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A B S T R A C T   

The worldwide coronavirus disease 2019 (COVID-19) pandemic has seriously affected not only physical health 
but also mental wellbeing (i.e mental stress and suicide intention) of numerous urban inhabitants across the 
globe. While many studies have elucidated urban parkland enhances and mental wellbeing of urban residents, 
the potential for parkland to mitigate mental health burden imposed by the COVID-19 has received no attention. 
This nationwide study systematically explored the association between parkland, the COVID-19 pandemic sit
uation and mental wellbeing from 296 cities in China. The study innovatively used big data from Baidu Search 
Engine to assess city-level mental wellbeing, thereby enabling comparisons among cities. The results show that 
the provision of parkland is positively associated with mental wellbeing during the COVID-19 epidemic. For 
COVID-19-related indicators, the geographical distance to Wuhan city, work resumption rate, and travel in
tensity within the city are also positively associated with mental wellbeing, while the number of COVID-19 
infections and the proportion of migrants from Hubei Province for each city are negatively associated with 
mental wellbeing. Last, the most important finding is that parkland reduces the negative effect of COVID-19 on 
mental wellbeing during the COVID-19 epidemic. To achieve the goal of promoting mental wellbeing through 
urban planning and design during the future pandemics, policymakers and planners are advised to provide more 
well-maintained and accessible parkland and encourage residents to use them with proper precautions.   

1. Introduction 

As of July 5, 2020, the COVID-19 virus had infected more than 10 
million people and caused more 500,000 deaths worldwide (World 
Health Organization, 2021). In addition to posing a threat to physical 
health, the epidemic also imposes a considerable psychological burden; 
thus, the World Health Organization and some scholars have begun to 
call for attention to mental disorders (Campion et al., 2020; Holmes 
et al., 2020) and suicide prevention (Gunnell et al., 2020) during the 
pandemic. 

While the exact mental health burden of the current COVID-19 is still 
too early to measure because many countries are witnessing news waves 
of virus cases. However, previous natural disasters offer some valuable 
insights. Some studies have suggested that some people experiencing 

major natural disasters had tremendous pain for various reasons, 
financial lost, feeling of insecurity, or losing relatives or friends (Tsu
boya et al., 2016). For example, Munro et al. (2017) found that people’s 
depression and anxiety symptoms increase after a flood in UK. Hogg 
et al. (2016) pointed out that people had worse mental health after 
experiencing the 2011 Christchurch earthquake in New Zealand. In 
recent years, increasing numbers of scholars have begun to focus on the 
psychological impact of major epidemic outbreaks (Jalloh et al., 2018; 
Page et al., 2011; Pfefferbaum et al., 2012; Shultz et al., 2015; Thomas, 
2015; Yadav and Rawal, 2015). Compared with natural disasters, major 
epidemic diseases have a more pronounced impact on mental wellbeing 
because major epidemic diseases tend to last longer and lead to citywide 
lockdowns. For instance, Jalloh et al. (2018) found that one year after 
the outbreak of Ebola, people’s posttraumatic stress disorder (PTSD), 
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anxiety and depression symptoms increased. Pfefferbaum et al. (2012) 
found that novel influenza A (H1N1) brought psychological trauma to 
vulnerable groups, such as the elderly, children and pregnant women. A 
recent study focusing on COVID-19 found that various factors, such as 
potential infection risk, living in the worst affected areas, experiencing 
quarantine and experiencing unemployment caused by the epidemic, 
are related to mental disorders (Shi et al., 2020). 

Scholars and policymakers have become increasingly aware of the 
mental health benefits of parkland, especially for urban residents (van 
den Bosch and Sang, 2017). A large number of empirical studies 
confirmed that urban parkland is beneficial to mental wellbeing 
(Dzhambov and Dimitrova, 2014; Grilli et al., 2020; Li et al., 2019; 
Roberts et al., 2019; Veitch et al., 2020; Wan et al., 2020; Wolf and 
Wohlfart, 2014; Wu et al., 2020; Yigitcanlar et al., 2020). There are at 
least four underlying pathways explaining why green spaces can 
improve mental health and wellbeing (Markevych et al., 2017). 

First, as a large green infrastructure, parkland can mitigate the 
negative effect of air pollution on people’ mental wellbeing (Su et al., 
2011; Vieira et al., 2018). For example, Vieira et al. (2018) found that 
vegetation in urban parkland the ecological function of air purification, 
which is beneficial for both physical and mental health. Su et al. (2011) 
found that public parkland has the lowest pollutant concentrations of 
nitrogen dioxide (NO2) and fine particulate (PM2.5) on average. 

The second pathway linking parkland and its level of biodiversity to 
mental wellbeing is associated with the environmental psychological 
factor. Environmental psychological theories, such as stress reduction 
theory (SRT) and attention restoration theory (ART), highlighted the 
role of the natural environment in reducing psychological stress 
(Kaplan, 1995; Ulrich et al., 1991). For instance, Li et al. (2019) con
ducted an experiment in China which indicated that after visiting the 
park, people’s affected states, such as relaxation and contentment, 
increased. Lin et al. (2019) suggested that urban parks help visitors to 
restore their attention level. Payne (2008) found that frequent visit to 
urban parks provide people with restorative experience in UK. Ojala 
et al. (2019) suggested that visiting urban greenspace has psychological 
restorative effects for people. An online survey in Norway indicated that 
the amount of greenspace in urban parks influences people’s park 
preference and restorative experience (Nordh et al., 2011). 

Third, numerous studies have documented that the presence of urban 
parks may encourage people to undertake physical activity (Cohen et al., 
2007; Kaczynski et al., 2008; Wang et al., 2020; Wolf and Wohlfart, 
2014). Urban parks can attract residents living around it to visit and take 
physical activity, such as walking, running and cycling (Xie et al., 
2021)). Research evidence further pointed out that undertaking physical 
activity in an urban park, often called green exercise, is more beneficial 
to mental wellbeing than indoor physical activity (Thompson Coon 
et al., 2011). Also, duration of the visit and green exercise (e.g., walking) 
within the park play an important role in shaping mental wellbeing (De 
Bloom et al., 2017). For example, Kaczynski et al. (2008) found that park 
features and amenities are significantly related to park-based physical 
activity. Floyd et al. (2011) pointed out that recreation facilities of parks 
can attract surrounding residents to undertake park-based physical 
activity. 

Last, parkland also facilitates social cohesion, which is beneficial for 
mental wellbeing (Gómez et al., 2018; Jennings and Bamkole, 2019; 
Peters et al., 2010). Most green spaces, such as parks or greenways, are 
also the public spaces for people to socialize with one another. Scholars 
found that park-based activities, such as dog walking, can enhance the 
dog owners’ social cohesion, since they can share the experience of 
taking care of dogs with each other (Gómez et al., 2018). 

Previous studies also support that exposure to green spaces can 
moderate mental health burden imposed by stressful life events or se
vere diseases (Cimprich and Ronis, 2003; Gidlöf-Gunnarsson and 
Öhrström, 2007; Marselle et al., 2019; Orsega-Smith et al., 2004; 
Ottosson and Grahn, 2008; Van Den Berg et al., 2010; Wells and Evans, 
2003). For example, conducting walking or exercise in parks can help 

people temporarily forget about stressful events, which otherwise may 
lead to worse mental health (Marselle et al., 2019; Orsega-Smith et al., 
2004). In addition, contact with people inside the park can also help 
people release stress and pressure (Orsega-Smith et al., 2004). Further
more, the restorative effects of vegetation (i.e., being away) in urban 
parks (i.e., being away) can help people recover from stressful events 
(Kaplan, 1995). Evidence suggests that exposure to green spaces can 
reduce the negative emotions associated with stressful life events or 
breast cancer (Cimprich and Ronis, 2003; Ottosson and Grahn, 2008). 

As a major global epidemic disease, COVID-19 has brought great 
psychological burdens (Campion et al., 2020; Holmes et al., 2020). 
Greenspace such as parkland and indoor greenery accrue mental health 
benefits, as demonstrated by evidence (Grilli et al., 2020; Li et al., 2019; 
Roberts et al., 2019; Veitch et al., 2020; Wan et al., 2020; Wang et al., 
2021a, b). However, it is still unclear whether greenspace can mitigate 
mental health burden imposed by the COVID-19 pandemic, so it is 
necessary to examine whether and how parkland reduces the mental 
health burden during the pandemic. In this study, we postulate parkland 
may directly affect mental wellbeing, and it may also moderate the 
negative mental health burden imposed by the COVID-19 (Fig. 1). The 
rationale for such hypothesis is in the abovementioned pathways, via 
which the mental health burden of COVID-19 is potentially mitigated by 
parkland. This study extends previous research in several respects. First, 
the study enhances our knowledge of the direct effect of urban parkland 
on mental wellbeing during the COVID-19 epidemic. Second, the study 
further explores the indirect buffer effect of parkland regarding the as
sociation between the COVID-19 epidemic and mental wellbeing. Third, 
the study reveals the relationship between the COVID-19 epidemic and 
mental wellbeing in a Chinese context. Last but not least, this study 
contributes to the methodological development. We used big data 
retrieved with Baidu Search Engine, the dominating search engine in 
China, to assess urban residents’ mental wellbeing in 296 cities in China 
during the pandemic. This study extends previous research in several 
respects. First, the study enhances our knowledge of the direct effect of 
urban parkland on mental wellbeing during the COVID-19 epidemic in 
China. Second, the study further explores the indirect buffer effect of 
parkland regarding the association between the COVID-19 epidemic and 
mental wellbeing. Third, the study also reveals the relationship between 
the COVID-19 epidemic and mental wellbeing in a Chinese context. Last 
but not least, this study contributes to the methodological development. 
We used big data retrieved with Baidu Search Engine, the dominating 
search engine in China, to assess urban residents’ mental wellbeing in 
296 cities in China during the pandemic. 

2. Data and methods 

2.1. Data 

The research area covered 31 provinces in China. The basic 
geographical units were 296 prefecture-level cites, as well as four special 
municipality including Beijing, Tianjin, Shanghai, and Chongqing, as of 
2019. The dependent variables in this study were collected from Baidu 
Search Engine big data provided by Baidu Inc. (http://index.baidu. 
com/). 

Fig. 1. Theoretical framework of this study. The amount of parkland may 
directly affect mental wellbeing, and it may also moderate the negative mental 
health burden imposed by the COVID-19 pandemic. 
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Data related to the COVID-19 epidemic were from the number of 
cases released by the National Health Commission in China (htt 
p://www.nhc.gov.cn/) and Baidu migration and travel big data (https: 
//qianxi.baidu.com/). Parkland and other data were from the Depart
ment of Urban Social Economic Survey of the National Bureau of Sta
tistics (National Bureau of Statistics, 2019; China Statistics Press, 2019) 
and Data Center for Resources and Environmental Sciences, Chinese 
Academy of Sciences (http://www.resdc.cn/Default.aspx). 

2.2. Measures 

2.2.1. Outcome 
At present, Baidu is the most widely used search engine in China, 

with more than 600 million active users in China. Baidu Search Index 
(which is similar to Google Search Trends) shows the weighted search 
frequency of different keywords (http://index.baidu.com/). Previous 
studies have used this index to assess people’ health status or health- 
related behaviors at the city level, such as physical activity (Cesare 
et al., 2019) and mental wellbeing (Chen et al., 2020). In this study, we 
used this index to measure urban residents’ mental wellbeing for 296 
cities in China during the COVID-19 epidemic. 

In this study, the average value of Baidu Search Index of each city 
between January 30 to March 8, 2020 were retrieved. Previous studies 
found that the higher the search intensity of certain keywords related to 
negative emotional problems in a certain city was, the poorer the mental 
wellbeing of city residents was (Chen et al., 2020). This kind of method 
has been widely used for measuring people’s behaviors and state in 
health-related studies during COVID-19. For example, Lin et al. (2020) 
used Google Search Index to measure people’s hygiene habits and be
haviors among 21 countries during COVID-19. Husnayain et al. (2020) 
applied Google Search Index for measuring people’s awareness of pre
vention against the epidemic in Taiwan. Kluger and Scrivener (2020) 
pointed out that Google Search Index can reflect people’s 
COVID-19-related symptoms, while Walker et al. (2020) found Google 
Search Index reflects people’s loss-of-smell COVID-19-related symptoms 
in Italy, Spain, UK, USA, Germany, France, Iran, and The Netherlands. 
Hong et al. (2020) used Google Search Index to measure people’s tele
medicine behaviors in USA during COVID-19. This study constructed 
two types of mental wellbeing related indices. (1) Mental stress index: 
this index included average search intensity for the three search key
words, including “mental health/stress (心理健康/压力)”, “depression 
(抑郁)” and “anxiety (焦虑)”. Research on global burden of disease 
indicated that depression and anxiety were the two most serious mental 
disorder diseases from 1990 to 2015 (Vos et al., 2016). Therefore, the 
above three keywords can reflect residents’ attention on their mental 
stress level. We used principal component analysis (PCA) to reduce the 
search intensity of these three keywords into one variable. (2) Suicide 
index: this index included average search intensity for “suicide (自杀)”. 
This keyword can reflect residents’ intention to commit suicide and 
attention to methods of suicide; thus, it measures the suicidal ideation of 
residents for each city (Chen et al., 2020). 

To take into account the different number of internet users in 
different cities, the two indexes were divided by the number of internet 
users in each city. Number of internet users is the sum of the number of 
mobile phone users and internet broadband users, both of which were 
derived from the Statistical Yearbook of Chinese Cities 2019, which was 
provided by the Department of Urban Social Economic Survey of the 
National Bureau of Statistics (National Bureau of Statistics, 2019; China 
Statistics Press, 2019). Last, we standardized the two indices. Higher 
scores indicate poorer mental wellbeing of city residents. 

2.2.2. Parkland indicator 
Following previous studies (Chong et al., 2013), the key independent 

variable in this study was the proportion of parkland area (%) in a city. 
The data were derived from the Statistical Yearbook of Chinese Cities 
2019, which was provided by the Department of Urban Social Economic 

Survey of the National Bureau of Statistics (National Bureau of Statistics, 
2019; China Statistics Press, 2019). Specifically, the amount of parkland 
area was measured by the item of “area of parks and green spaces” in the 
yearbook. The proportion of parkland area was calculated as the area of 
parkland to the total area of a city (km2/km2*100 %). We further vali
dated this parkland indicator in two steps. First, the Statistical Yearbook 
of Chinese Cities 2019 also provides the area of green land for the whole 
city. The Spearman coefficients of proportion of green land for the whole 
city versus proportion of parkland area showed associations of 0.969 (p 
< 0.001), which indicates that our parkland indicator can also reflect the 
presence of greenspace for the whole city. Second, following Li et al. 
(2020), we collected polygon data for parks in China using the Autonavi 
electronic navigation map (AMAP, https://ditu.amap.com) and recal
culated proportion of parkland area for each city. The Spearman co
efficients between two indicators showed associations of 0.886 (p <
0.001), which validates the accuracy of parkland indicator from Statis
tical Yearbook. 

2.2.3. COVID-19 indicators 
We selected five COVID-19-related indicators following previous 

studies (Shi et al., 2020). (1) COVID-19-related policy factor: previous 
studies show that government’s interventions and policies to cope with 
major public health crises influence people’s mental wellbeing (Holmes 
et al., 2020). This study used the presence of lockdown policy (yes vs. 
no) to measure the government regulation factor. According to the 
Covid-19 Prevention and Control Plan (National Health Commission of 
the People’s Republic of China, 2020), different cities had different 
levels of risk and different policies. Cities were classified as high-risk, 
middle-risk and low-risk levels (supplement file). Middle-risk and 
low-risk cities did not regulate residents’ outdoor activities, while 
high-risk cities did so with lockdown policies. The lockdown policies 
suspend all traffic within a city should be suspended (e.g. bus, rail, taxi, 
and cars) and limit all outdoor activities, and/or allow only one or two 
people in each household to go shopping once a day. This lockdown 
policies are dynamic. Most cities only conducted lockdown for a short 
period between January 30 to March 8. However, cities in Hubei 
province have longer and stricter lockdown. For example, Wuhan was 
completely locked down in this period, which prohibits any outdoor 
activities, except essential activities. Some cities allow only outdoor 
activities within their neighbourhoods. (2) COVID-19-related infection 
factor: the number of infections can directly reflect the severity of the 
epidemic in a city, which may trigger panic and affect the mental 
wellbeing of residents (Tausczik et al., 2012). This study used the 
number of COVID-19 infections (numbers) to measure the severity of the 
COVID-19 epidemic in a city. (3) COVID-19-related geographical factor: 
literature indicated that the geographical distance to a severely affected 
epidemic area can affect residents’ assessment of their own affected risk 
and thus has influence on their mental wellbeing (Shi et al., 2020). This 
study used the geographical distance to Wuhan city (km) to measure the 
geographical factor. (4) COVID-19-related population mobility factor: 
previous studies showed that long-distance travel is an important factor 
affecting the spread of COVID-19, which also places a certain psycho
logical burden on people (Wang et al., 2020). Baidu migration and travel 
big data provide the proportion of the population flowing into each city; 
therefore, we calculated the proportion of migrants from Hubei prov
ince, which include Wuhan city and nearby cities with large number of 
infected cases, during the epidemic for each city (%). Last, many people 
stopped work compulsorily or voluntarily during the COVID-19 
pandemic, which also affected residents’ mental wellbeing (Holmes 
et al., 2020). We used work resumption rate to measure the state of 
recovery to normal life in each city. Baidu migration and travel big data 
provide a migration intensity index for each city. This index measures 
the size of the population flowing into each city. Work resumption rate 
for each city was measured by the following formula: total inflow in
tensity during the COVID-19 epidemic in 2020/total inflow intensity 
during the same period in 2019. (5) COVID-19-related travel factor: 
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existing studies found that people’s travel was restricted during the 
COVID-19 epidemic, which influenced their mental wellbeing (Holmes 
et al., 2020). Baidu migration and travel big data also provide a travel 
index within the city during the COVID-19 epidemic in 2020 for each 
city. We included these data because it measures residents’ travel in
tensity within the city during the COVID-19 epidemic. 

2.2.4. Covariates 
Following previous studies (Becker et al., 2019; Evandrou et al., 

2014), we adjusted for a series of confounding covariates including: (1) 
demographic and socioeconomic factors: population (10,000 persons), 
gross domestic product (GDP) per capita (10,000 Chinese Yuan) and 
unemployment rate; (2) medical resource factors: number of hospital 
beds (numbers/10,000 persons) and number of doctors (numbers/10, 
000 persons); and (3) environmental factors: average annual tempera
ture (℃), average annual precipitation (mm) and environment stress 
index. We used PCA to create an environment stress index based on the 
volume of industrial waste water discharged (10,000 tons), volume of 
industrial sulfur dioxide emission (ton), volume of industrial nitrogen 
dioxide emission (ton) and volume of industrial soot (dust) emission 
(ton). All of the above data were derived from Statistical Yearbook of 
Chinese Cities 2019 (National Bureau of Statistics, 2019; China Statistics 
Press, 2019) and Data Center for Resources and Environmental Sciences, 
Chinese Academy of Sciences (http://www.resdc.cn/Default.aspx). 

Table 1 summarizes the characteristics of the variables. The average 
suicide index and mental stress index were 0.221 (SD = 0.105) and 
0.504 (SD = 0.211), respectively. As for the independent variables, the 
proportion of parkland area was 0.279 % (SD = 0.812). About 39.527 % 
of the cities has implemented lockdown policy. Furthermore, the 
average distance to Wuhan city was 923.508 (SD = 559.076) km, while 
the average number of COVID-19 infections was 197.459 (SD =
1933.566) cases. The average proportion of migrants from Hubei 
province was 2.763 % (SD = 10.649). The average work resumption rate 
was 0.315 (SD = 0.081), and the average travel index within the city was 
2.626 (SD = 0.706). 

In addition, as for the covariates, the average population was 
441.047 persons (SD = 326.177). The average number of hospital beds 
and doctors per 10,000 persons were 45.482 (SD = 18.688) and 25.139 
(SD = 11.793), respectively. Also, the average GDP per capita was 3.837 
(SD = 5.539) 10,000 Chinese Yuan. The average unemployment rate 
was 0.052 (SD = 0.033), while environment stress index was 0.175 (SD 
= 0.252). Last, the average annual temperature and precipitation were 
9.628 ℃ (SD = 5.686) and 720.626 mm (SD = 491.018), respectively. 

2.2.5. Methods 
We initially employed two types of statistical analyses to evaluate the 

association among parkland, COVID-19 epidemic and mental wellbeing: 
ordinary least-squares (OLS) regression and two types of spatial 
regression (spatial lag and spatial error regressions). However, Robust 
LM (lag) and Robust LM (error) tests indicated that there was no spatial 
dependence for both the mental stress index [LM (lag): value = 0.001, p- 
value = 0.922; LM (error): value = 0.156, p-value = 0.689] and suicide 
index [LM (lag): value = 1.386, p-value = 0.239; LM (error): value =
1.282, p-value = 0.258]; therefore, we only showed the results of OLS. 
Variance inflation factors (VIF < 3) suggested no severity of multi
collinearity among predictors. 

First, we regressed the mental stress index (Model 1) and suicide 
index (Model 2) on parkland, COVID-19 indicators and covariates 
respectively. Second, interaction terms between parkland and COVID-19 
indicators were added to Model 1 to examine whether parkland mod
erates the relationship between COVID-19 indicators and mental stress 
index (Model 3–8). Third, interaction terms between parkland and 
COVID-19 indicators were added to Model 2 to examine whether 
parkland moderates the relationship between COVID-19 indicators and 
suicide index (Model 9–14). 

3. Results 

Table 2 presents the results of the association among parkland, 
COVID-19 epidemic and mental wellbeing. Model 1 shows that distance 
to Wuhan city (Coef. = -0.102, SE = 0.026), work resumption rate (Coef. 
= -0.311, SE = 0.149) and travel index within the city (Coef. = -0.006, 
SE = 0.003) were negatively associated with mental stress index. Hence, 
cities with Q2 (Coef. = -0.082, SE = 0.035) and Q3 (Coef. = –0.085, SE =
0.036) proportion of parkland had lower mental stress indexes than 
those with Q1 proportion of parkland. For covariates, both population 
(Coef. = -0.001, SE = 0.000) and GDP per capita (Coef. = -0.010, SE =
0.004) were negatively associated with mental stress index. 

Model 2 shows that distance to Wuhan city (Coef. = -0.036, SE =

Table 1 
Summary statistics for all variables.  

Dependent variables Proportion/mean (SD) 

Suicide index (0− 1) 0.221(0.105) 
Mental stress index (0− 1) 0.504(0.211) 
Independent variables  
The proportion of parkland area (%) 0.279(0.812) 
The presence of lockdown policy (%)  
Yes 39.527 
No 60.473 
Distance to Wuhan city (km) 923.508(559.076) 
The number of COVID-19 infections (numbers) 197.459(1933.566) 
The proportion of migrants from Hubei province (%) 2.763(10.649) 
Work resumption rate 0.315(0.081) 
Travel (intensity) index within the city 2.626(0.706) 
Covariates  
Population (10,000 persons) 441.047(326.177) 
Number of hospital beds (numbers/10,000 persons) 45.482(18.688) 
Number of doctors (numbers/10,000 persons) 25.139(11.793) 
GDP per capita (10,000 Chinese Yuan) 3.837(5.539) 
Unemployment rate 0.052(0.033) 
Environment stress index 0.175(0.252) 
Average annual temperature (℃) 9.628(5.686) 
Average annual precipitation (mm) 720.626(491.018)  

Table 2 
Association among parkland, COVID-19 epidemic and mental wellbeing.   

Mode l 
(DV = Mental stress 
index) 

Model 2 
(DV = Suicide 
index)  

Coef. (SE) Coef. (SE) 
Independent variables   
Lockdown (ref: No lockdown) 0.014 (0.019) 0.024(0.022) 
The geographical distance to Wuhan 

city 
− 0.102***(0.026) − 0.036*** 

(0.012) 
The number of COVID-19 infections 0.010(0.014) 0.011**(0.005) 
The proportion of migrants from 

Hubei province 
− 0.001(0.002) 0.003***(0.001) 

Work resumption rate − 0.311**(0.149) − 0.054(0.102) 
Travel index within the city − 0.006**(0.003) − 0.014(0.013) 
The proportion of parkland (ref: Q1)   
Q2 − 0.082**(0.035) − 0.010(0.015) 
Q3 − 0.085**(0.036) − 0.030*(0.016) 
Q4 0.058(0.045) − 0.057*** 

(0.020) 
Covariates   
Population − 0.001***(0.000) 0.001***(0.000) 
Number of hospital beds 0.001(0.001) 0.001(0.001) 
Number of doctors 0.004*(0.002) 0.002**(0.001) 
GDP per capita − 0.010**(0.004) − 0.004**(0.002) 
Unemployment rate 0.127(0.382) 0.409(0.171) 
Environment stress index − 0.057(0.053) 0.036(0.024) 
Average annual temperature 0.006(0.005) 0.002(0.002) 
Average annual precipitation 0.000(0.000) 0.000(0.000) 
Constant 1.176***(0.221) 0.572***(0.098) 
R2 0.274 0.445 
AIC − 108.427 − 586.18 

Note: Coef. = coefficient; SE = standard error; AIC = Akaike information cri
terion. *p < 0.10, **p < 0.05, ***p < 0.01. 
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0.012) was negatively associated with suicide index, while the number 
of COVID-19 infections (Coef. = 0.011, SE = 0.005) and the proportion 
of migrants from Hubei province (Coef. = 0.003, SE = 0.001) were 
positively associated with suicide index. Hence, cities with Q4 (Coef. =
-0.057, SE = 0.020) proportion of parkland had lower suicide index than 
those with Q1 proportion of parkland. For covariates, both population 
(Coef. = 0.001, SE = 0.000) and number of doctors (Coef. = 0.002, SE =
0.001) were positively associated with suicide index, while GDP per 
capita was negatively associated with suicide index (Coef. = -0.004, SE 
= 0.002). 

Table 3 presents the moderation effect of parkland on the association 
between COVID-19 epidemic and mental wellbeing. Model 3–8 shows 
the interaction term between the proportion of parkland and COVID-19- 
related indicators for the mental stress index. There was evidence to 
suggest that the proportion of parkland moderated the association be
tween work resumption rate and mental stress index (Model 7). For 

instance, compared with cities with Q1 proportion of parkland, the ef
fect of work resumption rate on the mental stress index was strength
ened in cities with Q3 proportion of parkland (Coef. = -0.674, SE =
0.333). Additionally, the proportion of parkland moderated the associ
ation between the travel index within the city and the mental stress 
index (Model 8). Specifically, compared with cities with Q1 proportion 
of parkland, the effect of the travel index within the city on the mental 
stress index was strengthened in cities with Q3 proportion of parkland 
(Coef. = -0.099, SE = 0.047). However, no evidence can support the 
hypothesis that the proportion of parkland also moderates the associa
tion between other COVID-19-related indicators and mental parkland 
(Model 3–6) (Table 4). 

Model 9–14 shows the interaction term between the proportion of 
parkland and COVID-19-related indicators for suicide index. There was 
evidence to suggest that the proportion of parkland moderated the as
sociation between the number of COVID-19 infections and the suicide 

Table 3 
Buffer effect of parkland on the association between the COVID-19 epidemic and mental wellbeing (DV = Mental stress index).   

Model 3 Model 4 Model 5 Model 6 Model 7 Model 8  
Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) 

Independent variables       
Lockdown (ref: No lockdown) 0.054(0.060) 0.021(0.027) 0.015(0.027) 0.015(0.027) 0.012(0.027) 0.012(0.027) 
The geographical distance to Wuhan city − 0.104*** 

(0.027) 
− 0.124*** 
(0.030) 

− 0.109*** 
(0.027) 

− 0.099*** 
(0.028) 

− 0.104*** 
(0.027) 

− 0.104*** 
(0.027) 

The number of COVID-19 infections 0.009(0.014) 0.011(0.014) 0.036(0.019) 0.011(0.014) 0.010(0.014) 0.012(0.014) 
The proportion of migrants from Hubei province − 0.001(0.002) − 0.001(0.002) − 0.001(0.002) − 0.001(0.004) − 0.001(0.002) − 0.001(0.002) 
Work resumption rate − 0.279** 

(0.133) 
− 0.281** 
(0.139) 

− 0.229** 
(0.113) 

− 0.313** 
(0.151) 

− 0.399** 
(0.189) 

− 0.305** 
(0.134) 

Travel index within the city − 0.010** 
(0.005) 

− 0.014** 
(0.006) 

− 0.019** 
(0.009) 

− 0.016** 
(0.008) 

− 0.017** 
(0.009) 

− 0.036** 
(0.018) 

The proportion of parkland (ref: Q1)       
Q2 − 0.085** 

(0.040) 
− 0.080** 
(0.035) 

− 0.059** 
(0.027) 

− 0.084** 
(0.035) 

− 0.080** 
(0.035) 

− 0.071** 
(0.036) 

Q3 − 0.100** 
(0.043) 

− 0.080** 
(0.037) 

− 0.061** 
(0.030) 

− 0.085** 
(0.037) 

− 0.082** 
(0.037) 

− 0.075** 
(0.038) 

Q4 0.074(0.052) 0.066(0.046) 0.034(0.046) 0.057(0.045) 0.055(0.046) 0.048(0.046) 
Interaction term       
The proportion of parkland (ref: Q1)×Lockdown (ref: No 

lockdown)       
Q2×Lockdown (ref: No lockdown) − 0.026(0.076)      
Q3×Lockdown (ref: No lockdown) − 0.059(0.076)      
Q4×Lockdown (ref: No lockdown) − 0.058(0.078)      
The proportion of parkland (ref: Q1)×The geographical 

distance to Wuhan city       
Q2×The geographical distance to Wuhan city  − 0.046(0.040)     
Q3×The geographical distance to Wuhan city  − 0.018(0.051)     
Q4×The geographical distance to Wuhan city  − 0.095* 

(0.050)     
The proportion of parkland (ref: Q1)×The number of COVID- 

19 infections       
Q2×The number of COVID-19 infections   − 0.042* 

(0.022)    
Q3×The number of COVID-19 infections   − 0.041(0.027)    
Q4×The number of COVID-19 infections   − 0.032(0.024)    
The proportion of parkland (ref: Q1)×The proportion of 

migrants from Hubei province       
Q2×The proportion of migrants from Hubei province    − 0.001(0.004)   
Q3×The proportion of migrants from Hubei province    − 0.001(0.005)   
Q4×The proportion of migrants from Hubei province    0.000(0.004)   
The proportion of parkland (ref: Q1)×Work resumption rate       
Q2×Work resumption rate     − 0.087(0.387)  
Q3×Work resumption rate     − 0.674** 

(0.333)  
Q4×Work resumption rate     0.078(0.452)  
The proportion of parkland (ref: Q1)×Travel index within the 

city       
Q2×Travel index within the city      − 0.044(0.046) 
Q3×Travel index within the city      − 0.099** 

(0.047) 
Q4×Travel index within the city      0.041(0.055) 
R2 0.276 0.285 0.285 0.275 0.275 0.279 
AIC − 103.287 − 106.71 − 106.711 − 102.682 − 102.869 − 104.254 

Note: Models adjusted for all covariates. Coef. = coefficient; SE = standard error; AIC = Akaike information criterion. *p < 0.10, **p < 0.05, ***p < 0.01. 
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index (Model 11). For example, compared with cities with Q1 propor
tion of parkland, the effect of the number of COVID-19 infections on the 
suicide index was reduced in cities with Q4 proportion of parkland 
(Coef. = -0.019, SE = 0.009). Last, the proportion of parkland moder
ated the association between the travel index within the city and the 
suicide index (Model 14). Specifically, compared with cities with Q1 
proportion of parkland, the effect of the travel index within the city on 
the suicide index was strengthened in cities with Q3 proportion of 
parkland (Coef. = -0.052 SE = 0.022). However, no evidence can sup
port the hypothesis that the proportion of parkland also moderates the 
association between the rest of the COVID-19-related indicators and the 
suicide index (Model 10, 12 and 13). 

4. Discussion 

This study extends previous research on the association between 

parkland and mental wellbeing (mental stress and suicide intention) in 
several respects. First, the present study is among the first to systemat
ically explore both direct effect of parkland on mental wellbeing, as well 
as moderation effect of parkland on the association between the COVID- 
19 epidemic and mental wellbeing. Second, the study also investigates 
the extent to which the COVID-19 epidemic has influence on mental 
wellbeing at a national level. 

We found that the provision of parkland is positively associated with 
mental wellbeing during the COVID-19 epidemic in China. Previous 
cross-sectional studies in Australia (Wolf and Wohlfart, 2014), Ireland 
(Grilli et al., 2020) and the UK (Roberts et al., 2019) also found that 
some of the park attributes and park visits were positively related to 
mental wellbeing. Similarly, cross-sectional studies from China (Li et al., 
2019; Wu et al., 2020), Iran (Yigitcanlar et al., 2020) and Bulgaria 
(Dzhambov and Dimitrova, 2014) also reported positive associations 
between urban parkland and the residents’ mental wellbeing. In 

Table 4 
Buffer effect of parkland on the association between the COVID-19 epidemic and mental wellbeing (DV = Suicide index).   

Model 9 Model 10 Model 11 Model 12 Model 13 Model 14  
Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) Coef. (SE) 

Independent variables       
Lockdown (ref: No lockdown) 0.016(0.017) 0.017(0.012) 0.014(0.012) 0.014(0.012) 0.014(0.012) 0.014(0.012) 
The geographical distance to Wuhan city − 0.036*** 

(0.012) 
− 0.039*** 
(0.013) 

− 0.029** 
(0.012) 

− 0.035*** 
(0.013) 

− 0.035*** 
(0.012) 

− 0.043*** 
(0.012) 

The number of COVID-19 infections − 0.011** 
(0.005) 

− 0.012** 
(0.006) 

− 0.013** 
(0.007) 

− 0.011** 
(0.005) 

− 0.010** 
(0.005) 

− 0.011** 
(0.005) 

The proportion of migrants from Hubei province 0.003*** 
(0.001) 

0.003*** 
(0.001) 

0.003*** 
(0.001) 

0.003**(0.001) 0.002*** 
(0.001) 

0.002*** 
(0.001) 

Work resumption rate − 0.055(0.104) − 0.049(0.102) − 0.076(0.104) − 0.054(0.103) 0.006(0.141) − 0.029(0.103) 
Travel index within the city − 0.014(0.013) − 0.013(0.013) − 0.011(0.013) − 0.014(0.013) − 0.018(0.013) − 0.033** 

(0.017) 
The proportion of parkland (ref: Q1)       
Q2 − 0.013(0.018) − 0.006(0.016) − 0.004(0.016) − 0.010(0.016) − 0.011(0.016) − 0.014(0.016) 
Q3 − 0.031* 

(0.019) 
− 0.032** 
(0.016) 

− 0.024* 
(0.014) 

− 0.031* 
(0.016) 

− 0.033** 
(0.016) 

− 0.038** 
(0.017) 

Q4 − 0.059** 
(0.023) 

− 0.057*** 
(0.020) 

− 0.056*** 
(0.021) 

− 0.058*** 
(0.020) 

− 0.062*** 
(0.020) 

− 0.063** 
(0.020) 

Interaction term       
The proportion of parkland (ref: Q1)×Lockdown (ref: No 

lockdown)       
Q2×Lockdown (ref: No lockdown) − 0.043(0.034)      
Q3×Lockdown (ref: No lockdown) − 0.017(0.034)      
Q4×Lockdown (ref: No lockdown) − 0.068** 

(0.032)      
The proportion of parkland (ref: Q1)×The geographical 

distance to Wuhan city       
Q2×The geographical distance to Wuhan city  0.029(0.018)     
Q3×The geographical distance to Wuhan city  − 0.017(0.023)     
Q4×The geographical distance to Wuhan city  0.017(0.022)     
The proportion of parkland (ref: Q1)×The number of COVID- 

19 infections       
Q2×The number of COVID-19 infections   0.003(0.010)    
Q3×The number of COVID-19 infections   − 0.005(0.012)    
Q4×The number of COVID-19 infections   − 0.019** 

(0.009)    
The proportion of parkland (ref: Q1)×The proportion of 

migrants from Hubei province       
Q2×The proportion of migrants from Hubei province    0.001(0.002)   
Q3×The proportion of migrants from Hubei province    − 0.001(0.002)   
Q4×The proportion of migrants from Hubei province    − 0.001(0.002)   
The proportion of parkland (ref: Q1)×Work resumption rate       
Q2×Work resumption rate     − 0.178(0.172)  
Q3×Work resumption rate     0.178(0.192)  
Q4×Work resumption rate     − 0.194(0.200)  
The proportion of parkland (ref: Q1)×Travel index within the 

city       
Q2×Travel index within the city      − 0.004(0.020) 
Q3×Travel index within the city      − 0.052** 

(0.022) 
Q4×Travel index within the city      0.040(0.024) 
R2 0.445 0.454 0.455 0.445 0.453 0.462 
AIC − 580.341 − 585.145 − 585.777 − 580.426 − 584.884 − 589.601 

Note: Models adjusted for all covariates. Coef. = coefficient; SE = standard error; AIC = Akaike information criterion. *p < 0.10, **p < 0.05, ***p < 0.01. 
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addition to these observational studies, experiments also reported that 
viewing green spaces within a park can promote peripheral capillary 
oxygen saturation and reduce blood pressure, which helps people feel 
relaxed and exert beneficial effects on mental wellbeing (Guan et al., 
2017; Hassan et al., 2006; Lin et al., 2019). Although people’s use of 
greenspace may be influenced during epidemic, recent research supports 
that greenspace such as parkland may still benefit mental health in this 
period. For example, Biswas and Sen (2020) as well as Kleinschroth and 
Kowarik (2020) pointed out that greenspaces such as parkland is 
particularly important for mental health during an epidemic. Slater et al. 
(2020) suggested that stay-at-home orders may limit access to parks 
which makes the use of park even more beneficial to mental well-being. 
Lopez et al. (2020) indicated people continued to use urban parks during 
the COVID-19, which are considered to be more important for mental 
health than before the epidemic. Further, Venter et al. (2020) found that 
people increase recreational use of urban parks and confirm it can 
provide them with restorative experience during COVID-19 outbreak in 
Oslo, Norway. Amerio et al. (2020) suggested that better quality of 
views (i.e more greenery) from people’s home are positively associated 
with mental health during COVID-19 in Milan, Northern Italy. Lu et al. 
(2020) found an increase of park use during the pandemic in Asian 
cities. In this study, although people’s use of parkland may be influenced 
during COVID-19, they may still view parkland from their home or in 
their daily routine, so parkland may provide people with restorative 
experience, reduce stress and benefit mental health. 

In terms of two measurements of mental wellbeing, the mental stress 
index is more sensitive to the provision of parkland (2nd and 3rd 
quartile) than the suicide index (only 4th quartile). A possible expla
nation is that suicidal tendency is a more severe symptom than mental 
stress tendency, which is less modifiable by provision of healing envi
ronment (i.e., parkland) alone. Although most previous studies have 
confirmed that parkland is beneficial for people’s mental wellbeing, it is 
the first national-level study to confirm that parkland is positively 
associated with mental wellbeing during the COVID-19 epidemic 
(Douglas et al., 2020; Kleinschroth and Kowarik, 2020; Lai et al., 2020; 
Slater et al., 2020; Venter et al., 2020). 

We also found most COVID-19-related indicators are significantly 
associated with mental wellbeing. Our research is based on aggregated 
data an ecological study design at city level. This approach is consistent 
with a recent study in China that is based on individual survey data (Shi 
et al., 2020). First, work resumption rate and travel intensity within the 
city are positively associated with mental wellbeing. This finding is 
consistent with a recent study based on individual survey (Shi et al., 
2020). Shi et al. (2020) also found that people who resumed work during 
the COVID-19 epidemic are less likely to report depression or anxiety 
than those who did not resume work. Resuming work can not only 
provide people with financial stability but also a distraction from the 
COVID-19 epidemic. Smart working which means that people work 
remotely from home (McEwan, 2016) may be an alternative in this 
period. Some studies indicated it may benefit people’s mental health by 
increasing productivity and work-life balance (Hu, 2020). But others 
suggested that it may not benefit mental health and lead to income 
inequity (Bonacini et al., 2020). Furthermore, travel intensity within the 
city considers all trips for working, shopping, and recreation. Hence it 
measures the degree to which urban residents return to normal life, 
which can help people relax themselves and distract them from 
epidemic-related information (Druss, 2020; Jiménez-Pavón et al., 
2020). Second, the number of COVID-19 infections, the proportion of 
migrants from Hubei Province and the geographical proximity to Wuhan 
city are negatively associated with mental wellbeing. These factors are 
all the risk factors related to being infected with COVID-19. Shi et al. 
(2020) reported that people having family members or friends who were 
infected with COVID-19, living in Hubei Province and having the chance 
to come into close contact with patients infected with COVID-19 are 
more likely to have depression or anxiety. 

Most importantly, we found that the provision of parkland reduces 

the negative effect of COVID-19 on mental wellbeing. First, the pro
portion of parkland moderates the association between lockdown and 
mental wellbeing, as well as the association between the number of 
COVID-19 infections and mental wellbeing. The Stress Reduction The
ory (SRT) provides a convincing explanation. According to SRT, natural 
environments help people recover from the after-effects of stressful ex
periences (Ulrich et al., 1991). The results from experiments have 
proved that exposure to natural environments reduces stress-related 
hormones, which leads to stress recovery (Van den Berg et al., 2015). 
For example, exposure to nature provides people strong immunization to 
subsequent stress, and prevents people from being influenced by 
stressors (Parsons et al., 1998). The Attention Restoration Theory (ART) 
also explains our findings. ART suggests that natural environments have 
four types of restorative features, including being away, extension, 
compatibility and fascination, which can relieve mental fatigue and 
stress in a person, drawing the individual’s effortless attention and 
reducing attention fatigue symptoms (Kaplan, 2001, 1995). 

Further, the proportion of parkland moderates the association be
tween work resumption rate and mental wellbeing, as well as the asso
ciation between travel intensity within the city and mental wellbeing, 
which indicates the provision of parkland strengthens the positive effect 
of restorative behaviors on mental wellbeing. For work resumption rate, 
the increased proportion of parkland may increase people’s exposure to 
green spaces around workplaces. Previous studies indicated that natural 
environments around the workplace can help people reduce stress and 
improve their work efficiency (Dewa et al., 2004; Loder, 2014; Lottrup 
et al., 2013). Therefore, natural environments can help returning em
ployees reduce pressure and strengthens the positive effect on employ
ment on mental wellbeing. For travel intensity, previous studies 
suggested that viewing natural environments in people’s daily travel 
routine can help people reduce stress and improve their mental well
being (Li et al., 2018; Mennis et al., 2018). Therefore, natural environ
ments can strengthen the restorative effect of travel on mental 
wellbeing. 

The following limitations of this study should be noted. First, this 
study was based on cross-sectional data, which prevents it from inferring 
causation between parkland, COVID-19 epidemic and mental wellbeing. 
Second, the mental wellbeing status was collected from Baidu search 
data. However, Baidu search data only measure internet users’ attention 
on certain keywords and may not reflect their actual mental wellbeing 
status. Most internet users are young adults; therefore, our results may 
be influenced by self-selection bias. Third, our research is based 
ecological study design, which means data in this study are analysed at 
population level, rather than individual level. This means that our re
sults may exhibit the ecological fallacy and not be valid for individuals. 
Future research should measure individuals’ mental wellbeing and 
retest our hypothesis. Fourth, we did not have the information about the 
usage of parkland by residents, and the proportion of parkland may not 
reflect the exposure of green spaces or visit to parkland. Fifth, since we 
measured parkland at city level, the accessibility or distance from 
parkland was not included. Also, we did not have information regarding 
people’s actual use of greenspace in each city, which may cause bias for 
the association between parkland and mental health. Sixth, we did not 
investigate the mechanisms linking parkland to mental health during 
COVID-19 in this study, so it is still unclear how parkland affect mental 
health in such a period. Seventh, this study is also limited due to the 
Modifiable Area Unit Problem (MAUP) because the city boundary was 
defined by the administrative boundary. Last, we only assessed the effect 
of parkland from a quantitative perspective (the amout of parkland). 
However, other perspective of parkland such as the quality of parkland 
(e.g., biodiversity) also plays an important role in shaping mental 
wellbeing. 

5. Conclusion 

This is the first national study which explores both the direct effect of 
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parkland on mental health and the buffering effect of parkland on the 
association between the COVID-19 epidemic and mental wellbeing. The 
results show that the provision of parkland is positively associated with 
mental wellbeing during the COVID-19 epidemic. Among COVID-19- 
related indicators, distance to Wuhan city, work resumption rate, and 
travel intensity are positively associated with mental wellbeing, while 
the number of infections and the proportion of migrants from Hubei 
Province are negatively associated with it. Last, and most importantly, 
provision of parkland mitigates the negative effect of COVID-19 
epidemic on mental wellbeing. To achieve the goal of promoting 
mental wellbeing through urban planning and design to combat future 
pandemics, policymakers and planners are advised to provide more 
parkland and green spaces and increase their usage while with proper 
precautions, such as wearing mask and social distancing. 
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