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Abstract: Residential green space is among the most accessible types of urban green spaces and may
help maintain mental health during the COVID-19 pandemic. However, it is insufficiently understood
how residents use residential green space for exercise during the epidemic. The pathways between
residential green space and mental health also merit further exploration. Therefore, we conducted
an online study among Chinese residents in December 2021 to capture data on engagement with
urban green space for green exercise, the frequency of green exercise, perceived pollution in green
space, perceptions of residential green space, social cohesion, depression, and anxiety. Among the
1208 respondents who engaged in green exercise last month, 967 (80%) reported that green exercise
primarily occurred in residential neighborhoods. The rest (20%) reported that green exercise occurred
in more distant urban green spaces. The most common reasons that respondents sought green exercise
in urban green spaces were better air and environmental qualities. Structural equation modeling
(SEM) was then employed to explore the pathways between the perceived greenness of residential
neighborhoods and mental health among respondents who used residential green space for exercise.
The final model suggested that residential green space was negatively associated with anxiety
(β = −0.30, p = 0.001) and depression (β = −0.33, p < 0.001), mainly through indirect pathways.
Perceived pollution and social cohesion were the two mediators that contributed to most of the
indirect effects. Perceived pollution was also indirectly associated with green exercise through less
social cohesion (β = −0.04, p = 0.010). These findings suggest a potential framework to understand
the mental health benefits of residential green space and its accompanying pathways during the
COVID-19 era.

Keywords: neighborhood; community; physical activity; mental health; urban greening

1. Introduction

Being exposed to nature is known to benefit mental and physical health [1–3]. How-
ever, expanding urbanization has reduced the connection between humans and nature,
thus posing risks to human health [4–7]. In this context, urban green spaces have become
increasingly important since they can improve the urban environment and offer residents
opportunities to interact with natural elements [8]. Normally, public green spaces such
as urban parks and urban woodlands are popular because they can provide cleaner envi-
ronments for physical activities. For example, fresh air was a common reason mentioned
by visitors to green spaces [9,10]. However, the unexpected COVID-19 pandemic has
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significantly changed people’s visitation of, attitudes toward, and behaviors in urban green
spaces [11,12]. Determining the extent to which urban residents visit green spaces for
physical activity and why visitors engage in exercise, specifically in urban green space
during the pandemic, is not yet well understood.

China has been making arguably the most strict policies to curb the spread of the
virus [13]. Though many public facilities have become available again as the virus has been
gradually controlled, communities and university campuses are still frequently sealed off
during the subsequent waves of disease, which may have threatened the mental health of
Chinese residents [14]. In March 2022, the emerging Omicron variant caused blockades
(lockdowns) in 571 regions and cities in China [15], extending the durative impact of the
pandemic on mental health.

In Western countries, nature contact in urban parks or other public green spaces has
been deemed an option to maintain mental health during such periods [16–19]. However,
heading to an urban park may not be easy in China because of many cities’ extremely
high population density and insufficient urban park cover. When a new case is confirmed,
travel within a city becomes restricted or forbidden, restricting outdoor activities. In this
context, residential green space may be ideal for residents since they do not have to travel
far or risk the increased probability of infection. Like other green spaces, residential green
spaces are associated with lower depression and anxiety [20,21]. However, the associations
between exposure and mental health still need more investigation during the pandemic,
and potential pathways are not fully explored.

Conceptual Framework

Green spaces may reduce mental health issues in myriad ways [22]. Aside from direct
associations [23,24], we proposed the following mediators: social cohesion, perceived
pollution, and green exercise.

Social cohesion has many definitions [25]. For residential neighborhoods, social cohe-
sion can be described as the social connections, trust, and solidarity among residents [26,27]
that protect mental health [28,29], especially during the pandemic [30,31]. It has been
suggested that urban green space can support social cohesion by increasing the likeli-
hood of meeting others and the feelings of comfort that connects people to places and
fellow visitors [32]. Furthermore, numerous studies suggest that social cohesion may
mediate the association between green space and mental health [33–36], supporting our
first hypothesized pathway across urban natural environments.

Air pollutants and noise are common forms of pollution that threaten mental health [37].
Perceived air and noise pollution are usually investigated by self-reported measures, which
can resemble objectively measured pollution levels [38,39]. Interestingly, perceived pollu-
tion may impact people’s behaviors more strongly than objectively measured pollution [40].
This may be because perceived pollution is related to individuals’ sensitivity to pollution
and acts as a mediator between measured pollution and psychological responses [41,42].
Green space may remove harmful gas and inhalable particles [43], attenuate noise pol-
lution [44], and alter individuals’ susceptibility to noise [45]. Green space may reduce
both measured and perceived levels of air and noise pollution [46–49], which may further
contribute to mental health [50–52]. These clues support our second hypothesized pathway
between green space and mental health through perceived pollution.

Green exercise is a third viable factor, which refers to the combination of physical
activity and nature exposure [53]. Green exercise has been assumed to be more beneficial
than physical activity in urban “grey” areas [54,55]. Green spaces may encourage physical
activity by increasing the restorative quality of the environment in which someone exer-
cises [22,50,56] and may therefore increase the mental health benefits of exercise [36,57].
The frequency of visitation is often employed to measure green space utilization [58–60]
and also serves as a critical dimension of physical activity associated with green spaces [61].
Closer and greener urban spaces may be associated with more frequent green exercise
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among residents [62,63], which supports our third hypothesized pathway between green
space and mental health through green exercise.

The three mediators above are likely to interrelate when modeled together with green
space and mental health. Residents tend to perform walking and relaxation activities in
urban green spaces with low noise levels [64]. In contrast, a space heavily affected by air
and noise pollution may discourage participation in outdoor physical activity [65] because
pollutants reduce environmental quality and are deemed harmful [50,66,67]. Pollutants
may increase annoyance with urban environments and reduce social cohesion in those
spaces [51,65,68]. Many studies have also shown that social cohesion may motivate physical
activity [69,70], including in urban green spaces [33]. Therefore, perceived pollution may
discourage green exercise by reducing social cohesion.

Our aim was to investigate the association of residential green space with depression
and anxiety through three hypothesized mediators: social cohesion, perceived pollution
(air and noise), and green exercise. In addition, we established a covariance link between
depression and anxiety based on their strong association [71]. Given the possibility of
confounding in these relationships, we control for the following:

(1) Age and gender, which may affect mental health conditions [72,73] and the chance for
green exercise [74];

(2) Income, which may affect residential green space [75], physical activity [76], social
cohesion [77], mental health [78], and benefits derived from green space [79];

(3) COVID-19 condition, which can impact mental health [80], social cohesion [81], and
chances for green exercise [12,82].

Our conceptual framework is presented in Figure 1. We hypothesize the following:

Hypothesis 1 (H1). Residential green space is the primary type of green space used by residents
for green exercise; furthermore, high environmental quality is the stated reason to engage in green
exercise in these spaces.

Hypothesis 2 (H2). Perceived residential green space impacts depression and anxiety directly and
indirectly through perceived pollution, social cohesion, and green exercise.
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2. Materials and Methods
2.1. Study Design and Participants

We conducted a cross-sectional survey in December 2021 when regional COVID-19
outbreaks reemerged in many areas of China. Our target population was Chinese urban
residents with no restrictions on the province. The study was approved and supervised by
the Ethics Review Board of University, China.

We distributed recruitment messages via online social media, including WeChat and
Tencent QQ. We employed a snowball sampling technique that involved inviting middle-
aged participants to spread information to people of similar ages or older. We described
the study’s topic as investigating the utilization of urban green space and mental health
during the COVID-19 epidemic. Details of the research questions were not disclosed during
participant recruitment. We offered compensation of CNY 5 (approximately USD 0.8) for
completing the online. The participants used WeChat accounts linked with their personal
IDs to fill out the questionnaires (the IP address, device, and account were restricted,
and each participant could submit once). In total, 1329 questionnaires were collected.
After removing incomplete questionnaires and those that failed human verification tests
(to confirm that people carefully completed the questionnaire), a total of 1223 qualified
questionnaires were included in the analysis.

2.2. Instruments and Measurements
2.2.1. Location of and Reasons for Green Exercise

The following question was used to identify the location of urban green spaces used
for green exercise: “Where is the urban green space that you usually did physical activities
(e.g., walking, running, biking, dancing, or ball games) in the last month?” Response
options included the following: “Did not do physical activity in any urban green space
in the last month”; “the green space in my residential neighborhood (in and around my
community, only need a very few minutes of walk for arrival)”; or “other green places that
are more distant (usually need to walk a while or even need a vehicle for arrival).”

The participants were also asked to briefly indicate their main reasons for green
exercise in green space with a single sentence. An open-ended question was used to obtain
their responses.

2.2.2. Frequency of Green Exercise

We measured the frequency of green exercise by asking, “How often did you do
physical activities (e.g., walking, running, biking, dancing, ball games) in the mentioned
green space during the last month?” Answers were provided on a 7-point Likert-type scale
(1 = once per week or less to 7 = about days per week).

2.2.3. Perceived Pollution of Green Space

We measured the perception of pollution in green spaces among the respondents who
claimed green exercise in residential green spaces by asking: “Please describe the general
level of air pollution in the mentioned green space during the last month”; and “Please
describe the general level of noise in the green space (where you usually did physical
activities) during the last month.” Answers were given using a 5-point Likert-type scale
(1 = very low or almost imperceptible to 5 = very high or easily felt).

2.2.4. Perceived Residential Green Space

Based on the methods of Liu et al. [52] and Yang et al. [51], we asked the following
to measure the availability of perceived residential green space: “How much green space
(e.g., trees/plants) is there in your residential neighborhood?” Answers were given using a
5-point Likert-type scale (1 = very little or almost no greenness to 5 = very much or full of
natural greenness).
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2.2.5. Social Cohesion

Trust is a critical factor that affects the willingness to intervene for the common good
at the neighborhood level [83]. It can be measured with the Sampson et al. [84] scale, which
measures social cohesion/trust [85]. We used the highest-loading item from this scale,
following another study that measured social cohesion in residential neighborhoods among
Chinese populations [51]: “Do you think people in your residential neighborhood can be
trusted?” on a 5-point Likert-type scale (1 = not at all, 5 = absolutely).

2.2.6. Anxiety

The Chinese version of the Generalized Anxiety Disorder 7-item (GAD-7) scale was
used to measure anxiety conditions in the last month. The scale assesses how often a person
is bothered by common symptoms of anxiety, such as nervousness and worries. Responses
were given using a 4-point Likert-type scale (0 = not at all to 3 = nearly every day). The
total score can be used for identifying anxiety symptoms (0–4 for minimal anxiety; 5–9 for
mild anxiety; 10–14 for moderately severe anxiety, and 20–27 for severe anxiety). High
internal reliability was observed in our sample (Cronbach α = 0.94).

2.2.7. Depression

The Chinese version of the Patient Health Questionnaire 9-item (PHQ-9) scale was
used to measure depression conditions in the last month. The scale assesses how often a
person is bothered by common symptoms of depression, such as fatigue and sleep problems.
Responses were given using a 4-point Likert-type scale (0 = not at all to 3 = nearly every
day). The total score can be used for identifying depression symptoms (0–4 for minimal
depression; 5–9 for mild depression; 10–14 for moderately severe depression, and 20–27 for
severe depression). In our sample, high internal reliability was again observed (α = 0.95).

2.2.8. Sociodemographic Characteristics

The gender of the respondents was categorized into two groups (1 = male, 2 = female).
Age of respondents was categorized into eight levels (<18 year, 18–25, 26–30, 31–40, 41–50,
51–60, 61–70, >70). Monthly incomes were categorized into seven levels (no reported
income, RMB ≤ 3000, RMB 3001–6000, RMB 6001–9000, RMB 9001–12,000, RMB 12,001–15,000,
RMB >15,000). For reference, RMB 1 is approximately USD 0.8 or EUR 0.7.

2.2.9. COVID-19 Condition

The number of infections among different provinces was obtained from the China
National Health Commission, provincial and municipal health commissions, provincial
and municipal governments, and official channels (https://wp.m.163.com/163/page/
news/virus_report/index.html, accessed on 25 December 2021). The number affects social
restrictions in China and was used to control for the COVID-19 conditions for each respondent.

2.3. Analysis
2.3.1. Bivariate Correlations

Spearman’s rank-order correlation (for correlations between two continuous variables)
and point-biserial correlation (for correlations between a binary variable and a continuous
variable) were used to detect the general pattern of associations between the variables.

2.3.2. Keywords for Green Exercise in Green Space

Natural language process (NLP) refers to the branch of artificial intelligence or AI that
combines computational linguistics with statistical, machine learning, and deep learning
models [86,87]. These functions enable computers to process human language in the form
of text to uncover its full meaning. NPL is used for translation, sentiment analysis, text
summarization, and more. Many companies have constructed AI platforms that offer
NLP services.

https://wp.m.163.com/163/page/news/virus_report/index.html
https://wp.m.163.com/163/page/news/virus_report/index.html
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In this study, the keywords in respondents’ reasons for green exercise in green space
were identified using the NLP engine empowered by Tencent Holdings Ltd. (Shenzhen,
China). Since we required participants to briefly state their reasons in a single sentence, the
same noun was not likely to appear twice in a single response (we manually confirmed this).
After removing typos in the questionnaires, participants’ responses were input together as
a single file for keywords summarization without extra restriction.

2.3.3. Structural Equations Modeling

Structural equation modeling (SEM) was employed to examine the hypothesized
directional paths in the conceptual framework presented in Figure 2 for the respondents
who engaged in green exercise in residential green space. According to Bagozzi and
Yi [88], the sample size for SEM should be twice the number of model parameters. Based
on the parameters (n = 22) required to estimate in the framework, our sample size of
967 (respondents who reported green exercise in residential green space) was adequate.
As performed in prior research on green space and mental health during the COVID-19
pandemic, the results of the GAD-7 and PHQ-9 were processed as continuous summary
scores, while the levels of air pollution and noise were assumed to load onto one latent
factor that we labeled as “perceived pollution” [51,52,71].
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Variance inflation factor (VIF) values smaller than 5.0 were considered evidence of the
absence of multicollinearity. Based on this rule, no multicollinearity was observed among
the independent variables (VIF < 3.0) [89].

Given our sample size and a high level of multivariate non-normality in the data, we
used an asymptotically distribution-free (ADF)/weighted least squares (WLS) estimator
for analysis [90,91]. The bootstrap method with 10,000 replications was used to generate
corresponding standard errors and confidence intervals for all paths [92–94].

Based on the ADF/WLS estimator, the goodness of fit was assessed using the following
indices [91,95]: standardized root mean square residual (SRMR) < 0.08; Tucker–Lewis index
(TLI) > 0.95; and goodness-of-fit index (CFI) > 0.95. In addition, a root mean square error of
approximation (RMSEA) < 0.05 was also considered because it is essential for maximum
likelihood (ML) and generalized least squares (GLS) estimations that were later performed
for sensitivity analysis [91]. We did not employ the χ2 test because it is strongly affected to
sample size and violation of the multivariate normality assumption [96–98].

A factor loading for latent variables of the conceptual model > 0.5 was considered
acceptable. An indirect effect (i.e., a product of coefficients for the constituent links) that
significantly exceeded zero was evidence of mediation [99,100].

The Akaike information criterion (AIC) and Bayesian information criterion (BIC) were
used for model selection, as they are useful for selecting the model with the least overfitting [101].
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2.3.4. Model Modification

The initial model M0 resulted in a low TLI value (SRMR = 0.03; CFI = 0.96; TLI = 0.89;
RMSEA = 0.04 [90%CI: 0.03, 0.06]; AIC = 143.53; BIC = 377.49). Thereafter, we removed
the confounding paths without at least a marginal statistical significance (p > 0.1). The
COVID-19 condition was removed from the model due to weak impacts on the core
variables (p > 0.1). The TLI value of the modified model (M1) was still lower than an ideal
but reached an acceptable level, as indicated in past research (SRMR = 0.04; CFI = 0.96;
TLI = 0.90; RMSEA = 0.04 [90%CI: 0.03, 0.06]; AIC = 122.08; BIC = 307.30) [102–104].
Therefore, the model M1 was selected as the final model, and all non-significant pathways
between the core variables were retained.

2.3.5. Sensitivity Analyses

Regarding keywords scanning, we switched to another NPL engine developed by the
Baidu Holdings Ltd. (Beijing, China) to examine any changes in the identified keywords as
a sensitivity analysis.

Given that ML and GLS estimators may be comparative to ADF/WLS estimator in
some scenarios, even where normality is violated [91,105], we also applied two estimators
to re-examine the robustness of the identified pathways between the core variables. Addi-
tionally, we established competing models by re-specifying localized points of theoretical
causalities based on the following two theories (Figure S1):

(1) Model 2 (M2): The frequency of green space visitation predicting social cohesion [106];
(2) Model 3 (M3): A reciprocal relationship between green exercise and social cohesion

(Jennings and Bamkole, 2019).

To check if the final model could fit different gender and ages, we ran subgroup
analyses that stratified the respondents by gender and median age, respectively. All the
statistical analyses were conducted in SPSS 25.0 and AMOS 20.0. software (SPSS Inc.,
Chicago, IL, USA).

3. Results
3.1. Characteristics of Respondents

A total of 1223 respondents were eligible for the final analysis, and 50% were males.
More than 50% of the respondents were between 18 and 30 years old. Around 65% of the
respondents had a monthly income between CNY 3000 and 9000. Only 1% reported no
green exercise during the last month, and over 50% reported green exercise two or three
times per week during the last month (Table 1).

3.2. Locations and Reasons for Green Exercise

A total of 1208 respondents claimed green exercise experiences during the last month.
Specifically, 967 (80%) reported that green exercises were mainly in residential green spaces,
whereas 241 (20%) reported green exercise in more distant spaces (Figure 2). The top
five keywords drawn from respondents’ answers showed that looking for better air and
environment were the main reasons for performing green exercises in both residential and
distant green spaces (Figure 2).
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Table 1. Respondent characteristics (n = 1223).

Variable Category Mean (SD) Percentage (n)

Gender Male - 49.71% (608)
Female - 50.29% (615)

Age (year) <18 - 2.13% (26)
18–25 - 24.45% (299)
26–30 - 27.64% (338)
31–40 - 31.40% (384)
41–50 - 10.96% (134)
51–60 - 3.19% (39)
61–70 - 0.16% (2)
>70 - 0.08% (1)

Monthly income (CNY) None - 5.15% (63)
≤ 3000 - 12.92% (158)
3001–6000 - 32.05% (392)
6001–9000 - 32.71% (400)
9001–12,000 - 11.53% (141)
12,001–15,000 - 3.76% (46)
>15,000 - 1.88% (23)

Residential greenness level Little - 2.13% (26)
A little - 10.79% (132)
Moderate - 18.72% (229)
Much - 40.39% (494)
Very Much - 27.96% (342)

Green exercise None - 1.23% (15)
Once per week or less - 14.39% (176)
Twice per week - 20.44% (250)
Three times per week - 29.35% (359)
Four times per week - 9.73% (119)
Five times per week - 8.58% (105)
Six times per week - 1.72% (21)
Seven times per week - 14.55% (178)

Anxiety - 10.28 (3.89) -
Minimal anxiety 64.29% (786)
Mild anxiety 29.60% (362)
Moderate anxiety 4.66% (57)
Severe anxiety 1.5% (18)

Depression - 13.06 (5.00) -
Minimal depression 62.80% (768)
Mild depression 27.80% (340)
Moderate depression 5.81% (71)
Moderately severe depression 1.80% (22)
Severe depression 1.80% (22)

3.3. Correlations between Variables

Table 2 displays the correlations between the variables of interest among respondents
who performed green exercise in residential green space during the last month (n = 967).
Residential green space, physical activity in residential green space, social cohesion, and age
were negatively correlated with anxiety and depression. COVID-19 conditions, perceived
noise, and air pollution were positively correlated with anxiety and depression. Females
showed lower levels of depression and anxiety than males.
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Table 2. Bivariate Spearman or point-biserial correlations (n = 967).

Item 1 2 3 4 5 6 7 8 9 10 11

1. Gender
(male = 1) 1.00

2. Age 0.18 ** 1.00
3. Income −0.14 ** 0.22 ** 1.00
4. Infection −0.07 * −0.12 ** −0.02 1.00
5. Residential
greenspace 0.06 −0.05 0.11 ** −0.04 1.00

6. Noise −0.06 −0.06 −0.02 0.06 −0.35 ** 1.00
7. Air pollution −0.08 * 0.03 −0.01 0.03 −0.45 ** 0.49 ** 1.00
8. GE frequency 0.06 0.08 * 0.17 ** 0.03 0.30 ** −0.08 * −0.15 ** 1.00
9. Social cohesion 0.06 −0.02 0.07 * −0.04 0.56 ** −0.35 ** −0.49 ** 0.26 ** 1.00
10. Anxiety −0.16 ** −0.12 ** −0.04 0.06 * −0.35 ** 0.33 ** 0.33 ** −0.23 ** −0.41 ** 1.00
11. Depression −0.16 ** −0.11 ** −0.03 0.08 * −0.35 ** 0.35 ** 0.35 ** −0.24 ** −0.41 ** 0.82 ** 1.00

Note: *, p < 0.05; **, p < 0.01. GE: green exercise.

3.4. Results of the SEM Analysis

In the final SEM model (M2), we did not find a significant direct pathway between
perceived residential green space and depression (β = −0.05, p = 0.325) (Figure 3). The
pathway between perceived pollution and green exercise frequency was not significant
either (β =−0.03, p = 0.440). All other pathways between the core variables were significant.
The direct pathway between perceived residential green space and anxiety was significant
but relatively weak (β = −0.09, p = 0.037).
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Perceived residential green space had significant total effects on all variables of interest
(Table 3). The total effects on social cohesion and green exercise frequency were mainly
from direct effects, while those on depression and anxiety were mainly from indirect effects.

Table 3. Standardized total, direct, and indirect effects of perceived residential green space on the
core variables.

Variable Total β (95% CI) p Direct β (95% CI) p Indirect β (95% CI) p

Perceived pollution −0.50(−0.57, −0.42) <0.001 −0.50 (−0.57, −0.42) <0.001 − −
Social cohesion 0.50 (0.44, 0.56) 0.001 0.30 (0.21, 0.38) <0.001 0.20 (0.15, 0.27) <0.001
Green exercise 0.29 (0.23, 0.34) <0.001 0.22 (0.15, 0.30) <0.001 0.07 (0.02, 0.12) 0.007
Depression −0.30 (−0.37, −0.22) 0.001 −0.05 (−0.14, 0.05) 0.325 −0.25 (−0.31, −0.19) <0.001
Anxiety −0.33 (−0.39, −0.26) <0.001 −0.09 (−0.18, −0.01) 0.037 −0.24 (−0.30, −0.18) <0.001
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The specific indirect pathways from perceived residential green space to mental health
are shown in Table 4. Pathways mediated by perceived pollution had major contributions to
the total effects (Pathways 1 and 7 in Table 4). Pathways mediated by social cohesion were
relatively weaker but still made considerable contributions to the total effects (Pathways 3
and 9 in Table 4).

Table 4. Standardized indirect pathways from perceived residential green space to mental health.

Pathway β (95% CI) p

1. Residential green space→ Pollution→ Anxiety −0.14 (−0.21, −0.08) <0.001
2. Residential green space→ GE→ Anxiety −0.02 (−0.04, −0.003) 0.014
3. Residential green space→ Cohesion→ Anxiety −0.04 (−0.08, −0.02) 0.001
4. Residential green space→ Pollution→ Cohesion→ Anxiety −0.03 (−0.05, −0.01) 0.001
5. Residential green space→ Cohesion→ GE→ Anxiety −0.003 (−0.01, 0.00) 0.021
6. Residential green space→ Pollution→ Cohesion→ GE→ Anxiety −0.002 (−0.01, 0.00) 0.020
7. Residential green space→ Pollution→ Depression −0.15 (−0.22, −0.08) <0.001
8. Residential green space→ GE→ Depression −0.02 (−0.04, −0.01) 0.002
9. Residential green space→ Cohesion→ Depression −0.04 (−0.08, −0.02) 0.002
10. Residential green space→ Pollution→ Cohesion→ Depression −0.03 (−0.05, −0.01) 0.001
11. Residential green space→ Cohesion→ GE→ Depression −0.003 (−0.01, 0.00) 0.013
12. Residential green space→ Pollution→ Cohesion→ GE→ Depression −0.002 (−0.01, 0.00) 0.012

Note: Residential green space, perceived residential green space; Pollution, perceived pollution; GE, green
exercise; Cohesion, social cohesion.

3.5. Sensitivity Analyses

Identified keywords remained unchanged in the alternative NPL engine.
Regarding structural equation modeling, Acceptable model fits were obtained through

the ML and GLS estimations (Table S1). Similar results were obtained for most pathways,
except for the direct pathway between residential green space and anxiety, which was not
significant in the ML (β = −0.07, p > 0.10) and GLS estimations (β = −0.07, p > 0.10).

The two competing models, Model M2 (where GE predicts social cohesion) and Model
M3 (where a reciprocal relationship was tested between GE and social cohesion), showed
acceptable fits (Figure S1 and Table S1). However, our final model (M1) retained the lowest
AIC and BIC values, indicating a better fit than these alternative models.

In models stratified by gender, we found that both the unconstrained baseline model
and model with constrained structural weights showed acceptable fits to the data, and no
significant difference was found between the two models (∆χ2 = 10.53, p = 0.84). Likewise,
no significant differences were observed in the subgroup analysis stratified by the median
age (∆χ2 = 11.16, p = 0.89), indicating the final model M2 is suitable for these subgroups.

4. Discussion

The current study aimed to explore how residential green space was used and how
it could benefit mental health during the COVID-19 pandemic. The results suggest that
residential green space may be the main urban green space where young and middle-aged
Chinese carry out green exercise. Further, residential green space was negatively associated
with depression and anxiety through direct and/or indirect pathways. These findings
underline the role of residential green space in promoting urban mental health during the
COVID-19 pandemic.

4.1. Findings on Green Space Utilization

We found around 80% of green space users usually performed green exercise in
residential green spaces. In Italy, most urban residents switched from urban parks to
gardens or other residential green spaces during the pandemic due to social distancing and
other regulations or restrictions on movement [12]. So far, there is little understanding of
changes in green space use in China. What is known is that the demand for public green
spaces has remained large throughout the pandemic [107]. Due to active restrictions on
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social activities, urban residents in China may gradually have relied more on residential
green spaces.

Aside from the pandemic, other reasons may explain the popularity of residential
green space in our study. Before the pandemic, children in Shanghai, China, primarily
carried out physical activity in residential green space [108]. Residential green spaces
provide shorter travel distances than more distant public green spaces. Many studies have
proved that distance is a crucial factor negatively associated with the frequency of green
space visits [109,110], and the case of China appears not to be an exception.

Regarding the reasons for performing exercise in green space, better air and environ-
mental conditions were mentioned as a rationale for both residential and other green space
exercisers. This result partially supports our first hypothesis and is similar to previous stud-
ies in some Western countries, where better environmental conditions are critical reasons
for visiting green space [9,10]. These findings imply that the key reasons for visiting green
spaces remained unchanged during the pandemic, which underlines the role of urban
green space in offering cleaner environments for residents’ activities [22].

Several theories may help explain why green spaces are perceived as better/healthier
environments. Green space can reduce air pollution and noise from traffic [22] by deposit-
ing air pollutants (e.g., PM10 and ozone) [111] and diffracting, absorbing, or destructing
interference of sound waves [112]. These mechanisms can also apply to residential green
space, making the neighborhood more suitable for physical activity. Unfortunately, resi-
dential green space is not a focus in some Chinese urban greening projects [113]. Chinese
policymakers may need to prioritize residential green space construction and consider
improving facilities for green exercise in neighborhoods to help fight against the mental
health impacts of the COVID-19 pandemic. Moreover, since lower disturbance was the
crucial reason mentioned for green exercise, using proper plant species and schemes may
be a key point in residential greening. Some approaches in Chinese urban park planning
can be applied to residential green space. For example, planting at least two types of
small trees and shrubs in lines can enhance the aesthetic value and effectively absorb
noise [114]. Recommended species include Camellia sp., Callistemon rigidus R. Br., and
Gordonia axillaris (Roxb. ex Ker Gawl.) D. Dietr. These species are common shrubs or small
trees in China and are usually planted for ornamental purposes. Moreover, they have been
proved to have great potential in decontaminating air pollutants containing nitrogen, sulfur,
and fluorine [115–117].

4.2. Findings on Pathways between Green Space and Mental Health

We did not observe a significant direct pathway between perceived residential green
space and depression. When tested with different estimators, the direct association between
perceived residential green space and anxiety was weak or non-significant. Nevertheless,
multiple indirect pathways were identified, and perceived pollution of green space and
social cohesion were the two critical mediators linking perceived residential green space
and mental health issues. These results do not fully support our second hypothesis but are
in line with previous analyses that perceived residential green space indirectly reduced
mental health problems through enhancing social cohesion [51]. Therefore, these findings
may collectively underline the mediatory role of social cohesion between residential green
space and mental health.

In a previous framework by Liu et al. [52], walking behavior, social cohesion, and
perceived pollution were mediators between neighborhood greenness and mental wellbe-
ing, which is consistent with our final model. However, the previous study investigated
the perceived pollution of residential neighborhoods. In contrast, we investigated the
perceived pollution of green space due to our focus on green exercise. The pollution level
in residential green space may also indicate the general pollution of residential neighbor-
hoods because residential green space is part of the neighborhood and a reason for reduced
pollution [22,49]. Therefore, our study may still support the framework by Liu et al. [52]
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and underline a general mechanism of harvesting mental health benefits from residential
green space.

Regarding relationships between the mediators, we did not observe a significant
direct pathway between perceived pollution and green exercise. However, we observed a
significant mediation effect between them through social cohesion. Multiple factors may
explain this finding. Lower levels of urban pollutants have been associated with green
space and may promote residents to be in contact with their neighbors more frequently, thus
enhancing social cohesion [118]. Enhanced social cohesion may promote the adoption of
healthy behaviors and utilization of community resources [70,119]. Last, a socially cohesive
neighborhood may reduce conditions, such as crime and civil disorder, providing safer
places for physical activity [84,120].

During the COVID-19 pandemic, various restrictions have limited people’s basic
human need for social interaction [121]. In this context, neighbors’ interactions may have
become essential because support from friends or family has been reduced for many
people due to social blockades/lockdowns [122]. It is assumed that interactions among
neighbors during the pandemic enhanced the sense of neighborhood cohesion among
Chinese residents [123]. As discussed above, residential green space may enhance social
cohesion by encouraging neighborly interactions. The pathway between residential green
space and social cohesion is likely more apparent during the pandemic, making their
subsequent mental health benefits more obvious. Svensson and Elntib [31] suggested that
allowing community members access to green space and sensibly meeting others may help
mediate the harmful effects of anxiety and stress. Based on our findings, residential green
space can be an option for promoting mental health through encouraging physical activity
and social interaction.

4.3. Limitations and Future Directions

This study has several limitations. The research topic was described during recruiting
participants. It is possible that people who benefited from or cared about urban green
spaces have responded disproportionately. This may have caused us to overestimate the
connections between green spaces and mental health.

The age structure of our respondents was inconsistent with that of the general popula-
tion of China. The China Bureau of Statistics has disclosed that the population over 60 years
old accounted for 18.70% of the total pollution as of 2021. By contrast, only around 0.2% of
our participants were in this age group. Further studies may hire professional marketing
teams to recruit greater shares of older people. Offline recruitment in middle-aged and
elderly communities may be helpful because many aged Chinese use less Internet than the
younger generations.

We only used self-reported measures due to our limited experimental conditions, so
reporting bias must have existed. Some variables, such as residential neighborhood, can be
re-investigated with objective measures, such as land use/land cover (LULC), which can
reflect plantation coverage and other urban properties. Using machine learning to capture
data from street view maps may also be a promising method to measure exposure to
green spaces [124].

Although we compared different causal relationships in sensitivity analyses, the cross-
sectional feature of the data cannot verify the direction of causalities. This is an inherent
limitation with using such data. To re-examine the causality in each path, longitudinal
trials are warranted. For example, tracking changes in pollution, social cohesion, and
green exercise in a community with constructing residential green spaces would serve
this purpose.

5. Conclusions

This study aimed to investigate how the Chinese performed green exercise in urban
green spaces and to propose a framework to understand associations between residential
green space and mental health through green exercise, perceived pollution, and social



Land 2022, 11, 1128 13 of 18

cohesion during the COVID-19 era. To achieve this goal, we checked how many survey
respondents preferred to carry out green exercise in their residential neighborhood and
obtained keywords from their reasons for choosing residential green space. Meanwhile,
we carried out structural equation modeling to explore potential pathways among these
residential green space “exercisers” with our cross-sectional data.

Our findings suggest residential green space may be the most popular green space for
green exercise during the pandemic among young and middle-aged Chinese. Moreover,
residential green space was negatively associated with anxiety and depression, mainly
through mediators, including social interaction, less perceived pollution, and green exercise.
These findings reinforce other research showing that residential green space is a health
resource for urban residents during the COVID-19 era.

Based on our findings, we call for a focus on residential greening in China to meet
the demand of its residents in the COVID-19 era. Although causal relationships between
studied variables could not be confirmed due to the nature of our cross-sectional data, our
survey and model indicate that better environmental qualities, including less noise and
air pollution, can support mental health. Future urban planning should utilize existing
plant-based strategies (e.g., plant purification or phytoremediation) to protect residential
environments and physical activity experiences. Recognizing the limitations of our study,
we also call for future research to examine and extend our tentative theoretical conclusions
in larger populations using longitudinal study designs.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/land11081128/s1, Figure S1: Competing models; Table S1: The
goodness of fit of tested models.
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