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Contextualized Effects of Park Access and Usage on Residential Satisfaction: A
Spatial Approach

Abstract: The spatial implications of urban parks on people’s residential satisfaction are
fueled by the desire to mitigate the rise of environmental injustice concerns in the
developing world. While previous studies have examined the socio-spatial differentiation
of park access and residential satisfaction, direct evidence on the role of park usage to
play has been limited. This study shifts the focus from access to usage and quantitatively
assess their associations with residential satisfaction. Our results quantify the evidence
on the significant effects of park usage on residential satisfaction. Importantly, the
association between park usage and residential satisfaction tends to be varied with local
contextual amenities.

Keywords: Subjective well-being; park access and usage; spatial effects; multi-level
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1 Introduction

Mega-city transformation in the post and transitional socialist countries suffers from
urban greenness challenges, which affect people’s quality of life. The distribution of urban
parks is an important component of green infrastructure in cities and provides a range of
perceived benefits for residents (Lee & Maheswaran, 2011). In the traditional Western
society, access to parks is seen as underlying channels for facilitating residents to gain
healthy lifestyles and promotes residential satisfaction for urban inhabitants (Velarde,
Fry, & Tveit, 2007). Existing studies show that people’s satisfaction assessment may be
influenced by socioeconomic characteristics at both individual and neighborhood levels
(Leslie, Sugiyama, lerodiaconou, & Kremer, 2010). Park usage and residential preference
may further complicate the influences of park access on residential satisfaction. This is in
line with theoretical arguments made by recent studies that residents sort themselves
into places that can match with their preferences and are therefore satisfied (Cao & Wang,
2016). Residents with high park usage frequencies are likely to choose to live in areas
with close proximity to parks and thus may gain more subjective wellbeing benefits from
park access. There is limited evidence on simultaneously considering the influences of
park access and park usage in residential satisfaction within a transitional socialist

country context.

The recent China’s economic reforms marked a period of dramatic urban
transformations that have brought great benefits but also great challenges for its citizens.
The urban transformations have come alongside massive infrastructure investments and
the gradual rise of social inequalities. The rapid urbanization in the post-reform urban
China, however, imposes large environmental costs. The urban green infrastructure, such

as parks are not distributed evenly within cities. The spatial distributions of parks in
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urban areas and green plots in individual communities have increased the public
awareness for integrating park access and usage into the subjective evaluation of
residential satisfaction, with the aim of achieving city livability development goals

(Zhang, Yin, Zhang, Meng, & Gao, 2006).

Using a cross-sectional individual survey data gathered in Beijing, this study
explores the contextualized associations of park access, park usage and residential
satisfaction. Respondents’ detailed responses in the survey allow us to not just gauge
park usage frequencies but also residential satisfaction perceptions. In terms of
methodological innovations, we recognize that people living in adjacent neighborhoods
may have experienced residential environments in a similar way due to spatial
dependency. The existing literature on the evaluation of individual survey data has so far
paid little attention to the role of spatial effects in the analysis (Ma, Chen, & Dong, 2018).
To address this spatial concern, we develop a multilevel model with spatially dependent
random effects, implemented by using the Bayesian Markov chain Monte Carlo (MCMC)
method, to obtain more reliable estimates on the impacts of park access and usage on
residential satisfaction. Our spatial approach not just accounts for the two-level structure
of the individual survey data where participants are nested into neighbourhoods

(Jiedaos), but also consider the spatial effects into the estimation.

We limit our focus to a Chinese mega-city Beijing because it is at the forefront of
high profile worldwide social media reports on the increasingly congested and polluted
urban environment. The pressure to accommodate rapid urbanization and economic
growth in Beijing over the recent thirty years means that urban residents can enjoy the
better material standards of living while suffer from heavy environmental costs (Kahn &

Zheng, 2016). This paper is organized as follows: The next section discusses the
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conceptual framework pertaining to our theoretically-informed hypotheses. Section 3
describes the data and methods. Section 4 presents the results. Section 5 discusses the

implications of this study. The final section concludes.

2 Theoretical framework and literature review

Residential satisfaction is an important element of individual’s subjective wellbeing. It
captures people’s satisfied or dissatisfied perceptions of residential environments in
matching with their expectations and experiences at the neighborhood (Campbell,
Converse, & Rodgers, 1976). Western research has long suggested that access to urban
green space especially park access could generate residential satisfaction and health
benefits through two underlying channels. First, park access could allow urban
inhabitants to participate in physical activity, which contribute to subjective wellbeing
and health benefits (Maas, Verheij, Groenewegen, de Vries, & Spreeuwenberg, 2006).
Adults with more access to parks are likely to be more active than those with limited
access (Diez Roux, Evenson, McGinn, Brown, Moore, Brines, & Jacobs, 2007). Recent
studies in the environmental psychological literature have documented numerous
wellbeing and health benefits gained through park access (e.g. Maas et al.,, 2006). Lack of
park access has often been regarded as lack of opportunities for sites of social and
physical activities, which is linked with people’s wellbeing and health risk (Hartig, 2008;
Grahn & Stigsdotter, 2010). Second, sensing park access in itself may help residents to be
more or less satisfied. For example, park access experience has been shown to promote
the mental stress reduction (Woo, Tang, Suen, Leung, & Wong, 2009). On a symbolic level,

park access may affect people’s satisfaction perceptions by providing a 'buffer’ place in



neighborhood built environments for social engagement (Kweon, Sullivan, & Wiley,

1998), which in turn contributes to residents’ sense of place.

The satisfaction implications of access to parks may vary with the size of parks
(Giles-Corti, Broomhall, Knuiman, Collins, Douglas, Ng, Lange, & Donovan, 2005) and
neighborhood built environment characteristics. Distributive patterns of the association
between park access and satisfaction may also have created the social and environmental
inequality concerns in urban neighborhoods (Wolch, Byrne, & Newell, 2014; Sister,
Wolch, & Wilson, 2010) that have experienced structural changes on the basis of the
uneven distribution of public goods and services including parks. Previous studies
suggest that the urban poor and minority social groups have less access to parks than
White and affluent social groups (Dahmann, Wolch, Joassart-Marcelli, Reynolds, & Jerrett,
2010). Boone, Buckley, Grove, and Sister (2009) find that Blacks are more likely than
Whites to have better park access in terms of geographical distance, whereas Whites lived
in places with access to larger park sizes. In addition, parks, if they are located in places
with better access to other local amenities such as recreational facilities and transport
links (Giles-Corti et al., 2005), are likely to generate differentiated subjective benefits for

residents.

China has experienced phenomenal reforms from a centrally-planned economy to
a market-oriented economy since the 1980s. The reforms have come alongside massive
contextual changes in urban areas with the rise of inequalities of families and
neighborhoods (Wang, 2004). In the post-reform era, several changes may be
strengthening the differentiated relationships between park access and residential
satisfaction. First, the gradual relaxation of effective constraints on rural to urban

migration that apply under the Hukou household registration system has spurred the
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land-based urbanisation process (Chen & Hu, 2015). Meantime, new patterns of socio-
residential segregation (Li & Wu, 2008) between the urban affluent and the urban poor
have intuitively led to the social concern about the equitable provision of access to urban
parks (Xiao, Wang, Li, & Tang, 2017). On the one hand, the maintenance and preservation
of urban green space including parks are shadowed within Chinese planning intervention
programs, but the planning of equitable park access has lagged behind rapid
urbanisation. On the other hand, personal subjective satisfaction perceptions about
residential environment have increasingly become respected and associated with the
distribution of local public goods including parks in the post reform era (Zhang et al,,
2006). In what are probably the most closely related papers to our own, Xiao et al (2017)
look at the distributional effects of urban park access across space, and Wu et al (2019)
explore the association between access to parks and satisfaction. On the surface, our
research resembles the previous studies in Xiao et al (2017) and Wu et al (2019). We
make a similar contextual setting for studying urban parks, but note that more careful
consideration reveals differences between our work and other studies. For example, Xiao
et al (2017) focused on evaluating justice concerns though measuring the spatial
variation in accessessiblity of urban parks for residents with different socio-demgraphics
at the local area level. While Wu et al (2019) considered the direct effect of access to
urban parks on satisfaction with a particular residential domain, we look at the effects of
park usage, and park access on overall satisfaction---a complementary inquiry.
Methodologicially, we shift the focus from traditional logit methods towards assessing
the robustness of the results to potential correlations between individual-level covariates

and the neighbourhood-level unobservables using a multilevel model with spatially



dependent random effects. This is also different from recent studies in this type of

empirical applications in China.

Parks are heterogeneous in terms of its quality, design and location and are
designed to serve diverse people and places for physical activity and recreational
demands (Byrne & Wolch, 2009). Such heterogeneity may hinder the equitable use of
parks for all urban residents. (Byrne, 2012) posit that land use, segregated park systems
and racial-minority group social composition could influence park access and use.
Specifically, parks maybe unused by local residents due to their affiliated social
environment and residential proximity. For example, residents may not use parks that
are located in places with high concentration of crime rates and other disamenities
(Gobster, 1998). From a dynamic perspective, Veitch, Ball, Crawford, Abbott, and Salmon
(2012) find the substantial increases in park usage through a comparison of before and
after the planning improvement programs in Victoria, Australia. In addition, it has been
shown that residential proximity is associated with park usage and physical activity in
parks, though this association varies across various social groups (Maas et al., 2006). In
this view the environmental injustice concern is associated with not just park access but

also park usage.

In recognition of the contextually dependent nature of park usage, our existing
empirical knowledge about how residential preference may moderate the interactions of
park access, park usage and satisfaction is limited in post-reform urban China. Residential
preference indicates people self-select themselves into residential locations based on
their preference towards residential environment. Much of the existing literature on the
association between satisfaction and park access tended to be assessed without the

explicit control for residential preference characteristics. Residential preference largely
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results from socio-demographics and perceptions toward the importance of residential
environment in the decision-making of residential location choices. For example,
residents with higher incomes tend to have more willingness to pay for living in places
with better access to parks for self-rated health and well-being benefits. Socio-
demographic characteristics such as age, gender and education attainment levels may
also affect heterogeneous residential preference of urban parks and green space (Li,

Zhang, Li, Kuzovkina, & Weiner, 2015).

3 Methodology

3.1 Data

Our primary data were drawn from an individual survey conducted in metropolitan
Beijing in 2013. The purposes of the survey were to assess residents’ subjective
evaluations of various facets of residential environments, and to assess the geography of
subjective well-being in Beijing. The satisfaction perceptions were formed as the
reflection of baseline wave of the Chinese City Livable Studies (Zhang et al., 2006; Ma et
al,, 2017). The target population of the survey were residents living in urban Beijing for at least
six months. The survey adopted a stratified random sampling strategy. The survey was
characterized by its sampling representativeness of the fundamental socio-demographics
characteristics of Beijing city population (Ma et al., 2018). After excluding neighborhoods
(J/iedao) with limited observations and relevant data cleaning, 6,162 observations

distributed in 115 neighborhoods were used for our analysis.

The variables contain several categories: satisfaction, park usage, park access,
neighborhood built environment characteristics and individuals’ socio-demographics.

Primarily, we derive a respondent’s neighbourhood satisfaction from survey questions
8



on satisfaction with six specific dimensions of residential neighbourhood environment,
i.e., physical location, living amenities, safety, socio-cultural setting, access to transport,
and pollution. For each dimension, responses are measured on a five-point Likert scale
from “very dissatisfied” (1) to “very satisfied” (5). The final overall residential satisfaction
scores is calculated by averaging domain-specific scores following Ma et al. (2017). As an
extension, this study analyses residential satisfaction about the greenness domain, which
reflects participants’ psychological responses to parks and is derived by using
respondents’ satisfaction statement about “how well parks and surrounding greenness
conditions of their local residential environments meet their current satisfaction
perceptions” in the survey. In terms of park usage, it was measured by using the park
usage frequency of residents at weekends. In the survey the respondents were asked to
report the frequencies they did activities in parks during weekends based on a three-

»n «

point Likert scale ranging from “never,” “not quite often (once or twice per month),” and
“quite often”. Because only a small proportion of respondents reported “never” in park

usage, they are combined with the “not quite often (once or twice per month)” into a

single category for simplicity.

Following the previous literature (Cao and Wang, 2016), we use the residential
preference statements to get a sense of whether respondents have explicitly given
differential priorities in their residential choices. In the survey, respondents reported
how true five statements are for their residential choices. These statements cover
residential preference(RP) with: priority to dwelling comfort consideration (RP1);
priority to choose residential locations with high property value appreciation potentials
(RP2); priority to choose locations with high-end properties that can reflect high social

status and class (RP3); priority to consider property price affordability (RP4); and
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priority to choose residential locations with good access to local amenities (RP5).
Unfortunately the survey did not ask respondents to rank their preference in an ordinal
scale. We understand that controlling for residential preference characteristics cannot fix
the selection bias problem. As an additional robustness check, we make use of
respondents’ statement about whether they have experienced residential re-locations
over the past five years (“movers”) or they are long term residents in the current
residence (“non-mover”) to mitigate the residential self-selection effect (Cao & Wang,

2016).

To measure spatial access of parks, we calculated the distance from each
respondent’s residential location to the nearest public park using ArcGIS. The spatial
distributions of main public parks, urban ring roads and Jiedao boundaries in the study
area were depicted in Figure 1. An initial exploration on the association between park
access and residential satisfaction appeared to suggest a park access effect on residential
satisfaction as illustrated in Figure 2. It plots the adjusted residential satisfaction scores
against a series of distance-to-park bands (< 0.5 km, 0.5-1 km, 1-1.5 km, 1.5-2 km, and >
2 km), further differentiated between park usage frequency levels. ! There seems to be a
decline in residential satisfaction when moving further away from a park. It is also
interesting to notice that within close promity to green parks (the distance band of < 0.5
km), frequent park use further increases the impact of park accessibility on residential

satisfaction, a situation that does not apply to other distance bands.

1 A multi-level model was implemented where residential satisfaction was regressed on the five distance-
to-park band dummy variables, park use dummy variable, and their interaction terms. Individual-level
socio-economics variables were also included in the model.
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[Figures 1 and 2 about here]

The neighborhood-level built environment variables were also incorporated in
our analysis, including census-based population density, crime rate, and the proportion
of historical buildings built before 1949. We measured access to key observable
amenities such as primary schools and subway stations surrounding each respondent’s
residence, and access to the city centre using the ArcGIS. Accessibility to primary schools
and subway stations was measured by the presence or the lack of presence of schools and
subway stations within a 500 meters radius of each residence location. Changing the
radius to 1 km did not change our key findings reported below. Finally, the survey
includes individuals’ socio-demographics such as age, income, family size, and
educational attainment levels, which were used as control variables in our analysis
because they were usually found to be significant correlates of residential satisfaction
(e.g., Ma et al,, 2017; Diener et al.,, 2018). Descriptions and summary statistics of key

variables used in the study were reported in Table 1.

[Table 1 about here]

3.2 Models

Our modeling strategy accounts for the two-level structure of our suvey data where
participants are nested into neighbourhoods (/iedaos). We begin with a standard random
intercept mulit-level model (MLM), which is specified as (Raudenbush & Bryk, 2002;

Goldstein, 2011),

yij = ,B()J' + B’{Xl’j + gij' i=12,.., Tl],] =1,2, ,] (1)

Boj=PBo+V'z+§ (2)
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where 7and jare individual and neighbourhood indicators, y;; refers to the satisfaction
perceived by individual 7 residing in neighbourhood j and n; the sample size in
neighbourhood j The right hand side of the model comprises three components: B ;, the
satisfaction level attributed to neighborhood characteristics or neighbourhood-level
average satisfaction levels net of individual-level covariate effects; B{xij, that explained
by residents’ characteristics such as socioeconomic factors, personal preferences, access

to local amenities, park access and usage; Eijy the individual-level idiosyncratic error term
following a Normal distribution MO0, o,%). The level 2 model specifies the heterogeneous
component B ; as a sum of a constant intercept f3, the part explained by neighborhood
related variables z; such as crime rate and population, and a neighborhood specific error

term ¢; following a Normal distribution M0, o#).

Substituting Equation (2) into Equation (1) gives a combined model specification,

i =Bo+ Bixy +Y'z +§ + & (3)

In our application context, the spatial indepdence assumption of unobserved
neighourhood effects (§) is not likely to hold. First, the geographical promixty effect might
lead to spatial dependency or correlation in &, that is, neighbourhoods of close
geographical proximity tend to have simiar levels of satisfaction, controlling for observed
covariate effects or compositional effects (Haining, 2003; Dong & Harris, 2015; Dong, Ma,
Harris & Pryce, 2016; Dong & Wu, 2016; Ma etal., 2017). A simple spatial auto-correlation
test on the independence of neighborhood-level averages of residential satisfaction yields
a Moran’ | statistic of 0.156 with a p-value less than 0.001. Working with the
neighborhood-level residuals obtained from a multi-level model with individual socio-
economics variables as predictors, the Moran’s I statistic is still statistically significant.

This suggests that the necessarity of relaxing the spatial independence assumption
12



imposed on the unobserved neighourhood effects (§). Second, individuals’ satisfaction
might be affected ont only by their immediate neighbourhoods (neighbourhoods where
they reside) but also by surrounding neighbourhoods (LeSage & Pace, 2009). Therefore,

we posit a spatial simultaneous autoregressive model for §, as specified in Equation (4),

E=pWE+y (4)

where W is a spatial weights matrix at the neighbourhood level, extracted based on
geographical contiguity of neighoburhoods (/iedaos). In our empirical analyses, spatial
weights matrices based on the Ak nearest neighbors scheme (where &= 5 and 10) were
also used (Haining, 2003), and estimation results remain similar to those reported below.
p quantifies the strength of spatial correlation in &, and 9 is a vector of idiosyncratic

residuals, following a Normal distribution MO0, 01%,). Combining Equations (3) and (4)

gives the key modelling strategy employed in this study,
Yy=XB+Zy+ A+ ¢ (5)
§=pWs+y

where A is a random effect design matrix with order of N (Z].nj) by /, which simply assign

random effect from the j-th neighbourhood (§)) to individuals located in it.

Following the convention in multilevel modelling, the neighbourhood level
random error term (§) is not correlated with individual-level covariates X. This could be
a rather restrictive assumption and worth a careful testing in empirical studies. For
instance, individuals with varying socio-economic status (e.g. income) or residential
preferences could sort into different neighbourhoods based on neighbourhood

characteristics. These factors are unobservable to researchers. We address such potential
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correlations between Xand ¢ by using the Mundlak correction method (Mundlak, 1978),
the effectiveness of which has been demonstrated in both empirical (e.g. Ferrer-i-
Carbonell, 2005) and simulation studies (e.g. Bell & Jones, 2015). The key idea of Mundlak
correction is to add group means of individual-level covariates that are suspected to be

correlated with the neighbourhood-level unobservables into the model, as in Equation

(6),
y=XB+Zy+X8+Af+¢ (6)

where Xcould be group means of a subset of the original individual-level covariates. After
inserting X, the regression coefficients of X, B are now within-group estimators

(Raudenbush & Bryk, 2002). This is clearly seen by re-arranging Equation (6) as,

y=X-X)B+Zy+X(6+B) + A+ ¢ (7)

It is clear that the vector (d+ f) becomes between-group estimators and & quantifies the
differences between the within- and between-group associations between Xand y. More
importantly, Bwill be unbiased and consistent because the (X — X) is uncorrelated with

neighbourhood-level residuals, i.e., conX - X, &) =0 or £[§ | X - X] = 0.

The model (Equation (5)) is implemented by using the Bayesian Markov chain
Monte Carlo (MCMC) method. The full conditional posterior distributions for each model

parameter are obtained by using the following formula,

p(B.v.p.&05,0% |y, X W) « f(¥IB,v.£52X)pElp.05,W)p(B)p(¥)P(65)p(p)p(d?) (8)

where fy].) is the data likelihood and prior densities of model parameters are denoted

by p(.). Following Gelman et al. (2004), multivariate Normal distributions are specified
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for p(f) and p(), an uniform distribution over (-1, 1) for p(p), and Inverse gamma (IG)

distributions for p(alﬁ) and p(c?). The data likelihood is,

(| B, 7.£02%) = 2102 " exp{(- 209 " (v - XB - Zy - 88) (y - XB - Ty - AE)).

(9)

The full conditional posterior distributions for each model parameter are derived based
on Equations (8) and (9) and the complete MCMC algorithms are avaialbe upon request.
We have coded the MCMC samplers for model implementation using the R language and
incorporated the code files into a open source R package HSAR (Dong, Harris & Mimis,
2017). Statistical inferences of model parameters are based on two MCMC chains, each of
which consisted of 10,000 iterations with a burn-in period of 5,000. To address the
potential effects of different prior distributions set for model parameters (especially for
the spatial auto-correlation parameter pand the two variance parameters) on estimation
results (Gelman et al., 2004; Shor et al., 2007), we implemented the models with different
prior distributions. For instance, we specified a /logitbeta prior distribution for p with
different hyperprior parameters: /ogitbeta (4, 2) that favors medium spatial correlations
and /ogitbeta (0.5, 0.5) that favors extremely large or small degree of spatial correlation
(Ma et al. 2018). Model estimation results from these alternative prior distributions differ

only marginally from the results reported below.

4 Results

4.1 Baseline results

Table 2 presents the baseline results from model specifications with various set of

controls predicting residential satisfaction. The results from Model A and Model B are in
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favor of our basic presumption as greater access to parks is significantly associated with
enhanced residential satisfaction of local residents. Higher weekend park use frequencies
are associated with 0.039 points increase in residential satisfaction on a scale of 1 to 5,
everything else equal. Effects on residential satisfaction by living close to and frequent
use of a park were not identified, as indicated by the statistically insignificant coefficients

of the interaction terms between park access and park use.

Results from Model B (Table 2) further suggest that the impact of park access on
residential satisfaction is likely to be depending on local amenities and neighborhood
charactersitics. Several findings are worth noticing. First, the interaction term between
park access and the access to subway station is statistically significant and the positive
regression sign shows a potential complementary effect of better public transport access.
That said, for respondents with good park access (residence-to-park distance < 0.5 km),
good access to a subway station would be associated with a further 0.156 point increase
in residential satisfaction. Second, neighbourhood crime appears to attenuate the
association between good park access and residential satisfaction. This result is closely
in line with the recent evidence that the park premium on property prices is significantly
influenced by neighbourhood safty conditions or the park-safty complementarity
(Albouy, Christensen & Sarmiento-Barbieri, 2019). The park access effect (residence-to-
park distance < 0.5 km) would diminish to zero when neighbourhood crime rate reach
about its mean value.? The association between park access and residential satisfaction

appears not be depending on geographical access to primary schools. Finally, the effects

2 For simplicity in calculations, we assume away the interaction between park access and access to subway

stations, the park access (residence-to-park distance < 0.5 km) effect on residential satisfaction is:
dsatisfaction/dPark_500 = 0.093 - 0.094 * Crime rate,
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of local public amenities such as schools and subway stations on residential satisfaction
are not clear. Whilst better access to subway stations is positively associated with higher
residential satisfaction in Model A, this effect becomes insignificant in Model B when the
interaction effects are considered. However, a significant and negative gradient in

satisfaction is observed when moving away from the city center.

Estimates on the associations between socio-demographics and residential
satisfaction are consistent with findings from previous literature (e.g., Blanchflower &
Oswald, 2004; Ma et al., 2018). Specifically, respondents with larger family sizes tend to
report a significant lower level of residential satisfaction than those with small family
sizes, everything else equal. Respondents with a tertiary educational qualification tend to
be associated with a higher level of residential satisfaction than their counterparts.
Women tend to report a lower residential satisfaction level than men do. There is clear
evidence on the role of income levels to play in influencing residential satisfaction
(Diener et al., 2018). In line with findings from Ma et al. (2018), homeowners are
associated with a higher level of residential satisfaction when comparing to renters.
Long-term residents are also found to be more satisfied than people who just relocated
into the current neighborhood. Among the neighbourhood-level predictors, we find that
living a neighbourhood with higher levels of violent crimes tend to decrease satisfaction

levels.

With respect to structural model parameters, there are positive and significant
spatial correlations in residential satisfaction at the neighbourhood scale, as indicated by
the statistical significance of p. In addition, neighbourhood (/iedao) accounts for about
6.5% of the total variation in residential satisfaction, after controlling for the included

individual- and neighbourhood-level covariate effects. These results have two
17



methodological implications. First, it is important to explicitly recognize the differences
between neighbourhoods (or correlations between respondents located in the same
neighbourhood) when modeling residential satisfaction. Multi-level modelling offers a
useful tool for such purpose (Raudenbush & Bryk, 2002; Goldstein, 2011). Second, the
estimated significant spatial auto-correlation parameter confirms our specification of a
spatially correlated neighbourhood-scale random effect (§). As a normal distribution is
assumed for the neighbourhood-level residuals (3 in our spatially explicit multi-level), a
commonly used Jarque-Bera test was conducted for each model specification (Snijders
and Bosker, 2012). Test results suggested that the normality assumption cannot be

rejected, implying the validity of the use of a multi-level modelling approach in the study.

4.2 Heterogeneity effects and robustness checks

Turning to the heterogeneity effects and robustness checks, we conjecture that the
impacts of park access on residential satisfaction could vary with alternative outcome
variables and social group strata. We test for our conjecture through a number of

sensitivity analyses.

The first analysis considers alternative satisfaction outcomes. In Table 3 we report
estimation results from models where we use the satisfaction with greenness as the
outcome variable. While the mainstream literature have focused on overall residential
satisfaction, some studies have explored satisfaction with a particular residential domain,
such as satisfaction with travel (Cao, 2013). In this study, our key focus is neighborhood-
level residential satisfaction, with the underlying assumption that neighborhood-level
built environment design is of great relevance to people’s living experience. We

acknowledge people’s satisfaction with greenness, along with other aspects of residential
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enviornments, is likely to correlate with overall residential satisfaction. Key model
estimates with this alternative satisfaction outcome in Table 3 are similar to the baseline
results (Table 2), and provide robust evidence of subjective wellbeing implications of
park access and park usage in the spatial context. We do notice that the magnitudes of
estimated regression coefficients of park access and its interaction with access to subway
stations and crime differ between models with different outcome varibles. But directions

and statistical inferences of these key variables remain the same.

Next, we focus on whether our conclusions are sensitive to the heterogeneity
effects by social strata. The rationale behind this is that, we have so far concentrated on
the population-level influences of park access and park usage on residential satisfaction.
This focus might obscure a certain degree of heterogeneity across social dimensions. The
social dimensions we explore are between high-income groups versus low-income
groups and, between long-term residents and movers. Table 4 reports model estimation
results by stratifying the analysis across these two dimensions. Columns 1-4 present
results on the differentiated associations between park access, park usage and residential
satisfaction among long-stay residents and residents who have recently moved in (non-
movers and movers here). It is noticeable that the associations between park access and
use and residential satisfaction tends to be statistically significant for the non-mover
group whilst neither are statistically significant for the movers samples. In addition, the
interaction term between park access and access to subway stations is statistically
significant for the non-movers group but not so for the movers group. We also group
respondents into higher-income group if their monthly income is within the top two
income bands, and lower-income group otherwise (Table 1). Model estimation results

suggest that park access and use are statistically significantly associated with residential
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satisfaction for the relatively higher-income group but not so for the relatively lower-
income group. Turning to interactions between park access and other contextual factors,
we find that interaction effect of park access and crime is only statistically significant for
the higher-income group. These results reveal that using the population-level effects may
overestimate or underestimate the influences of park access and use on residential

satisfaction over a particular social dimension.

Finally, we consider issues relating to the potential correlations between
individual-level covariates and neighborhood-level unobservables. We therefore, in
Table 5, merge the Mundlak correction approach with our spatial multilevel model
specifications. All the group-means of individual-scale covariates (socio-economics, park
access and locational variables) and the corresponding interaction terms are included in
the model (Bell and Jones, 2015). In doing so, estimates of regression coefficients of
individual-level variables represent within-group estimators while regression
coefficients of the group mean terms presents the differences between within-group and
between-group estimators - & in Equation (7) (Snijders and Bosker, 2012). Statistically
significant regression coefficients of the group mean terms would suggest correlations
between individual-level covariates and neighborhood-level unobservables, which is the
essence of the classic Hausman econometric test (Snijders and Bosker, 2012). Among all
the group-mean variables, only the regression coefficient of the group mean of
Homeowners is statistically significant (reported in Table 5). Most importantly, estimates
on park access, park use and interaction terms under key research interest remain very
similar to the key results reported above (Table 2). We do notice slight decreases in the
magnitudes of coefficients for park access, park use and the interaction term between
park access and access to subway stations in the Mundlak correction model. These
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findings offer further assurance on the robustness of our analysis results as to how park
access is associated with residential satisfaction and how such association may be
affected by local amenities and neighbourhood attributes. Yet the estimates might not be
precise enough for definitive conclusions because that there are many other social and

spatial dimensions that may affect satisfaction but are beyond our consideration.

5 Implications of this study

The past decades have witnessed the rise of the “Healthy Cities” movement (Flynn, 1996)
and how it has shaped the policy agenda towards promoting urban wellbeing (Wolch et
al., 2014; Hughey, Walsemann, Child, Powers, Reed, & Kaczynski, 2016). To place this
movement in urban contexts, the contribution of park access to people’s residential
satisfaction is substantial. This is particularly the case in fast-urbanizing countries such
as China where urban park infrastructure is in high demand but limited supply. On the
one hand, the provision of parks affects residential preference and property market
valuation as the rapid urbanization continues in Chinese megacities (Wu & Dong, 2014;
Wu, Dong, & Zhang, 2017). On the other hand, differences in active life style across social
groups may influence people’s psychological satisfaction responses because park access
and park usage pertaining to the ways that people valued active life style and aligned
their varying degrees along residential satisfaction levels.

The preservation and development of public parks are costly projects. It is therefore
important that urban planning decisions are informed by sound evidence. The findings
presented in this study could be relevant for urban wellbeing and land uses in two central
ways. First, subjective satisfaction consequences could be accounted for by park usage

and residential preference effects as found in our analysis. In the presence of residential
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preference, our results suggest that social groups have placed different satisfaction
perceptions, which partially reflect their differentiated social gradients. The transition to
a market-oriented housing market has also created new opportunities of residential
preference and lifted the costs on access to parks that were previously ignored by the
socialist quota-based housing allocation system (Wang, 2004). Given the limited
variation in air and water quality within a city, the distribution of public parks and private
greenery amenities such as golf courses is crucial to influence subjective satisfaction and
health (Lee & Maheswaran, 2011; Wu et al., 2020) by offering the places for beneficial
physical activity and social engagement opportunities (Maas et al., 2006). The spatial
differentiated dimension of park access is important because the distributive spread of
experiences and expectations towards park access might as well respond more
vigorously to improvements in urban parks. From a dynamic perspective, for example, it
would be more worthwhile to look at the before-and-after comparison of influences of
the opening of the new Olympic park in Beijing on people’s satisfaction. This warrants

further studies.

The second and alternative way of rethinking the planning implication of our
study is the interpretation of effects of park access and park usage in affecting residential
satisfaction. Our results clarify the importance of considering the complementary effects
between park usage and access to other contextual amenities in the evaluations of
subjective wellbeing by residents. Planners’ mindsets apparently are encouraged to
adopt the “nonlinear” thinking through a comprehensive landscape design in a given
neighborhood or district. In doing so, people will be able to access to a diversified
composition of living-working-leisure amenities and be attracted to use these amenities

within a reasonable spatial buffer. Planners should go beyond conventional accessibility
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measures in assessing the satisfaction impact of parks and incorporate the usage and
quality of parks into the landscape design so as to maximize the residential exposure of
parks for residents. In this sense, the landscape design to delineating the usage, quality

and accessibility of parks is important for land use policy interventions.

6 Conclusions

Our analysis presents the evidence that the spatial access of parks has generated
subjective wellbeing implications. This is in conjunction with previous research on
wellbeing attenuation by urban green space (Li etal., 2015), in the sense that living closer
to parks is associated with enhanced satisfaction. In addition, park usage frequency is an
important correlate of satisfaction outcomes. We further disentangle the channels
resulting in this association. In particular, unequal access to parks represents urban
environmental injustice across different social groups for achieving subjective wellbeing
benefits. Thus people’s relative position across social dimensions is important for

residential satisfaction in post-reform urban China.

This study has several limitations that are inherently tied to the cross-sectional
data nature. First, it would be useful to test for differences in park usage frequencies at
both weekdays and weekends. It is also important to control for seasonal or weather
effects on park usage of residentsm at fine temporal scales. The survey did not provide
such information. These warrant further studies. Second, the natural environment of city
landscape derived from spatial coverage of parks, lawns, rivers, forests and plots of green
spaces in individual communities can be considered as a more general setting of urban
greenness. Due to the lack of data, we are not able to test for the possibility that people’s

satisfaction consequences are driven by other observable and unobservable green
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infrastructure. Further, the survey mainly focuses on working populations. We are unable
to consider the impact of park usage on junior residents aged below 16 or retired people
aged above 60, who are likely to be potential park users as well. When longitudinal data
are available, future work should measure how changes in individuals’ satisfaction
response to improvements in urban green infrastructure in order to provide a more
complete understanding of the causal mechanisms underlying dynamics of people’s

satisfaction perceptions.
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Table 1. Variable description and summary statistics.

Variable names Descriptions Summaries
Satisfaction Overall satisfaction scores (one to five) 3.15
Satisfaction with greenness (one to five) 341
Park access Distance to the nearest park
Park 500 within 500 m 9.4%
Park_1000 Between 500 m to 1 km 18.1%
Park use Park visit frequency (1 = often, 0 = not often or never) 19.8%
Subway Residence-to-subway station distance within 500 m 16.1%
School Residence-to-primary school distance within 500 m 35.7%
CBD Distance to the city centre 6.73 km
Neighbourhood characteristics
Crime rate Violent crime counts per 10,000 population in 2010 1.04
Population Population density (1,000 persons per km?) 28.8
Buildings1949 Proportion of historical buildings built before 1949 5.1%
Individual-level socio-demographics
Family size Number of family members 2.61
Gender Male as baseline category 51%
Age (£30) Age below 30 43.4%
Age (30-39) Age between 30 and 39 23.6%
Age (40-49) Age between 40 and 49 22.4%,
Age (= 50) Age above 50 10.6%
Primary Primary education qualification 6.81%
Secondary Secondary education qualification 27.1%
Tertiary Tertiary education qualification 66%
Income (< 3,000) Monthly income below 3000 RMB 26%
Income (3,000-4,999)  Monthly income between 3,000 and 4,999 RMB 38.3%
Income (5,000-9,999)  Monthly income between 5,000 and 9,999 RMB 27.5%
Income (= 9,999) Monthly income above 10,000 RMB 8.3%
Homeowners Renters as baseline category 51.2%
Movers Living in the current residence for less than 5 years 47.2%

29



Table 2. Model estimation results for overall residential satisfaction.

Model A Model B

Estimates Std.error Estimates Std.error
Intercept 3.115% 0.069 3.117* 0.069
Park 500 0.086* 0.042 0.093* 0.041
Park 1000 0.063* 0.028 0.035 0.066
Park 500 x Park use 0.094 0.073 0.102 0.073
Park 1000 x Park use 0.015 0.049 0.009 0.049
Park use 0.039* 0.018 0.04* 0.018
Subway 0.040* 0.020 0.028 0.022
School -0.022 0.019 -0.039 0.021
CBD -0.089* 0.031 -0.092* 0.031
Family size -0.016%* 0.007 -0.016* 0.007
Gender -0.03* 0.013 -0.03* 0.013
Age (30-39) -0.03 0.018 -0.031 0.018
Age (40-49) -0.098* 0.019 -0.098* 0.019
Age (= 50) -0.121* 0.025 -0.12* 0.025
Income (3,000-4,999) 0.073* 0.017 0.074* 0.017
Income (5,000-9,999) 0.155* 0.020 0.154* 0.020
Income (> 9,999) 0.251* 0.028 0.25% 0.028
Secondary 0.024 0.029 0.024 0.029
Tertiary 0.064* 0.029 0.064* 0.029
Movers -0.034* 0.014 -0.033%* 0.014
Homeowners 0.059* 0.016 0.06%* 0.016
Population 0.001 0.015 0.002 0.015
Buildings1949 0.009 0.156 0.025 0.156
Crime rate -0.04* 0.018 -0.039%* 0.019
Park 500 x Subway 0.156* 0.067
Park 1000 x Subway 0.034 0.052
Park 500 x School 0.097 0.069
Park 1000 x School 0.061 0.046
Park 500 x Crime rate -0.094* 0.041
Park 1000 x Crime rate -0.016 0.046
Preferences variables Yes Yes
0 0.459* 0.159 0.429* 0.169
o} 0.258 0.004 0.258 0.005
o? 0.018 0.003 0.019 0.003
Sample size 6162 6162
Jarque-Bera test 1.757 (P-value of 0.338) 1.789 (P-value of 0.338)

Note: the symbol “*” represents statistical significance levels of 5% or better. Standard errors of
estimates are calculated as the standard deviation of posterior samples of each parameter.
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Table 3. Model estimation results for satisfaction with greenness.

Model C Model D

Estimates Std.error Estimates Std.error
Intercept 3.347* 0.081 3.331* 0.078
Park 500 0.131* 0.059 0.252%* 0.101
Park 1000 0.128%* 0.043 0.153 0.105
Park 500 x Park use 0.001 0.132 0.017 0.132
Park 1000 x Park use 0.012 0.088 0.008 0.089
Park use 0.082%* 0.033 0.085%* 0.033
Subway 0.046 0.033 0.033 0.037
School -0.049 0.031 -0.066 0.034
CBD 0.020 0.032 0.011 0.032
Crime rate -0.046* 0.017 -0.049* 0.018
Park 500 x Subway 0.044* 0.019
Park 1000 x Subway 0.055 0.089
Park 500 x School -0.043 0.120
Park 1000 x School 0.126 0.079
Park 500 x Crime rate -0.112* 0.051
Park 1000 x Crime rate 0.078 0.072
Full control variables Yes Yes
0 0.419%* 0.159 0.409™ 0.169
ol 0.241 0.005 0.241 0.005
o? 0.015 0.006 0.014 0.006
Sample size 6162 6162
Jarque-Bera test 1.056 (P-value of 0.524) 0.975 (P-value of 0.57)

Note: the symbol “*” represents statistical significance levels of 5% or better. Standard errors of
estimates are calculated as the standard deviation of posterior samples of each parameter. Preference
variables are part of the full control variable list.
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Table 4. Estimation results on heterogeneity effects by social dimensions.

Movers samples Non-movers samples Lower-income samples Higher-income samples

Estimates Std.error  Estimates Std.error Estimates Std.error Estimates Std.error
Intercept 3.075% 0.090 3.064* 0.085 3.237% 0.112 3.174* 0.080
Park 500 -0.164 0.151 0.291* 0.135 -0.063 0.151 0.193* 0.089
Park 1000 -0.03 0.099 0.110 0.085 -0.106 0.102 0.12 0.084
Park 500 * Park use 0.301* 0.130 -0.041 0.091 0.156 0.117 0.041 0.094
Park 1000 * Park use -0.063 0.078 0.061 0.064 0.026 0.077 0.009 0.064
Park use -0.004 0.026 0.089* 0.026 0.025 0.029 0.055* 0.024
Subway 0.02 0.032 0.04 0.031 0.065 0.036 0.001 0.028
School -0.041 0.031 -0.03 0.028 -0.022 0.033 -0.047 0.027
CBD -0.078 0.040 -0.077* 0.038 -0.033 0.045 -0.121%* 0.036
Crime rate -0.041* 0.019 -0.027 0.025 -0.04* 0.019 -0.036%* 0.015
Park 500 * Subway 0.159 0.142 0.168* 0.079 0.056 0.122 0.238* 0.112
Park 1000 * Subway -0.089 0.082 0.12 0.067 -0.128 0.082 0.111 0.066
Park 500 * School 0.067 0.108 0.082 0.092 0.04 0.107 0.140 0.089
Park 1000 * School 0.036 0.073 0.043 0.060 0.038 0.076 0.058 0.058
Park 500 * Crime rate 0.146 0.127 -0.218* 0.101 0.068 0.127 -0.168* 0.067
Park 1000 * Crime rate  0.056 0.074 -0.066 0.058 0.146* 0.072 -0.094 0.056
Full control variables Yes Yes Yes Yes
o} 0.25 0.007 0.258 0.007 0.237 0.007 0.265 0.006
o? 0.021 0.004 0.022 0.004 0.023 0.005 0.022 0.005
Sample size 2908 3254 3957 2205
Jarque-Bera test 0.068 (P-value 0f 0.971)  0.584 (P-value of 0.732) 0.975 (P-value of 0.57) 1.325 (P-value of 0.451)

Note: the symbol “*” represents statistical significance levels of 5% or better. Standard errors of estimates are calculated as the standard deviation of
posterior samples of each parameter.
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Table 5. Estimation results from models with the Mundlak correction.

Estimates Std.error
Intercept 1.386 0.816
Within-group estimators
Park 500 0.082%* 0.039
Park 1000 0.003 0.069
Park 500 x Park use 0.099 0.073
Park 1000 x Park use 0.013 0.049
Park use 0.038%* 0.018
Subway 0.022 0.023
School -0.041 0.022
CBD -0.184* 0.058
Homeowners 0.056* 0.016
Population 0.001 0.019
Buildings1949 0.068 0.203
Crime rate -0.037* 0.018
Park 500 x Subway 0.153* 0.071
Park 1000 x Subway 0.037 0.052
Park 500 x School 0.106 0.070
Park 1000 x School 0.073 0.047
Park 500 x Crime rate -0.098* 0.044
Park 1000 x Crime rate -0.001 0.050
Estimates for group mean variables
Homeowners 0.279%* 0.138
Preference variables Yes
Other group mean variables Yes
P 0.469™ 0.129
ol 0.258 0.006
o? 0.015 0.004
Sample size 6162
Jarque-Bera test 2.841 (P-value of 0.158)

G

Note: the symbol represents statistical significance levels of 5% or better. Standard errors of estimates are
calculated as the standard deviation of posterior samples of each parameter. We only report the statistically
significant regression coefficient for a set of group mean variables.

33



A I Green Parks
— Urban ring roads
-+ City center

0 5 10 15 km Jiedao boundaries

Figure 1. The distributions of key green parks, ring roads and neighbourhood boundaries in the study
area.
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Figure 2. The adjusted residential satisfaction scores by park access and park use.
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