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HIGHLIGHTS

o Access to high green quality parks tend to improve residents’ expressed happiness.
e Living environment is associated with residents’ expressed happiness.

o Different types of urban parks are likely to affect residents’ expressed happiness.

o Links between parks and residents’ happiness is more evident during the pandemic.

ARTICLE INFO ABSTRACT

Keywords: The COVID-19 pandemic has impacted human health worldwide. In these unprecedented times, the benefits of

COYID-19 ) urban parks for residents have gained attention. However, few studies have explored the effects of urban parks on

Is—lubjlilit well-being residents’ expressed happiness from the perspective of big data, and fewer have further deciphered the disparities
ea.

between residents’ expressed happiness before and during the pandemic. In this study, we explored the effects of
urban parks on residents’ happiness by including nine independent factors in baseline regression models, and
chose 577 urban parks in Nanjing City, China, as study sites. Around 600,000 geotagged posts crawled on Sina
Weibo (Chinese Twitter) were employed to obtain residents’ expressed happiness. The results demonstrated that
residents with access to urban parks with higher normalized differential vegetation index (NDVI) values are
likely to be happier; and subdistrict-scale urban parks have the highest positive association with residents’
expressed happiness. The presence of water, relatively dense populations, low land surface temperatures, and a
low proportion of impervious land in the living environment were significantly associated with the higher
expressed happiness of residents. The research period was divided into before and during the pandemic, and we
identified that the positive association between NDVI of urban parks and residents’ expressed happiness
increased by one-half during the pandemic period compared to the overall results (0.372 vs. 0.255), indicating
that the COVID-19 pandemic awakened Chinese residents’ longing for high “green quality” urban parks. Our
findings can provide guidance and recommendations for health-oriented urban park planning and design.

Social media
Quality of life

1. Introduction

The novel coronavirus disease (COVID-19) was first identified in
Wuhan, China, in December 2019, immediately before the 2020 Chinese
Spring Festival. It has substantially impacted global human health, se-
curity, and economic development. People throughout China were
encouraged to stay at home and “self-quarantine” during the outbreak of

* Corresponding author.

the pandemic, while Wuhan City was required to be compulsorily
quarantined. The lack of daily recreational and social activities has had a
significant negative impact on people’s moods (Brooks et al., 2020).
Along with the emotional contagion' on social media, which has been
confirmed to exist (Looi et al., 2020), people’s negative emotions soared
during the COVID-19 pandemic, making their subjective well-being and
moods highly deserving of attention.

E-mail addresses: yic@njfu.edu.cn (Y. Cheng), zjg@njfu.edu.cn (J. Zhang), zhbnl0118@njfu.edu.cn (B. Zhao).
1 Here it refers to the phenomenon that reports and tweets on social media may lead to the spread of negativity/positivity among people, which might affect

people’s wellbeing.
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Studies on human health during the COVID-19 pandemic are rapidly
accumulating, and many have explored the associations between urban
green spaces (UGSs) and public health. Specifically, some of these
studies have suggested that the pandemic has increased the frequency of
visitation to UGSs and addressed the importance of UGSs around their
homes (Kleinschroth et al., 2020; Yi et al., 2021). Others have argued
that exposure to UGS could mitigate the negative effects of COVID-19
quarantine time (Brooks et al., 2020; Rousseau and Deschacht, 2020),
such as relieving urban dwellers’ stress, improving residents’ physical,
emotional, and mental health by providing places of solace and respite,
and by offering amenities for exercising and relaxing while enabling
social distancing (Corley et al., 2020; Pouso et al., 2020; Slater et al.,
2020; Ugolini et al., 2020). A more recent empirical study suggested that
UGS can mitigate the racial disparity of the pandemic infection (Lu et al.,
2021). Researchers have reconsidered the relationship between UGSs
and public health from a variety of perspectives since the outbreak of the
pandemic; however, few studies have compared changes in the associ-
ations between UGSs and residents’ health benefits before and during
the pandemic.

Considerable evidence from previous studies already proves that
exposure to UGS is beneficial for various dimensions of health (Bratman
et al.,, 2019; Enssle and Kabisch, 2020; Zhang et al., 2020). UGSs,
particularly urban parks, have environmental, aesthetic, and recrea-
tional functions that can contribute to people’s health, including phys-
ical, mental, social health, academic and job performance, as well as
happiness (Frumkin et al., 2017; Gascon et al., 2016; Richardson et al.,
2010; Villeneuve et al., 2012; Zhang, Cheng, Li, Wan, & Zhao, 2021).
Among these, the association between urban parks and happiness has
received relatively less attention.

A variety of terms are used in the cross-disciplinary literature on
happiness, including happiness, subjective well-being, life satisfaction,
experienced utility, and quality of life (De Vries et al., 2021; MacKerron,
2012; MacKerron and Mourato, 2013). Various methods have been
employed to obtain well-being and happiness data. Self-reported mea-
sures (e.g., self-reported well-being), questionnaires, and demographic
surveys are most commonly used to explore the effects of urban parks on
respondents’ happiness (Grilli et al., 2020; Navarrete-Hernandez and
Laffan, 2019; Thompson et al., 2012; White et al., 2013; Yuan et al.,
2018). Recently, smartphone apps and wearable sensors combined with
GPS location data have been used to obtain momentary happiness data.
A recent experimental study by Benita et al. (2019) used wearable
sensors to record momentary subjective well-being as people’s happi-
ness data. Participants were asked to record their momentary feelings of
happiness in various daily life scenarios in Singapore using sensors.
Similarly, a more recent study by De Vries et al. (2021) launched a
smartphone app called HappyHier to send requests to complete a short
questionnaire, starting with the participants’ happiness in natural en-
vironments. Such data acquisition methods are, however, restricted to
recording participants’ happiness in specific situations and scenarios;
they fail to explore changes in urban residents’ happiness over time. To
date, few studies have demonstrated the general impact of urban parks
on happiness in large populations. There is scarce research into how
different types and attributes of urban parks affect happiness in daily
life.

In recent years, social media platforms, such as Twitter and Weibo,
have become ubiquitous and important for social networking and con-
tent sharing (Hughes et al., 2012). They play a crucial role as a medium
for information dissemination and communication, especially during
the COVID-19 pandemic, when people are forced out of public spaces
(Chen et al., 2020). The widespread use of these platforms, combined
with developments in data crawling techniques and text analytics (e.g.,
sentiment analysis), has enabled us to obtain large-scale and long-term
databases on residents’ expressed happiness (Roberts et al., 2019).

To address the above-mentioned gaps, we conducted a sentiment
analysis of a large number of microblogs (with location information)
obtained from social media. Additionally, we aimed to explore the
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effects of urban parks on residents’ expressed happiness and to decipher
whether the COVID-19 pandemic has changed their relationship. Nanj-
ing City, China, was selected as the study site to address the following
scientific questions:

i) Do residents living within the service radius (buffers) of urban

parks express higher happiness?

ii) Does higher “green quality” of a park (i.e., with higher green
coverage) lead to happier residents who have access to it?

iii) Are there disparities in residents’ expressed happiness among the
different types of urban parks?

iv) Has the relationship between urban parks and residents’
expressed happiness changed before and during the COVID-19
pandemic?

Addressing these scientific questions can provide planning guidance
and design recommendations for urban parks. Thus, when a similar
crisis occurs in the future, cities can respond effectively not only from a
medical and epidemiologic perspective but also from an urban planning
perspective, which promotes the use of green spaces for well-being and
happiness.

2. Methodology
2.1. Study area

Nanjing, the capital city of Jiangsu Province, China, was chosen as
the study site. A megacity with a population of approximately 8 million
people and covering an area of approximately 6,600 km? it is one of the
most important cities in the Yangtze River Delta (YRD), from an eco-
nomic, cultural, and historical perspective. The YRD is the largest urban
agglomeration in Asia and has undergone rapid economic growth.
Nanjing has often been used as a model site for green space planning and
landscape ecology, making it an appropriate city for studying urban
parks and health (Zhang, Cheng, & Zhao, 2021). Specifically, 577 major
urban parks, referred to as UGS with recreational amenities and facilities
(e.g., public parks and recreational fields), across the city were selected
and classified into four groups according to their areas (Fig. 2a). There
are 176 community-scale urban parks (group 1), which have an area
between 0.5 and 2 ha; 258 subdistrict-scale urban parks (group 2), with
an area between 2 and 20 ha; 92 regional-scale urban parks (group 3),
with an area between 20 and 100 ha; and 51 city-scale urban parks
(group 4), with an area over 100 ha. Considering that the check-in data
inside urban parks was insufficient and to better evaluate the potential
influence of social activities in or around urban parks on residents’
sentiment, we set a 300 m, 500 m, 1500 m, and 2000 m buffer distances
for groups 1 to 4 separately, depending on the service radius of the
different levels of urban parks. The buffer analysis tool of ArcGIS 10
(ESRI, 2011) was used to form a buffer surface for each urban park, as
shown by the colored parts in Fig. 2. We defined buffer zones as the
range of residents’ social activities around urban parks; that is, the
residents in these areas have access to urban parks and their services.

2.2. Variable selection and calculation

The normalized differential vegetation index (NDVI) has been widely
used as an indicator to reflect and assess the vegetation quality in urban
areas (Myeong, 2006; Sarkar et al., 2015; Wang et al., 2019), and has
also been applied to study vegetation distribution (Pettorelli et al.,
2005). Therefore, we consider it as a factor that can represent the green
quality of urban parks; and thus, it was our main independent variable.
The NDVI data of the whole city were derived from Landsat-8 Opera-
tional Land Imager (OLS) images, with a spatial resolution of 30 m,
calculated using the Map algebra tool of ArcGIS 10. Four satellite images
were acquired for each of the following time periods: August 2019
(period 1), November 2019 (period 2), February 2020 (period 3), and
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Fig. 1. The framework of methodology.

April 2020 (period 4). NDVI and urban park layers were merged to
obtain the NDVI values for each park for each time period. We set the
NDVI value of water to zero to remove the negative values from the
database. Consequently, the NDVI values were all positive and ranged
from 0 to 0.45.

People’s emotions are affected by multiple factors when they engage
in social activities (Sacharin et al., 2012); hence, we further selected
eight control variables; that is, seven continuous variables—land surface
temperature (LST), air quality index (AQI), urban park area (UPA), the
proportion of water area (WP), the proportion of impervious land (ILP),
the proportion of noise (NP), and population density (PD)—and one
binary variable—the existence of water (WE, where 0 is “without water”
and 1 is “with water”). All of them, except for UPA, are based on the
scope of residents with access to urban park services (buffer zones). The
PD, NP, ILP, and WP of Nanjing are displayed in Fig. 3. We obtained LST
data by applying the radiative transfer equation to Landsat images in
ENVI 5.3. AQI data were obtained from the National Climatic Data
Center, which is part of the National Oceanic and Atmospheric Admin-
istration. The LST and AQI values are the mean values of the buffer
areas. For the calculation of the NP, we set up 150 m, 100 m, and 50 m
coverage areas for highways, expressways, and pedestrian paths,
respectively, and intersected the noise layer and the urban park’s buffer

layer in ArcGIS 10 to obtain the NP data. The remaining factors were
calculated using ArcGIS 10. All data were then collapsed to the urban
park/period level. The sample number (n) was 1,305.

2.3. Weibo data collection and processing

Sina Weibo, often called “Chinese Twitter” (Twitter is blocked in
China), is the largest open social media platform in China, having
reached over 500 million users by May 2020 (Wang, Zhou et al. (2020)).
It is a platform where people voluntarily publish messages and exchange
information. All users’ information is anonymous. Weibo data has been
widely accepted and used in several studies. Zheng et al. (2019) used
Weibo posts to explore the impact of air pollution on the happiness of
urban dwellers. Wang, Wu et al. (2020) utilized Weibo data to explore
the effects of residential lockdown on individuals’ subjective well-being
in China during the COVID-19 pandemic. Research has indicated that
the Pearson correlation coefficient between the online check-in data and
official visitor statistics reaches 0.712 (Shen et al., 2017), suggesting
that the former can be representative of parks’ real visits. The wide-
spread use of social media data implies that people’s real-time happiness
derived from social media is highly efficient.

Our data are geotagged Weibo posts from July 2019 to June 2020,
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Fig. 2. a. The geographical spatial distribution of different levels of urban parks in Nanjing; 2b. The visualization of happiness index in urban parks’ buffer zone.

Kriging Method in ArcGIS 10 was used for Interpolation analysis of this figure.

which were collected using Python (web crawler) connected to the
streaming application-programming interface (API). Data provided by
the API are limited to a subsample of all Weibo data, where users
voluntarily shared their location information. We obtained approxi-
mately 600,000 raw data and approximately 560,000 posts after
screening invalid texts because of the randomness of data for duplicates,
emojis, too-short phrases, and system-set advertising slogans, such as
votes, play charts, super talk, check-in, and so on. They were excluded
because they cannot express personal subjective thoughts and may lead
to errors in subsequent data analysis.

Partial urban parks are inaccessible, more geographically isolated, or
less attractive, resulting in very little check-in data obtained within their
serviceable area, with <10, or even none, for a single time period. These
urban parks were also excluded, and 330 urban parks with approxi-
mately 350,000 posts remained. Each post included release time, con-
tent, and location. To examine the disparities in the effect of urban parks
on people’s happiness over time, we divided our time frame into four
periods: July to September 2019 (period 1), October to December 2019
(period 2), January to March 2020 (period 3), and April to June 2020
(period 4); all data were disaggregated by the time of release.

Text sentiment analysis was then performed based on the Baidu
Natural Language Processing platform (https://ai.baidu.com/tech/nlp),
which was one of the first four national new-generation Al open inno-
vation platforms approved by the China Ministry of Science and Tech-
nology in 2017. For Weibo posts, sentiment analysis was performed by
first extracting Chinese characters (excluding numbers, English char-
acters, punctuation, URLs, tags, mentions, etc.) to construct Chinese
word segments, and obtaining the sentiment scores of these segments
from a Baidu dictionary containing the sentiment scores of Chinese
words (https://cloud.baidu.com/doc/API/index.html). This technique
automatically returns the text’s emotional classification (positive,
negative, neutral) and scores in the range of 0 to 1, along with the
corresponding confidence. We used the positive sentiment value of the
tweet as its happiness index, where 0 represented “extremely negative
emotions” and 1 represented “extremely positive emotions.” Then, we
converted each location to geographic coordinates and assigned the

happiness value of the corresponding tweet to it. The mean of all
happiness values within each buffer zone was used as the happiness
index for that region. We then visualized the expressed happiness of all
urban park buffer areas by applying the Kriging interpolation analysis
method in ArcGIS 10 (Fig. 2b). The color from green to red in this figure
indicates the happiness value from low to high.

2.4. Statistical analysis

The research focused on the independent-samples t-test and two
main statistical models: the baseline regression model and the hetero-
geneous effect regression model. First, Levene’s test for equality of
variances and t-test for equality of means were performed to monitor
whether there were significant differences in residents’ expressed
happiness inside and outside the buffer (the urban parks’ service area),
and made comparisons.

Bivariate correlation analysis was performed on all variables to test
the relationship between NDVI and residents’ sentiment, and also to
screen out other variables that could affect the dependent variable.
Subsequently, a baseline regression model was used to explore the as-
sociations between the factors and residents’ expressed happiness.
Temporal dummy variables were included in the model (temporal fixed
effects) to eliminate the bias brought to the results by different time
periods. All statistics in this paper were presented with period 4 as the
default; periods 1, 2, and 3 were added to the equation:

Happinessij =0y + (X|Xij + (XzCij + a3 Ti+Eo (€8]

where Happiness;; is the happiness index of the urban park i in period j;
X;j is the NDVI of the urban park i in period j; Cj includes all control
variables associated with dependent variable after being tested (in this
paper, they are ILP, LST, WP, WE and PD); Tj; is the product term of
NDVI and time dummy variables, and is used for temporal fixed effects,
and period 4 is the default season; ag is a constant, and & is an error
term. o is expected to be positive and is shown as the coefficient of
NDVI in the tables.

As our NDVI values range from 0 to 0.45, we further reclassified
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urban park.

them into five grades: a value between 0 and 0.05 was considered very
low; between 0.05 and 0.15 was low; between 0.15 and 0.25 was me-
dium; between 0.25 and 0.35 was high; and between 0.35 and 0.45 was
considered very high. To intuitively observe how the impact of NDVI on
expressed happiness varies with increasing rank, and to explore whether
there were significant disparities within four urban park groups, we

added NDVI grade variables and urban park group dummy variables
(Djp) to Equation (1), and obtained Equation (2). The urban park group
dummy variable was used to test the effect of different types of urban
parks in the model, on residents’ expressed happiness. The beta in
Equation (2) has the same meaning as the alpha in Equation (1), and
both represent the regression coefficient of the variable.
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Periods 3 and 4 (January to June 2020) in the study correspond to
the time during the COVID-19 pandemic and full quarantine at home.
Note that the precipitous decline in the outdoor activity population
during the COVID-19 pandemic provided an excellent experimental
setting for our study, controlling for many other influences. We
extracted the data for this part and employed the baseline regression
Equation (1) for periods before and during the pandemic separately. In
this step, we expected to explore people’s attitudes toward greenness
during the pandemic period and detect the potential influence of the
absence of greenness in daily life on people’s sentiments.

In general, we proposed three steps for the statistical analysis. First,
we examined the factors affecting residents’ expressed happiness; sec-
ond, we deciphered the heterogeneous effect within five NDVI levels and
four urban park groups; finally, we compared the changes in residents’
expressed happiness before and during the COVID-19 period, and
attempted to interpret the phenomenon through the lens of greenness.
All statistical analyses were performed using the Eviews 9 software. The
framework of the methodology is illustrated in Fig. 1.

3. Results

3.1. Identification of factors associated with residents” expressed
happiness

In Levene’s test of the two groups of happiness data inside and
outside the buffer area, p = 0.000; In the t-test, we found that t = 4.623
and p = 0.000, indicating a significant difference between the two
groups. The median values of residents’ happiness inside and outside the
buffer were 0.713 and 0.706, respectively. Although the differences
were small, the slightly higher happiness value of residents who have
access to urban parks allowed us to conduct a follow-up study based on
the premise that urban parks are positively correlated with the happi-
ness of urban dwellers.

By testing all variables for the bivariate correlation, UPA and NP
were excluded because their probability values exceeded 0.05; we
selected six independent variables, including NDVI, and five control
variables, ILP, LST, WP, WE, and PD. The results of the estimation of
equation (1) are shown in Table 1; the R-square is 0.218. We can see that
NDVI in urban parks was positively linked to residents’ expressed
happiness, and a one-standard-deviation increase in the NDVI caused a
0.255 standard growth in the happiness index. The associations of
impervious land and LST with residents’ happiness were opposite, and
their coefficients were relatively low (—0.062 and —0.002, respec-
tively). Both the presence and the area of the water surface within the
sphere of social activity were positively related to people’s happiness
(0.065 and 0.064, respectively); their coefficients were quite similar.
Moreover, places with a high PD (0.069) seemed to have happier resi-
dents. The relationship between residents’ expressed happiness and the

Table 1
Associations between the selected factors and expressed happiness.

Dependent Variable Mean Happiness

Variable Coefficient Probability
NDVI of urban parks 0.255™"" 0.000
Proportion of impervious land (ILP) —-0.062""" 0.000
Land Surface Temperature (LST) —~0.002"" 0.019
Proportion of water (WP) 0.064" 0.037
NDVI*the existence of water (WE) 0.065™ 0.025
Population density (PD) 0.069™" 0.000
Constant 0.799"" 0.000

Note: This is the table showing the results of Equation (1), where the coefficient
of “NDVI of urban parks” is a; value; the coefficients of “ILP,” “LST,” “WP,” “WE”
and “PD” are a; values; the constant is «g value in Equation (1). *p < 0.1, **p <
0.05, ***p < 0.01.
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NDVI of urban parks in the four study periods is presented in Fig. 4. The
dot plot indicates that NDVI in urban parks is significantly higher in
spring and summer than in autumn and winter. Except for the WE, the
coefficients of the five variables (NDVI of urban parks, ILP, LST, WP, and
PD) are illustrated in Fig. 5a. As evident in Table 1 and Fig. 5a, the
regression coefficient for NDVI was the highest and was almost four
times higher than the others.

3.2. Potential heterogeneous effects of NDVI and urban parks on
expressed happiness

In the regression employed on the graded NDVI, the “very low” grade
was set to be the default; four classes from “low” to “very high” were
included in the equation. The results are summarized in Table 2 and
Fig. 5b; the R-square is 0.210. The coefficients of all four grades were
significantly positive. The results indicate a monotonically increasing
trend in the regression coefficients as the NDVI grade increases. Control
variables were included, and their effects were consistent with those of
the first regression.

We set each of the four urban park groups as the default term, adding
the product terms of NDVI and other groups as dummy variables, and
performed a regression (Table 3 and Fig. 5¢). The results illustrate that
the largest positive association between NDVI and residents’ expressed
happiness was found in subdistrict-scale urban parks (0.277), while the
smallest was found in city-scale urban parks (0.212), although they
comprised the largest areas. The coefficient for regional-scale urban
parks was most similar to the overall coefficient in Table 1 (0.250 vs.
0.255). Residents’ responses to NDVI did not exhibit a monotonous
tendency with the changes in urban park groups, and the disparities
between them were not so large.

3.3. Relationship between urban parks and residents’ expressed happiness
during the pandemic period

We reorganized our database into two parts: before the pandemic
(including periods 1 and 2) and during the pandemic (including periods
3 and 4). By estimating the baseline regression separately, we observed
that the effect of NDVI on expressed happiness was insignificant before
the pandemic. Further, the regression coefficient during the pandemic
period was highly significant (Table 4) and much larger than the result
in Table 1 (0.372 vs. 0.255). All control variables were included in
regression analysis.

In the heterogeneous effects test during the pandemic period, all four
regression coefficients were significantly correlated, and the one for
subdistrict-scale urban parks remained the largest, with the trends be-
tween groups being identical to those of full sample in Table 3 (Fig. 5d).
It is noteworthy that all coefficients during the pandemic period
increased substantially compared to the overall results presented in
Section 3.2.

4. Discussion

4.1. Factor most associated with residents’ expressed happiness in urban
parks

We observed significant differences between inside and outside the
buffer of urban parks, implying that people who have access to urban
park services may have higher expressed happiness values. Our study
primarily focused on residents who had access to urban parks and their
services. This contributes to the literature because previous studies only
considered green justice across age or ethnic groups and ignored the fact
that not all people have access to green services (Enssle and Kabisch,
2020; Kabisch and Haase, 2014; Rigolon et al., 2018; Williams et al.,
2020).

In exploring the factors associated with residents’ expressed happi-
ness, we observed that the estimates for both the overall NDVI and the
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graded NDVI in urban parks exhibited significant positive correlations
with residents’ expressed happiness, and their regression coefficients
monotonically increased as the NDVI rating rose. In this study, the NDVI
values are all positive because we identified that the raw water NDVI
value was assigned negative values, while people’s moods tended to be
higher when they approached blue spaces (White et al., 2020); there-
fore, we considered the NDVI value of water as 0 to reduce the inter-
ference of this phenomenon. Our results demonstrate that the better the
“green quality” (represented by the value of NDVI, with higher values
indicating higher quality) of the urban park, the higher the associations
between it and residents’ expressed happiness. This may inspire resi-
dents’ attention and care for green spaces. NDVI has already been used
as an indicator of residential and surrounding greenness to explore its
relationship with mental health in previous research (Amoly et al.,
2014). Our results illustrate the extent of the potential impact of NDVI
on people’s happiness.

A recent study by Houlden et al. (2019) examined the relationship
between the amount of green space within a certain radius of homes in
London and the mental well-being of its residents. They observed a 0.52
unit increase in happiness for an increase of 1 ha of green space within a
300 m radius of people’s homes. However, urban park areas did not have
a significant effect on the happiness index in this study. These two
contrasting results can be partly explained by the differences in the
scope of the studies and their target populations: our study explored the
impact of a single urban park on nearby residents, while the former
focused on the general increase in the area of the surrounding green
spaces. In addition, disparities in the impact of domestic and foreign

urban parks on residents (Benita et al., 2019), caused by differences in
the equality of green spaces, are also contributing factors.

The synergistic effects of water and urban parks on the buffer scale
suggest that a high-quality living environment may be beneficial to
people’s happiness. Moreover, the coefficient of the proportion of water
within the service range of the urban parks was very similar to that of the
existence of water (0.064 vs. 0.065), which hints at the consideration of
the impact of the amount of blue space on people’s happiness in daily
life. In the baseline regression, we found that both ILP and LST were
negatively associated with people’s expressed happiness, while PD had a
positive association, although the value was small. It is generally
accepted that the more urbanized the areas, the more noticeable the heat
island effect (Rizwan et al., 2008). Given that the proportion of imper-
vious land is an indicator of urbanization (Wang et al., 2001), and that
land surface temperature is a reflection of the heat island effect (Imhoff
et al., 2010; Yu et al., 2020), the collaborative effect of ILP and LST on
people’s expressed happiness is reasonable. Contrary to our expected
result, the fact that people are relatively happier in densely populated
areas can be partly explained by the diversity of recreational facilities.
Places where people congregate tend to attract more commercial and
entertainment venues, which can enrich people’s social activities and, in
turn, increase the attractiveness of the venue.

These findings suggest that there are different associations between
different aspects of the living environment and residents’ expressed
happiness. They provide a basis for urban planning based on the resi-
dents’ perspective and real “feedback,” accessible through their social
media posts. Specifically, the service area of an urban park needs to be
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Fig. 5. The histograms of the coefficients of variables on residents’ expressed happiness. *p < 0.1, **p < 0.05, ***p < 0.01.
relatively more constituents. Subdistrict-scale urban parks are within
Table 2

Sentiment dynamics at different NDVI levels.

Dependent Variable Mean Happiness

Variable (Default: very low) Coefficient Probability
Low 0.036"" 0.010
Medium 0.053"" 0.000
High 0.061"" 0.001
Very high 0.094™"" 0.000
Proportion of impervious land (ILP) —0.058™"" 0.000
Land surface temperature (LST) —0.002"" 0.041
Proportion of water (WP) 0.051* 0.098
Population density (PD) 0.062""" 0.000
Constant 0.795"" 0.000

Note: Temporal fixed effects are indicated by * p < 0.1, ** p < 0.05, *** p < 0.01.

considered when planning residential areas. This approach could
contribute to ensuring green justice and bringing health benefits to
residents.

4.2. People’s green sensitivity to different grades of urban parks

By analyzing the potential heterogeneous effects of different grades
of urban parks, we identified that people are most sensitive (in response
to NDVI) to “green quality” (such sensitivity is hereafter referred to as
“green sensitivity”) in subdistrict-scale urban parks and least sensitive to
those in city-scale urban parks, which have the largest areas and

people’s daily life circle and have a high frequency of access (Feng et al.,
2019), and inhabitants’ green sensitivity reflects the important role of
parks of suitable size in regulating people’s daily moods. In contrast,
city-scale urban parks have a larger range of services and poorer
accessibility. In addition, people visit these parks for a variety of moti-
vations, not just for the “green benefit,” due to which they exhibit less
green sensitivity.

Overall, to a certain extent, these findings can guide decision-makers
and urban planners in the configuration and composition of different
scales of urban parks. Concerning larger urban parks, more attention
should be paid to the diversity of constituent elements to meet their
ecosystem services and social service functions. However, that residents
can enjoy sufficient green benefits to enhance their physical and mental
health in relation to smaller urban parks should be guaranteed.

4.3. Residents’ conversion in attitudes toward urban parks

The above discussion suggests that positive associations may exist
between urban parks and people’s expressed happiness. When the
period of the study was split into before and during the pandemic on the
basis of the unprecedented event, we observed an interesting phenom-
enon: the large increase in the NDVI coefficient (green sensitivity). This
indicates that the pandemic has most likely contributed to a dramatic
conversion in residents’ attitudes toward “green quality.” During the
quarantine phase of the pandemic, the desire to go out had increased due
to the sudden decrease in social activities. However, the threat from
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Table 3
Sentiment dynamics in different scales of urban parks.

Dependent Mean Happiness
Variable
Default Community- Subdistrict- Regional- City-scale
scale urban scale urban scale urban urban
parks parks parks parks
NDVI (Default 0.234""" 0.277""" 0.250""" 0.212"""
group)
(0.000) (0.000) (0.000) (0.000)
NDVI* —0.044 —0.016 0.022
community-
scale urban
parks
(0.184) (0.719) (0.652)
NDVI* 0.044 0.028 0.066*
subdistrict-
scale urban
parks
(0.184) (0.405) (0.088)
NDVI* regional- 0.016 —0.028 0.038
scale urban
parks
(0.719) (0.405) (0.326)
NDVI* city- —0.022 —0.066* —0.038
scale urban
parks
(0.652) (0.088) (0.326)
Constant 0.805"" 0.805™" 0.805""" 0.805™"
(0.000) (0.000) (0.000) (0.000)
Control Yes Yes Yes Yes
variables
N 1,305 1,305 1,305 1,305
R? 0.221 0.221 0.221 0.221

Note: Temporal fixed effects are included in the equation using time dummy
variables, and period 4 is the default season. P-values are shown in parentheses;
*p < 0.1, ** p < 0.05, *** p < 0.01.

COVID-19 prevented people from going to densely populated areas,
making urban parks ideal visiting destinations. Consequently, urban
parks have been given more attention and importance now than in the
past. Furthermore, studies have shown that green spaces have a positive
effect on relieving mental stress (Brooks et al., 2020); thus, at a partic-
ular time of high nervous tension, people’s demand for greenness, and
their motivations to visit green spaces increased.

During the separate testing of people’s responses to different grades
of urban parks during the pandemic, residents’ performance was iden-
tical to the overall trend over the year, but with a one-third increase in
green sensitivity. This phenomenon demonstrates that the pandemic did
not alter the residents’ preferences to visit urban parks, but significantly
increased the positive influences of “green quality” on their expressed
happiness. Similarly, the significant differences in residents’ green
sensitivity between the periods before and during the pandemic revealed
that residents became aware of the importance of urban parks with high
green quality in their daily lives after the pandemic and the ensuing

Table 4
Sentiment dynamics before and during COVID-19 pandemic.
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restrictions, thus awakening their desire to visit urban parks.
4.4. Limitations and future studies

Our study has three main limitations. First, we assumed that resi-
dents within the urban parks’ service area would visit the parks; how-
ever, this is uncertain and should be addressed in future studies.

Second, previous studies on environmental justice have pointed out
that the elderly and children are vulnerable communities (Guo et al.,
2019; Sikorska et al., 2020); thus, in studies on the correlations between
NDVI of urban parks and happiness, perhaps these populations are more
sensitive to “green quality.” However, our raw data were derived from
social media platforms, which are primarily used by younger genera-
tions. The narrowness of sample population groups leads to a major
limitation in our data collection and should be considered by combining
the traditional methods of investigation (similar to using questionnaires)
and big data methods to ensure the balance of sampling. Given this
drawback in obtaining data, future research should improve the data
structure and expand the scope of the study to decipher the disparities
and commonalities in residents’ green sensitivity across cities to draw
general conclusions.

Third, our study classified urban parks according to their size, and
the fact that each park has a different composition, frequency of visi-
tation, and urban dwellers’ motivation to visit may have different effects
on happiness (Giles-Corti et al., 2005). Future studies should consider
park quality factors and use methods such as text analysis to explore the
influence of parks on residents’ mental health from different perspec-
tives. In this study, we obtained residents’ green sensitivity for each
grade of the urban park. In future studies, the data provided by users
(tweets in social media) can be applied to discover the most appropriate
NDVI ranges for different grades of urban parks from the perspective of
improving people’s expressed happiness, thus providing guidance and
recommendations for urban park planning.

It should be acknowledged that there are additional limitations, such
as the fact that the data in this study measured the sentiment expressed
on Weibo rather than people’s actual happiness. Despite the increasing
maturity of Al technology, discrepancies remain concerning measure-
ments of true happiness. Moreover, as people experienced differing
lifestyle and emotional changes during the pandemic and restrictions
that cannot be attributed to greenspace alone, our results cannot entirely
determine the factors influencing their happiness.

5. Conclusion

The COVID-19 pandemic may have had a significant negative impact
on people’s physical and mental health. Urban parks have stress-
relieving benefits, and their association with people’s mental health
during the pandemic has been addressed in recent studies. However, few
studies have applied big data obtained from social media (large pop-
ulations) to explore the general impact of urban parks on happiness.

Consequently, in this study, nine independent variables were

Pre-pandemic

During the pandemic

Overall Overall Group 1 Group 2 Group 3 Group 4
NDVI of urban parks —0.082 0.372""" 0.322""" 0.372""" 0.346""" 0.329™"
(0.081) (0.000) (0.000) (0.000) (0.000) (0.000)
Constant 0.695""" 0.695""" 0.695""" 0.695""" 0.695""" 0.695"""
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Control variables Yes Yes Yes Yes Yes Yes
N 1,305 1,305 1,305 1,305 1,305 1,305
R? 0.174 0.174 0.174 0.174 0.174 0.174

Note: Group 1, community-scale urban park; Group 2, subdistrict-scale urban park; Group 3, regional-scale urban park; and Group 4, city-scale urban park. Under the
overall columns, individual fixed effects are included in the equation using group dummy variables, and group 2 is the default. P-values are shown in parentheses; * p <

0.1, ** p < 0.05, *** p < 0.01.
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selected to identify the factors that are associated with residents’
expressed happiness and observe whether there are differences in the
relationship between urban parks and residents’ expressed happiness
before and during the pandemic. We also investigated the heterogeneous
effects of different levels of urban parks on residents’ happiness by
dividing the parks into four groups. The results suggest that parks with
higher NDVI values may lead to residents’ higher happiness, and that
subdistrict-scale urban parks have the greatest positive association be-
tween NDVI growth and residents’ expressed happiness. In addition, the
positive association between urban parks and residents’ expressed
happiness increased significantly after the outbreak of the COVID-19
pandemic.

In summary, our findings highlight the potential ability of urban
parks to enhance residents’ happiness, bridging the limitations of the
study subjects and scope of previous studies. Planning guidance and
recommendations for the humane design of parks can be expected from
this study, which has significant implications for the development of
nature and human health through urban planning.

CRediT authorship contribution statement

Yingyi Cheng: Conceptualization, Methodology, Data curation,
Writing - original draft, Writing - review & editing. Jinguang Zhang:
Conceptualization, Writing - original draft, Writing - review & editing.
Wei Wei: Data curation, Writing - original draft, Writing - review &
editing. Bing Zhao: Conceptualization, Writing - original draft, Writing -
review & editing, Supervision.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This research was funded by Priority Academic Program Develop-
ment of Jiangsu Higher Educations Institutions (NO. 164120230). The
authors also thank the two anonymous reviewers for their constructive
comments.

References

Amoly, E., Dadvand, P., Forns, J., Lopez-Vicente, M., Basagana, X., Julvez, J., ...
Sunyer, J. (2014). Green and blue spaces and behavioral development in Barcelona
schoolchildren: The BREATHE project. Environmental Health Perspectives, 122,
1351-1358.

Benita, F., Bansal, G., Tuncer, B. J. H., & Place,. (2019). Public spaces and happiness:
Evidence from a large-scale field experiment. Health & Place, 56, 9-18.

Bratman, G. N., Anderson, C. B., Berman, M. G., Cochran, B., De Vries, S., Flanders, J., ...
Hartig, T. (2019). Nature and mental health: An ecosystem service perspective.
Science Advances, 5, eaax0903.

Brooks, S. K., Webster, R. K., Smith, L. E., Woodland, L., Wessely, S., Greenberg, N., &
Rubin, G. J. (2020). The psychological impact of quarantine and how to reduce it:
Rapid review of the evidence. The Lancet, 395, 912-920.

Chen, E., Lerman, K., & Ferrara, E. (2020). Tracking social media discourse about the
covid-19 pandemic: Development of a public coronavirus twitter data set. JMIR
Public Health and Surveillance, 6, Article €19273.

Corley, J., Okely, J. A., Taylor, A. M., Page, D., Welstead, M., Skarabela, B., ... Russ, T. C.
(2020). Home garden use during COVID-19: Associations with physical and mental
wellbeing in older adults. Journal of Environmental Psychology, 73, Article 101545.

De Vries, S., Nieuwenhuizen, W., Farjon, H., Van Hinsberg, A., & Dirkx, J. (2021). Which
natural environments are people happiest? Large-scale experience sampling in the
Netherlands. Landscape and Urban Planning, 205, Article 103972.

Enssle, F., & Kabisch, N. (2020). Urban green spaces for the social interaction, health and
well-being of older people—An integrated view of urban ecosystem services and
socio-environmental justice. Environmental Science & Policy, 109, 36—-44.

ESRI. (2011). ArcGIS desktop: Release 10. Redlands, CA: Environmental Systems Research
Institute.

Feng, S., Chen, L., Sun, R, Feng, Z., Li, J., Khan, M. S., & Jing, Y. (2019). The distribution
and accessibility of urban parks in Beijing, China: Implications of social equity.
International Journal of Environmental Research and Public Health, 16, 4894.

10

Landscape and Urban Planning 212 (2021) 104118

Frumkin, H., Bratman, G. N., Breslow, S. J., Cochran, B., Kahn, P. H., Jr, Lawler, J. J., ...
Wolf, K. L. (2017). Nature contact and human health: A research agenda.
Environmental Health Perspectives, 125, Article 075001.

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

Giles-Corti, B., Timperio, A., Bull, F., Pikora, T. J. E., & Reviews, S. S. (2005).
Understanding physical activity environmental correlates: Increased specificity for
ecological models. Exercise and Sport Sciences Reviews, 33, 175-181.

Grilli, G., Mohan, G., Curtis, J. J. L., & Planning, U. (2020). Public park attributes, park
visits, and associated health status. Landscape and Urban Planning, 199, Article
103814.

Guo, S., Song, C., Pei, T., Liu, Y., Ma, T., Du, Y., ... Peng, Y. (2019). Accessibility to urban
parks for elderly residents: Perspectives from mobile phone data. Landscape and
Urban Planning, 191, Article 103642.

Houlden, V., Albuquerque, J. P. D., Weich, S., & Jarvis, S. J. A. G. (2019). A spatial
analysis of proximate greenspace and mental wellbeing in London. Applied
Geography, 109, Article 102036.

Hughes, D. J., Rowe, M., Batey, M., & Lee, A. (2012). A tale of two sites: Twitter vs.
Facebook and the personality predictors of social media usage. Computers in Human
Behavior, 28, 561-569.

Imhoff, M. L., Zhang, P., Wolfe, R. E., & Bounoua, L. (2010). Remote sensing of the urban
heat island effect across biomes in the continental USA. Remote Sensing of
Environment, 114, 504-513.

Kabisch, N., & Haase, D. (2014). Green justice or just green? Provision of urban green
spaces in Berlin, Germany. Landscape and Urban Planning, 122, 129-139.

Kleinschroth, F., Kowarik, I. J. F. I. E., & Environment, t.. (2020). COVID-19 crisis
demonstrates the urgent need for urban greenspaces. Frontiers in Ecology and the
Environment, 18, 318.

Looi, J. C. L., Allison, S., Bastiampillai, T., & Maguire, P. (2020). Fire, disease and fear:
Effects of the media coverage of 2019-2020 Australian bushfires and novel
coronavirus 2019 on population mental health. Australian and New Zealand Journal
of Psychiatry, 54, 938-939.

Lu, Y., Chen, L., Liu, X., Yang, Y., & Jiang, B. J. E. I. (2021). Green spaces mitigate racial
disparity of health: A higher ratio of green spaces indicates a lower racial disparity in
SARS-CoV-2 infection rates in the USA. Environment International, 152, Article
106465.

MacKerron, G. (2012). Happiness economics from 35 000 feet. Journal of Economic
Surveys, 26, 705-735.

MacKerron, G., & Mourato, S. (2013). Happiness is greater in natural environments.
Global Environmental Change, 23, 992-1000.

Myeong, Nowak, DJ, Duggin, & ENVIRON, M.J.R.S. (2006). A temporal analysis of urban
forest carbon storage using remote sensing. Remote Sensing of Environment,
2006,101(2), 277-282.

Navarrete-Hernandez, P., & Laffan, K. (2019). A greener urban environment: Designing
green infrastructure interventions to promote citizens’ subjective wellbeing.
Landscape and Urban Planning, 191, Article 103618.

Pettorelli, N., Vik, J. O., Mysterud, A., Gaillard, J.-M., Tucker, C. J., & Stenseth, N. C.
(2005). Using the satellite-derived NDVI to assess ecological responses to
environmental change. Trends in Ecology & Evolution, 20, 503-510.

Pouso, S., Borja, A., Fleming, L. E., Gémez-Baggethun, E., White, M. P., & Uyarra, M. C.
(2020). Contact with blue-green spaces during the COVID-19 pandemic lockdown
beneficial for mental health. Science of the Total Environment, 756, Article 143984.

Richardson, E. A., Mitchell, R. J. S. S., & Medicine,. (2010). Gender differences in
relationships between urban green space and health in the United Kingdom. Social
Science and Medicine, 71, 568-575.

Rigolon, A., Browning, M., & Jennings, V. (2018). Inequities in the quality of urban park
systems: An environmental justice investigation of cities in the United States.
Landscape and Urban Planning, 178, 156-169.

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

Roberts, H., Sadler, J., & Chapman, L. (2019). The value of Twitter data for determining
the emotional responses of people to urban green spaces: A case study and critical
evaluation. Urban Studies, 56, 818-835.

Rousseau, S., & Deschacht, N. (2020). Public awareness of nature and the environment
during the COVID-19 crisis. Environmental and Resource Economics, 76, 1149-1159.

Sacharin, V., Sander, D., & Scherer, K. R. (2012). The perception of changing emotion
expressions. Cognition and Emotion, 26, 1273-1300.

Sarkar, C., Webster, C., Pryor, M., Tang, D., Melbourne, S., Zhang, X., ... Planning, U.
(2015). Exploring associations between urban green, street design and walking:
Results from the Greater London boroughs. Landscape and Urban Planning, 143,
112-125.

Shen, Y., Sun, F., & Che, Y. (2017). Public green spaces and human wellbeing: Mapping
the spatial inequity and mismatching status of public green space in the Central City
of Shanghai. Urban Forestry & Urban Greening, 27, 59-68.

Sikorska, D., Laszkiewicz, E., Krauze, K., & Sikorski, P. (2020). The role of informal green
spaces in reducing inequalities in urban green space availability to children and
seniors. Environmental Science & Policy, 108, 144-154.

Slater, S. J., Christiana, R. W., & Gustat, J. J. P. C. D. (2020). Recommendations for
Keeping Parks and Green Space Accessible for Mental and Physical Health During
COVID-19 and Other Pandemics. Preventing chronic disease, 17, E59.

Thompson, C. W., Roe, J., Aspinall, P., Mitchell, R., Clow, A., Miller, D. J. L., &
Planning, U. (2012). More green space is linked to less stress in deprived
communities: Evidence from salivary cortisol patterns. Landscape and Urban
Planning, 105, 221-229.


http://refhub.elsevier.com/S0169-2046(21)00081-5/h0005
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0005
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0005
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0005
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0010
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0010
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0015
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0015
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0015
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0020
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0020
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0020
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0025
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0025
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0025
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0030
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0030
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0030
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0035
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0035
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0035
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0040
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0040
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0040
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0045
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0045
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0050
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0050
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0050
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0055
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0055
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0055
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0060
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0060
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0060
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0065
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0065
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0065
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0070
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0070
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0070
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0075
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0075
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0075
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0080
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0080
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0080
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0085
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0085
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0085
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0090
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0090
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0090
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0095
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0095
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0100
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0100
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0100
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0105
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0105
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0105
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0105
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0110
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0110
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0110
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0110
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0115
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0115
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0120
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0120
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0130
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0130
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0130
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0135
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0135
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0135
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0140
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0140
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0140
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0145
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0145
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0145
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0150
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0150
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0150
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0155
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0155
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0155
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0160
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0160
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0160
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0165
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0165
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0170
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0170
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0175
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0175
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0175
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0175
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0180
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0180
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0180
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0185
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0185
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0185
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0190
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0190
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0190
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0195
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0195
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0195
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0195

Y. Cheng et al.

Ugolini, F., Massetti, L., Calaza-Martinez, P., Carinanos, P., Dobbs, C., Ostoi¢, S. K., ...
Sauliené, 1. (2020). Effects of the COVID-19 pandemic on the use and perceptions of
urban green space: An international exploratory study. Urban Forestry & Urban
Greening, 56, Article 126888.

Villeneuve, P. J., Jerrett, M., Su, J. G., Burnett, R. T., Chen, H., Wheeler, A. J., &
Goldberg, M. S. J. E. R. (2012). A cohort study relating urban green space with
mortality in Ontario, Canada. Environmental Research, 115, 51-58.

Wang, J., Zhou, W., Wang, J., & Qian, Y. J. L. E. (2019). From quantity to quality:
Enhanced understanding of the changes in urban greenspace. Landscape Ecology, 34,
1145-1160.

Wang, J., Zhou, Y., Zhang, W., Evans, R., & Zhu, C.J.J.0.M.LR.. (2020). Concerns
expressed by Chinese social media users during the COVID-19 pandemic: Content
analysis of sina weibo microblogging data. Journal of medical Internet research, 22,
Article e22152.

Wang, L., Lyons, J., Kanehl, P., & Bannerman, R. J. E. M. (2001). Impacts of urbanization
on stream habitat and fish across multiple spatial scales. Environmental Management,
28, 255-266.

Wang, Y., Wu, P., Liu, X, Li, S., Zhu, T., & Zhao, N. (2020). Subjective Well-Being of
Chinese Sina Weibo Users in Residential Lockdown During the COVID-19 Pandemic:
Machine Learning Analysis. Journal of Medical Internet Research, 22, Article e24775.

White, M. P., Alcock, 1., Wheeler, B. W., & Depledge, M. H. J. P. S. (2013). Would you be
happier living in a greener urban area? A fixed-effects analysis of panel data.
Psychological Science, 24, 920-928.

White, M. P., Elliott, L. R., Gascon, M., Roberts, B., & Fleming, L. E. (2020). Blue space,
health and well-being: A narrative overview and synthesis of potential benefits.
Environmental Research, 110169.

11

Landscape and Urban Planning 212 (2021) 104118

Williams, T. G., Logan, T. M., Zuo, C. T., Liberman, K. D., & Guikema, S. D. (2020). Parks
and safety: A comparative study of green space access and inequity in five US cities.
Landscape and Urban Planning, 201, Article 103841.

Yi, L. U,, Zhao, J., Xueying, W. U., & Ming, L.0.S.J.S.0.T.T.E.. (2021). Escaping to nature
during a pandemic: A natural experiment in Asian cities during the COVID-19
pandemic with big social media data. Science of the Total Environment, 146092.

Yu, Z., Yang, G., Zuo, S., Jergensen, G., Koga, M., & Vejre, H. (2020). Critical review on
the cooling effect of urban blue-green space: A threshold-size perspective. Urban
Forestry & Urban Greening, 126630.

Yuan, L., Shin, K., & Managi, S. J. E. E. (2018). Subjective well-being and environmental
quality: The impact of air pollution and green coverage in China. Ecological
Economics, 153, 124-138.

Zhang, J., Cheng, Y., Li, H., Wan, Y., & Zhao, B. (2021). Deciphering the changes in
residential exposure to green spaces: The case of a rapidly urbanizing metropolitan
region. Building and Environment, 107508.

Zhang, J., Cheng, Y., & Zhao, B. (2021). How to accurately identify the underserved areas
of peri-urban parks? An integrated accessibility indicator. Ecological Indicators, 122,
Article 107263.

Zhang, J., Yu, Z., Zhao, B., Sun, R., & Vejre, H. (2020). Links between green space and
public health: A bibliometric review of global research trends and future prospects
from 1901 to 2019. Environmental Research Letters, 15, Article 063001.

Zheng, S., Wang, J., Sun, C., Zhang, X., & Kahn, M. E. (2019). Air pollution lowers
Chinese urbanites’ expressed happiness on social media. Nature Human Behaviour, 3,
237-243.


http://refhub.elsevier.com/S0169-2046(21)00081-5/h0200
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0200
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0200
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0200
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0205
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0205
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0205
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0210
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0210
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0210
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0215
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0215
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0215
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0215
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0220
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0220
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0220
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0225
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0225
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0225
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0230
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0230
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0230
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0235
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0235
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0235
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0240
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0240
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0240
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0245
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0245
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0245
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0250
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0250
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0250
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0255
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0255
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0255
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0260
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0260
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0260
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0265
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0265
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0265
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0270
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0270
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0270
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0275
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0275
http://refhub.elsevier.com/S0169-2046(21)00081-5/h0275

	Effects of urban parks on residents’ expressed happiness before and during the COVID-19 pandemic
	1 Introduction
	2 Methodology
	2.1 Study area
	2.2 Variable selection and calculation
	2.3 Weibo data collection and processing
	2.4 Statistical analysis

	3 Results
	3.1 Identification of factors associated with residents’ expressed happiness
	3.2 Potential heterogeneous effects of NDVI and urban parks on expressed happiness
	3.3 Relationship between urban parks and residents’ expressed happiness during the pandemic period

	4 Discussion
	4.1 Factor most associated with residents’ expressed happiness in urban parks
	4.2 People’s green sensitivity to different grades of urban parks
	4.3 Residents’ conversion in attitudes toward urban parks
	4.4 Limitations and future studies

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


