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Background: With continuous efforts made to promote the strategic goals 
of carbon neutrality and carbon peak, it is crucial to meet the growing and 
diversified needs of the public for fitness by practicing the concept of green 
development and promote the combination of national fitness and ecological 
civilization.

Methods: To achieve this purpose, an OLS regression model was applied to 
estimate the role of green space exposure in Chinese residents’ participation in 
physical activity and its underlying mechanisms, using the microdata from the 
China General Social Survey (CGSS) data and the Provincial Vegetation Cover 
Index (NDVI) matched macrostatistical data.

Results: The empirical results show that green space exposure significantly 
increases the probability of residents’ physical activity participation, and creating 
a green environment is conducive to creating a favorable physical activity 
environment for residents. Also, the core conclusions still hold after the year-
by-year regression test is passed and the endogeneity problem is addressed. 
As revealed by mechanistic studies, green space exposure has indirect effects 
on the physical activity participation of residents through the independent 
mediating roles of reducing carbon emissions and promoting social interaction. 
According to heterogeneity results, males, those in marriage, and urban dweller 
groups are more inclined to perform physical activity in green spaces.

Conclusion: The results show that the exposure of green space can help 
increase the probability of residents’ participation in physical exercise, and 
can that it achieved through two channels: reducing carbon emissions and 
enhancing social interaction. It is necessary to further strengthen the protection 
of the ecological lifestyle, give full play to the advantages of greenness and low-
carbon, and create favorable conditions for the green development of a new 
model of national fitness.
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1 Introduction

The World Health Organization (WHO) defines physical activity 
as any physical movement produced by skeletal muscles that requires 
the consumption of energy. Regular physical activity helps prevent and 
manage noncommunicable diseases such as heart disease and stroke 
(1). It is an important initiative to promote the modernization and 
development of sports in China by comprehensively promoting the 
construction of healthy China, accelerating the implementation of 
health actions and significantly improving people’s health. However, 
the increasingly fast pace of life continues to accelerate leads to the low 
participation rate of residents in physical exercise, and the health crisis 
caused by insufficient exercise threatens the physical health of the 
public. In 2018, the sports participation rate in China reached merely 
30.9%, and Chinese residents spent an average of as little as 31 min 
participating in sports (2), posing a realistic challenge to the 
construction of healthy China. Since 2022, the State Council has 
successively issued the Opinions on Building a Higher Level of Public 
Service System for National Fitness, proposing to create a new green 
and convenient national fitness carrier, for the integration of national 
fitness with the construction of ecological civilization (3). As an 
important part of the natural ecosystem on earth, green space 
performs various functions in relation to the ecosystem, such as 
reducing noise and pollution, regulating hydrology, and purifying the 
environment (4). Moreover, it also has such positive effects as reducing 
obesity, relieving stress, and alleviating depression and anxiety (5). 
This kind of green space, which combines natural ecological and 
humanistic features, plays a role in promoting the participation of 
residents in physical exercise.

According to the 2022 National Fitness Trend Report, 74.3% of 
the respondents preferred to exercise outdoors, with the open spaces 
in squares, fitness paths, and garden paths and paved areas in parks as 
the main venues for fitness activities (6). With the increasing 
awareness of physical health among residents, outdoor sports and 
fitness exercises have been accepted as an important lifestyle for public 
entertainment and leisure. As urbanization and industrialization 
advance continuously at this stage, the expansion of urban land use 
has resulted in the destruction of ecological land use, the 
fragmentation of green space patterns, the reduction of biodiversity, 
air environmental pollution and a series of other ecological and 
environmental issues (7). Consequently, the demand for travel by 
residents is reduced. In contrast, there is a continuous increase in 
sedentary behavior, obesity rates and chronic disease mortality rates. 
Also, physical activity decreases (8). As an effective measure of green 
space exposure, vegetation is more often used to monitor the changes 
in regional ecological quality. It performs various natural functions 
required to create a favorable condition for leading the green 
movement and building a healthy life, such as enhancing the carbon 
sequestration effect (9), promoting photosynthesis (10), and releasing 
negative oxygen ions (11). As a parametric indicator, NDVI reflects 
the level of land vegetation cover according to remote sensing 
information, which allows the denseness and growth of vegetation to 
be quantified more accurately (12). Various green space attributes, 
including its type, size, quality and accessibility affect its social and 
ecological benefits (13). At present, there has been widespread 
recognition given to the health benefits created by green space 
exposure as a public activity space for residents’ physical exercise (14). 
Green space exposure affects resident physical activity participation 

in different aspects. On the one hand, according to the framework of 
natural ecosystem-ecological exposure-health effects, green space 
exposure improves health patterns through various mechanisms of 
action, such as the reduction of air pollution, heat, and noise, the 
reduction of mental and physiological stress among residents, and 
increased exercise and socialization (15). On the other hand, 
according to social ecological theory, individual behavior and 
development are embedded in the external environment, working 
together to contribute to individual health (16). Physical activity 
participation reduces the health burden imposed by transportation 
emissions, mitigates the regional heat island effect, and expands green 
space (17). However, developed countries such as Europe and the 
United  States are the focus of most research on the association 
between green space exposure and physical activity. Besides, there are 
no scholars in China who have conducted empirical econometric 
studies on the relationship between the two. Does the fact that the 
residents of China, the world’s largest developing country, are in a 
green space-exposed environment have any effect on physical activity 
participation? Does this effect change over time? What is the specific 
mechanism of this effect? These are the questions to be explored in 
depth in this paper.

Therefore, an empirical study is conducted in this paper from the 
perspective of health geography using the China General Social 
Survey (CGSS) data and the Normalized Vegetation Cover Index 
(NDVI) matched data at the provincial level for two purposes. One is 
to examine the impact of green space exposure on residents’ 
participation in physical exercise and its mechanism. The other is to 
explore the heterogeneity of the direct mechanism in a differentiated 
way. In this way, empirical evidence and empirical support are 
provided to meet the diversified needs of mass fitness activities and to 
construct a green, convenient and universal fitness ecosystem.

2 Literature review

2.1 Measurement and temporal evolution 
analysis of green space exposure

In the existing studies, there is still no standardized way of 
defining green space exposure measurement. The common measures 
include two-dimensional spatial indicators such as green space rate, 
green space area per capita and service radius, as well as three-
dimensional dimensions such as greening of urban roads, parks, 
squares, and other green volume measurements. Among them, the 
Normalized Vegetation Cover Index (NDVI) is the most effective 
measure of green space exposure oriented to population behavior and 
health (18). As a parameter used to evaluate ground greening, NDVI 
requires using the long time series of remote sensing data to monitor 
the change of vegetation cover systematically at the regional scale. In 
this way, the spatial and temporal situation of green vegetation cover 
can be intuitively reflected. Meanwhile, a specific formula is used to 
determine the value of the index. Finally, a value between −1 and + 1 
is generated. When the value is closer to −1, it suggests that the 
ground is covered with more clouds, water, and snow; when the value 
is 0, it indicates that the surface is covered with rocks or bare soil, etc.; 
if the value is positive and closer to 1, it indicates that the ground 
vegetation cover is increasing. Based on the calculation of difference 
between the red and infrared bands (19), NIR is defined as the 
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near-infrared light reflected by healthy vegetation. When the degree 
of vegetation cover rises, the red light reflection decreases and the 
near-infrared light reflection increases. It is calculated through the 
following formula:

 
NDVI

NIR Red
NIR Red

=
−( )
+( )

In order to better analyze the dynamics of NDVI in China from 
2000 to 2022, the Theil-Sen Median trend analysis and Mann-Kendall 
test (20, 21) were conducted to perform measurement. The Theil-Sen 
Median trend analysis is a non-parametric estimation technique 
commonly used to analyze longterm trends in vegetation NDVI 
(Normalized Difference Vegetation Index). Compared to other 
methods of trend analysis, it is less affected by outliers. Another 
nonparametric statistical test, namely the Mann-Kendall test, does not 
require the sample to follow a normal distribution. It is used to 
determine the significance of trends. By combining these two 
methods, the impact of climate change and human activities on 
vegetation growth can be  better evaluated to reveal the longterm 
changes in NDVI. This approach is applicable to predict the effects of 
environmental factors on public sports. Considering SNDVI and 
Z-statistics, the trend of NDVI changes was delineated. Specifically, 
slope was delineated in the range of −0.0005 to 0.0005 for stable areas, 
no less than 0.0005 for the areas of improved vegetation, and less than 
−0.0005 for the areas of degraded vegetation. On the whole, the 
change of vegetation cover is crisscrossed; the degradation of 
vegetation cover is more significant in the eastern and western regions; 
the degree of vegetation cover shows improvement in the northwestern 
(including Shaanxi, Gansu, Ningxia, etc.), northeastern (Heilongjiang, 
Jilin, etc.) and northern (Beijing, Nei Mengu, etc.) regions; and the 
degree of vegetation cover in the southern region, as represented by 
Guangxi and Yunnan, is also improved significantly (Figure 1).

2.2 The green space effect: the direct 
effect of green space exposure on 
residents’ physical activity participation

In recent years, the continuous improvement of green 
infrastructure and social public sports service system prompts more 
and more scholars to explore how the transformation of national 
fitness can be promoted as a green ecological model, with the aim of 
making the public to receive more health benefits from green space 
exposure. According to the definition given by the U.S. National 
Environmental Protection Agency, in its Environmental Atlas, green 
space is referred to as all the areas covered by vegetation, including 
cropland, grasslands, woodlands, wetlands, and parks (22). Previously, 
the spatial effects of green space were assessed mainly according to 
land use types (23). However, green vegetation cover has now become 
a commonly used indicator of green space exposure for evaluation as 
satellite remote sensing technology advances (24). Through a review 
of the major practical advances on the health effects of green spaces at 
home and abroad, it can be found out that the focus of research is 
placed mainly on green space dose effects (25), the causal experiments 
on green space health in pathology (26), and restorative environmental 
gain effects (27). Specifically, there are some theories that can 

be applied to expound the impact of green space exposure on residents’ 
physical activity participation: (1) Social-ecological system theory. The 
American scholar Bronfenbrenner presented a systematic framework 
of socio-ecological models, arguing for the objective environment as 
a crucial influencing factor in health behavior interventions (16). As 
an important part of the natural environment, vegetation (including 
trees, green spaces, etc.) has positive effects on the physical and mental 
health of humans (15). As indicated in empirical research, a higher 
level of vegetation around the home or school may promote the 
physical or outdoor activity performed by humans (28). As revealed 
by Almanza et al., adolescents were 34–39% more likely to engage in 
physical activity in green spaces (29). (2) Self-determination theory. 
Proposed by American psychologists such as Deci, the motivational 
process theory of human self-determined behavior holds that 
individuals base their choices about their self-behavior on the full 
awareness of their personal needs and environmental information 
(30). Exercise adherence can be promoted when the enjoyment of 
exercise in a high-quality, pleasant green natural environment is 
intrinsically motivated (31). Those individuals engaging in green 
exercise regularly may understand the complementary benefits of 
green exercise compared to indoor environments either unconsciously 
or consciously, which reduces stress and invokes a sense of well-being 
(32, 33) (3) Space-behavior interaction theory. According to this 
theory, space (the geographic space of human activities) and behavior 
(human behavioral activities) are regarded as embodying a dialectical 
interaction and connection (34). Vegetation exhibits significant spatial 
variability properties. The residents living in high NDVI have relatively 
better somatic functioning and they are more likely to engage in 
regular physical activity within a green spatial environment, such as 
walking and calisthenics (35). In addition, those residents who 
exercise in more vegetated spaces experience less pollution, have more 
movable area, and engage in physical activity more frequently (36). 
Accordingly, Hypothesis H1 is proposed as follows:

H1: The higher the likelihood that residents exposed to green 
space will participate in physical activity.

2.3 Carbon sequestration: mechanisms of 
carbon emissions

Carbon emissions may be an important mechanism through which 
green space exposure exerts influence on residents physical activity 
participation. In a narrow sense, carbon emissions are defined as the 
emissions of “carbon dioxide” (CO2). Broadly speaking, it involves the 
emissions of six gaseous substances, including carbon dioxide (CO2), 
methane, nitrous oxide, oxyfluorocarbons, perfluorocarbons, and sulfur 
hexafluoride (37). In recent years, the carbon sequestration effect of 
vegetation has become the focus of research conducted by many 
scholars. In general, vegetation shows a high rate of photosynthesis, 
which increases the capacity to absorb CO2 (38). Also, carbon emissions 
can be indirectly reduced through the functions of green space such as 
containing water, regulating climate anomalies, and absorbing 
pollutants (39). As a significant means of maintaining ecosystems, the 
carbon sequestration capacity of vegetation can enhance soil organic 
carbon sequestration and optimize the environment of local areas (40), 
which leads to positive social and ecological impacts (41, 42). By 
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reducing carbon emissions, global health can be promoted. Also, the 
reduction in GHG emissions mitigates the health risks associated with 
air pollution, meets the demand of humans for high-quality living 
environments, and increases the amount of physical activity in the 
population (43, 44). Additionally, there is a close correlation between 
the health benefits of physical activity and the potential risk of pollution 
from carbon emissions. On the one hand, the emissions of greenhouse 
gases from transportation can be reduced by physical exercise, as an 
effective way to realize a low-carbon life, and the participation in 
walking, cycling and other sports and leisure activities. Also, individuals 
can develop a low-carbon concept in their daily exercise (45). On the 
other hand, excessive carbon emissions are likely to pose various natural 
hazards such as air pollutant concentration (46), frequent occurrence 
of extreme weather (47), and increased ecological risks to land (48). 
Thus, the convenience and comfort of residents’ outdoor activities are 
affected. Overall, there has been a general consensus reached in the 
academic community on the contribution of spatial pattern of 
vegetation to carbon sequestration. Besides, reducing carbon emissions 
may have a positive effect on engaging residents in outdoor physical 
activity. Accordingly, Hypothesis H2 is proposed as follows:

H2: Expansion of green space reduces carbon emissions, which in 
turn promotes physical activity participation among residents.

2.4 Cohort effects: a mechanism for social 
interaction

Aside from the abovementioned influencing mechanisms, social 
interactions were one of the reasons why participants engaged in 

green exercise (49). As the most basic form of communication 
between individuals, socialization is a social activity in which people 
have interaction with each other and engage in material and spiritual 
exchanges under certain conditions. According to plenty of empirical 
studies conducted globally on the effects of green space exposure on 
residents’ social interactions, the social value of vegetation effects is 
reflected to a large extent in the provision of open and free social 
spaces and nature experiences for social capital accumulation (50, 51). 
In prior research, it has been discovered that social interaction plays 
an important “bridging” role between green space and health (52). 
Green spaces are regarded as the places for residents’ social gatherings 
and other recreational activities, such as parks and greenways (53), 
and the socializing in public green space attracts more groups to 
participate in neighborhood interactions. This leads to the interactive 
feelings and attitudes toward each other through shared feelings and 
experiences, which allows disadvantaged groups access to more social 
capital while improving cross-group relations (54–56). Regarding the 
relationship between social interactions and physical activity 
participation, there are many studies confirming the positive 
relationship between social interaction and physical activity 
participation, i.e., the increase in frequency of social interactions 
translates into the increase in individual physical activity behavior 
(57). High-quality social capital is inseparable from high-quality social 
interactions, including verbal communication, behavioral interactions, 
and emotional exchanges (58). Also, sport social capital is better at 
explaining the social connection of interpersonal interactions in sport 
(59). Regardless of individual social capital or collective social capital, 
it has a positive impact on residents’ physical activity behaviors (60, 
61). According to studies, the natural environments with high green 
vegetation, such as parks and meadows, perform the practical service 
function of social interaction, attracting more peers to participate in 

FIGURE 1

Characteristics and trend analysis of NDVI changes in Chinese provinces, 2000–2022.
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exercise for improved health (62). Accordingly, Hypothesis H3 is 
proposed as follows:

H3: Expansion of green space enhances residents’ social 
interactions, which in turn promotes physical activity participation.

By synthesizing the relationship argumentation and hypothesis 
derivation of the above relevant variables, we construct a theoretical 
framework model of green space exposure affecting residents’ 
participation in physical activity, and quantitatively assess the causal 
effect and mechanism of action. See Figure 2.

3 Materials and methods

3.1 Data sources

The population microsurvey data used in this paper is sourced 
from the China General Social Survey (CGSS), which is collected 
every two years, with the latest year updated to 2021. Covering 28 
provinces (except Tibet, Hong Kong, Macao, and Taiwan), this data 
Research Topic reflects China’s social, economic, demographic, 
educational, and health changes, showing high representativeness 
and reliability. In this paper, China’s provincial NDVI macro data 
were matched with the micro China General Social Survey (CGSS), 
which is processed as follows. Firstly, the names of the required 
population-level variables were harmonized across the six periods 
of the CGSS database (2012, 2013, 2015, 2017, 2018, and 2021). 
Secondly, the microdata collected during a single year were 
longitudinally merged and then the merged data were cleaned. 
Again, the variables required for normalized vegetation index 
(NDVI) data for each province in China were calculated, extracted, 
and cleaned. Finally, the cleaned CGSS survey data were horizontally 
matched with the Normalized Vegetation Index (NDVI) using the 
CGSS province code and year code for urban and rural residents 
aged 18 years and older. In total, 40714 valid samples were obtained, 
with the sample size reaching 6415, 7297, 7081, 7481, 6882, and 5558 
for the six surveys, respectively. As for the data on energy 
consumption of gasoline, coal and natural gas involved in the 
calculation of carbon emissions, they were collected from the China 
Economic Database (CEIO) and the China Energy Statistics 
Yearbook, etc., while the data on average annual precipitation in the 

provinces were sourced from the National Average Annual 
Precipitation Data by Province. All the results provided in this paper 
were calculated by Stata software.

3.2 Variable selection

3.2.1 Dependent variable
Physical activity participation is a social activity aimed at 

developing physical fitness, enhancing physical health and enriching 
spare-time cultural activities. The dependent variable is the current 
participation in physical activity of the population, and the CGSS 
questioned the respondents about how often they had engaged in 
physical activity in the previous year, as measured by the questionnaire, 
“In the past year, did you often engage in the following activities in 
your free time - participating in physical activity?” In order to facilitate 
statistical analysis and understand the persistence of residents’ 
participation in physical activity, a reference was made to the existing 
study (63). The answers provided as optional include “never, a few 
times a year or less, a few times a month, a few times a week, and every 
day,” which are assigned a value of 1 ~ 5. The higher the value, the 
higher the degree of residents’ participation in physical activity, which 
is an ordered multicategorical variable.

3.2.2 Independent variable
The independent variable used in this paper is the province 

normalized vegetation index (NDVI). In remote sensing images, the 
normalized vegetation index (NDVI) is taken as an important 
parameter that carries the information of vegetation cover changes. 
Herein, the NDVI dataset was preprocessed and calculated by using 
ENVI and ArcGIS software, etc. The value of NDVI ranges between 
−1 and 1. The closer the value is to 1, the higher the density of the 
green vegetation is (64).

3.2.3 Mediating variables
In this paper, the mechanism of action was analyzed from two 

perspectives: carbon emissions and social interaction. Carbon 
emissions are calculated using IPCC and the methods proposed by the 
Office of the National Coordinating Group for Climate Change 
Response and the Energy Research Institute of the National 
Development and Reform Commission (NDRC). The formula of CO2 
calculation is expressed as follows:

FIGURE 2

The theoretical framework.
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In Equation, the CO2 emission coefficient consists of the energy 
consumption of seven fossil fuels, including coke, coal, kerosene, 
diesel, gasoline, combustion oil and natural gas. Such gases persist in 
the atmosphere for a longer period of time, accounting for a high 
percentage. Given the ease to statistically account for them, the total 
amount of CO2 emissions is taken as the mediating variable to 
perform logarithmic treatment.

The second type of mediator variable used in this paper is social 
interaction. As for CGSS data, the question to be raised is: “In the past 
year, have you frequently engaged in the following activities during 
your leisure time: visiting friends, relaxation, and educational 
pursuits?” The answers provided as optional include “never, seldom, 
sometimes, often, very often,” with a value of 1–5 assigned. The larger 
the value, the more frequent the social interaction.

3.2.4 Control variables
The control variables used in this study were selected from other 

influencing factors in individual physical activity participation, 
including gender, age, household register, ethnicity, marital status, 
education level, health level, total personal income, and party member. 

Among them, gender is a dichotomous variable assigned a value of 1 for 
males and 0 for females. Age was defined as the year of the survey minus 
the year of birth. Household register was taken as a dichotomous 
variable, with urban areas assigned a value of 1 and rural areas assigned 
a value of 0. Ethnicity was assigned a value of 1 for Han Chinese and a 
value of 0 for other ethnic minorities (Mongols, Manchus, Hui, etc.). 
Marital status was categorized into not married and married. No 
marriage (unmarried, cohabiting, divorced, widowed) was assigned a 
value of 0, while being married (married for the first time with a spouse, 
remarried with a spouse, or separated but not divorced was assigned a 
value of 1). Education level was categorized as elementary school and 
below (without any education, private school and literacy class), junior 
high school, senior high school (general senior high school, vocational 
senior high school, middle school, technical school), university college 
(adult higher education, unified enrollment), and bachelor’s degree and 
above (adult higher education, unified enrollment, and postgraduate 
study). It was assigned the value of 1 to 5, respectively. For health level, 
from very unhealthy to very healthy, it was assigned a value ranging 
from 1 to 5. Total personal income is treated as natural logarithm. For 
party, party member was assigned a value of 1, and others were assigned 
a value of 0. In addition, control was imposed on province fixed effects 
and time fixed effects, considering the effect of time change and 
differences in economic development of respondents’ provincial 
regions. The details are presented in Table 1.

TABLE 1 Results of descriptive statistics.

Categories Variables Coding values Mean SD

Dependent variable Physical activity participation Never = 1, several times a year or 

less = 2, several times a month = 3, 

several times a week = 4, Everyday = 5

2.235 1.47

Independent variable NDVI Continuous variable 0.743 0.113

Mediating variables Carbon emissions Continuous variable 10.583 0.531

Social interaction (such as visiting 

friends, relaxation, and educational 

pursuits)

Never = 1, rarely = 2, sometimes = 3, 

often = 4, very often = 5

2.738 0.988

Control variables Gender Female = 0, Male = 1 0.482 0.500

Age Age 55.293 16.341

Ethnic Other ethnic minorities = 0, Han 

Chinese = 1

0.916 0.277

Party Others = 0, Party member = 1 0.408 0.492

Marital status Not in marriage = 0, in marriage = 1 0.780 0.414

Household register Rural =0, 1 urban = 1 0.395 0.489

Educational level Elementary school and below = 1, 

middle school = 2, high school 

(vocational high school, junior 

college, technical school) = 3, 

college = 4, bachelor’s degree and 

above = 5

2.144 1.185

Health level Very unhealthy = 1, rather 

unhealthy = 2, average = 3, rather 

healthy = 4, very healthy = 5

3.575 1.085

Total personal income Logarithmic personal income 10.176 2.178

Instrumental variable Average annual rainfall Continuous variable 0.003 0.001
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3.3 Research methods

3.3.1 Baseline identification model
In this paper, Stata17.0 software was applied to analyze the 

relationship between green space exposure and residents’ 
participation in physical activity. Furthermore, the baseline 
regression model was established as follows by controlling province 
and time fixed effects:

 
PA NDVI C pijt ijt ijt t j ijt= + + + + +αα ββ δδ γγ µµ1  (1)

where PAijt represents the physical activity participation status of 
individual residents of province j at time t; NDVIijt denotes the change 
in the normalized vegetation index of individual provincej at timet; 
Cijt represents a series of control variables affecting the physical 
activity participation of an individual, including age, gender, marital 
status, and education, etc.; Yt denotes the time-fixed effect; Pj denotes 
the province-fixed effect; α indicates the constant term; μijt represents 
the error term; and β1 and δ refer to the parameters to be estimated.

3.3.2 Mechanism testing model
In order to verify the mediating role of carbon emissions and social 

interactions between green space exposure and residents’ participation 
in physical activity, the stepwise regression method proposed by Baron 
and Kenny was used in this paper to verify whether there is a mediating 
effect (65). The specific formula is expressed as follows:

 
M NDVI C pijt ijt ijt t j ijt= + + + + +αα ββ δδ γγ µµ2  (2)

 
PA NDVI M C pijt ijt ijt ijt t j ijt= + + + + + +αα ββ θθ δδ γγ µµ3  (3)

In Equation (1), β1 is the main effect, β3 is the direct effect, β2θ is 
the indirect effect, and the relationship between the coefficients is 
expressed as β1 = β3 + β2 × θ. Equation (2,3) Mijt is the mediator variable, 
including carbon emissions and social interactions. β2, β3, θ are the 
coefficients to be estimated, and μijt is the error term. The stepwise 
regression method is characterized by the low efficacy of statistical tests 
and the biased estimation of effects. In order to demonstrate the role of 
the mediating variables more accurately, the effects were decomposed 
using the “mixed effects” and “scale-change effects” decomposition 
method (KHB decomposition method) co-developed by Kristian et al. 
(66). Thus, the comparison in the independent contributions of the 
different mediating variables to the total effect was facilitated. This 
method is suitable when multidimensional mediating variables 
are involved.

4 Empirical results

4.1 Main characteristics of the survey 
sample

In order to better understand the changes in the main 
characteristics of the population in recent years, descriptive statistics 
were analyzed for the independent, dependent and mediating 
variables, etc., as shown in Table 2.

4.2 Baseline regression results

According to the research purpose and model setting of this 
paper, Hausman test was conducted to determine whether to use fixed 
or random model. According to the test results, it was significant at 
0.05 level, rejecting the random effect hypothesis. Therefore, the fixed 
effect model was adopted. Multicollinearity was tested by measuring 
the variance inflation factor (VIF). It is generally accepted that there 
is a serious problem of multicollinearity if the VIF exceeds 2 for most 
of the variables, which affects the preestimation results of the study. 
As revealed by the measurement, the VIF values of all the variables 
ranged between 1 and 2, except for political status (2.15), and the 
Mean VIF value was 1.69. Since there was no serious problem of 
multicollinearity, it was considered suitable for regression analysis.

Table 3 lists the results of the baseline regression model, with the 
relationship between the effect of NDVI and residents’ participation 
in physical activity first explored. With control imposed on province 
and time fixed effects, the effect of NDVI on residents’ participation 
in physical activity was found to be  positively and significantly 
correlated (β = 0.549, p < 0.01), suggesting a significant rise in the 
willingness of residents to participate in physical activity with an 
increase in the vegetation cover index. After the inclusion of control 
variables and province and time fixed effects, Model (2) yielded a 
positive coefficient on NDVI (β = 0.617, p < 0.01), and the coefficients 
on the control variables were all as expected. Specifically, the level of 
participation in physical activity is higher among the residents who 
are female, older adults, Han Chinese, party member, not in marriage, 
urban, having a high level of education, a high level of health, and a 
high total personal income. Since NDVI changes constantly from year 
to year, there may be obvious differences in the impact on residents’ 
participation in physical activity. Thus, independent regressions were 
performed on the data of six years, respectively, as a test on how the 
persistence and timeliness of NDVI impact residents’ participation in 
physical activity, so as to explore the impact of NDVI on residents’ 
participation in physical activity in more depth. According to the 
results of year-by-year regression, Models (3) to (8) all indicate that 
NDVI has a significant promoting effect on residents’ physical activity 
participation, and the increase was the highest in 2012. Through year-
by-year regression, the impact of NDVI changes on residents’ 
participation in physical activity was verified, and evidence was 
provided to support the rationality of subsequent policy establishment 
and formulation. Thus, the conclusion was further confirmed.

4.3 Robustness test

4.3.1 Endogenous test
To prevent the endogeneity problems caused by omitted variables, 

DWH was used to test the presence of endogeneity problems. When the 
F-value is significant at the 1% confidence interval, it indicates an 
endogeneity problem of green space exposure affecting residents’ 
physical activity participation. The average annual precipitation was 
obtained from the average annual precipitation data of each province in 
China. To ensure the rationality of instrumental variable selection, there 
are 2 basic conditions to satisfy. One is the endogenous nature of the 
instrumental variables. Moisture is an important environmental factor 
that affects plant survival, growth and distribution. For smooth 
oxygenation and functioning, vegetation growth requires moderate 
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TABLE 2 Main characteristics of the survey sample.

Categories Master 
sample

2012 2013 2015 2017 2018 2021

Master sample 40,714

(100%)

6,415

(15.76%)

7,297

(17.92%)

7,081

(17.39%)

7,481

(18.37%)

6,882

(16.9%)

5,558

(13.65%)

Physical activity 

participation

Never 20,222

(49.67%)

3,984

(62.1%)

4,407

(60.39%)

3,154

(44.54%)

3,662

(48.95%)

3,262

(47.4%)

1753

(31.54%)

Several times a 

year or less

5,874

(14.43%)

935

(14.58%)

1,337

(18.32%)

1,101

(15.55%)

923

(12.34%)

880

(12.79%)

698

(12.56%)

Several times a 

month

4,407

(10.82%)

597

(9.31%)

761

(10.43%)

897

(12.67%)

644

(8.61%)

681

(9.9%)

827

(14.88%)

Several times a 

week

5,272

(12.95%)

481

(7.5%)

439

(6.02%)

886

(12.51%)

1,245

(16.64%)

1,249

(18.15%)

972

(17.49%)

Everyday 4,959

(12.13%)

418

(6.52%)

353

(4.84%)

1,043

(14.73%)

1,007

(13.46%)

810

(11.77%)

1,308

(23.53%)

NDVI Continuous 

variable

Gender Female 21,084

(51.79%)

3,856

(54.03%)

3,865

(52.97%)

3,667

(51.79%)

3,820

(51.06%)

3,538

(51.41%)

2,728

(49.08%)

Male 19,630

(48.21%)

2,949

(45.97%)

3,432

(47.03%)

3,414

(48.21%)

3,661

(48.94%)

3,344

(48.59%)

2,830

(50.92%)

Age Continuous 

variable

Ethnic Other ethnic 

minorities

3,406

(8.37%)

597

(9.31%)

739

(10.13%)

575

(8.12%)

641

(8.57%)

599

(8.7%)

255

(4.59%)

Han Chinese 37,308

(91.63%)

5,818

(90.69%)

6,558

(89.87%)

6,506

(91.88%)

6,840

(91.43%)

6,283

(91.3%)

5,303

(95.41%)

Party Others 24,095

(59.18%)

664

(10.35%)

702

(9.62%)

6,066

(85.67%)

6,406

(85.63%)

5,889

(85.57%)

4,368

(78.59%)

Party member 16,619

(40.82%)

5,751

(89.65%)

6,595

(90.38%)

1,015

(14.33%)

1,075

(14.37%)

993

(14.43%)

1,190

(21.41%)

Marital status Not in marriage 8,958

(22%)

1,241

(19.35%)

1,437

(19.69%)

1,385

(19.56%)

1705

(22.79%)

1,584

(23.02%)

1,606

(28.9%)

In marriage 31,756

(78%)

5,174

(80.65%)

5,860

(80.31%)

5,696

(80.44%)

5,776

(77.21%)

5,298

(76.98%)

3,952

(71.1%)

Household register Rural 24,641

(60.52%)

3,965

(61.81%)

4,668

(63.97%)

4,224

(59.65%)

4,562

(60.98%)

4,336

(63%)

2,886

(51.93%)

Urban 16,073

(39.48%)

2,450

(38.19%)

2,629

(36.03%)

2,857

(40.35%)

2,919

(39.02%)

2,546

(37%)

2,672

(48.07%)

Educational level Elementary 

school and Below

15,476

(38.01%)

2,613

(40.73%)

2,956

(40.51%)

2,761

(38.99%)

2,825

(37.76%)

2,776

(40.34%)

1,545

(27.8%)

Middle school 11,855

(29.12%)

1908

(29.74%)

2,230

(30.56%)

2,144

(30.28%)

2,171

(29.02%)

1859

(27.01%)

1,543

(27.76%)

High school 8,065

(19.81%)

1,275

(19.88%)

1,385

(18.98%)

1,346

(19.01%)

1,415

(18.91%)

1,313

(19.08%)

1,331

(23.95%)

College 2,687

(6.6%)

397

(6.19%)

409

(5.61%)

424

(5.99%)

533

(7.12%)

457

(6.64%)

467

(8.4%)

Bachelor’s degree 

and above

2,631

(6.46%)

222

(3.46%)

317

(4.34%)

406

(5.73%)

537

(7.18%)

477

(6.93%)

672

(12.9%)

(Continued)
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moisture. The other one is the exogeneity of the instrumental variables. 
There is an absence of direct or indirect evidence that average annual 
precipitation has direct effects on the physical activity participation of the 
population. IV-2sls was used for estimation. According to the results, 
average annual precipitation had a significant effect on NDVI, and the 
F-statistic value exceeded 10%, indicating the absence of weak 
instrumental variable. Also, according to the principle of testing 
instrumental variables, there was no need to perform over-identification 
test when the number of instrumental variables equaled the number of 
endogenous variables. The second-stage regression of NDVI on residents’ 
participation in physical activity was significant at the 1% level, which 
was consistent with the results of the baseline regression. See Table 4.

4.3.2 Replacement of empirical model
In order to make the empirical findings more reliable, an ordered 

probability model (Ologit) was employed to validate the findings. 
According to the results, with control applied on province and time 
fixed effects, NDVI had a positive effect on residents’ participation in 
physical activity and was significant at the 1% level, demonstrating the 
robustness of the findings. See Table 4.

4.3.3 Change the independent variable
Through the equal interval classification performed in ArcGIS (67–

69), the NDVI explanatory variables were categorized into five levels: 
Level I  (0 ≤ NDVI ≤0.2), Level II (0.2 < NDVI ≤0.4), Level III 
(0.4 < NDVI ≤0.6), Level IV (0.6 < NDVI ≤0.8), and Level V (0.8 < NDVI 

≤1.0). As indicated by the empirical results, the impact coefficient of 
NDVI was 0.0763 and significant at 1% level, which reaffirmed the 
robustness of the findings. See Table 4.

4.4 Mechanism of action analysis

According to the stepwise regression results, Model (2) shows that 
the coefficient of NDVI on carbon emission is −0.883, which is 
significant at 1% level, indicating a significant inhibitory effect of NDVI 
on carbon emission. In Model (3), physical activity participation as the 
outcome variable, NDVI as the predictor variable, and carbon emission 
as the mediator variable are factored into the regression equation, 
revealing that carbon emission has a significant inhibitory effect on 
residents’ physical activity participation. Thus, the mediator path of 
NDVI→carbon emission→physical activity participation is 
preliminarily verified. Model (4) shows that the coefficient of the effect 
of NDVI on social interaction is 0.272, which is significant at the 1% 
level. It indicates the significant contribution of NDVI to the social 
interaction of residents. According to the results of the mediation model 
of model (5), the coefficient of the impact of social interaction on 
residents’ participation in physical activity is 0.341, which is significant 
at the 1% level. Besides, the impact on participation in physical activity 
is less significant than the regression coefficient of the main effect of 
Model (1). It is initially judged that there is a mediation path of 
NDVI→social interaction→physical activity participation. See Table 5.

TABLE 2 (Continued)

Categories Master 
sample

2012 2013 2015 2017 2018 2021

Health level Very unhealthy 1,502

(3.69%)

239

(3.73%)

236

(3.23%)

184

(2.6%)

346

(4.63%)

241

(3.5%)

256

(4.61%)

Rather unhealthy 5,994

(14.72%)

1,089

(15.73%)

1,037

(14.21%)

988

(13.95%)

1,199

(16.03%)

1,114

(16.19%)

647

(11.64%)

Average 9,298

(22.84%)

1,519

(23.68%)

1,430

(19.6%)

1,510

(21.32%)

1868

(24.97%)

1,409

(20.47%)

1,562

(28.1%)

Rather healthy 15,414

(37.86%)

2,382

(37.13%)

2,675

(36.66%)

2,823

(39.87%)

2,708

(36.2%)

2,783

(40.44%)

2043

(36.76%)

Very healthy 8,506

(20.89%)

1,266

(19.73%)

1919

(26.3%)

1,576

(22.26%)

1,360

(18.18%)

1,335

(19.4%)

1,050

(18.89%)

Total personal 

income

Continuous 

variable

Carbon emissions Continuous 

variable

Social interactions Never 3,869

(9.5%)

851

(13.27%)

438

(6%)

618

(8.73%)

624

(8.34%)

542

(7.88%)

796

(14.32%)

Rarely 13,684

(33.61%)

2,104

(32.8%)

2,298

(31.49%)

2,230

(31.49%)

2,620

(35.02%)

2,459

(35.73%)

1973

(35.5%)

Sometimes 13,711

(33.68%)

2,522

(39.31%)

2,580

(35.36%)

2,180

(30.79%)

2,517

(33.65%)

2,335

(33.93%)

1,577

(28.37%)

Often 8,137

(19.99%)

809

(12.61%)

1702

(23.32%)

1,680

(23.98%)

1,524

(20.37%)

1,403

(20.39%)

1,001

(18.01%)

Very often 1,313

(3.22%)

129

(2.01%)

279

(3.82%)

355

(5.01%)

196

(2.62%)

143

(2.08%)

211

(3.8%)
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In order to accurately demonstrate the independent role of the two 
mediating variables, carbon emissions and social interactions, the KHB 
decomposition method was used to decompose the mediating effects and 

further verify the robustness of the mediating roles. The KHB 
decomposition method performs better in clarifying the direct effect, 
indirect effect and the independent contribution of each mediating 

TABLE 3 Baseline regression results of NDVI on physical activity participation of Chinese residents.

Master 
sample

Master 
sample

2012 2013 2015 2017 2018 2021

Variables Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)

NDVI
0.549*** 0.617*** 1.072*** 0.687*** 0.960*** 0.359* 0.774*** 0.458***

(0.0661) (0.0600) (0.143) (0.142) (0.192) (0.185) (0.121) (0.146)

Gender
−0.0311** −0.0383 −0.0435* 0.0122 0.0422 0.0124 −0.0374

(0.0128) (0.0281) (0.0236) (0.0339) (0.0320) (0.0321) (0.0397)

Age
0.00548*** 0.000526 0.00143 0.00855*** 0.00596*** 0.00315*** 0.00541***

(0.000487) (0.00109) (0.000909) (0.00127) (0.00123) (0.00121) (0.00152)

Ethnic
0.136*** 0.218*** 0.0737* 0.102* 0.124** 0.251*** −0.0356

(0.0232) (0.0477) (0.0389) (0.0609) (0.0571) (0.0572) (0.0948)

Party
0.134*** −0.467*** −0.365*** 0.366*** 0.401*** 0.364*** 0.252***

(0.0189) (0.0486) (0.0423) (0.0506) (0.0493) (0.0496) (0.0531)

Marital status
−0.0335** −0.143*** −0.134*** −0.0978** 0.00317 0.0218 0.0506

(0.0155) (0.0348) (0.0293) (0.0416) (0.0379) (0.0378) (0.0447)

Household 

register

0.656*** 0.613*** 0.532*** 0.560*** 0.729*** 0.711*** 0.572***

(0.0151) (0.0333) (0.0282) (0.0402) (0.0385) (0.0383) (0.0452)

Educational level
0.286*** 0.256*** 0.286*** 0.215*** 0.232*** 0.268*** 0.242***

(0.00724) (0.0174) (0.0143) (0.0194) (0.0185) (0.0184) (0.0221)

Health level
0.105*** 0.0744*** 0.0360*** 0.0870*** 0.142*** 0.105*** 0.161***

(0.00645) (0.0140) (0.0115) (0.0169) (0.0162) (0.0162) (0.0200)

Total personal 

income

0.0336*** 0.00903 0.0516*** 0.107*** 0.0244*** 0.0488*** −0.00172

(0.00316) (0.00575) (0.00489) (0.0160) (0.00833) (0.00840) (0.00909)

Provincial fixed 

effects
Yes Yes Yes Yes Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Observations 40,714 40,714 6,415 7,297 7,081 7,481 6,882 5,558

R2 0.077 0.244 0.245 0.273 0.174 0.208 0.235 0.140

The parentheses are standard errors, ***, **, and * indicate significance at 1, 5, and 10% levels, respectively.

TABLE 4 Endogeneity and robustness test.

Variables First phase Second phase Replacement of 
empirical model

Change the 
independent variable

Average annual rainfall
40.149***

(0.459)

NDVI
1.743*** 0.790*** 0.0763***

(0.118) (0.093) (0.00936)

Control variables Yes Yes Yes Yes

Provincial fixed effects Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes

DWH test 113.957***

F-Statistical value 7642.59

R2 0.352 0.100 0.242

Observations 40,714 40,714 40,714 40,714

The parentheses are standard errors, ***, **, and * indicate significance at 1, 5, and 10% levels, respectively.
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variable. According to Table 6, the mediating effects of carbon emission 
and social interaction account for 23.19 and 15.04% of the total effect, 
respectively, with neither of them including 0 at the upper and lower 
bounds of the 95% confidence intervals. It indicates that carbon emission 
and social interaction are the important mechanisms of action for the 
NDVI influencing residents’ participation in physical activity. See Table 6.

4.5 Heterogeneity analysis

In order to reveal the differential impact of NDVI on the physical 
activity participation of residents with different characteristics, the 
sample was categorized into different gender, marital, and household 
cohorts for heterogeneity tests. According to Table  7, the gender 
cluster suggested that NDVI had a significant effect on physical 

activity participation for both male and female residents, with 
regression coefficients showing a more pronounced effect for male 
residents. As revealed by the marriage cohort, NDVI contributed 
more to physical activity participation among married residents. In 
terms of household cohorts, NDVI contributed more to physical 
activity participation among urban residents than rural residents, 
showing significance at the 1% level. The above results suggest a more 
important role of NDVI in physical activity participation for males, 
those in marriage, and urban residents.

5 Discussion

In this study, six years of CGSS data were used to explore the 
correlation between green space exposure and physical activity 

TABLE 5 Tests of mediating effects of carbon emissions and social interactions.

(1) (2) (3) (4) (5)

Variables Physical activity 
participation

Carbon 
emissions

Physical activity 
participation

Social 
interaction

Physical activity 
participation

NDVI 0.617*** −0.883*** 0.474*** 0.272*** 0.525***

(0.0600) (0.0223) (0.0610) (0.0456) (0.0580)

Carbon emissions −0.162***

(0.0133)

Social interaction 0.341***

(0.00630)

Control variables Yes Yes Yes Yes Yes

Provincial fixed effects Yes Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes Yes

Observations 40,714 40,714 40,714 40,714 40,714

R2 0.244 0.198 0.246 0.035 0.295

The parentheses are standard errors, ***, **, and * indicate significance at 1, 5, and 10% levels, respectively.

TABLE 6 KHB mediation effect decomposition test table.

Carbon emissions Social interaction

Effect type Coefficient Lower limit Upper limit Coefficient Lower limit Upper limit

Total effect 0.617*** 0.500 0.734 0.617*** 0.500 0.734

Direct effect 0.474*** 0.354 0.593 0.524*** 0.411 0.638

Indirect effect 0.143*** 0.119 0.167 0.092*** 0.062 0.123

Indirect effect 

contribution rate

23.19% 15.04%

The parentheses are standard errors, ***, **, and * indicate significance at 1, 5, and 10% levels, respectively.

TABLE 7 Heterogeneity of gender, marriage, and household register.

(1) (2) (3) (4) (5) (6)

Variables Female Male Not in marriage In marriage Rural Urban

NDVI
0.609*** 0.639*** 0.509*** 0.651*** 0.628*** 0.638***

(0.0842) (0.0854) (0.124) (0.0685) (0.0689) (0.112)

Provincial fixed effects Controlled Controlled Controlled Controlled Controlled Controlled

Time fixed effects Controlled Controlled Controlled Controlled Controlled Controlled

Observations 21,084 19,630 8,958 31,756 24,641 16,073

R2 0.253 0.234 0.259 0.241 0.157 0.122

The parentheses are standard errors, ***, **, and * indicate significance at 1, 5, and 10% levels, respectively.
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participation among Chinese residents, and to examine whether 
an indirect effect is caused through mediating factors. This 
provides empirical evidence for promoting physical activity 
participation among Chinese residents. According to the above 
results, NDVI contributed significantly to the physical activity 
participation of Chinese residents, which is consistent with the 
results of previous studies. There is a significant increase in the 
likelihood of residents’ physical activity participation with a rise in 
NDVI. Also, this likelihood increases as the NDVI index changes. 
According to studies, the residents perceiving higher-quality 
greenery may spend more time participating in physical activity 
and experience better mental health, including urban parks, green 
belts, and streetscapes (70). However, there is also evidence 
suggesting no significant correlation between green space and 
physical activity (71–73). Similarly, in New Zealand, the access to 
parks is irrelevant to exercise (74). There are some possible reasons 
for this. One is that vegetation shows variation in growth between 
different regions of China due to precipitation and sunshine 
climate, and the other one is that the differences in green space 
attribute characteristics, quality characteristics, availability and 
accessibility all contribute to the differences in physical activity 
among residents. For example, Sallis et  al. found out that the 
differences in park density caused variations in physical activity 
levels (75). Reportedly, a study conducted in Japan on the 
therapeutic effects of forests showed that the subjects scored 
significantly higher in subjective vitality when walking in the forest 
than in urban environments (76). According to a study, the edge 
density of urban vegetation fragmentation (e.g., scrubland) in the 
United States was associated with the active physical activity and 
normal BMI of residents. Also, a reduction in forest patch density 
may contribute to a higher prevalence (77). In another study, a 
different measure of green space exposure was used. Mytton et al. 
used GLUD data to conduct a cross-sectional survey and reported 
the relationship between green space and overall physical activity 
in the United  Kingdom (78). It was found out that one in five 
residents living in green land in England had a lower mortality 
rate, which may be related to the engagement in more physical 
activities. However, the green space available to individuals in the 
environment was not considered to measure physical activity 
levels. With no control on some other factors, including weather 
and season, physical activity may be affected (79). Notably, the 
positive impact of green space exposure on physical activity is 
demonstrated by the fact that one study attempted to explore the 
potential mediating causal pathways between green space and 
health by constructing a mediated model of physical activity 
through a small-scale experimental study (28). In addition, 
attention shall be paid to the potential gaps in the use of parks and 
green spaces for vulnerable populations during the pandemic (80). 
Health agencies, including the American Public Health Association 
and the Centers for Disease Control and Prevention, have 
emphasized the importance of staying active while sheltering in 
place during COVID-19, such as visiting parks and green spaces 
(81). Proper physical distancing and face covering reduce the risk 
of infection, making parks and green spaces safe places for physical 
activity during the pandemic (82). This provides a reference for the 
government to develop a public health framework. In this study, 
the correlation between green space and Chinese residents’ 

participation in physical activity was explored using large-scale 
survey data. To a certain extent, this can refine the limitations of 
the results of the experimental causal study. However, this study 
ignored such factors as vegetation type, geomorphology, 
management, and maintenance, etc. Therefore, further studies will 
be carried out to empirically explore the relationship by collecting 
a wide range of availability data.

In addition, green space exposure can promote physical 
activity participation among residents by reducing carbon 
emissions. In previous studies, it has been found out that NDVI 
can improve population health by intercepting airborne particulate 
matter or by facilitating the uptake of gaseous pollutants through 
leaf stomata on the surface (83). In our study, it is shown that the 
carbon emissions from economic and social development can 
be offset by effectively utilizing the carbon sequestration function 
of vegetation, which creates a favorable ecological environment for 
residents’ participation in physical activity. Given a wide 
geographic area in China as covered by our study population, this 
result allows for the finding that increasing greenness and 
decreasing carbon emission pollution may have a synergistic effect 
on the health of the Chinese population. This makes it possible to 
promote physical activity. The greener the area, the more vegetation 
may be required to mitigate the negative impacts of atmospheric 
carbon dioxide emissions (84). The commonly proposed 
mechanisms include trees absorbing particulate matter such as 
oxygen-nitrogen compounds, sulfur dioxide, and ozone (85), with 
superior activity space created for residents to engage in physical 
activity (86). In addition to achieving carbon neutrality, building 
more green spaces plays an important role in maintaining climate-
protected cities (87). Manchester, for example, has taken steps to 
expand green spaces by planting trees (88), which promotes 
low-carbon outdoor sports. Due to data availability and study time 
constraints, it was difficult to validate the differences in NDVI on 
carbon emissions and residents’ participation in physical activity 
in different provinces and regions of China. Allowing for this, it is 
necessary to conduct cluster analysis based on the geographic areas 
of green space exposure to understand the role of potential 
mechanisms more accurately.

Another finding of this study is that NDVI can promote 
physical activity participation by enhancing residents’ social 
interactions, which is consistent with existing research. The 
correlation between green space environments and social 
interactions has been demonstrated in numerous studies. For 
example, green environments can promote the normal interactions 
between communities (51), increase neighborhood tolerance (89) 
and reduce aggression (90). As revealed by further research, green 
space promotes the interaction between people, which in turn 
affects their health (91), and those with higher levels of 
participation in social interaction activities have better health (92). 
Compared to manmade built environments, high-quality green 
environments provide a high-quality natural experience, extend 
the time residents spend in the space or their willingness to visit, 
and increase the frequency and intensity of social interactions. 
Compared to those who are more isolated in their daily lives, the 
older adults with close social networks have been reported to walk 
in urban green space parks more frequently (93). At the same time, 
it is more likely for the residents with more social interactions to 
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participate in physical activity. More importantly, social interaction 
has a potential to mediate the role between NDVI and physical 
activity participation. Parks and green spaces are the important 
places for residents to interact socially with others. As revealed by 
studies, adolescents value the opportunities to engage in physical 
activity and social interactions in urban green spaces, such as 
group exercise games. Overall, the green space plays a positive role 
in promoting the effective improvement of physical activity levels 
by creating an ideal and comfortable place for residents to engage 
in social interactions. Therefore, it is necessary to enhance 
ecological environmental protection, expand green development 
space, promote the construction of neighborhood social networks, 
and meet the residents’ daily exercise needs.

In our study, it was also found out that NDVI was more 
effective in promoting physical activity participation among men, 
those in marriage, and urban residents. From a gender 
perspective, males are more likely to participate in sport in green 
spaces, for two possible reasons. On the one hand, men and 
women differ in their lifestyles, environmental preferences and 
exercise habits. It has been shown that men who engage in 
instrumental physical activity are more likely to engage in the 
green movement (94). Men often engage in more outdoor 
activities and physical labor, which increases the likelihood of 
green space exposure. In comparison, women prefer walking to 
indoor places such as supermarkets and grocery stores. On the 
other hand, men and women tend to experience and utilize green 
space differently. When exercising in a park or greenway, women 
are more concerned about their personal safety (14) and they are 
less likely to engage in high-intensity physical activity (95). 
Notably, women may be more closely concerned with perceived 
health in green space environments despite the results suggesting 
that men have higher levels of exercise participation in green 
space. Also, the solidified notion of the division of family roles, 
which makes women assume more family caregiving 
responsibilities, may contribute significantly to the lower exercise 
participation of women. For detailed exploration in subsequent 
studies, applying control on home environment factors will 
be considered. In the marital cohort, NDVI was found to play a 
greater role in promoting physical activity participation among 
married residents. In terms of domicile groups, urban residents 
are more likely than rural residents to be  physically active in 
green space. The variation in the carbon sink capacity of urban 
and rural green spaces is an important influencing factor for the 
differences in exercise among residents. As a strong guarantee for 
enhancing the carbon sink capacity of regional vegetation, 
sustainable urban development can not only increase the 
utilization rate of ecological units such as wetland parks, street 
greenspaces, pocket parks, etc., but also diversify outdoor sports 
facilities, thus significantly increasing the participation of urban 
residents in physical exercise.

The contributions of this study are as follows. Firstly, previous 
studies have focused more on developed countries (such as the 
United States, the United Kingdom or New Zealand), with a lack 
of attention paid to the empirical research on China as the largest 
developing country in the world. In this study, the relationship 
between the exposure to green space and residents’ participation 
in physical activity in China was analyzed to examine the two 

intermediary mechanisms of carbon emissions. This contributes 
to creating a good sports environment for the residents, thus 
promoting their active physical activity. Secondly, as physical 
inactivity is a major concern for global public health, a variety of 
factors were explored to analyze the demographic differences in 
the influence of green space exposure on residents’ participation 
in physical activity. This provides a guidance for local 
governments to formulate targeted policies aimed at improving 
the level of physical activities among residents. There are also 
some limitations in this study. Firstly, the data on population 
physical activity participation were collected using self-reports, 
which affected the ability to make causal inferences in this study. 
Secondly, to answer the question about whether the physical 
activity participation reported by respondents took place in a 
green space environment and the lack of investigation into the 
perceived aspects of green space environments, future research 
should be  conducted to make causal inferences through the 
objective environmental perceptions of residents and quasi-
experimental studies. Finally, due to the uneven distribution of 
green space across regions in China, the differential 
characteristics of exercise among residents of different provinces 
should be studied. Also, it is necessary to further quantify the 
effects of green vegetation types and spatial components on 
physical exercise.

6 Conclusion

With China General Survey Data (CGSS) and Provincial 
Vegetation Cover Index (NDVI) matched data as samples, the 
impact of green space exposure on Chinese residents’ participation 
in physical activity is examined in this paper from the perspective 
of health geography. Also, an empirical research is conducted on 
the mechanisms of carbon sequestration and cohort effect, which 
provides new theoretical perspectives and empirical evidences for 
accelerating the promotion of greening of lifestyles and the 
development of national fitness at a high level. According to the 
results, there is a green space effect of green space exposure on 
residents’ participation in physical activity, as manifested by the 
fact that an increase in NDVI promotes the active participation of 
an individual in physical activity. Notably, the conclusion still 
holds after robustness tests, such as endogeneity problem 
treatment, the replacement of the empirical model, and the change 
in the independent variables. As revealed by mechanistic analyses, 
carbon emissions and social interaction are the important 
mechanisms of action for green space exposure to influence 
residents’ participation in physical activity. According to 
heterogeneity analysis, group variability existed in green space 
effects. Comparatively, green space exposure has a more 
pronounced effect on physical activity participation among men, 
those in marriage, and urban residents.
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