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As a crucial component of urban green space (UGS), urban parks have been
found to be closely associated with the health of urban residents. Drawing on
a large-scale survey, “International First-class Harmonious and Livable Capital”,
in Beijing conducted in 2018, this paper examines the impact of subjective
and objective characteristics of UGS on residents’ self-rated health (SRH) by
using a binary logistic regression model. The results indicate that the overall
SRH status of urban residents in Beijing is relatively good, with 73.8% of the
respondents reporting good SRH. The perceived quality of UGS and objectively
measured accessibility to UGS are positively associated with residents’ SRH, but
the subjective indicator of UGS has a greater impact on SRH than the objective
indicator of UGS. In terms of influencing mechanisms, social interaction and
air quality perception were the two major mediators of UGS that affected
residents’ SRH. The heterogeneity analysis suggests that objective accessibility
to different types of urban parks has mixed effects on residents’ SRH. Access to
high-quality parks is positively associated with residents’ SRH, whereas access
to common parks has a negative impact on residents’ SRH. Our findings provide
important policy implications for optimizing urban park design and improving
the quality of urban park provision according to human needs in the Beijing
Metropolitan Area.

KEYWORDS

urban green space, self-rated health, influencing mechanism, binary logistic model,
Beijing

Introduction

Urbanization is advancing rapidly worldwide, with more than 60% of the global
population living in cities. However, rapid, extensive urbanization in some developing
countries such as China has been accompanied by serious environmental pollution and
a high incidence of chronic diseases (1, 2). Since Healthy China 2030 was proposed
in 2016 by the Chinese government, public health concerns have received widespread
attention from interdisciplinary scholars (3). Most health studies have focused on either
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objective health (i.e. mortality and morbidity due to various
diseases) or subjective health (i.e. self-rated health [SRH]) (4, 5).
More recently, a growing body of health studies has considered
SRH a useful measurement indicator of public health because
of data availability at a fine spatial scale and its satisfactory
prediction of mortality (6).

The factors that influence individuals” health in the research
community comprise both intrinsic and extrinsic factors.
Intrinsic factors are some physiological factors and behaviors,
for example, daily health behaviors and genetic factors that
are potential determinants affecting individuals’ health. For
instance, health behaviors such as individual dietary habits
and physical activity may directly affect human health (7).
Health tends to vary according to individuals’ behavior and
socioeconomic status (8). External factors such as the natural
environment, social capital, level of economic development,
and the built environment are also associated with health
and can be broadly classified into three levels. At the
macro level, factors such as urbanization level, socioeconomic
development level, and availability of medical facilities exert
To
build a healthy city, the residential environment is also of

different degrees of impact on residents’ health (9).

substantial concern in recent health-related research at the meso
level (10). Evidence has suggested that neighborhood social
capital, community cohesion, and perceived neighborhood
deprivation play important roles in determining the physical and
psychological health of residents (11, 12). Other scholars have
focused on health at the micro level and analyzed the effect of
environmental exposure on residents’ health through individual
spatiotemporal behaviors, such as residents’ travel mode and
commuting time (13). However, most health-related studies at
the micro level have been conducted in developed countries,
such as the United States and the United Kingdom (14, 15),
and there has been scant research on the association between
individuals’ residential environments and their health in China.

Urban green space (UGS) is green infrastructure, namely,
for example, urban parks, urban forests, public green spaces,
school playgrounds, public rest areas, city squares, and vacant
lots (16), among which urban parks are one of the most
critical components and are widely used by nearby residents.
In recent years, urban construction land has expanded rapidly
due to rapid urbanization, especially in developing countries
(17), encroaching on natural resources and ecological land
within the city limits. The continuous reduction of UGS, has
increased the incidence of various mental illnesses and chronic
diseases (18, 19). With the increasing human demand and
numerous health benefits of green spaces, UGS has also become
an emerging research focus in health studies. However, most of
the urban greenery and health literature has been conducted in
the western context on relatively low-density cities, and their
findings cannot be generalized to Chinese cities that have a
higher population density.
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UGS provides a wide variety of social, economic, and
(20, 21). Existing health-related
studies have found that UGS is positively associated with

environmental benefits

residents’ health through various mechanisms in the physical,
psychological, and social dimensions (22). The typical theories
linking UGS and health are stress reduction theory and
attention restoration theory (23, 24), and the health effects
of UGS are mainly composed of three mediated paths (21).
The first mediated path is the reduction of environmental
stress, which means that UGS can effectively mitigate the
harmful impact of air pollution, noise pollution, and other
types of deleterious environmental exposures in the living
environment (25). The second mediated path is restoring
capacity, which shows that UGS can relieve residents’ physical
and psychological stress and restore their attention, reducing
the prevalence of chronic diseases (26). The third mediated
path is building capacity, through which UGS can improve
the living environment for physical exercise and thus enhance
residents’ physical fitness (27). Additionally, UGS, considered
a high-quality social activity space, can also promote social
interaction, which enhances residents’ social well-being and
mental health (28). Although burgeoning literature has focused
on the relationship between UGS and residents’ health,
few studies have examined the impact of both objectively
measured access to UGS and the perceived quality of UGS on
residents’ SRH.

Research has provided evidence of the UGS-health
association. However, most of the health-related literature
has measured UGS only from an objective perspective, such
as the quantity and accessibility of UGS (29). Widely used
accessibility measurement methods are, for example, the buffer
zone method, shortest distance method, Gaussian two-step
floating catchment area method, and gravity model method
(30, 31). However, evidence showed that proximity to UGS
has a mixed effect on residents’ health. For instance, some
studies have found that the increasing quantity of UGS near
the residence tends to relieve residents’ psychological stress and
thus promote their mental health (32); other studies have found
a negative association between UGS and residents” health after
controlling for their individual characteristics (33). This is in
part due to the fact that there are limitations to only consider
the quantity or accessability of the UGS while neglecting
their quality. Numerous previous studies have reported the
varied health enhancing effects of the UGS among diffent
types of urban parks (e.g., size and quality) (34, 35). Another
possible reason for the inconsistent results may be induced by
spatial mismatch between the distribution of UGS and local
residents’ real needs (36), because utilizing only objectively
measured accessibility to UGS may ignore the actual needs
of residents related to UGS. Therefore, examining residents’
perceived quality of UGS from an environmental psychological
perspective is necessary.
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Research framework for the association between UGS and residents’

SRH.

With  the
development, the relationship between individuals’ perceptions

popularity of individual-centered urban
of UGS and their health has received increasing attention,
and the
widely wused. Perceived accessibility generally refers

concept of perceived accessibility has been
to
an individual’s subjective perception of and satisfaction
with the accessibility to public facilities in the physical
environment (37), indicating a comprehensive understanding
of objective accessibility, quality, and other use processes
of the UGS. Although both objective and
characteristics of UGS could potentially affect residents’
actual use behavior of UGS and further affect their health

(38), few studies have focused on the impact of both

subjective

subjective and objective measurement indicators of UGS
on residents’ health.

In filling these research gaps, exploring the association
between UGS and residents’ SRH using both subjective and
objective perspectives is necessary. As an influential component
of UGS, urban parks have a close relationship with residents’
daily lives and health. Thus, exploring the impact and influence
mechanisms of urban parks on residents’ health to promote
the construction of UGS as well as sustainable and healthy
urban development is important. Drawing on a large-scale
questionnaire survey, “International First-class Harmonious
and Livable Capital”, conducted in Beijing in 2018, this
study combined both objective accessibility indicators and
subjective perceptions of UGS to examine the relationship
between UGS and urban residents’ SRH in Beijing using a
binary logistic regression model while controlling for residents’
socioeconomic attributes.

More specifically, the objectives of this study are to (1)
compare the impact intensity of both objectively and subjectively
measured indicators of UGS in influencing residents’ SRH; (2)
explore the mediating paths through which UGS affects the SRH
of urban residents; and (3) examine the heterogeneous effects of
different types of urban parks on residents’ SRH. Our findings
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provide policy insights into optimizing the allocation of UGS
and improving human health through improved UGS provision.

Materials and methods

Research framework

As shown in Figure 1, this study takes Beijing as a case
study and constructs a research framework for examining the
impact of UGS on residents SRH from both objective and
subjective perspectives, in which subjective perceptions of UGS
reflect respondents’ satisfaction with UGS quality and objective
UGS accessibility (distance from the respondents’ residence to
the nearest urban park). By referring to the literature (21) and
considering data availability, this study focuses primarily on the
mediating mechanisms of both social interaction and air quality
for UGS in influencing residents SRH, and socioeconomic
characteristics are also included as control variables in the
analytical framework (34).Since high-quality parks generally
provide healthier and more enjoyable environmental elements
than common parks, thus the heterogenous effects of different
types of urban parks (e.g., high-quality parks and common
parks) on residents’ SRH is also considered in our study.

Study area and data sources

The
Harmonious and Livable Capital” was conducted in the urban

questionnaire survey “International First-class
areas in Beijing in April 2018. It was performed by the Institute
of Geographic Sciences and Natural Resource Research of the
Chinese Academy of Sciences and covered 184 streets within the
sixth ring road. Surveyed respondents were randomly selected
from the streets with support from the local community council,
and a face-to-face questionnaire survey was conducted with

trained investigators. Because our survey covered many streets,

frontiersin.org


https://doi.org/10.3389/fpubh.2022.999970
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhan et al.
N
.
‘
Legend
°  Sample Points
Major Ring Road -
.
% Tian 'anmen Square [ 5 10 km
Subdistricts
FIGURE 2
Spatial distribution of study area and surveyed respondents in
Beijing.

it is representative of all types of urban residents perceived
living environment quality and SRH in Beijing. The spatial
distribution of the study area and the surveyed respondents are
shown in Figure 2.

The survey covered seven dimensions of living environment
quality (urban safety, life convenience, comfort of the natural
environment, comfort of the human environment, convenient
transport, openness and innovation, and urban management)
and respondents’ socioeconomic characteristics such as
age, gender, marital status, educational attainment, annual
household income, car ownership, household registration, and
occupation type. The survey also included residents’ SRH and
perceived quality of the park near the residential area. At the
same time, in order to explore the mediating role of social
interaction and air quality in the process of park affecting
residents’ health, we also investigated respondents’ satisfaction
with these two items.Our survey also collected the geographic
coordinates of respondents’ residences, with the support of
a location-based service, which can be applied to accurately
identify respondents’ accessibility to UGS. The total number
of questionnaires obtained in our survey was 10,651. After
removing questionnaires with missing data, we finally have

10,011 effective surveys, with an effective rate of 93.99%.

Variables

Self-rated health

SRH is a widely used indicator of public health because of
its easy availability in large-scale surveys (39) and its importance
in predicting mortality (40). Hence, SRH was measured using
a five-point Likert scale to assess the overall perceived physical
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and psychological health of the respondents in this study. All
respondents were asked, “How do you feel about your health
compared with your peers?” The response items comprised five
options related to residents’ health: “very good”, “good”, “fair”,
“bad”, and “very bad”. To avoid the potential bias caused by
sparse data (41), the original five-point Likert scale data were
dichotomised into good SRH (i.e. “very good” and “good”) and
poor SRH (i.e. “fair”, “bad”, “very bad”). In our model, good SRH
was coded as 1, and poor SRH was coded as 0.

Indicators of urban green space

In this study, UGS indicators comprised objective and
subjective aspects (42). Because urban parks are a typical
UGS closely related to residents’ daily lives, this study selected
urban parks as a proxy variable for UGS and examined 384
registered parks in the urban areas of Beijing. The objective
indicator of UGS, focusing on its accessibility, was defined as
the shortest distance to the UGS, measuring the spatial distance
obstacle from a person’s residence to the nearest park. Notably,
objectively measured accessibility was an inverse index, where
a shorter distance indicated higher accessibility. Because urban
parks are daily recreational spaces for residents and essential
green infrastructure in the city, most urban parks are located
within 1 km of residential areas, leading to a low travel resistance
for urban residents to nearby urban parks. The minimum
distance method is suitable for measuring accessibility to a
UGS (Nielsen and Hansen, 2007). For the subjective indicator
of UGS, we used a special question in the questionnaire to
measure participants perceived quality of UGSs. The question
uses a five-point Likert scale, and the respondents were asked,
“How satisfied are you with your surrounding parks and UGS?”
The response items comprised “very dissatisfied”, “dissatisfied”,

» <«

“average”, “satisfied” and “very satisfied”, and their values were 1

to 5 points, respectively.

Mediator variables

In this study, social interaction and air quality were used
as mediator variables, both of which were measured through
respondents’ perceived evaluations of living environment
quality. In terms of social interaction, respondents were asked,
“How satisfied are you with your social interactions in the
community?” As for air quality, respondents were asked, “How
satisfied are you with the air quality around your residential
area?” For both survey questions, response items such as

» «

“strongly dissatisfied”, “dissatisfied”, “fair”, “satisfied”, and “very

satisfied” were assigned a score from 1 to 5, respectively.

Socioeconomic characteristics
The control variables in this study were the socioeconomic
characteristics of the respondents, such as age, gender, marital

frontiersin.org
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TABLE 1 Descriptive statistics of all variables.

Variables Definition Mean S.D. Min. Max.
SRH Self-rated health 3.928 0.738 1 5
Perceived quality of UGS Respondents’ subjective perception of UGS quality 3.982 0.703 1 5
Accessibility to UGS Distance to the nearest urban park from the respondents’ residence 1.373 1.084 0.024 8.656
Accessibility to high-quality park Distance from the respondents’ residence to the nearest urban 2.778 2.612 0.066 15.16

high-quality park
Accessibility to common park Distance from the respondents’ residence to the nearest urban 1.817 1.235 0.024 8.656

common park

Mediating variables
Social interaction Satisfaction with social interactions in the community 3.849 0.680 1 5
Air quality Satisfaction with air quality around the residential area 3.342 0.904 1 5

Socioeconomic characteristicss

DisCBD Distance to city center 15.210 8.150 0.694 40.36
Male Dummy: 1 = Male, 0 = else 0.480 0.500 0 1
Female Dummy: 1 = Female, 0 = else 0.520 0.500 0 1
Age 1 Dummy: 1 = Under 20 years old, 0 = else 0.040 0.197 0 1
Age2 Dummy: 1 = 20-29 years old, 0 = else 0.189 0.391 0 1
Age 3 Dummy: 1 = 30-39 years old, 0 = else 0.237 0.425 0 1
Age 4 Dummy: 1 = 40-49 years old, 0 = else 0.182 0.386 0 1
Age 5 Dummy: 1 = 50-59 years old, 0 = else 0.169 0.374 0 1
Age 6 Dummy: 1 = 60-69 years old, 0 = else 0.143 0.350 0 1
Age7 Dummy: 1 = 70 years and above, 0 = else 0.040 0.195 0 1
Married Dummy: 1 = Married, 0 = else 0.765 0.424 0 1
Unmarried Dummy: 1 = Unmarried, 0 = else 0.235 0.424 0 1
Edul Dummy: 1 = Middle school and below, 0 = else 0.165 0.371 0 1
Edu2 Dummy: 1 = High School, 0 = else 0.299 0.458 0 1
Edu3 Dummy: 1 = College, 0 = else 0.284 0.451 0 1
Edu 4 Dummy: 1 = University, 0 = else 0.201 0.401 0 1
Edu5 Dummy: 1 = Graduate student and above, 0 = else 0.051 0.220 0 1
Occupation 1 Dummy: 1 = State-owned enterprises, 0 = else 0.156 0.363 0 1
Occupation 2 Dummy: 1 = Non-state-owned enterprises, 0 = else 0.844 0.363 0 1
Income 1 Dummy: 1 = Below 30,000 CNY, 0 = else 0.055 0.228 0 1
Income 2 Dummy: 1 = 30,000-50,000 CNY, 0 = else 0.087 0.282 0 1
Income 3 Dummy: 1 = 50,000-100,000 CNY, 0 = else 0.188 0.390 0 1
Income 4 Dummy: 1 = 100,000-200,000 CNY, 0 = else 0.502 0.500 0 1
Income 5 Dummy: 1 = 200,000-300,000 CNY, 0 = else 0.111 0.315 0 1
Income 6 Dummy: 1 = 300,000-500,000 CNY, 0 = else 0.039 0.195 0 1
Income 7 Dummy: 1 = 500,000-1,000,000 CNY, 0 = else 0.015 0.120 0 1
Income 8 Dummy: 1 = Above 1,000,000 CNY, 0 = else 0.002 0.045 0 1
Car1 Dummy: 1 = Owning at least one car, 0 = else 0.531 0.499 0 1
Car 2 Dummy: 1 = Owning no car, 0 = else 0.469 0.499 0 1
Hukou 1 Dummy: 1 = Beijing Hukou, 0 = else 0.681 0.466 0 1
Hukou 2 Dummy: 1 = Non-Beijing Hukou, 0 = else 0.319 0.466 0 1
status, educational attainment, annual household income, residence was also controlled, which can reflect residents’
car ownership, household registration, and occupation residential location. Table I lists descriptive statistics of
type. The distance to the city center from the respondents all variables.
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Research method

In this study, a binary logistic regression model was used
to examine the effects of UGS on urban residents SRH in
Beijing. First, the subjective indicator (respondents’ perceived
UGS quality) was included in the model as the key explanatory
variable (Model 1a). Second, the objective indicator of UGS,
measured by accessibility (the distance to the nearest urban
park from the respondent’s residence), was included as the key
explanatory variable in the model (Model 1b). Finally, both
accessibility to UGS and residents’ perceptions of UGS were
included in the model (Model 1c), to test the joint effect of the
subjective and objective measures of UGS on individuals’ SRH.

The control variables were the distance to the city center
and repondents’ socioeconomic characteristics, such as gender,
age, marital status, educational attainment, occupation type,
total annual household income, car ownership, and hukou. The
logistic regression model equation is as follows:

. P
LogitP =Ln| —— ) =
1-P

where P denotes Y = 1, the probability of occurrence of
0, the
probability of occurrence of respondents with poor SRH; o is

o+ Bixi + By

respondents having good SRH; 1-P denotes Y =

the intercept; x; and S; are UGS variables and the corresponding
regression coefficients; Xj and ﬂj are control variables and the
corresponding regression coefficients.

Results

Socioeconomic characteristics and
self-rated health outcome of
respondents

Table 2 and

socioeconomic characteristics. The respondents were mainly

summarizes respondents demographic
young and middle-aged (20-49 years old): these two groups
accounted for approximately 60% of all respondents. The gender
of the respondents showed little difference: male and female
respondents accounted for 47.9 and 52.1%, respectively. The
percentage of married and unmarried respondents was 76.5 and
23.5%, respectively. In terms of educational attainment, 53.6%
had a college education or above, indicating high educational
attainment among the respondents. Regarding occupation
type, 15.6% of respondents worked in state-owned enterprises.
Additionally, 66.9% of the respondents reported an annual
household income of 100,000 CNY or above, and 53.1% of
the respondents had private cars. Residents of Beijing with
hukou accounted for 68.1% of the respondents, and 31.9%
of the respondents were migrants. Overall, the demographic
and socioeconomic characteristics of the respondents in our
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TABLE 2 Demographic and socioeconomic characteristics of
respondents.

Factors Percentage Factors Percentage
%) (%)

Gender Occupation type

Male 47.9 State-owned enterprises 15.6

Female 52.1 Non-state-owned enterprises 84.4

Age Household income

<20 years old 4.0 <30,000 CNY 5.5

20-29 years old 18.9 30,000-50,000 CNY 8.7

30-39 years old 237 50,000-100,000 CNY 18.8

40-49 years old 18.2 100,000-200,000 CNY 50.2

50-59 years old 16.9 200,000-300,000 CNY 11.1

60-69 years old 14.3 300,000-500,000 CNY 3.9

>70 years old 4.0 500,000-1,000,000 CNY 1.5

Marriage status >1,000,000 CNY 0.2

Married 76.5 Car ownership

Unmarried 23.5 Yes 53.1

Education No 46.9

Middle school 16.5 Household registration

and below

High school 29.9 Beijing Hukou 68.1

College 28.4 Non-Beijing Hukou 31.9

University 20.1

Graduate student 5.1

and above

investigation are similar to the characteristics of the general
population in Beijing.

Figure 3 shows the spatial distribution of the respondents’
SRH outcomes. According to the descriptive statistics of
participants’ SRH, the mean score of their SRH is 3.93 with a
standard deviation of 0.703, indicating that urban residents in
Beijing generally have good SRH. After the original SRH variable
was dichotomised, 73.8% of respondents had good SRH and
26.2% had poor SRH.

Objective and subjective characteristic of
urban green space attributes

Table 3 shows the descriptive statistics of participants’
perceived quality of and accessibility to UGS. Their average
distances to the nearest UGS, such as all urban parks, high-
quality parks, and common parks, are 1.37, 2.78, and 1.82 km,
respectively. The mean score of respondents’ perceived quality
of the UGS was 3.98, suggesting that they were generally satisfied
with the UGS in Beijing.
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Spatial distribution of SRH among respondents.

TABLE 3 Descriptive statistic of perceived quality and accessibility to
UGS.

Variables Mean St. Dev.
Perceived quality of UGS 3.98 points 0.703
Accessibility to UGS 1.37km 1.084
Accessibility to high-quality park 2.78km 2,612
Accessibility to common park 1.82km 1.235

Impacts of urban green space on
residents’ self-rated health

A binary logistic regression model was used to examine
the effect of UGS on participants’ SRH. In order to compare
the effects of influencing factors, all explanatory variables were
standardized before being introduced into the model. The results
of the multicollinearity test showed that the variance inflation
factor (VIF) values of all independent variables were below 5,
indicating that multicollinearity is not a problem. The results
of the regression model are shown in Table 4. Model 1a shows
the relationship between the perceived quality of UGS and
respondents’ SRH from a subjective perspective. The odds of
participants reporting good SRH is positively associated with
their perceived quality of UGS, with regression coeflicients
and odds ratios of 0.329 and 1.390, indicating that a one-unit
increase in participants satisfaction with the surrounding parks
and UGSs increases the odds of reporting good SRH by 39.0%.
Model 1b shows the relationship between accessibility to UGS
and participants’ SRH from an objective perspective. The odds of
respondents reporting good SRH are positively associated with
accessibility to UGS, with coefficients and odds ratios of 0.049
and 1.050, respectively, indicating that the odds of participants
reporting good SRH increase by 5.0% for each unit increase in
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distance to the nearest urban park. Model 1¢ shows the effects of
the perceived quality of UGS and accessibility of UGS on SRH
from a combined subjective and objective perspective. Despite
the smaller regression coefficient in Model 1c, both perceived
quality of UGS and accessibility to UGS exerted significant and
positive effects on the odds of reporting good SRH among
respondents, with odds ratios of 1.389 and 1.048, respectively.
By contrast, the impact intensity of perceived quality of UGS
on participants’ SRH is much greater than that of accessibility
to UGS.

In addition, the results of Model 1c show that some
socioeconomic attributes are also associated with respondents’
SRH. Middle-aged and elderly residents had lower odds of
reporting good SRH than residents aged under 20 years.
Respondents with a graduate education or above had a poorer
SRH than residents with a below middle school education, with
a 31.7% lower odds ratio reporting good SRH. Residents with
a higher annual household income had better SRH than the
reference group with annual household income below 30,000
CNY, with the odds ratio ranging from 1.565 in the 300,000
500,000 CNY group to 2.835 in the 500,000-1,000,000 CNY
group. Regarding household registration, respondents with a
Beijing hukou had worse SRH than non-hukou residents, with
a 31.4% decrease in the odds of residents reporting good SRH.

To explore the specific influencing mechanisms of the effects
of UGS on respondents’ SRH, social interaction and air quality
were added as mediating variables in the model. The results are
shown in Table 5. Models 2a and 2b examine the effects of the
subjective and objective indicators of UGS on the mediating
variables of social interaction and air quality, which are also
new dependent variables. The modeling results showed that
respondents’ perceived quality of UGS was significantly and
positively associated with social interaction and air quality, with
regression coefficients of 0.433 and 0.561, respectively. However,
accessibility to UGS was positively associated only with air
quality, with a regression coefficient of 0.203.

Model 2c¢ included two mediating variables, social
interaction and air quality, in the regression analysis based on
the baseline model. The results showed that social interaction
and air quality were significantly and positively associated with
residents’ SRH, with regression coefficients of 0.060 and 0.196,
respectively. The mediating analysis results reveal that social
interaction and air quality are important mediator variables
for the UGS effect on respondents SRH, and UGS affects
respondents’ SRH directly or indirectly by increasing their
satisfaction with social interaction and air quality.

Heterogeneity effects of types of urban
green space

Following the high-quality parks rating standard issued
in Beijing, local authorities have differentiated urban parks
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TABLE 4 Regression model results of the association between UGS and respondents’ SRH.

10.3389/fpubh.2022.999970

Model 1a Model 1b Model 1c
Variables Coeflicient OR S.E. Coeflicient OR S.E. Coeflicient OR S.E.
Perceived quality of UGS 0.329% 1.390 0.046 0.329%*+ 1.389 0.046
Accessibility to UGS 0.049** 1.050 0.024 0.047** 1.048 0.024
DisCBD 0.036 1.036 0.038 0.013 1.013 0.037 0.028 1.029 0.038
Male 0.075 1.078 0.051 0.081* 1.084 0.051 0.074 1.077 0.051
Age 1 Reference Reference Reference
Age 2 —0.463** 0.629 0.104 —0.479*+ 0.619 0.102 —0.464%** 0.629 0.104
Age3 —0.467 0.627 0.108 —0.502* 0.606 0.104 —0.467°* 0.627 0.108
Age 4 —0.694* 0.499 0.086 —0.714% 0.490 0.084 —0.692°** 0.500 0.087
Age5 —0.789* 0.454 0.079 —0.832% 0.435 0.075 —0.791°+* 0.453 0.079
Age 6 —1.313% 0.269 0.047 —1.363* 0.256 0.044 —1.308**+ 0.270 0.047
Age7 —1.406* 0.245 0.047 —1.511% 0.221 0.042 —1.400%* 0.247 0.048
Married —0.020 0.981 0.074 —0.028 0.972 0.073 —0.023 0.978 0.074
Edu 2 —0.028 0.973 0.070 —0.014 0.986 0.070 —0.024 0.976 0.070
Edu 3 0.101 1.106 0.091 0.113 1.120 0.091 0.102 1.108 0.092
Edu 4 —0.049 0.952 0.093 —0.032 0.969 0.094 —0.045 0.956 0.093
Edu 5 —0.383* 0.682 0.098 —0.410% 0.664 0.095 —0.382%** 0.683 0.098
Occupation type 2 —0.082 0.921 0.063 —0.055 0.947 0.065 —0.076 0.927 0.064
Income 2 0482+ 1.620 0.192 0.461* 1.585 0.186 0484+ 1.622 0.192
Income 3 0.724*+ 2.062 0.220 0.710%* 2.033 0.215 0.725%* 2.064 0.220
Income 4 0.718* 2.051 0.235 0.714% 2.042 0.232 0723+ 2.060 0.236
Income 5 0.945%+ 2.574 0.354 0,948+ 2.581 0.354 0,954+ 2.596 0.357
Income 6 1.042%%¢ 2.835 0.499 1.019%* 2.770 0.485 1.058*%* 2.879 0.508
Income 7 0.448* 1.565 0.353 0.459* 1.582 0.355 0.457* 1.579 0.357
Income 8 —0.001 0.999 0.485 —0.085 0.919 0.441 0.013 1.013 0.492
Car1 —0.079 0.924 0.068 —0.083 0.920 0.067 —0.085 0.918 0.067
hukou 1 —0.377 0.686 0.038 —0.378** 0.685 0.038 —0.377 0.686 0.038
"p < 0.01,"p < 0.05, "p < 0.1; reference groups are Age 1, unmarried, edu 1, Occupation type 1, income 1, car 2, and hukou 2.
TABLE 5 Mediating effect of the association between UGS and respondents’ SRH.
Model 2a Model 2b Model 2¢
Social interaction Air quality SRH

Coeflicient OR Std. Err. Coefficient OR Std. Err. Coeflicient OR Std. Err.
Social interaction 0.060* 1.062 0.036
Air quality 0.196*** 1216 0.028
Perceived quality of UGS 0.433%+ 1.542 0.085 0.561+ 1.753 0.167 0.269%** 1.309 0.036
Accessibility to UGS 0.026 1.026 0.075 0.203* 1.225 0.114 0.044 1.044 0.022
Covariates controlled controlled controlled
“p<0.01,"p <005 p<0.l
into high-quality parks and common parks based on a set of ratio among the visitors that exceeds 90%; (3) the loess in the
criteria since 2002, such as planning and construction, greening park is not open to air; (4) neat, standardized signage; two-star
and maintenance, supporting facilities, and order maintenance. or higher toilets; (5) no advertising umbrellas or other facilities
Specifically, high-quality parks must fulfill the following criteria: that hinder the landscape; (6) no stagnant water, dirt, spitting,
(1) a park green space cover rate of over 70%; (2) a satisfaction or cigarette butts; no vending stalls within 50 m of the park
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TABLE 6 Heterogeneous effects of urban park types on respondents’ SRH.

Model 3a Park type = high-quality parks
Dependent variable: SRH

Coefficient OR Std. Err.
Perceived quality of UGS 0.377*** 1.458 0.046
Accessibility to UGS 0.085*** 1.089 0.028
Covariates controlled

"p <0.01,"p <0.05 p <0.1.

entrance; (7) good order in the park; (8) no major complaints or
safety accidents. High-quality parks generally provide healthier
and more liveable environmental elements than common parks.

To examine the heterogeneous effects of types of urban
parks on respondents’ SRH, we differentiated urban parks into
high-quality and common parks for further analysis. Table 6
shows the model results for high-quality parks (Model 3a)
and common parks (Model 3b). The results of Model 3a
show that the accessibility to UGS for high-quality parks is
significantly and positively associated with respondents’ SRH,
with a regression coefficient of 0.085, indicating that the odds
of reporting good SRH increase by 8.9% when the distance to a
high-quality park increases by one unit for residents. The results
of Model 3b show that accessibility to UGS for common parks is
negatively associated with respondents’ SRH, with a regression
coefficient of —0.057, indicating that the odds of residents
reporting good SRH decreases by 5.6% when the distance to
common parks increases by one unit.

Discussion

Main findings and contributions to
existing work

This study explored the relationship between UGS and
respondents’ SRH using data collected in a large-scale survey in
Beijing: the International First-class Harmonious and Liveable
Capital. Our study contributes to the literature on UGS and
health in at least three aspects. First, we combine the objective
and subjective characteristics of UGS in the research framework.
Second, mediating mechanisms such as social interaction and
air quality between the UGS and residents’ health are examined.
Finally, our study adds new empirical evidence on the health
impacts of UGS in developing countries with rapid urbanization,
using Beijing as a case study.

Our study found that the mean value of respondents’ SRH
in Beijing was 3.93 and 73.8% of residents reported good SRH,
indicating that the overall SRH of urban residents in Beijing
was good. This finding is similar to that in many studies (43):
Beijing, the capital of China, has many beneficial conditions
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Model 3b Park type = common parks
Dependent variable: SRH

Coefficient OR Std. Err.
0.3754%* 1.455 0.046
—0.057* 0.944 0.028

controlled

such as a high level of economic development, satisfactory
medical facilities, and conveniently access to UGS. In addition,
urban residents in Beijing, characterized by good education in
general, have a healthy lifestyle and good health knowledge,
which contribute to their reporting a good SRH.

The binary logistic regression model results indicated
that the perceived quality of UGS was positively associated
with respondents’ SRH. This finding occurs because residents’
perceived quality or satisfaction with urban parks originates
from their experience (37), and residents’ physiological health
can be improved by using UGS (44), enhancing their SRH.
Unexpectedly, accessibility to UGS was positively associated
with residents’ SRH in this study, indicating that residents with
a longer distance from the nearest urban park have better
SRH than those with a shorter distance, which was different
from the results in the literature (45). A possible reason is that
park facilities will crowd out the spatial layout of other public
service facilities. Thus, the park layout should consider avoiding
crowding other public service facilities. Different residents
have different perceptions of and satisfaction with the same
environment, and objective UGS accessibility indicators cannot
fully reflect residents’ subjective perceptions of UGS and their
health benefits. Therefore, in the design of park UGS, the
perception factors of residents should be fully considered to
improve the role of park UGS in promoting health.

In line with the literature (46, 47), our findings showed
that social interaction and air quality are important pathways
through which UGS affects respondents’ SRH. Specifically, the
perceived quality of UGS positively contributes to respondents’
SRH by enhancing their satisfaction with both social interaction
and air quality, and accessibility to UGS was only relevant for
respondents’ SRH through satisfaction with air quality. UGS was
shown to abate PM2.5 concentrations and effectively reduce the
health risks caused by air pollution (48). In addition, UGS, as
an area for residents’ daily activities, creates a good public space
for social interaction among residents (49). Increased social
interaction is conducive to improving residents’ social identity
and alleviating negative emotions, such as anxiety (50), and
promoting residents’ physical and mental health.

The results of the heterogeneity analysis revealed that the
effects of high-quality and common parks on respondents’
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SRH differed. Among them, accessibility to UGS for high-
quality parks was positively correlated with respondents’ SRH,
indicating that respondents with a longer distance to the nearest
high-quality park tend to report a good SRH. This result may
be observed because high-quality parks generally occupy a large
area, which, to a certain extent, compresses the space for other
public service facilities, leading to other types of healthy living
needs of residents not being fulfilled and, in turn, affecting
respondents’ SRH (51). By contrast, accessibility to UGS for
common parks was negatively associated with respondents’
SRH, suggesting that a longer distance to common parks for
respondents tends to lead to poor SRH. These results conform
to the results of Xie et al. (52), who also found that a shorter
distance or better access to UGS is beneficial for the health of
nearby residents. Thus, different optimisation measures should
be implemented for high-quality parks and common parks to
fulfill the diverse health needs of residents.

Implications for park planning

The findings of our study provide important policy
implications for improving UGS construction. Firstly, because
the perceived accessibility of UGS plays a significant role
in promoting residents’ self-rated health, the planning and
design of urban parks should pay attention to residents
perception of use and regularly collect residents” feedback on
their satisfaction with urban parks. In addition, the objective
distance of UGS also significantly affects the self-rated health of
residents. Landscape planning departments should give priority
to increasing urban parks with appropriate scale and high
accessibility according to the distribution of residential areas
and the urban road network system without crowding out other
public service facilities.
social interaction and air

Second, are

quality
important ways in which UGS affects SRH of respondents.

Therefore, when designing urban parks, landscape
design  departments should not only provide good
internal  environment design and comfortable and

pleasant green landscape to purify the air, but also
create a comfortable atmosphere and provide convenient
and diverse activity facilities to promote residents
social activities.

Finally, in view of the difference in the impact of
high-quality parks and common parks on the SRH of
respondents, the government departments in Beijing should
take corresponding optimization measures for different types
of parks. Specifically, the focus of optimisation for high-
quality parks is to improve their quality, promote the
transformation of high-quality parks into high-quality spaces,
and fulfill the demands of some residents for high-end
UGS. For common parks, the spatial quality and micro
design of UGS in parks should be improved, based on not

occupying land for other types of public service facilities.
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The area of park UGS should be appropriately expanded
to increase fitness facilities and public spaces to fulfill
the diversified needs of different groups with different
social attribute.

Limitations and future studies

This study has several limitations. First, this study used
cross-sectional data, which cannot fully reveal the causal
relationship and changing linkage between UGS and SRH
among respondents. Second, the specific mediating mechanisms
of UGS on respondents’ SRH in our study only considered
their perceived social interaction and air quality. Other potential
mediating mechanisms (e.g., physical activity) were not explored
and should also be included in further research. Finally, the
accessibility to UGS in this study was measured only by the
shortest road network distance without consideration of actual
traffic speed in different grades of road segments and individuals’
transport modes. Further research should focus on the impact
of travel time accessibility to the UGS on residents’ SRH. In
addition, the areas of the original urban parks were aggregated
into points according to their geometric gravity center, which
could also cause some measurement bias in accessibility when
encountering urban parks with a large area.

Conclusions

Unlike developed western countries that have explored the
health benefits of green space under the background of low
population density, empirical evidence of green space and
human health in developing countries with high population
density is still relatively limited, and existing studies tend to
focus only on the objective attributes of green space. Drawing
on a large-scale survey and the spatial distribution of UGS
in Beijing, this study quantified the association between UGS
and residents’ SRH by using a binary logistic regression model.
It focused on the role of objectively measured accessibility to
UGS in influencing residents’ SRH, examined the relationship
between perceived UGS quality and residents SRH, and
comprehensively measured the health benefits of UGS exposure
levels from both the subjective and objective perspectives to
mitigate the limitations of current research on the association
between UGS and residents’ health. In our study case, UGS is
found to be associated with urban residents’ SRH in Beijing.
More specifically, both the perceived quality of UGS and
objectively measured accessibility to UGS are positively related
to residents’ SRH, but the perceived quality of UGS has a much
greater effect on residents’ SRH. In addition, we identified that
social interaction and air quality are important mediating paths
through which UGS affects residents’ SRH. Moreover, the effects
of the types of urban parks on residents’ SRH differed. Among
these differences, accessibility to UGS for high-quality parks
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is positively associated with residents’ SRH, and accessibility
to UGS for common parks is negatively related to residents’
SRH. Overall, this empirical evidence provides novel insights
into optimizing green space,which could help guide planners
and decision-makers to promote green space development for
public health.
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