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Highlights

® The quality and quantity effects of urban greenery on mental health were compared

® Housing price and ownership were considered

® A serial moderated multiple mediating model was used with first-hand survey data collected
in the Pearl River Delta (PRD)

® (Quality of green spaces boosts mental health through neighborhood ties and place attachment,
while quantity affects via place attachment.

®  Green space quality benefits renters’ mental health more than homeowners’, especially when
considering housing prices.

Abstract

Recent urbanization in China has highlighted the critical role of urban green space (UGS)
interventions in alleviating mental health issues associated with urban environments. While existing
literature broadly supports the positive effects of green spaces on psychological well-being, less
attention has been given to the relative impact of UGS quality versus quantity, particularly when
considering housing prices and homeownership. This study investigates the relationship between urban
greenery and mental health through the mediating roles of neighborhood ties and place attachment. A
random sample of 1,309 participants from 30 communities in the Pearl River Delta, China, was analyzed
using structural equation modeling to explore multiple mediating and moderating effects. The findings
reveal that: (1) neighborhood ties and place attachment predominantly mediate the relationship between
UGS quality and mental health; (2) UGS quality has a greater influence on mental health than quantity,
particularly among renters; (3) in wealthier neighborhoods, neighborhood ties attenuate the mental
health benefits provided by UGS quantity, with renters experiencing more significant mental health
improvements from high-quality UGS than homeowners. This study enhances our understanding of how
urban greenery affects mental health, emphasizing the importance of UGS quality over quantity.
Furthermore, it underscores the need to incorporate high-quality green spaces into the built environment
of tenure-mixed neighborhoods to mitigate health disparities linked to housing economic status.

Keywords: mental health, urban greenery, neighborhood ties, place attachment, housing prices,
home ownership

1. Introduction

As rapid urbanization continues worldwide, projections from the United Nations (UN) indicate that 55%
of the world’s population resides in urban areas, a proportion expected to rise to 68% by 2050 (United
Nations, 2019). During this period, about one in eight people worldwide suffered from mental disorders,
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as recorded in 2022 by the World Health Organization (WHO); this had doubled compared with the
2001 report (World Health Organization, 2001, 2022). And 81% of those with mental disorders live in
Low- and Middle-income Countries (LMICs) (The Lancet, 2022). The increasing exposure to mental
disorder risk factors arising from the urban environment has become a growing concern, owing to the
challenges it may pose to social and economic stability. In the WHO’s Sustainable Development Goals
(SDGs), mental health refers to individual illness as well as overall well-being outcomes in physical,
mental, and societal terms — often overlooked by city planners and urban governance agencies. In a
narrow sense, mental health problems were typically conceptualized as short-term psychological
disorders such as emotions and moods (e.g., anger, anxiety, and stress), whereas mental well-being
involves long-term individual experiences (Conceigdo et al., 2023). In 2020, UN-Habitat published a
sourcebook integrating health into urban and territorial planning, with urban green space (UGS)
highlighted as a crucial factor related to mental health. Research on urban nature exposure and mental
well-being is not a new area of interest, as evidenced by numerous studies that have confirmed
significant correlations (Gascon et al., 2015; van den Berg et al., 2015; van den Bosch & Sang, 2017;
Reyes-Riveros et al., 2021; Jimenez et al., 2021). Subsequently, recent studies have suggested that
attributes related to the quality of UGS can also provide mental benefits, both directly and indirectly.
The quality of UGS, such as accessibility to better quality parks (R. Zhang et al., 2022), high qualitative
amenities (Wu et al., 2023), esthetic urban furniture (Aram et al., 2019), increased biodiversity (Wood
et al., 2018), and functionality (Gémez et al., 2018), are likely to contribute to its attractiveness,
encouraging more frequent and prolonged visits. As public spaces for informal social activities, the
casual and friendly nature of UGS fosters neighbor contact and relationship preservation, thereby
enhancing place attachment, particularly for residents of lower socio-economic status (Gomez et al.,
2018; Maas et al., 2006a; Ybarra et al., 2008). Thus, UGS may provide social and mental health benefits
for residents (Van Den Berg et al., 2016, 2017; M. M. van den Berg et al., 2019).

Nevertheless, the process of urban sprawl and population growth has posed a challenge to mental well-
being inequality, given the increasing demand for high-quality public green space, particularly in dense
urban areas of Global South (GS) countries (Gruebner et al., 2012; Shuvo et al., 2020; Yang et al., 2020;
Cobbinah et al., 2021). During the rapid urban economic growth process, housing affordability in urban
cores generally tends to be much lower than in surrounding suburbs (Goebel, 2007; Yu et al., 2020). The
closer to the urban core, the lower and more fragmented the green space density, making UGS more
valuable (Amponsah et al., 2022; W. Zhang et al., 2025). In the context of a commercialized and
capitalized pattern of urban land tenure in China, expanding UGSs to improve residential environments
might unintentionally lead to increased housing prices and living costs (Li et al., 2021a; Lin & Yi, 2011).
Gaps in housing affordability shape socioeconomic disparities of different groups in accessing green
spaces of higher quality, further exacerbating environmental justice concerns regarding health
inequalities (Breitung, 2012; W. Y. Chen & Hu, 2015). For instance, in Sub-Saharan Africa—the fastest
urbanizing area worldwide—a large population segment lives in informal peripheral settlements or
slums, driven by the limited formal and affordable urban housing supply (Cobbinah et al., 2021;
Berdejo-Espinola et al., 2024). These settlements or slums are often bordered by degraded and poorly
maintained informal green space where risks like natural disasters and the spread of disease may arise.
Such conditions may be detrimental to mental health(Gruebner et al., 2012; Shuvo et al., 2020; Cobbinah
etal., 2021). In contrast to the widespread benefits of green spaces observed in the Global North (GN),
a small number of studies from GS countries have implied that residents living in informal settlements
or slums in the suburbs with higher green space coverage may experience lower levels of mental health
well-being (Gruebner et al., 2011, 2012; Venter et al., 2022). Moreover, rising housing and living costs
restrict the possibility of vulnerable groups to access green spaces that support individual health and
unintentionally displace economically disadvantaged people, replacing them with wealthier residents.
This reinforces social segregation and health inequalities (Schnake-Mahl et al., 2020). Such
displacement might disrupt the residents’ neighborhood ties and attachment to their neighborhoods,
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negatively impacting mental health, especially of those without housing tenure (Baker et al., 2015; Wu
F., 2015; Morris, 2018). Given the context of rising housing prices and the increasing risk of mental
health inequalities, urban planners and policymakers in GS countries must be cautious when establishing
and implementing greening policies to promote health and well-being. Specifically, does improving
UGS:s lead to invisible mental health inequities, and how can these be mitigated?

While evidence broadly supports the mental benefits of sensing, or exposing to green spaces in GN
cities, the urban environment in GS cities differs from that of the North. This might limit the
generalizability of such evidence to appropriate urban public health and governance policy in the South.
In rapidly urbanizing cities of the GS, it is crucial to understand how urban greenery, socioeconomic
factors, and environmental factors affect mental health and well-being outcomes. However, empirical
research on green space and health outcomes has been conducted in only approximately 10% of the
LMIC:s listed by the UN — far less than in the GN (Shuvo et al., 2020). The evidence of well-being from
UGS in the GS, primarily in China, has been steadily increasing recently. The White Paper on the Mental
Health of China's Urban Residents in 2018 shows that over 70% of people living in urban areas have
mental sub-health’, which implies that China has suffered an increasing mental health crisis with rapid

urbanization. The current study aims to contribute to the theoretical understanding of mental health-
related theory and guidance on reducing inequitable mental well-being outcomes in green space
planning and policy practices in China and other GS countries. First, this study contributes to the
theoretical understanding of the relationship between UGS and mental health. To date, there is limited
evidence available regarding the impact of the quality and quantity of UGS on mental health. Although
a few studies have acknowledged the relationship between these two factors and mental health, they
have not yet compared how differences in UGS quality and quantity impact mental health from a social
perspective. Specifically, this study addresses this gap, focusing on neighborhood ties and place
attachment through structural equation modeling (SEM). Furthermore, it examined whether there are
differences in these pathways between green space quality and quantity. This contributes evidence on
how socio-environmental factors mediate the association between UGS and mental health. Second, little
research has specifically examined how housing affordability might influence the relationship between
green space and mental health. It remains unclear how improvements to green space could mitigate the
effects of housing prices and homeownership on mental health inequality, particularly in densely
populated metropolitan regions of the GS. To address this, the study conducted a survey among 30
communities in the Pearl River Delta (PRD) of China — one of the most densely urbanized regions in
China (C. Wei et al., 2017). This research investigated how housing prices moderate the pathways
through which the quality and quantity of UGS influence mental health using a serial moderated multiple
mediation model. Considering home ownership, the study further assessed whether there are different
mechanisms between homeowners and renters. Overall, the findings provide valuable insights for urban
designers, planners, and public housing policymakers in addressing mental health disparities during the
long-term process of dense urbanization. This research also informs the implementation of balanced
green space enhancement measures that consider environmental, economic, and equity aspects in UGS
planning.

2. Literature review and theoretical framework
2.1. UGS and mental health

A growing body of environmental, psychological, and sociological literature has highlighted the
potential impact of urban built environments on resident health. This research interest stems partly from
the multiple environmental exposures that influence mental health and well-being in epidemiological
and neurological contexts. Evidence has shown that the structure and function of the brain regions
essential for processing emotions, social cognition, and stress in the life course of residents are
influenced by the urban environment (Hagerhall et al., 2008). As van den Bosch and Meyer-Lindenberg

! The data comes from: https://news.cnr.cn/native/gd/20180502/t20180502_524218716.shtml.
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(2019) noted, exposure to the physical environment directly affects specific brain structures, resulting
in cell damage or functional changes in the central nervous system. For instance, depression—a
prevalent mental health disorder—is significantly correlated with these brain structure and function
modifications, and associated with detrimental urban environmental exposures, including airborne
pollution, pollen, noise, and urbanization-induced stress (Moore et al., 2018; Bower et al., 2019).

UGSs are components of a “man-made environment” with natural elements, primarily used for
leisure activities. Additionally, UGS provides essential ecosystem services, including parks, gardens,
forests, and greenways (Swanwick et al., 2003; J. R. Wolch et al., 2014a). Evidence indicates that green
spaces can significantly mitigate the negative effects of the built environment by their structural
characteristics, coverage degree, and vegetation composition, thus promoting health (Niu et al., 2022;
Chen et al., 2025). According to the “biophilia hypothesis,” mental fatigue, stress, negative emotions,
depressive mood, and anxiety can be reduced by interacting with natural spaces (Ulrich et al., 1991).
For example, in Palo Alto, California, a study randomly invited residents to have a 50-minute walk in
either a natural or urban environment. Natural experiences resulted in affective benefits, such as the
preservation of positive affect and a reduction in anxiety, rumination, and negative affect, as compared
with urban experiences (Bratman et al., 2015).

Research on the relationship between UGSs and mental health has primarily focused on the
presence or quantity of green spaces rather than quality. For example, most studies have used indicators
such as the normalized difference vegetation index, per capita green space area, and green exposure to
relate the structure, biodiversity, and naturalness of UGSs to mental health (Reyes-Riveros et al., 2021;
Chen Y. et al., 2022). However, the limited research on the quality of urban greenery suggests a potential
association with mental health. Recent findings provide several measurement frameworks for evaluating
the quality of green spaces, such as maintenance and cleanliness, activity, environmental quality,
amenities, and safety (Akpinar, 2016a; Wei Z. et al., 2021; Zhang L. et al., 2021; Wang R. et al., 2022).
Evidence shows that the quality of urban greenery benefits from reducing social inequalities that may
cause health disparities (Wang Q. & Lan, 2019), providing psychological health in women postpartum
(Nguyen et al., 2021), increasing the frequency of physical activity (Akpinar, 2016b), or providing other
restorative effects (Hartig et al., 1991). Nevertheless, the mechanism between the quality of urban
greenery and mental health was mixed. For instance, the quality of street greenery, rather than green
space quality, was associated with mental health because of differences in accessibility (Dillen et al.,
2012). Conflicting findings exist regarding mental health benefits when comparing the objective and
perceived quality of urban greenery (Jacinta Francis et al., 2012; Kruize et al., 2020). Moreover, few
studies have examined how the quality of green space affects mental health, and evidence comparing
the psychological effects of quality versus quantity is lacking. Given such findings, we compared the
quality and quantity of urban greenery, proposing the following hypothesis:

Hypothesis 1: The quality of green spaces impacts mental health more than quantity, with both
direct and indirect effects.

2.2. Mediating mechanisms underlying the relation between urban greenery and mental health

2.2.1 Neighborhood ties

Neighborhood ties is often defined as the social embeddedness of individuals in a neighborhood
(Campbell & Lee, 1992; Ross & Jang, 2000). It was considered the fundamental form in which social
ties can be captured geographically (Luo, Xiaoshuang Iris, 2022). Previous research has shown that the
physical environment of a neighborhood is widely associated with social health benefits among
neighborhoods (Huang & Lin, 2023). (Hill & Maimon, 2013)’s mental health theory, based on
neighborhood context, describes how perceptions of individual experience within a neighborhood might
influence psychological dispositions, in turn influencing mental health. UGS in the neighborhood
provides social support by encouraging regular visits that provide more frequent opportunities to meet
new friends or neighbors. Although residents may not make contact with strangers in urban public places,
they frequently establish relationships with their neighbors through informal interactions, such as brief
greetings or casual conversation in gardens, parks, greenways, and other areas with grass or shrubbery
in proximity to their residences (Dines et al., 2006; Dinnie et al., 2013; Dennis & James, 2016). Gardens
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in neighborhoods, for example, have been shown to minimize social isolation and expand social
networks (Milligan et al., 2004; Gagliardi et al., 2020). Additionally, difficult-to-access neighborhoods'
green spaces (Otsuka et al., 2024) lack of services and amenities (Kawachi & Berkman, 2000), and poor
safety and cleanliness (Bertram & Rehdanz, 2015) have been found to increase barriers to everyday
informal interactions that help to create or maintain relations among neighbors (Peters et al., 2010).

The mechanisms linking UGS, social ties, and the mental health of individuals appear evident.
Cohen & Wills (1985) emphasizes the importance of perceptive social support in buffering the effects
of chronic or acute mental illness (e.g., stress) (Cohen & Wills, 1985). Numerous empirical studies have
demonstrated that green spaces benefit the mental health of residents by improving social capital,
cohesion, interaction, or ties in neighborhoods (House et al., 1988; Liu et al., 2019; Cohen & McKay,
2020; Wei Z. et al., 2021). The availability of open green spaces in the neighborhoods, the accessibility
of parks through various transportation options, and the intention to use UGSs can positively influence
the social fabric in neighborhoods, with mental benefits (Wolch J. et al., 2011a; Jennings & Bamkole,
2019).

2.2.2  Place attachment

Place attachment is defined as the emotional bond between an individual and a specific place and
is characterized by a strong desire to remain connected to one’s living area (Hidalgo & Hernandez, 2001;
Hummon, 1992). The relevant literature generally treats place attachment as a dependent variable
influenced by physical and social environments. Physical environmental features, such as neighborhood
park accessibility and walkability, green area size, and urban forest services, can strongly predict place
attachment (Y. Zhang et al., 2015; Romolini et al., 2019). Additionally, Lewicka (2010) posited that
close relationships with neighbors can predict attachment to neighborhoods, city districts, and cities.
Terms related to neighborhood ties, including the number of friends and relatives (Kasarda & Janowitz,
1974), social bonding (Lai et al., 2020), social capital (Long & Perkins, 2007), civic engagement and
social trust (R. Wu, Huang, et al., 2019; R. Wu, Li, et al., 2019), and neighborhood contact (Zhu et al.,
2012), are commonly identified as the positive predictors of place attachment. Individuals who have
stronger social connections within their neighborhood are more likely to develop a deeper attachment
to their local area and the larger neighborhoods (Hipp & Perrin, 2006; Luo, Xiaoshuang Iris, 2022).
However, place attachment can also be explained as an important mediating factor between the natural
environment and mental restoration (Y. Zhang et al., 2015). For instance, exposure to emotional
preference and meaningful UGS provides stronger health outcomes (Wilkie & Clements, 2018).
Residents who attach more to the green space with better accessibility and availability tend to report
better mental health (Y. Zhang et al., 2015; Kim & Miller, 2019). Given the association between place
attachment and recreational activities in green spaces, residents can alleviate daily stressors by engaging
with green spaces within their neighborhood (Scannell & Gifford, 2017; Li et al., 2023).

I. Kawachi (2001) established a framework about social factors and mental health, adapted from
Lakey & Cohen (2000), which considers the psychological effect of affective states. A growing body of
empirical work has also highlighted the potential interrelation between social ties in neighborhoods,
emotional bonds to place, and UGS. The relationships between place attachment and mental benefits
are partly mediated by neighborhood-based social interaction within trees and fresh air (Fried, 1982; P.
E. W. van den Berg et al., 2022; McGrath et al., 2024). With more accessible and usable green spaces,
an initially superficial, simple interaction may turn into a meaningful emotional connection to places,
thus improving mental health (Gao et al., 2024; Zhang L. et al., 2021). UGS perception impacts
individuals more on social aspects than on their physical characteristics (Huang & Lin, 2023). This
indicates that neighborhood ties and place attachment have a significant and positive impact on the links
between UGS and mental health. Based on this, we proposed the following hypothesis:

Hypothesis 2: Neighborhood ties and place attachment positively mediate the effects of urban
greenery on mental health.

2.3.  Moderators of the relationship between urban greenery and mental health

2.3.1 Housing prices
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Green space improvements, such as new parks and gardens, enhance health by promoting physical
activity, developing social support, and reducing stress, exposure to air pollution, and other
environmental toxins during the urbanization process (Hartig et al., 2014). However, recent research has
revealed that green space improvements aimed at promoting resident health and well-being in
vulnerable neighborhoods in dense urban areas may accidentally trigger housing price surges (Luo et
al., 2022; C. Wu et al., 2022; Y. Chen et al., 2023; J. Zhang, 2023), which could elevate the risk of
residents’ housing disadvantages (e.g., unaffordable housing, displacement) (Singh et al., 2019). For
instance, the luxury effect of UGS has been implied to correlate with increasing maintenance and
housing prices (H.-L. Zhang et al., 2022). This implies that health justice related to well-being is
impinged by environmental injustice, such as reducing the options for lower social class individuals to
remaining or accessing quality housing with better ecological facilities (Gibson, 2018; Na’Taki Osborne
Jelks et al., 2021; Marmot & Wilkinson, 2005; Nyelele & Kroll, 2020; Kiani et al., 2023). This leads to
geographically concentrated poverty perpetuation, disrupted social connections, discrimination in green
spaces, a weakened sense of belonging, increased exposure to chronic stress, displaced original residents,
or less attached newcomers, which together cause inequalities in mental health (J. R. Wolch et al., 2014b;
H. V. S. Cole et al., 2017; Cole H. V. et al., 2019; Anguelovski et al., 2019). The rising housing prices
potentially increase the consultations for mental disorders, such as depressive symptoms (Z. Feng et al.,
2024). Therefore, we propose the following hypothesis:

Hypothesis 3: Housing prices act as a moderating factor in the mediated path between urban
greenery and mental health.

2.3.2 Home ownership

Although most studies have found that housing prices influence mental health, such research
findings are limited without accounting for home ownership. The impact of housing prices on mental
health differs across different housing tenure groups. Several studies show that homeowners have better
mental health than renters, influenced by emotional perception and social networks (Bentley et al., 2016;
H.-Q. Wang & Liang, 2022; Thompson et al., 2024; Kosite et al., 2025). Among economically
vulnerable groups, such as renters and younger individuals, there is a distinctive correlation between
unaffordable living spaces and lower mental health scores (Arundel et al., 2024). Moreover, the demand
for neighborhood and urban parks has been found to differ between homeowners and renters owing to
varying needs concerning neighborhood quality; this potentially reduces opportunities for cross-class
interactions or stable neighborhood ties (Zeng et al., 2019; Xiao et al., 2020; Zhang L. et al., 2021).

Although there is significant evidence that housing prices play a direct role in shaping mental health
and well-being, the moderating role of housing prices in urban environments has received insufficient
attention. Moreover, few studies have investigated the effects of greenery on mental health from the
perspectives of social interactions and place attachment when accounting for groups of renters.
Consequently, we hypothesized that urban greenery is related to residential mental health through
neighborhood ties and place attachment and that this relationship may vary according to the impact of
housing prices and the disparity of home ownership. The hypothesis was as follows:

Hypothesis 4: The impact of urban greenery on mental health differs by home ownership, with
renters benefiting more from the quality of green spaces.

The hypothesis framework wused in this study is depicted in Fig. 1.
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Fig. 1. The hypothesis framework

3. Materials and methods
3.1. Research area

The study area was the Pearl River Delta (PRD) in Guangdong Province, which known as China’s
‘South Gate’ (Fig. 2). Covering 55,368.7 square kilometers, it is the largest plain area in Guangdong
Province and the most populated, comprising 53.35% of its population and 79.67% of its economic
activity. The PRD has developed into a prominent urban conglomeration with the second-highest GDP
in China. This metropolitan region includes two cities, Guangzhou and Shenzhen, which are among the
top five cities in China for GDP'!. The socioeconomic landscape, influenced by the water system and
traffic corridors, has led to the PRD being divided into three metropolitan areas: Guangzhou
Metropolitan Area (GMA), Shenzhen Metropolitan Area (SMA), and Pearl River West Metropolitan
Area (PRWMA). Each location has unique developmental advantages and positions, resulting in two
cities with GDP exceeding three trillion yuan (approximately equal to $400 billion) and two cities with
GDP over one trillion yuan (approximately equal to $100 billion), fostering close communication and a
high level of economic development?. The PRD region has experienced a relatively rapid population
growth rate over the past decade, with a significant number of individuals relocating to the core area (S.
Wang et al., 2020). This provides a suitable environment for research on the mental health of its residents.

! The data comes from the National Bureau of Statistics of China.

2 The data comes from the People’s Government of Guangdong Province.

3The study was approved by the School of Architecture and Urban Planning, Guangdong University of Technology
(Approval date: December, 2021)
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Fig. 2. The research area with the location of the sample neighborhoods
(Notes: The map is created based on the standard map with figure number GS (2019)1822)

3.2. Survey instrument

This study® involved a field survey among nine cities in the PRD region from January to March
2022. A stratified probability proportional to size method was employed to determine the proportion of
questionnaires distributed in each metropolitan area. We first randomly select 30 neighborhoods based
on the proportion of neighborhoods in the Guangzhou Metropolitan Area, the Shenzhen Metropolitan
Area, and the Pearl River West Metropolitan Area, comprising 12, 11, and 7 neighborhoods, respectively.
These neighborhoods had not implemented restrictions on access to public green spaces to prevent the
spread of the COVID-19 epidemic before the survey was concluded. Secondly, we employed systematic
sampling to randomly select 50 households based on street numbers, thereby meeting the sample size
requirement for statistical analysis. Finally, we selected one family member from the selected household
as a respondent using the Kish selection method (Kish, 1949). A total of 1,500 questionnaires were
distributed, and 1,455 were returned, resulting in a response rate of 97%. After excluding invalid
responses—defined as incomplete—the individual inconsistency and failure in bogus items were
removed, and the final dataset comprised data from 1,039 respondents.

The sociodemographic traits and socioeconomic characteristics of the 1,039 participants are
presented in Supplementary Table 1. Most participants were adults (94%), of whom 47% had a
bachelor's degree (the majority), and 30% of their monthly income fell within the 2000—5000-yuan
range (approximately $275-690). These participants are representative of the PRD, as the characteristics
are highly similar to the official statistical distributions of the Seventh National Population Census.

3.3.  Measures

3.3.1. Dependent variable: Mental health

Mental health was assessed using the Centre for Epidemiological Studies Depression
Questionnaire (CES-D), published by the American Psychological Association and originating from
Radloff (1977). The CES-D scale is a short self-report scale designed to measure depressive
symptomatology (Radloff, 1977). It is an accurate and reliable indicator of measuring the general mental
health conditions in urban studies (J. Chen & Chen, 2015; Koohsari et al., 2023; R. Wang et al., 2018,
2019). This questionnaire has been employed in several national large-scale tracking surveys in China,
such as the China Family Panel Studies and the China Labor-force Dynamics Survey (Y. Wang et al.,
2022; Nie et al., 2025). It includes 20 statements, each with five response options, rated 1-5. The CES-
D summary score was used as a continuous variable, with lower values suggesting a lower prevalence
of mental health issues. The Cronbach's o value for the CES-D was 0.974. Nearly half of the respondents
in this survey reported moderate to below-average mental health scores.
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3.3.2. Independent variable: Urban greenery

The quantity of urban greenery was calculated as the proportion of UGS within the official
administrative boundary of sample neighborhoods (Data available from:
https://cloudcenter.tianditu.gov.cn). The greenspace area coverage was derived from the Dynamic World
real-time database launched by Google in 2021. This database is supported by Google Earth Engine and
artificial intelligence platform technology and is based on 10-m resolution Sentinel-2 imagery produced
using deep learning with high real-time accuracy. A higher value indicates a larger green space within
the buffer of sample neighborhoods.

The perception of green space quality (PG) has been used in several studies as a quality indicator
of green spaces (Delgado-Serrano et al., 2024; Liu et al., 2019; Putra et al., 2021; Ruijsbroek et al.,
2017). Additionally, we employed a question to measure the general subjective quality of UGS for
respondents in the sample neighborhood: “How satisfied are you with the green spaces commonly used
within your neighborhood? Completely dissatisfied= 1, dissatisfied= 2, neutral= 3, satisfied= 4, very
satisfied = 5°. This was regarded as a continuous variable.

3.3.3. Mediators: Neighborhood ties & place attachment

We employed a direct measurement questionnaire adapted from previous studies (Ross & Jang,
2000b; Liu et al., 2017; E. S. Kim & Kawachi, 2017; Xiao et al., 2020b). After factor analysis extraction,
the following question with five items and related responses was used to measure neighborhood ties:
“How did you feel during the past week, including today? (1) If there is a quarrel in the neighborhood,
you are willing to deal with it and come together with neighbors. (2) It's a united neighborhood. (3) You
and the neighbors are willing to help each other. (4) You can trust the other neighbors to assist with
family matters in emergency situations (such as picking up a package, caring for pets or children, and
providing help during medical emergencies). (5) You and other residents who know each other in the
neighborhood generally get along well.” Respondents were asked to choose the degree of each of the
above statements, with always (every day) = 1, most of the time (5-6 days) = 2, occasionally (3—4 days)
= 3, a few times (1-2 days) = 4, almost never (less than 1 day) = 5.” Higher scores represent a higher
level of mental health of residents. Approximately 65 % of the respondents in this survey reported
below-average scores for neighborhood ties, indicating a deficit in social engagement within their
neighborhoods.

Place attachment at the neighborhood level was measured using eight items adapted from previous
studies (Lewicka, 2005; Jorgensen & Stedman, 2006; Lewicka, 2010; Wu et al., 2019; Wu et al., 2019b;
Wu et al., 2019a). The place attachment instrument consists of the following items: “(1) I feel like I
belong to where I live. (2) I'm so much attached to where I live. (3) I love my neighborhood. (4) I'm
concerned about what the newspapers and TV are saying about our neighborhood. (5) Being part of a
neighborhood is important to me. (6) I would like to live in this neighborhood for a long time. (7) [ can't
bear to move out of this neighborhood. (8) My neighbors mean a lot to me.” Respondents were asked
to rate the degree to which they agreed or disagreed with each of the above statements using a five-point
Likert scale, where 1 represented “Completely disagree” and 5 indicated “Completely agree.” Higher
scores mean a higher level of place attachment to the neighborhood. 76% of participants reported high
scores for place attachment. To assess the reliability of internal consistency, as well as the convergent
and discriminant validity of the constructs in questionnaires, we conducted a reliability analysis and
convergent validity analysis using SPSS 27.0. As presented in Supplementary Table 1, the scales of
neighborhood ties, place attachment, and mental health have acceptable internal consistency, reliability,
and convergent validity.

3.3.4. Moderators: Housing prices & home ownership

Housing prices were calculated as the average of the housing prices of all compounds within the
neighborhood. The data were collected from the Anjuke website (https://www.anjuke.com/), which
provides information on established and new development compounds in 2021, and were matched with
spatial location information using the API provided by AutoNavi Map. Home ownership was derived
from the following question in the questionnaire: “Do you own the real estate ownership certificate for
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the house in which you currently live?”

3.3.5. Socio-economic factors

As shown in Supplementary Table 2, there is considerable variation depending on factors such as
home ownership, age, household registration (Hukou in Mandarin), location, and monthly income.
Immigrants (9%) were more likely to rent than native inhabitants (55%). Renters (15%) had a lower
monthly income, while those with a higher income (50%) tended to own a home. Therefore, we analyzed
the discrepant characteristics mentioned above concerning homeowners and renters in a sample of 1,039
individuals, using an independent-sample t-test. Homeowners and renters exhibit distinct characteristics,
as determined by two independent sample t-tests (Supplementary Figure 1).

3.4. Methods

3.4.1. LISA analysis
To investigate the spatial dependency between the quantity of UGS and housing prices, we

employed a bivariate spatial correlation analysis using Geoda. In this study, global bivariate
Moran's I was employed to investigate whether spatial correlations existed between the quantity of
UGS and housing prices across the entire PRD region, while local bivariate Moran's I identified
spatial correlations within different neighborhood units (Anselin et al., 2009).

3.4.2. Mediated-moderated analysis

SEM is suitable for estimating mediating and moderating effects, which cannot be effectively
captured by standard regression models (Barbara M. Byrne, 2013). In this study, we employed a serial
moderated multiple mediation model as presented by Hayes (2015). The models were implemented in
Mplus 8.3, to examine the hypothesized path (Fig. 1). The interval indirect effect in this study was
analyzed using the bias-corrected confidence intervals bootstrap test because of its broader applicability
and greater power to test data that are not normally distributed (Shrout & Bolger, 2002). Because the
normal distribution of the total indirect effect is rare in finite samples (Preacher & Hayes, 2008a). Shrout
& Bolger (2002) suggested that bootstrapping methods can be extended to address this problem. The
bootstrap method involves repeated sampling with replacement to ensure that each sample has an equal
chance of being selected. The bootstrap test is superior to the Sobel test because of its higher efficacy
and lower error rate (MacKinnon et al., 2004; Fritz & MacKinnon, 2007). This method determines
significance by testing whether the confidence interval (CI) contains zero and whether the coefficient
product passes the bootstrap test to establish the presence of mediation effects (Hayes, 2015). Therefore,
this study did not report whether the mediating effect was complete; however, it accounted for the
mediating effect percentage to discuss the magnitude of the impact of the mediating factor on the
relationship between the dependent and independent variables. In the bootstrap test, the model in this
study was sampled 5,000 times, reporting the 95% CI.

4. Results
4.1 Spatial pattern between housing prices and UGS

As shown in Fig. 3, the map reflects the spatial disparity of green space cover and housing prices
in the PRD region. An inverted U-shaped trend is observed in green space coverage from the inner to
the outer urban core areas, with an overall increasing trend toward the outer regions of the PRD. Higher
housing prices are primarily concentrated in the cores of prime cities, such as Guangzhou, Shenzhen,
and Zhuhai, within metropolitan areas. This spatial distribution pattern is consistent with the cluster
results of spatial correlation shown in Fig. 4. The Global Bivariate Moran’s I highlights a significant
negative correlation between housing prices and green space (Moran’s I =-0.371, p <0.001). In Fig. 4,
the “L—H” clusters were mainly concentrated in and around the urban core areas of Guangzhou and
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Foshan in GMA and Shenzhen in SMA, while the “H-H” clusters were decentralized near the outside
in these areas. The "L-L" cluster was partially concentrated in and around the urban core areas of sub-
prime cities such as Zhaoqing, Huizhou, Jiangmen, and Zhongshan. Meanwhile, the “H-L” cluster was
distributed throughout the western and eastern outer areas of PRD. These patterns suggest that higher
housing prices are more frequently associated with a lower provision of UGS in proximity to dense
metropolitan areas. Conversely, in inner regions outside the urban core, low UGS coverage is
accompanied by lower prices on the urban fringe.
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Fig. 4. Spatial correlation of housing prices and green space coverage

4.2.  Hypotheses analysis

4.2.1. Association between urban greenery and mental health
After examining the modification indices, it can be inferred that all the analysis models in this

research fit the data well, as indicated by the goodness-of-fit metrics presented in Supplementary Table
3. The models had an excellent goodness of fit. Supplementary Figure 2 shows the significant correlations.
The perception of green space quality (PG) was significantly and positively related to neighborhood ties,
place attachment, and mental health. The proportion of UGS was positively related to place attachment
and mental health. Mental health was also significantly associated with age, hukou status (local resident
or immigrant), and monthly income. Model 1 and Model 3 in Table 1 show the direct relationship
between the quality and quantity of urban greenery and mental health. As control variables, we included
age, education, hukou, and income (Table 1). In Models 1 and 3, age was positively associated with
mental health (Coeff. = 0.135, P < 0.001; Coeff. = 0.139, P < 0.001), while migrants tended to exhibit
better mental health compared to homeowners (Coeff. = -0.058, P < 0.1). The results show that the
quality and quantity of urban greenery have significant direct effects on mental health, after controlling
for these variables. The standardized path coefficient of the PG to mental health was 0.144 (P<0.001),
and the SG was 0.118 (P<0.001). There was a positive direct relationship between PG and neighborhood
ties (Coeff. = 0.396, P <0.001) and place attachment (Coeff. = 0.152, P < 0.001). However, the SG was
directly related positively to place attachment (Coeff. = 0.068, P < 0.001) and mental health (Coeff. =
0.118, P < 0.001). Furthermore, there were significant positive direct effects between mental health,
place attachment, and neighborhood ties (Fig. 5). Consequently, urban greenery quality had a greater
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influence on mental health than its quantity.

4.2.2. The mediation effect of neighborhood ties and place attachment

To examine the mediation effects, we investigated significant interrelationships using maximum
likelihood with 5,000 bootstrap samples at 95% bias-corrected confidence intervals (Taylor et al., 2008).
Following the suggestion of Preacher and Hayes (2008), we examined the significance of the indirect
effects by calculated confidence intervals (Cls) for both lower and upper bounds. Mediated effects were
observed between urban greenery and mental health (Table 2). The total model results explained 41.77%
of the PG mediation on mental health. Specifically, the bootstrap test results confirmed a positive and
significant mediating impact of neighborhood ties on PG and mental health (Coeff. = 0.073, P <0.001).
Simultaneously, the positive mediating effects of place attachment and its combined impact on
neighborhood ties were also significant at the 95% CI. With the mediating role of place attachment, the
positive effect of PG on mental health increased by 0.016. The direct significant associations between
neighborhood ties and place attachment contributed to the conjoined effects. The presence of co-effects
increased mental health by 0.017 points in the association between PG and mental health. In addition,
there was an approximately 88.55% probability that SG could directly improve mental health. However,
there was only a 6% indirect effect, indicating that SG could improve mental health by enhancing place
attachment, with a 95% CI. Therefore, hypothesis 1 and 2 were supported.
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4.2.3. The moderating effect of housing prices

Supplementary Figure 2 shows the significant correlations between housing prices and other
variables. Higher housing prices were positively correlated with larger green spaces in the
neighborhoods and higher levels of mental well-being. To examine the moderating effect of housing
prices on urban greenery and mental health, we first considered a potential moderating effect that did
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not include the mediating factors (Fig. 5). After taking housing prices into account, Models 5 and 7 (in
Table 3 and Table 4) have shown that higher housing prices were negatively related to place attachment
(Coeff. =-0.044, P=0.070<0.10; Coeff. = -0.087, P=0.031<0.10) while the interaction term of PG and
housing price was positively correlated with place attachment (Coeff. =0.053, P=0.057<0.10).
Additionally, the interaction term between SG and housing price was associated with a 0.072-point
reduction in neighborhood ties, while housing prices had a nonsignificant relation to neighborhood ties.
Although housing price was positively associated with a rise of mental health, with coefficients of 0.072
(P=0.017<0.05) in Model 5 and 0.061(P=0.061<0.10) in Model 7, the interaction terms of urban
greenery and housing prices were not significantly related with mental health; thus, housing prices did
not moderate the direct correlation between urban greenery and mental health. We then constructed a
moderated mediation model (Table 5) and examined whether there was a potential moderator-mediating
effect between urban greenery and mental health using the bootstrap method. After controlling for
covariates, housing prices only negatively moderated the mediation of neighborhood ties between SG
and mental health at the 0.05% level (Coeff. = -0.007, P=0.048 < 0.05) and within the 95% CI (-0.01, -
0.001). Thus, hypothesis 3 was supported.

4.2.4. Mental health: Homeowners vs. renters

Supplementary Figure 1 illustrates significant differences in housing prices, monthly income,
neighborhood ties, place attachment, and mental health between homeowners and renters. The medians
for these variables were lower for renters than for homeowners, excluding housing prices. Most renters
had lower incomes but lived in neighborhoods with higher prices than homeowners. Thus, different
potential mechanisms need to be considered for improving mental health among homeowners and
renters, especially in the context of fluctuating housing prices. Models 2 and 4 in Table 1 and Fig. 6
present compelling evidence that the difference between renters and homeowners can be explained
mainly in terms of the association between PG and mental health, regardless of the moderating effect of
housing prices. A comparison between Models 2 and 4 (Table 2) shows that the total indirect effect
between PG and mental health in renters (56.36%) was larger than that in homeowners (35.60%),
particularly regarding the significant positive mediating effect of neighborhood ties (Renters: Coeff.
=0.104 > house buyer: Coeff. =0.053). Specifically, the serial mediating effects of neighborhood ties
and place attachment were significantly positive on the links between PG and the renter’s mental health
at the 95% CI (Coeff. = 0.020). However, SG has a non-significant impact on mental health through
neither neighborhood ties nor place attachment at the 95% CI.

The moderated-mediation results between the groups, considering housing prices, are presented in
Fig. 7. As shown in Models 6 and 8 (Table 3 and Table 4), the interaction term of PG and housing price
positively moderate the direct effect of PG on place attachment (Coeff. =0.109, P=0.009<0.01) and
mental health (Coeff. =0.067, P=0.047<0.05) in renters but weaken the positive effect of PG on
neighborhood ties in homeowners (Coeff. =-0.114, P=0.009<0.01). Specifically, as shown in Table 5,
housing prices only negatively moderate the relationship between PG and mental health (Coeff. =-0.011,
P=0.110), weakening the PG benefits on neighborhood ties in the homeowner group at the 95% CI (-
0.032, -0.002). Despite housing prices being significantly positively related to renter mental health
(Coeft. =0.094, P=0.028<0.05), the housing price has a non-significant moderating effect on the
mediated path between PG and renter mental health. The moderated effect of housing price on the
mediated path between SG and mental health was also non-significant. Overall, hypothesis 4 was
supported.
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Table 1 Standardized direct effects of urban greenery on mental health

Total Sample House buyer Renter
Model 1-2 direct effect
Estimate (Est./S.E.)

the perception of green space quality (PG) 0.142(3.78)*** 0.161(3.47)*** 0.103(1.63)
neighborhood ties (NT) 0.185(3.66)*** 0.137(2.41)* 0.253(2.83)**
place attachment (PA) 0.102(2.13)* 0.096(1.55) 0.124(1.77)
Control Variables

age 0.135(3.52)*** 0.206(4.61)*** -0.006(-0.08)
education -0.001(-0.03) 0.043(1.01) -0.029(-0.40)
hukou -0.052(-1.55) -0.131(-2.81)** 0.063(1.68)
income 0.039(1.15) -0.016(-0.38) 0.136(2.65)**

Model 3-4

direct effect

Estimate

the proportion of urban green space (SG)
neighborhood ties

place attachment

Control Variables

age

education

hukou

income

0.115(4.34)%**
0.230(5.05)%**
0.116(2.43)*

0.139(3.47)%**
-0.004(-0.10)
-0.058(-1.71)*
0.050(1.45)

0.144(4.25)%**
0.177(3.18)%**
0.122(1.96)*

0.223(4.81)***
0.055(1.27)
-0.144(-3.08)**
-0.001(-0.03)

0.086(1.88)
0.293(3.91)***
0.124(1.80)

-0.013(-0.17)
-0.048(-0.66)
0.059(1.55)
0.137(2.65)**

Notes: Est./S.E. in parentheses; p < 0.10, ™p < 0.05, **p <0.01.

Table 2 Standardized indirect and total effects of urban greenery on mental health

total sample house buyer renter

model 1-2

Estimate 95%CI Estimate 95%CI Estimate 95%CI
path1(NT) 0.073(3.65)***  [0.036,0.116] 0.053(2.29)* [0.010,0.087] 0.104(3.20)***  [0.051,0.180]
path2(PA) 0.016(1.94)* [0.002,0.035] 0.019(1.39) [-0.003,0.044] 0.010(1.01) [-0.002,0.040]
path3(NT-PA) 0.017(1.91)* [0.002,0.038] 0.017(1.48) [-0.003,0.037] 0.020(1.40) [0.001,0.059]
total indirect 0.107(5.29)***  [0.069,0.150] 0.089(3.36)***  [0.035,0.126] 0.133(4.50)***  [0.144,0.354]
total effect 0.249(7.44)***  [0.183,0.315] 0.250(5.92)***  [0.140,0.296] 0.236(4.27)***  [0.091,0.214]
model 3-4 total sample house buyer renter

estimate 95%CI estimate 95%CI 95%CI 95%CI
path1(NT) 0.006(0.88) [-0.007,0.021] 0.008(1.21) [-0.003,0.023]  0.000(-0.02)  [-0.035,0.036]
path2(PA) 0.008(1.68) [0.001,0.019] 0.006(1.19) [0.000,0.023] 0.010(1.19) [0.000,0.035]
path3(NT-PA) 0.002(0.79) [-0.001,0.007] 0.003(1.04) [-0.001,0.011]  0.000(-0.02)  [-0.009,0.008]
total indirect effect ~ 0.015(1.62)*  [-0.003,0.035] 0.017(1.75) [0.000,0.038] 0.010(0.46) [-0.032,0.054]
total effect 0.131(4.88)***  [0.075,0.179] 0.161(4.82)***  [0.092,0.223] 0.096(2.08)* [0.000,0.182]

Notes: Est./S.E. in parentheses; p < 0.10, *p < 0.05, **p <0.01.
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Table 3 The results of the serial multiple mediation model with a moderator on the quality of green space

Total Sample house buyer Renter
Model 5-6 neighborho place mental neighborho place mental neighborho place mental
odet > od ties attachment health od ties attachment health od ties attachment health
Estimate(Es Estimate(Es Estimate(Es Estimate(Es Estimate(Es Estimate(Es Estimate(Es Estimate(Es Estimate(Es
t./S.E.) t./S.E.) t./S.E.) t./S.E.) t./S.E.) t./S.E.) t./S.E.) t./S.E.) t./S.E.)
0.398(9.92 0.157(4.24 0.141(3.75 0.375(7.60 0.202(5.22 0.157(3.40 0.403(6.25
PG Vo tOOD QA QG T QIR0 QIR QITCAN QIR ees0sn 00910142
neighborho 0.435(10.12 0.184(3.62) 0.470(10.86 0.127(2.20) 0.382(4.44) 0.260(2.98)
od ties ) i ok b * sk ok
place 0.105(2.19)
P aahment . 0.100(1.62) 0.119(1.72)
housing -0.005(- -0.044(- 0.072(2.39) -0.031(- -0.045(- -0.055(- 0.094(2.20)
prices 0.16) 1.81)* * 0.045(L13) 4 4y 0.055(1.36) 4 47y 1.46) *
-0.034(- 0.053(1.90)  -0.006(- -0.114(- -0.047(- 0.109(2.60)  0.067(1.99)
PGxHP 0.83) * 0.21) 2.62)% 0.043(1.35) 1.31) 0.043(0.79) o *
Control
Variables
0.125(3.25) 0.196(4.33) -0.028(-
age ok ok 0.38)
. -0.017(- 0.051(-
education 0.45) 0.032(0.74) 0.69)
-0.070(- -0.143(-
hukou 2.10)* 3.00)%* 0.046(1.21)
. -0.023(- 0.122(2.25)
income 0.025(0.71) 0.54) %

Notes: Est./S.E. in parentheses; *p < 0.10, **p < 0.05, ***p <0.01.

Table 4 The results of the serial multiple mediation model with a moderator on the quantity of green space

Total Sample house buyer Renter
. place . place . place
neighborho mental neighborho mental neighborho mental
Model 7-8 od ties attacltlmen health od ties attacltlmen health od ties attacilmen health
Estimate
SG 0.051(1.56 0.065(2.2 0.114(4.0  0.049(1.49 0.046(1.3 0.144(4.25  0.057(0.70 0.112(2.0 0.066(1.1
) 0)* Ty ) 8) e ) 8)* )
neighborho 0.494(12.  0.227(4.9 0.540(13.  0.172(3.08 0.415(5.3  0.297(3.9
place 0.120(2.5 0.126(2.02 0.128(1.8
attachment 1)* )* 5)
housing 0.006(0.17 -0.087(- 0.061(1.8  0.048(1.12 -0.033(- 0.041(0.99 -0.043(- -0.087(- 0.078(1.6
prices ) 2.16)* 4 ) 1.03) ) 0.84) 2.16)* 2)
SGXHP -0.072(- -0.008(- -0.027(- -0.047(- 0.046(1.6 -0.028(- -0.084(- -0.008(- -0.003(-
2.20)* 0.22) 0.95) 1.35) 4) 0.82) 1.68)* 0.22) 0.07)
Control
Variables
ace 0.128(3.1 0.212(4.43 -0.026(-
education -0.019(- 0.040(0.90 -0.063(-
0.49) ) 0.84)
-0.074(- -0.153(- 0.039(0.9
hukou 2.19)* 3.3])kkx 7
income 0.039(1.1 -0.009(- 0.119(2.2
0) 0.21) 0)*
Notes: Est./S.E. in parentheses; *p < 0.10, **p < 0.05, ***p <0.01.
Table 5 The bootstraps examination results of the moderated-mediating effect
Total Sample house buyer Renter
Estimate 95%CI Estimate 95%ClI Estimate 95%CI
Model 5-6
PG
path(NT) -0.004(-0.81) [-0.016,0.006] -0.011(-1.60)  [-0.032,-0.002] 0.007(0.54) [-0.012,0.040]
path2(PA) 0.004(1.32) [0.000,0.012] 0.003(0.98) [-0.001,0.015] 0.008(1.17) [0.000,0.026]
path3(NT-PA) -0.001(-0.68) [-0.005,0.001] -0.004(-1.29) [-0.014,0.000] 0.001(0.44) [-0.002,0.010]
Model 7-8

SG




This is an author-produced, peer-reviewed version of this article

path1(NT) 20.007(-1.98)%*  [-0.015,-0.001]  -0.004(-1.20)  [-0.012,0.001]  -0.009(-1.06)  [-0.029,0.005]
path2(PA) 0.001(0.80) [-0.001,0.005]  0.003(1.16)  [0.000,0.011]  0.000(-0.13)  [-0.007,0.005]
path3(NT-PA) 20.002(-1.57)  [-0.005,0.000]  -0.002(-1.05)  [-0.006,0.000]  -0.002(-0.80)  [-0.009,0.001]

Notes: Est./S.E. in parentheses; *p < 0.10, **p < 0.05, ***p <0.01.
5. Discussion

Improving the mental health of urban inhabitants has emerged as a significant concern for
government departments, urban planners, and the urban demographic research field. Although the
importance of UGS quality in promoting health equity is frequently emphasized in research on green
spaces and human health, evidence regarding the relationship between the quality of UGS and mental
health remains inconsistent. Jacinta Francis et al. (2012) suggest that residents living in neighborhoods
with higher-quality UGS are more likely to experience better mental health. In addition, the findings
reveal that the objective measure of POS quality was stronger correlated with mental health than the
subjective measure. Sugiyama et al. (2008) found that PG was more strongly correlated
with mental health than walkability. Dillen et al.(2012)argued that the quality of green spaces is
unrelated to mental health due to the low frequency of usage in these areas. Ruijsbroek et al. (2017)
found comparable evidence at the neighborhood level. Although the social environment does not
mediate the relationship between green spaces and mental health, these findings contrast with those of
Sugiyama et al. (2008), who highlighted the significant mediating role of local social interaction in the
relationship between green spaces and mental health. These results have been found in GN countries,
with limited evidence available in GS countries. Hence, we conducted a comparative analysis between
UGS quality and quantity to help understand the intrinsic mechanism between UGS and mental health.

5.1 How does urban greenery quality matter more to mental health than its quantity?

Our study suggests that urban greenery quality had a greater impact than its quantity in the PRD,
with neighborhood ties and place attachment playing an important role in mediating the association
between UGS quality and mental health. As previously documented, these results indicate that higher-
quality UGS provides residents with more comfortable and well-designed public spaces (e.g., street
view greenery quality and facility maintenance) that promote usage and increase opportunities for
neighbor socialization. This strengthens emotional bonds within the neighborhood, consequently
providing mental health benefits (Kawachi & Berkman, 2000; Cramm et al., 2013; Veitch et al., 2018;
Kajosaari et al., 2024). Substantial and varied evidence indicates that the positive effects of social
relationships and green space on place attachment are strongly influenced by the physical and social
environments in the neighborhood (Wu et al., 2019; Lewicka, 2010; van den Berg et al., 2022; Wu et
al., 2019a). Furthermore, our research clearly shows that UGS quality is not only positively associated
with place attachment directly but also contributes to better mental health. These results corroborate the
previous findings on psychological restoration through place attachment facilitated by green spaces.
Place attachment can be enhanced by satisfaction with green areas in a neighborhood, as the quality of
green spaces—such as their esthetic, recreational, economic, spiritual, and therapeutic values—
improves (Brown & Raymond, 2007). In turn, place attachment can create particular psychological
benefits. Residents who more frequently experience psychological restoration from natural
environments tend to have stronger place attachment, particularly those who visit their favorite outdoor
green spaces, as they are more likely to exhibit a greater capacity for psychological restoration (Ma et
al., 2024; Subiza-Perez et al., 2021). Furthermore, the contrasting mediation effects in this study suggest
that the solely mediated effect of neighborhood ties was also found to be stronger than the combined
effect with place attachment. In other words, the positive effects derived from the neighborhood social
environment are more pronounced than those from place attachment when discussing the mental health
benefits provided by green spaces (I. Kawachi, 2001; Cohen & McKay, 2020). It should be noted that
our finding was unexpected and suggests that the quantity of UGS is only positively related to mental
health, with insignificant indirect effects on mental health linked to social ties. A possible explanation
for this direct relationship is that natural environmental exposure related to the quantity of green space
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directly triggers a neuroendocrine response, which may influence affective cognition and mental health
(I. Kawachi, 2001).

5.2 How do housing prices and ownership factor into the association between urban greenery quality
or quantity and mental health?

Combining housing prices and ownership provides a more comprehensive understanding of group
heterogeneity in the impact of socio-economic factors on experiences of UGS, particularly in densely
urbanized regions where higher housing costs and the shortage of green space provision are prevalent.
Recent research shows that green space planning may unintentionally be accompanied by rising housing
prices, which could undermine the potential mental health benefits for socio-economically vulnerable
groups (Cole H. V. et al., 2019). For example, wealthier individuals are more willing to pay for green
space services (Zhu et al., 2008; Xiao et al., 2017). Studies conducted in the largest cities in China have
also shown that accessibility to green spaces is limited, and there are fewer and/or smaller urban parks
in disadvantaged neighborhoods compared to formal communities (Feng S. et al., 2019; Guo et al., 2019;
Yuzhen et al., 2021). However, our study demonstrates a positive correlation between housing prices
and mental health, consistent with another study based on a panel dataset collected in China (H.-Q.
Wang & Liang, 2022). Further analysis in this study shows that housing prices do not moderate the
direct link between UGS and mental health but rather positively affect neighborhood ties and place
attachment. Increasing UGS areas in wealthier neighborhoods may be negatively relevant to the
impediment in neighborhood ties formation, yielding impairment of mental health benefits. As a
consequence of higher housing costs (e.g., mortgages, rent, maintenance fees), which increase
individual financial pressure and lead to "time poverty," residents may prioritize work and income-
related time commitments, with socializing in green spaces regarded as less important. Our findings
also show that rising housing prices is significantly related to the green space area rather than its quality,
as current green space planning—in China and other GS countries—focuses primarily on expanding the
range of green space (L. Wu & Kim, 2021). This also aligns with earlier research showing that an
increase in green space areas often attracts property developers, triggering urban renewal in the
surrounding regions. This, in turn, tends to increase housing prices (Bottero et al., 2022; D’Acci, 2019;

Lietal., 2021; Zhu et al., 2025).

Evidence is lacking on the disparity between green space and mental health across various home
ownership groups GS countries. Our study contributes to filling this gap by identifying the different
mechanisms involved in the relationship between green space quality and homeowner or renter mental
health. The empirical results indicate that the quality of green spaces is more important than their
quantity in relation to mental health, particularly in terms of housing prices. The mental well-being of
homebuyers residing in expensive neighborhoods was not linked to green space expansion; rather, it
was hindered by the diminished positive impact of UGS quality on neighborhood ties. In other words,
improving the quality of UGS is positively associated with enhanced social interaction in neighborhoods
that are more likely to be located on the fringe of urban cores with lower housing prices. The spillover
effect of green space quality improvements on property prices in the urban cores may drive wealthier
newcomers to move to these areas, while socio-economically disadvantaged residents might be pushed
to relocate, potentially leading to the disruption of existing neighborhood ties (Wolch et al., 2014a; Li
et al., 2023; Zhu et al., 2025). Interestingly, our study also found that for renters in neighborhoods, the
direct positive links between mental health benefits and green space quality are amplified by housing
prices. Even though some studies suggest that rising housing prices negatively affect the health of
renters (Rohe et al., 2002; H.-Q. Wang & Liang, 2022), we found that renters benefit more from a higher
quality of UGS over quantity, especially those who live in a neighborhood with higher housing prices.
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Similarly, studies in GS countries have also found that disadvantaged groups may experience greater
health benefits from green space (Berdejo-Espinola et al., 2024; Rigolon et al., 2021). Moreover,
although there is no evidence to suggest that improvements in green space quality in these
neighborhoods promote the renters' mental health via either place attachment or neighborhood ties, such
improvements do positively relate to place attachment among renters. In conclusion, the empirical
results of this study underline that improving the quality, rather than quantity, of neighborhood green
spaces remains important for advancing resident mental health equality, which accords with recent
findings that improving green space quality can reduce the impact of socioeconomic inequality on
mental health (Maas et al., 2006b; Wang R. et al., 2022).

5.3 Implications for community planning policy and design

The contradiction between the insufficient supply of high-quality green spaces and residents'
increasing demand for mental health in high-density urban areas—closely related to the well-being of
residents and social stability—requires greater attention from urban planners and policymakers. The
PRD in China has green space spatial distribution characteristics and housing prices comparable to those
of other GS countries. Specifically, with increasing distance from the urban center, housing prices
decrease and green space area increases. However, the previous general green space planning policies
in China that focused on increasing the area per resident capita might diminish the practical effects of
greening health benefits by leading to latent inequality in socio-economic and mental well-being.
Therefore, this study provides other GS countries a new perspective on implementing urban greening
policies. The related socio-economic consequences should be acknowledged to avoid an excessive focus
on metrics.

Our study emphasizes that neighborhood-based planning should prioritize improving the quality
of existing green spaces in megacities or metropolitan areas during the densification process of
urbanization, particularly by enhancing UGS capacity to attract residents and foster neighborhood
interactions. Disadvantaged neighborhoods or slums in the built-up areas with higher housing prices in
the urban cores typically lack high-quality formal green spaces, whereas neighborhoods at city fringes
may have a higher proportion of green space, albeit less accessible and usable (McConnachie &
Shackleton, 2010; Shuvo et al., 2020; Cobbinah et al., 2021; Mayen Huerta, 2022). However, the budget
for maintenance and green infrastructure construction might not be the priority in GS countries
(Berdejo-Espinola et al., 2024). Thus, it is essential to implement a phasing plan to improve green space
quality, taking into account the specific needs of different regions. Priority should be given to
disadvantaged neighborhoods (e.g., urban villages, public rental housing, and affordable housing
neighborhoods) with a high concentration of renters within the urban core, and to the aged and
deteriorated neighborhoods with a high concentration of earlier homeowners, or the peripheral urban
slums. Furthermore, it is essential to integrate both objective and subjective indicators into an evaluation
system for green space quality in these neighborhoods, which should guide the implementation
outcomes of health-oriented neighborhood micro-renewal planning. Emphasis must also be placed on
assessing the promotion of green space active use by residents. It is also still required to mitigate the
risk of inequalities in the provision of UGS in disadvantaged neighborhoods, particularly those without
access to UGS within highly urbanized areas (Xiao et al., 2017; Li et al., 2025). Small and high-quality
public green spaces can be created in these neighborhoods by transforming underutilized areas—such
as transitional spaces, empty lots, or poorly maintained green spaces—into green infrastructure,
including pocket parks or linear green trails alongside urban rivers. A small, high-quality public green
space should be prioritized in green space development planning for its lower construction and
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maintenance costs and reduced complexity, especially in urban cores (Gruebner et al., 2012; Peschardt
et al., 2012). Public small-sized green space also mitigates the negative impacts of rising housing prices
and provides mental health benefits (Wei Z. et al., 2021; Yu et al., 2024).

Moreover, the intermediation of neighborhood ties and place attachment was found to be robust
relative to UGS and mental health. This suggests that health-oriented UGS design and green
infrastructure planning should not focus solely on "going green" but must also meet the diverse needs
of neighborhood residents, such as dog walking, children's play areas, socializing with neighbors,
resting, and engaging in physical activities (Wolch J. et al., 2011b; Gémez et al., 2018; Guo et al., 2019;
van den Berg et al., 2019). Thus, additional attention should be paid to the design of urban furniture in
the planning of green infrastructure to better accommodate the needs of vulnerable groups, such as the
elderly, migrant children, and individuals with disabilities, as well as pets and their owners. Once
residents benefit from nearby green spaces, they are likely to develop a stronger preference for them
and visit more frequently, creating a virtuous cycle for mental health.

5.4 Limitations and future studies

This study emphasizes that when implementing UGS planning policies, the complex underlying
mechanisms should be considered to promote public health equity. However, the following limitations
of this study should be noted. First, this study conducted a survey using a small sample in each
neighborhood, which might have introduced self-selection bias. Moreover, the ability to establish
causality between changes in green space quality and quantity and their impact on residents' mental
health is limited owing to the use of cross-sectional data in SEM models. Additionally, this study has
not considered the impact of home mortgages on homeowners, the respondents' gender, and their
physical health status. Despite these limitations, the relationship between quality, quantity, and mental
health remains an important topic. Future research should focus on developing an indicator system for
objectively measuring green space quality and exploring the neurophysiological impacts that occur as
green spaces influence residents' psychological processes to avoid same-source bias. Although this study
has examined the differential effect of housing prices on various home ownership groups in the PRD
region of China, additional empirical studies utilizing longitudinal large sample sizes that incorporate
both objective characteristics and perceived quality of UGS in different metropolitan areas of GS
countries would help explore the generalized mechanisms linking UGS and mental health in the context
of rapid urbanization.

6. Conclusion

We emphasized the necessity of enhancing the quality of UGS to strengthen neighborhood ties and
place attachment, which support mental health, by incorporating housing prices and home ownership.
The quality of green spaces had a greater association with mental health than quantity, with or without
the consideration of housing prices. In contrast to our previous assumption, housing prices have a
positive impact on mental health. In wealthier neighborhoods, the benefits of greenery quality on mental
health were greater. Housing prices had differing moderating effects on renters and homeowners.

These findings can contribute to the research field of health equity and inspire the optimization of
urban planning, the transformation of green infrastructure, and the development of green space planning
policies in neighborhood micro-renewal, with the goal of achieving a healthy city. Neighborhoods may
be the appropriate level for implementing targeted improvements in green space quality within urban
planning and design. In addition to the physiological and epidemiological benefits of green spaces,
sociological factors and affective reactions cannot be ignored. Hence, it is important to transform
negative space or underutilized areas into high-quality green spaces in tenure-mixed neighborhoods.
Furthermore, in creating green spaces, consideration should be given to providing public spaces that
promote interaction among residents using attractive facilities, which would encourage residents to stay
and communicate, rather than simply increasing the size of green spaces in land-use planning.



This is an author-produced, peer-reviewed version of this article

Acknowledgments

The authors would like to thank the editor and the reviewers for their helpful and constructive comments,
which greatly contributed to the improvement of the paper. This work was supported by the Hong Kong
Research Grants Council (RGC) Research Fellow Scheme (RFS) [grant number HKUST RFS2425-
6HO03]; the Hong Kong Public Policy Research (PPR) Funding Scheme [grant number 2024.A7.032.24B;
E2025.A7.039]; the National Natural Science Foundation of China [42001147]; the Guangdong
Province Natural Science Fund [Grant No. 2022A1515011728].

Authorship contribution statement

Qingyin Li: Writing — review & editing, Writing — original draft, Visualization, Validation, Software,
Resources, Methodology, Investigation, Formal analysis, Data curation, Conceptualization. Rong Wu:
Writing — original draft, Validation, Supervision, Resources, Project administration, Methodology,
Funding acquisition, Formal analysis. Pengyu Zhu: Writing — original draft, Supervision.

References

Akpinar, A. (2016). How is quality of urban green spaces associated with physical activit
y and health? Urban Forestry & Urban Greening, 16, 76-83. doi :10.1016/j.ufug.2016.

01.011.

Amponsah, O., Blijja, D. K., Ayambire, R. A., Takyi, S. A., Mensah, H., & Braimah, L.
(2022). Global urban sprawl containment strategies and their implications for rapidly
urbanising cities in Ghana. Land Use Policy, 114, 105979. https://doi.org/10.1016/j.1an
dusepol.2022.105979

Anguelovski 1., Connolly J. J., Garcia-Lamarca M., Cole H., & Pearsall H. (2019). New
scholarly pathways on green gentrification: What does the urban ‘green turn’mean an
d where is it going? Progress in human geography, 43(6), 1064-1086.

Anselin, L., Syabri, 1., & Kho, Y. (2009). GeoDa: An introduction to spatial data analysi
s. In Handbook of Applied Spatial Analysis: Software Tools, Methods and Applicatio
ns (pp. 73-89). Springer.

Aram, F., Solgi, E., & Holden, G. (2019). The role of green spaces in increasing social i
nteractions in neighborhoods with periodic markets. Habitat International, 84, 24-32.

Arundel, R., Li, A., Baker, E., & Bentley, R. (n.d.). Housing unaffordability and mental h
ealth: Dynamics across age and tenure. In INTERNATIONAL JOURNAL OF HOUSI
NG POLICY. ROUTLEDGE JOURNALS, TAYLOR & FRANCIS LTD. https://doi.org
/10.1080/19491247.2022.2106541

Baker E., Mason K., & Bentley R. (2015). Measuring housing affordability: A longitudina
1 approach. Urban policy and research, 33(3), 275-290.

Barbara M. Byrne. (2013). Structural equation modeling with mplus: Basic concepts, appli
cations, and programming. Routledge. https://doi.org/10.4324/9780203807644

Bentley, R. J., Pevalin ,David, Baker ,Emma, Mason ,Kate, Reeves ,Aaron, & and Beer,
A. (2016). Housing affordability, tenure and mental health in Australia and the Unite
d Kingdom: A comparative panel analysis. Housing Studies, 31(2), 208-222. https://d
01.0rg/10.1080/02673037.2015.1070796

Berdejo-Espinola, V., Fuller, R. A., & Zahnow, R. (2024). Well-being from nature exposur
e depends on socio-environmental contexts in Paraguay. Nature Cities, 1(5), 335-345.
https://doi.org/10.1038/s44284-024-00058-0

Bertram, C., & Rehdanz, K. (2015). Preferences for cultural urban ecosystem services: Co
mparing attitudes, perception, and use. Ecosystem Services, 12, 187-199. https://doi.or
g/10.1016/j.ecoser.2014.12.011



This is an author-produced, peer-reviewed version of this article

Bottero, M., Caprioli, C., Foth, M., Mitchell, P., Rittenbruch, M., & Santangelo, M. (202
2). Urban parks, value uplift and green gentrification: An application of the spatial h
edonic model in the city of brisbane. Urban Forestry & Urban Greening, 74, 127618.

https://doi.org/10.1016/j.ufug.2022.127618

Bower, 1., Tucker, R., & Enticott, P. G. (2019). Impact of built environment design on e
motion measured via neurophysiological correlates and subjective indicators: A system
atic review. Journal of Environmental Psychology, 66, 101344. https://doi.org/10.1016/
j.jenvp.2019.101344

Bratman G. N., Daily G. C., Levy B. J., & Gross J. J. (2015). The benefits of nature ex
perience: Improved affect and cognition. Landscape and urban planning, 138, 41-50.

Breitung, W. (2012). Enclave urbanism in China: Attitudes towards gated communities in
guangzhou. Urban Geography, 33(2), 278-294. https://doi.org/10.2747/0272-3638.33.2.2
78

Brown, G., & Raymond, C. (2007). The relationship between place attachment and landsc
ape values: Toward mapping place attachment. In APPLIED GEOGRAPHY (Vol. 27,
Issue 2, pp. 89—-111). ELSEVIER SCI LTD. https://doi.org/10.1016/j.apgeog.2006.11.00
2

Campbell, K. E., & Lee, B. A. (1992). Sources of personal neighbor networks: Social int
egration, need, or time? Social Forces, 70(4), 1077. https://doi.org/10.2307/2580202

Chen, J., & Chen, S. (2015). Mental health effects of perceived living environment and n
eighborhood safety in urbanizing china. Habitat International, 46, 101-110. https://doi.
org/10.1016/j.habitatint.2014.11.002

Chen, N., Chen, X., & Zhu, P. (2025). From a visual standpoint: Exploring the influence
of the built environment, especially road ratio, on mental wellbeing before and after
the COVID-19 outbreak in Hong Kong. Journal of Urban Management, 14(2), 325-3

41. https://doi.org/10.1016/j.jum.2024.09.004.

Chen, W. Y., & Hu, F. Z. Y. (2015). Producing nature for public: Land-based urbanizatio
n and provision of public green spaces in China. Applied Geography, 58, 32—40. http
s://doi.org/10.1016/j.apgeog.2015.01.007

Chen Y., Ge Y., Yang G., Wu Z., Du Y,, Mao F, Liu S., Xu R, Qu Z., Xu B., & othe
rs. (2022). Inequalities of urban green space area and ecosystem services along urban

center-edge gradients. Landscape and Urban Planning, 217, 104266.

Chen, Y., Jones, C. A., Dunse, N. A, Li, E., & Liu, Y. (2023). Housing prices and the
characteristics of nearby green space: Does landscape pattern index matter? Evidence
from metropolitan area. Land, 12(2), 496. https://doi.org/10.3390/1and12020496

Cobbinah, P. B., Asibey, M. O., Zuneidu, M. A., & Erdiaw-Kwasie, M. O. (2021). Acco
mmodating green spaces in cities: Perceptions and attitudes in slums. Cities, 111, 103
094. https://doi.org/10.1016/j.cities.2020.103094

Cohen S., & McKay G. (2020). Social support, stress and the buffering hypothesis: A the
oretical analysis. In Handbook of psychology and health, Volume IV (pp. 253-267).
Routledge.

Cohen, S., & Wills, T. A. (1985). Stress, social support, and the buffering hypothesis. Ps
ychological Bulletin, 98(2), 310-357. https://doi.org/10.1037/0033-2909.98.2.310

Cole, H. V. S., Lamarca, M. G., Connolly, J. J. T., & Anguelovski, 1. (2017). Are green
cities healthy and equitable? Unpacking the relationship between health, green space
and gentrification. JOURNAL OF EPIDEMIOLOGY AND COMMUNITY HEALTH,
71(11), 1118-1121. https://doi.org/10.1136/jech-2017-209201

Cole H. V., Triguero-Mas M., Connolly J. J., & Anguelovski I. (2019). Determining the
health benefits of green space: Does gentrification matter? Health & place, 57, 1-11.

Conceigdo, M. A., Monteiro, M. M., Kasraian, D., Van Den Berg, P., Haustein, S., Alves,

I., Azevedo, C. L., & Miranda, B. (2023). The effect of transport infrastructure, con



This is an author-produced, peer-reviewed version of this article

gestion and reliability on mental wellbeing: A systematic review of empirical studies.
Transport Reviews, 43(2), Article 2. https://doi.org/10.1080/01441647.2022.2100943

Cramm, J. M., Van Dijk, H. M., & Nieboer, A. P. (2013). The importance of neighborho
od social cohesion and social capital for the well being of older adults in the comm
unity. The Gerontologist, 53(1), 142—152.

D’Acci, L. (2019). Quality of urban area, distance from city centre, and housing value. C
ase study on real estate values in turin. Cities, 91, 71-92. https://doi.org/10.1016/j.citi
€s.2018.11.008

Delgado-Serrano, M. M., Melichova, K., Mac Fadden, 1., & Cruz-Piedrahita, C. (2024). P
erception of green spaces’ role in enhancing mental health and mental well-being in
small and medium-sized cities. Land Use Policy, 139, 107087. https://doi.org/10.1016/
j.landusepol.2024.107087

Dennis M., & James P. (2016). User participation in urban green commons: Exploring the

links between access, voluntarism, biodiversity and well being. Urban Forestry & Ur
ban Greening, 15, 22-31.

Dillen, S. M. E. van, Vries, S. de, Groenewegen, P. P., & Spreeuwenberg, P. (2012). Gre
enspace in urban neighbourhoods and residents’ health: Adding quality to quantity. J
Epidemiol Community Health, 66(6), e8—e8. https://doi.org/10.1136/jech.2009.104695

Dines N., Cattell V., Gesler W. M., Curtis S., & others. (2006). Public spaces, social rela
tions and well-being in East London. Policy Press.

Dinnie, E., Brown, K. M., & Morris, S. (2013). Community, cooperation and conflict: Ne
gotiating the social well-being benefits of urban greenspace experiences. In LANDSC
APE AND URBAN PLANNING (Vol. 112, pp. 1-9). ELSEVIER SCIENCE BV. http
s://doi.org/10.1016/j.landurbplan.2012.12.012

Feng S., Chen L., Sun R., Feng Z., Li J., Khan M. S., & Jing Y. (2019). The distributio
n and accessibility of urban parks in Beijing, China: Implications of social equity. Int
ernational journal of environmental research and public health, 16(24), 4894.

Feng, Z., Tang, Y., Huang, H., & Liu, Y. (2024). Urbanicity and Depression among Chin
ese Youth: A Cross-Sectional Study Based on the China Labor-Force Dynamic Surve
y. APPLIED SPATIAL ANALYSIS AND POLICY, 17(2), 619-636. https://doi.org/10.1
007/s12061-023-09548-5

Fleming, W., Needham, M., & Biedenweg, K. (2022). Connections among puget sound re
sidents’ psychological restoration from natural environments, place attachment, and bel
iefs about environmental governance. Environmental Management, 69(2), 258-270. htt
ps://doi.org/10.1007/s00267-021-01556-w

Fried, M. (1982). Residential attachment: Sources of residential and community satisfactio
n. Journal of Social Issues, 38(3), 107-119.

Fritz, M. S., & MacKinnon, D. P. (2007). Required sample size to detect the mediated ef
fect. Psychological Science, 18(3), 233-239.

Gao F., Cheng H., Li Z., & Yu L. (2024). Revisiting the impact of public spaces on the
mental health of rural migrants in Wuhan: An integrated multi-source data analysis. I
nternational Journal of Health Geographics, 23(1), 7.

Gibson, S. C. (2018). “Let’s go to the park.” An investigation of older adults in Australi
a and their motivations for park visitation. LANDSCAPE AND URBAN PLANNING,

180, 234-246. https://doi.org/10.1016/j.1andurbplan.2018.08.019

Goebel, A. (2007). Sustainable urban development? Low-cost housing challenges in South
Africa. Habitat International. https://doi.org/10.1016/J.HABITATINT.2007.03.001

Gomez, E., Baur, J. W. R., & Malega, R. (2018). Dog park users: An examination of pe
rceived social capital and perceived neighborhood social cohesion. Journal of Urban
Affairs. https://doi.org/10.1080/07352166.2017.1343634

Gruebner, O., Khan, M. H., Lautenbach, S., Miiller, D., Kraemer, A., Lakes, T., & Hoster



This is an author-produced, peer-reviewed version of this article

t, P. (2011). A spatial epidemiological analysis of self-rated mental health in the slum
s of Dhaka. International Journal of Health Geographics, 10(1), 36. https://doi.org/10.1
186/1476-072X-10-36

Gruebner, O., Khan, M. M. H., Lautenbach, S., Miiller, D., Krdmer, A., Lakes, T., & Ho
stert, P. (2012). Mental health in the slums of Dhaka—A geoepidemiological study. B
MC Public Health, 12(1), 177. https://doi.org/10.1186/1471-2458-12-177

Guo S., Song C.,, Pei T, Liu Y., Ma T., Du Y., Chen J., Fan Z., Tang X., Peng Y., & o
thers. (2019). Accessibility to urban parks for elderly residents: Perspectives from mo
bile phone data. Landscape and urban planning, 191, 103642.

Hagerhall C. M., Laike T., Taylor R. P, Kiiller M., Kiiller R., & Martin T. P. (2008). In
vestigations of human EEG response to viewing fractal patterns. Perception, 37(10), 1
488-1494.

Hartig, T., Mang, M., & Evans, G. W. (1991). Restorative effects of natural environment
experiences. Environment and Behavior, 23(1), 3-26. https://doi.org/10.1177/001391659
1231001

Hartig, T., Mitchell, R., De Vries, S., & Frumkin, H. (2014). Nature and health. Annual
Review of Public Health, 35, 207-228.

Hayes, A. F. (2015). An index and test of linear moderated mediation. Multivariate Behav
ioral Research, 50(1), 1-22.

Hidalgo, M. C., & Hernandez, B. (2001). Place attachment: Conceptual and empirical que
stions. Journal of Environmental Psychology, 21(3), 273-281. https://doi.org/10.1006/je
vp.2001.0221

Hill, T. D., & Maimon, D. (2013). Neighborhood context and mental health. In Carol S.
Aneshensel, Jo C. Phelan, & Alex Bierman (Eds.), Handbook of the Sociology of M
ental Health (pp. 479-501). Springer Netherlands. https://doi.org/10.1007/978-94-007-42
76-5 23

Hipp, J. R., & Perrin, A. (2006). Nested loyalties: Local networks’ effects on neighbourho
od and community cohesion. Urban Studies, 43(13), 2503—-2523. https://doi.org/10.108
0/00420980600970706

House J. S., Landis K. R., & Umberson D. (1988). Social Relationships and Health. Scie
nce, 241(4865), Article 4865. https://doi.org/10.1126/science.3399889

Huang W., & Lin G. (2023). The relationship between urban green space and social healt
h of individuals: A scoping review. Urban forestry & urban greening, 85, 127969.

Hummon, D. M. (1992). Community attachment. In I. Altman & S. M. Low (Eds.), Plac
e Attachment (pp. 253-278). Springer US. https://doi.org/10.1007/978-1-4684-8753-4 1
2

I. Kawachi. (2001). Social Ties and Mental Health. Journal of Urban Health: Bulletin of t
he New York Academy of Medicine, 78(3), 458—467. https://doi.org/10.1093/jurban/78.
3.458

Jacinta Francis, Wood, L. J., Knuiman, M., & Giles-Corti, B. (2012). Quality or quantity?

Exploring the relationship between public open space attributes and mental health in
perth, western Australia. Social Science and Medicine, 74(10), 1570-1577. https://do
i.org/10.1016/j.socscimed.2012.01.032

Jennings V., & Bamkole O. (2019). The relationship between social cohesion and urban g
reen space: An avenue for health promotion. International journal of environmental re
search and public health, 16(3), 452.

Jimenez M. P., DeVille N. V., Elliott E. G., Schiff J. E., Wilt G. E., Hart J. E., & Jame
s P. (2021). Associations between Nature Exposure and Health: A Review of the Evi
dence. In INTERNATIONAL JOURNAL OF ENVIRONMENTAL RESEARCH AND
PUBLIC HEALTH (Vol. 18, Issue 9). MDPI. https://doi.org/10.3390/ijerph18094790

Kajosaari, A., Hasanzadeh, K., Fagerholm, N., Nummi, P., Kuusisto-Hjort, P., & Kyttd, M.



This is an author-produced, peer-reviewed version of this article

(2024). Predicting context-sensitive urban green space quality to support urban green
infrastructure planning. Landscape and Urban Planning, 242, 104952. https://doi.org/1
0.1016/j.1andurbplan.2023.104952

Kasarda, J. D., & Janowitz, M. (1974). Community Attachment in Mass Society. America
n Sociological Review, 39(3), 328. https://doi.org/10.2307/2094293

Kawachi, 1., & Berkman, L. (2000). Social cohesion, social capital, and health. In L. F.
Berkman & I. Kawachi (Eds.), Social Epidemiology (pp. 174-190). Oxford University
PressNew York, NY. https://doi.org/10.1093/0s0/9780195083316.003.0008

Kiani B., Thierry B., Fuller D., Firth C., Winters M., & Kestens Y. (2023). Gentrification,
neighborhood socioeconomic factors and urban vegetation inequities: A study of gree
nspace and tree canopy increases in Montreal, Canada. Landscape and Urban Plannin
g, 240, 104871.

Kim, G., & Miller, P. A. (2019). The impact of green infrastructure on human health and
well-being: The example of the huckleberry trail and the heritage community park a
nd natural area in blacksburg, virginia. Sustainable Cities and Society, 48, 101562. ht
tps://doi.org/10.1016/j.5¢s.2019.101562

Kish, L. (1949). A Procedure for Objective Respondent Selection within the Household. J
ournal of the American Statistical Association, 44(247), 380-387. https://doi.org/10.10

80/01621459.1949.10483314.

Koohsari, M. J., Yasunaga, A., McCormack, G. R., Shibata, A., Ishii, K., Nakaya, T., Ha
nibuchi, T., Nagai, Y., & Oka, K. (2023). Depression among middle-aged adults in J
apan: The role of the built environment design. Landscape and Urban Planning, 231,
104651. https://doi.org/10.1016/j.landurbplan.2022.104651

Kosite, D., Gueltzow, M., Van Lenthe, F. J., Beenackers, M. A., & Groeniger, J. O. (202
5). Would intervening on financial strain reduce inequalities in mental health between
renters and homeowners? Health & Place, 92, 103434. https://doi.org/10.1016/j.health
place.2025.103434

Kruize, H., Van Kamp, 1., Van Den Berg, M., Van Kempen, E., Wendel-Vos, W., Ruijsbro
ek, A., Swart, W., Maas, J., Gidlow, C., Smith, G., Ellis, N., Hurst, G., Masterson,
D., Triguero-Mas, M., Cirach, M., Grazulevi¢ien¢, R., Van Den Hazel, P., & Nieuwe
nhuijsen, M. (2020). Exploring mechanisms underlying the relationship between the n
atural outdoor environment and health and well-being — results from the PHENOTYP
E project. Environment International, 134, 105173. https://doi.org/10.1016/j.envint.2019.
105173

Lakey, B., & Cohen, S. (2000). Social support and theory. Social Support Measurement a
nd Intervention: A Guide for Health and Social Scientists, 29, 29-49.

Lewicka, M. (2010). What makes neighborhood different from home and city? Effects of
place scale on place attachment. In JOURNAL OF ENVIRONMENTAL PSYCHOLO
GY (Vol. 30, Issue 1, pp. 35-51). ACADEMIC PRESS LTD- ELSEVIER SCIENCE
LTD. https://doi.org/10.1016/j.jenvp.2009.05.004

Li, H., Browning, M. H. E. M., Rigolon, A., Larson, L. R., Taff, D., Labib, S. M., Benf
ield, J., Yuan, S., McAnirlin, O., Hatami, N., & Kahn, P. H. (2023). Beyond “bluesp
ace” and “greenspace”: A narrative review of possible health benefits from exposure
to other natural landscapes. Science of the Total Environment, 856, 159292. https://do
1.org/10.1016/j.scitotenv.2022.159292

Li, H., Chen, P, & Grant, R. (2021a). Built environment, special economic zone, and ho
using prices in shenzhen, china. Applied Geography, 129, 102429. https://doi.org/10.10
16/j.apgeog.2021.102429

Li, H., Chen, P, & Grant, R. (2021b). Built environment, special economic zone, and ho
using prices in shenzhen, china. Applied Geography, 129, 102429. https://doi.org/10.10
16/j.apgeog.2021.102429



This is an author-produced, peer-reviewed version of this article

Li, Z., Zhu, P., Guo, Y., & Chow, J. (2025). Pandemic-era behavioral changes and post-p
andemic persistence in the high-density urban context of Hong Kong. Cities, 162, 10
5940. https://doi.org/10.1016/j.cities.2025.105940.

Lin, G. C. S., & Yi, F. (2011). Urbanization of capital or capitalization on urban land? L
and development and local public finance in urbanizing china. Urban Geography, 32
(1), 50-79. https://doi.org/10.2747/0272-3638.32.1.50

Liu, Y., Wang, R., Grekousis, G., Liu, Y., Yuan, Y., & Li, Z. (2019). Neighbourhood gre
enness and mental wellbeing in Guangzhou, China: What are the pathways? Landscap
e and Urban Planning, 190, 103602. https://doi.org/10.1016/j.landurbplan.2019.103602

Long, D. A., & Perkins, D. D. (2007). Community social and place predictors of sense o
f community: A multilevel and longitudinal analysis. In JOURNAL OF COMMUNIT
Y PSYCHOLOGY (Vol. 35, Issue 5, pp. 563-581). JOHN WILEY & SONS INC. ht
tps://doi.org/10.1002/jcop.20165

Luo, J., Zhai, S., Song, G., He, X., Song, H., Chen, J., Liu, H., & Feng, Y. (2022). Ass
essing inequity in green space exposure toward a “l15-minute city” in zhengzhou, chi
na: Using deep learning and urban big data. International Journal of Environmental R
esearch and Public Health, 19(10), 5798. https://doi.org/10.3390/ijerph19105798

Luo, Xiaoshuang Iris. (2022). Does the spatial distribution of social ties impact neighborh
ood and city attachment? Differentials among urban/rural contexts. Social Networks, 6
8, 374-385. https://doi.org/10.1016/j.socnet.2021.10.001

Ma, H., Zhang, Y., Liu, P., Zhang, F., & Zhu, P. (2024). How does spatial structure affec
t psychological restoration? A method based on graph neural networks and street vie
w imagery. Landscape and Urban Planning, 251, 105171. https://doi.org/10.1016/j.1and
urbplan.2024.105171.

Maas J., Verheij R. A., Groenewegen P. P., De Vries S., & Spreeuwenberg P. (2006a). Gr
een space, urbanity, and health: How strong is the relation? Journal of epidemiology
& community health, 60(7), Article 7.

Maas J., Verheij R. A., Groenewegen P. P., De Vries S., & Spreeuwenberg P. (2006b). Gr
een space, urbanity, and health: How strong is the relation? Journal of epidemiology
& community health, 60(7), 587-592.

MacKinnon, D. P., Lockwood, C. M., & Williams, J. (2004). Confidence limits for the in
direct effect: Distribution of the product and resampling methods. Multivariate Behavi
oral Research, 39(1), 99-128.

Marmot M., & Wilkinson R. (2005). Social determinants of health. Oup Oxford.

Mayen Huerta, C. (2022). Rethinking the distribution of urban green spaces in Mexico cit
y: Lessons from the COVID-19 outbreak. Urban Forestry & Urban Greening, 70, 127
525. https://doi.org/10.1016/j.ufug.2022.127525

McConnachie, M. M., & Shackleton, C. M. (2010). Public green space inequality in small

towns in South Africa. Habitat International, 34(2), 244-248. https://doi.org/10.1016/].
habitatint.2009.09.009

McGrath H., Kurz T., Veneklaas E., & Ramalho C. E. (2024). Putting down roots: Relati
onships between urban forests and residents’ place attachment. Urban Forestry & Urb
an Greening, 95, 128287.

Mireia Gascon, Triguero-Mas, M., Martinez, D., Dadvand, P., Forns, J., Plasencia, A., &
Nieuwenhuijsen, M. J. (2015). Mental Health Benefits of Long-Term Exposure to Res
idential Green and Blue Spaces: A Systematic Review. In INTERNATIONAL JOURN
AL OF ENVIRONMENTAL RESEARCH AND PUBLIC HEALTH (Vol. 12, Issue 4,
pp. 4354-4379). MDPI. https://doi.org/10.3390/ijerph120404354

Moore, T. H. M., Kesten, J. M., Lopez-Lopez, J. A., [jaz, S., McAleenan, A., Richards,
A., Gray, S., Savovic, J.,, & Audrey, S. (2018). The effects of changes to the built e
nvironment on the mental health and well-being of adults: Systematic review. HEALT



This is an author-produced, peer-reviewed version of this article

H & Place, 53, 237-257. https://doi.org/10.1016/j.healthplace.2018.07.012

Morris A. (2018). Housing tenure and the health of older Australians dependent on the a
ge pension for their income. Housing Studies, 33(1), 77-95.

Na’Taki Osborne Jelks, Jennings V., & Rigolon A. (2021). Green Gentrification and Healt
h: A Scoping Review. International Journal of Environmental Research and Public He
alth, 18(3), Article 3. https://doi.org/10.3390/ijerph18030907

Nguyen, P.-Y., Astell-Burt, T., Rahimi-Ardabili, H., & Feng, X. (2021). Green space qualit
y and health: A systematic review. International Journal of Environmental Research a
nd Public Health, 18(21), Article 21. https://doi.org/10.3390/ijerph182111028

Nie, P, Li, Q., & Sousa-Poza, A. (2025). Housing unaffordability and adolescent depressi
on in urban china. Cities, 160, 105855. https://doi.org/10.1016/j.cities.2025.105855

Niu X., Li Y., Li M., Zhang T., Meng H., Zhang Z., Wang B., & Zhang W. (2022). Un
derstanding vegetation structures in green spaces to regulate atmospheric particulate m
atter and negative air ions. Atmospheric Pollution Research, 13(9), 101534.

Nyelele C., & Kroll C. N. (2020). The equity of urban forest ecosystem services and ben
efits in the Bronx, NY. Urban Forestry & Urban Greening, 53, 126723.

Otsuka, Y., Imanishi, J., Nasu, M., Shimahara, S., & Iwasakai, Y. (2024). Investigation of
factors that induce activities in green spaces of neighborhoods from the perspective o
f the behavioral change stage model using machine learning. Landscape and Ecologic
al Engineering, 20(3), 251-269. https://doi.org/10.1007/s11355-023-00583-5

Peschardt, K. K., Schipperijn, J., & Stigsdotter, U. K. (2012). Use of small public urban
green spaces (SPUGS). Urban Forestry & Urban Greening, 11(3), 235-244. https://do
1.org/10.1016/j.ufug.2012.04.002

Peters, K., Elands, B., & Buijs, A. (2010). Social interactions in urban parks Stimulating
social cohesion? 8.

Preacher, K. J., & Hayes, A. F. (2008a). Asymptotic and resampling strategies for assessi
ng and comparing indirect effects in multiple mediator models. Behavior Research M
ethods, 40(3), 879-891. https://doi.org/10.3758/BRM.40.3.879

Preacher K. J., & Hayes A. F. (2008b). Asymptotic and resampling strategies for assessin
g and comparing indirect effects in multiple mediator models. Behavior research meth
ods, 40(3), 879-891.

Putra, I. G. N. E., Astell-Burt, T., Cliff, D. P., Vella, S. A., & Feng, X. (2021). Associat
ion between green space quality and prosocial behaviour: A 10-year multilevel longit
udinal analysis of Australian children. Environmental Research, 196, 110334.

Radloff, L. S. (1977). The CES-D scale: A self-report depression scale for research in the

general population. Applied Psychological Measurement, 1(3), 385-401.

Reyes-Riveros R., Altamirano A., De La Barrera F., Rozas-Vasquez D., Vieli L., & Meli
P. (2021). Linking public urban green spaces and human well-being: A systematic rev
iew. Urban forestry & urban greening, 61, 127105.

Rigolon A., Browning M. H., McAnirlin O., & Yoon H. (2021). Green space and health
equity: A systematic review on the potential of green space to reduce health dispariti
es. International journal of environmental research and public health, 18(5), Article 5.

Rohe, W. M., Zandt, S. V., & McCarthy, G. (2002). Home ownership and access to oppo
rtunity. Housing Studies. https://doi.org/10.1080/02673030120105884

Romolini, M., Ryan, R. L., Simso, E. R., & Strauss, E. G. (2019). Visitors’ attachment to

urban parks in los angeles, CA. Urban Forestry & Urban Greening, 41, 118-126. ht
tps://doi.org/10.1016/j.ufug.2019.03.015

Rosa Reyes-Riveros, Altamirano, A., De la Barrera, F., Rozas-Vasquez, D., Vieli, L., &
Meli, P. (2021). Linking public urban green spaces and human well-being: A systema
tic review. In URBAN FORESTRY & URBAN GREENING (Vol. 61). ELSEVIER G
MBH. https://doi.org/10.1016/j.ufug.2021.127105



This is an author-produced, peer-reviewed version of this article

Ross, C. E., & Jang, S. J. (2000). Neighborhood disorder, fear, and mistrust: The bufferin
g role of social ties with neighbors. American Journal of Community Psychology, 28
(4), 401-420. https://doi.org/10.1023/A:1005137713332

Ruijsbroek, A., Mohnen, S. M., Droomers, M., Kruize, H., Gidlow, C., Grazuleviciene, R.,

Andrusaityte, S., Maas, J., Nieuwenhuijsen, M. J., Triguero-Mas, M., Masterson, D.,
Ellis, N., van Kempen, E., Hardyns, W., Stronks, K., & Groenewegen, P. P. (2017).
Neighbourhood green space, social environment and mental health: An examination in

four european cities. International Journal of Public Health, 62(6), 657-667. https://d
01.0org/10.1007/s00038-017-0963-8

Scannell, L., & Gifford, R. (2017). The experienced psychological benefits of place attach
ment. Journal of Environmental Psychology, 51, 256-269. https://doi.org/10.1016/j.jenv
p-2017.04.001

Schnake-Mahl, A. S., Jahn, J. L., Subramanian, S. V., Waters, M. C., & Arcaya, M. (202
0). Gentrification, neighborhood change, and population health: A systematic review. J
ournal of Urban Health, 97(1), 1-25. https://doi.org/10.1007/s11524-019-00400-1

Shrout, P. E., & Bolger, N. (2002). Mediation in experimental and nonexperimental studie
s: New procedures and recommendations. Psychological Methods, 7(4), 422.

Shuvo, F. K., Feng, X., Akaraci, S., & Astell-Burt, T. (2020). Urban green space and hea
Ith in low and middle-income countries: A critical review. Urban Forestry & Urban
Greening, 52, 126662. https://doi.org/10.1016/j.ufug.2020.126662

Singh A., Daniel L., Baker E., & Bentley R. (2019). Housing disadvantage and poor men
tal health: A systematic review. American journal of preventive medicine, 57(2), 262—
272.

Subiza-Perez, M., Pasanen, T., Ratcliffe, E., Lee, K., Bornioli, A., de Bloom, J., & Korpe
la, K. (2021). Exploring psychological restoration in favorite indoor and outdoor urba
n places using a top-down perspective. Journal of Environmental Psychology, 78, 101
706. https://doi.org/10.1016/j.jenvp.2021.101706

Sugiyama, T., Leslie, E., Giles-Corti, B., & Owen, N. (2008). Associations of neighbourh
ood greenness with physical and mental health: Do walking, social coherence and loc
al social interaction explain the relationships? Journal of Epidemiology and Communit
y Health, 62(5), €9. https://doi.org/10.1136/jech.2007.064287

Swanwick C., Dunnett N., & Woolley H. (2003). Nature, role and value of green space i
n towns and cities: An overview. Built Environment (1978-), 94-106.

Taylor, A. B., MacKinnon, D. P, & Tein, J.-Y. (2008). Tests of the Three-Path Mediated
Effect. Organizational Research Methods, 11(2), 241-269. https://doi.org/10.1177/10944
28107300344

The Lancet. (2022). Ensuring care for people with depression. Lancet, 399(10328), 885. ht
tps://doi.org/10.1016/S0140-6736(21)01149-1

Thompson, S. E. L., Easthope ,Hazel, & and Davison, G. (2024). Including the majority:
Examining the local social interactions of renters in four case study condominiums in

sydney. Journal of Urban Affairs, 46(1), 119-138. https://doi.org/10.1080/07352166.20
22.2045869

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., & Zelson, M. (199
1). Stress recovery during exposure to natural and urban environments. Journal of En
vironmental Psychology, 11(3), 201-230.

United Nations. (2019). World Urbanization Prospects 2018: Highlights.

van den Berg, M. M., van Poppel, M., van Kamp, 1., Ruijsbroek, A., Triguero-Mas, M.,
Gidlow, C., Nieuwenhuijsen, M. J., GrazuleviCiene, R., van Mechelen, W., Kruize, H.,

& Maas, J. (2019). Do Physical Activity, Social Cohesion, and Loneliness Mediate t
he Association Between Time Spent Visiting Green Space and Mental Health? Enviro
nment and Behavior, 51(2), 144-166. https://doi.org/10.1177/0013916517738563



This is an author-produced, peer-reviewed version of this article

Van Den Berg, M., Van Poppel, M., Smith, G., Triguero-Mas, M., Andrusaityte, S., Van
Kamp, 1., Van Mechelen, W., Gidlow, C., Grazulevi¢iene, R., Nieuwenhuijsen, M. J.,
Kruize, H., & Maas, J. (2017). Does time spent on visits to green space mediate the

associations between the level of residential greenness and mental health? Urban For
estry & Urban Greening, 25, 94-102. https://doi.org/10.1016/j.ufug.2017.04.010

Van Den Berg, M., Van Poppel, M., Van Kamp, I., Andrusaityte, S., Balseviciene, B., Cir
ach, M., Danileviciute, A., Ellis, N., Hurst, G., Masterson, D., Smith, G., Triguero-M
as, M., Uzdanaviciute, 1., Wit, P. D., Mechelen, W. V., Gidlow, C., Grazuleviciene,
R., Nieuwenhuijsen, M. J., Kruize, H., & Maas, J. (2016). Visiting green space is as
sociated with mental health and vitality: A cross-sectional study in four european citi
es. Health & Place, 38, 8—15. https://doi.org/10.1016/j.healthplace.2016.01.003

van den Berg, M., Wendel-Vos, W., van Poppel, M., Kemper, H., van Mechelen, W., &
Maas, J. (2015). Health benefits of green spaces in the living environment: A system
atic review of epidemiological studies. In URBAN FORESTRY & URBAN GREENI
NG (Vol. 14, Issue 4, pp. 806-816). ELSEVIER GMBH. https://doi.org/10.1016/j.ufug.
2015.07.008

van den Berg, P. E. W., Liao, B., Gorissen, S., van Wesemael, P. J., V., & Arentze, T.
A. (2022). The Relationship between Walkability and Place Attachment and the Medi
ating Role of Neighborhood-Based Social Interaction. In JOURNAL OF PLANNING
EDUCATION AND RESEARCH. SAGE PUBLICATIONS INC. https://doi.org/10.1177
/0739456X221118101

van den Bosch M., & Meyer-Lindenberg A. (2019). Environmental exposures and depressi
on: Biological mechanisms and epidemiological evidence. Annual review of public he
alth, 40(1), 239-259.

van den Bosch, M., & Sang, A. O. (2017). Urban natural environments as nature-based s
olutions for improved public health—A systematic review of reviews. In ENVIRONM
ENTAL RESEARCH (Vol. 158, pp. 373-384). ACADEMIC PRESS INC ELSEVIER
SCIENCE. https://doi.org/10.1016/j.envres.2017.05.040

Veitch, J., Wang, W. C., Salmon, J., Carver, A., Giles-Corti, B., & Timperio, A. (2018).
Who goes to metropolitan parks? A latent class analysis approach to understanding p
ark visitation. Leisure Sciences, 40(5), Article 5.

Venter, Z. S., Shackleton, C., Faull, A., Lancaster, L., Breetzke, G., & Edelstein, 1. (202
2). Is green space associated with reduced crime? A national-scale study from the gl
obal south. Science of the Total Environment, 825, 154005. https://doi.org/10.1016/j.sc
itotenv.2022.154005

Wang, H.-Q., & Liang, L.-Q. (2022). How do housing prices affect residents’ health? Ne
w evidence from China. Frontiers in Public Health, 9. https://doi.org/10.3389/fpubh.20
21.816372

Wang Q., & Lan Z. (2019). Park green spaces, public health and social inequalities: Und
erstanding the interrelationships for policy implications. Land Use Policy, 83, 66-74.

Wang R., Feng Z., & Pearce J. (2022). Neighbourhood greenspace quantity, quality and s
ocioeconomic inequalities in mental health. Cities, 129, 103815.

Wang, R., Liu, Y., Xue, D., & Helbich, M. (2019). Depressive symptoms among chinese
residents: How are the natural, built, and social environments correlated? BMC Public

Health, 19, 887. https://doi.org/10.1186/s12889-019-7171-9

Wang, R., Xue, D., Liu, Y., Chen, H., & Qiu, Y. (2018). The relationship between urbani
zation and depression in China: The mediating role of neighborhood social capital. In
ternational Journal for Equity in Health, 17, 1-10.

Wang, S., Xie, Z., & Wu, R. (2020). Examining the effects of education level inequality
on energy consumption: Evidence from guangdong province. Journal of Environmental

Management, 269, 110761. https://doi.org/10.1016/j.jenvman.2020.110761



This is an author-produced, peer-reviewed version of this article

Wang, Y., Yang, S., Wang, F., & Liu, Z. (2022). Long-term effects of left-behind experie
nce on adult depression: Social trust as mediating factor. Frontiers in Public Health,
10, 957324. https://doi.org/10.3389/fpubh.2022.957324

Wei, C., Taubenbock, H., & Blaschke, T. (2017). Measuring urban agglomeration using a
city-scale dasymetric population map: A study in the pearl river delta, china. Habitat
International, 59, 32—43. https://doi.org/10.1016/j.habitatint.2016.11.007

Wei Z., Jiejing W., & Bo Q. (2021). Quantity or quality? Exploring the association betwe
en public open space and mental health in urban China. Landscape and Urban Planni
ng, 213, 104128.

Wei Z., Jiejing W., & Bo Q. (2021). Quantity or quality? Exploring the association betwe
en public open space and mental health in urban China. Landscape and Urban Planni
ng, 213, 104128. https://doi.org/10.1016/j.landurbplan.2021.104128

Wilkie, S., & Clements, H. (2018). Further exploration of environment preference and env
ironment type congruence on restoration and perceived restoration potential. Landscap
e and Urban Planning, 170, 314-319. https://doi.org/10.1016/j.landurbplan.2017.04.013

Wolch J., Jerrett M., Reynolds K., McConnell R., Chang R., Dahmann N., Brady K., Gill
iland F., Su J. G., & Berhane K. (2011a). Childhood obesity and proximity to urban
parks and recreational resources: A longitudinal cohort study. Health & place, 17(1),
207-214.

Wolch J., Jerrett M., Reynolds K., McConnell R., Chang R., Dahmann N., Brady K., Gill
iland F., Su J. G., & Berhane K. (2011b). Childhood obesity and proximity to urban
parks and recreational resources: A longitudinal cohort study. Health & place, 17(1),
Article 1.

Wolch, J. R., Byrne, J., & Newell, J. P. (2014a). Urban green space, public health, and e
nvironmental justice: The challenge of making cities ‘just green enough’. LANDSCA
PE AND URBAN PLANNING, 125(SI), Article SI. https://doi.org/10.1016/j.landurbpla
n.2014.01.017

Wolch, J. R., Byrne, J., & Newell, J. P. (2014b). Urban green space, public health, and e
nvironmental justice: The challenge of making cities “just green enough’. LANDSCA
PE AND URBAN PLANNING, 125(SI), 234-244. https://doi.org/10.1016/j.landurbplan.
2014.01.017

Wood, E., Harsant, A., Dallimer, M., Cronin De Chavez, A., McEachan, R. R. C., & Has
sall, C. (2018). Not all green space is created equal: Biodiversity predicts psychologi
cal restorative benefits from urban green space. Frontiers in Psychology, 9, 2320. http
s://doi.org/10.3389/fpsyg.2018.02320

World Health Organization. (2001). The World health report: 2001: Mental health: New u
nderstanding, new hope.

World Health Organization. (2022). World mental health report: Transforming mental healt
h for all.

Wu, C., Du, Y., Li, S., Liu, P, & Ye, X. (2022). Does visual contact with green space i
mpact housing prices? an integrated approach of machine learning and hedonic model
ing based on the perception of green space. Land Use Policy, 115, 106048. https://do
i.org/10.1016/j.landusepol.2022.106048

Wu F. (2015). Planning for growth: Urban and regional planning in China. Routledge.

Wu, L., & Kim, S. K. (2021). Does socioeconomic development lead to more equal distri
bution of green space? Evidence from chinese cities. Science of the Total Environme
nt, 757, 143780. https://doi.org/10.1016/j.scitotenv.2020.143780

Wu, R. (2019). Deciphering the meaning and mechanism of migrants’ and locals’ neighbo
rhood attachment in Chinese cities  Evidence from Guangzhou.

Wu, R., Huang, X., Li, Z., Liu, Y., & Liu, Y. (2019). Deciphering the meaning and mec
hanism of migrants’ and locals’ neighborhood attachment in Chinese cities: Evidence



This is an author-produced, peer-reviewed version of this article

from Guangzhou. In CITIES (Vol. 85, pp. 187-195). ELSEVIER SCI LTD. https://do
i.org/10.1016/j.cities.2018.09.006

Wu, R, Li, Z., Liu, Y., Huang, X., & Liu, Y. (2019). Neighborhood governance in post-r
eform urban china: Place attachment impact on civic engagement in guangzhou. Land

Use Policy, 81, 472-482. https://doi.org/10.1016/j.landusepol.2018.11.019

Wu, W, Tan, W., Wang, R., & Chen, W. Y. (2023). From quantity to quality: Effects of
urban greenness on life satisfaction and social inequality. Landscape and Urban Plann
ing, 238, 104843. https://doi.org/10.1016/j.landurbplan.2023.104843

Xiao, Y., Lu, Y, Guo, Y., & Yuan, Y. (2017). Estimating the willingness to pay for gree
n space services in shanghai: Implications for social equity in urban china. Urban Fo
restry & Urban Greening, 26, 95-103. https://doi.org/10.1016/j.ufug.2017.06.007

Xiao, Y., Miao, S., Sarkar, C., Fan, L., & Li, Z. (2020). Do neighborhood ties matter for

residents’ mental health in affordable housing: Evidence from Guangzhou, China. Cit
ies, 100, 102666. https://doi.org/10.1016/j.cities.2020.102666

Yang, G., Zhao, Y., Xing, H., Fu, Y., Liu, G., Kang, X., & Mai, X. (2020). Understandin
g the changes in spatial fairness of urban greenery using time-series remote sensing i
mages: A case study of guangdong-hong kong-macao greater bay. Science of the Tota
I Environment, 715, 136763. https://doi.org/10.1016/j.scitotenv.2020.136763

Ybarra, O., Burnstein, E., Winkielman, P., Keller, M. C., Manis, M., Chan, E., & Rodrig
uez, J. (2008). Mental exercising through simple socializing: Social interaction promot
es general cognitive functioning. Personality and Social Psychology Bulletin, 34(2), 2
48-259. https://doi.org/10.1177/0146167207310454

Yu, S., Hu, S., Ren, Y., Xu, H., & Song, W. (2024). Leverage effect of new-built green
spaces on housing prices in a rapidly urbanizing chinese city: Regional disparities, i
mpact periodicity, and park size. Land, 13(10), Article 10. https://doi.org/10.3390/land
13101663

Yu, S., Zhu, X., & He, Q. (2020). An assessment of urban park access using house-level
data in urban china: Through the lens of social equity. International Journal of Envir
onmental Research and Public Health, 17(7), 2349. https://doi.org/10.3390/ijerph170723
49

Yuzhen, Z., Jie, W., Yang, C., & Jianping, Y. (2021). An assessment of urban parks distri
bution from multiple dimensions at the community level: A case study of Beijing. E
NVIRONMENTAL IMPACT ASSESSMENT REVIEW, 91, 106663. https://doi.org/10.1
016/j.e1ar.2021.106663

Zeng, W., Rees, P., & Xiang, L. (2019). Do residents of Affordable Housing Communitie
s in China suffer from relative accessibility deprivation? A case study of Nanjing. In
CITIES (Vol. 90, pp. 141-156). ELSEVIER SCI LTD. https://doi.org/10.1016/j.cities.2
019.01.038

Zhai H., Yao J., Wang G., & Tang X. (2022). Study of the effect of vegetation on reduc
ing atmospheric pollution particles. Remote Sensing, 14(5), 1255.

Zhang, H.-L., Padullés Cubino, J., Nizamani, M. M., Harris, A., Cheng, X.-L., Da, L., Su
n, Z., & Wang, H.-F. (2022). Wealth and land use drive the distribution of urban gre
en space in the tropical coastal city of haikou, china. Urban Forestry & Urban Green
ing, 71, 127554. https://doi.org/10.1016/j.ufug.2022.127554

Zhang, J. (2023). Inequalities in the quality and proximity of green space exposure are m
ore pronounced than in quantity aspect: Evidence from a rapidly urbanizing chinese ¢
ity. Urban Forestry & Urban Greening, 79, 127811. https://doi.org/10.1016/j.ufug.2022.
127811

Zhang L., Tan P. Y., & Richards D. (2021). Relative importance of quantitative and qualit
ative aspects of urban green spaces in promoting health. Landscape and urban planni
ng, 213, 104131.



This is an author-produced, peer-reviewed version of this article

Zhang, R., Peng, S., Sun, F., Deng, L., & Che, Y. (2022). Assessing the social equity of
urban parks: An improved index integrating multiple quality dimensions and service a
ccessibility. Cities, 129, 103839. https://doi.org/10.1016/j.cities.2022.103839

Zhang, W., Qiu, S., Lin, Z., Chen, Z., Yang, Y., Lin, J., & Li, S. (2025). Assessing the i
nfluence of green space morphological spatial pattern on urban waterlogging: A case
study of a highly-urbanized city. Environmental Research, 266, 120561. https://doi.org/
10.1016/j.envres.2024.120561

Zhang, Y., Van Dijk, T., Tang, J., & Berg, A. (2015). Green space attachment and health:

A comparative study in two urban neighborhoods. International Journal of Environm
ental Research and Public Health, 12(11), 14342-14363. https://doi.org/10.3390/ijerphl
21114342

Zhu, Y., Breitung, W., & Li, S. (2012). The Changing Meaning of Neighbourhood Attach

ment in Chinese Commodity Housing Estates: Evidence from Guangzhou. In URBAN
STUDIES (Vol. 49, Issue 11, pp. 2439-2457). SAGE PUBLICATIONS LTD. https://
doi.org/10.1177/0042098011427188

Zhu, P., Guo, Y., & Maghelal, P. (2025). Does telecommuting influence homeownership a
nd housing choice? Evidence based on pre-pandemic data. Housing

Studies, 40(3), 610-647. https://doi.org/10.1080/02673037.2023.2277769.

Zhu, P, Li, J.,, & Wang, Z. (2025). Identifying functional agglomerations and urban center
s using open-source data and machine learning: Framework,

applications and planning implications. Journal of Urban Management, S222658562500049
4.. https://doi.org/10.1016/j.jum.2025.04.004.

Zhu, P, & Zhang, Y. (2008). Demand for urban forests in United States cities. Landscape
and Urban Planning, 84(3-4), 293-300. https://doi.org/10.1016/j.1a

ndurbplan.2007.09.005.



	1.  Introduction
	2. Literature review and theoretical framework
	2.1. UGS and mental health
	2.2. Mediating mechanisms underlying the relation between urban greenery and mental health
	2.2.1 Neighborhood ties
	2.2.2  Place attachment

	2.3. Moderators of the relationship between urban greenery and mental health
	2.3.1 Housing prices
	2.3.2 Home ownership


	3. Materials and methods
	3.1. Research area
	3.2. Survey instrument
	3.3.  Measures
	3.3.1. Dependent variable: Mental health
	3.3.2. Independent variable: Urban greenery
	3.3.3. Mediators: Neighborhood ties & place attachment
	3.3.4. Moderators: Housing prices & home ownership
	3.3.5. Socio-economic factors

	3.4. Methods
	3.4.1. LISA analysis
	3.4.2. Mediated-moderated analysis


	4. Results
	4.1 Spatial pattern between housing prices and UGS
	4.2. Hypotheses analysis
	4.2.1. Association between urban greenery and mental health
	4.2.2. The mediation effect of neighborhood ties and place attachment
	4.2.3. The moderating effect of housing prices
	4.2.4. Mental health: Homeowners vs. renters


	5. Discussion
	5.1 How does urban greenery quality matter more to mental health than its quantity?
	5.2 How do housing prices and ownership factor into the association between urban greenery quality or quantity and mental health?
	5.3 Implications for community planning policy and design
	5.4 Limitations and future studies

	6. Conclusion

