study, it is possible to analyze what factors
have contributed to the success of environmental conservation. To take advantage of this, the second
case study in this dissertation is conducted on Singapore.

Since the population density of the Hanshin region DID and Singapore is approximately 8,000-
11,000 persons/km?, this dissertation deals with areas with this level of population density as urban
areas. According to population data from Demographia World Urban Areas (2022), more than 250 of
the world's urban areas have a population density of more than 8,000 persons/km?. Most are located
in Asia, Africa, and South America, but there are also areas in the Western world. The number of such
areas is expected to continue to grow. It is in these extremely densely populated areas that the
suggestions of this dissertation will be particularly relevant. For the green area in the DID, 33% for
Kobe (Kobe City, 2011), 25% for Ashiya (Ashiya City, 2021), 18% for Nishinomiya (Nishinomiya
City, 2020), 23% for Amagasaki (Amagasaki City, 2014). The suggestions of this dissertation could
be applied to commercial and industrial areas that are not densely populated but have a green cover of

about 20-30%.

1.2.1.2. Practical Definition of Well-Being

The rationale for conserving urban ecosystems is to enhance the well-being of urban residents.
However, there is no clear definition of well-being and it is used in a variety of contexts. In general,
happiness is often associated with short-term pleasure, whereas well-being has a more long-term and
sustainable life perspective. According to Ryan and Deci (2001), it is preferable to use the term well-
being rather than happiness when discussing what makes life good for an individual. Famous examples
of the use of the term well-being can be found in the Constitution of the World Health Organization
(WHO) (1948), where "health" is defined, and in one of the goals of the SDGs (UN, 2015). Both
statements are about long-term visions for life, and more specifically, they also take into account the
lives of future generations. In this dissertation, the term well-being is used instead of happiness or
pleasure, because the focus is on how urban ecosystems can improve the lives of urban residents in
the long term.

The case study presented in this dissertation deals with quantified well-being, but it is not easy to
objectively quantify an individual's well-being. This is because the criteria for what constitutes a better
life differ from person to person. For this reason, subjectively answered well-being items are often
used to index well-being (Kahneman and Krueger, 2006; Diener and Ryan, 2009). If 10 is the best life
you can imagine and 0 is the worst life you can imagine, where do you feel you are currently between
0 and 10? This question, called the Cantril ladder, is a typical question used to measure subjective

well-being. The Cantril ladder is also used to measure well-being in this dissertation.



Traditional economics treated well-being as a utility that can be observed in market behavior. It
then defined the subject acting in the market as a rational being who succeeds in maximizing utility at
any given time. However, behavioral economics in recent decades has shown that the actual human
being is an entity that frequently fails to maximize utility and well-being (Kahneman et al., 1982;
Chetty, 2015). Although there are many reasons for this failure, one reason is that people are so focused
on short-term pleasure that they lose sight of the long-term well-being of their lives as a whole.
Another major cause is the lack of information available to individuals. These problems not only affect
individuals, but can lead society as a whole in unfavorable directions that reduce the well-being of
each individual (Sunstein and Ullmann-Margalit, 1999). One way to address these problems is to have
well-informed experts and elites guide policy in a paternalistic manner (Sunstein and Thaler, 2003).

Uzawa (2005) called social common capital the social equipment that enables people to live a
comfortable economic life and maintain a stable and humane society. Social common capital includes
natural capital, social infrastructure, and institutional capital, which should be maintained and
managed not by the market or bureaucrats, but by a group of experts who are knowledgeable in each
area. This is because if left to ordinary people or bureaucrats who do not have sufficient knowledge
and information, the foundation of society will collapse and people's well-being will deteriorate. In
this dissertation, the key concern is whether urban residents are aware of the quantitative and
qualitative levels of urban ecosystems that maximize their own well-being. If urban residents
misperceive the level of ecosystems that maximize their own well-being, then it is not enough to
manage urban ecosystems according to the intentions of urban residents. Therefore, studies are needed
to estimate the value that residents unconsciously receive, which is not valuated through utility theory.

How to achieve the optimal level of urban ecosystems will be discussed through case studies.

1.2.1.3. The Establishment of the Concept of Urban Ecosystems

In general, an ecosystem is a system created by a biological community interacting with the
abiotic environment, such as the atmosphere and soil. For example, a tropical rainforest ecosystem is
a system maintained by biological communities, such as plant and animal populations, in a hot and
humid climate zone. On the other hand, urban areas are places of high population size and density,
which became the recipients of the population explosion following the Industrial Revolution, and
where people have gathered to live a social life. Although urban areas and ecosystems may seem to be
two separate concepts, in reality all urban life is connected to ecosystems in material ways, such as
food, and in non-material ways, such as the experience of nature. "Natural ecosystems" are found in
natural environments that are relatively untouched by humans, while "urban ecosystems" are
artificially formed in urban areas.

The increased interest in urban ecosystems is driven by the explosive growth of the urban

population and the deterioration of the global environment associated with changes in people's



lifestyles. Lifestyles of mass consumption, which are particularly prevalent in urban areas, are directly
and indirectly linked to several global environmental problems. Climate change and biodiversity loss
are examples. A sense of urgency about these issues was shared worldwide, and the Brundtland Report
(UN, 1987) issued by the United Nations World Commission on Environment and Development
(WCED) in 1987 stimulated interest in sustainable development. In 1992, the United Nations
Conference on Environment and Development (UNCED) in Rio de Janeiro, Brazil, adopted the Rio
Declaration on Environment and Development (Weiss, 1992). In the same year, at the initiative of the
UNCED, many countries ratified the United Nations Framework Convention on Climate Change and
the Convention on Biological Diversity, and the Conferences of the Parties (COPs) based on these
conventions are still held regularly today.

Whereas the Washington Convention and the Ramsar Convention, which entered into force in
1975, focused on specific actions and specific habitats, the Convention on Biological Diversity
emphasizes the comprehensive conservation of the diversity of life on the planet. Behind the
establishment of these conventions was the recognition that the loss of biodiversity would be
catastrophic if left unaddressed. The loss of biodiversity due to the emergence of humankind is so
severe that it has been called "the sixth extinction" (Leakey, 1996). The Living Planet Index (LPI),
regularly published by the World Wide Fund for Nature (WWF) as an indicator of the state of
biodiversity and calculated on the basis of vertebrate populations, has declined by 69% between 1970
and 2018 (WWE, 2022). In addition, according to IPBES (2019), the current rate of extinction of
organisms is several hundred times faster than in the past 10 million years, and approximately 25% of
all existing species globally are threatened with extinction.

P. J. Crutzen, the 1995 Nobel laureate in chemistry, stated that the earth is now entering a new
geological epoch, the Anthropocene (Crutzen, 2006), and that there is no ecosystem on earth that has
not been affected by humans. Understanding the relationship between humans and ecosystems is
critical to promoting biodiversity conservation on a global scale. Urban areas are an important arena
for understanding the relationship between the two. In recent years, it has become clear that wildlife
of conservation importance (e.g., threatened species and local endemics) are more abundant in and
around urban areas than previously thought (Luck, 2007; Ives et al., 2016). Urban ecosystems are
attracting increasing attention because the conservation of rich urban ecosystems has the potential to
make a significant contribution to global biodiversity conservation.

The emergence of the concept of "ecosystem services" at the end of the 20th century also
contributed to the establishment of the concept of urban ecosystems. Costanza et al. (1997) defined
ecosystem services as "the benefits human population derives, directly or indirectly, from ecosystem
functions." The emergence of the concept of ecosystem services provided an opportunity to examine
the benefits that ecosystems provide to humans from multiple perspectives. Some ecosystem services

are provided indirectly to urban residents, who normally have little direct contact with nature. As more



and more studies focus on ecosystem services in urban areas, the concept of urban ecosystems has
become widely recognized. This dissertation also focuses on the benefits that urban ecosystems

provide to urban residents.

1.2.1.4. Ecosystems Services and Nature’s Contribution to People

The concept of Nature's Contributions to People (NCP) is relatively new and first appeared at
IPBES at the plenary meeting of the fifth session of the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services in 2017 (IPBES, 2017). According to the Global Assessment
Report on Biodiversity and Ecosystem Services (IPBES, 2019), the NCP is defined as " Nature's
contributions to people (NCP) are all the contributions, both positive and negative, of living nature
(i.e. all organisms, ecosystems, and their associated ecological and evolutionary processes) to people’s
quality of life". The NCP was not proposed as a replacement for the concept of ecosystem services,
but as a broad concept that includes ecosystem services.

One difference between ecosystem services and NCP is that NCP can explicitly include negative
impacts from ecosystems in their conceptual framework (Diaz et al., 2018). In addition, while
ecosystem services is a concept proposed mainly by ecology and economics, NCP has the attitude to
consider values that cannot be captured by ecology and economics, such as different traditional and
cultural elements in different regions (Pascual et al., 2017). In this sense, the NCP is proposed to
overcome the limitations of the conceptual framework of ecosystem services. As [IPBES emphasizes
the preservation and transmission of traditional knowledge in each region, the NCP, which also focuses
on context-dependent values, is highly compatible with the IPBES stance.

However, some criticisms of the NCP can also be found: criticisms such as that the NCP does not
go beyond the limits of the ecosystem services concept, both alternatively and complementarily (Braat,
2018; Kenter, 2018), and that the importance of nature in urban areas is not easily remembered
(Peterson et al., 2018). There is also criticism that although the NCP was intended to push the
boundaries of the ecosystem services concept, it actually inherited an anthropocentric and utilitarian
paradigm and rather contributed to perpetuating the conceptual framework of ecosystem services
(Muradian and Gémez-Baggethun, 2021). Some researchers believe that these debates on NCP and
ecosystem services are meaningful in themselves (Martinez-Harms et al., 2018). Although NCP is a
controversial concept, it is a useful concept for examining the human-ecosystem relationship in a
context-dependent manner, taking into account different cultural factors in different regions.

This dissertation, however, aims to provide a broadly general analysis and discussion of the
human-ecosystem relationship, rather than a context-specific analysis and discussion. This dissertation
consists of four case studies, all of which aim to draw general considerations from the results of their
analyses. Nevertheless, it is essential to consider the characteristics of the study area of each case study

in order to link them to highly general discussions. In this sense, this dissertation also takes into



account the different cultural elements of each study area, but not in order to make a region-specific,
context-dependent discussion. Therefore, this dissertation uses the term "ecosystem services"

throughout, considering that there is little need to use the concept of NCP.

1.2.1.5. Ecosystem Services in Urban Areas

There are two main sources of urban ecosystem services: urban green spaces and urban blue
spaces. Urban green spaces can be found in managed areas such as parks, riverbanks, schools, shrines,
etc., but they can also be found in abandoned areas that have become desolate and overgrown. Urban
blue spaces include rivers, lakes, ponds, seashores, etc. Urban green spaces have been the subject of
research as a source of urban ecosystems for a relatively long time, and recently there has been
increasing interest in urban blue spaces (Ampatzidis and Kershaw, 2020; Veerkamp et al., 2021).
Although some studies have focused on the relationship between these natural environments and
human well-being without using the term "ecosystem services," this dissertation intentionally uses the
term "ecosystem services" to clarify the subject of the studies.

MEA (2005) classified ecosystem services into four categories: supporting services, provisioning
services, regulating services, and cultural services. Supporting services provide the foundation for the
other three services, such as soil formation, plant photosynthesis, and nutrient cycling. The three

services, excluding supporting services, are described below.

Provisioning Services

The prime example of a provisioning service in an urban area is the food supply provided by
urban agriculture. Water supplied by urban areas is an example of a provisioning service, just as
water drawn from urban rivers sometimes supports urban agriculture. Urban agriculture takes place
not only in typical farms, but also in community farms, rooftop gardens, and other places that
increase the food productivity of urban areas. The need for urban agriculture is being reevaluated in
terms of food security in an era of global urban population growth, which is causing food shortages
in urban areas (Orsini, 2013). It should be noted that urban agriculture provides not only
provisioning services, but also regulating services such as mitigating the heat island effect, water
quality regulation, flood mitigation, and pollinators, as well as cultural services by providing
opportunities for urban residents to engage with the natural environment (Aerts et al., 2016). From
this perspective, some studies suggest that urban agriculture is key to creating a sustainable society
(Mougeot, 2006; Pearson et al., 2010). Especially in developed countries facing urban shrinkage, it

is necessary to find ways to transform vacant land into farms (LaCroix, 2010).

Regulating Services



Regulating services support urban areas in many ways. From mitigating flooding and the heat
island effect to regulating air and water quality and even pollinators, regulating services play a very
important role in urban areas. The following are recent research trends on typical regulating services
in urban areas.

Floods are one of the disasters that have increased in severity around the world in recent years.
The risk of flooding is reported to be increasing due to global warming (Schiermeier, 2011). In urban
areas, the risk of flooding is particularly high because the heat island effect makes torrential rains more
likely and the large area of paved ground makes it difficult for rain to soak into the ground (Jha et al.,
2012). Urban ecosystems are expected to reduce the risk of flooding. Barth and D61l (2016) used a
geographic information system (GIS) to analyze the relationship between flood hazard maps and urban
ecosystems in an urban area in Germany. They found that riparian forests are useful for flood risk
reduction in an economic sense. In addition, case studies have been accumulated for flood-prone areas
in Bangladesh, Indonesia, and China (Afriyanie, 2020; Abdullah, 2022). In China, the accumulation
of research on sponge cities, which aim to increase natural areas in urban areas to enhance stormwater
storage and infiltration, is particularly noteworthy (Li et al., 2017; Nguyen et al., 2019).

The heat island phenomenon is another typical urban environmental problem. The main causes
of urban heat islands are the accumulation and re-radiation of solar heat by urban structures and the
large amount of heat generated by anthropogenic heat sources (Rizwan et al., 2008). Urban ecosystems
also serve to mitigate the heat island effect; Bowler et al. (2010a) conducted a meta-analysis of several
case studies focusing on heat island mitigation and found that parks with more trees had lower daytime
temperatures. Recent meta-analyses have also shown that the cooling effect varies depending on the
type and quality of vegetation and the arrangement of green spaces (Aram et al., 2019). Numerous
studies have also shown the effectiveness of green roofs and walls (Santamouris, 2014), as well as the
effectiveness of urban blue spaces (Gunawardena et al., 2017; Yu et al., 2020).

Water quality in urban blue spaces is often degraded compared to water quality in rural
environments. The main causes of water quality degradation include pollution from domestic and
industrial wastewater (McGrane, 2016), the influx of surface pollutants from rainfall (Herngren et al.,
2005), and the effects of agricultural activities (Carey et al., 2012). The degradation of water quality
in urban blue spaces has a significant impact on the survival of the organisms that inhabit them
(Lawrence et al., 2013). Artificial nutrient resources, often found in domestic and agricultural
wastewater, are a perturbing factor for ecosystems and threaten to degrade biodiversity in urban areas
(Miserendino et al., 2011). As mentioned above, human activities in urban areas tend to negatively
affect urban blue spaces, but urban ecosystems work to clean polluted water quality (Livesley et al.,
2016). The richer the vegetation and the higher the biodiversity, the greater the effect on water
purification (Oral et al., 2020).
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Cultural Services

Among urban ecosystem services, cultural services have received particular attention in recent
years. Cultural services are generally defined as intangible, non-material benefits such as spiritual
enrichment, recreation, aesthetics, and educational experiences. More recently, the health benefits of
engaging with nature have received attention from a preventive medicine perspective (Probstl-Haider,
2015). It has been suggested that under the COVID-19 pandemic, people spend more time at home
and have fewer opportunities to communicate with others, increasing the importance of urban
ecosystems for the physical and mental health of urban residents (Grima et al., 2020; Venter et al.,
2020; Jo et al., 2022). The following section outlines research trends by dividing health benefits into
four categories: mental health, physical health, social health, and cognitive function.

Numerous studies have shown that exposure to nature in daily life is important for the mental
health of modern people living in urban areas full of information, stimulation, and stress (Bratman,
2019; Collins et al., 2020). Ulrich (1984) documented the recovery process of people who had surgery
in the same hospital, dividing them into two groups: those who could see green spaces from their
windows and those who could not, and found that those who could see green spaces were discharged
after a shorter hospital stay. In Auckland, New Zealand, Nutford and colleagues (2013) found that the
greater the amount of green space around one's home, the lower the number of anxiety/mood disorder
treatments. There is a large amount of research examining the relationship between urban ecosystems
and mental health. In recent years, the mechanisms of this relationship have also been elucidated. In
analyzing the relationship between nature experiences and brain activity, Bratman et al. (2015) focused
on the prefrontal cortex, which has been linked to depression. They found that the brains of people
who spent a certain amount of time in a forest showed reduced activity in the prefrontal cortex,
compared to the brains of people who spent time in an urban area.

The physical health of urban residents is also closely linked to urban ecosystems. Daily
interactions with nature have been shown to reduce the incidence of obesity, hypertension, diabetes,
and cardiovascular disease (Lee and Maheswaran, 2011). Shanahan et al. (2016) conducted a study
among residents of Brisbane, Australia, and reported that those who visited green spaces for 30
minutes or more per week had a 7% lower incidence of depressive symptoms and a 9% lower incidence
of hypertension. Soga et al. (2017) reviewed previous studies focused on the relationship between
urban gardening and health and found that gardening was beneficial for mental health, as well as
reducing obesity. Gascon et al. (2016) reviewed previous studies focusing on the relationship between
urban green spaces and mortality, highlighting that larger green spaces around homes reduce the risk
of death from cardiovascular disease. Grima et al. (2020) surveyed more than 400 urban residents of
Burlington, Vermont, USA, and found that about 70% of them visited urban green spaces more often
than before the COVID-19 pandemic. This suggests that urban green spaces play an important role in

mental and physical health, even during a pandemic.
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Urban ecosystems contribute not only to physical and mental health, but also to social cohesion.
Urban green spaces and parks serve as meeting places for local people, resulting in increased social
cohesion in local communities (Peters et al., 2010; Shanahan et al., 2016; Jennings and Bamkole,
2019). Maas et al. (2009) found that Dutch urban residents with smaller green spaces around their
homes were more likely to experience loneliness and lack of social support, and concluded that green
spaces promote social contact. Some studies have found that urban green spaces reduce crime rates
(Kuo and Sullivan, 2001; Weinstein et al., 2015). While urban green spaces themselves have also been
shown to evoke fear of crime (Sreetheran and Van Den Bosch, 2014), many studies have confirmed
that well-managed urban green spaces reduce crime rates. Troy et al. (2012) analyzed the relationship
between crime rates and tree canopy for the city of Baltimore, Maryland, USA, and reported that a
10% increase in tree canopy reduced crime by approximately 12%.

Numerous studies have shown that urban ecosystems also have positive effects on cognitive
function (e.g., intellectual abilities such as memory, reasoning, and calculation) (Stevenson et al.,
2018; Oswald et al., 2020). According to the Attention Restoration Theory proposed by Kaplan and
Kaplan (1989), being in nature helps to relax directed or voluntary attention that is overused in daily
life, leading to improved cognitive function. Berman et al. (2012) compared a group that walked in
nature with a group that walked in an urban area and found that the group that walked in nature had
better short-term memory. Dadvand et al. (2017) conducted a large cohort study in Barcelona, Spain
to examine the cognitive development of children and found that the abundance of nature in childhood

had a positive effect on cognitive development.

1.2.1.6. Human—Nature Interactions in Urban Areas

As shown in the previous section, urban residents can enjoy ecosystem services through contact
with nature around them, and there is a growing body of research emphasizing the importance of
contact with nature (Bowler et al., 2010b; Jimenez et al., 2021). At the same time, recent evidence
suggests that urban residents' interactions with nature are rapidly disappearing (Miller, 2005; Soga and
Gaston, 2016). Pyle (1993) referred to the decline in human interactions with nature as the "extinction
of experience," and the extinction of experience is underway in many developed countries. According
to Soga and Gaston (2016), interactions with nature are influenced by two main factors: opportunities
and orientation. Opportunity refers to places and creatures that are targets for engagement with nature,
such as nearby green spaces and wildlife. People who live in areas with more of these opportunities
will have more frequent interactions with nature in their daily lives (Soga et al., 2016). However, some
people who are fortunate enough to have opportunities rarely interact with nature, while others live in
urban areas with fewer opportunities but still interact with nature on a daily basis (Soga et al., 2018a).

These differences are largely due to differences in the extent of positive attitudes toward nature (nature
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orientation) (Soga and Gaston, 2016). In this section, recent research trends in human-nature
interactions are outlined.

It has been shown that nature orientation is strongly related to the amount of nature exposure in
childhood (Chawla, 2020). A number of studies have shown that those with more nature exposure in
childhood have more nature exposure in adulthood (Pensini et al., 2016; Rosa et al., 2018; Wood and
Smyth, 2020). In a survey of Canadian university students, Windhorst and Williams (2015) found that
students with a strong orientation toward nature were more likely to have grown up in accessible and
spacious natural environments and to have grown up in families that valued nature experiences.
Numerous studies have found that more nature experiences in childhood tend to lead to more pro-
environmental behaviors in adulthood (Sato et al., 2017; Rosa et al., 2018; Whitburn et al., 2020).
Guiney and Oberhauser (2009) conducted a survey of conservation volunteers in Minnesota, USA,
and reported that their childhood experiences with nature motivated them to volunteer as adults.

Interacting with nature increases knowledge about the environment, and knowledge further
increases orientation toward nature (Bogeholz, 2006; Duerden and Witt, 2010). With increased
knowledge comes increased awareness of environmental protection (Gifford and Nilsson, 2014). It
has also been shown that environmental education for children deepens the environmental knowledge
of their parents (Damerell et al., 2013), making environmental education by educational institutions
highly important. However, in order to improve society's orientation toward nature, it is necessary to
promote awareness among the population. It has also been observed that the more affectionate parents
are toward nature, the more likely they are to encourage their children to interact with nature (Soga et
al., 2018b). An effective way to promote awareness among adults would be to demonstrate the
importance of daily nature experiences, for example, through the Internet and events. Urban green
commons have attracted attention as a place to share social-ecological knowledge accumulated within
communities (Colding and Barthel, 2013). Through shared management, accumulated knowledge can
be shared.

Given that knowledge of the environment is passed down from one generation to the next, there is
a risk that the loss of experience will also be passed down from one generation to the next. In recent
years, it has been pointed out that there is a risk of falling into a negative feedback loop in which, as
the willingness to interact with nature decreases, awareness of the need to preserve the natural
environment decreases, urban green spaces decrease, and orientation toward nature diminishes even
further (Soga and Gaston, 2016). Soga and Gaston (2018) identify the shifting baseline syndrome as
a factor that accelerates this negative feedback loop. This refers to a socio-psychological phenomenon
in which newer generations, with less information and experience of the past, perceive the
environment in which they grew up as normal. In other words, the new generation, which has no
memory of the rich natural environment that surrounded their residential areas, perceives this as

normal and does not feel a sense of unease or crisis about the current situation.
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In order to break the negative feedback loop, it is important to foster an orientation toward nature
through environmental education, but it is also necessary to increase the amount of available urban
ecosystems through urban restructuring. In recent years, the amount of vacant land in urban areas has
increased and urban shrinkage has been reported in developed countries (Wiechmann and Yahagi,
2016; Haase et al., 2017). Urban residents can benefit in many ways from the conversion of these
vacant lands to nature-rich land uses (Nassauer and Raskin, 2014; Németh and Langhorst, 2014;
Anderson and Minor, 2017). When vacant lots are converted to urban green spaces that can be used
for community and recreational activities, urban residents have more opportunities to interact with
nature (McPhearson et al., 2013; Kremer et al., 2013). The conversion of vacant land into natural
environments is also receiving attention in terms of improving biodiversity in urban areas (Harrison
and Davies, 2002, Muratet et al., 2007). Scattered natural environments in urban areas can improve
biodiversity by providing a foothold for small mammals, birds, and insects to move between larger

natural ecosystems (Herbst and Herbst, 2006; Angold et al., 2006).

1.2.2. Conservation Policies for Urban Ecosystems
1.2.2.1. The Institutional Aim of Conserving Urban Ecosystems

There are a variety of institutions related to urban green spaces. International organizations such
as IPBES make broad agreements such as the percentage of protected areas that a country or region
should achieve, but in order for a country or region to actually achieve such goals, a specific institution
is needed. Especially in urban areas, the natural environment tends to be under strong development
pressure if left to the market. Therefore, in order to preserve green spaces, it is necessary for the
government to deliberately manage and create green spaces by establishing institutions. Institutions
for conserving urban green spaces include systems that preserve existing green spaces through land-
use regulations and systems that require a certain area of green space to be set aside within the premises
of buildings. When these institutions are applied to private land, they generally impose restrictions on
property rights, such as expropriation and land-use regulations, on green space owners and developers.
To compensate for these restrictions, it is necessary to adjust interests through subsidies and tax breaks,
which are financed through taxes. Similarly, taxes are used for greening of publicly owned land. As
mentioned earlier, urban green spaces are in many cases public goods, so it makes sense for taxpayers
to pay for urban greening. Valuing urban green spaces can help determine how much money should
be invested in such policies.

Figure 1 shows the relationship between the three stakeholders: urban residents, the government,
and landowners. First, urban residents delegate economic value judgments related to urban planning
to the government, and after receiving the delegation, the government makes value judgments and
designs institutions related to urban planning, and manages green spaces based on these plans. At this

time, compensation and subsidies for green spaces are provided to landowners as necessary. The cost
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of'this is covered by the taxes of the urban residents who will benefit from the green spaces. As a result,
the benefits and burdens of landowners are ideally balanced, as are the benefits and tax burdens of
urban residents. This structure allows for the coordination of economic interests among stakeholders

through the intermediary of government.

Urban residents The Government The land owner

Delegate economic valuation Economic valuation Land use constraint

Tax burden Policy making Compensation, etc.

Benefit from green spaces ‘ erve green spaces

Figure 1: Relationships among stakeholders involved in green space policy.

1.2.2.2. History of Policies for Conserving Urban Green Spaces in Japan

In Japan, green space protection institutions have been established to meet the needs of the times.
The following is an overview of the transition of the system in Japan as an example of how the system
for conserving green spaces in urban areas was established (as summarized in Table 1). In Japan, the
"Old City Planning Act" was enacted in 1919, establishing a common urban planning system for the
first time in the country. The Old City Planning Act used concepts such as urban parks and scenic
districts (Oshio, 1981). Globally during this period, the establishment of green belts around the
perimeter of urban areas to control the expansion of large cities was recommended at the International
Conference on Urban Planning held in Amsterdam in 1924 (Akimoto, 2020). Against this backdrop,
awareness of the need to consider the urban environment also took root in Japan. In 1933, the then
Ministry of the Interior announced standards for urban area planning, stating that in districts meeting
certain conditions, at least 3% of the district's area should be set aside as parks (Ishikawa, 2001). This
became the legal basis for park development nationwide. However, in the confusion during and after
the war, many parks were gradually converted into industrial, commercial, and residential areas.
Therefore, the "Urban Parks Act" was enacted in 1956 to unify the management of urban parks. The
Urban Parks Act included definitions of urban areas, planning standards, and provisions for
government subsidies for the development of urban parks.

In the 1960s and 1970s, the need to control urban expansion and preserve the environment

increased in response to rapid urbanization and the resulting environmental problems (Funabiki, 2014).
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Under these circumstances, the " Act on the Conservation of Suburban Green Zones" was enacted in
the Tokyo and Kansai metropolitan areas after 1966, establishing strong regulations to preserve the
natural environment in urban areas, as well as a framework for land expropriation and compensation
for losses. The "New City Planning Act" of 1968 also emphasized the importance of preserving the
natural environment in urban areas by distinguishing between urbanization zones and urbanization
control zones. In 1973, the " Act on the Conservation of Urban Green Zones" was enacted, and strict
regulations freezing the status quo for the preservation of the natural environment and a system of land
expropriation and compensation for losses were applied nationwide. The "Factory Location Act,"
revised in 1973, mandated that a certain area of green space be set aside on factory sites, and the
"Productive Green Space Act," enacted in 1974, promoted the systematic preservation of agricultural
land in urban areas. The "Green Master Plan," institutionalized between 1977 and 1981, became the
basis for urban green space planning, and a basic set of greening systems was established based on it.

After the 1980s, the rate of urban sprawl slowed and the demand for high-quality urban
environments increased (Funabiki, 2014). In 1985, urban greening promotion plans were
institutionalized, with each municipality taking the initiative. These plans described specific goals and
implementation measures for urban greening at the municipal level. In 1994, the " Act on the
Conservation of Urban Green Zones" was amended to create the "Green Basic Plan". These plans
recognized that green areas on construction sites, which are private property, have certain public
benefits and are subject to public planning. In 1993, the "Urban Parks Act" was revised, raising the
standard for the per capita area of urban parks in municipalities. After 2000, as global environmental
problems became more serious and government budgets became tighter, there was a policy shift
toward measures to preserve green spaces efficiently with less cost (Funabiki, 2014). With the revision
of the City Planning Act in 2000 and the Act on the Conservation of Urban Green Zones in 2001, the
emphasis has shifted from preserving green space as public property to preserving green space as
private property. Specifically, the system has been revised to efficiently conserve green spaces with
less cost, such as reducing the cost of urban land acquisition and strengthening the obligation to
conserve green spaces (Funabiki, 2014). Today, there is still a need for more efficient greening policies.

In 2017, the Urban Green Space Conservation Act was revised. This revision of the Act marks
the beginning of the recognition of urban agricultural land, which was originally seen as something to
be converted into residential land, as something to be conserved. This revision amends the Productive
Green Land Law, which provides a reduced tax rate for urban agricultural land with a fixed term, and
allows landowners to extend the term repeatedly if they wish. In addition, under the previous
Productive Green Land Law, the reduced tax rate could not be applied to urban agricultural land that
is not farmed by the landowner, but under the revised law, the reduced tax rate can now be applied to
agricultural land for rent. This means that even those who rent out their own agricultural land as an

allotment garden can receive a reduced tax rate. This revision of the Act is expected to play an
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important role in maintaining green spaces in urban areas. In mature Japanese urban areas, such as the
Hanshin region, there is a need to focus on the greening of private property, as the greening of public
property has reached its limits, and the law encourages the greening of private property. In addition,
the conversion of existing urban agricultural land into allotments will help strengthen social ties. Since
green spaces are expected to improve well-being by strengthening social ties, these legislative changes

will move society in a desirable direction. However, the results of these legal revisions will only

become apparent in the coming years, so it will be necessary to monitor the development carefully.

Table 1: History of Policies Related to Green Space and Parks in Japan.

Policy

Year . Contents
(in Japanese)

1919 old City_Planning Act Establish a common urban area planning system for the first
(IB&BHEHERE) time in the country.

1633 Urban_Area P}anning Standards Stipulating that in districts fulfilling certain conditions, at least
(BB EHEI R 4E) 3% of the area of the district must being set aside as parks.
Urban Parks Act Including definiti.ons of u.rb.an areas, planning standards, and

1956 N government subsidy provisions for the development of urban

parks.

Act on the Conservation of Suburban Establishing strong regulations to preserve the natural

1966 Green Zones environment in urban areas, as well as a framework for
CERBRRHAR 2E) expropriation of land and compensation for losses.
New City Planning Act Emphasizing Fhe importance of p're'servi'ng.the natural

1968 G enVlrgnment in urban areas by dl.stlngulshmg between

urbanization zones and urbanization control zones.

Act on the Conservation of Urban Green  Appling nationwide strict regulations freezing the status quo

1973 Zones for the preservation of the natural environment and a system
(FBT R ) of expropriation of land and compensation for losses.

1073 Factory Lo?ation Act Mandating that a certain area of green space be set aside on
(IHILHE) factory sites.

1974 Prod:wtive\Green Space Act Promoting the systematic preservation of agricultural land in
(EEFRHE) urban areas.

1993 Revison of Urban Parks Act Raising the standard for the area of urban parks per capita in
(IERHREE) municipalities.
Revision of Act on the Conservation of . . .

5001  Urban Green Zones Reducing the cost of acquiring urbap land and strengthening
ERFEHARL ) mandates for green space conservation.
Revision of Urban Green Space Allowing landowners to extend the time limits for the

2017  Conservation Act temporary reduced rates on urban agricultural land if they

(RERMHREHE)

wish.

1.2.2.3. Current Conservation Policies and Challenges

As a result of the continuous creation of urban parks since the enactment of the " City Planning
Act" in 1919, the total area of urban parks in Japan has increased from 14,388 ha in 1960 to 122,839
ha in 2014 (Ministry of Land, Infrastructure and Transport, 2022). In addition to urban parks, each

municipality continues to create and preserve the nature-rich environment based on the "Green Basic
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Plan". In light of the "National Spatial Planning Act" formulated by the government in 2015, which
explicitly states that the creation of green infrastructure should be promoted, an increasing number of
municipalities have included the promotion of green infrastructure in their "Green Basic Plan" (City
Bureau of the Ministry of Land, Infrastructure, Transport and Tourism, 2021). Green infrastructure
does not aim to conserve ecosystems per se, but rather to integrate ecosystem conservation into
existing socioeconomic systems (Pauleit et al., 2017). Expectations for green infrastructure are
growing, especially in Japan, where traditional gray infrastructure is expected to become increasingly
difficult to maintain as the population declines. It is important to state the promotion of green
infrastructure not only in the green basic plan, but also in the transportation plan, water supply and
sewerage plan, and disaster prevention plan (Iwasa and Nishida, 2017).

In recent years, there has been a growing recognition that not only governments but also
companies have a social responsibility to care for the environment. According to a report by the Global
Sustainable Investment Alliance (GSIA), the share of global ESG investments increased by 8% over
the four-year period 2016-2020, from 28% to 36% (GSIA, 2020). In Japan, ESG investments have
also grown rapidly, from $47.4 billion in 2016 to $287.4 billion in 2020 (GSIA, 2020). Against this
trend, a growing number of companies are using third-party environmental certification systems to
publicize their environmental performance. One certification system used worldwide is LEED
(Leadership in Energy and Environmental Design), which was created in the United States in 1998.
LEED is an environmental performance rating system for the built and urban environment, and the
number of certifications in Japan has increased from 3 in 2009 to 197 in 2021 (Dodge, 2021). Japan's
own certification systems include "CASBEE" (Comprehensive Assessment System for Built
Environment Efficiency), developed in 2001 under the initiative of the Ministry of Land, Infrastructure,
Transport and Tourism; "SEGES" (Social and Environmental Green Evaluation System), developed
in 2005 by the Organization for Landscape and Urban Green Infrastructure; "ABINC certification",
developed by the Association for Business Innovation in harmony with Nature and Community; and
"JHEP" (Japan Habitat Evaluation and Certification Program), developed by the Ecosystem
Conservation Society. All of these are useful in objectively evaluating and certifying the greening and
biodiversity conservation that companies voluntarily undertake, and in promoting their achievements.
The SEGES and ABINC certifications will also be evaluated for their environmental education and
other public awareness activities, and are expected to have the effect of curbing the extinction of
experience.

An example of a company's active greening efforts is the Otemachi Forest in Chiyoda Ward,
Tokyo, which was completed in 2014. Based on the concept of "regenerating nature along with
regenerating the city," the East Japan Railway Company and the government worked together to
plant trees in the urban area. After careful consideration of the density and balance of tree species,

trees were planted in a plot in Chiba over a period of three years, and then the forest was moved
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directly to Otemachi (Kitawaki et al., 2015). In addition to providing a place for urban residents to
relax, it has become the center of an urban ecosystem network, and many birds have been observed
flying in (Uchiike et al., 2014). Although there are examples of high quality green spaces being
created in urban areas, there are also examples of attempts to develop high quality green spaces and
place buildings in them, which have led to protests from urban residents. Recently, an attempt to
develop the Meiji Jingu Gaien in Shinjuku Ward, Tokyo, met with opposition from local residents. In
order to reach a consensus among residents, it is important to make information about studies and
discussions by experts available to the public. In particular, public disclosure of environmental
assessments is essential. Public disclosure of assessments helps residents better evaluate the pros and
cons of development and greening policies. Japan is expected to experience a steady decline in tax
revenues due to a shrinking population. However, an overemphasis on policies that cost less should
not lead to an undervaluation of urban ecosystems. Proper valuation of urban ecosystems is

necessary for more effective policies.

1.2.3. Theoretical Foundations and New Approaches for Economic Valuation
1.2.3.1. The Necessity of Environmental Economic Valuation

As mentioned above, urban ecosystems are essential for urban residents to lead affluent lives, but
they are not always properly managed and are often neglected. Appropriate management requires not
only an understanding of the importance of ecosystems, but also a multifaceted approach to
management from the perspectives of economics, sociology, politics, and other disciplines. However,
with the development of advanced capitalism, the influence of the market has increased to an extreme
degree, and ecosystems that do not have "prices" tend to be ignored or neglected. The purpose of this
dissertation is to discuss the appropriate management of urban ecosystems from an economic

perspective. This section outlines the need for economic valuation of urban ecosystems.

Market Failure

From the economic perspective, markets create value through the voluntary exchange of goods
and services. Markets use prices to exchange the supplies and demands of a society in order to
distribute finite goods and services efficiently. As Adam Smith expressed with “the invisible hand,”
we can achieve what is best for society as a whole by depending on market systems (Smith, 1776). He
pointed out that self-interest is the driving power and competition is the regulator of that power.
Combining self-interest and competition, markets work to improve the quality of life of people.

However, markets sometimes fail. Market failure arises when resources do not attain their highest
social value. It can be caused by several factors, such as externalities, and public goods (Hanley et al.,
2013). Externalities are the major causes of market failure. An externality can arise when the market

price or cost of production excludes its social cost or benefit. For example, urban green spaces create
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numerous externalities. Urban green spaces alleviate the effects of heat islands, reduce noise, increase
carbon storage, and improve the mental and physical health of residents. Social benefits would be
underestimated and externalities can arise when markets treat these urban green spaces without
considering the aforementioned benefits (Boyle and Kiel, 2001; Picazo-Tadeo and Prior, 2009).

The feature as public goods can also promote a market failure (Cornes and Sandler, 1996). A
public good is defined by two features: non-excludability and non-rival consumption. Non-
excludability is regarded as the situation in which no one can be excluded from its benefits or cost.
Non-rival consumption is regarded as the situation whereby one person’s consumption of the good
does not reduce its availability for anyone else. These two features separate a public good from a
private good. An ecosystem is one example of a public good (Costanza et al., 1997). No person can be
excluded from the public benefits created by ecosystems. If people derive value from the existence of
a species, exclusion is basically impossible, which constitutes non-excludability. If an endangered
species is protected, the number of people affected does not reduce the benefits each person obtains,
which is non-rivalry. Urban green spaces are also a public good insofar as all visitors can enjoy its
availability at the same rate.

Regarding the management of a public good, the important point is whether people pay enough
to create the socially optimal level of the public good (Groves and Ledyard, 1977). If people pay
enough, public goods can be successfully allocated by the market. On the other hand, if people do not
pay enough, the market can fail. The optimal level of public goods is the level that maximizes the net
benefits to society. Marginal social benefits reflect how society values each extra unit of the public
good. The public good should be provided up to the point that the aggregated marginal social benefits
of each person equal the marginal social cost of providing one more unit of the good (Hanley et al.,
2013). This criteria is called the Samuelson condition and the optimal level is known as the Lindahl
equilibrium.

In actuality, the realization of optimal levels of public goods is not easy because it is hard to allow
everyone to contribute enough. Since the driving power of market is people’s egoistic self-interests,
some people have indicated that markets should not undertake the management of public goods. For
example, Uzawa (2005) argued that social common capital, such as the natural environment, social
infrastructure and institutional capital, should be treated not by markets but by experts. Certainly, this
attitude is one of the strategies for managing public goods. However, in reality, a lot of public goods
are managed by market since it is also hard to maintain an optimal level of public goods even for
experts. Therefore, it is necessary to consider how to manage public goods in markets properly. To
realize the optimal level of public goods, governments or experts need to modify the capitalist model
at least to some extent, not depending only on market. This system is called modified capitalism and

to modify appropriately, the valuation of public goods is indispensable.
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Based on these findings, international initiatives have also emphasized the importance of
economic valuation of environmental goods. Originally, along with increasing concern about
worldwide environmental issues (e.g. global warming and biodiversity loss), the United Nations
Conference on Environment and Development (UNCED) (Weiss, 1992), which is generally called the
Earth Summit, was held in Rio de Janeiro in 1992. At this conference, many countries signed some
important conventions. One of the representative conventions was the Convention on Biological
Diversity (CBD). The countries ratifying CBD have convened every two years and held the
Conference of Parties (COP), aiming to develop national strategies for the conservation and
sustainable use of biological diversity (Balmford et al., 2005). At the 10th CBD/COP held in Nagoya
in 2010, the Nagoya Protocol and the Aichi Targets were adopted. Simultaneously, the synthesis report
of The Economics of Ecosystems and Biodiversity (TEEB) which is a global initiative focused on
“making nature’s values visible” was launched at CBD/COP-10 (Kumar, 2010). TEEB emphasized

the importance of assessing the value of ecosystem services from the perspective of economics.

The Aim of Valuing the Environment

In economics, the value of something depends on what we are willing to give up to have it. For
example, if people can sacrifice their income to improve the quality of environmental goods,
environmental goods are regarded as having some value. According to Hanley et al. (2013), an
important point is that a change in environmental quality is being valued, not the total environment.
Willingness to pay (WTP) is one of the tools used to measure the benefits people obtain from changes
in environmental quality. For instance, taking the case of a hypothetical increase in one unit of green
spaces, the WTP is the maximum income that an individual can give up in order to have the increase
in one unit of green spaces. Therefore, the environment can have economic value, even if it has no
market value or price.

Using not only market prices, but also estimating the economic value of changes in environmental
goods is necessary to measure their value appropriately. Adequate estimations of these values are
helpful in many contexts. One of the main context is cost-benefit analysis (CBA). CBA developed
from welfare economics as a democratic and practical application of a decision-making rule (Cullen,
1994). 1t could be used to decide between different policy options or projects in terms of their net
contribution to social well-being (Layard, 1994). CBA identifies the impacts of a project or policy by
valuing these effects on social well-being, and then comparing the positive effects (benefits) with the
negative effects (costs). Measuring costs and benefits in monetary terms enables comparison of them.
CBA is based on the Kaldor-Hicks compensation test. This test asks, “Could the gainers (those who
benefit from a project) compensate the losers, and still be better off?”” (Hanley et al., 2013). Since CBA

focuses on utility impacts, it is not necessary to restrict attention to market-valued impacts. In other
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words, if the changes of non-market goods affect people’s utility, these impacts are also relevant. CBA
has helped the system of modified capitalism function better.

Most ecosystem services are non-market goods. The aforementioned regulating and cultural
services provide benefits to people without being traded in the market. If development is undertaken
without considering these non-market values of ecosystems, people's utility can be reduced by it. For
example, if the development of urban ecosystems results in the loss of flood control functions that
were previously provided free of charge, flood control measures may have to be taken by creating
artificial reservoirs and other measures, which could increase the financial burden. To avoid such a
situation, it is important to conduct economic valuation of ecosystems, including non-market values.
In addition, by conducting an economic valuation that includes non-market values, it is possible to
convey to people that ecosystem services that are provided for free are in fact important and how much
economic loss would result from their loss. Appropriate recognition of the value of ecosystem services
can stimulate people's conservation awareness. When budgets for conservation are limited, the
economic value of multiple ecosystems can be compared through CBA to prioritize conservation and
make more effective conservation policies. It is important to properly value environmental goods such
as ecosystems in order to lead to policies that further enhance people's well-being.

International organizations are also making efforts to link the economic valuation of
environmental goods to policy, but their efforts are still insufficient. For example, TEEB project and
the IPBES (Diaz et al., 2015) have been working on the conservation of ecosystems and biodiversity.
However, according to a report published by the CBD Secretariat in 2020, none of the 20 targets set
out in the Aichi Targets to be achieved by 2020 to halt biodiversity loss have been fully achieved
(SCBD, 2020). To address this problem, it has become urgently necessary to reflect the value of
ecosystem services and biodiversity into sustainability indicators related to policy planning and
evaluation. Some global frameworks for ecosystem accounting, such as the System of Environmental
and Economic Accounting Experimental Ecosystem Account (SEEA-EEA) and the Gross National
Ecosystem Productivity (GEP), have already been suggested. SEEA-EEA aims to facilitate the
mainstreaming of environmental information in economic development and planning discussions

through structuring the framework of ecosystem accounting (Weber, 2014).

1.2.3.2. Methodology for environmental economic valuation
Traditional Valuation Methods based on Utility Theory

To date, numerous methods have been developed to estimate economic values of non-market
environmental goods. Most of the methods are based on utility theory, which means they focus on
impacts of the environment on utility. These methods, which aim to measure the people’s WTP for
changes in the natural environment, can be classified into two: stated- and revealed-preference method.

Stated-preference methods include contingent valuation methods (CVM) and choice experiments.
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These methods have the common feature that they are all based on direct surveys about WTP for
hypothetical changes in environmental quality. The representative revealed-preference methods are
hedonic pricing and travel cost method. These methods use people’s actual behavior in markets of
related goods to infer the value people place on environmental goods. A major difference between
revealed- and stated-preference methods is that revealed methods use people’s actual behavior, rather
than their statements.

Although stated- and revealed-preference methods have widely contributed to economic
valuation for environmental goods they have not escaped criticism. For example, stated-preference
methods ask respondents directly what they would be willing to pay for a change in an environmental
good, which is often an unfamiliar situation and gives opportunities for strategic responses (Frey et
al., 2010). Therefore, the credibility, validity, and reliability of results based on the CVM are a major
controversy in economics (Kahneman and Knetsch, 1992). Regarding revealed-preference methods,
the main problem arises from dependence on strict assumptions. For instance, the assumption of
hedonic pricing is met only if there is a sufficiently wide variety of houses, if prices adjust rapidly, if
households have full information, and if transaction and moving costs are zero (Rosen, 1974; Roback,
1982). These conditions are often violated, and consequently WTP estimates are biased.

Significantly, further problems seem to lie in the fact that both stated- and revealed-preference
methods rely on the basic concept of utility. The utility concept assumes that the choices made by
individuals provide all the information required to infer people’s well-being. Traditional methods
stated above underlay this assumption. However, some researchers have indicated that utility
prediction of individuals is often mistaken in both hypothetical and real markets, thus methods relying
on utility theory are likely to yield biased results (Kahneman and Thaler, 2006; Frey and Stutzer, 2010).
Sen (1995) also pointed out that the gap between utility and well-being is too large to ignore when

evaluating non-market goods based on utility.

The Life Satisfaction Approach

To avoid the bias that traditional methods cannot escape, the life satisfaction approach (LSA) was
established as a new non-market valuation technique (Welsch, 2007; Frey et al., 2010). In this method,
individuals are not asked to value the environmental good directly, but to evaluate their general life
satisfaction. This is presumed to be a cognitively less demanding task, and there is no reason to expect
strategic behavior. Furthermore, the approach does not rely on an equilibrium assumption. Therefore,
the LSA avoids some of the difficulties in previous valuation approaches. In this method, the increase
(decrease) in income that would be necessary to compensate an individual for a given decrement
(increment) in environmental conditions is calculated (Frey et al., 2010). Empirically, the marginal
value of environmental goods is calculated in monetary terms by using the substitution rate between

the marginal effects of respondents’ income and the marginal effects of environmental goods on life
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satisfaction. This estimated marginal value is used as WTP.

Importantly, the LSA does not rely on utility theory, which postulates that utility represents human
well-being, even though traditional valuation methods rely on this theory. In other words, the LSA is
considered an essential method because it focuses on people’s subjective well-being. In addition,
methods relying on utility theory cannot calculate the value of non-market goods unless people
consciously notice the influence they receive from them, but LSA can take it into account, even if
people do not consciously recognize it. This is one of the major advantages of the LSA (Frey et al.,
2010). As a result of these advantages, studies using LSA have increased considerably recently,
including, for example, studies on the monetary worth of air quality (Welsch, 2006; Luechinger, 2009;
Barrington-Leigh and Behzadnejad, 2017; Mendoza et al., 2019), nuclear power plant externalities
(Welsch and Biermann, 2016) , extreme weather events (von Mollendorff and Hirschfeld, 2016) , flood
disasters (Luechinger and Raschky, 2009; Fernandez et al., 2019) , and ecosystem diversity (Ambrey
and Fleming, 2014a). In these studies, the values of non-market goods, which influence people’s well-
being directly without going through the market system, have been calculated in monetary terms.

Although the LSA avoids some of the difficulties of previous valuation approaches, it depends
on its own preconditions for a successful application. In particular, the validity of measures of
subjective well-being are important. The LSA builds on the recent development of subjective well-
being research in economics. A common understanding in this field is that subjective well-being can
serve as an empirical approximation to individual welfare (Frey et al., 2010). If this interpretation of
subjective well-being measures is accepted, the LSA works adequately. However, there is concern that
measures of subjective well-being include a lot of noise. Some specific evidence showing the validity
of subjective well-being measures are presented here. According to Di Tella and MacCulloch (2006),
life satisfaction scores correlate with other variables that can be plausibly claimed to be associated
with true individual well-being. Respondents who are satisfied with their lives are likely to satisfy
their family members and friends (Sandvik et al. 1993). Those who have high levels of satisfaction
tend to be mentally healthy (Stenhangen et al., 2014; Grevenstein and Bluemke, 2015). Those who
have low levels of reported life satisfaction are more likely to be diseased (Koivumaa-Honkanen et al.

2000), and suicidal (Koivumaa-Honkanen et al. 2001).

1.3. The Targeted Problems and Objectives of the Study

As mentioned in the previous section, the dilution of human-nature interactions makes proper
management of urban ecosystems difficult. The purpose of this dissertation is to discuss appropriate
valuation methods for urban ecosystems and to explore better ways to encourage urban residents to
interact with nature. The four case studies presented in CHAPTERS II-V were conducted to achieve
this purpose.

Multiple environmental valuation methods have been developed to value urban ecosystem
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services in monetary terms. However, traditional valuation methods are based on utility theory and
may not fully consider the well-being of urban residents. Therefore, in CHAPTER 11, an economic
valuation of urban green spaces is conducted using LSA. Although there have been studies in the past
that valued urban green spaces using LSA, they all focused on the physical area of urban green spaces
as the target of valuation. However, in order to create opportunities for urban residents to interact with
nature, it is important to focus not only on the quantitative increase of green spaces, but also on the
qualitative improvement of green spaces. CHAPTER 1I focuses on the quantity and quality of green
spaces, analyzes which ecosystem services increase residents' life satisfaction, and uses LSA to
conduct a monetary valuation of them. By taking the Hanshin region as the target area, both the green
spaces scattered in the urban area and the peri-urban forests are covered. Understanding the
characteristics of ecosystem services that enhance the well-being of residents and estimating their
value is useful in designing environmental policies. The use of numerical indicators that measure not
only life satisfaction but also mental health is also a unique feature of the study presented in this
chapter.

In order to break the negative feedback loop that leads to the dilution of interactions with nature,
it is important to increase the opportunities for urban residents to interact with nature through
environmental policies, as well as to cultivate their orientation toward nature. Even if there is a good
natural environment around one's home, it will not lead to actual contact with nature if there is no
orientation toward nature. If they have the orientation, they will want to visit the natural environment,
and they will want a good natural environment to exist in their neighborhood. The orientation toward
nature emerges as a conservation awareness. From the perspective of environmental economics, this
conservation awareness can be measured in monetary terms as WTP. CHAPTER III focuses on the
process by which orientation is promoted by analyzing which individuals have a high WTP.
CHAPTER III is characterized by the adoption of the concept of "connectedness to nature". This is
based on the fact that numerous previous studies have shown a strong link between environmental
awareness and connectedness to nature (Dutcher et al., 2007; Barbaro and Pickett, 2016).
Connectedness to nature is a respondent's subjective sense of connection to the natural world (Mayer
et al., 2009). Previous research has confirmed that contact with nature increases connectedness to
nature and that connectedness to nature increases environmental awareness (Mayer et al., 2009).
However, none of these studies have examined the relationship between environmental awareness,
measured in monetary terms, and connectedness to nature. Therefore, CHAPTER III analyzes the
relationship between environmental awareness measured in monetary terms and feeling of
connectedness to nature. Another feature of this study is to focus on the influence of the frequency of
childhood contact with nature on the relationship. Singapore was chosen as the research site for
CHAPTER III. Although Singapore is an extremely densely populated urban area, it is also a country

with a strong environmental awareness, as its green cover has increased over the past few decades due
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to systematic greening.

If it is true that orientation toward nature increases contact with nature, then conversely, without
orientation, contact with nature may be lost. Previous research suggests that extinction of experiences
is underway in urban areas (Soga and Gaston, 2016). On the other hand, few studies have focused on
the impact of reduced contact with nature on urban ecosystems. The negative feedback loop that
accelerates the diminishing orientation to nature assumes that the diminishing orientation to nature
leads to the degradation of the natural environment. However, few studies have focused on the
relationship between orientation toward nature and the degradation of the natural environment.
Degradation of the urban natural environment can be categorized as either quantitative or qualitative,
and CHAPTER IV focuses on riverine biodiversity as one indicator of the quality of urban ecosystems.
Specifically, whether the relationship between the level of biodiversity and subjective satisfaction in
nearby nature changes in dependence on the frequency of contact with nature was analyzed. If more
contact with nature tends to lead to a desire for a richer natural environment, less contact with nature
may lead to a deterioration of the natural environment. CHAPTER IV differs from similar studies in
that it uses the recently developed environmental DNA (eDNA) method to identify biodiversity as an
objective numerical indicator. CHAPTER 1V, like CHAPTER 11, takes the Hanshin region as its study
area. This area, located between Mt. Rokko and the Seto Inland Sea, is an appropriate place to focus
on the relationship between urban residents and rivers.

If rich biodiversity does not improve the satisfaction of urban residents, it is difficult to implement
environmental policies to enrich biodiversity. As many previous studies have shown, biodiversity
enrichment has many positive effects on people. However, if urban residents do not seek biodiversity
enrichment, it may be partly because they do not properly value the benefits they receive from
ecosystem services. It is possible that modern urban residents, whose contact with nature has
diminished, have a dampened orientation toward nature and no longer desire a rich natural
environment in their neighborhoods. The key is to form natural environments that encourage urban
residents to interact with nature. In particular, it is necessary to form natural environments that urban
residents, whose orientation toward nature has already been dampened, will want to visit.

By focusing not only on objective numerical indicators, such as the number of species and the
area of green spaces, but also on subjective indicators, different strategies for improving well-being
can be identified. CHAPTER V focuses on residents' subjective perceptions of the extent of green
spaces. Specifically, the study analyzes whether residents' perceptions of the same area of green spaces
change when the quality of the green spaces changes. Furthermore, the study analyzes whether the
impact on urban residents' life satisfaction differs between objectively measured green spaces and
subjectively perceived green spaces. CHAPTER V is an extension of CHAPTER II, which deals only
with physical green spaces. Analyzing the relationship between subjective indicators and residents'

well-being, rather than objective indicators alone, has the potential to lead to environmental policy
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proposals that are more in line with residents' intentions. In particular, it is important to consider urban
residents' subjective perceptions of the natural environment in order to create greener environments in
which urban residents, whose orientation toward nature tends to be weakened, will want to connect
with nature. In order to break the negative feedback loop, it is essential to study how residents perceive
the natural environment. CHAPTER V provides new insights in this regard.

Through the four case studies above, this dissertation explores ways to break the negative
feedback loop that leads to the dilution of nature interactions and transform it into a positive
feedback loop that strengthens nature interactions. As the feedback loop that enhances interactions
with nature progresses, well-being should improve in response. However, it is not easy to strengthen
interactions with nature when a negative feedback loop is already underway. Based on the findings
of CHAPTERS II-V, the appropriate management of urban ecosystems is discussed in CHAPTER
VL
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CHAPTER II'

Economic Valuation of Urban Green Spaces

using Life Satisfaction Approach

2.1. Introduction

Among ecosystems services, cultural services are particularly important in urban areas (Chan et
al., 2012). Cultural services include contribution to spiritual fulfillment, provision of recreational
opportunities, and services that serve as the foundation of religion and society. Many of these cultural
services can be benefited by contact with nature. It has been pointed out that cultural services have a
difficult-to-quantify function of healing the hearts and minds of urban residents, and it is difficult to
properly value them using traditional economic methods based on utility theory (Frey and Stutzer,
2010). As described in the CHAPTER I, LSA was proposed as a method that goes beyond the
limitations of traditional environmental valuation methods. The discomfort and satisfaction that people
unconsciously perceive from environmental goods could not be valued within the framework of
traditional utility theory because they do not affect the increase or decrease of utility. On the other
hand, LSA can also take into account discomfort and satisfaction, of which the source cannot be
identified by the residents. In this respect, LSA differs significantly from traditional valuation methods
based on utility theory. Since the benefits of urban green spaces are not always recognized by people,
LSA is an appropriate method for valuing urban green areas.

This study analyzes the impact of green spaces on the mental health as well as the life satisfaction
of urban residents. At this stage, it cannot be said that there is a fixed method for measuring these
indices, but in this study, for the life satisfaction index, the index used in the Better Life Index of the
OECD (2013) will be adopted, and for mental health, the K6 index recommended by Kessler et al.
(2002) and WHO. The impact of urban green spaces on mental health is analyzed and compared with
LSA. In order to focus on the quality of urban green spaces, this study classified urban green areas
into four categories: school’s, park’s, shrine’s, and other green spaces, when constructing geographic
data with a GIS. Then, an analysis using the LSA and K6 indicators is performed to show that the
valuation can differ depending on the type of green spaces.

The remainder of this chapter is organized as follows. Section 2 describes the LSA employed in
this study, introducing similar previous studies. Section 3 describes the study area, the data set, and
the estimation model. Section 4 presents and discusses the results of the analyses using life satisfaction

and the K6 index, respectively. Then, Section 5 discusses and Section 6 summarizes the study.

I This chapter is written based on Aoshima et al. (2017).
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2.2. Methods

The LSA applied in this study estimates the value of environmental goods through regression
analysis using the life satisfaction obtained from the questionnaire as the dependent variable. By
including income as an in independent variable, it is possible to estimate the value of the environmental
goods in monetary terms using the substitution rate between the marginal effects of environmental
goods and income. In other words, it is possible to calculate the level of income needed to maintain
the level of life satisfaction before the environment deteriorated, and conversely, the level of income
needed to maintain the level of life satisfaction before the environment improved. For such an analysis,
we assume a function of the form (1) and specify and estimate a regression equation. Regarding the
equation (1), LS is the level of life satisfaction obtained through the questionnaire, x is the non-market
good to be valued (in this study, green spaces), y is income, and z is other factors affecting life

satisfaction.

LS=fx.2) (D

Similar to this study, Ambrey and Fleming (2014a), Tsurumi and Managi (2015), and Tsurumi et
al. (2015) can be cited as studies that applied LSA to urban green spaces for valuation. Ambrey and
Fleming (2014a) used GIS to calculate the green coverage of urban areas in Australia and determined
the marginal value of an increase in green coverage around residential areas. As a result of the analysis,
the marginal WTP for a 1% increase in green spaces (143 m?) is estimated to be $467 per capita per
year. The study, however, treated parks, community parks, cemeteries, stadiums, national parks, and
nature reserves as green spaces, and thus classified sites without green vegetation as green spaces,
which remains an issue. Tsurumi and Managi (2015) conduct an analysis for the Tokyo and Kansai
metropolitan area of Japan and present the following two results. First, the higher the green coverage
around the residence, the lower the WTP for a marginal increase in green spaces, and second, the
marginal WTP is affected by attachment to green spaces, knowledge of green spaces, satisfaction with
green spaces, the amount of contact with green spaces, and distance to green spaces. However, one
issue that remains in this study is that forests, rice paddies, fields, parks, and shrine forests are treated
together as one indicator, without distinguishing between them.

In contrast, Tsurumi et al. (2015) used satellite images to construct green spaces data for Tokyo
and extracted vegetation using an index called the Normalized Difference Vegetation Index (NDVI).
This method is particularly novel in terms of the construction of green spaces data, as it is described
as being capable of identifying individual trees. In addition, green spaces were subdivided into private
land, roads, parks and playgrounds, agricultural land, waterfront, educational facilities, cultural

facilities, temples and shrines, and churches, and their marginal monetary values were calculated
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separately. In addition to the LSA using life satisfaction, the study is very advanced in that it calculates
the impact of green coverage on the Cantril ladder, dominant emotions (yesterday and in the past week),
positive emotions, mental health (GHQ12), and depression (MHI-5), respectively.

However, Tsurumi et al. (2015) evaluated only the central area of Tokyo, and there are no forests
or mountain within the areas subject to valuation. However, the Hanshin region, the target area of this
study, is a region where urban areas and forests are closely connected. By taking advantage of this
regional characteristic, it is possible to separately calculate and compare the impact of forests on urban
residents and the impact of urban green spaces on urban residents. In the field of ecology, as clearly
stated by MA (2005) and Chan et al. (2012), the functions of forests and those of urban green spaces
are considered to be very different, so it is significant to calculate their marginal values separately in
LSA and compare them. The main objective of this study is to value forests and urban green spaces
by LSA based on the differences in their functions. In addition, the impact of green spaces on mental
health is also analyzed separately for forests and urban green spaces to examine the impact of each.

In this study, the residence of the survey respondents was ascertained at the zip code level.
Therefore, there is some error in the calculation of the percentage of green cover around the residential
area due to the fact that the residential area of the survey respondents is not accurately known. In light
of'this, it is not necessary to identify individual trees in this study, and it is thought that the construction
of green spaces data using aerial photographs of green spaces with multiple trees provides data suitable

for the purpose of the study.

2.3. Data and Estimation Model
Geographic Characteristics of the Study Area

As Fig. 1 shows, the study area comprised four cities in Hyogo Prefecture in Japan: Kobe, Ashiya,
Nishinomiya, and Amagasaki. This area is highly urbanized and populated, with up to 2.6 million
people inhabiting an area of 72,100 ha. It forms part of the Kansai region, which is Japan’s second
largest metropolitan area. Mt. Rokko, a transverse mountain range that extends over a distance of about
30 km, is located in this area and has been designated as a national park in recognition of its
biodiversity rich natural environment. This mountain range is home to more than 100 bird species and
1,700 plant species, including many endangered and endemic species (Museum of Nature and Human
Activities, Hyogo, 2001). Mt. Rokko’s ecosystem services include the provision of biodiversity, water
provision and purification, recreational use, sightseeing, and landscaping opportunities (Kobe City,
2016). Despite its close proximity to the city, a place with such a rich natural and ecological
environment is rare in the whole country (Tsuge, 2001). Its selection as the study area enabled a
simultaneous focus on the dispersed green spaces within an urban area and an adjacent peri-urban

forest.
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Figure 2: Location of the study area.

Data on Green Spaces

Previous studies measuring forest values in Japan include Marushige and Yasuda (2009), Tsuge
(2001), and Urade et al. (1992). Studies that estimated the value of urban green spaces but did not
apply LSA include Yoshida et al. (2010), Fujimoto et al. (2006), and Elmqvist et al. (2004). Studies
focusing on urban green spaces can be divided into those that focus on specific green spaces and those
that treat green spaces scattered throughout the urban area from a broad viewpoint, the latter of which
involves difficulties due to the complexity of data construction. In this study, the data was constructed
originally by using GIS. The urban green spaces used as an independent variable is the percentage of
green spaces in the neighborhoods where the respondents of the social survey live.

The method of constructing data on green coverage is as follows. First, land use patterns are
depicted in GIS based on aerial photographs provided by the Geospatial Information Authority of
Japan. In this regard, since the aerial photographs used in this study were taken between 1994 and
2007, there is a possibility that the land use patterns at the time the photographs were taken and the
current land use patterns have changed. Therefore, after producing a map of land use patterns using
aerial photographs, the map was compared with Google map, and the information on points where
land use has changed significantly was revised sequentially. The geographic data constructed in GIS
is shown in Figure 3. Five types of land use patterns related to green spaces are distinguished: forests,
school’s green spaces, shrine’s green spaces, park’s green spaces, and other green spaces. The
remaining four types, excluding forests, are used as urban green spaces. Only urban green spaces with

a perimeter of 150 m or more are included in the analysis. For example, parks that are parks but do
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not have clusters of trees are not treated as "park’s green spaces. In this study, therefore, only clusters
of trees are defined as green spaces, and the effects of clusters of trees on human well-being are
analyzed. The definition of each green spaces is summarized in Table 2.

The addresses of the social survey respondents are plotted at the zip code level, the physical
center of gravity of each zip code block is determined, a circle with a radius of 1 km is drawn around
the point, and the occupancy rate of green spaces within that area is defined as the green coverage rate
of each survey respondent. The distance of 1 km is set here because it is a distance that an average
adult can walk for about 10 to 15 minutes, and therefore, it can be considered as a walking distance,
which is considered to be an appropriate distance as a living area.> The average occupancy of urban

green spaces in a circle with a radius of 1 km in the entire sample of this study was 2.4%.

. Green spaces

Not green spaces

Figure 3: Physical data on green spaces obtained using GIS in the study area.

2 Tsurumi and Managi (2015) found that green spaces 100m to 500m from the residence significantly
increase life satisfaction, while Tsurumi et al. (2015) used the green coverage rate within 1500m from
the residence as an independent variable in their analysis. It can be said that the distance setting is still
in the exploratory stage.
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Table 2: Definitions of green spaces in CHAPTER I1.

Physical size

of green spaces

(calculated using
a circle with an
1km radius
from the centroids

of addresses)

Definition

Forest

Physical size of peri-urban forests located next to

a highly urbanized area (ha)

Urban green spaces

Physical size of green spaces scattered in an urban

area (ha)

School's green spaces

Physical size of green spaces on the grounds of

schools (ha)

Park's green spaces

Physical size of green spaces on the grounds of

maintained parks (ha)

Shrine's green spaces

Physical size of green spaces on the grounds of

shrines or temples (ha)

Other green spaces

Physical size of green spaces on grounds other
than listed above, such as riverside green and

derelict green (ha)

Data on Social Survey

Some of the data used in this study were obtained by conducting an Internet-based social survey.

The response period for this survey was six days, from November 27 to December 2, 2014, and the

target population was residents of Kobe, Nishinomiya, Ashiya, and Amagasaki cities, aged 20 to 69.

The subjects were randomly selected for the survey, paying attention to the demographic population

ratio, sex ratio, and age group ratio of each city. The sample size was 1092, of which 930 were valid

responses. Table 3 shows the number of responses and their ratios by sex, age, and place of residence

for each city block.
Table 3: Demographic statistics for survey respondents.
Obs. Ratio (%)
Sex Male 425 45.7
Female 505 54.3
Age 20s 118 12.7
30s 205 22.0
40s 275 29.6
50s 213 22.9
60s 119 12.8
Address Kobe city 595 64.0
Ashiya city 46 4.9
Nishinomiya city 123 13.2
Amagasaki city 166 17.8
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The level of life satisfaction is a subjective rating scale based on the answers to the question, "on
the whole, how satisfied do you normally feel?" on an 11-point scale from 0 (extremely unsatisfied)
to 10 (extremely satisfied). Other questions on personal attributes include income, sex, age, place of
residence, marital status, last level of education, occupation, number of family members, importance
of leisure time compared to work, and the amount of leisure time available on weekends and holidays.

In addition, a number of recent literatures have pointed out the positive impact of urban green
spaces on the mental health of neighborhood residents. For example, many studies have shown that
urban green spaces enhance subjective well-being (Stigsdotter et al., 2010; Stigsdotter and Grahn,
2011; Grahn and Stigsdotter, 2010; Morita et al., 2007; Carrus et al., 2015). Medical and
immunological studies have shown that visiting urban green spaces has positive effects on blood
pressure, cortisol levels, pulse rate, sympathetic nervous system, etc. (Lee et al., 2011; Park et al.,
2010; Gidlow et al., 2016; Li and Sullivan, 2016). In particular, Tyrvéinen et al. (2014) and Tsunetsugu
et al. (2013) have clearly shown that green spaces have a positive impact on people's mental health
even if they spend less time visiting green spaces, and this effect can also be expected for urban green
areas.

Based on these previous studies, this study analyzes the impact of green spaces on mental health
by including questions measure not only life satisfaction but also the mental health of the respondents
to the questionnaire. Although many measures of mental health have been developed since the end of
World War I1, none of them has proven to be influential. In this context, Kessler et al. (2002) developed
the K6 index with the aim of measuring mental health more accurately with fewer questions. This
index was developed by statistically scrutinizing previously developed mental health scales, and the
questions were narrowed down to the following six items.

* About how often during the past 30 days did you feel nervous?

* During the past 30 days, about how often did you feel hopeless?

* During the past 30 days, about how often did you feel restless or fidgety?

* How often did you feel so depressed that nothing could cheer you up?

* During the past 30 days, about how often did you feel that everything was an effort?

* During the past 30 days, about how often did you feel worthless?
The respondents were asked to answer each of these questions on a 5-point scale, with the higher the
total score, the more serious the mental problem. The K6 has been widely used in health surveys in
various countries, including the World Mental Health Survey conducted by the WHO. In this study, in
addition to the analysis using the LSA, the mental health measured by the K6 was used as the

dependent variable, and these analyses were compared and discussed.

The Estimation Model

34



In order to analyze the collected data, a regression model is specified based on equation (1). In
this study, the analysis will be based on the following model, which includes variables related to the

green spaces to be focused on, in addition to various factors that affect life satisfaction.

n
Vi=at ) it )
k=1

Y is the dependent variable and represents the degree of life satisfaction and mental health of
each survey respondent, X; is the socioeconomic factor or location factor that explains Y. i is the
individual being surveyed, ¢ is the error term, and o and f are the parameters to be estimated by the
regression analysis. The X; to be added to the regression model is summarized in Table 4, including
the expected signs, with reference to previous studies. Since the dependent variables in regression
equation (2) are ordinal scale variables, the Generalized Linear Model (GLM), which applies the
maximum likelihood method, is applied for all estimation. Model selection was performed using the
Akaike Information Criterion (AIC) to derive the best estimating equation.

For urban green spaces, four types of green spaces are used as independent variables: "school’s

nn nn

green spaces," "shrine’s green spaces," "park’s green spaces," and "other green spaces." In addition,
the total of these four types of green spaces is also included as one variable as "aggregated urban
green spaces.” Therefore, there are a total of five variables related to urban green spaces, but in order
to avoid the problems of multicollinearity and endogeneity, these variables are included in the model

separately.
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Table 4: Data summary.

Variable Definition Sign
0 (extremely unsatisfied) to

10 (extremely satisfied)

0 (low depression level) to

Life satisfaction LS

Mental health K6 . .
entathiea 24 (high depression level)
Income Income the closest income among 100, 300, 500,
700 900, and 1100 ten-thousand JPY
Female dummy Sex female = 1, man = 0 +
20=20s, 30=30s, 40=40s, 50=50s
A 4 > ) 5 ) sh
ge ge 60=60s U-shaped
Marriage dummy Marriage married = 1, other =0 +
. . Number of family members other than
N f famil, F -
umber of family members amily him/herrself living with him/her
1=junior high school, 2=high school,
3=technical school, 4=two- 1
Educational background Education eeimiea SEAo0l, FTIWo-year cotlege +
or technical college, 5=college,
6=master's course, 7=doctoral course
. . . L . . 0 (extremely unsatisfied) to
Satisfaction with residential neighborhoods Surrounding . +
10 (extremely satisfied)
Childhood nature experiences Nature_exp 4 (rich nature exp erler.lces) o +/-
23 (poor nature experiences)
o o 11 (high sociabillity) to
Sociabillit Sociabil - +
oc1abIity octabtlity 44 (low sociabillity)
Student dummy Student student = 1 +
Housekeeper dummy Housekeeper housekeeper = 1 +
Leisure time on holidays Leisure_time L (short lel.s ure t@e) o +
— 48 (long leisure time)
Work-leisure balance Work _or leisure 0 (emp haSIS. on wo.rk) to +/-
- - 10 (emphasis on leisure)
Coast dummy Coast 1 = there is an ocean within a radius of e
lkm
Amagasaki dummy Amagasaki = living in Amagasaki city +/-
Tarumi-Suma dummy Tarumi_suma 1 = living in Tarumi or Suma city +/-
Number of stations within a 1km radius Station number of stations within a 1km radius +/-
Occupancy of "forests" within a 1km radius Forest as above +
Occupancy of "school's green spaces”
+
within a 1km radius School _green  as above
Occupancy of "shrine's green spaces" ;
+
within 2 1km radius Shrine_green as above
Occupancy of "park's green spaces"
P +
within a 1km radius ark_green as above
Occupancy of "other green spaces"
+
within 2 1km radius Other_green as above
Occupancy of "aggregated urban green spaces Urban_green as above N

within a 1km radius

2.4. Result and Discussion
2.4.1. Analysis using Life Satisfaction

Table 5 shows the results of estimating equation (2) with life satisfaction as the dependent
variable. The estimation results are divided into modell to model5. Modell includes "School green"

to equation (2), model2 includes "Shrine green", model3 includes "Park green", model4 includes
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"Other_green", and model 5 includes “Urban_green,” which is the total of these four types of urban
green spaces.

The results of the estimation show the following. First, for income, statistically significant
positive signs are obtained for all the models in Table 5, indicating that income increases life
satisfaction. As for the control variables, results consistent with previous studies are obtained for all
variables except age. A positive sign was obtained for the importance of leisure compared to work at
the 1% significance level for all models, indicating that people who value leisure more than work
generally tend to have higher life satisfaction. No significant results were obtained for the number of
stations included in the model as a variable representing convenience. One possible reason for this is
that, given that convenient residential areas tend to have high housing prices and rents, the satisfaction
derived from high convenience is offset by the dissatisfaction associated with paying high housing
prices and rents. With respect to green spaces, "other green spaces" in model 4 and "aggregated urban
green spaces” in model 5 were significantly estimated. In addition, a significant positive sign was
obtained for "forest" in both models. One of the reasons why significant results could not be obtained

nmn

for "school’s green spaces," "shrine’s green spaces," and "park’s green spaces" is that these green
spaces were observed in smaller numbers than the "other green spaces.

The analysis of this study showed that the presence of urban green spaces and forests within a
radius of 1 km from the place of residence improves the level of life satisfaction. Comparing the
coefficients for "aggregated urban green spaces" and "forest" obtained in Model 5, the coefficient
value for "aggregated urban green spaces" is about 6 times larger than that for "forest," indicating that
an increase of 1 unit of "aggregated urban green spaces" contributes to life satisfaction about 6 times
higher than an increase of 1 unit of “forest” within a radius of 1 km. This result suggests that forests
and urban green spaces should be incorporated separately into the regression when applying LSA. The
reason why forests and urban green spaces contribute differently to life satisfaction is considered to
be that forests and urban green spaces fulfill different functions, as described in Section 2.

Based on these results, the marginal value of green spaces is 98,550 yen per person per year for
an increase of 1 ha of "aggregated urban green spaces" within a radius of 1 km, and 16,970 yen per
person per year for an increase of 1 ha of "forest". This means that the average person living in the
study area can maintain his/her life satisfaction even if his/her annual income decreases by about
98,550 yen when the urban green spaces near his/her residence increase by 1 ha. When a similar
analysis was conducted by selecting only people living with children under 15 years old, the marginal
value of urban green spaces was estimated to be higher than in the analysis using the entire sample. In
other words, it is clear that urban green spaces contribute particularly to the life satisfaction of those
with children under 15 years old. It can be expected that the presence of green spaces near residential

areas increases children's satisfaction, and that the increase in children's satisfaction increases the life
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satisfaction of the parents.

3 Although not shown in the table, a similar analysis was conducted by selecting only survey
respondents living with children under 15 years old, and a significantly positive sign was obtained for
"aggregated urban green spaces." The marginal value of "aggregated urban green spaces” is 209,600
yen per capita per year for an increase of 1 ha within a radius of 1 km, which is about twice the
marginal value of 98,550 yen per capita per year in the case of Table 5.
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Table 5: Estimation results when the dependent variable is life satisfaction.

specification modell model2 model3 model4 model5
Income 0.001452%** 0.001446%** 0.001447%** 0.001447%** 0.001444***
(5.40) (5.39) (5.39) (5.40) (5.39)
Sex 0.680843*** 0.672942%** 0.675228*** 0.669532%** 0.666169%**
(4.09) (4.06) (4.07) (4.05) (4.03)
(Age) 2 0.000076 0.000075 0.000076 0.000075 0.000076
(1.05) (1.04) (1.05) (1.05) (1.05)
Marriage 0.433008** 0.427110%** 0.427379%** 0.441186%** 0.430397**
(2.55) (2.52) (2.52) (2.61) (2.54)
Family -0.145174** -0.146224** -0.147323** -0.153892%* -0.155990**
(-2.13) (-2.14) (-2.15) (-2.25) (-2.28)
Education 0.141311%** 0.139185%** 0.139981 *** 0.143243%** 0.140841***
(2.78) (2.73) (2.76) (2.82) (2.78)
Surrounding 0.270384%*** 0.271279%** 0.271757*** 0.267668*** 0.270914%***
(7.14) (7.16) (7.18) (7.08) (7.17)
Nature_exp 0.047260%** 0.046726** 0.047062** 0.045797** 0.045898%**
(2.52) (2.49) (2.51) (2.45) (2.45)
Sociability 0.053755%** 0.053325%** 0.053296%** 0.053883*** 0.052849%:**
(3.88) (3.83) (3.84) (3.90) (3.82)
Student 1.619319%*** 1.601542%** 1.611810%** 1.617578%*** 1.616413%**
(3.64) (3.61) (3.63) (3.65) (3.65)
Housekeeper 0.422796** 0.426657** 0.426195%* 0.432082** 0.437154%*
(2.24) (2.25) (2.25) (2.29) 2.31)
Leisure time 0.036807*** 0.036697*** 0.036659%** 0.037336%** 0.036944%**
- (4.57) (4.55) (4.55) (4.64) (4.59)
Work or leisur. 0.111924%%* 0.111415%** 0.111395%** 0.113669%*** 0.112550%***
(3.91) (3.89) (3.89) (3.98) (3.94)
Coast 0.171361 0.184766 0.188235 0.251304* 0.257408*
(1.14) (1.23) (1.26) (1.65) (1.67)
Amagasaki 0.415501** 0.426704** 0.431183** 0.475059%** 0.483965%*
(2.09) (2.15) (2.18) (2.39) (2.42)
Tarumi suma -0.102720 -0.088435 -0.092289 -0.344188 -0.256500
B (-0.57) (-0.49) (-0.52) (-1.59) (-1.28)
Station 0.008003 0.008829 0.003883 0.021265 0.006033
(0.18) (0.20) (0.08) (0.48) (0.14)
Forest 0.005895 0.006135 0.006278 0.007284* 0.007694*
(1.40) (1.44) (1.49) (1.72) (1.79)
School_green -0.048460
(-0.49)
Shrine_green 0.033871
(0.13)
Park_green 0.021693
(0.50)
Other_green 0.063463**
(2.06)
Urban_green 0.044685*
(1.82)
constant -2.264547%%* -2.243710%** -2.266305%** -2.366267*** -2.346642%**
(-3.53) (-3.50) (-3.53) (-3.69) (-3.66)
Log likelihood -1894.9473 -1895.061589 -1894.942366 -1892.911342 -1893.387946
AIC 4.118166 4.118412 4.118156 4.113788 4.114813
observation 930 930 930 930 930

* p<0.1, ** p<0.05, *** p<0.01 Note: Figures in parentheses are Z-values.

2.4.2. Analysis using K6 Index

Next, in order to examine the possibility that green spaces affect mental health, an analysis is

conducted using mental health (the K6 indicator) as the dependent variable. Table 6 shows only the
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results related to green spaces among the estimation results. Significant negative signs were obtained
for all models from model 1 to model 5 for income, marriage, education, satisfaction with one's
surroundings, sociability, housewife/househusband dummy, and leisure time on holidays, indicating
that these variables affect mental health. An inverse U-shaped relationship was obtained for age.
Significantly negative estimates were obtained for model 2, model 4, and model 5 for green
spaces. These results indicate that urban green spaces not only increase the level of life satisfaction of
urban residents, but also have a positive impact on their mental health. Although significant estimates
could not be obtained for "shrine’s green spaces" in the analysis in which the dependent variable was
life satisfaction, its impact on mental health was estimated to be significant. This suggests that shrine’s
green spaces have a particularly pronounced impact on the mental health of neighborhood residents.
Many of the shrine and temple green spaces have been protected and managed for many years for
religious reasons, and thus can be said to be places where the original natural vegetation and
biodiversity of the area that was lost due to urbanization is still present (Manabe et al., 2007). From
this perspective, shrine and temple green spaces have a slightly different character than other urban
green areas. It is also possible that the sense of sacredness of the shrine or temple itself has a healing
effect on the residents of the neighborhood.* Note that significant results were obtained for
"aggregated urban green spaces," but not for "forest." These results indicate that the impact of urban

green spaces is more significant than the impact of forest on people's mental health.

Table 6: Estimation results when the dependent variable is K6 index.

specification modell model2 model3 model4 model5
Forest 0.000761 -0.004399 -0.000690 -0.003267 -0.004748

(0.006) (-0.36) (-0.06) (-0.27) (-0.39)
School _green 0.231004

(0.82)
Shrine_green -1.424136*

(-1.94)
Park_green -0.071135
(-0.58)
Other_green -0.171640*
(-1.95)
Urban_green -0.130852*
(-1.87)

constant 18.568160***  18.283512***  18.550321***  18.810546%**  18.779385%**

(10.16) (10.01) (10.14) (10.28) (10.27)
Log likelihood -2869.306781  -2867.728259  -2869.481548  -2867.709383  -2867.876704
AIC 6.213563 6.210168 6.213939 6.210128 6.210488
observation 930 930 930 930 930

4 Even if shrine and temple green spaces have special benefits, it is difficult to create new ones as a
practical matter. Nakamura et al. (2002) and Hattori et al. (2003) discuss the possibility of creating
highly naturalistic forests that resemble shrine and temple green spaces. Valuation of such attempts
will be necessary in the future.
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2.5. Discussion

The value of green spaces estimated in this study is compared to similar valuation studies
conducted on green spaces in Japan. Although there are very few previous studies that have conducted
valuations per hectare of green spaces on an individual or household basis, there are several studies
that have attempted to apply CVM to value them. Sato et al. (2019) applied CVM and conducted a
valuation of the marginal value of an increase of 1 ha for forests in Japan on a household basis and
found the national average to be 2,447 yen per year. Kuriyama et al. (2000) conducted a valuation
using CVM for a forest on Yakushima Island, Kagoshima Prefecture, which is a World Heritage site,
and obtained an annual value of 1,500 yen per hectare increase for each household. Managi and
Institute for Global Environmental Strategies (2011) conducted CVM on Kabukurinuma, Miyagi
Prefecture, and obtained a valuation of 917 yen per hectare increase per year for each household. In
this study, the marginal value for an increase of 1 ha of urban green spaces was evaluated at 98,550
yen per capita per year, and the marginal value for an increase of 1 ha of forest was evaluated at 16,970
yen per capita per year, showing a large deviation from the valuations in these previous studies.

There are two main reasons for this deviation. The first is due to the distance between the valuator
and the green spaces. In this study, the value was estimated for green spaces within a radius of 1 km
from the home of each valuator. On the other hand, in the previous studies mentioned above that
applied CVM, each valuer estimated the value of green spaces in their municipality. This difference
in distance is considered to be a factor in the deviation, because people generally value green spaces
that are closer to their homes more highly. Second, there is a difference in valuation methods. While
this study applied LSA, the previous studies mentioned above used CVM. CVM is based on utility
theory, which means that values that do not appear as utility cannot be valued. Discomfort and
satisfaction that people unconsciously perceive from environmental goods cannot be valued within the
framework of traditional utility theory because they do not affect the increase or decrease of utility. In
contrast, LSA can also theoretically value discomfort and satisfaction, the sources of which cannot be
identified by the valuator. It can be inferred that urban residents unconsciously benefit from urban
green spaces, resulting in a deviation in the valuation. Since both of the above two factors are

speculative, additional research is required to elucidate them in the future.

2.6. Conclusion

This chapter quantitatively shows that urban green spaces and forests increase people's life
satisfaction and contribute to their mental health, using the LSA framework. In particular, this study
focused on the type of urban green spaces and analyzed the magnitude of their impact on life
satisfaction and mental health. The results of this study provide the following findings on the function

and importance of urban green spaces. First, unlike forests in natural areas, urban green spaces have a
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high value in terms of cultural services, and it is essential to value them from the perspective of
subjective well-being. This suggests that urban green spaces contribute to human well-being in a
different way than forests in natural areas. On the contrary, LSA may underestimate the valuation of
the provisioning and regulating functions of forests, such as food supply and climate control. Second,
the study suggested that urban green spaces also contribute to the mental health of residents and may
have value that cannot be grasped by traditional utility theory-based valuations. This suggests that
when conducting urban development, it is essential to consider the potential value of urban green
spaces, which may not be grasped within the framework of traditional utility theory. There is a need
for careful consideration of the meaning of urban green spaces to neighborhood residents, and this
study presents one way to do so.

The following points need to be addressed in the future. First is the refinement of green spaces
data. In the analysis of this study, the significance of the impact of variables related to urban green
spaces on life satisfaction was not so large. If the density of vegetation, types of trees, and whether
green spaces are available for public use can be quantified using GIS, more detailed analysis of the
quality of green spaces will be possible. Second is the improvement of LSA. While LSA can value a
wide range of non-market goods, it is difficult to value services that do not contribute directly to life
satisfaction. In the future, it is necessary to seek a highly valid environmental valuation method by
devising other method, such as a combination of LSA and traditional valuation methods.

It should also be noted that while LSA allows for intrinsic environmental valuation based on life
satisfaction, the estimated value is not the WTP that residents are willing to pay for environmental
policies. As mentioned in the Discussion, the valuations estimated in the LSA tend to be larger than
the marginal values of green spaces estimated using methods based on traditional utility theory. This
is considered to be because the LSA can estimate even values that are not recognized by the residents.
However, when the cost of investing in environmental policies is calculated based on valuations that
include values that residents do not recognize, residents may feel that the cost is greater than the
benefits from it. Several problems exist here, but one solution is to raise residents' awareness of
environmental conservation and help them understand environmental policies. CHAPTER III

examines how to get residents to have a high WTP for environmental policy.
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CHAPTER III;

Nature Experiences, Connectedness to Nature,

and WTP for Environmental Policy

3.1. Introduction

While CHAPTER II revealed that urban ecosystem services improve the well-being of residents,
the residents’ willingness to conserve is important for the proper management of urban ecosystems. It
has been pointed out that urban residents who have little interaction with nature have a low
environmental awareness (Sato et al., 2017), and thus, it is important to strengthen residents'
interactions with nature. Under these circumstances, "connectedness to nature" is attracting attention
as a key concept for analyzing the interactions between urban residents and nature.

Restall and Conrad (2015) posited that “connectedness to nature” can be used to understand how
individuals personally identify with the natural environment and the relationships they form with
nature. Previous studies have shown that individuals’ contact with nature fosters and enhances their
connectedness to nature (Mayer et al., 2009; Frantz and Mayer, 2014). In turn, this connectedness to
nature increases their environmental awareness and prompts pro-environmental behaviors (Dutcher et
al., 2007; Gosling and Williams, 2010; Cheng and Monroe, 2012; Barbaro and Pickett, 2016).
Therefore, extinction of experience results in a decline in individuals’ connectedness to nature, which,
in turn, appears to constrain environmental management. Consequently, connectedness to nature has
been used as a bridging concept between contact with nature and environmental management and
policy.

Although researchers have confirmed and analyzed the positive relation between connectedness to
nature and environmental awareness, few studies have examined how connectedness to nature affects
acceptance of environmental policies. The findings of a meta-analysis of connectedness to nature
indicated that only 13% of the 90 included studies focused on the implications of connectedness to
nature for environmental conservation (Restall and Conrad, 2015). Moreover, the economic
implications of connectedness to nature in relation to conservation have not been ascertained. However,
economic valuation is needed when a conservation policy can be justified from the perspective of
accountability. In other words, monetary costs and benefits are non-negligible issues in environmental
management (Costanza et al., 2016). In conducting a social cost-benefit analysis of environmental
conservation policy, the economic valuation of environmental impact plays an important role and is

related to people’s acceptance of policy implementation.

5> This chapter is written based on Sato et al. (2021).
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Therefore, a detailed investigation of people’s willingness to pay (WTP) for environmental
conservation is important, especially in highly urbanized areas where people’s varying characteristics
and lifestyle diversity create heterogeneous subjective recognition of the natural environment. In
considering people’s cognitive diversity in relation to policy and management evaluation, it is
important to assess the determinants of WTP for environmental benefits, such as the management of
forests and green spaces. However, researchers have criticized WTP, such as Faccioli et al. (2020) who
argued that while WTP is typically valued by environmental economic techniques, such as stated
preference method, it often ignores the role of complex psychological and sociological factors. Thus,
to better understand the determinants of WTP for urban forests and green spaces, an analysis of the
impact of connectedness to nature on economic valuations is needed.

This paper presents an analysis aimed toward demonstrating how connectedness to nature
enhances individuals’ WTP for environmental conservation. Specifically, we analyzed the connection
between connectedness to nature and WTP using a structural equation model (SEM). We measured
connectedness to nature using the Connectedness to Nature Scale (CNS; Mayer and Frantz, 2004) and
conducted a choice experiment (CE), a method which has been widely used to calculate the value of
environmental goods (Hanemann, 1994; Christie et al., 2007; Vecchiato and Tempesta, 2013) when
assessing respondents’ WTP for environmental policies. Focusing on the relationship between the CNS
and WTP enabled us to assess whether fostering connectedness to nature can effectively increase
individuals’ willingness to make financial sacrifices to facilitate the implementation of environmental
policies.

Furthermore, this study focused on ecosystem services in an urban area where human—nature
relationships are important. In particular, the study highlighted the effects of residents’ characteristics
on the value they place on urban ecosystem services and related conservation policy. To achieve this
aim, the survey area needed to have both natural and urban environments in close proximity. If the
study area had too much forest area, there may be little perceived need for afforestation policies,
whereas in an urban environment with little forest area, it would be difficult to explore the effects of
residents’ characteristics, such as their experiences with nature. Thus, we chose Singapore, which is
highly urbanized and can therefore be an appropriate for studying how different people perceive the
different value of urban forests.

The remainder of the paper is organized as follows. The Section 3.2. presents a literature review
on how the concept of connectedness to nature has been previously applied. The Section 3.3. describes
the survey method, study area, and dataset, while also elaborating on the measurement scales’
construction and quantification. In the Section 3.4., we present the result on obtained score of
connectedness to nature. The Section 3.5. and 3.6. provide the results of and discussion on the CE and

SEM analysis, respectively. In the Section 3.7., we offer conclusions derived from the study’s findings.
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3.2. Literature Review
Connectedness to Nature and Environmental Concerns

The feeling of being connected to nature is inherently psychological. Roszak (1995) stated that
people would care about natural world if the self were expanded to include it. In recent decades,
human-nature relationships have begun to be investigated in this context and become regarded as a
key component of fostering environmental awareness (e.g., Dunlap et al., 2000; Mayer and Frantz,
2004). Moreover, without opportunities to experience the natural environment individuals do not
develop a strong sense of connectedness to nature (Mayer et al., 2009), and such opportunities have
recently declined, especially for urban residents (Soga and Gaston, 2016). To address this problem,
numerous studies have applied the concept of connectedness to nature to explore ways to conserving
the natural environment. For example, Dutcher et al. (2007) conducted regression analyses using data
on Pennsylvanian landowners, which indicated that respondents with a high level of connectedness to
nature retained a significant and positive relationship with their self-reported environmental awareness
and pro-environmental behaviors. Connectedness to nature also appears to encourage pro-
environmental behaviors among farmers in relation to native vegetation management (Gosling and
Williams, 2010). Moreover, Barbaro and Pickett (2016) posited that an association exists between
connectedness to nature and self-reported engagement in 17 daily expressed pro-environmental
behaviors.

Some concepts and indicators related to connectedness to nature have been applied within the
literature, such as the CNS (Mayer and Frantz, 2004), Environmental Connectivity Scale (ECS;
Dutcher et al., 2007), New Ecological Paradigm (NEP; Dunlap et al., 2000), and Nature Relatedness
scale (NR; Nisbet et al., 2009). An empirical examination to assess the extent to which these indicators
overlap revealed a strong correlation, indicating that they can be considered to measure the same factor
(Tam, 2013). In light of this finding, Restall and Conrad (2015) applied “connectedness to nature” as
an umbrella term that encompasses all of the above terms. Among these related concepts, Olivos et al.
(2011) investigated the validity and reliability of the CNS as a measure of connectedness to nature and
concluded that it is useful for investigations in social psychology. As a result, the CNS has been
established and widely used (Kleespies and Dierkes, 2020). Considering the aim of this research (i.e.,
to analyze the effect of connectedness to nature on the valuation of ecosystem services), a basic
measure would be preferable. Therefore, after reviewing previous discussions on measures, we chose

the established CNS for use in this study.

Willingness to Pay and Connectedness to Nature
This study aimed to determine whether connectedness to nature can promote forest conservation
policies in urban areas. The intangible benefits of urban forests are relatively more important than their

tangible benefits for urban residents because the benefits that they derive from visiting urban forests
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are mostly psychological (Lee and Maheswaran, 2011). Researchers have therefore applied WTP
rather than market values to estimate these benefits (Tyrvdinen and Vaéninen, 1998; Tyrviinen, 2001;
Lo and Jim, 2010, 2015; Majumdar et al., 2011; Sato et al., 2017). These estimates of residents’ WTP
are especially important for evaluating the effectiveness of environmental policies on urban forests.
Moreover, governments need to ensure that the environmental policies they formulate will be met with
public acceptance, which can be measured using an indicator such as WTP (Horowitz and McConnell,
2002). In other words, WTP is a monetary criterion that is essential in policy evaluation. Therefore, in
this study, we used WTP to measure public environmental concerns. Stern et al. (1995) suggested that
there is a correlation between the NEP, which measures individuals’ cognitive beliefs toward nature,
and WTP for forest preservation. However, based on findings from their empirical study, Mayer and
Frantz (2004) argued that, while the CNS and NEP are related to some extent, they are distinct in that
the CNS is more strongly related to ecological behavior than the NEP. Accordingly, it is important to
analyze the relationship between the CNS and WTP and validate the CNS as a suitable predictor of
WTP.

We conducted a CE to estimate participants’ WTP for forest conservation. The value of a forest
comprises several attributes, such as provision of timber, food, and recreational opportunities and
mitigation of the effects of global warming (De Groot et al., 2010). CE is an appropriate method
because it can be applied to value the multi-attribute structure of an evaluation target. This method has
been previously used to value the multi-attributes of forest (Giergiczny et al., 2015; Filyushkina et al.,
2017; Diafas et al., 2017; Tait et al., 2017). In WTP estimates, it is necessary to consider different
forest attributes, as the relationship between connectedness to nature and WTP is expected to vary
according to these attributes. Therefore, we incorporated multiple forests attributes into our analyses

of the CNS and WTP.

Dynamics to Improve the Quality of Natural Environment

Our study included the dynamics associated with four positive feedback processes (see Figure 4).
In the first process, an increase in opportunities for establishing contact with nature leads to an increase
in the level of connectedness to nature. In the second process, increased connectedness to nature leads
to a higher WTP. In the third process, an increase in WTP for an environmental policy leads to
improvement in the quality of the natural environment. In the final process, an improvement in the
quality of the natural environment leads to a further increase in opportunities to experience contact
with nature. Furthermore, due to their strong positive correlation (Cervinka et al., 2012; Kamitsis and
Francis, 2013; Zelenski and Nisbet, 2014; Capaldi et al., 2014), human well-being is likely to
continuously increase along with connectedness to nature, provided that the above loop continues to
have a positive impact. However, reversing the cycle is likely to lead to a decrease in human well-

being, as a decline in opportunities to experience contact with nature would presumably result in
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deterioration in the quality of the natural environment, which could subsequently prompt a decline in
human well-being.

As our primary concern was connectedness to nature, we tested the validity of the first and second
processes using questionnaire data and applying an SEM. Researchers (e.g., Dutcher et al., 2007) have
confirmed that a positive association exists between connectedness to nature and environmental
awareness (the second process); however few studies have examined the economic role of

connectedness to nature through estimates of WTP.

Increase in the Opportunities (4) Improvement in the Quality
of Contact with Nature of the Natural Environment
(1) Loop (3)
Increase in the Level of Increase in the WTP
Connectedness to Nature (2) for Environmental Policy

Figure 4: The dynamics entailed in contact with nature and the quality of the natural

environment (authors’ formulation).

3.3. Methods and data applied in our case study of Singapore

We used three types of data within an empirical analysis relating to the first and second processes:
data on respondents’ contact with nature, connectedness to nature, and WTP for environmental policies.
The data were collected from residents of Singapore through an online survey. The indicators used to
measure respondents’ connectedness to nature and contact with nature are described in Section 3.3.1.
A brief explanation of the CE used to estimate respondents’ WTP is subsequently provided in Section

3.3.2.1, followed by a description of the SEM in Section 3.3.2.2.

3.3.1. Measurement scales

Connectedness to nature was measured using the CNS (Mayer and Frantz, 2004), which is widely
used to measure the strength of respondents’ traits that promote feelings of being emotionally
connected to the natural world (e.g., Frantz et al., 2005; Mayer et al., 2009; Howell et al., 2011;
Kamitsis and Francis, 2013). The CNS comprises 14 questions, such as “I often feel a sense of oneness
with the natural world around me” and “I recognize and appreciate the intelligence of other living

organisms,” which assess the sense of oneness with the natural world. These questions are rated using
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a five-point response scale, ranging from 1 (strongly disagree) to 5 (strongly agree). An overall score
is calculated based on the mean of the responses to all questions, with higher scores reflecting greater
connectedness to nature. Participants’ CNS scores are provided in detail in Section 3.4.

Regarding contact with nature, some scholars have argued that childhood contact is much more
important than contact in adulthood for instilling environmental consciousness (Wells and Lekies,
2006; Sato et al., 2017). Thus, as one of our objectives was to explore whether contact with nature
fostered respondents’ feelings of connectedness to nature, childhood contact with nature needed to be
measured in detail. Accordingly, we categorized individuals’ contact with nature into past (prior to
junior high school) and present contact to assess the influence of age on connectedness to nature. To
measure past contact, we used the indicator “nature experience in the past,” comprising six questions.
Past environmental education (Ernst and Theimer, 2011; Cheng and Monroe, 2012) and direct contact
with nature (Liefldnder et al., 2013; Braun and Dierkes, 2017) are important determinants of
connectedness to nature. In light of the findings of earlier studies, respondents were asked to recall
their experiences relating to nature prior to attending junior high school; for example, “How often did
you experience picking, breeding, or raising animals and plants?” Participants responded to these
questions using a scale ranging from 1 (not at all) to 4 (often). Table 7 shows all of the components of
“nature experiences in the past” along with details on how this variable was constructed. A four-point
response scale was used for all of the questions, with the exception of Q4. To synthesize the responses,
we converted the four-point response scale used for the above questions to a two-point scale by
replacing the response options 1 and 2 with 0 and the remaining response options with 1. The
participants who responded to Q4 were divided into two groups: those who chose the “no, there are
no nature-loving persons” options and those who selected other options. The former group rated 0 and
the latter group rated 1 for Q4. Then, these adjusted values were added up in order to make the variable
relating “nature experience in the past.” Cronbach’s alpha for this variable was 0.7794.

The status of respondents’ present contact with nature was ascertained through questions relating
to the following variable: “frequency of visits to nature.” In response to the question, “How often do
you visit green spaces or forests on average (including wooded local parks, gardens, etc.),” participants
answered according to a scale ranging from 1 (never) to 7 (every day). The seven-point response scale

adopted in this study was also used by Kazmierczak (2013).
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Table 7: The components of “nature experiences in the past.”

Question Choice
(1) In your childhood (before junior high school), how often did 1: not at all
you experience picking, breeding, or raising animals and plants? 2: seldom
3: sometimes
4: often
(2) In your childhood (before junior high school), how often did 1: not at all
you experience playing in mountains, rivers, or the ocean? 2: seldom
3: sometimes
4: often
(3) In your childhood (before junior high school), how often did 1: not at all
you experience visiting the countryside, with natural 2: seldom
environments? 3: sometimes
4: often
(4) In your childhood (before junior high school), were there any - parent
nature-loving individuals around you? Please choose all of the - grandparent

applicable options. (Multiple answer)

(5) Before junior high school age, how many nature

environments were there in the neighborhood?

(6) In your childhood (before junior high school), how often did
you have environmental and ecological education programs on

awareness and perception of nature?

brother or sister
teacher
neighbor

no, there were

nature-loving persons

1

AW

A W

: very little
: relatively little
: much

: very much

: not at all
: seldom
: sometimes

: often

no

3.3.2. Willingness to pay

3.3.2.1. Choice experiment

We applied a classical approach based on utility theory for the economic valuation, which entailed
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measuring participants’ WTP (Hanemann, 1984). Among the various methods used for measuring
WTP, the CE is widely applied for determining non-market values related to the environment
(Adamowicz et al., 1998; Hoyos, 2010). We chose to conduct a CE because it enables respondents’
WTP to be estimated for each forest attribute.

At the start of the CE, participants were presented with a hypothetical scenario. The assumption
adopted in this scenario was that the government planned to terminate all existing forest-related
projects and initiate a new project aimed toward effectively regulating Singapore’s forests. Participants
were then provided with five independent and sequential choice sets. The number of choice sets was
determined by the result of the orthogonal planning. Although a CE requires a large number of items,
respondents may feel demotivated and provide answers that do not reflect serious thought if they are
asked too many questions. Therefore, we adopted an orthogonal planning method and designed
efficient choice sets based on Louviere et al. (2000). Although an orthogonal arrangement sometimes
leads to unrealistic choice sets, it enables efficient estimates of coefficients in the CE, avoiding the
effects of multicollinearity that occurs when choice sets are constructed in such a way that correlations
among attributes yield a value of zero. However, if the choice set includes unrealistic alternatives, it
can lead to a less informative answer and sometimes reduce respondents' interest and involvement
with the questionnaire (Kruijshaar, et al. 2009), potentially leading to a provided response of “no
choice.”

As a result of applying the orthogonal planning method, we obtained 25 choice sets, which were
divided into five groups of five choice sets each. All participants answered the repetitive choice
questions in the choice set randomly selected from among the five groups. As alternatives were created
using orthogonal planning, each choice set included three alternative environmental management
plans (Alts. 1-3) and two no-choice options (Alts. 4 and 5). Each of the environmental management
plans (Alts. 1-3) comprised six attributes: five emphasized forest ecosystem services and one entailed
a burden charge.

There has been some controversy over what format should be used to present each attribute level.
One idea for this is to show the quantity itself; however, within the literature on urban green spaces,
Kim et al. (2020) suggested that presenting a percentage is better for respondents when indicating their
choices. As this study was not focused directly on the monetary valuation of ecosystem services, but
on examining the cognitive factors which affect this valuation, we adopted the presentation by
percentage method with consideration to the difficulty of the responses. Thus, we could estimate the
weight on each variable that the respondents expect to enforce with reference to the current situation.
The weight of each ecosystem service could then be applied in the following analysis using
psychological factors defined as CNS. These attributes and their levels are summarized in Table 8.

After considering the different features of each hypothetical plan, participants selected the one that

appealed to them the most. Table 9 provides an example of a choice set from the CE questionnaire.
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After analyzing the responses to the choice questions, we calculated the parameters of the utility
function and participants’ WTP to improve the quality of each forest ecosystem service by 1%.

We focused on forest ecosystem services, defined as the benefits for human beings derived from
ecosystem services (Costanza et al,, 1997). The Millennium Ecosystem Assessment (2003)
identified four categories of ecosystem services: provisioning, regulating, supporting, and providing
cultural services. In this research, forest ecosystem services were divided into the following five
categories: (1) provision of timber and food (provisioning service); (2) moderating extreme events,
such as landslides, drought, and floods (regulation service); (3) preventing global warming by CO>
absorption (regulation service); (4) providing habitats for species and preserving ecosystems
(supporting service); and (5) providing opportunities for recreation and education (cultural service).
Given that ecosystem services provide extensive benefits related to their well-being (Bolund and
Hunhammar, 1999), an investigation of urban residents’ attitudes toward these ecosystem services
would contribute to the enhancement of their life quality.

The levels of each forest ecosystem service in each alternative were determined based on a
previous study conducted for the forest in Shiga prefecture, Japan. We referred to this study for the
following reasons. First, it estimated values for forest ecosystem services using a CE (Sato et al., 2019).
The estimated values were considered valid and reasonable, and the Shiga prefecture referenced them
when discussing forest management policy (Shiga Pref., 2016). Second, we needed a starting point for
the survey design; however, there was no direct study which estimated values for forest ecosystem
services using a CE in Singapore. Thus, as Shiga prefecture also has a mixture of natural and urban
areas with a high population density, we based our questionnaire on the one used there. Finally, we
conducted a pretest before the actual survey and confirmed that we could estimate the value of forest
ecosystem services using these CE settings in Singapore.

The level of burden charge was determined in reference to Barrio and Loureiro (2010), who
conducted a meta-analysis of 35 studies applying stated preference method for valuing a variety of
forest-related goods and services. In their study, a mean annual WTP value of US$ 34.81 per household
was obtained.® In our study, we incorporated this value as a reference point within a range of values
using the following levels of burden charge in Singapore dollars (SGD): 10, 20, 50, 100, or 200 per
household annual.

Stated preference methods, such as CE, often entail biases (Murphy et al., 2005). In the choice
questions of this study, percentages from current attribute levels of ecosystem services were shown.

This means respondents were required to compare the hypothetical improvement with current situation.

¢ To enable the information obtained from the 35 studies to be compared, Barrio and Loureiro (2010)
standardized the values reported in these studies in relation to the US dollar value in 2008 using
purchasing power parity rates. Because the mean WTP in this study was expressed as a logarithm, we
converted it to an antilogarithm. In March 2017, the exchange rate was 1.40 SDG/USD.
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Regarding anchoring bias (Ladenburg and Olsen, 2006), the anchor of this study is considered as the
status quo. Thus, when a conservation policy is suggested, people generally estimate the value of the
environmental change from the status quo according to cost and benefit. If there is a strong anchoring
bias, the proposed change has less value, and the policy evaluation tends to be conservative. Despite
other potential biases, such as strategic bias (Meginnis et al., 2018) and hypothetical bias (Hensher,
2010), CE is useful as a stated preference method (OECD, 2018). The effect of bias on valuation
results is important to. However, note the focus of this study was not on the absolute values of

individuals’ WTP, but on the difference in relative values among different people.

Table 8: Attributes and associated levels applied in the Choice Experiment.

Attribute Level

Forest ecosystem services 75% (down by 25%)
100% (status quo)

125% (up by 25%)

150% (up by 50%)

Burden charge (per year per household) SGD 10
SGD 20

SGD 50

SGD 100

SGD 200
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Table 9: An example of a choice set used in the Choice Experiment questionnaire.

Alt. 1

Alt. 2

Alt. 3

Alt. 4

Alt. 5

Function 1:
provisioning timber and food

Function 2:
moderating extreme events, such
as landslides, drought, and floods

Function 3:
preventing global warming by
CO, absorption

Function 4:
providing habitats for species and

Down by 25%

As status quo

Down by 25%

As status quo

As status quo

Up by 50%

Up by 50%

Down by 25%

Down by 25%

Up by 25%

Down by 25%

Up by 25%

No
adequate
plan

No
need to
implement
project
itself

preserving ecosystems

Function 5:
providing opportunities of
recreation and education

Up by 25% Up by 50% Up by 256%

Burden Charge

(per year per household) SGD 20

SGD 50 SGD 100

Choose one

As participants’ reasons for selecting a no-choice option could differ, each choice set included two
no-choice options: “(there is) no adequate plan” (Alt. 4) and “(there is) no need to implement the
project itself” (Alt. 5). Whereas Alt. 4 implied the absence of a desirable plan within the choice set,
Alt. 5 implied that the participant considered an additional forest-related project to be unnecessary.
This response was considered to be a protest of the policy itself and omitted from the analysis.
Contrastingly, participants who selected Alt. 4 were included because they favored some other
environmental policy, thus indicating their preferences and WTP.

Accordingly, out of the total number of observations (442), 33 respondents selected Alt. 5 in all
of choice sets, and were considered to be against implementing any policy. In addition, 100
respondents selected Alt. 5 in some of the choice sets. Their answers were considered to be inconsistent,
because if they thought the policy itself was not needed, then they should have selected Alt. 5 in all
choice sets. The analysis in this study retained only consistent answers. As a result, the CE included

309 people who did not select Alt. 5 for any choice set.

3.3.2.2. Model for Estimating WTP

The analytical CE model was based on random utility theory. Accordingly, we assumed that the
utility function could be expressed as the numerical sum of the observable portion of utility function
¥V, and the independently and identically distributed extreme value (IIDEV) error term, ¢. The utility

function U relating to the choice of alternative i in choice set ¢ by respondent » was expressed as:
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Unit = Vhit + €nit- (1)

A widespread assumption regarding an IIDEV type 1 (IIDEV1) error term & that is applied to
derive a conditional logit model can be found within the literature (McFadden, 1973). In this study,
we also assumed that € is an [IDEV1, and that the observable portion of the utility function, V, is a

linear combination of the attributes, as expressed in Eq. (2), using the parameter vectors o and S:

Vhit = 0 + B1n X Functionl,,;; + Pon X Function2,,;;+ s, X Function3,,;; + Lan X )

Functiond;; + Bsn, X Function5,;; + Ben X Burden Charge,;,.

The property of independency from the irrelevant alternatives derived from the IID assumption of
the conditional logit model was strict, and individual evaluation of the forest value was disallowed. A
mixed logit model that accommodates the variance of random components was developed to overcome
such limitations. Mixed logit models allow for random taste variations, unrestricted substitution
patterns, and the correlation of random terms over time (McFadden and Train, 2000; Train, 2009).
They are also rather flexible in addressing the limitations of conditional logit models. We chose a
mixed logit model to estimate WTP at the individual level, as this model enabled us to ascertain the
variety of parameters at this level. It was necessary to estimate individuals’ WTP because the SEM,
which was subsequently used to analyze the relationship between CNS and WTP, required individual
data. Differing from a standard logit model in which parameter vectors are estimated using point
estimation, the model applied in the present study estimated the distribution forms of the density
function, because random parameters are assumed to be distributed with density function f(B8) in
mixed logit models. In our model, parameters a,, denoting the alternative-specific constant term for
the option “no adequate plan,” and Bs were considered non-random parameters, and Bin, P2n,..., Psn
were assumed to be normally distributed random parameters. The WTP of individual »n for the
improvement of attribute j (WTPj,) was defined as the marginal utility of each forest coefficient (B2n,
B3n, Pan, and Psn) divided by the burden charge coefficient (Bs), as expressed in Eq. (3). In the process,
we assume the denominator as non-random parameter to calculate WTP of each respondent (Revelt

and Train, 1998).

__coefficient of forest function (Bjn, j=2,3,4,5)
WTPj - coef ficient of Burden charge (36) : (3)

We estimated each distribution form, then used Bayes’ theorem to calculate the estimator of the

conditional mean of random parameters in relation to each participant, as expressed in Eq. (4), which
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was determined by the individual-specific choice profile y» (Revelt and Train, 1998):

_ _POWIB)FB)
h(Bly,) = TPOmIB)f(Bag “4)

The signs of parameters Bin, Bon,..., Psn Were expected to be positive, whereas the sign of fs was

expected to be negative. We applied this result in the second stage of the SEM analysis.

3.3.3. Target area and survey data

This study focused on urban forests and green spaces in Singapore. The forested area in Singapore
is roughly 20 km,? accounting for 3% of the total land area of 719 km? (Food and Agriculture
Organization of the United Nations, 2010). The entire forested area is classified as primary forest.
Furthermore, there are a lot of managed green spaces throughout the city. The National Parks Board,
which was subsequently established as a statutory board, has contributed to the development and
enhancement of the city’s greenery. For example, the Board manages four nature reserves covering
about 33.26 km?, with the specific aim of conserving endemic species (National Parks Board
Singapore, 2010). However, despite Singapore’s rich biodiversity, much of its flora and fauna are on
the verge of extinction. Owing to their nonviable populations, many extant plant species in Singapore
are threatened with extinction (Turner et al., 1994). Further, 67% of the city’s bird species disappeared
between 1932 and 2000, along with more than 90% of the forest cover, and some bird species continue
to face the threat of extinction (Castelletta et al., 2000). Thus, an investigation of potential processes
to improve the quality of the natural environment is essential for preserving the remaining flora and
fauna.

To collect data, we used the services of Nikkei Research, Inc., one of the largest companies in
Japan that provides reliable research data for academic use, to initiate a web survey in March 2017.
Cash vouchers were awarded to respondents to motivate their participation in the survey. The
respondents were selected at random for the survey according to prefectural demographics, such as
population, gender, and age ratios. A total of 442 responses were collected. Table 10 presents the
study’s descriptive statistics.

The sample comprised 219 women and 223 men aged between 21 and 69 years (mean = 44.2; SD
= 13.7). The respondents’ ethnic backgrounds were as follows: 372 Chinese (84.16%), 36 Indian
(8.14%), 22 Malay (4.98%), and the remaining 12 respondents (2.71%) chose the “other” category.
The average annual household income of the respondents was SGD 88,867 (SD = SGD 63,018), which
did not differ significantly from the per capita GDP of SGD 79,697 in 2017 (Government of Singapore,
2018). Among the respondents, 230 (52.04%) were full-time workers, 31 (8.14%) were part-time

workers, and, 25 (5.66%) were unemployed and job-seeking. The respondents’ geographical
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distribution was determined based on the 29 constituencies into which Singapore is divided, with
respondents selected from each constituency according to population size. Thus, the sample is
representative of the residents of Singapore to some extent, although not perfectly, from the

perspectives of age, gender, and residential area.

Table 10: Descriptive statistics of the study.

Obs. Mean Std. dev. Min Max

CNS 442 3.52 0.42 2.14 5

“Nature experience in the past” 442 3.01 2.01 0 6
“Frequency of visits to nature” 442 3.21 1.47 1 7

3.4. Connectedness to Nature Scare

Mean CNS scores are shown in Table 11, as calculated based on the 442 participants who were
considered to have provided consistent answers. To calculate CNS, we follow the procedure of
Mayer and Frantz (2004) to reverse the scored of three items (4, 12, and 14).  As a result, the mean
CNS score was 3.52 (SD = 0.44). These values did not differ widely from those found by Mayer and
Frantz (2004), who reported a mean CNS score of 3.65 (SD = 0.64). Cronbach's alpha was 0.849 in
the present study, which confirmed the reliability of the initial scale.
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Table 11: The mean score of Connectedness to Nature Scare.

Item Score
1 Ioften feel a sense of oneness with the natural world around me. 3.602
2 1 think of the natural world as a community to which I belong. 3.708
3 Irecognize and appreciate the intelligence of other living organisms. 3.944
4 1 often feel disconnected from nature. 2.813
When [ think of my life, I imagine myself to be part of a larger cyclical process of
5 living. 3.699
6 I often feel a kinship with animals and plants. 3.599
7 I feel as though I belong to the Earth as equally as it belongs to me. 3.705
8  Ihave a deep understanding of how my actions affect the natural world. 3.886
9 I often feel part of the web of life. 3.626
10 I feel that all inhabitants of Earth, human and nonhuman, share a common ‘life force’. 3.772
11 Like a tree can be part of a forest, I feel embedded within the broader natural world. 3.661

When I think of my place on Earth, I consider myself to be a top member of the .
12 3.30
hierarchy that exists in nature.

I often feel like I am only a small part of the natural world around me, and that I am no 3
13 3.50
more important than the grass on the ground or the birds in the trees.

14 My personal welfare is independent of the welfare of the natural world. 3.272

3.5. Choice Experiment Results and Discussion
Choice Experiment Results

A total of 1,545 observations were obtained from 309 respondents addressing five choice sets
each. McFadden's Pseudo R2 value was 0.2478, which indicated further analysis can be performed.
The results shown in Table 12 include both the means and standard deviations for five random
parameters. These values had to be significant to enable WTP to be determined from the calculated
means. The positive values of f2n to B5n that we calculated were statistically significant at the 1%
level. However, B1n, which is a parameter of ecosystem service 1 (provision of timber and food), was
not significant, given that forests in Singapore do not provide either timber or food. Moreover, 6,
which was a parameter of the burden charge, was statistically significant at the 1% level and had a
negative coefficient, as expected. The coefficient of the “no adequate plan™ option was statistically
significant and positive. Some respondents were reluctant to pay for proposed alternatives, but favored
another forest policy.

As shown by equation (2), the estimated coefficient represents respondents’ marginal WTP to
improve the quality of each forest ecosystem service by 1%. WTP values were defined as the mean of

the four forest coefficients (B2n, B3n, f4n, and B5n) divided by the mean burden charge coefficient
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(B6), yielding a negative value, as shown in Table 13. The results revealed that respondents’ WTP was
highest for ecosystem service 4 (“providing habitats for species and preserving ecosystems”), and
lowest for ecosystem service 2 (“moderating extreme events such as landslides, drought, and floods™),
as Singapore currently experiences almost no landslides, droughts, or floods. We obtained correlations
among the WTPs, as they were estimated at the individual level. As shown in Table 14, the variables
were highly correlated. The highest correlation was obtained between ecosystem services 4 and 5. This
result was consistent with the finding of Sato et al. (2017), in that the opportunity to experience contact
with nature was shown to enhance one’s environmental awareness.

Additionally, we investigated the correlations between income and WTP.”  Carson et al. (2001)
identified the effect of income on WTP in a stated preference approach, and previous empirical studies
suggested income level has a significantly positive effect on WTP (Jacobsen et al. 2013). In the present
study, we found the correlations between income and WTP for each service were 0.020, 0.121, 0.036,
and 0.099 for forest ecosystem services 2—5, respectively. These small correlations indicated that
annual income did not impact their WTP.

We calculated the averages of four significantly estimated WTP values based on respondents’
ethnic backgrounds, and found no notable differences in the values (1.50 SGD for Chinese, 1.44 SGD
for Indian, and 1.36 SGD for Malay).

7 Although other variables, such as gender and age, might influence on WTP, this has not always been
observable (see Glenk et al., 2019). Thus, other variables should be investigated in future research.
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Table 12: The results of the random parameter logit model.

Coefficient S.E.
Forest Ecosystem service 1: Mean -0.0009 0.0018
provisioning timber and food
S.D. 0.0179** 0.0021
Forest Ecosystem service 2: Mean 0.0066** 0.0015
moderating extreme events:
landslides, drought, and floods S.D. 0.0100** 0.0022
Forest Ecosystem service 3: Mean 0.0106** 0.0014
Random preventing global warming by CO2
arameter
p absorption S.D. 0.0027 0.0035
Forest Ecosystem service 4: Mean 0.0116%* 0.0013
providing habitats for species and
preserving ecosystems S.D. 0.0040 0.0031
Forest Ecosystem service 5: Mean 0.0076%* 0.0016
providing opportunities for
recreation and education S.D. 0.0128** 0.0024
~ s
Non-random Burden charge 0.0061 0.0007
parameter “No adequate plan” option 2.4831%* 0.1696
No. of observations 309*5
Log likelihood function -1,870.48
McFadden’s Pseudo R-squared 0.2478

Note: ** and * denote significance levels of 1%, and 5% levels, respectively.
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Table 13: Marginal values of forest ecosystem services (mean value per household per annum).

Forest Ecosystem service 2:

) ) SGD 1.09
moderating extreme events such as landslides, drought, and floods
Forest Ecosystem service 3:
] ) ] SGD 1.75
preventing global warming by CO; absorption
Forest Ecosystem service 4:
o ) ] ) SGD 1.91
providing habitats for species and preserving ecosystems
Forest Ecosystem service 5:
o o ] ) SGD 1.24
providing opportunities for recreation and education
Table 14: The correlations among the WTPs.
WTP on Fn. 2 WTP on Fn. 3 WTP on Fn. 4
WTP on Ecosystem service 2
(Moderating extreme events)
WTP on Ecosystem service 3
) ) 0.403 - -
(Preventing global warming)
WTP on Ecosystem service 4
) 0.408 0.304 -
(Preserving ecosystems)
WTP on Ecosystem service 5
0.460 0.419 0.515

(Recreation and education)

Choice Experiment Discussion

The results suggest that Singaporean residents would be relatively supportive of implementing new
policies meant to preserve biodiversity and ecosystems. The Ministry of the Environment and Water
Resources (MEWR) released the “Singapore Green Plan 20127, which aimed to promote
environmental consciousness among Singaporeans and strengthening the conservation of Singapore’s
wealth of biodiversity and natural resources (MEWR, 2012). However, the government has not
collected taxes earmarked for biodiversity preservation. Accordingly, these results suggest that
residents may accept further taxes if they are collected for the purpose of biodiversity preservation.

Although existing studies assessing forest ecosystem service by using stated preference methods
have largely focused on recreational values (Christie et al., 2007; Giergiczny et al., 2015; Agimass et
al., 2017; Filyushkina et al., 2017), few studies have compared functional forest values, as their
incongruity makes it difficult to assess them using the same metric (Kant and Lee, 2004; Vatn and

Bromley, 1995). However, in the present study, we considered not only forests’ recreational services
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but also their ecological and environmental functions, confirming that urban residents also appreciate
the latter. Respondents ranked the functions of “preventing global warming” and “providing habitats
for species and preserving ecosystems” higher than recreational function, indicating that Singapore’s
urban forests may already satisfy residents’ demands for recreation to some extent.

Notably, correlations between household income and each calculated WTP values were
unremarkable, indicating that WTP is not a significant function of wealth. The marginal WTP that we
calculated enabled us to assess the value of a hypothetical forest policy. For example, respondents may
agree to pay up to SGD 149.8 for a forest policy that promises improvements of 25% for each of the
four significant forest ecosystem services. This value, which amounts to 0.17% of the average
household income of the respondents (SGD 88,867), was non-negligible.

Although the WTP values were estimated, there were 100 people who selected Alt. 5 in some of
the repeated choice sets. We assumed that they should have consistently selected Alt. 5 in all choice
sets if it was their preferred option. However, we acknowledge that it may have been somewhat
difficult for respondents to understand the difference between Alt. 4 and 5. Further research should
take steps to simplify the “no choice” option. For example, if the CE questionnaire was not be given
to respondents who did not feel the need to implement the project itself, this would refine the CE. In
addition, a future study should seek a better way to compare multiple forest ecosystem services.
Although this study introduced a percent scale for comparison, percent changes of forest ecosystem

services may be difficult for respondents to understand.

3.6. Structural Equation Model Results and Discussion
Structural Equation Model Results

We conducted SEM analysis to test the relationships between CNS and WTP and between “contact
with nature” and CNS (Kline, 1998). The WTP of forest ecosystem service 1 was not significant in the
CE, and was therefore was omitted from the SEM. Figure 5 depicts the model applied to test the
relationship between CNS and WTP, and Table 15 shows the statistical values of this relationship. As
the analysis was conducted using standardized data, Figure 5 and Table 15 depict standardized
coefficients as B. The covariance matrix among error terms for the WTP of each forest ecosystem
service was considered in the SEM, as there were non-negligible correlations among them. Each
covariance is shown in Table 15.

The results showed that having more nature experience in the past and a higher frequency of visits
to nature were significantly linked to higher levels of CNS, indicating that respondents who frequently
experienced contact with nature tended to demonstrate high levels of CNS. The use of variables
relating not only to present contact with nature but also to past contact enabled a comparison of their
relationships with CNS. Evidently, the relationships between past contact and CNS was stronger than

that between present contact and CNS. However, it is noteworthy that the methods for constructing
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indices differed for past and present contacts. Moreover, to examine whether those respondents who
had experienced more contact with nature during their childhood also visited natural settings more
frequently as adults, we assessed the link between “nature experiences in the past” and “the frequency
of visits to nature,” which we found to be significant and positive.

Importantly, the main objective of the study was achieved, as the results confirmed that CNS and
WTP were interlinked. We tested these relationships with respect to the WTP of participants in the CE
for each forest ecosystem service and found significant links between CNS and the participants’ WTP
for all of the forest ecosystem services. This finding indicates that those with higher CNS levels also

demonstrated higher levels of WTP for environmental policies.

WTP on Function 2
(Moderating extreme events)
Nature experience . 0.13*
: 0.33** .
in the past WTP on Function 3
0.11* (Preventing global warming)

0.38%* CNS

0.21** | WTP on Function 4
.FI.‘equency of 0 23#* (Preserving ecosystems)
visits to nature

0.18** WTP on Function 5

(Recreation and education)

Figure 5: The results of the SEM analysis.

Note: ** and * denote significance levels of 1%, and 5% levels, respectively.
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Table 15: Detailed SEM results.

Coef. Std. err. z-value
Nature experience in the past — Frequency of visits to nature 0.3777** 0.0470 8.04
Nature experience in the past — CNS 0.3346** 0.0504 6.64
Frequency of visits to nature — CNS 0.2342%%* 0.0529 4.43
WTP on Forest Ecosystem
CNS — ) 0.1304* 0.0559 2.33
service 2
WTP on Forest Ecosystem
CNS — ) 0.1118* 0.0562 1.99
service 3
WTP on Forest Ecosystem
CNS — ) 0.2068*%* 0.0544 3.80
service 4
WTP on Forest Ecosystem
CNS — ) 0.1769%%* 0.0551 3.21
service 5
(Covariance)
WTP on Forest Ecosystem WTP on Forest Ecosystem
. 2 ] 0.3946*%**  (0.0480 8.22
service 2 service 3
WTP on Forest Ecosystem WTP on Forest Ecosystem
. 2 ] 0.3931*%**  (.0481 8.17
service 2 service 4
WTP on Forest Ecosystem WTP on Forest Ecosystem
. 2 ] 0.4473%**  (0.0455 9.83
service 2 service 5
WTP on Forest Ecosystem WTP on Forest Ecosystem
. 2 ] 0.2888***  (.0521 5.54
service 3 service 4
WTP on Forest Ecosystem WTP on Forest Ecosystem
. 2 ) 0.4076***  0.0474 8.59
service 3 service 5
WTP on Forest Ecosystem WTP on Forest Ecosystem
. 2 ) 0.4965%**  (0.0429 11.58
service 4 service 5

Structural Equation Model Discussion

The results of the present study support previous findings on a positive relationship between

connectedness to nature and environmental awareness (e.g., Dutcher et al. 2007). However, our study
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differed from earlier studies in that we conducted a monetary assessment of respondents’
environmental awareness, thereby confirming that connectedness to nature plays a non-negligible role
from an economic perspective. The strongest link between CNS and WTP was found for ecosystem
service 4 (“providing habitats for species and preserving ecosystems”). According to Mayer and Frantz
(2004), the CNS measures individuals’ sense of oneness with the natural world, sense of affinity with
animals and plants, and sense of equality between the self and nature. In light of this concept, the
findings of our SEM analysis suggest that the service of preserving ecosystems is most strongly linked
to CNS, as those with high CNS scores can be reasonably expected to have a strong affinity with other
species and greater willingness to conserve ecosystems and biodiversity.

The second strongest link between CNS and WTP was found for ecosystem service 5 (“providing
opportunities for recreation and education”). As suggested by the findings of the present and previous
studies, connectedness to nature is partly fostered by childhood contact with nature (e.g., Mayer et al.,
2009) and environmental education (e.g., Cheng and Monroe, 2012). Therefore, it seems reasonable
to conclude that individuals who had frequent opportunities for contact with nature during childhood
are likely to attach relatively more importance to the forest ecosystem service of providing
opportunities for recreation and education in adulthood. It is also worth noting that nature experiences
in adulthood are significantly linked to CNS. Even if childhood experiences of nature are low, more
nature experiences in adulthood are associated with a higher CNS and a more positive attitude towards
environmental conservation.

Although the moderation of extreme events (ecosystem service 2) and mitigation of global
warming (ecosystem service 3) are also linked to conservation of the natural environment, respondents
showed little recognition of the potential benefits that may be obtained from enhancing either of these

ecosystem services.

3.7. Conclusion

This study supports the existence of a positive relationship between connectedness to nature and
environmental awareness relating to urban ecosystem services from an economic perspective.
Connectedness to nature was broadly defined as respondents’ subjective sense of connection to the
natural world and measured using the CNS, while environmental awareness was narrowly defined in
monetary terms as their WTP for forest preservation services and measured through a CE. The results
of the SEM revealed a positive relationship between CNS scores and calculated WTP values. Thus,
among the respondents, high levels of connectedness to nature tended to correspond with higher levels
of WTP for improvements to the quality of forests in Singapore.

The findings of previous studies suggested that individuals’ environmental awareness and pro-
environmental behaviors are fostered by how they perceive their connectedness to nature. Our study’s

support for the economic role of connectedness to nature through monetary estimates of WTP further
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contributes to this literature. However, it should be noted that WTP cannot completely reflect
environmental awareness but CE provide us information of forest ecosystem services. Participants
with higher CNS scores tended to place more emphasis on the forest ecosystem services of “providing
habitats for species and preserving ecosystems” and “providing opportunities for recreation and
education.” Another important finding of this study is the positive link between CNS and both past
and present contact with nature. Thus, we posit that individuals’ connectedness to nature can be
nurtured in association with their contact with nature, thereby prompting them to endorse the future
implementation of environmental policies. Most of all, environmental management methods and
policy should set a goal of providing opportunities for residents to experience the natural environment

in their neighborhood.
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CHAPTER IV

Heterogeneous Preference for Biodiversity

based on People's Nature Experiences

4.1. Introduction

This study focuses on the impact of the decline in nature experiences on residents' perceptions of
the environment. Previous studies have confirmed that the extinction of experience is progressing in
urban areas (Soga and Gaston, 2016). On the other hand, there is a lack of studies focusing on the
effects of reduced contact with nature on urban ecosystems. In particular, few studies have focused on
how urban residents' perceptions of nearby ecosystems change depending on how much nature
experience they have had. In order to design environmental policies that take into account urban
residents who have little experience with nature, it is meaningful to understand their perceptions of
urban ecosystems.

In cities, ecosystem disservices are more easily recognized by residents than positive ecosystem
services (Gomez-Baggethun et al., 2013). This is also because of the heterogeneity of people’s
preferences in the city. What may be a positive ecosystem service for one person may be viewed as a
disservice by another (Agbenyega et al., 2009). Soga et al. (2016) surveyed elementary school students
in Tokyo and found that children who visited riverbeds and green spaces less frequently had lower
affinities for familiar creatures. These studies indicate that urban residents with reduced nature
experiences may no longer desire a natural environment around their homes. However, most previous
studies, including Soga et al. (2016), have investigated urban residents' preferences for natural
environments and organisms by asking the question, "Do you like organisms?" and other direct
questions. In this study, a more objective analysis will be conducted by using biodiversity levels
measured in the field, rather than direct questions.

The natural environment can be broadly divided into green and blue spaces, both of which are
also present in urban areas. Although the number of papers on green space is larger than that on blue
spaces, scholars have started evaluating the ecological resources present in urban blue spaces in recent
years. For example, urban residents have reported that walking beside rivers and lakes can provide
spiritual healing and enhance their sense of well-being through recreational activities, such as fishing
and camping (Dou et al., 2017; Jo et al., 2022). Blue spaces are increasingly recognized as an important
factor in improving urban residents’ quality of life (Labib et al., 2020; Smith et al., 2021). Urban

planners have the potential to improve the residents’ quality of life by creating blue spaces in the urban

8 This chapter is written based on Aoshima et al. (2023).
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area.

Studies have shown that the richer the biodiversity surrounding them, the more positive impacts
urban ecosystems have on humans (Diaz et al., 2015; Knight et al., 2022; Pires et al., 2018). Carrus et
al. (2015) evaluated biodiversity in Italian urban greens space by establishing a panel of 15
independent experts from the urban forestry sector and found that the richer the biodiversity, the better
the self-reported well-being of the residents. Dennis and James (2016) evaluated differences in
vegetation in urban green spaces in England through careful field surveys and found a high degree of
synergy between site use and biodiversity. However, the lack of research on urban biodiversity,
especially in blue spaces, can be attributed to the difficulty in quantifying it (Thomsen and Willerslev,
2015). Observing and ascertaining the number of species inhabiting a field is a time-consuming
process. In recent years, however, the eDNA metabarcoding method has emerged as an innovative
method to easily determine the biodiversity in blue spaces broadly (Deiner et al. 2017). Together with
conventional social assessments, this method has also enabled scholars to analyze people's attitudes
and reactions to blue-space biodiversity, which have been difficult to examine in the past.

Therefore, this study investigated how urban residents perceive the biodiversity of these blue
spaces. Specifically, this study tests the hypothesis that the more extensive someone’s nature
experience is, the more positive is the relationship between satisfaction with the urban waterfront area
and river biodiversity. Quantitative data measured by the eDNA method is used as an indicator of river
biodiversity, and residents' satisfaction with the neighborhood waterfront is measured by questionnaire.
However, this study used quantitative biodiversity data for each river, measured by the eDNA method,
to analyze its impact on residents' satisfaction with the neighborhood waterfront area. By asking about
their satisfaction levels rather than whether they like organisms, enables researchers to analyze
whether urban residents would be open to having more biodiversity around their homes. This is
because, some people may like living organisms but may not want to actually have a highly biodiverse
environment near their residence. Therefore, choosing areas with rivers around the participants’ homes
as a research setting is of tremendous significance.

Fisher et al. (2021) found that the degree to which waterways contribute to the residents’
subjective well-being is greater when waterways are perceived as more natural than artificial. However,
this study was conducted in Georgetown, the capital of Guyana, which is surrounded by a lush nature
and not in a large city. Contrary Fisher et al.’s (2021) findings, urban residents with reduced nature
experience may prefer artificial rather than natural elements around them. Thus, considering existing
research and its gaps, this study analyzes whether the impact of biodiversity on residents’ satisfaction
with waterfront areas varies depending on the extent of their experiences with nature. Given rapid
global urbanization, clarifying how urban residents perceive the natural environment as a source of

ecosystem services is extremely meaningful for planning the future of our cities.
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4.2. Study area

This study focuses on 20 rivers flowing through Kobe, Ashiya, and Nishinomiya cities in Hyogo
Prefecture, Japan. CHAPTER 1I included the Amagasaki City as a target area, but this study does not
include the city. As an overview of the area is given in CHAPTER II, this section describes what is
known about the rivers in the area. To the north of the study area lies Mt. Rokko, which stretches
approximately 30 km from the east to the west. Its highest point is 931 m above sea level, and the
ridges running east to west are approximately 700-900 m high. The water flowing out of this mountain
drains through rivers in the urban area to the Seto Inland Sea in the south. The distance from the
ridgeline to the coast was the shortest in Tarumi Ward, Kobe City, the westernmost part of the target
area, at approximately 4 km, and the longest in Nishinomiya City, the easternmost part of the target
area, at approximately 10 km (Ministry of Land, Infrastructure, Transport, and Tourism, 2009). The
area between the ridge to the sea has almost no flat land and steep slope.

As mentioned in CHAPTER II, Mt. Rokko was designated as a national park in 1956 because of
its rich nature and recreational functions, and is a valuable place with a rich natural ecosystem despite
its proximity to the city. The rivers in this study, which run along the southern slope of Mt. Rokko,
used to serve as a recreational area for urban residents to get in touch with nature. However, after the
Great Hanshin-Awaji Earthquake (magnitude of 7.3 ML) occurred in January 1995, many rivers were
damaged. After the disaster, revetment work using masonry and concrete retaining walls was
conducted, and based on the lessons learned from the disaster, rivers were made disaster-resistant.
Meanwhile, in some places, trees were planted along rivers and parks were established (Hyogo
Prefectural Kobe Civil Engineering Office, 1997). Considering this background, different rivers have
different levels of biodiversity, making this an appropriate area for analyzing the impact of biodiversity

on the residents’ valuation of rivers.
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Figure 6: Location of the study area.

4.3. Methodology
4.3.1. Data on eDNA

This study analyzes the relationship between 20 rivers and urban residents living in catchment
areas surrounding these rivers. The 20 catchments shown in Figure 7 are identified based on the GIS
data published by the Ministry of Land, Infrastructure, Transport, and Tourism (2009). As this study
aims to analyze the impact of river biodiversity on people’s satisfaction with waterfront areas
surrounding these 20 rivers, it is preferable that conditions other than biodiversity do not differ
significantly when comparing the 20 rivers. In this respect, the study area is appropriate both
geographically, with a similar topography from east to west, and socially, with an insignificant
variation in population density and resident demographics. The 20 rivers used as case studies in this
study are all classified as "second class rivers" by Japanese standards, and do not differ greatly in size
(Hyogo Prefecture, 2022). Most of these rivers are 3—15 m wide, are familiar to residents, and blend
into their living space. The river length data in Table 16 were obtained from the Hyogo Prefecture
(2021) and the Hyogo Prefectural Land Development Department (2004).

The biodiversity of the rivers were ascertained using eDNA metabarcoding, which is an
exhaustive method to detect the taxa of a species such as fish or mammals (Deiner et al., 2017). To
perform eDNA metabarcoding on fish, first, the eDNA collected from an environment such as river
water is amplified by polymerase chain reaction (PCR). The DNA sequence can then be determined
using an instrument called a next-generation sequencer to estimate the species of fish inhabiting the

study area. Determining the DNA sequence enables us to determine which fish species live in the
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rivers simply by collecting approximately 1 L of environmental water at the study site, without using
fishing gear, such as hand nets or cast nets, as is done in conventional capture surveys. Studies on
biodiversity monitoring using eDNA metabarcoding have been conducted worldwide, focusing on
rivers, lakes, coastal areas, and open oceans (Bista et al., 2017; Miya et al., 2015; Port et al., 2016). In
addition, although this study focuses on fish, the river water includes various targeted taxonomic
groups, including amphibians, mammals, birds, and crustaceans (Komai et al., 2019; Sakata et al.,
2022; Ushio et al., 2017, 2018). The focus on fish is significant because previous studies have shown
that fish diversity is an important indicator of diversity around a river (Schiemer and Spindler, 1989;
Schiemer, 2000).

This study used our eDNA data, measured at 90 sites in 20 rivers flowing through the study area,
between October and November 2016. At each study site, 1 L of river water was collected using a
polyethylene bucket, which was brought back to the laboratory. After filtering the water samples, the
filter papers were kept frozen. DNA was then purified from the filter paper and the resulting DNA
sample was used for eDNA metabarcoding. As this study targets fish, a primer set called MiFish (Miya
et al., 2015) was used to comprehensively amplify the eDNA of the fish in the DNA samples. The
DNA sequences of the fish in each sample were determined using a next-generation sequencer (MiSeq).
Dedicated analysis software (MiFish pipeline, Miya et al., 2020) was used to identify the fish species
corresponding to the DNA sequences in each sample, which helped estimate the number of fish species
present at each study site.

For each river, measurements were taken at three or more points: upstream, midstream, and
downstream. However, because this study is focused on the relationship between rivers and
neighborhoods, measurements were not taken in upstream areas where few people live. Consequently,
the mean and median values of fish species for each river measurement site were both 4.5. As shown
in Table 16, the 312 survey respondents resided across 20 river catchments, with a mean (median)
value of 15.6 (15.5) participants residing in each catchment.

Biodiversity was quantified in terms of the average number of species at several measurement
points along each river. For example, if eDNA is measured at three sites, the biodiversity level of that
river was calculated as the total number of species identified at each site divided by three. Using the
average values measured at multiple sites, rather than only at one site, allows us to capture trends in
biodiversity across the river, rather than using local values. In addition, as this study focuses on
biodiversity, we do not focus on the number of individuals per species, but only on the number of
species.

Table 16 shows the biodiversity points in each river obtained from the eDNA measurements. Each
river has an average of 8.4 fish species living in it. The most abundant species were freshwater fishes
such as Rhinogobius flumineus, found in 70 of the 90 sites, followed by Nipponocypris temminckii and

Cyprinus carpio, found at 64 and 49 sites, respectively. The Thunnus albacares was the most
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commonly found saltwater fish species (18 sites). As expected, pristine rivers had the higher

biodiversity (Images 1 and 2), than artificial rivers paved with concrete (Images 3 and 4).

Figure 7: Location of the 20 catchment areas.

Images of the rivers
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Table 16: Biodiversity points in each river.

Analyzed residents
River Length (km) Biodiversity point
of each watershed

Higashi River 5.29 35 11.5
Araiebisu River 1.86 31 9.0
Miya River 3.07 15 10.7
Ashiya River 4.54 9 114
Takahashi River 1.41 16 10.7
Tenjou River 2.51 10 5.8
Sumiyoshi River 3.60 17 9.2
Tenjin River 2.88 31 6.7
Toga River 1.79 19 52
Saigou River 2.32 12 6.0
Ikuta River 1.79 16 14.6
Uji River 2.27 3 9.8
Shinminato River 4.70 17 15.8
Karumo River 0.44 3 6.5
Ishii River 2.20 11 4.0
Tennoudani River 4.12 3 4.5
Myouhouji River 6.98 19 43
Shioyadani River 3.46 11 7.5
Hukuda River 7.41 21 7.0
Yamada River 3.84 13 7.7
Median 2.98 15.5 7.6
Averege 3.32 15.6 8.4
Total 66.48 312 167.7

4.3.2. Data on Social Survey

To analyze the relationship between the biodiversity in the neighborhood river and urban
residents' satisfaction, we utilized data from a social survey to determine urban residents' perceptions
of and satisfaction with the natural environment. The data were extracted from an Internet-based
survey targeting residents in December 2016. All the content of the surveys was prepared by the
authors, and Nikkei Research prepared the response format, distributed it to the respondents, and
compiled the data. Nikkei Research conducted the survey based on its own ethical standards, and in
addition, the survey was ethically reviewed by the Research Ethics Review Committee of Kobe

University, to which the authors belong (Review No. 132), to ensure that there were no ethical issues
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with the survey content and methods. To prevent a sampling bias, prefectural demographics such as
population, sex, and age ratios were considered during the survey. Of the original 1,013 responses
received for this survey, 465 were used for subsequent analyses after excluding respondents who did
not provide their addresses and did not live in the 20 catchment areas. After excluding those who did
not respond to the indicators that served as control variables, a total of 312 responses were included
in the analysis. Table 17 shows the number and ratio of respondents classified by sex, age, and address.

The respondents’ addresses were identified at the Zip-code level. The 312 final respondents resided in

208 zip codes.
Table 17: Demographic statistics for survey respondents.
Obs. Ratio (%)

sex Male 180 58%
Female 132 42%

age 20s 27 9%
30s 58 19%

40s 83 27%

50s 78 25%

60s 49 16%

70s 11 4%

80s 6 2%

Address  Kobe city Higasinada ward 61 20%
Nada ward 44 14%

Hyogo ward 10 3%

Tyuo ward 19 6%

Nagata ward 14 4%

Suma ward 24 8%

Tarumi ward 37 12%

Kita ward 13 4%

Ashiya city 26 8%
Nishinomiya city 64 21%

4.3.3. Model for Estimation

Using the eDNA and social data introduced in the previous sections, the extent to which
biodiversity contributes to people's satisfaction with waterfront areas is statistically analyzed.
Descriptive statistics for each variable, including the control variables, are presented in Table 18. The

dependent variable is the respondents’ satisfaction with their neighborhood waterfront area, which was
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captured using the question, “Are you satisfied with the waterfront area within a 10-minute walk from
your home where you can go and play?” The participants responded on a scale ranging from 0
(extremely unsatisfied) to 10 (extremely satisfied). The subjective measures of satisfaction have been
used in numerous previous studies as dependent variables when conducting a regression analysis
(Diener 2009; Frey and Stutzer, 2010).

The main independent variables in this study are "river biodiversity" and "nature experiences."
River biodiversity data were obtained using the procedure described in Section 4.3.1. The respondents’
level of nature experiences was ascertained through the social survey. Using responses obtained from
the social survey, a dummy variable was created using the procedure described below. Respondents
were asked to recall their experiences relating to nature prior to attending junior high school, “How
often did you experience picking, breeding, or raising animals and plants?” “How often did you
experience playing in mountainous, river, or ocean environments?” “How often did you experience
visiting relatives or friends in the countryside with natural environments?” “How often did you
experience seasonal events such as Setsubun, Higan, and Sekku at home?” They responded to these
four questions on a scale ranging from 1 (not at all) to 4 (often). Those who responded positively (3
or 4) to all four questions were scored 1, and all others were scored 0. For this dummy variable, 161
respondents scored 1, while 151 scored 0. Similar indicators have been used in previous studies as
factors that can influence people's perceptions of and attitudes toward the environment (Sato et al.,
2017).

In addition, the impact of "nature experiences" on the relationship between "satisfaction with the
neighborhood waterfront area" and "river biodiversity," was analyzed by incorporating a cross term
between "river biodiversity" and "nature experiences" into the model. Prior research suggests that the
richer a person's experiences with nature in their childhood, the more they will love nature as an adult
(Soga et al., 2016). Accordingly, we assume that the more extensive someone’s nature experience is,
the more positive is the relationship between satisfaction with the waterfront area and river biodiversity.

We use the following control variables in this study. First, as we expect the respondents’
satisfaction with blue spaces to increase with the increase in the frequency of their visit to such spaces,
we use a four-point scale of frequency as an independent variable. Next, as the distance to blue spaces
is another important factor, the GIS-measured values of the linear distance from the residence to the
river and to the sea are also included in the regression analysis. Knowledge of the river can also
influence river satisfaction. Therefore, we prepared six questions regarding river functions and
obtained the index level of knowledge of river functions by simply summing the five levels (5: deep
knowledge, 1: lack of knowledge) of subjective knowledge on each function. Diener (2009) reported
that factors such as gender, age, and income can influence satisfaction indices. Hence, these indices
are also employed as independent variables in this study. Gender is a dummy variable with 1 for

females and O for males.
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The estimation model is shown in equation (1). As this indicator is an ordinal scaled variable, we
apply the ordinal probit model for the estimation. X, is an independent variable, which is the
quantified biodiversity of a river as ascertained by eDNA methods, as well as the control variables,
such as socioeconomic characteristics of the survey respondents. i is the individual to be surveyed, ¢

is the error term, and a and S are the parameters to be estimated by regression analysis.

n
Yi=a+ZBkai+gi (1)
k=1
Table 18: Descriptive statistics.
Variable Unit Mean  Std. Dev. Min. Max.
Stisfaction with waterfront area Index 541 2.22 0 10
Female dummy - 0.423 0.495 0 1
Age Year 48.3 13.7 20 87
Income 10,000-Yen 379 343 100 1750
Distance to the river Meter 219 166 2.32 898
Distance to the sea Meter 1941 1300 186 6490
Frequency of visits (to blue spaces) Index 1.55 0.772 1 4
Knowledge of the river Index 20.6 5.17 6 30
Nature experience in the past Index 0.516 0.501 0 1
Biodiversity point of river Species 8.74 3.20 4.0 15.8

4.4. Results

Before estimating equation 1, the correlations for each variable are shown in Table 19. Except for
the cross term, the correlations between any variables do not exceed an absolute value of 0.5. Therefore,
the problem of multicollinearity is negligible. There seems to be a high correlation between nature
experience in the past and frequency of visits to blue spaces, but the absolute value is less than 0.1.
Some previous studies have shown that people with more past nature experiences have more current
contact with nature (Sato et al., 2021), but the correlation analysis do not show such a trend in this
study. This may be partly due to the fact that urban blue spaces are surveyed in this study, but additional
research is needed on this topic in the future.

The results of estimating equation (1) are presented in Table 20. The estimated model was an
ordinal probit with 312 observations. The estimated model's pseudo R-squared is 0.0435, which is
acceptable for a regression analysis with subjective indicators as dependent variables. All independent
variables are significant except for age, income, and the distance from home to the sea. The coefficient

for the female dummy variable was positive, indicating that women were more satisfied with the
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neighborhood waterfront area. General happiness and life satisfaction are also higher for women,
which is consistent with Diener’s (2009) finding. The coefficient of the distance from home to the
river was estimated to be negative, indicating that as expected, the greater the distance to the river, the
lower the respondents’ satisfaction with their neighborhood waterfront area. The coefficient for the
frequency of visits to blue spaces was positive. This result was expected, because we assumed that
those who are satisfied with blue spaces are likely to visit them more often. The coefficient for
knowledge about the river was also positive.

As the model includes a cross term between river biodiversity and nature experiences, the
coefficients of the three terms must be interpreted in a composite manner, which allows us to check
whether the impact of biodiversity on satisfaction varies depending on the amount of nature
experiences. As shown in Figure 8, this study focuses on the sum of the coefficients of nature
experiences, river biodiversity, and the cross term of the two. As nature experience is a dummy variable,
Figure 8 distinguishes between the trends for those with rich and poor childhood nature experiences.
The coefficient for river biodiversity is negative, suggesting that the higher the biodiversity, the lower
the satisfaction with the waterfront area for those with poor natural experiences. However, the
coefficient of the interaction between nature experiences and biodiversity is positive, and its absolute
value is greater than the absolute value of the coefficient of river biodiversity. Thus, for those with
rich nature experiences, the higher the biodiversity, the higher their satisfaction with the waterfront
area. The coefficient of nature experiences is negative, and in Figure 8, the vertical axis intercept for
those with rich nature experiences is also negative.

As shown in Figure 8, the sum of the coefficients of the above three variables (nature experience,
river biodiversity, and their interaction term) are negative in almost all ranges. Negative values indicate
that the combination of biodiversity and nature experiences negatively impact satisfaction.
Theoretically, the horizontal axis intercept for those with rich nature experiences is 50.7. It indicates
that the combination of biodiversity and nature experiences positively impacts satisfaction only when
the biodiversity point exceeds 50.7. Note that the biodiversity point of 50.7 is not a realistic value,
because even the river with the highest biodiversity measured in this study had a biodiversity point of
15.8, as shown in Table 16. Figure 8 also shows the intersection of people with rich and poor childhood
nature experiences when the biodiversity of the river was 9.18. This indicates that theoretically, people
with poorer childhood nature experiences are more satisfied with the river when the river biodiversity
is less than 9.18, whereas people with more childhood nature experiences are more satisfied with the
river when its biodiversity is greater than 9.18. As the median biodiversity of the river in this study is

7.6, 9.18 is slightly above the median, as shown in Table 18.
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Table 19: Correlation coefficients of variables.

Variable 1. 2. 3. 4. 5. 6 7. 8. 9.

1. Female dummy 1

2. Age -0.131 1

3. Income -0.470  0.132 1

4. Distance to the river 0.004 -0.002 -0.047 1

5. Distance to the sea -0.054 -0.000 0.047  0.087 1

6. Frequency of visits (to blue spaces) -0.040 0.125 0.079 -0.065 -0.047 1

7. Knowledge of the river -0.077  0.176 0.117  -0.082  0.020 0.145 1

8. Nature experience in the past 0.012 0.079 0.030 0.008 0.075 0.069 0.123 1

9. River biodiversity (eDNA) 0.071  -0.020  0.003 0.020 -0.238 -0.071 -0.096  0.003 1
10. Cross term (eDNA X Nature experience) 0.015 0.065 0.032 -0.006 -0.026 0.067 0.087  0.883 0.343

Table 20: Results of the regression analysis.
Variable Coef. Std. Err. t-value

Female dummy 0.301033 ** 0.133967 2.25
Age -0.000035 0.004331 -0.01
Income 0.000049 0.000193 0.25
Distance to the river -0.000638 * 0.000354 -1.80
Distance to the sea -0.000021 0.000046 -0.45
Frequency of visits (to blue spaces) 0.449328 *** 0.079093 5.68
Knowledge of the river 0.023706 ** 0.011687 2.03
Nature experience in the past -0.729700 ** 0.340873 -2.14
River biodiversity (eDNA) -0.065072 ** 0.027126 -2.40
Cross term (eDNA X Nature experience) 0.079457 ** 0.036609 2.17

Note: *, ** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.
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Figure 8: The combined impact of the three variables (nature experiences, river biodiversity,
and their cross term) on satisfaction with waterfront area.
The vertical axis in Figure 8 is the sum of the three coefficients, in other words, the combined impact
of the three variables on satisfaction with waterfront area. The horizontal axis, fish richness, refers to
river biodiversity as determined by the eDNA method. As childhood nature experience is a dummy
variable, the two straight lines reflect two trends for those with rich and poor childhood nature

experiences.

4.5. Discussion

First, the results suggest different effects of river biodiversity on satisfaction between people with
rich and poor nature experiences. As presented in the hypothesis, the study found that people with
fewer childhood experiences with nature tended to prefer rivers with lower biodiversity. Therefore,
even if a river with high biodiversity is created in a residential area, it may result in lower satisfaction
for those with limited childhood experiences with nature. For many residents living in large cities,
blue spaces are used for feeling mentally refreshed (Labib et al., 2020; Smith et al., 2021) and are
valued more for their convenience and recreation opportunities rather than for their biodiversity. Prior
studies have shown that those with more nature experiences in childhood are more nature loving as
adults (Sato et al., 2021). Our results also suggest that childhood experiences with nature are important
as a factor in forming preferences for nature in adulthood.

As shown in Figure 8, people with rich nature experiences are not satisfied with the current
biodiversity levels. Even when considering the rivers with the highest biodiversity in this study (at
15.8 points), the impact of river biodiversity on satisfaction with the waterfront area is negative. The

number of fish species would have to be approximately triple for the river biodiversity to have a
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positive impact on satisfaction. Someone with a rich experience of nature will find it difficult to derive
satisfaction from the biodiversity in their neighborhood’s urban river. This could be due to two factors.
The first is that the rivers in the area covered by this study are rivers with low biodiversity when
compared to typical rivers in Japan. The second is that people with more experience of nature are
likely to demand a higher level of natural environment, and therefore cannot get a positive impact
from the current biodiversity. However, this does not mean that the biodiversity of urban rivers should
be neglected; creating and preserving a rich natural environment is important because urban rivers are
one of the few places where urban residents can interact with nature.

The target area of the study is a part of the megacities in Japan, and most of the rivers analyzed
are paved with concrete, except in the upper reaches. While previous studies have shown that rivers
rich in nature contribute to people's well-being in rural areas (Fisher et al., 2021), this study focused
on highly populated urban areas. Some rivers are paved with concrete but have walking paths and
other facilities that allow neighborhood residents to engage in recreational activities, whereas others
are overgrown with grass and sediment on top of the concrete, leaving no room for residents to enter.
Rivers with bare concrete tended to have low biodiversity, whereas rivers with thick grass tended to
have high biodiversity. Therefore, well-maintained rivers with high recreational capacity seemed to
have lower biodiversity than wild rivers with low recreational capacity.

Previous studies have shown that creating biodiversity-rich natural environments in urban areas
can greatly increase residents' life satisfaction (Elmgquvist et al., 2015). However, this study suggests
that rich biodiversity does not necessarily increase neighborhood residents' satisfaction. Depending on
their experiences with nature, some residents might value a river more for its recreational capacity
rather than its rich biodiversity. If this is the case, then it is desirable for rivers to have both rich
biodiversity and recreational capacity. However, these two characteristics are often in a trade-off
relationship. To preserve urban biodiversity, residents' understanding of biodiversity should be
deepened through recreational activities on rivers. However, presently biodiversity conservation
appears to be neglected in rivers that emphasize recreational capacity. One recommendation is to
intentionally create both types of rivers separately so that residents can use the rivers according to their
intended use. Further research is required to explore the ways in which the rivers’ recreational capacity

and biodiversity can be balanced by analyzing the relationship between these aspects.

4.6. Conclusion

This study found that the relationship between the biodiversity of blue spaces and neighborhood
residents' satisfaction with waterfront areas varies significantly depending on the extent of their
childhood nature experiences. Previous studies have shown that the decline in urban residents' nature
experiences is a critical issue for the conservation of urban ecosystems, and this study reinforces the

results of previous studies. However, many of these studies have analyzed the impact of reduced nature
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experiences on people’s emotional affinity toward nature, not on their perceptions and feelings toward
biodiversity. In this regard, this study focused on biodiversity measured quantitatively using the eEDNA
method. The model output shows that the relationship between biodiversity and satisfaction with
neighborhood rivers is influenced by childhood nature experiences. This analysis shows that the
decrease in nature experience lowers not only people’s subjective emotional affinity toward nature,
but also their objectively measured appreciation of biodiversity.

The dilemma facing policymakers and conservation experts is that while biodiversity positively
impacts people's well-being and mental health, urban residents who have had little experience with
nature in their childhood may not want a highly biodiverse natural environment around their homes.
In the long run, this dilemma can be resolved by expanding urban residents’ nature experiences and
fostering an emotional affinity toward nature. However, encouraging residents to experience nature in
urban areas is difficult, and given this decline in people’s nature experiences has been happening for
some time already. For instance, parents who have had little experience with nature are not likely to
promote positive nature experiences for their children (Soga and Gaston, 2016). Thus, policymakers
should strive to form natural environments that those who derive low satisfaction from high
biodiversity would want to visit with their children. However, as discussed in the Discussion section,
too much emphasis on recreational capacity to attract people may lead to neglect of the natural
environment’s biodiversity. Thus, understanding how to strike a balance between these two aspects
requires further research on the relationship between the urban biodiversity and urban residents.

It is important to note, however, that the results of this study do not provide definitive information
on why rivers with lower biodiversity are satisfying for some residents. As mentioned above, there
may be a trade-off between biodiversity and recreational capacity. A more detailed discussion of this
issue would require quantification of recreational capacity, and analysis of its relationship with
waterfront satisfaction. As the rivers in this study are overall low biodiversity rivers, a similar case
study in a river with richer biodiversity would provide other meaningful insights. Given that the level
of demand for the natural environment increases with increasing experience of nature, it would also
be useful to examine the impact on satisfaction of the growing gap between expected and current levels
of biodiversity. Although this study focused only on underwater biodiversity, it would also be useful
to investigate biodiversity such as vegetation. If it becomes clear what factors contribute to the level
of waterfront satisfaction, it will be possible to make more concrete policy recommendations regarding

the creation of urban rivers.
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CHAPTER V°

The Influence of Subjective Perceptions on the Valuation

of Urban Green Spaces

5.1. Introduction

In CHAPTER II, the marginal value of a 1 ha increase in green spaces around one's home was
estimated by LSA. Other previous studies that have applied LSA to estimate the value of urban green
spaces have also used the physical area of green spaces (Ambrey and Fleming, 2014a; Krekel et al.,
2016). However, as suggested in CHAPTER 1V, it is important to take into account residents'
subjective perceptions of urban ecosystems when valuing urban areas. The importance of taking into
account the perceptions of residents increases, especially in the context of the urgent need to encourage
urban residents to have more contact with nature, which is on the decline (Soga and Gaston, 2016).
Against this background, this chapter focuses not only on the physically measured green space area,
but also on urban residents' subjective perception of the extent of green spaces.

The extent of green spaces that is self-reported by residents is one of the key criteria determining
requirements for new greening projects. However, few studies have focused on determinants of the
self-reported extent of green spaces. This is partly because policymakers implicitly assume that
residents share a common recognition of same-sized green spaces, irrespective of their individual
features. Nevertheless, there is a possibility that the self-reported extent of green spaces may fluctuate
(Leslie et al., 2010). Jiang et al. (2017) found an evident difference in the tree cover densities measured
by remote sensing and perceived by residents at eye-level. Kothencz and Blaschke (2017) found a
discrepancy between respondents’ subjective evaluations of urban parks and objective environmental
indicators. They consequently argued that both should be considered by land planners. An exploration
of the determinants of the self-reported extent of green spaces is important for effective decision
making on greening projects or policies.

Thus, the first objective of this study was to analyze the influence of different features of green
spaces on the extent of neighborhood green spaces self-reported by residents. This required
identification of the features of physical green spaces. A geographical information system (GIS) map
was developed, with information about physical green coverage provided through aerial photographs.
Land utilization of urban green spaces is a salient feature of green spaces. For example, the benefits
of green spaces located around shrines for residents in the neighborhood are relatively substantial

because these spaces usually have old trees and rich biodiversity, especially in Japan (Ishii and Iwasaki,

% This chapter is written based on Aoshima et al. (2018).
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2008; Ishii et al., 2010). The characteristics of green spaces are presumed to differ, depending on their
land use classification. Land utilization is also a criterion for decision making regarding greening
projects. Thus, each type of green space within a land-use database, such as those in shrines, parks,
and schools, is identified individually in terms of its land-use category. These data can be used to
analyze whether residents’ self-reporting of green spaces fluctuate according to the type of green space.

Importantly, the discrepancy between physically measured data and self-reported data is a topic
of considerable controversy in the context of environmental valuation (Adamowicz et al., 1997; Van
Praag and Baarsma, 2005; Armbrecht, 2014). This issue also applies to the use of the life satisfaction
approach (LSA), which is a method of environmental valuation (Welsch, 2007; Frey et al., 2010). In
the LSA, the values of targets are calculated based on their influence on self-reported life satisfaction.
Physically measured data are used to calculate the values of urban green spaces (Ambrey and Fleming,
2014a; Tsurumi and Managi, 2015; Krekel et al., 2016). However, Hur et al. (2010) found that the self-
reported attributes of green spaces were associated more strongly with residents’ satisfaction than their
physically measured attributes. This finding implies that the physical areas of green spaces are
subjectively filtered through residents’ perceptions. Consequently, the values of green spaces
estimated using the LSA may potentially fluctuate depending on whether they are based on objectively
measured or subjectively reported data. Because political decision-making is often based on people’s
subjective statements, assessing the influence of self-reported attributes of green spaces on their life
satisfaction is critical for estimating the values of green spaces.

Therefore, a second objective of this study was to apply the LSA to explore differences in
estimated monetary values between a physically measured area of green space and the self-reported
extent of this area. It is noteworthy that the units of the two datasets in this study differed. A Likert
scale was used for self-reported data, whereas a hectare-based scale was used for physical data. A two-
stage least-squared (2SLS) analysis was used to compare these two datasets. Accordingly, the self-
reported extent of green spaces was used as an intermediate variable between physical green spaces
and life satisfaction. The results of this analysis indicated the extent to which self-reported data filtered
the effect of physical data on life satisfaction.

In sum, two questions were investigated in this study. In Study V-1, the extent to which the
features of green spaces influenced their self-reported extent was assessed. In Study V-2, differences
in values estimated using the LSA for the two analyses were obtained. On the one hand, self-reported
green spaces were used as an intermediate variable between physical green spaces and life satisfaction,
while on the other hand, this intermediate variable was absent.

The remainder of the paper is organized as follows. In the Section 2, the survey area and data on
green spaces and respondents are described. Subsequently, Study V-1 and V-2 are outlined in the
Section 3 and 4, respectively. In each section, the methods, results, and discussions are presented. The

conclusions of the study, presented in the Section 5 of the paper, highlight some of the political
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implications of the above analyses and discussions for urban planners. In particular, the importance of
considering people’s perceptions in the valuation of urban green spaces within planning to promote

effective use of spaces is emphasized.

5.2. Data
5.2.1. Respondents in the Social Survey

As shown in the Figure 2 (reprint), the study area is same as CHAPTER II and comprised four
cities in Hyogo Prefecture in Japan: Kobe, Ashiya, Nishinomiya, and Amagasaki cities. Its selection
as the study area enabled a simultaneous focus on the dispersed green spaces within an urban area and
an adjacent peri-urban forest. It was assumed that residents’ perceptions of these urban green spaces
and peri-urban forest would differ given substantial differences in their ecological and recreational
roles. Generally, urban residents visit dispersed urban green spaces more frequently than they do peri-
urban forests because the former are more accessible. A focus on this site enabled an investigation of
whether people’s perceptions of the extent of urban green spaces and peri-urban forests differ, even in
relation to green spaces of the same size.

Data extracted from the results of an Internet-based survey targeting residents in the study area,
conducted by Nikkei Research Inc. in November and December 2015, were used for the study. To
prevent sampling bias, prefectural demographics, such as population, sex, and age ratios were
considered in the survey. Of the original 1,240 responses received for this survey, 1,189 were
considered valid for the subsequent analyses after excluding respondents who did not provide their
addresses. Respondents’ addresses were identified at the Zip-code level. The 1,189 respondents were
distributed across areas covered by 562 Zip codes, each of which was 41.2 ha on average, with a
median area of 19.0 ha. Table 21 shows the numbers and ratios of respondents classified by sex, age,
and address. It also presents the actual demographic statistics for the area to ensure the similarity of

demographics between respondents and the actual population distribution.
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Figure 2 (reprint): Location of the study area.
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Table 21: Demographic statistics for survey respondents.

Demographic statistics of

Actual

respondents demographic statistics
Obs. Ratio (%) Pop. (thou.) Ratio (%)
Male 609 51.35 1217 47.31
Sex
Female 577 48.65 1355 52.69
20s 185 15.60 248 15.36
30s 216 18.21 309 19.15
Age 40s 277 23.36 389 24.12
50s 245 20.66 309 19.19
60s 263 22.18 358 22.18
Higashinada Ward 126 10.62 214 8.32
Nada Ward 62 5.23 136 5.29
Hyogo Ward 47 3.96 107 4.16
Tyuo Ward 55 4.64 135 5.25
Kobe City Nagata Ward 40 3.37 98 3.81
Suma Ward 73 6.16 162 6.30
Address
Tarumi Ward 91 7.67 219 8.52
Kita Ward 79 6.66 220 8.56
Nishi Ward 110 9.27 246 9.57
Ashiya City 69 5.82 95 3.70
Nishinomiya City 261 22.01 487 18.94
Amagasaki City 173 14.59 452 17.58

Note: These demographic statistics are based on data derived from the national population census conducted in 2015.

Source: Ministry of Internal Affairs and Communications Statistics Bureau (2017).

5.2.2. Data on Green Spaces

As shown in Table 22, two types of data on green spaces were used in the study: self-reported

data and physical data. Self-reported data were obtained as responses to one of the questions in the

abovementioned survey. Respondents were asked to respond to the question, “How many green spaces

are there within a 10-minute walk from your house?” based on a Likert scale ranging from 1 (very

few) to 10 (a lot). This question is in line with questions used by Hur et al. (2010), in that respondents

were asked to provide their perceptions regarding the extent of neighborhood vegetation using a Likert

scale.

Following the approach adopted in studies that examined the relationship between the
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neighborhood green coverage rate and human well-being (Ambrey and Fleming, 2014a; Tsurumi and
Managi, 2015; Krekel et al., 2016), GIS-derived physical data were obtained as follows. First, a GIS-
based green coverage map was developed with reference to aerial photos taken in the period 1994—
2007 and made public by the Geospatial Information Authority of Japan (2010). By superimposing
aerial photos on to the GIS-based map, we were able to identify each green space by tracing its outline
manually. This method has the advantage of producing accurate outlines of green spaces. It should be
noted that “green spaces” were defined as densely wooded areas in this study. This meant that anything
resembling a park without wooded space, or only comprising a lawn area, was excluded from the study.
Although use of the latest available aerial photos was desirable, these images did not cover all of the
study locations. Consequently, older photos were used. To address the problem of possible changes in
the classification of land use since the time of taking the aerial photos, areas where the classification
of land use had clearly changed were determined individually, and land use information was updated
with reference to Google Maps. For example, green spaces that were subsequently developed as
residential areas after aerial photos had been taken were modified based on data provided in Google
Maps. Next, and again referring to land use data provided in Google Maps, every single green space
was manually classified into one of two categories: a dispersed green space within an urban area, and
a peri-urban forest adjacent to a highly urbanized area. Moreover, dispersed green spaces in urban
areas were further subdivided into four categories: the green spaces of schools, parks, and shrines and
a further category of other green spaces. Fig. 2 shows the original GIS map in which shaded areas
denote green spaces.

Using this map, the sizes of green spaces were calculated in relation to each respondent based on
the reported address. Specifically, each respondent’s address was plotted on the GIS at the Zip-code
level, and circles with a radius of 800 m were drawn that extended from the center point of each Zip-
code area. Then, the physical sizes of green spaces within the range of each circle were calculated.
These sizes were calculated separately for each type of green space, namely forest, the green spaces
of schools, parks, shrines, and other green spaces.

Tsurumi and Managi (2015), who also used the LSA to calculate the physical size of green spaces
in Japan, found that green spaces located within a radius of 100 m to 500 m were more influential than
those within other radiuses extending from 0 m to 2,000 m. However, applying 1,000 m as the radius,
Krekel et al. (2016) found a positive relationship between the green coverage rate and residents’
satisfaction. Using the green coverage rate for each administrative district, assumed to take the shape
of a circle, and a median radius of approximately 750 m, Ambrey and Fleming (2014a) also found a
positive association between green spaces and life satisfaction. The findings of the above studies
indicate that no definitive range exists for analyzing the effect of neighborhood green spaces on human
well-being. In the present study, 800 m, calculated as the distance that an average person could walk

in 10 minutes, was adopted as the circle radius. Thus, this distance is aligned with the survey question
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in which respondents were asked to self-report the extent of green spaces based on the criterion of a

10-minute walk.

Table 22: Definitions of green spaces in CHAPTER V.

Definition

Self-reported extent of

green spaces

The subjective degree of neighborhood green
spaces (1-10 Likert-scale, where 1 = very few,

and 10 = many)

Forest

Physical size of peri-urban forests located next to

a highly urbanized area (ha)

Physical size

of green spaces

(calculated using
a circle with an
800 m radius
from the centroids

of addresses)

Urban green spaces

Physical size of green spaces scattered in an urban

area (ha)

School's green spaces

Physical size of green spaces on the grounds of

schools (ha)

Park's green spaces

Physical size of green spaces on the grounds of

maintained parks (ha)

Shrine's green spaces

Physical size of green spaces on the grounds of

shrines or temples (ha)

Other green spaces

Physical size of green spaces on grounds other
than listed above, such as riverside green and

derelict green (ha)

. Green spaces

Not green spaces

Figure 3 (reprint): Physical data on green spaces obtained using GIS in the study area.
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5.3. Study V-1: Determinants of Subjective Perceptions of the Extent of Green Spaces
5.3.1. Method Applied for Study V-1

A multiple regression analysis was performed to calculate the effects of different types of green
spaces on their self-reported extent. The self-reported extent of green spaces was used as the dependent

variable, and each type of physical green space was used as an independent variable, as shown in Eq.

(1).

n
Self-reported extent of green spaces; = z YieXii + € (1)
k=1

where i denotes each respondent, X denotes each type of physical green space, and ¢ denotes the error
term. Because the dependent variable was of an ordinal scale, an ordered logit model was applied.

Table 23 presents a summary of the data used in this section.

Table 23: Descriptive statistics for green spaces (n = 1,189).

Variable Unit Mean Std. Dev. Min. Max.
Self-reported extent of green spaces Index 4.95 2.73 1 10
Physical size of “forest” ha 15.48 29.57 0 189.91
Physical size of “school's green spaces” ha 0.40 1.66 0 18.86
Physical size of “park's green spaces” ha 1.61 3.15 0 22.34
Physical size of “shrine's green spaces” ha 0.34 0.71 0 4.59
Physical size of “other green spaces” ha 2.32 4.89 0 29.16
Physical size of “aggregated urban green spaces” ha 4.67 5.90 0 29.84

5.3.2. Study V-1: Results and Discussion

Table 24 shows the estimation results of the regression analysis. All of the estimated variables
were positive and statistically significant at the 5% level. This finding indicates that marginal increases
in physical green spaces within a radius of 800 m enhanced the extent of green spaces self-reported
by residents. Importantly, the coefficients differed substantially, implying that residents’ perceptions
of same-sized physical green spaces could differ. The largest coefficient of 0.263 was obtained for the
green spaces of shrines, whereas the smallest coefficient, 0.0309, was obtained for forests. Accordingly,
the effect of the green spaces of shrines was 8.5 times that of forests, despite both being the same size.
This result seems to be plausible because residents living adjacent to a forest are unlikely to notice a
marginal increase in forest size. It is noteworthy that there were substantial differences, even among

the coefficients of each type of urban green space. Thus, the effects of the green spaces of shrines were
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approximately 4.1, 7.9, and 3.9 times greater than those of the green spaces of schools, parks, and
other green spaces on the self-reported extents of these areas.

Considered as sacred groves, the green spaces of Japanese shrines, in which relatively old-growth
forests have been established, are often protected on a religious basis. Generally, increasing tree height
corresponds to increasing age, with a tendency for massive trees to be found in the green spaces of
shrines. This may be one of the reasons for the comparatively greater effect of the green spaces of
shrines on self-reported green spaces. Moreover, according to Ishii et al. (2010), the green spaces of
shrines contain many native plant species, including rare species, and have special ecological
characteristics compared with other urban green spaces. Given that levels of biodiversity are reported
to affect people’s perceptions of green spaces (Dallimer et al., 2012; Carrus et al., 2015), this factor
too could account for the large coefficient of the green spaces of shrines.

According to Hofmann et al. (2012), who studied the criteria used by residents to distinguish
green spaces, the degree of canopy closure is the most important criterion. Considering this finding,
the extent of green spaces self-reported by residents seems to have been affected strongly by the degree
of canopy closure. It can be inferred that the reason for the small coefficient obtained for parks is that
these green spaces are maintained and thinned so that residents can enjoy them safely. In other words,

tree density could be a key determinant of the self-reported extent of green spaces.

Table 24: Estimation results for Study V-1.

Variable Coefficient t-value
Physical size of forest 0.0309%** 14.46
school 0.0639%* 2.08
park 0.0335%** 1.97
Physical size of urban green spaces
shrine 0.2632%*** 3.57
other 0.0669*** 6.14

Note: The results are for an ordered logit model. The dependent variable is self-reported green spaces.
n = 1,189; Pseudo R-square = 0.0569; Log likelihood = -2,511.09

* ** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

5.4. Study V-2: The Discrepancy in Monetary Valuations
5.4.1. Method, Data and Model applied in Study V-2
Data used in Study V-2

The LSA entails the performance of regression analysis on data relating to the subjective degree
of satisfaction, considered as a dependent variable. In this study, the life satisfaction of respondents
was measured using methods applied in previous LSA studies (e.g., Tsurumi and Managi, 2015).

Respondents were asked, “On the whole, how satisfied do you normally feel?”” They responded
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according to a scale ranging from 1 (extremely unsatisfied) to 10 (extremely satisfied). The marginal
value of non-market goods was calculated in monetary terms using the substitution rate between the
marginal effects of respondents’ incomes and the marginal effects of non-market goods on life
satisfaction.

A number of factors affecting life satisfaction should be included as control variables in the LSA
to estimate these marginal effects. Control variables used in this study were selected as follows. First,
the convenience of respondents’ geographical locations was considered an important factor regulating
their life satisfaction. Geographical convenience has been assessed conventionally using the
geographical characteristics of each address, such as the number of retail stores nearby, distance to the
nearest railway station, and distance to the nearest hospital. However, these geographical variables
often do not have significant effects on life satisfaction (Tsurumi and Managi, 2015). This may be
partly because geographical characteristics are inherently reflected in land or housing prices (Rosen,
1974). If this is the case, satisfaction derived from geographical convenience is balanced out by
dissatisfaction relating to high house rents or prices. Accordingly, a subjective degree of convenience
was applied to the geographical characteristics of each address. Therefore, residents could evaluate
and compare their subjective convenience degree with their considerations relating to their house rents
or prices.

Second, the study area comprised four cities with different administrative characteristics. Kobe
is the largest of the four cities (55,700 ha), accounting for 75% of the total area. The city is subdivided
into nine wards, each with separate administrative features. Therefore, the characteristics of Kobe’s
nine wards and those of the three other cities were controlled for through the inclusion of regional
dummies in the LSA. Taking into account goodness of fit, three dummy variables were used in the
models: the “Kita/Nishi ward dummy,” the “Higashinada ward dummy,” and the “Nishinomiya city
dummy.” The Kita and Nishi ward dummies were aggregated into the “Kita/Nishi ward dummy”
because these wards share the common feature of being located on the north side of Mt. Rokko,
whereas the other survey areas are located on the south side. These two sides differ significantly: the
north side is still largely rural, whereas the south side has been developed into a highly urbanized and
populated region.

Other control variables considered in the model included personality indicators, which were
introduced to remove the effect of fluctuating personalities in responses relating to subjective
satisfaction. Table 25 shows the questionnaire items and the definitions applied for constructing
personality indicators. Table 26 presents a summary of the descriptive statistics for the indicators
used in the regression models in Study V-2. Although the original questions were presented in
Japanese, they have been translated into English, as shown in Table 25. The number of observations
fell from 1,189 in Study V-1 to 1,186 in Study V-2 because of the omission of respondents who did

not report their incomes.
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Table 25: Questionnaire items.

Variable

Question content

Definition

Life satisfaction

Female dummy

Age

Income

Marriage dummy

Unemployment dummy

Subjective degree of convenience

Kita/Nishi ward dummy

Higashinada ward dummy

Nishinomiya city dummy

On the whole, how satisfied do you
normally feel?

Are you male or female?

How old are you?

Please describe the income of your

household from the last year.

Are you married?

What is your occupation?

To what extent do you satisfied with
geographical convenience of your

living place?

Please tell us your address.

Please tell us your address.

Please tell us your address.

1 (extremely unsatisfied) to 10
(extremely satisfied)

female = 1, man=0

from 25 to 65 years, at 10-year
intervals

the closest income among 1,000,
3,000, 5,000, 7,000 9,000, and
11,000 thousand JPY

married = 1, other =0
unemployment = 1, otherwise = 0
1 (extremely unsatisfied) to 10

(extremely satisfied)

living in Kita or Nishi wards = 1,
other =0

living in Higashinada ward = 1, other
=0

living in Nishinomiya city = 1, other

=0

Table 26: Descriptive statistics for respondents (n = 1,186).

Variable Unit Mean Std. Dev. Min. Max.
Life satisfaction Index 6.81 1.80 1 10
Female dummy - 0.49 0.50 0 1
Age Year 46.56 13.70 25 65
Income 10,000-Yen 375.55 305.05 100 1100
Marriage dummy - 0.61 0.49 0 1
Unemployment dummy - 0.08 0.27 0 1
Subjective degree of convenience Index 6.86 1.98 1 10
Kita/Nishi ward dummy - 0.16 0.37 0 1
Higashinada ward dummy - 0.11 0.31 0 1
Nishinomiya city dummy - 0.22 0.41 0 1
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Analytical Procedure and the LSA Model

As shown in Fig. 3, Study V-2 entailed two main analyses: LSA estimates with and without the
self-reported extent of green spaces. For the analysis in which the self-reported extent was absent, the
marginal effects of physical green spaces on life satisfaction were estimated using an ordered logit
model.

The self-reported extent of green spaces was used as an intermediate variable in the other analysis
in which it was included, and a 2SLS analysis (for more detail of the 2SLS, see Bowden and
Turkington, 1990) was performed. Using the physical sizes of green spaces as instrumental variables
(IVs) in the first stage of the 2SLS analysis enabled the effects of marginal variations in physical size
on the self-reported extent to be estimated. Subsequently, in the second stage of the analysis, the effect
of the self-reported extent of green spaces on life satisfaction was calculated. Accordingly, by
comparing differences in the estimate values obtained in the analyses conducted with and without the
variable of self-reported extent of green spaces, the extent to which self-reported data filters the effect

of physical data on life satisfaction was assessed.

v x
Model (instrumental variable) (independent variable) (dependent variable)

A case without Ordered losit
self-reported extent g ered logl ‘ Physical size of ’» ( Life

of green spaces moce green spaces satisfaction

A case with Two-stage — _

self-reported extent least-squares Physical size of » Self-reported extent » Life

of green spaces (2S1.8) green spaces of green spaces satisfaction

Figure 9: Process of the life satisfaction approach applied with and without the self-reported

extent of green spaces.

In the LSA model, the monetary value of non-market goods was calculated by applying Eq. (2)
as follows (Frey et al., 2010).

LS = 1(x,y,2) (2)

where LS denotes self-reported life satisfaction derived from the survey questionnaire response, x
denotes non-market goods (green spaces in this study) to be assessed, y denotes income, and z denotes
other factors that affect respondents’ life satisfaction. The marginal willingness to pay (MWTP) value
for the marginal variation of x was obtained by differentiating Eq. (2) and defining dLS = 0. This

process is expressed in Eq. (3) as follows.
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dy 0f/ox

MWTP = -2 = 573y

€)

In the analysis in which the self-reported extent of green spaces was not used, the MWTP values
of physical green spaces were calculated using Egs. (2) and (3). However, the calculation process was
different for the 2SLS analysis, entailing the use of the self-reported extent of green space. The latter

calculations were conducted separately in two stages as shown in Egs. (4) and (5):

First stage: x = g(y,z,0) 4
Second stage: LS = f(x,y,2) 5)

where 0 denotes ['Vs. In the second-stage regression, the LSA was applied with x, which was estimated
during the first stage. The value obtained by multiplying the coefficient of 8 by the coefficient of x
coincided with the increment of LS in response to the increment of self-reported green spaces under
the condition of an increase in physical green spaces by 1 ha. The monetary value MWTP,g; s was

estimated by dividing this value by the estimated coefficient of y, as shown in Eq. (5).

dy dx  0f/0x

MWTPsis = ~axag — af/ay

dg/ 06 (6)

5.4.2. Study V-2: Results and Discussion
Monetary Valuation Model without the Self-reported Extent of Green Spaces

Table 27 shows the estimation results of the ordered logit model for the analysis in which the
self-reported extent of green spaces was omitted. The “aggregated urban green spaces,” which was the
sum of the physical sizes of all urban green spaces, was used as a variable of physically measured data
along with “forest.” Aggregated urban green spaces were used because urban green spaces classified
in schools, parks, and shrines did not have statistically significant effects on respondents’ life
satisfaction. This is partly because classification of each observed type of green space reduced its
number. However, the use of aggregated urban green spaces did not preclude the main objective of
Study V-2, namely a comparison of the estimated values with and without the self-reported extent of
green spaces.

As indicated in Table 27, statistically significant and positive coefficients were obtained for both
forest spaces and aggregated urban green spaces. All control variables were statistically significant,
and their signs were consistent with those in the literature. An exception was the estimated coefficient
of the unemployment dummy, which was insignificant. This exception may be partly attributed to the

fact that the questionnaire did not investigate whether unemployed people were seeking jobs. Thus,
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those who were unwilling to work, and whose unemployment status may not have significantly
affected their life satisfaction, were included among the unemployed.

Notably, the coefficients of neighborhood green spaces indicated that their marginal increases
within an 800 m radius enhanced respondents’ subjective life satisfaction levels. This finding is in
agreement with those of Ambrey and Fleming (2014a) and Krekel et al. (2016), who demonstrated
that a positive relationship existed between physically measured green spaces within neighborhoods
and self-reported life satisfaction. Based on a comparison of the coefficients, the effect of aggregated
urban green spaces on life satisfaction was approximately 4.4 times greater than that of forests. This
can be attributed to the scarcity value of urban green spaces as opposed to forests, given that urban
green spaces within a neighborhood of a radius of 800 m are generally smaller than forests. This result
is consistent with the finding of Tsurumi and Managi (2015) that as green spaces in a neighborhood
become smaller, the marginal effect on residents’ life satisfaction increases. Kopmann and Rehdanz
(2013) also found that the value of natural areas tends to increase as their size decreases.

The MWTP for a 1 ha increase in physical green spaces was calculated from the estimation results
using Eq. (2). The calculation results indicated that the annual MWTP values per family unit for a 1
ha increase were 216,152 JPY for aggregated urban green spaces, and 48,931 JPY for forests. These
results suggest that the average person can pay 216,152 JPY for a 1 ha increase in aggregated urban
green spaces. Tsurumi and Managi (2015), who similarly calculated the values of green spaces,
showed that the average WTPs for a 1% increase in the green coverage rate within radiuses of 100—
300 m and 300-500 m from residential areas were 93,714 JPY and 160,065 JPY, respectively.
Converting the WTP value for a 1% increase into WTP value for a 1 ha increase resulted in values of
about 373,100 JPY for a 100-300 m radius, and 318,600 JPY for a 300-500 m radius. Thus, the
estimated values obtained in this study, namely 216,152 JPY for aggregated urban green spaces and
48,931 JPY for forests, do not differ significantly from those of the previous study, considering that a

radius of 800 m from residential areas was used as a criterion in the present study.
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Table 27: LSA estimation results for the analysis without self-reported green spaces.

Variable Coefficient z-value
Female dummy 0.5281*** 4.35
Age -0.5282%* -1.88
(Age)? 0.00067** 2.05
Income 0.00084#** 4.08
Marriage dummy 0.3141** 2.49
Unemployment dummy -0.1223 -0.59
Subjective degree of convenience 1.2827%** 27.54
Kita/Nishi ward dummy 0.4558*** 2.76
Higashinada ward dummy 0.6428** 3.49
Nishinomiya city dummy 0.2512** 1.86
Physical size of "forest" 0.0041** 2.17
Physical size of "aggregated urban green spaces" 0.0182%* 1.94

Note: The results are for an ordered logistic regression model. The dependent variable is life
satisfaction.
n = 1,186; Pseudo R-square = 0.2604; Log likelihood = -1,714.02

* ** and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Monetary Valuation Model with Self-reported Green Spaces

Table 28 shows the 2SLS estimation results for the analysis using self-reported green spaces. The
results of the first and second stages are shown separately. As expected, the coefficients obtained for
both forests and aggregated urban green spaces in the first stage were statistically significant and
positive. This result implies that their marginal increases enhanced the extent of green spaces self-
reported by respondents. In the second stage, the self-reported extent of green spaces had a
significantly positive effect on life satisfaction. The coefficients for most of the control variables were
estimated to be the same as those of the estimation results described in before section, although some
regional dummies did not have statistically significant effects. In addition, the validity of the IVs was
tested using a Sargan test of over-identifying restrictions (Sargan, 1958). A chi-square value of 0.5346
and a p-value of 0.4647 were obtained, indicating that there was no significant correlation between
the error term of the original regression model and the IVs; hence, all of the IVs used in this study
were valid.

Eq. (5) was performed to calculate MWTPs for the condition of an increase of green spaces by 1
ha using the positive effects of the self-reported extent of green spaces on life satisfaction. The results
of the calculation indicated that the annual MWTP per family unit for a 1 ha increase was 104,713
JPY for aggregated urban green spaces. Applying 2SLS analysis, the MWTP for forests was estimated
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to be 33,845 JPY.

Table 28: LSA estimation results for the analysis with self-reported green spaces.

First-stage

Instrumental variable Coefficient t-value
Physical size of "forests" 0.0362%** 9.42
Physical size of "aggregated urban green spaces" 0.112%%* 14.77
Constant 2.6788*** 3.15

Note: The results are for the 2SLS model. The instrumental variable is subjectively perceived green area.

n = 1186; Adjusted R-square = 0.2861

Only coefficients of instrumental variables are shown.

Second-stage

Variable Coefficient z-value
Self-reported extent of green spaces 0.0565** 2.00
Female dummy 0.3896%*** 5.06
Age -0.0495%* -2.53
(Age)? 0.00055*** 2.61
Income 0.00060*** 4.53
Marriage dummy 0.3100%** 3.87
Unemployment dummy -0.1688 -1.26
Subjective degree of convenience 0.6303*** 33.45
Kita/Nishi ward dummy 0.1526 1.35
Higashinada ward dummy 0.1899* 1.65
Nishinomiya city dummy 0.1402 1.62
Constant 2.5522%** 5.85

Note: the results are for the 2SLS model. The dependent variable is life satisfaction.

n =1,186; R-square = 0.5836

* %% and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Comparison of the Results of the Two Analyses with and without Self-reported Green Spaces
The aim of Study V-2 was to compare the estimation results of the two analyses. Table 29 presents
a summary of annual MWTP estimates per family unit for a 1 ha increase for both analyses. For the
analysis in which self-reported green spaces were omitted, the estimated MWTPs were 216,152 JPY
for aggregated urban green spaces and 48,931 JPY for forests. These values were 104,713 JPY for
aggregated urban green spaces and 33,845 JPY for forests in the analysis that included self-reported
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green spaces as the intermediate variable.

In sum, the values of green spaces estimated with the LSA differed significantly according to
whether the self-reported extent of green spaces was included in the analysis. Thus, including the
extent of green spaces self-reported by respondents as an intermediate variable between life
satisfaction and green spaces led to a marked depreciation in the marginal values of green spaces. The
cause of this depreciation, which was not just the sizes of green spaces, determined the self-reported
extent of green spaces. This inference appears plausible, as the results of Study V-1 indicated that the
self-reported extent of green spaces could fluctuate depending on their type, even though their physical
sizes were the same. Jiang et al. (2017) also confirmed that remotely-sensed sizes of green spaces
differed from people’s subjective perceptions of them. Apart from physical size, dimensions such as
the degree of canopy closure (Hofmann et al., 2012), recreational areas (Riechers et al., 2017),
disturbances relating to traffic noise, poor quality pavements, building density and esthetics around
green spaces (Kothencz and Blaschke, 2017; Nordh and @stby, 2013; Peschardt et al., 2016), and
richness of biodiversity (Dallimer et al., 2012; Carrus et al., 2015) are also presumed to affect residents’
perceptions of green spaces.

Finally, the degree of variance of the estimated values of aggregated urban green spaces in the
analyses with and without self-reported green spaces was compared with the degree of variance of the
estimated value of forest in the analyses with and without self-reported green spaces. Specifically, for
both aggregated urban green spaces and forests, the estimated value in the analysis that included self-
reported green spaces was divided by the estimated value in the analysis in which they were omitted.
The resulting ratios were 0.48 and 0.69 for urban green spaces and forests, respectively. This finding
indicates that the estimated values for aggregated urban green spaces demonstrated greater variation
than those for forests when self-reported green spaces was used as an intermediate variable. Thus, the
values of urban green spaces fluctuated more when people’s perceptions were included. This result is
attributable to the fact that the self-reported extent of green spaces is affected more by marginal

changes in urban green spaces compared with marginal changes of forest, as indicated in Study V-1.
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Table 29: Comparison of the estimated MWTPs obtained in the analyses conducted with and

without the self-reported extent of green spaces.

“aggregated urban green spaces” “forests”
A case without the self-reported

216,152 JPY 48,931 JPY

extent of green spaces (4)
A case with the self-reported

104,713 JPY 33,845 JPY
extent of green spaces (B)
The ratio of B to A (B/A) 0.48 0.69

Note: Monetary values are annual MWTP values per household for an increase of 1 ha.

5.5. Conclusion

Two studies were conducted using two types of data for green spaces: GIS-based physical data
and self-reported data obtained from responses to a questionnaire-based survey. In Study V-1, multiple
regression analysis was performed to explore the effects of different types of physical green spaces on
the self-reported extent of green spaces. The results indicated that residents’ perceptions of same-sized
green spaces differed substantially, depending on their type. The impact of a marginal increase in
dispersed green spaces in an urban area on the self-reported extent of green spaces was greater than
that of a marginal increase in peri-urban forests. Moreover, of these dispersed urban green spaces,
those associated with shrines had more impact on people’s perceptions than those maintained in parks
and schools. This may be partly because green spaces around shrines generally contain large and old
trees, which are likely to affect residents’ perceptions substantially. CHAPTER II revealed that the
influence of shrine’s green spaces on well-being is particularly significant, and the results of this study
are consistent with this. Other factors, such as the density of trees, recreational areas, and ecological
quality are presumed also to impact on residents’ perceptions of green spaces. Therefore, further
research of the relationship between the features of green spaces and residents’ perceptions is
recommended.

The above findings contribute to the field of environmental valuation. Generally, the LSA is
applied to calculate the economic value of environmental goods based on the influence of the physical
attributes of target goods on respondents’ self-reported life satisfaction. However, the influence of self-
reported attributes of environmental goods on respondents’ life satisfaction also warrants attention,
because people’s subjective perceptions are often a key criterion in political contexts. Thus, in Study
V-2, two LSA-based analyses were conducted: one in which the self-reported extent of green spaces
was excluded, and one in which the self-reported extent of green spaces was used as an intermediate
variable between life satisfaction and green spaces. A comparison of the estimated values from the two

analyses revealed that they differed considerably, depending on whether the self-reported green spaces
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were used as an intermediate variable. It implies that the physical sizes of green spaces are not the
only determinant of the self-reported extent of green spaces, which is in line with the finding of Study
V-1.

The findings of this study indicate that economic valuations of green spaces, even for same-sized
areas, fluctuate according to residents’ recognition of the quantity of green spaces. This is a valuable
insight that has important implications for urban planning and management. For planning efforts aimed
at improving residential environments with limited urban spaces to be effective and efficient, the
preferences of the residents should be taken into consideration. A related finding of this study is that
people’s perceptions play a filtering role. By conducting surveys of residents’ preferences regarding
urban green spaces, government agencies or urban planners can ascertain the details of these
preferences, which will enable them to better understand peoples’ valuations of urban green spaces,
including the quantity and quality of green spaces. In this respect, this study revealed that areas of
green space associated with shrines were generally perceived as being larger than other green spaces.
In light of this finding, the provision of green spaces with similar characteristics to those of green
spaces associated with shrines, such as those endowed with many native plant species and rich
biodiversity, would contribute to increasing the extent of residents’ self-reporting of green spaces
within their neighborhoods.

However, this study had some limitations. First, it focused on types of green spaces as the quality
of green spaces. Other factors, such as levels of biodiversity and vegetation density, should be treated
as determinants of the extent of self-reporting of green spaces in evaluations of efficient land use in
urban areas. Second, the relationship between the characteristics of residents and the extent of self-
reporting of green spaces is salient. For example, those who visit their neighborhood green spaces
more frequently may feel that there is a larger amount of green space within their neighborhoods. If
this is the case, creating accessible green spaces and promoting residents’ visits to them would
contribute to increasing the extent of peoples’ self-reporting of green spaces. Correctly understanding
urban residents' perceptions of ecosystems and designing environmental policies that take these
perceptions into account will encourage residents' contact with nature. In order to break the negative
feedback loop that leads to a dilution of interactions with nature, it will be necessary to accumulate

more research on how the ecosystems is perceived by the population.
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CHAPTER VI

General Discussion and Conclusion

General Discussion of Four Case Study

This dissertation examined human-nature interactions through four case studies. First,
CHAPTER II analyzed what kind of urban ecosystem services increase life satisfaction. The results
showed that an increase in the area of urban green spaces increases life satisfaction, and that even
green spaces of the same area have different effects on life satisfaction if they differ in quality. Given
that shrine and temple green spaces were estimated to have a particularly large impact on well-being
among other green spaces, it can be inferred that old and large trees, as typified by shrine and temple
green spaces, are important. This suggests that it is critical to focus not only on the quantity of urban
ecosystem services, but also on their quality.

In addition, in CHAPTER II, LSA was used to estimate the monetary value per unit increase in
urban green space. While traditional environmental valuation methods are based on utility theory and
thus cannot value the benefits that residents unconsciously receive from the environment, LSA can
value the benefits that they also receive unconsciously. If the purpose of environmental policy is to
improve the well-being of urban residents, it is essential to use life satisfaction as a criterion for
environmental valuation. The monetary value per unit increase in urban green space estimated in this
chapter tends to be higher than the value estimated by the traditional environmental valuation method
based on utility theory. One of the reasons for the difference in value is considered to be that the
traditional valuation method can only estimate the value perceived by the residents, while the LSA can
also estimate the value received unconsciously. This has implications for environmental policy. If the
valuator unconsciously benefits from the environmental goods, traditional valuation methods may
underestimate their value. Policy makers are expected to design environmental policies that take this
into account.

In order to break the negative feedback loop that leads to the dilution of interactions with nature,
it is important to increase opportunities for residents to interact with nature and cultivate their
orientation to do so. The orientation toward nature is assumed to manifest itself as a willingness to
conserve the natural environment around them. The study in CHAPTER III estimated WTP for
conserving neighborhood green spaces and analyzed which people had higher WTP. Two factors in
the formation of WTP were given special attention: the frequency of contact with nature in childhood
and the sense of connectedness to nature. The results showed that the higher the frequency of contact

with nature, the stronger the sense of connectedness to nature, and the stronger the sense of
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connectedness to nature, the higher the WTP.

The study is significant because it combines environmental economic methods. Investing in
environmental policies at a cost that deviates from residents’ WTP may lead to a backlash from
residents. Therefore, it is useful to measure environmental awareness in monetary terms when
considering environmental policies. The results of this study support, from an environmental
economics perspective, that fostering residents' sense of connectedness to nature can lead to the
creation of better urban ecosystems. It is interesting to observe that those who have a strong sense of
connectedness to nature emphasize "the provision of recreational and educational opportunities"”
among the functions of urban green spaces. This finding suggests that those who had more frequent
contact with nature in their childhood would prefer that the next generation also have frequent contact
with nature. This study confirms the importance of increasing the frequency of contact with nature in
order to properly manage urban ecosystems.

Previous studies have shown that the extinction of experience is ongoing, especially in urban
areas (Soga and Gaston, 2016). Reduced frequency of contact with nature can lead to degradation of
the natural environment. CHAPTER III suggests that this phenomenon can be passed on from one
generation to the next. However, studies on the impact of less frequent contact with nature on urban
residents' satisfaction in ecosystems are still lacking. Although previous studies have confirmed that
urban residents with less frequent contact with nature have less attachment to the surrounding natural
environment (Soga et al., 2016), few studies have investigated this using objective numerical
indicators. Therefore, CHAPTER IV focused on the level of biodiversity in urban ecosystems, as
approximated by the eDNA method, and analyzed its relationship with urban residents. Specifically,
it was analyzed whether the relationship between the level of biodiversity and subjective satisfaction
in nearby nature changes depending on the frequency of contact with nature. The results suggest that
urban residents who have less frequent contact with nature in their childhood have lower levels of
subjective satisfaction with the waterfront area at higher levels of biodiversity. The result of this study
implies that urban residents who have less contact with nature do not want to have rich urban
ecosystems around them. In other words, a negative feedback loop of reduced interaction with nature
is already in progress for some urban residents.

In the urban area discussed in CHAPTER 1V, rivers with low biodiversity tended to be paved
with concrete. This suggests that some urban residents prefer man-made rivers with better recreational
capacity and safety than rivers with high biodiversity. Pitt (2019) found that urban residents' use of
blue spaces depends largely on cleanliness, lighting, and surveillance. If rich biodiversity does not
improve the satisfaction of urban residents, it will be difficult to implement environmental policies to
enrich biodiversity. Policy makers need not only to enrich biodiversity of urban ecosystems, but also
to accurately understand what kind of rivers urban residents want, and make efforts to reflect residents'

preferences in their policies. It is desirable to form natural environments that urban residents, whose
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orientation toward nature has already been weakened, will want to visit.

In CHAPTER 11, it was noted that the value of urban green spaces estimated by LSA tends to be
higher than the value measured by traditional environmental valuation methods. It was pointed out
that one of the factors contributing to this difference in value is that urban residents unconsciously
benefit from urban ecosystems, and CHAPTER 1V is related to this point. Contrary to the findings of
CHAPTER 1V, many previous studies have confirmed that urban residents benefit greatly from urban
areas with rich biodiversity (Diaz et al., 2006; Knight et al., 2022). If urban residents do not want rich
biodiversity despite the tremendous benefits they receive from it, one of the reasons could be that they
do not properly recognize the benefits they receive. After all, if they properly valued the benefits, they
would want rich biodiversity. If environmental policies to enrich biodiversity are promoted without
taking into account the intentions of residents, it may lead to a decrease in the subjective well-being
of residents. Efforts should be made to design environmental policies that both improve the subjective
well-being of residents and enrich biodiversity of urban ecosystems.

In order to pay attention to the intentions of urban residents, it is important to focus not only on
objective environmental indicators, but also on the subjective perceptions of residents. The study in
CHAPTER V focused on the amount of urban green space as subjectively perceived by residents. The
results showed that residents' perceptions of the amount of green space varied depending on the quality
of the green space, even for the same area of green space. Among the various urban green spaces,
shrine and temple green spaces had a particularly large impact on subjective green spaces. This result
is consistent with the results of CHAPTER II, which showed that shrine and temple green spaces have
a relatively large impact on life satisfaction.

Furthermore, in CHAPTER 'V, the LSA used in CHAPTER II was extended to a two-stage least
squares based LSA. In the first stage, the impact of physical green spaces on subjective green spaces
was estimated, and in the second stage, the impact of subjective green spaces on life satisfaction was
estimated. As a result, it was found that the impact of physical green spaces on life satisfaction is
estimated to be small when passing through the filter of subjective amount of green spaces. This is
consistent with the point made in CHAPTERS II and IV that urban residents unconsciously benefit
from urban green spaces. Although CHAPTER V focused only on the size and type (land use) of green
spaces, various other factors, such as tree species and density, are considered to affect the subjective
amount of green space. In addition, when urban green spaces affect subjective well-being, not only
the subjective amount, but also the subjective availability, the subjective distance, and many other
factors are considered to be involved. Consideration of these subjective measures is essential for
designing environmental policies that improve residents' subjective well-being. A better understanding
of residents' perceptions of the environment will lead to more opportunities for residents to interact
with nature and foster a nature-loving orientation.

In CHAPTERS II and V, LSA was used to derive suggestions that cannot be derived from
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traditional utility-based valuation methods. This does not mean, however, that traditional
environmental valuation methods are no longer useful. While LSA is adept at estimating values of
which the subject of the valuation is unconscious, traditional valuation methods have other advantages.
When considering the use of market frameworks for ecosystem conservation, traditional methods that
estimate value from market behavior can provide useful information. In other words, it is important to
choose which valuation method to use depending on the purpose of the valuation and the type of

ecosystem service being valued.

Discussion in the Context of the Study Area: Hanshin Region and Singapore

The Hanshin region, the main study area of this dissertation, is part of the second largest
metropolitan area in Japan. CHAPTER III only focused on Singapore, which is an extremely densely
populated urban area with a unique characteristic that has experienced a significant increase in green
cover over the past few decades. Although this dissertation has discussed the results of the case studies
in order to draw general implications, it is also important to consider the characteristics of the study
areas. In this section, a contextual discussion of the Hanshin region and Singapore is presented.

The Hanshin region was the study area for the three case studies in this dissertation. The most
significant feature of the Hanshin region is that the nature-rich Mt. Rokko rises very close to the urban
area. In most places in the Hanshin region, residents can see Mt. Rokko stretching from east to west
when they look north. Previous studies have confirmed that the presence of a green window view from
home improves life satisfaction and mental health (Soga et al., 2021). Mt. Rokko is believed to
improve the well-being of residents in the Hanshin region. In the studies of this dissertation, the effects
of having green spaces near one's home on life satisfaction were analyzed, but the results may have
been different if Mt. Rokko had not been present. If Mt. Rokko, which is several kilometers away from
home, acts as a substitute for green space near home, it is possible that the impact of green space near
home on life satisfaction is reduced by the presence of Mt. Rokko. Conversely, if Mt. Rokko did not
exist, the estimated value of green spaces around the home might have been even higher. It should be
noted that in places such as Tokyo and Osaka, where forests are rarely seen, the value of green spaces
scattered around urban areas may be relatively high.

Nevertheless, according to a survey conducted in 2011 by Kobe City, which is located in the
Hanshin region, only 21.9% of its residents are satisfied with the amount of greenery around their
homes (Kobe City, 2011). Similarly, according to a survey conducted in 2018 by Nishinomiya City,
which is also located in the Hanshin region, 39.4% of respondents were satisfied with the amount of
green spaces near their homes (Nishinomiya City, 2020). The results of these surveys indicate that the
percentage of people who are satisfied with green spaces in the Hanshin region is less than half,
suggesting that there is still room for improvement. Despite the fact that the nature-rich mountain

forest of Mt. Rokko is very close by, there is a significant number of people who are not satisfied with
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the amount of green space. In 2016, the Kobe City government significantly updated the " Biodiversity
Kobe Plan" (Kobe City, 2016), which seeks to promote the conservation of urban ecosystems under
the leadership of the government and with the participation of citizens, civic groups, businesses, and
other stakeholders. Like these efforts, the Hanshin region needs to take a proactive approach to
creating and conserving urban ecosystems under the leadership of the government.

The urban rivers in the Hanshin region, which are discussed in CHAPTER 1V, also have
characteristics unique to this region. Due to the steep gradients in the Hanshin region, the rivers have
a low volume of water at any given time. When heavy rainfall occurs, the rivers tend to overflow,
causing enormous flood damage many times in the past. In addition, the Great Hanshin-Awaji
Earthquake of 1995 caused other problems in that many rivers could not carry water for firefighting
and could not be used as evacuation sites (Hyogo Prefectural Kobe Civil Engineering Office, 1997).
Against this background, the perspective of disaster prevention has been emphasized in the
development of rivers. In CHAPTER 1V, it was mentioned that even in urban areas, it is desirable to
emphasize the importance of river biodiversity and to develop urban rivers as places where urban
residents can experience the richness of nature. However, disaster prevention functions should not be
neglected, as well as biodiversity and recreational functions. The need for recreational functions is
easily recognized by residents, but the need for disaster prevention functions is difficult to recognize
in normal times. Policy makers need to keep in mind that overemphasizing residents' preferences in
river development may lead to neglecting hard-to-recognize functions such as disaster prevention.

CHAPTER 1V also mentioned the possibility that some residents may seek recreational functions
from rivers rather than biodiversity. If urban residents do not seek a rich natural environment due to a
decline in opportunities for contact with nature, it will be important to encourage their orientation
toward contact with nature through environmental education and nature observation events, etc.
According to a survey conducted in Kobe City in 2015, 63% of respondents were aware of the term
"biodiversity" and 11% were aware of "ecosystem services" (Kobe City, 2016). The lack of interest
and knowledge among urban residents regarding ecosystem conservation was also identified as a
problem in the "Biodiversity Kobe Plan" (Kobe City, 2016). By changing residents' attitudes through
environmental education, it will be easier to create and maintain urban ecosystems that enhance
residents' well-being.

The case study in CHAPTER 111 is the only one in this dissertation that focuses on Singapore.
Despite being an extremely densely populated urban area, Singapore is a country that has been active
in environmental conservation and greening policies. Between 1986 and 2007, the population
increased from 2.7 million to 4.6 million, while the green cover increased from 35.7% to 46.5%
(National Parks, 2019). The Singapore Green Plan 2030, formulated in 2021, aims to plant 1 million
trees in the country by 2030, increase the area of nature parks by about 200 ha, and have a nature park

within a 10-minute walk of every resident (Government of Singapore, 2023). The reason for the
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country's continuous greening policy can be attributed to the people's high awareness of environmental
conservation, in addition to the country's abundant national finances, which ranked fifth in the world
in terms of GDP per capita in 2022 (IMF, 2022).

In CHAPTER 111, the study focused on the process by which environmental awareness is
promoted, but it must be noted that the target area was selected as an exemplary urban area that is also
rich in natural environment. CHAPTER III revealed that people who have had more contact with
nature in the past have a stronger awareness of environmental conservation. This implies the
possibility of a virtuous cycle in which the increase in the number of natural environments that
residents can easily come into contact with in the future will further raise people's overall
environmental awareness and further enrich the natural environment. However, the results achieved
in Singapore are not necessarily applicable to other regions. Singapore is an exemplary region with a
moderately successful national greening policy, and different results can be expected in regions where
environmental awareness is not as high. CHAPTER III is unique in that it quantifies environmental
awareness as WTP. Since it is possible to compare WTP in monetary units, it will be necessary in the

future to analyze what factors contribute to increasing WTP in areas where WTP is not so high.

Policy Implications and the Dynamics of Human-nature Interactions

Through the four case studies, two factors have emerged that make urban ecosystem management
difficult. The first is that urban residents' desire for rich ecosystems diminishes as their experience of
nature diminishes. The second is that urban ecosystems preferred by residents may not maximize their
well-being. There are two aspects to the latter problem: the first is that residents themselves fail to
make choices that maximize their own well-being. As shown in CHAPTERS II and V, urban residents
may unconsciously receive benefits from their neighborhood ecosystems. Since urban residents can
only make decisions about policies based on their perceived benefits, they fail to make choices that
maximize their own well-being when they unconsciously receive benefits. The second aspect is that
when the preferences of residents are diverse, minority preferences are not reflected in conservation
policies if the preferences of the majority are given priority. As shown in CHAPTER 1V, residents'
preferences for urban ecosystems are diverse. Policies that prioritize the preferences of those who tend
to favor biodiversity may reduce the well-being of those who tend not to favor biodiversity. This
section presents strategies for addressing these difficulties.

First, one response to the diminishing needs of urban residents for rich ecosystems is to increase
their experience of nature. To do this, it is important to understand what kind of urban ecosystems
residents desire and to design urban ecosystems that they will want to visit. Figure 10 is an extension
of Figure 4 presented in CHAPTER III. There are two feedback loops, the below loop is a positive
loop that increases residents' well-being, and the above loop is a negative loop that decreases residents'

well-being. To provide an explanation based on the positive feedback loop, first, more opportunities
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to interact with nature increase contact with nature. Opportunities here refer to the presence of places
and organisms that are the subject of nature-related activities, such as nearby green spaces and wildlife.
As indicated in CHAPTER 111, as contact with nature increases, so does the sense of connectedness to
nature and the orientation toward nature. Ideally, an increase in WTP would lead to an increase in the
budget invested in environmental policies, resulting in the conservation and improvement of the
natural environment. In other words, a virtuous cycle is created in which there are even more
opportunities. The above loop is where the process turns negative. It is important to note that in the
feedback loop, the government can only intervene in the opportunity. In order to realize the positive
feedback loop, it will be necessary for the government to create green environments that residents will

want to visit.
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Figure 10: The dynamics of human-nature interactions (authors’ formulation).

Next, possible solutions to the problems associated with the fallacy between preferences and
well-being are presented. As indicated earlier, there are two aspects to this problem: the failure of
residents to make choices that maximize their own well-being, and the neglect of the well-being of a
minority group. For the former, one solution is to enhance residents' knowledge of ecosystems. One
of the reasons why residents cannot maximize their own well-being is that they do not consciously

benefit from ecosystems, so environmental education can enhance their knowledge and make them
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aware of the fact that they benefit enormously from ecosystems. However, this approach has its
limitations because it is sometimes difficult to make people aware of the benefits of ecosystems, such
as when ecosystems contribute to mental health. Therefore, policy makers, such as experts and
government officials, should not be too constrained by residents' preferences, but sometimes it is
necessary to implement paternalistic policies aimed at maximizing residents' well-being. It is also
important to consider that residents' preferences may focus too much on short-term pleasure and too
little on long-term well-being. Policymakers are expected to both reflect residents' preferences and
consider factors that are not reflected in residents' preferences, but that improve residents' long-term
well-being.

Paternalistic policies can also be a solution to the problem that the well-being of a minority group
is neglected because of the diversity of residents' preferences. It is necessary for policymakers to make
adjustments when policies supported by the majority reduce the well-being of the minority. For
example, if the majority wants rivers with low biodiversity, it is not enough to simply increase the
number of rivers with low biodiversity. If the long-term well-being of residents, which is often
overlooked, is taken into account, the creation of high-biodiversity rivers can also improve the lives
of those who seek low-biodiversity rivers. When policymakers take paternalistic decisions, surveys of
residents, such as the one used in this dissertation's case study, can provide useful information. By
understanding, through surveys and analysis, what ecosystems residents consciously and
unconsciously benefit from, policymakers can take into account the fallacy between preferences and
well-being.

The above ecosystem management difficulties and possible responses were derived by linking
the implications of the four case studies. The questions and challenges that emerged from each case
study formed the basis for the next case study. All of the studies used social surveys, focused on the
preferences and perceptions of residents, and attempted to derive not only theoretical but also practical
implications. All of the case studies, each from a different perspective, demonstrated once again how
difficult ecosystem management is. Future research is needed on how to guide urban residents to make
choices that maximize their own well-being, and how to make reasonably paternalistic policies without
being overly constrained by residents' preferences. IPBES (2019) assumes that people's values vary
widely from person to person and region to region, and the lack of information on heterogeneity is
cited as a problem. Furthermore, the lack of information on the non-material benefits of ecosystems
to people compared to material and regulating benefits is also cited as a problem. In this dissertation,
more specific problems have been extracted from case studies that address these issues that
international organizations are paying attention to. The identification of issues that need to be

addressed in the future is an important outcome of this dissertation.

106



References

Abdullah, S., Adnan, M. S. G., Barua, D., Murshed, M. M., Kabir, Z., Chowdhury, M. B. H.,
Hassan, Q. K., & Dewan, A. (2022). Urban green and blue space changes: A spatiotemporal
evaluation of impacts on ecosystem service value in Bangladesh. Ecological Informatics, 70,
101730.

Adamowicz, W., Boxall, P., Williams, M., & Louviere, J. (1998). Stated preference approaches
for measuring passive use values: choice experiments and contingent valuation. American
Journal of Agricultural Economics, 80(1), 64—75.

Adamowicz, W., Swait, J., Boxall, P., Louviere, J., & Williams, M. (1997). Perceptions versus
objective measures of environmental quality in combined revealed and stated preference models
of environmental valuation. Journal of Environmental Economics and Management, 32(1), 65-
84.

Aerts, R., Dewaelheyns, V., & Achten, W. M. (2016). Potential ecosystem services of urban
agriculture: a review. PeerJ Preprints, 4, €2286v1.

Afriyanie, D., Julian, M. M., Riqqi, A., Akbar, R., Suroso, D. S., & Kustiwan, 1. (2020). Re-
framing urban green spaces planning for flood protection through socio-ecological resilience in
Bandung City, Indonesia. Cities, 101, 102710.

Agbenyega, O., Burgess, P. J., Cook, M., & Morris, J. (2009). Application of an ecosystem
function framework to perceptions of community woodlands. Land Use Policy, 26(3), 551-557.
Agimass, F., Lundhede, T., Panduro, T. E., & Jacobsen, J. B. (2017). The choice of forest site for
recreation: A revealed preference analysis using spatial data. Ecosystem Services, 31, 445—454.
Akimoto, F. (2020). “The International Town Planning Conference Amsterdam 1924” Revisited
Was the prototype of the Tokyo Circular Green Belt Plan 1938 the third resolution? Journal of
Architecture and Planning, 85(773), 1427-1436. Japanese.

Amagasaki City. (2014). Amagasaki City Green Basic Plan.

https://www.city.amagasaki.hyogo.jp/shisei/si_kangae/si_keikaku/140midori_keikaku/140mido

ri_keikaku naiyou.html (accessed 25 June, 2023). Japanese.

Ambrey, C. L., & Fleming, C. M. (2014a). Public greenspace and life satisfaction in urban
Australia. Urban Studies, 51(6), 1290-1321.

Ambrey, C. L., & Fleming, C. M. (2014b). Valuing ecosystem diversity in South East
Queensland: A life satisfaction approach. Social Indicators Research, 115(1), 45-65.
Ampatzidis, P., & Kershaw, T. (2020). A review of the impact of blue space on the urban
microclimate. Science of The Total Environment, 730, 139068.

Anderson, E. C., & Minor, E. S. (2017). Vacant lots: An underexplored resource for ecological
and social benefits in cities. Urban Forestry & Urban Greening, 21, 146-152.

Angold, P. G., Sadler, J. P, Hill, M. O., Pullin, A., Rushton, S., Austin, K., Small, E., Wood, B.,

107


https://www.city.amagasaki.hyogo.jp/shisei/si_kangae/si_keikaku/140midori_keikaku/140midori_keikaku_naiyou.html
https://www.city.amagasaki.hyogo.jp/shisei/si_kangae/si_keikaku/140midori_keikaku/140midori_keikaku_naiyou.html

Wadsworth, R., & Thompson, K. (2006). Biodiversity in urban habitat patches. Science of the
Total Environment, 360(1-3), 196-204.

Aoshima, 1., Nakao, R., Minamoto, T., Ushimaru, A., & Sato, M. (2023). Heterogeneous
preference for biodiversity in Japanese urban blue spaces based on people's nature experiences:
Analysis using eDNA and satisfaction data. City and Environment Interactions. 18, 100101.
Aoshima, 1., Uchida, K., Ushimaru, A., & Sato, M. (2017). Economic Valuation of the Urban
Green Spaces Using Life Satisfaction Data. Environmental Science, 30(4), 238-249. Japanese.
Aoshima, 1., Uchida, K., Ushimaru, A., & Sato, M. (2018). The influence of subjective
perceptions on the valuation of green spaces in Japanese urban areas. Urban Forestry & Urban
Greening, 34, 166-174.

Aram, F., Garcia, E. H., Solgi, E., & Mansournia, S. (2019). Urban green space cooling effect in
cities. Heliyon, 5(4), €01339.

Armbrecht, J. (2014). Use value of cultural experiences: A comparison of contingent valuation
and travel cost. Tourism Management, 42, 141-148.

Ashiya City. (2021). Ashiya City Green Basic Plan.
https://www.city.ashiya.lg.jp/toshikeikaku/kihon.html (accessed 25 June, 2023). Japanese.

Barbaro, N., & Pickett, S. M. (2016). Mindfully green: Examining the effect of connectedness to
nature on the relationship between mindfulness and engagement in pro-environmental behavior.
Personality and Individual Differences, 93, 137-142.

Barrington-Leigh, C., & Behzadnejad, F. (2017). Evaluating the short-term cost of low-level local
air pollution: A life satisfaction approach. Environmental Economics and Policy Studies, 19(2),
269-298.

Barrio, M., & Loureiro, M. L. (2010). A meta-analysis of contingent valuation forest
studies. Ecological Economics, 69(5), 1023—-1030.

Barth, N. C., & Doll, P. (2016). Assessing the ecosystem service flood protection of a riparian
forest by applying a cascade approach. Ecosystem Services, 21, 39-52.

Berman, M. G., Kross, E., Krpan, K. M., Askren, M. K., Burson, A., Deldin, P. J., Kaplan, S.,
Sherdell, L., Gotlib, I. H., & Jonides, J. (2012). Interacting with nature improves cognition and
affect for individuals with depression. Journal of Affective Disorders, 140(3), 300-305.

Bista, 1., Carvalho, G. R., Walsh, K., Seymour, M., Hajibabaei, M., Lallias, D., Christmas, M., &
Creer, S. (2017). Annual time-series analysis of aqueous eDNA reveals ecologically relevant
dynamics of lake ecosystem biodiversity. Nature Communications, 8(1), 14087.

Bogeholz, S. (2006). Nature experience and its importance for environmental knowledge, values
and action: Recent German empirical contributions. Environmental Education Research, 12(1),
65-84.

Bolund, P., & Hunhammar, S. (1999). Ecosystem services in urban areas. Ecological

108


https://www.city.ashiya.lg.jp/toshikeikaku/kihon.html

Economics, 29(2), 293-301.

Bowden, R. J., & Turkington, D. A. (1990). Instrumental variables (Vol. 8). Cambridge
University Press.

Bowler, D. E., Buyung-Ali, L. M., Knight, T. M., & Pullin, A. S. (2010b). A systematic review
of evidence for the added benefits to health of exposure to natural environments. BMC Public
Health, 10(1), 456.

Bowler, D. E., Buyung-Ali, L., Knight, T. M., & Pullin, A. S. (2010a). Urban greening to cool
towns and cities: A systematic review of the empirical evidence. Landscape and Urban Planning,
97(3), 147-155.

Boyle, M., & Kiel, K. (2001). A survey of house price hedonic studies of the impact of
environmental externalities. Journal of Real Estate Literature, 9(2), 117-144.

Braat, L. C. (2018) Five reasons why the science publication “Assessing nature’s contributions
to people” (Diaz et al. 2018) would not have been accepted in ecosystem services. Ecosystem
Services 30: Al - A2

Bratman, G. N., Anderson, C. B., Berman, M. G., Cochran, B., De Vries, S., Flanders, J., Folke,
C., Frumkin, H., Gross, J. J., Hartig, T., Kahn Jr. P. H., Kuo, M., Lawler, J. J., Levin, P. S., Lindahl,
T., Meyer-Lindenberg, A., Mitchell, R., Ouyang, Z., Roe, J., Scarlett, L., Smith, J. R., van den
Bosch, M., Wheeler, B. W., White, M. P., Zheng, H., & Daily, G. C. (2019). Nature and mental
health: An ecosystem service perspective. Science Advances, 5(7), eaax0903.

Bratman, G. N., Hamilton, J. P., Hahn, K. S., Daily, G. C., & Gross, J. J. (2015). Nature experience
reduces rumination and subgenual prefrontal cortex activation. Proceedings of the National
Academy of Sciences, 112(28), 8567-8572.

Braun, T., & Dierkes, P. (2017). Connecting students to nature—How intensity of nature
experience and student age influence the success of outdoor education programs. Environmental
Education Research, 23(7), 937-949.

Brook, B. W., Ellis, E. C., Perring, M. P, Mackay, A. W., & Blomgvist, L. (2013). Does the
terrestrial biosphere have planetary tipping points? Trends in Ecology & Evolution, 28(7), 396-
401.

Capaldi, C. A., Dopko, R. L., & Zelenski, J. M. (2014). The relationship between nature
connectedness and happiness: a meta-analysis. Frontiers in Psychology, 5, 976.

Carey, R. O., Hochmuth, G. J., Martinez, C. J., Boyer, T. H., Nair, V. D., Dukes, M. D., Toor, G.
S., Amy L. Shober, A. L., Cisar, J. L., Trenholm, L. E.; & Sartain, J. B. (2012). A review of
turfgrass fertilizer management practices: Implications for urban water quality. HortTechnology,
22(3), 280-291.

Carrus, G., Scopelliti, M., Lafortezza, R., Colangelo, G., Ferrini, F., Salbitano, F., Agrimi, M.,
Portoghesi, L., Semenzato, P., & Sanesi, G. (2015) Go greener, feel better? The positive effects

109



of biodiversity on the well-being of individuals visiting urban and peri-urban green
areas. Landscape and Urban Planning, 134, 221-228.

Carson, R. T., Flores, N. E., & Meade, N. F. (2001). Contingent valuation: controversies and
evidence. Environmental and Resource Economics, 19(2), 173—-210.

Castelletta, M., Sodhi, N. S., & Subaraj, R. (2000). Heavy extinctions of forest avifauna in
Singapore: Lessons for biodiversity conservation in Southeast Asia. Conservation Biology, 14(6),
1870-1880.

Cervinka, R., Roderer, K., & Hefler, E. (2012). Are nature lovers happy? On various indicators
of well-being and connectedness with nature. Journal of Health Psychology, 17(3), 379-388.
Chan, K.M.A., A.D. Guerry, P. Balvanera, S. Klain, T. Satterfield, X. Basurto, A. Bostrom, R.
Chuenpagdee, R. Gould, B.S. Halpern, N. Hannahs, J. Levine, B. Norton, M. Ruckelshaus, R.
Russell, J. Tam & U. Woodside (2012) Where are cultural and social in ecosystem services? A
framework for constructive engagement. BioScience, 62 (8), 744-756.

Chawla, L. (2020). Childhood nature connection and constructive hope: A review of research on
connecting with nature and coping with environmental loss. People and Nature, 2(3), 619-642.
Cheng, J. C. H., & Monroe, M. C. (2012). Connection to nature: Children’s affective attitude
toward nature. Environment and Behavior, 44(1), 31-49.

Chetty, R. (2015). Behavioral economics and public policy: A pragmatic perspective. American
Economic Review, 105(5), 1-33.

Christie, M., Hanley, N., & Hynes, S. (2007). Valuing enhancements to forest recreation using
choice experiment and contingent behaviour methods. Journal of Forest Economics, 13(2-3), 75—
102.

City Bureau of Ministry of Land, Infrastructure, Transport and Tourism (2021). Committee on
the Implementation of Green Infrastructure in Greenery Policies Document Collection (Ryokuti
seisaku niokeru gri-n inhura no jissou ni muketa kentoukai shiryousyu (in Japanese)).

https://www.mlit.go.jp/toshi/park/content/001418002.pdf (accessed 26 March, 2023). Japanese.

Colding, J., & Barthel, S. (2013). The potential of ‘Urban Green Commons’ in the resilience
building of cities. Ecological Economics, 86, 156-166.

Collins, R. M., Spake, R., Brown, K. A., Ogutu, B. O., Smith, D., & Eigenbrod, F. (2020). A
systematic map of research exploring the effect of greenspace on mental health. Landscape and
Urban Planning, 201, 103823.

Cornes, R., & Sandler, T. (1996). The theory of externalities, public goods, and club goods.
Cambridge University Press.

Costanza, R., Howarth, R. B., Kubiszewski, 1., Liu, S., Ma, C., Plumecocq, G., Stern, D. 1. (2016).
Influential publications in ecological economics revisited. Ecological Economics, 123, 68—76.

Costanza, R., d'Arge, R., de Groot, R.S., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem,

110


https://www.mlit.go.jp/toshi/park/content/001418002.pdf

S., O'Neill, R.V,, Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M. (1997). The value of the
world's ecosystem services and natural capital. Nature, 387, 253-260

Crutzen, P. J. (2006). The “anthropocene”. In Earth system science in the anthropocene (pp. 13-
18). Springer, Berlin, Heidelberg.

Dadvand, P., Tischer, C., Estarlich, M., Llop, S., Dalmau-Bueno, A., Lopez-Vicente, M., Valentin,
A., de Keijzer, C., Fernandez-Somoano, A., Lertxundi, N., Rodriguez-Dehli, C., Gascon, M.,
Guxens, M., Zugna, D., Basagafia, X., Nieuwenhuijsen, M. J., Ibarluzea, J., Ballester, F., &
Sunyer, J. (2017). Lifelong residential exposure to green space and attention: a population-based
prospective study. Environmental Health Perspectives, 125(9), 097016.

Damerell, P., Howe, C., & Milner-Gulland, E. J. (2013). Child-orientated environmental
education influences adult knowledge and household behaviour. Environmental Research Letters,
8(1), 015016.

De Groot, R. S.; Alkemade, R., Braat, L., Hein, L., & Willemen, L. (2010). Challenges in
integrating the concept of ecosystem services and values in landscape planning, management and
decision making. Ecological Complexity, 7(3), 260—-272.

Deiner, K., Bik, H. M., Michler, E., Seymour, M., Lacoursiere-Roussel, A., Altermatt, F., Creer,
S., Bista, 1., Lodge, D. M., Vere, N., Pfrender, M. E., & Bernatchez, L. (2017). Environmental
DNA metabarcoding: Transforming how we survey animal and plant communities. Molecular
Ecology, 26(21), 5872-5895.

Demographia World Urban Areas. (2022). Demographia world urban areas 18" annual edition.

http://www.demographia.com/db-worldua.pdf (accessed 25 June, 2023).

Diafas, 1., Barkmann, J., & Mburu, J. (2017). Measurement of bequest value using a non-
monetary payment in a choice experiment—The case of improving forest ecosystem services for
the benefit of local communities in rural Kenya. Ecological Economics, 140, 157-165.

Diaz, S., Fargione, J., Chapin III, F. S., & Tilman, D. (2006). Biodiversity loss threatens human
well-being. PLOS Biology, 4(8), €277.

Diaz, S., Pascual, U., Stenseke, M., Martin-Ldopez, B., Watson, R. T., Molnar, Z., Hill, R., Chan,
K. M. A., Baste, 1. A., Brauman, K. A., Polasky, S., Church, A., Lonsdale, M., Larigauderie, A.,
Leadley, P. W., van Oudenhoven, A. P. E., van der Plaat, F., Schroter, M., Lavorel, S.,
Aumeeruddy-Thomas, Y., Bukvareva, E., Davies, K., Demissew, S., Erpul, G., Failler, P., Guerra,
C. A., Hewitt, C. L., Keune, H., Lindley, S., & Shirayama, Y. (2018). Assessing nature's
contributions to people. Science, 359(6373), 270-272.

Diener, E. (2009). Subjective well-being. The Science of Well-Being, 11-58.

Diener, E., & Ryan, K. (2009). Subjective well-being: A general overview. South African Journal
of Psychology, 39(4), 391-406.

Dodge (2021). World Green Building Trends 2021.

111


http://www.demographia.com/db-worldua.pdf

https://www.construction.com/toolkit/reports/World-Green-Building-trends-2021.
Dou, Y., Zhen, L., De Groot, R., Du, B., & Yu, X. (2017). Assessing the importance of cultural

ecosystem services in urban areas of Beijing municipality. Ecosystem Services, 24, 79-90.
Duerden, M. D., & Witt, P. A. (2010). The impact of direct and indirect experiences on the
development of environmental knowledge, attitudes, and behavior. Journal of Environmental
Psychology, 30(4), 379-392.

Dunlap, R. E., Van Liere, K. D., Mertig, A. G., & Jones, R. E. (2000). New trends in measuring
environmental attitudes: measuring endorsement of the new ecological paradigm: A revised NEP
scale. Journal of Social Issues, 56(3), 425-442.

Dutcher, D. D., Finley, J. C., Luloff, A. E., & Johnson, J. B. (2007). Connectivity with nature as
a measure of environmental values. Environment and Behavior, 39(4), 474—493.

Elmgqyvist, T., Colding, J., Barthel, S., Borgstrom, S., Duit, A., Lundberg, J., Andersson, E., Ahrne,
K., Emstson, H., Folke, C., & Bengstsson, J. (2004) The dynamics of social-ecological systems
in urban landscapes: Stockholm and the National Urban Park, Sweden. Annals of the New York
Academy of Sciences, 1023, 308-322.

Elmgqvist, T., Setild, H., Handel, S. N., Van Der Ploeg, S., Aronson, J., Blignaut, J. N., Gémez-
Baggethun, E., Nowak, D. J., Kronenberg, J., & De Groot, R. (2015). Benefits of restoring
ecosystem services in urban areas. Current Opinion in Environmental Sustainability, 14,101-108.
Ernst, J., & Theimer, S. (2011). Evaluating the effects of environmental education programming
on connectedness to nature. Environ. Educational Research Review, 17(5), 577-598.

Faccioli, M., Czajkowski, M., Glenk, K., & Martin-Ortega, J. (2020), Environmental attitudes
and place identity as determinants of preferences for ecosystem services. Ecological Economics,
174,106600.

Fernandez, C. J., Stoeckl, N., & Welters, R. (2019). The cost of doing nothing in the face of
climate change: a case study, using the life satisfaction approach to value the tangible and
intangible costs of flooding in the Philippines. Climate and Development, 11(9), 825-838.
Filyushkina, A., Agimass, F., Lundhede, T., Strange, N., & Jacobsen, J. B. (2017). Preferences
for variation in forest characteristics: Does diversity between stands matter? Ecological
Economics, 140, 22-29.

Fisher, J. C., Irvine, K. N., Bicknell, J. E., Hayes, W. M., Fernandes, D., Mistry, J., & Davies, Z.
G. (2021). Perceived biodiversity, sound, naturalness and safety enhance the restorative quality
and wellbeing benefits of green and blue space in a neotropical city. Science of the Total
Environment, 755, 143095.

Food and Agriculture Organization of the United Nations (2010). Global forest resources
assessment. Main report, FAO Forest Paper 163. http://www.fao.org/3/a-i11757e.pdf (accessed 26
March 2023).

112


https://www.construction.com/toolkit/reports/World-Green-Building-trends-2021
http://www.fao.org/3/a-i1757e.pdf

Frantz, C. M., & Mayer, F. S. (2014). The importance of connection to nature in assessing
environmental education programs. Studies in Educational Evaluation, 41, 85-89.

Frantz, C., Mayer, F. S., Norton, C., & Rock, M. (2005). There is no “I” in nature: The influence
of self-awareness on connectedness to nature. Journal of Environmental Psychology, 25(4), 427—
436.

Frey, B. S., & Stutzer, A. (2010). Happiness and economics. In Happiness and Economics.
Princeton University Press.

Frey, B. S., Luechinger, S., & Stutzer, A. (2010). The Life Satisfaction Approach to
Environmental Valuation. Annual Review of Resource Economics 2, 139-160.

Fujimoto, T., Miyazaki, T., Tanaka, K., Morita, Y., Nakamura, T., Sakamoto, H., Tsubouchi, Y.,
& Hayashida, T. (2006). Evaluation of Potential Recreational Benefits of Satoyama Forest: Using
GIS and Benefit Transfer. Journal of Rural Planning Association, 25 (2), 99-110. Japanese.
Funabiki, T. (2014). A review of the institutions of urban green spaces (Toshi ryokuti seido ronkou
(in Japanese)). Design egg. Japanese.

Gascon, M., Triguero-Mas, M., Martinez, D., Dadvand, P., Rojas-Rueda, D., Plaséncia, A., &
Nieuwenhuijsen, M. J. (2016). Residential green spaces and mortality: a systematic
review. Environment International, 86, 60-67.

Geospatial Information Authority of Japan (2010). Browsing service of maps and aerial
photographs. http://mapps.gsi.go.jp/ (accessed 26 March, 2023). Japanese.

Gidlow, C.J., Randall, J., Gillman, J., Smith, G.R., & Jones, M.V. (2016) Natural environments

and chronic stress measured by hair cortisol. Landscape and Urban Planning, 148, 61-67.
Giergiczny, M., Czajkowski, M., Zylicz, T., & Angelstam, P. (2015). Choice experiment
assessment of public preferences for forest structural attributes. Ecological Economics, 119, 8—
23.

Gifford, R., & Nilsson, A. (2014). Personal and social factors that influence pro-environmental
concern and behaviour: A review. International Journal of Psychology, 49(3), 141-157.

Glenk, K., Meyerhoff, J., Akaichi, F., & Marting-Ortega, J. (2019). Revisiting cost vector effects
in discrete choice experiments, Resource and Energy Economics. 57, 135—155.
Goémez-Baggethun, E., Gren, A., Barton, D. N., Langemeyer, J., McPhearson, T., O’farrell, P.,
Andersson, E., Hamstead, Z., Kremer, P., & Kremer, P. (2013). Urban ecosystem services.
In Urbanization, Biodiversity and Ecosystem Services: Challenges and Opportunities (pp. 175-
251). Springer, Dordrecht.

Gosling, E., & Williams, K. J. (2010). Connectedness to nature, place attachment and
conservation behaviour: Testing connectedness theory among farmers. Journal of Environmental

Psychology, 30(3), 298-304.

113


http://mapps.gsi.go.jp/

Government of Singapore (2018). Statistics on national accounts.
https://www.singstat.gov.sg/find-data/search-by-theme/economy/national-accounts/latest-data

(accessed 26 March, 2023).

Government of Singapore (2023). Singapore Green Plan 2030.
https://www.greenplan.gov.sg/(accessed 26 March, 2023).

Grahn, P., & Stigsdotter, U.K. (2010) The relation between perceived sensory dimensions of
urban green space and stress restoration. Landscape and Urban Planning, 94 (3), 264-275.
Grima, N., Corcoran, W., Hill-James, C., Langton, B., Sommer, H., & Fisher, B. (2020). The
importance of urban natural areas and urban ecosystem services during the COVID-19 pandemic.
PloS one, 15(12), €0243344.

GSIA (2020). 2020 GLOBAL SUSTAINABLE INVESTMENT REVIEW. https:/www.gsi-
alliance.org/wp-content/uploads/2021/08/GSIR-20201.pdf (accessed 26 March 2023).

Guiney, M. S., & Oberhauser, K. S. (2009). Conservation volunteers' connection to nature.
Ecopsychology, 1(4), 187-197.

Gunawardena, K. R., Wells, M. J., & Kershaw, T. (2017). Utilising green and bluespace to
mitigate urban heat island intensity. Science of the Total Environment, 584, 1040-1055.
Glineralp, B., Reba, M., Hales, B. U., Wentz, E. A., & Seto, K. C. (2020). Trends in urban land
expansion, density, and land transitions from 1970 to 2010: A global synthesis. Environmental
Research Letters, 15(4), 044015.

Haase, A., Nelle, A., & Mallach, A. (2017). Representing urban shrinkage—The importance of
discourse as a frame for understanding conditions and policy. Cities, 69, 95-101.

Hanemann, W. M. (1984). Welfare evaluations in contingent valuation experiments with discrete
responses. American Journal of Agricultural Economics, 66(3), 332—341.

Hanemann, W. M. (1994). Valuing the environment through contingent valuation. Journal of
Economic Perspectives, 8(4), 19-43.

Harrison, C., & Davies, G. (2002). Conserving biodiversity that matters: practitioners'
perspectives on brownfield development and urban nature conservation in London. Journal of
Environmental Management, 65(1), 95-108.

Hattori, T., Minamiyama, N., Kawamura, M., Ono, Y., & Ishida, H. (2003). A study of increasing
species richness in a Lusidophyllous-artificial forest. Journal of the Japanese Institute of
Landscape Architecture, 66(5), 509-512. Japanese.

Hensher, D. (2010). Hypothetical bias, choice experiments and willingness to pay.
Transportation Research Part B. 44(6), 735—752.

Herbst, H., & Herbst, V. (2006). The development of an evaluation method using a geographic
information system to determine the importance of wasteland sites as urban wildlife areas.

Landscape and Urban Planning, 77(1-2), 178-195.

114


https://www.singstat.gov.sg/find-data/search-by-theme/economy/national-accounts/latest-data
https://www.greenplan.gov.sg/
https://www.gsi-alliance.org/wp-content/uploads/2021/08/GSIR-20201.pdf
https://www.gsi-alliance.org/wp-content/uploads/2021/08/GSIR-20201.pdf

Herngren, L., Goonetilleke, A., Sukpum, R., & Silva, D. D. (2005). Rainfall simulation as a tool
for urban water quality research. Environmental Engineering Science, 22(3), 378-383.
Horowitz, J. K., & McConnell, K. E. (2002). A review of WTA/WTP studies. Journal of
Environmental Economics and Management, 44 (3), 426—447.

Howell, A. J., Dopko, R. L., Passmore, H. A., & Buro, K. (2011). Nature connectedness:
Associations with well-being and mindfulness. Personality and Individual Differences, 51(2),
166-171.

Hoyos, D. (2010). The state of the art of environmental valuation with discrete choice
experiments. Ecological Economics, 69(8), 1595—-1603.

Hur, M., Nasar, J. L., & Chun, B. (2010). Neighborhood satisfaction, physical and perceived
naturalness and openness. Journal of Environmental Psychology, 30(1), 52-59.

Hyogo Prefectural Kobe Civil Engineering Office (1997). Reviving Kobe's Mountains and
Rivers: Toward a Disaster-Resistant City, Hanshin-Awaji Earthquake Recovery Record. Kobe
University Library Digital Archive (in Japanese).
https://hdl.handle.net/20.500.14094/0100055724 (accessed 26 March, 2023). Japanese.

Hyogo Prefectural Land Development Department (2004) 2004 Summary of the Prefectural Land
Development Department (Documentation) (Heisei 16 nendo kendo seibibu gaiyou (siyou hen
(in Japanese)). Japanese.

Hyogo Prefecture (2016). Population statistics. https://web.pref.hyogo.lg.jp/kk11/jinkou-

tochitoukei/jinnkounouno.html (accessed 26 March, 2023). Japanese.

Hyogo Prefecture (2021). Municipalities Mudslide Hazardous Streams, etc.
https://web.pref.hyogo.lg.jp/kk37/documents/02yobou3-1-1.pdf (accessed 26 March, 2023).

Japanese.

Hyogo Prefecture (2022). List of Second Class Rivers.
https://web.pref.hyogo.lg.jp/ks12/kannri.html (accessed 26 March, 2023). Japanese.
IMF (2022). World economic outlook databases.
https://www.imf.org/en/Publications/SPROLLS/world-economic-outlook-
databases#sort=%40imfdate%20descending (accessed 26 March, 2023).

IPBES (2017). Report of the Plenary of the Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services on the work of its fifth session.

file:///C:/Users/arjen/Downloads/ipbes-5-15_en.pdf (accessed 26 March, 2023).

IPBES (2019). Summary for policymakers of the global assessment report on biodiversity and
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity and

Ecosystem Services. https://www.ipbes.net/global-assessment (accessed 26 March, 2023).

Ishii, H. T., & Iwasaki, A. (2008). Ecological restoration of a fragmented urban shrine forest in

southeastern Hyogo Prefecture, Japan: Initial effects of the removal of invasive Trachycarpus

115


https://hdl.handle.net/20.500.14094/0100055724
https://web.pref.hyogo.lg.jp/kk11/jinkou-tochitoukei/jinnkounouno.html
https://web.pref.hyogo.lg.jp/kk11/jinkou-tochitoukei/jinnkounouno.html
https://web.pref.hyogo.lg.jp/kk37/documents/02yobou3-1-1.pdf
https://web.pref.hyogo.lg.jp/ks12/kannri.html
https://www.imf.org/en/Publications/SPROLLS/world-economic-outlook-databases#sort=%40imfdate%20descending
https://www.imf.org/en/Publications/SPROLLS/world-economic-outlook-databases#sort=%40imfdate%20descending
file:///C:/Users/arjen/Downloads/ipbes-5-15_en.pdf
https://www.ipbes.net/global-assessment

fortunei. Urban Ecosystems, 11(3), 309-316.

Ishii, H. T., Manabe, T., Ito, K., Fujita, N., Imanishi, A., Hashimoto, D., & Iwasaki, A. (2010).
Integrating ecological and cultural values toward conservation and utilization of shrine/temple
forests as urban green space in Japanese cities. Landscape and Ecological Engineering, 6(2),
307-315.

Ishikawa, M. (2001). Urban areas and green spaces toward the Creation of a New Urban
Environment. (Toshi to ryokuti atarasii tosikankyou no souzou ni mukete (in Japanese)). Iwanami
Shoten. Japanese.

Ives, C. D, Lentini, P. E., Threlfall, C. G., Ikin, K., Shanahan, D. F., Garrard, G. E., Bekessy, S.
A., Fuller, R. A., Mumaw, L., Rayner, L., Rowe, R., Valentine, L. E., & Kendal, D. (2016). Cities
are hotspots for threatened species. Global Ecology and Biogeography, 25(1), 117-126.

Iwasa, Y. & Nishida, T. (2017). Social Potential of Green Infrastructure in a Declining Population
and Mature Society (Jinkou gensyou — seijuku syakai ni okeru gri-n inhura sutorakutya- no
syakaiteki potensyaru (in Japanese)). Japanese Journal of Ecology, 67(2), 239-245. Japanese.
Jacobsen, J. B., Lundhede, T. H., & Thorsen, B. J. (2013) The effects of current income and
expected change in future income on stated preferences for environmental improvements,
Journal of Forest Economics, 19,206—219.

Jennings, V., & Bamkole, O. (2019). The relationship between social cohesion and urban green
space: An avenue for health promotion. International Journal of Environmental Research and
Public Health, 16(3), 452.

Jha, A. K., Bloch, R., & Lamond, J. (2012). Cities and flooding: a guide to integrated urban flood
risk management for the 21st century. World Bank Publications.

Jiang, B., Deal, B., Pan, H., Larsen, L., Hsieh, C. H., Chang, C. Y., & Sullivan, W. C. (2017).
Remotely-sensed imagery vs. eye-level photography: Evaluating associations among
measurements of tree cover density. Landscape and Urban Planning, 157, 270-281.

Jimenez, M. P., DeVille, N. V., Elliott, E. G., Schiff, J. E., Wilt, G. E., Hart, J. E., & James, P.
(2021). Associations between nature exposure and health: A review of the evidence. International
Journal of Environmental Research and Public Health, 18(9), 4790.

Jo, T., Sato, M., Minamoto, T., & Ushimaru, A. (2022). Valuing the cultural services from urban
blue-space ecosystems in Japanese megacities during the COVID-19 pandemic. People and
Nature, 4(5), 1176-1189.

Kahneman, D., & Krueger, A. B. (2006). Developments in the measurement of subjective well-
being. Journal of Economic Perspectives, 20(1), 3-24.

Kahneman, D., Slovic, P., & Tversky, A. (Eds.). (1982). Judgment under uncertainty: Heuristics

and biases. Cambridge university press.

116



Kamitsis, 1., & Francis, A. J. (2013). Spirituality mediates the relationship between engagement
with nature and psychological wellbeing. Journal of Environmental Psychology, 36, 136—143.
Kant, S., & Lee, S. (2004). A social choice approach to sustainable forest management: an
analysis of multiple forest values in Northwestern Ontario. Forest Policy and Economics, 6(3-4),
215-227.

Kaplan, R., & Kaplan, S. (1989). The experience of nature: A psychological perspective.
Cambridge university press.

Kazmierczak, A. (2013). The contribution of local parks to neighbourhood social ties. Landscape
and Urban Planning, 109(1), 31-44.

Kenter, J. O. (2018). IPBES: Don’t throw out the baby whilst keeping the bathwater; Put people’s
values central, not nature’s contributions. Ecosystem Services, 33, 40-43.

Kessler, R.C., Andrews, G., Colpe, L.J., Hiripi, E., Mroczek, D.K., Normand, S.L.T., Walters,
E.E., & Zaslavsky, A.m., (2002) Short screening scales to monitor population prevalences and
trends in non-specific psychological distress. Psychological Medicine, 32 (6), 959-976.

Kim, H., Shoji, Y., Tsuge, T., Aikoh, T., & Kuriyama, K., (2020). Understanding services from
ecosystem and facilities provided by urban green spaces: A use of partial profile choice
experiment, Forest Policy and Economics, 111, 102086.

Kitawaki, Y., Uchiike, T. & Yaneshita, M. (2015). Study on the Changes of plants in urban forest
(Toshinbu ni sousyutu sita jurin ni okeru syokubutu no henka ni kansuru ichi kousatu (in
Japanese)). Environmental Engineering I, 745-746. Japanese.

Kleespies, M. W., & Dierkes, P. W. (2020). Exploring the construct of relational values: An
empirical approach, Frontiers in Psychology, 11, 1-14.

Kline, R. B. (1998). Principles and practice of structural equation modeling. Guilford Press, New
York.

Knight, S. J., McClean, C. J., & White P. C. (2022). The importance of ecological quality of
public green and blue spaces for subjective well-being. Landscape and Urban Planning, 226,
104510.

Kobe City (2011). Green Kobe 21 Plan (Revised edition).
https://www.city.kobe.lg.jp/a51321/shise/kekaku/kensetsukyoku/green/2010kaitei.html
(accessed 26 March, 2023). Japanese.

Kobe City (2016). Biodiversity Kobe Plan. https://www.city.kobe.lg.jp/documents/6195/plan.pdf
(accessed 26 March, 2023). Japanese.

Komai, T., Gotoh, R. O., Sado, T., & Miya, M. (2019). Development of a new set of PCR primers

for eDNA metabarcoding decapod crustaceans. Metabarcoding and Metagenomics, 3, €33835.
Kothencz, G., & Blaschke, T. (2017). Urban parks: Visitors’ perceptions versus spatial
indicators. Land Use Policy, 64, 233-244.

117


https://www.city.kobe.lg.jp/a51321/shise/kekaku/kensetsukyoku/green/2010kaitei.html
https://www.city.kobe.lg.jp/documents/6195/plan.pdf

Krekel, C., Kolbe, J., & Wiistemann, H. (2016). The greener, the happier? The effect of urban
land use on residential well-being. Ecological Economics, 121, 117-127.

Kremer, P., Hamstead, Z. A., & McPhearson, T. (2013). A social—ecological assessment of vacant
lots in New York City. Landscape and Urban Planning, 120, 218-233.

Kumar, P. (2010). The Economics of Ecosystems and Biodiversity: Ecological and Economic
Foundations, An output of TEEB: The Economics of Ecosystems and Biodiversity. Earthscan,
England.

Kuo, F. E., & Sullivan, W. C. (2001). Environment and crime in the inner city: Does vegetation
reduce crime? Environment and Behavior, 33(3), 343-367.

Kuriyama, K., Kitabatake, Y., & Oshima, Y. (2000). The Economics of World Heritage (Sekai
isan no keizaigaku (in Japanse)). Keisou Shobou. Japanese.

Labib, S. M., Lindley, S., & Huck, J. J. (2020). Spatial dimensions of the influence of urban
green-blue spaces on human health: A systematic review. Environmental Research, 180, 108869.
LaCroix, C. J. (2010). Urban agriculture and other green uses: Remaking the shrinking city. The
Urban Lawyer, 225-285.

Ladenburg, J., & Olsen, S. B. (2006). Starting point anchoring effects in choice experiments.
Copenhagen: Center for Skov, Landskab og Planlegning/Kebenhavns Universitet. IFRO
Working Paper, No. 6, Vol., 2006.

Lawrence, J. E., Skold, M. E., Hussain, F. A., Silverman, D. R., Resh, V. H., Sedlak, D. L., Luthy,
R. G., & McCray, J. E. (2013). Hyporheic zone in urban streams: A review and opportunities for
enhancing water quality and improving aquatic habitat by active management. Environmental
Engineering Science, 30(8), 480-501.

Leakey, R. E. (1996). The sixth extinction: patterns of life and the future of humankind. Anchor.

Lee, A. C., & Maheswaran, R. (2011). The health benefits of urban green spaces: a review of the
evidence. Journal of Public Health, 33(2), 212-222.

Lee, J., Park, B. J., Tsunetsugu, Y., Ohira, T., Kagawa, T., & Miyazaki, Y. (2011). Effect of forest
bathing on physiological and psychological responses in young Japanese male subjects. Public
Health, 125(2), 93-100.

Lenton, T. M. (2013). Environmental tipping points. Annual Review of Environment and
Resources, 38, 1-29.

Leslie, E., Sugiyama, T., lerodiaconou, D., & Kremer, P. (2010). Perceived and objectively
measured greenness of neighbourhoods: Are they measuring the same thing?. Landscape and
Urban Planning, 95(1-2), 28-33.

Li, D. & W.C. Sullivan (2016) Impact of views to school landscapes on recovery from stress and
mental fatigue. Landscape and Urban Planning, 148, 149-158.

Li, H., Ding, L., Ren, M., Li, C., & Wang, H. (2017). Sponge city construction in China: A survey

118



of the challenges and opportunities. Water, 9(9), 594.

Lieflander, A. K., Frohlich, G., Bogner, F. X., & Schultz, P. W. (2013). Promoting connectedness
with nature through environmental education. Environmental Education Research, 19(3), 370—
384.

Livesley, S. J., McPherson, E. G., & Calfapietra, C. (2016). The urban forest and ecosystem
services: impacts on urban water, heat, and pollution cycles at the tree, street, and city scale.
Journal of Environmental Quality, 45(1), 119-124.

Lo, A. Y., & Jim, C. Y. (2010). Willingness of residents to pay and motives for conservation of
urban green spaces in the compact city of Hong Kong. Urban Forestry & Urban Greening 9(2),
113-120.

Lo, A. Y., & Jim, C. Y. (2015). Protest response and willingness to pay for culturally significant
urban trees: Implications for contingent valuation method. Ecological Economics, 114, 58—66.
Louviere, J. J., Hensher, D. A., & Swait, J. D. (2000). Stated choice methods: Analysis and
applications. Cambridge University Press, Cambridge, UK.

Luck, G. W. (2007). A review of the relationships between human population density and
biodiversity. Biological Reviews, 82(4), 607-645.

Luechinger, S. (2009) Valuing air quality using the life satisfaction approach. The Economic
Journal, 119 (53), 482-515.

Luechinger, S. & P.A. Raschky (2009) Valuing flood disasters using the life satisfaction approach.
Journal of Public Economics, 93 (3), 620-633.

Maas, J., Van Dillen, S. M., Verheij, R. A., & Groenewegen, P. P. (2009). Social contacts as a
possible mechanism behind the relation between green space and health. Health & Place, 15(2),
586-595.

Majumdar, S., Deng, J., Zhang, Y., & Pierskalla, C. (2011). Using contingent valuation to
estimate the willingness of tourists to pay for urban forests: A study in Savannah, Georgia. Urban
Forestry & Urban Greening, 10(4), 275-280.

Manabe, T., Ishii, H., & Ito, K. (2007). Evaluation of shrine forests as urban green space.
Landscape Ecology and Management, 12 (1), 1-7. Japanese.

Managi, S. & Institute for Global Environmental Strategies (2011). Economics of Biodiversity
(Seibutu tayousei no keizaigaku (in Japanese)). Syouwadou. Japanese.

Martinez-Harms, M. J., Gelcich, S., Krug, R. M., Maseyk, F. J., Moersberger, H., Rastogi, A.,
Wambugu, G., Krug, C. B., Spehn, E. M., & Pascual, U. (2018). Framing natural assets for
advancing sustainability research: translating different perspectives into actions. Sustainability
Science, 13(6), 1519-1531.

Marushige, N., & Yasuda, Y. (2009). A policy science study on the environmental and waste

management problems: A measurement and evaluation on the environmental economic value for

119



the "Forest of Yokohama" from the viewpoint by the structure of the citizen recognition. The
Annual report of Research Institute for Economics and Business Administration of Kanto Gakuin
University 31, 95-124. Japanese.

Mayer, F. S., & Frantz, C. M. (2004). The connectedness to nature scale: A measure of individuals’
feeling in community with nature. Journal of Environmental Psychology, 24(4), 503-515.
Mayer, F. S., Frantz, C. M., Bruehlman-Senecal, E., & Dolliver, K. (2009). Why is nature
beneficial? The role of connectedness to nature. Environment and Behavior, 41(5), 607—643.
McFadden, D. (1973). Conditional logit analysis of qualitative choice behavior. In: Zarembka,
P. (Ed.), Frontiers in Econometrics. Academic Press, New York.

McFadden, D., & Train, K. (2000). Mixed MNL models for discrete response. Journal of Applied
Economics, 15, 447-470.

McGrane, S. J. (2016). Impacts of urbanisation on hydrological and water quality dynamics, and
urban water management: a review. Hydrological Sciences Journal, 61(13), 2295-2311.
McPhearson, T., Kremer, P, & Hamstead, Z. A. (2013). Mapping ecosystem services in New
York City: Applying a social-ecological approach in urban vacant land. Ecosystem Services, 3,
11-26.

Meginnis, K., Burton, M., Chan, R., & Rigby, D. (2018). Strategic bias in discrete choice
experiments. Journal of Environmental Economics and Management, 102167.

Mendoza, Y., Loyola, R., Aguilar, A., & Escalante, R. (2019). Valuation of air quality in Chile:
The life satisfaction approach. Social Indicators Research, 145,367-387.

Millennium Ecosystem Assessment (MEA) (2005). Ecosystems and human well-being: synthesis.
Island, Washington, DC.

Miller, J. R. (2005). Biodiversity conservation and the extinction of experience. Trends in Ecology
& Evolution, 20(8), 430-434.

Ministry of Foreign Affairs (2021). Basic Data of Republic of Singapore.

https://www.mofa.go.jp/mofaj/area/singapore/data.html (accessed 26 March, 2023). Japanese.

Ministry of Internal Affairs and Communications (2016). Chart of Municipal Taxation Status, etc.
in Fiscal Year 2016.
https://www.soumu.go.jp/main_sosiki/jichi zeisei/czaisei/czaisei_seido/ichiran09 16.html

(accessed 26 March, 2023). Japanese.

Ministry of Internal Affairs and Communications Statistics Bureau (2017). National population

census 2015. http://www.stat.go.jp/data/kokusei/2015/kekka.html (accessed 26 March, 2023).

Japanese.

Ministry of Land, Infrastructure and Transport (2022) Urban parks data base.

https://www.mlit.go.jp/crd/park/joho/database/t_kouen/index.html (accessed 26 March, 2023).

Japanese.

120


https://www.mofa.go.jp/mofaj/area/singapore/data.html
https://www.soumu.go.jp/main_sosiki/jichi_zeisei/czaisei/czaisei_seido/ichiran09_16.html
http://www.stat.go.jp/data/kokusei/2015/kekka.html
https://www.mlit.go.jp/crd/park/joho/database/t_kouen/index.html

Ministry of Land, Infrastructure, Transport, and Tourism (2009) National Land Numerical Data.
https://nlftp.mlit.go.jp/ksj/index.html (accessed 26 March, 2023). Japanese.

Ministry of the Environment and Water Resources (MEWR) (2012). The Singapore Green Plan
2012 (SGP 2012). Singapore: Singapore Government. https://www.mewr.gov.sg/grab-our-

research/singapore-green-plan-2012. (accessed 5 September 2018).
Miserendino, M. L., Casaux, R., Archangelsky, M., Di Prinzio, C. Y., Brand, C., & Kutschker, A.

M. (2011). Assessing land-use effects on water quality, in-stream habitat, riparian ecosystems and
biodiversity in Patagonian northwest streams. Science of the Total Environment, 409(3), 612-624.
Miya, M., Gotoh, R. O., & Sado, T. (2020). MiFish metabarcoding: a high-throughput approach
for simultaneous detection of multiple fish species from environmental DNA and other
samples. Fisheries Science, 86(6), 939-970.

Miya, M., Sato, Y., Fukunaga, T., Sado, T., Poulsen, J. Y., Sato, K., Minamoto, T., Yamamoto, S.,
Yamanaka, H., Araki, H., Kondoh, M., & Iwasaki, W. (2015). MiFish, a set of universal PCR
primers for metabarcoding environmental DNA from fishes: detection of more than 230
subtropical marine species. Royal Society Open Science, 2(7), 150088.

Morita, E., Fukuda, S., Nagano, J., Hamajima, N., Yamamoto, H., Iwai, Y., Nakashima, T., Ohira,
H., & Shirakawa, T. (2007) Psychological effects of forest environments on healthy adults:
Shinrin-yoku (forest-air bathing, walking) as a possible method of stress reduction. Public
Health, 121 (1), 54-63.

Mougeot, L. J. (2006). Growing better cities: Urban agriculture for sustainable development.
IDRC.

Muradian, R., & Goémez-Baggethun, E. (2021). Beyond ecosystem services and nature's
contributions: Is it time to leave utilitarian environmentalism behind?. Ecological Economics,
185,107038.

Muratet, A., Machon, N., Jiguet, F., Moret, J., & Porcher, E. (2007). The role of urban structures
in the distribution of wasteland flora in the greater Paris area, France. Ecosystems, 10, 661-671.
Murphy, J. J., Allen, P. G., Stevens, T. H., & Weatherhead, D. (2005). A meta-analysis of
hypothetical bias in stated preference valuation. Environmental and Resource Economics, 30(3),
313-325.

Museum of Nature and Human Activities, Hyogo (2001). Mt. Rokko: Watching Natural
Environment (Shizen kankyo watching “rokkosan” (in Japanese)). Kobe Shinbun Press. Japanese.
Nakamura, A., Morimoto, U., Mizutani, Y., Yasui, S., & Nakai, K. (2002). Management methods
of artificial shrubland in the Expo Commemorative Park 30 years after construction for increasing
diversity (Tayousei zouka no tameno sekougo 30 nen keika sita banpaku kinen kouen jinkou
syouyou jurin no kanri syuhou (in Japanese)). Journal of the Japanese Society of Revegetation

Technology, 28(1), 283-285. Japanese.

121


https://nlftp.mlit.go.jp/ksj/index.html
https://www.mewr.gov.sg/grab-our-research/singapore-green-plan-2012
https://www.mewr.gov.sg/grab-our-research/singapore-green-plan-2012

Nassauer, J. 1., & Raskin, J. (2014). Urban vacancy and land use legacies: A frontier for urban
ecological research, design, and planning. Landscape and Urban Planning, 125, 245-253.
National Parks (2019). Conserving our Biodiversity, Singapore’s National Biodiversity Strategy

and Action Plan. https://www.nparks.gov.sg/-/media/nparks-real-content/biodiversity/national-

plan/singapore_2009-nbsap_updated-may-2019 national-targets.ashx (accessed 26 March,
2023).

National Parks Board Singapore (2010). Convention on Biological Diversity. Forth National
Report. https://www.cbd.int/doc/world/sg/sg-nr-04-en.pdf. (accessed 10 December 2018).

Németh, J., & Langhorst, J. (2014). Rethinking urban transformation: Temporary uses for vacant
land. Cities, 40, 143-150.

Nguyen, T. T., Ngo, H. H., Guo, W., Wang, X. C., Ren, N., Li, G., Ding, J., & Liang, H. (2019).
Implementation of a specific urban water management-Sponge City. Science of the Total
Environment, 652, 147-162.

Nisbet, E. K., Zelenski, J. M., & Murphy, S. A. (2009). The nature relatedness scale: Linking
individuals' connection with nature to environmental concern and behavior. Environment and
Behavior, 41(5), 715-740.

Nishinomiya City (2020). Nishinomiya city Green Basic Plan.

https://www.nishi.or.jp/shisei/seisaku/kankyokatsudo/keikaku/midorikihon.html (accessed 25

June, 2023). Japanese.

Nordh, H., & Ostby, K. (2013). Pocket parks for people—A study of park design and use. Urban
Forestry & Urban Greening, 12(1), 12-17.

OECD (2013). OECD Guidelines on Measuring Subjective Well-being. OECD publishing, Paris.
OECD (2018). Cost-Benefit Analysis and the Environment: Further Developments and Policy
Use, OECD Publishing, Paris.

Olivos, P., Aragones, J. 1., & Amerigo, M. (2011). The connectedness to nature scale and its
relationship with environmental beliefs and identity, International Journal of Hispanic
Psychology, 4, 5—19.

Oral, H. V., Carvalho, P., Gajewska, M., Ursino, N., Masi, F., Hullebusch, E. D. V., Kazak, J. K.,
Exposito, A., Cipolletta, G., Andersen, T. R., Finger, D. C., Simperler, L., Regelsberger, M., Rous,
V., Radinja, M., Buttiglieri, G., Krzeminski, P., Rizzo, A., Dehghanian, K., Nikolova, M., &
Zimmermann, M. (2020). A review of nature-based solutions for urban water management in
European circular cities: a critical assessment based on case studies and literature. Blue-Green
Systems, 2(1), 112-136.

Orsini, F., Kahane, R., Nono-Womdim, R., & Gianquinto, G. (2013). Urban agriculture in the
developing world: a review. Agronomy for Sustainable Development, 33(4), 695-720.

Oshio, Y. (1981). Urban planning in Japan (Nihon no toshi keikaku (in Japanse)). Gyousei.

122


https://www.nparks.gov.sg/-/media/nparks-real-content/biodiversity/national-plan/singapore_2009-nbsap_updated-may-2019_national-targets.ashx
https://www.nparks.gov.sg/-/media/nparks-real-content/biodiversity/national-plan/singapore_2009-nbsap_updated-may-2019_national-targets.ashx
https://www.cbd.int/doc/world/sg/sg-nr-04-en.pdf
https://www.nishi.or.jp/shisei/seisaku/kankyokatsudo/keikaku/midorikihon.html

Japanese.

Oswald, T. K., Rumbold, A. R., Kedzior, S. G., & Moore, V. M. (2020). Psychological impacts
of “screen time” and “green time” for children and adolescents: A systematic scoping review.
PloS one, 15(9), €0237725.

Park, B.J., Tsunetsugu, Y., Kasetani, T., Kagawa, T., & Miyazaki, Y. (2010) The physiological
effects of Shinrin-yoku (taking in the forest atmosphere or forest bathing): evidence from field
experiments in 24 forests across Japan. Environmental Health and Preventive Medicine, 15(1),
18-26.

Pascual, U., Balvanera, P., Diaz, S., Pataki, G., Roth, E., Stenseke, M., Watson, R.T., Dessane,
E.B., Islar, M., Kelemen, E., Maris, V., Quaas, M., Subramanian, S.M., Wittmer, H., Adlan, A.,
Ahn, S., Al-Hafedh, Y.S., Amankwah, E., Asah, A.T., Berry, P., & Yagi, N. (2017). Valuing
nature’s contributions to people: the IPBES approach. Current Opinion in Environmental
Sustainability, 26, 7-16.

Pauleit, S., Zolch, T., Hansen, R., Randrup, T. B., & Konijnendijk van den Bosch, C. (2017).
Nature-based solutions and climate change—four shades of green. Nature-based solutions to
climate change adaptation in urban areas: Linkages between science, policy and practice, 29-49.
Pearson, L. J., Pearson, L., & Pearson, C. J. (2010). Sustainable urban agriculture: stocktake and
opportunities. International Journal of Agricultural Sustainability, 8(1-2), 7-19.

Pensini, P., Horn, E., & Caltabiano, N. J. (2016). An exploration of the relationships between
adults' childhood and current nature exposure and their mental well-being. Children, Youth and
Environments, 26(1), 125-147.

Peschardt, K. K., Stigsdotter, U. K., & Schipperrijn, J. (2016). Identifying features of pocket
parks that may be related to health promoting use. Landscape Research, 41(1), 79-94.

Peters, K., Elands, B., & Buijs, A. (2010). Social interactions in urban parks: Stimulating social
cohesion? Urban Forestry & Urban Greening, 9(2), 93-100.

Peterson, G. D., Harmackova, Z. V., Meacham, M., Queiroz, C., Jiménez-Aceituno, A., Kuiper,
J. J., Malmborg, K., Sitas, N., & Bennett, E. M. (2018). Welcoming different perspectives in
IPBES. Ecology and Society, 23(1).

Picazo-Tadeo, A. J., & Prior, D. (2009). Environmental externalities and efficiency measurement.
Journal of Environmental Management, 90(11), 3332-3339.

Pires, A. P., Amaral, A. G., Padgurschi, M. C., Joly, C. A., & Scarano, F. R. (2018). Biodiversity
research still falls short of creating links with ecosystem services and human well-being in a
global hotspot. Ecosystem Services, 34, 68-73.

Pitt, H. (2019). What prevents people accessing urban bluespaces? A qualitative study. Urban
Forestry & Urban Greening, 39, 89-97.

Port, J. A., O'Donnell, J. L., Romero-Maraccini, O. C., Leary, P. R., Litvin, S. Y., Nickols, K. J.,

123



Yamahara, K. M., & Kelly, R. P. (2016). Assessing vertebrate biodiversity in a kelp forest
ecosystem using environmental DNA. Molecular Ecology, 25(2), 527-541.

Probstl-Haider, U. (2015). Cultural ecosystem services and their effects on human health and
well-being—a cross-disciplinary methodological review. Journal of Outdoor Recreation and
Tourism, 10, 1-13.

Pyle, R. M. (1993). The thunder tree: Lessons from an urban wildland. Oregon State University
Press, Oregon.

Restall, B., & Conrad, E. (2015). A literature review of connectedness to nature and its potential
for environmental management. Journal of Environmental Management, 159, 264-278.

Revelt, D., & Train, K. (1998). Mixed logit with repeated choices: Households' choices of
appliance efficiency level. The Review of Economics and Statistics, 8§0(4), 647-657.

Riechers, M., Noack, E. M., & Tscharntke, T. (2017). Experts’ versus laypersons’ perception of
urban cultural ecosystem services. Urban Ecosystems, 20(3), 715-727.

Rizwan, A. M., Dennis, L. Y., & Chunho, L. I. U. (2008). A review on the generation,
determination and mitigation of Urban Heat Island. Journal of Environmental Sciences, 20(1),
120-128.

Rosa, C. D., Profice, C. C., & Collado, S. (2018). Nature experiences and adults’ self-reported
pro-environmental behaviors: The role of connectedness to nature and childhood nature
experiences. Frontiers in Psychology, 9, 1055.

Rosen, S. (1974). Hedonic prices and implicit markets: product differentiation in pure
competition. Journal of Political Economy, 82(1), 34-55.

Roszak, T. E., Gomes, M. E., & Kanner, A. D. (1995). Ecopsychology: Restoring the earth,
healing the mind. Sierra Club Books.

Ryan, R. M., & Deci, E. L. (2001). On happiness and human potentials: A review of research on
hedonic and eudaimonic well-being. Annual Review of Psychology, 52(1), 141-166.

Sakata, M. K., Kawata, M. U., Kurabayashi, A., Kurita, T., Nakamura, M., Shirako, T., Kakehashi
R., Nishikawa, K., Hossman, M. Y., Nishijima, T., Kawamoto, J., Miya, M., & Minamoto, T.
(2022) Development and evaluation of PCR primers for environmental DNA (eDNA)
metabarcoding of Amphibia. Metabarcoding and Metagenomics 6, 15-26.

Santamouris, M. (2014). Cooling the cities—a review of reflective and green roof mitigation
technologies to fight heat island and improve comfort in urban environments. Solar Energy, 103,
682-703.

Sargan, J. D. (1958). The estimation of economic relationships using instrumental variables.
Econometrica: Journal of the Econometric Society, 26(3), 393-415.

Sato, M., Aoshima, 1., & Chang, Y. (2021). Connectedness to nature and the conservation of the

urban ecosystem: Perspectives from the valuation of urban forests. Forest Policy and Economics,

124



125,102396.

Sato, M., Kuriyama, K., Fujii, H., & Managi, S. (2019). Economic Valuation of forest ecosystem
service in Japan, Proceedings of the Institute of Statistical Mathematics, Vol. 67, pp.3—20.
Japanese.

Sato, M., Ushimaru, A., & Minamoto, T. (2017). Effect of different personal histories on valuation
for forest ecosystem services in urban areas: A case study of Mt. Rokko, Kobe, Japan. Urban
Forestry & Urban Greening, 28, 110-117.

Schiemer, F. (2000). Fish as indicators for the assessment of the ecological integrity of large rivers.
Hydrobiologia, 422, 271-278.

Schiemer, F., & Spindler, T. (1989). Endangered fish species of the Danube River in Austria.
Regulated Rivers: Research & Management, 4(4), 397-407.

Schiermeier, Q. (2011). Increased flood risk linked to global warming. Nature, 470(7334), 316-
316.

Secretariat of the Convention on Biological Diversity (SCBD) (2020) Global Biodiversity
Outlook 5. Montreal.

Sen, A. (1995) Environmental evaluation and social choice: contingent valuation and the market
analogy. Japanese Economic Review, 46(1), 23-37.

Shanahan, D. F., Bush, R., Gaston, K. J., Lin, B. B., Dean, J., Barber, E., & Fuller, R. A. (2016).
Health benefits from nature experiences depend on dose. Scientific Reports, 6(1), 28551.

Shiga Pref. (2016). Evaluation result of public function of water source forest in Shiga Prefecture,
Japan.
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2 &cad=rja&uact=8&v
ed=2ahUKEwiulu_-yNTjAhWs4YUKHV-
YAfAQFjABegQIARAC&url=https%3A%2F%2Fwww.pref.shiga.lg.jp%2Ffile%2Fattachment
%2F4002419.pdf&usg=A0vVaw1mViZWUFHQVmMmMB40wNhH8R (accessed 26 March,
2023). Japanese.

Smith, A. (2000) The Wealth of Nations (1776). New York: The Modern Library.

Smith, N., Georgiou, M., King, A. C., Tieges, Z., Webb, S., & Chastin, S. (2021). Urban blue

spaces and human health: A systematic review and meta-analysis of quantitative
studies. Cities, 119, 103413.

Smyth, R., Mishra, V., & Qian, X. (2008) The environment and well-being in urban China.
Ecological Economics, 68 (1), 547-555.

Soga, M., & Gaston, K. J. (2016). Extinction of experience: the loss of human—nature interactions.
Frontiers in Ecology and the Environment, 14(2), 94-101.

Soga, M., Evans, M. J., Tsuchiya, K., & Fukano, Y. (2021). A room with a green view: the
importance of nearby nature for mental health during the COVID-19 pandemic. Ecological

125


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwiulu_-yNTjAhWs4YUKHV-YAfAQFjABegQIARAC&url=https%3A%2F%2Fwww.pref.shiga.lg.jp%2Ffile%2Fattachment%2F4002419.pdf&usg=AOvVaw1mViZWUFHQVmMB40wNhH8R
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwiulu_-yNTjAhWs4YUKHV-YAfAQFjABegQIARAC&url=https%3A%2F%2Fwww.pref.shiga.lg.jp%2Ffile%2Fattachment%2F4002419.pdf&usg=AOvVaw1mViZWUFHQVmMB40wNhH8R
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwiulu_-yNTjAhWs4YUKHV-YAfAQFjABegQIARAC&url=https%3A%2F%2Fwww.pref.shiga.lg.jp%2Ffile%2Fattachment%2F4002419.pdf&usg=AOvVaw1mViZWUFHQVmMB40wNhH8R
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=2ahUKEwiulu_-yNTjAhWs4YUKHV-YAfAQFjABegQIARAC&url=https%3A%2F%2Fwww.pref.shiga.lg.jp%2Ffile%2Fattachment%2F4002419.pdf&usg=AOvVaw1mViZWUFHQVmMB40wNhH8R

Applications, 31(2), e2248.

Soga, M., Gaston, K. J., & Kubo, T. (2018a). Cross-generational decline in childhood experiences
of neighborhood flowering plants in Japan. Landscape and Urban Planning, 174, 55-62.

Soga, M., Gaston, K. J., & Yamaura, Y. (2017). Gardening is beneficial for health: A meta-
analysis. Preventive Medicine Reports, 5, 92-99.

Soga, M., Gaston, K. J., Yamaura, Y., Kurisu, K., & Hanaki, K. (2016). Both direct and vicarious
experiences of nature affect children’s willingness to conserve biodiversity. International Journal
of Environmental Research and Public Health, 13(6), 529.

Soga, M., Yamanoi, T., Tsuchiya, K., Koyanagi, T. F., & Kanai, T. (2018b). What are the drivers
of and barriers to children’s direct experiences of nature? Landscape and Urban Planning, 180,
114-120.

Sreetheran, M., & Van Den Bosch, C. C. K. (2014). A socio-ecological exploration of fear of
crime in urban green spaces—A systematic review. Urban Forestry & Urban Greening, 13(1), 1-
18.

Statistics Bureau of Ministry of Internal Affairs and Communications (SBMIAC) (2021) National
Census 2020  Basic Summary  of  Population. https://www.e-stat.go.jp/stat-
search/files?page=1&layout=datalist&toukei=0020052 1 &tstat=000001136464&cycle=0&year
=20200&month=24101210&tclass 1=000001136466 (accessed 26 March, 2023). Japanese.
Statistics Bureau of Ministry of Internal Affairs and Communications (SBMIAC) (2022)

Population, demographics, and number of households based on the Basic Resident Registry (As
of January 1, 2022). https://www.soumu.go.jp/menu_news/s-news/01gyosei02_02000259.html
(accessed 26 March, 2023). Japanese.

Statistics Bureau of Ministry of Internal Affairs and Communications (SBMIAC) (1950).
National Census 1950.

https://www.e-stat.go.jp/stat-
search/files?page=1&layout=datalist&toukei=00200521&tstat=000001036869&cycle=0&tclass
1=000001037373 (accessed 26 March, 2023). Japanese.

Statistics Bureau of Ministry of Internal Affairs and Communications (SBMIAC) (2020). national
census 2020.

https://www.e-stat.go.jp/stat-
search/files?page=1&layout=datalist&toukei=00200521&tstat=000001049104&cycle=0&tclass
1=000001049105&tclass2val=0 (accessed 26 March, 2023). Japanese.

Stern, P. C., Dietz, T., & Guagnano, G. A. (1995). The new ecological paradigm in social-
psychological context. Environment and Behavior, 27(6), 723—743.
Stevenson, M. P., Schilhab, T., & Bentsen, P. (2018). Attention Restoration Theory II: A

systematic review to clarify attention processes affected by exposure to natural environments.

126


https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001136464&cycle=0&year=20200&month=24101210&tclass1=000001136466
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001136464&cycle=0&year=20200&month=24101210&tclass1=000001136466
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001136464&cycle=0&year=20200&month=24101210&tclass1=000001136466
https://www.soumu.go.jp/menu_news/s-news/01gyosei02_02000259.html
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001036869&cycle=0&tclass1=000001037373
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001036869&cycle=0&tclass1=000001037373
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001036869&cycle=0&tclass1=000001037373
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001049104&cycle=0&tclass1=000001049105&tclass2val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001049104&cycle=0&tclass1=000001049105&tclass2val=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00200521&tstat=000001049104&cycle=0&tclass1=000001049105&tclass2val=0

Journal of Toxicology and Environmental Health, Part B, 21(4), 227-268.

Stigsdotter, U.K., & Grahn, P. (2011). Stressed individuals’ preferences for activities and
environmental characteristics in green spaces. Urban Forestry & Urban Greening, 10 (4), 295-
304.

Stigsdotter, U.K., Ekholm, O., Schipperijn, J., Toftager, M., Kamper-Jorgensen, F., & Randrup,
T.B. (2010) Health promoting outdoor environments-Associations between green space, and
health, health-related quality of life and stress based on a Danish national representative
survey. Scandinavian Journal of Public Health, 38,411-417.

Sunstein, C. R., & Thaler, R. H. (2003). Libertarian paternalism is not an oxymoron. The
University of Chicago Law Review, 1159-1202.

Sunstein, C. R., & Ullmann-Margalit, E. (1999). Second-order decisions. Ethics, 110(1), 5-31.
Tait, P., Saunders, C., Nugent, G., & Rutherford, P. (2017). Valuing conservation benefits of
disease control in wildlife: A choice experiment approach to bovine tuberculosis management in
New Zealand's native forests. Journal of Environmental Management, 189, 142—-149.

Tam, K. P. (2013). Concepts and measures related to connection to nature: Similarities and
differences. Journal of Environmental Psychology, 34, 64-78.

Thomsen, P. F., & Willerslev, E. (2015). Environmental DNA—An emerging tool in conservation
for monitoring past and present biodiversity. Biological Conservation, 183, 4-18.

Train, K. E. (2009). Discrete choice methods with simulation. Cambridge University Press,
Cambridge.

Troy, A., Grove, J. M., & O’Neil-Dunne, J. (2012). The relationship between tree canopy and
crime rates across an urban—rural gradient in the greater Baltimore region. Landscape and Urban
Planning, 106(3), 262-270.

Tsuge, T. (2001). The Valuation of the Externalities of Forest on Citizen's Preferences and
Possibility of Use in a Policy-Making: A Choice Experiment Study. Environmental Science, 14
(5), 465-476. Japanese.

Tsunetsugu, Y., Lee, J., Park, B. J., Tyrvdinen, L., Kagawa, T., & Miyazaki, Y. (2013).
Physiological and psychological effects of viewing urban forest landscapes assessed by multiple
measurements. Landscape and Urban Planning, 113, 90-93.

Tsurumi, T., & Managi, S. (2015) Environmental value of green spaces in Japan: An application
of the life satisfaction approach. Ecological Economics, 120, 1-12.

Tsurumi, T., Mizobuti, H., Kuramashi, K., & Managi, S. (2015). Policy Research on
Environmental Economy in Fiscal Year 2014 Reports Indicator Studies in Environmental Policy

for High Quality and Sustainable Livelihoods (Heisei 26 nendo kankyou keizai no seisaku kenkyu

(in Japanese)). https://www.env.go.jp/policy/keizai_portal/F_research/3Report 1.pdf (accessed
26 March, 2023). Japanese.

127


https://www.env.go.jp/policy/keizai_portal/F_research/3Report_1.pdf

Turner, I. M., Tan, H. T. W., Wee, Y. C., Ibrahim, A. B., Chew, P. T., & Corlett, R. T. (1994). A
study of plant species extinction in Singapore: Lessons for the conservation of tropical
biodiversity. Conservation Biology, 8(3), 705-712.

Tyrvdinen, L. (2001). Economic valuation of urban forest benefits in Finland. Journal of
Environmental Management, 62(1), 75-92.

Tyrvidinen, L., & Vééindnen, H. (1998). The economic value of urban forest amenities: An
application of the contingent valuation method. Landscape and Urban Planning, 43(1), 105-118.
Tyrvéinen, L., Ojala, A., Korpela, K., Lanki, T., Tsunetsugu, Y., & Kagawa, T. (2014). The
influence of urban green environments on stress relief measures: A field experiment. Journal of
Environmental Psychology, 38, 1-9.

Uchiike, T., Yaneshita, M., Kitawaki, Y., & Nakamura, T. (2014). Consideration of Biota at the
early urban forest (Toshinbu ni sousyutu sita jurin ni okeru syoki no seibutusou ni kansuru ichi
kousatu (in Japanese)). Environmental Engineering I. 865-866. Japanese.

Ulrich, R. S. (1984). View through a window may influence recovery from surgery. Science,
224(4647), 420-421.

UN. (1987). Report of the World Commission on Environment and Development: Our common
future. Oxford University Press, Oxford.

UN. (2004). World urbanization prospects: the 2003 revision.
https://digitallibrary.un.org/record/639679?In=en (accessed 28 June, 2023).

UN. (2015). THE 17 GOALS of SDGs. https://sdgs.un.org/goals (accessed 25 June, 2023).

UN. (2018). World Urbanization Prospects: The 2018 Revision.
https://population.un.org/wup/publications/Files/WUP2018-Report.pdf (accessed 26 March,
2023).

UN. (2022). World Population Prospects 2022.

https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022

_summary_of results.pdf (accessed 26 March, 2023).

Urade, T., Asano, k., & Kumagai, H. (1992). A Study on Economic Evaluation of the Localized
Agricultural and Forestry Resources -Special Reference to the Social Benefit of Agriculture and
Forestry-. Journal of Rural Planning Association, 11 (1), 35-49. Japanese.

Ushio, M., Fukuda, H., Inoue, T., Makoto, K., Kishida, O., Sato, K., Murata, K., Nikaido, M.,
Sado, T., Sato, Y., Takeshita, M., Iwasaki, W., Yamanaka, H., Kondoh, M., & Miya, M. (2017).
Environmental DNA enables detection of terrestrial mammals from forest pond water. Molecular
Ecology Resources, 17(6), €63-e75.

Ushio, M., Murata, K., Sado, T., Nishiumi, 1., Takeshita, M., Iwasaki, W., & Miya, M. (2018).
Demonstration of the potential of environmental DNA as a tool for the detection of avian species.

Sci Rep 8, 4493.

128


https://digitallibrary.un.org/record/639679?ln=en
https://sdgs.un.org/goals
https://population.un.org/wup/publications/Files/WUP2018-Report.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/wpp2022_summary_of_results.pdf

Uzawa, H. (2005). Economic analysis of social common capital. Cambridge University Press.
Van Praag, B., & Baarsma, B. E. (2005). Using happiness surveys to value intangibles: The case
of airport noise. The Economic Journal, 115(500), 224-246.

Vatn, A., & Bromley, D. W. (1994). Choices without prices without apologies. Journal of
Environmental Economics and Management, 26(2), 129—148.

Vecchiato, D., & Tempesta, T. (2013). Valuing the benefits of an afforestation project in a peri-
urban area with choice experiments. Forest Policy and Economics, 26, 111-120.

Veerkamp, C. J., Schipper, A. M., Hedlund, K., Lazarova, T., Nordin, A., & Hanson, H. 1. (2021).
A review of studies assessing ecosystem services provided by urban green and blue infrastructure.
Ecosystem Services, 52, 101367.

Venter, Z. S., Barton, D. N., Gundersen, V., Figari, H., & Nowell, M. (2020). Urban nature in a
time of crisis: Recreational use of green space increases during the COVID-19 outbreak in Oslo,
Norway. Environmental Research Letters, 15(10), 104075.

von Mollendorff, C., & Hirschfeld, J. (2016). Measuring impacts of extreme weather events using
the life satisfaction approach. Ecological Economics, 121, 108-116.

Wells, N. M., & Lekies, K. S. (2006). Nature and the life course: Pathways from childhood nature
experiences to adult environmentalism. Children, Youth and Environments, 16(1), 1-24.

Welsch H. (2007). Environmental welfare analysis: A life satisfaction approach. Ecological
Economics, 62 (3), 544-551.

Welsch, H. (2006). Environment and happiness: Valuation of air pollution using life satisfaction
data. Ecological Economics, 58(4), 801-813.

Whitburn, J., Linklater, W., & Abrahamse, W. (2020). Meta-analysis of human connection to
nature and proenvironmental behavior. Conservation Biology, 34(1), 180-193.

Windhorst, E., & Williams, A. (2015). Growing up, naturally: The mental health legacy of early
nature affiliation. Ecopsychology, 7(3), 115-125.

Wood, C.J., & Smyth, N. (2020). The health impact of nature exposure and green exercise across
the life course: A pilot study. International Journal of Environmental Health rResearch, 30(2),
226-235.

World Health Organization (WHO). (1948). constitution states.
https://www.who.int/about/governance/constitution#:~:text=Health%20is%20a%20state%200f,
belief%2C%20economic%200r%20social%20condition (accessed 25 June, 2023).

WWF (2022) Living Planet Report 2022 — Building a nature positive society.

https://wwfint.awsassets.panda.org/downloads/embargo_13 10 2022 lpr 2022 full report_sin

gle page 1.pdf (accessed 26 March, 2023).
Yoshida, K., & Nakanishi, T. (2010). Choice Experiments of a Forest Park Improvement Program

Introducing Native Species. Journal of Rural Planning Association, 28, 189-194. Japanese.

129


https://www.who.int/about/governance/constitution#:~:text=Health%20is%20a%20state%20of,belief%2C%20economic%20or%20social%20condition
https://www.who.int/about/governance/constitution#:~:text=Health%20is%20a%20state%20of,belief%2C%20economic%20or%20social%20condition
https://wwfint.awsassets.panda.org/downloads/embargo_13_10_2022_lpr_2022_full_report_single_page_1.pdf
https://wwfint.awsassets.panda.org/downloads/embargo_13_10_2022_lpr_2022_full_report_single_page_1.pdf

Yu, Z., Yang, G., Zuo, S., Jergensen, G., Koga, M., & Vejre, H. (2020). Critical review on the
cooling effect of urban blue-green space: A threshold-size perspective. Urban Forestry & Urban
Greening, 49, 126630.

Zelenski, J. M., & Nisbet, E. K. (2014). Happiness and feeling connected: The distinct role of

nature relatedness. Environment and Behavior, 46(1), 3-23.

130



Acknowledgements

I would like to express my gratitude to the many people who gave me support and encouragement
in the process of writing this dissertation. In particular, I cannot sufficiently appreciate my supervisor,
Professor Masayuki Sato, who has been my supervisor since my undergraduate period, for his
appropriate and diligent support at all times. Thanks to his warm support, I have been able to overcome
many difficulties so far. Most of all, I am grateful to him for teaching me the fascination of academia
and enriching my well-being. My secondary supervisors, Professor Yosuke Hirayama of Setsunan
University, Professor Atushi Ushimaru, Professor Toshifumi Minamoto and Assistant Professor Yuta
Uchiyama of Kobe University, provided me numerous helpful comments that not only improved this
dissertation but also always stimulated my intellectual curiosity. In particular, Professor Ushimaru
welcomed me to his laboratory at any time, even though I was in a different course. I am grateful for
this experience, which has allowed me to continue my interdisciplinary and interesting research.

I would like to acknowledge my collaborators, including Professor Youngho Chang of Singapore
University of Social Sciences, Associate Professor Kei Uchida of the University of Tokyo, Assistant
Professor Ryohei Nakao of Yamaguchi University, and others. Intellectual contacts with these
researchers in different fields have enabled me to continue my interdisciplinary research. They also
provided a lot of fruitful advice when writing each paper.

I also would like to thank my seniors, fellows and juniors in the Sato laboratory. The free and
vigorous discussions in the seminars stimulated my curiosity and gave me aspirations. In particular,
my fellows during my undergraduate years have made my time at university unforgettable, not only
for serious discussions, but also for the frank interactions we have had on a daily basis.

Finally, I would like to thank my wife and daughter, who have always been there to support me.
I am grateful to them for making time for me when I was busy with research and writing this

dissertation.

131



