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Does national forest city improve
residents’ health? Evidence
from China

Hanjin Xie', Chunmei Yang'* and Xi Tan?

1School of Economics and Management, East China Jiaotong University, Nanchang, China, 2School of
Economics and Management, Wuhan University, Wuhan, China

Objective: National health is essential for economic and social development.
The aim of this article is to examine the relationship, heterogeneity effects and
influential mechanisms between National Forest Cities and the residents’ health.

Methods: The article matches the China Family Panel Studies data in 2018
(CFPS2018) with the 2016-2018 National Forest Cities Construction List,
resulting in a final sample of 20,041. Oprobit, Ologit, Instrumental Variable
technique (2SLS) and interaction term analysis were used as the main research
methods in this article.

Results: The findings indicate that: (1) The construction of National Forest Cities
significantly improves the residents’ health in terms of both physical and mental
health, and this conclusion is still valid after a series of robustness tests. (2) On
the one hand, National Forest Cities promote residents’ health by reducing air
pollutants such as SO, and soot to reduce residents’ health risk exposure; On the
other hand, it promotes residents’ health by positively guiding them to engage in
healthy behaviors. (3) National Forest Cities have a greater effect on the health of
urban residents, older adult and lower-income group, suggesting that National
Forest Cities are a public benefit.

Conclusions: The construction of National Forest Cities is a public welfare that
promotes residents’ health, and it is an important revelation for accelerating the
realization of the Healthy China Strategy. The article provides new empirical
evidence for understanding the welfare effects of forest cities and offers new
practical paths for improving residents’ health.

KEYWORDS

national forest city, residents’ health, health risk exposure, health behaviors, mental
health

1 Introduction

In recent years, the pace of people’s lives has accelerated due to the accelerated
process of urbanization, population aging and changing lifestyles. A life of daily
labor and emotional stress has left more and more people in a state of sub-
health, which has led to the outbreak of a series of “civilization diseases” and
“chronic diseases.” According to the 2020 Report on Nutrition and Chronic Disease
Status of Chinese Residents, deaths due to chronic diseases accounted for 88.5%
of total deaths in China in 2019, the prevalence of depression reached 2.1%,
and the prevalence of anxiety disorders was 4.98%. Analyzing such reports, it is
clear that there is a general demand for “preventing illness before it occurs.”
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People are gradually paying more attention to this, and more and
more people aspire to go to the ecologically sound environment
for recreation and health care. Urban forests, as the most unique
resource, provide a wide range of ecosystem services to humans and
can help combat many urban ills (1).

Reviewing previous studies, factors affecting human health are
numerous and complex, including income status (2-7), education
level (8), healthcare services (9), lifestyle (10), and health behaviors
(11). Scholars have also found heterogeneity in the effects of some
factors on health, such as the significantly higher mortality effect
of alcohol consumption on lower class groups than on higher class
groups (12), and the fact that if women’s physical activity during
labor and leisure time is comparable to men’s, then women over the
age of 54 will be healthier than men (13). Furthermore, in addition
to economic factors and individual behavior that can have an
impact on health, the environment can have a significant impact on
health. Some studies have shown that environmental pollution can
jeopardize health by increasing the incidence of various diseases
(14), such as worsening the condition of respiratory diseases
(15). Moreover, environmental pollution also harms mental health
by increasing residents’ anxiety and despair, further inhibiting
residents’ life satisfaction and subjective wellbeing (16-18), and
even increasing the risk of suicide (19). Green spaces can reduce
regional population mortality to some extent (20, 21) and have
positive effects on negative states such as depression (22) and
anxiety (23). However, at the same time, there are a few studies
with different conclusions about the relationship between green
spaces and health. For example, it was found that there is a lack
of clear association between urban green space and health in
Oslo (24). A similar study in New Zealand found no association
between green space and mortality from cardiovascular disease
or lung cancer (25). Galina Chukina, a senior researcher at the
Institute for Advanced Sustainability Studies in Potsdam, Germany,
who studies emissions from urban trees, said: when a street is
lined with large plantings of certain tree species, those trees can
significantly increase ozone levels there, and high near-ground-
level concentrations of ozone can trigger asthma, bronchitis and
other respiratory illnesses.

Therefore, there is uncertainty as to whether the construction of
National Forest Cities (NFCs) will improve the residents” health. On
the one hand, restorative environments can increase one’s positive
emotions (26, 27), release one’s anxiety and stress (28, 29), improve
one’s self-identity (30), and stimulate one’s creativity (31), all of
which are important determinants of good health. On the other
hand, In order to obtain more green space within the constraints
of limited land resources, the State will exercise more control
over land supply, and the end result may be less land for other
uses, such as some commercial land. In both cases, urban green
space strategies may be self-contradictory. While the creation of
new green space can ameliorate environmental problems (32, 33),
it may also increase housing costs and property values, which
brings precarious housing conditions with negative public health
implications (34, 35). Ultimately, this may lead to the fact that
the impact of NFCs on the residents’ health is uncertain, with the
net effect depending on the relative strength of the two effects.
Therefore, we need to clarify the ultimate effect of NFCs on the
residents’ health.
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2 Materials and methods

2.1 Introduction to the national forest city
indicator system

The NFCs Initiative was launched by the Chinese Government,
which refers to cities whose urban ecosystems are dominated
by forest vegetation, where urban ecological construction realizes
the integrated development of urban and rural areas, and where
the construction indicators meet the requirements of the relevant
standards, and which are ultimately approved by State Forestry
Administration. The NFCs Evaluation Indicators contain seven
specific aspects, including comprehensive indicators, coverage
rate, forest ecological network, forest health, public recreation,
ecological culture, and rural greening, each of which has its own
specific sub-criteria.

In recent years, the relevant regulations and management
systems for the construction of NFCs have been continuously
improved, especially in 2015, when forest cities were included in
China’s “13th 5-Year Plan.” In September 2016, the State Forestry
Administration (PRC) issued the Guiding Opinions on Efforts to
Develop Forest Cities and the Measures for the Approval and
Management of the National Forest City Designation (draft for
comments). All along, the NFC has always taken “let the forest
come into the city, let the city embrace the forest” as its purpose.
Doing well in “planting green in the earth” and “sowing green in
the heart” has set a model and played a leading role in China’s urban
ecological construction.

2.2 Data

The data in this article comes from the “2018 China Family
Panel Studies (CFPS2018)” conducted by the China Center for
Social Science Surveys at Peking University, the list of NFCs
published by the State Forestry Administration from 2016 to 2018,
and the 2018 China Urban Statistical Yearbook. The CFPS data
is a high-quality micro-database that focuses on the economic
and non-economic wellbeing of Chinas population, including
economic activity, educational attainment, family relationships and
household dynamics, population migration, health, and more. This
data was selected for this article because the CFPS data contains a
module on the residents’ health, which investigates the health status
of the interviewed residents, thus providing data support for the
study of the impact of the NFCs on the residents” health. We merged
the data of individuals and households based on pid (personal ID),
then matched the data of NFCs based on the county/district codes
of the interviewed residents, and eliminated the observations of
missing variable data, finally obtaining a sample of 20,041 analyses.

2.3 Variables

2.3.1 Dependent variable

The dependent variable in this article is residents’ health,
following the prevailing practice in existing studies, using self-
reported physical health (36, 37) and Center for Epidemiologic
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TABLE 1 CESD scale.

Question  Content of Question  Content of

No. the question (\[e} the question

qn406 I'm feeling down. qn414 I feel alone.

qn407 I find it hard to get qn416 I'm happy with my
anything done. life.

qn4l11 I don’t sleep well. qn418 I feel sad.

qn412 I feel good. qn420 I don’t think life

can go on.

Studies Depression Scale (CESD) scores (38), which were used
in this article as proxies for physical health and mental
health, respectively.

The relevant question for the self-reported physical health in
the CFPS2018 questionnaire setting is (qp201) “How healthy do
you think you are?” respondents were asked to choose a number
between 1 and 5 according to their health status. Where “1”
means pretty healthy, “5” means unhealthy, and so on in the
middle. For ease of presentation and interpretation, the dependent
variable (health) in this paper takes the value of 6 minus the
value of the survey, so that in this paper 1 = unhealthy, 2 =
average, 3 = relatively healthy, 4 = very healthy, and 5 = pretty
healthy. Compared with a single measure, self-reported health
is a comprehensive judgment of the respondent based on many
factors such as disease severity, family history of disease, and
stability of health status, and it is highly correlated with objective
health such as personal morbidity and mortality (39). This measure
has been widely used in studies because it meets psychometric
adequacy, statistical reliability and validity (36, 37). In this article,
self-reported health will be used as the main dependent variable. At
the same time, other variables that can measure health will be used
in this article for robustness tests.

CESD scores in the CFPS2018 questionnaire were set up with
the question “Here are some feelings or behaviors that you may
have experienced, please indicate how often each has occurred in
the past week, based on your actual situation,” using the Center for
Epidemiologic Studies Depression Scale containing eight questions
as shown in Table 1. The eight questions shared the following
options: hardly ever (less than a day), some of the time (1-2 days),
often (3-4 days), most of the time (5-7 days), and were assigned
values of 1-4, respectively. Since qn406, qn407, qn4l1, qn4l14,
qn418, and qn420 are negative mood questions, i.e., the greater the
value answered for these indicators, the more severe the depression.
Therefore, the responses to the above questions were first positively
normalized: 5 minus the value of the survey, and the converted
value represented an increasing degree of mental health from 1 to 4.
Finally, the scores of the above eight indicators were summed up to
obtain the another dependent variable (mental), which ranges from
8 to 32, with larger scores representing better mental health.

2.3.2 Independent variable

The independent variable (forestcity) is a dummy variable. It is
equal to 1 if the location where the resident lives was the National
Forest City in 2016-2018, and 0 otherwise.
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2.3.3 Instrumental variable

The endogeneity problem of the baseline model regression
may come from two aspects: one is the omitted variable problem,
and the other is the reverse causality problem. These problems
are almost unavoidable in real life. Therefore, in this paper, the
two-stage least squares (2SLS) method is used to test and analyze
endogeneity, and the instrumental variable (IV) used is the number
of National Forest Cities (NCities) in the province outside the city.
This is because the greater the number of cities in a province that
carry out the construction of NFCs, the higher the importance
of the province to the construction of NFCs, and the greater the
possibility of the city to carry out the construction of NFC, so the
instrumental variable selected in this article meets the requirements
of relevance. In addition, the construction of NFCs in other cities
will not directly affect the residents’ health in the city, so the
instrumental variable meets the requirement of exogeneity.

2.3.4 Control variables

In order to apply controls on the impact of other factors on
residents’ health, we introduced 13 variables at the individual,
family, and city levels.

Nine control variables were introduced at the individual level,
all from the CFPS 2018 adult questionnaire database, including an
individual’s gender (gender), age (age), marital status (marriage),
urban/rural categorization (urban), whether or not they have ever
smoked (smoking), highest level of educational attainment (edu),
number of hours worked per week (work), Gross income from work
(income), and frequency of exercise (exercise).

In terms of family level, we introduced two characteristics:
household size (fsize), whether or not one owns home
(house), all of which are taken from the CFPS 2018 household
questionnaire database.

Finally, we also introduced two city characteristics: population
size (pop), and public service level (hospital), with data from the
China Urban Statistical Yearbook published by the National Bureau
of Statistics. Table 2 describes the main variables.

2.3.5 Mechanism variables

The construction of NFCs has increased the forest coverage
and increased the construction of urban forest ecological network.
On the one hand, forest belts can block air flow, which leads
to the deposition of air particles (40, 41); on the other hand,
plants can exchange gases with the outside world through stomata
and lenticels, degrading harmful components in gases or storing
them in organs (42, 43). Therefore, this paper verifies the impact
mechanism from the perspective of reducing health risk exposure.
Health risk exposure is measured by air quality indicators (PM, s,
CO,, SO,, and soot concentrations), and the relevant data are from
the China Urban Statistical Yearbook.

In NECs, there are a number of recreational green spaces,
mainly various types of parks and public green spaces. On average,
there is a recreational green space within an average of 500 meters
away from most people’s homes. In the outskirts of cities, there
are forest parks and other types of ecotourism and recreation
sites. Such recreational green spaces shorten the distance between
residents and green spaces, and provide venues for residents’
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TABLE 2 Description of main variables.

10.3389/fpubh.2024.1304600

Variable type  Variable name Meaning Description
Dependent Health “How healthy do you think 1 = unhealthy, 2 = average, 3 = relatively healthy, 4 = very healthy, and 5 =
variables you are?” pretty healthy
Mental CESD scores Scores range from 8-32, with higher scores indicating better mental health
Independent Forestcity Whether it is a National 1=yes; 0 =no
variable Forest City for 2016-2018
Individual level Gender Gender 1 = male; 0 = female
control variables
Age Age Unit: years
Marriage Marital status 1 = unmarried; 2 = in marriage (with spouse); 3 = cohabiting; 4 = divorced; 5
= widowed
Urban Urban/rural classification 1 = urban; 0 = rural
Smoking Ever smoked 1=yes; 0 =no
Edu Highest education received 0 = illiterate/semi-illiterate; 3 = elementary school; 4 = junior high school; 5
= high school/secondary school/technical school/vocational high school, 6 =
junior college; 7 = undergraduate 7; 8 = master’s degree; 9 = doctoral degree
Work Weekly working hours Unit: hour
Income Income Unit: Ten thousand yuan
Exercise Frequency of exercise Unit: Times
Family level control Fsize Family Size Unit: pcs
variables
House Whether or not you own your 1=yes; 0 =no
own home
City level control Pop Population size (population Unit: meter/person
variables density)
Hospital Level of public services Unit: pcs
(logarithmic number of
hospital beds)

exercise activities (44). Therefore, it will motivate residents to
engage in exercise behavior and improve physical function by
promoting exercise (45). For example, Toftager et al. found that the
frequency of physical activity was associated with distance to green
space, and that people living more than 1km from a green space
were more likely to be obese (BMI > 30) than those living <300 m
from a green space (46). Tamosiunas et al. found that the prevalence
of cardiovascular disease (CVD) and its risk factors were related to
the distance and use of urban green spaces, and that the prevalence
of cardiovascular risk factors and diabetes was significantly lower
in park users than in non-users (47). Therefore, this article verifies
the impact mechanism from the perspective of promoting residents’
health behavior. The frequency of residents’ exercise in a week
and the cumulative length of exercise in a week were used to
characterize residents’ health behaviors, and the relevant questions
set in the CFPS2018 questionnaire were (qp701) “How many times
did you exercise in the past week?” and (qp702) “In the past week,
how long did you exercise in total?”

2.3.6 Descriptive statistical analysis

Table 3 shows the means comparison of the health status
variables for the NFCs and non-NFCs. The mean value of physical
health is 2.906, indicating that the overall physical health of the
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residents is close to “relatively healthy.” The mean value of mental
health is 26.359, indicating that most of the residents have a
relatively optimistic attitude toward life. In terms of subgroups,
the mean values of physical health and mental health in NFCs are
slightly larger than those in non-NFCs.

In order to test whether the difference between the means
of the above variables in NFCs and non-NFCs is statistically
significant or not, this article does the T-test. Firstly, test for
homoscedasticity, and then we choose whether to do the T-test for
homoscedasticity or the T-test for heteroscedasticity. The results
are shown in Table 3, the P-value of Levene’s T-test and the P-
value of Variance ratio test are <0.05, which rejects the original
hypothesis of homoscedasticity, indicating that the choice should
be made to do the T-test of heteroscedasticity. The result of the
heteroscedasticity T-test indicates that the difference in the means
of this variable between the two samples is significant at 1% level.

In order to visualize the differences between the two groups, the
samples are divided into two groups according to whether they live
in NFC or not. Figures 1, 2 compare the distributions of the physical
health and mental health of the residents in these two groups
respectively. It can be seen that residents of NFCs have a higher
percentage of distribution on the “pretty healthy” and “healthy”
options of residents’ physical health than residents of non-NFCs.
The proportion of residents in “average” and “unhealthy” is lower
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TABLE 3 Comparison of means.

Mean values

National Forest City Non-National Forest City All observations

Variable
Health 3.037 1.240 2.885 1.176 2,906 1.186 20,041
Mental 26.847 3.849 26.282 4.092 26.359 4.065 20,041

Difference-in-means test

Variance ratio test

Levene's T-test

Variable T-value P-value F-value P-value P-value
Health 4.23 0.0397 0.8984 0.000 —0.157 —6.213 0.000
Mental 15.32 0.0001 1.1213 0.000 —0.563 —7.061 0.000
50
40 38.0 384
30+
X
201 85— -
; 16.3 153
14.2
12.8 12,6
10
1 2 3 4 5
‘ _ Non-National Forest City _ National Forest City
FIGURE 1
Distribution of physical health.

than that of residents in non-NFCs. The distribution on “relatively
healthy” is similar for both groups. The distribution of residents’
mental health also reflects a similar pattern, with NFCs accounting
for a larger proportion of the regions with high scores. Therefore,
we can tentatively conclude that NFCs promote the residents
health, but further empirical testing of the relationship between the
two is still needed.

3 Results

3.1 Baseline model regression

The two dependent variables (health and mental) in this
article are ordered data, and OLS estimation is not applicable
here. So we use Ordered Probit and Ordered Logit models for

Frontiersin Public Health 05

regression estimation, which are specifically designed to deal
with the situation where the dependent variable is ordered data.
These two models are extensions of the Probit model and Logit
model, which correspond to variables that are normally distributed
and logistically distributed, respectively. Since there is not much
difference between the two distributions when the sample size is
relatively large, this paper applies both models to analyze the impact
of NFCs on residents’ health to ensure the robustness of the results.

The results are shown in Table 4. As can be seen from the
regression results in column (1), after controlling the regional
economic development level and other control variables, the results
of the Oprobit model and Ologit model show that the coefficients
of the NFCs are significantly positive at the 1% level, indicating that
the construction of the NFCs contributes to the improvement of the
residents’ health on the whole. Meanwhile, it can also be seen from
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FIGURE 2
Distribution of mental health.

the regression results that the health of those who used to smoke
is lower; and there is a significant positive correlation between the
frequency of physical exercise and the residents’ health, which is
consistent with the actual situation.

The above shows that the construction of NFCs will
significantly improve the residents’ health, probably because the
construction of NFCs is more to optimize the spatial layout of
the city (48), the impact on the cost of housing is smaller, so the
negative effect is offset, and ultimately, the net effect of the NFCs
on the residents” health is positive.

However, the empirical model may have endogeneity, which
make the estimation results have some bias. Therefore, the possible
endogeneity problem will be dealt with in the following section
using the instrumental variable method.

3.2 Instrumental variable regression

Table 5 shows the 2SLS estimation results. The first stage
regression results show that there is a significant positive
correlation between the instrumental variable and the dependent
variable, which indicates that the more the number of NFCs
construction in the province, the easier it is to carry out the
construction of NFCs, which satisfies the correlation requirement
of the instrumental variable. Further tests on instrumental variable
showed that the p-value of the DWH endogeneity test was <1%,
indicating the presence of endogeneity. The Wald-F statistic
was much >10, which can exclude the possibility of weak IVs.
The second-stage regression coefficients show that the estimated
coefficient for NFCs is significantly positive at least at the 5% level.
The above results indicate that after dealing with the endogeneity
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problem, NECs are still able to positively impact the residents’
health.

3.3 Robustness tests

3.3.1 Poisson model

The descriptive statistical analysis shows that the residents
health is non-negative integer. The differences between the mean
(2.906) and the variance (1.407) of the physical health and the mean
(26.359) and the variance (16.524) of the mental health are not
too large, and the variances are smaller than means. To a certain
extent, the assumption of “equal dispersion” of Poisson distribution
is satisfied. Therefore, this section treats the residents” health as an
unranked non-negative discrete variable, treats each health level
equally. Poisson model were used to further ensure the robustness
of the study results. The estimation results in Table 6 show that the
estimated coefficients for NFCs are still significantly positive at the
1% level.

3.3.2 Constructing new indicators

In this section, robustness tests were conducted after combining
self-reported health into 3 and 2 categories. For mental health, a
dummy variable of being depressed or not was used for robustness
testing, the dummy variable for whether or not one is depressed
was generated using the 95% quantile as a new criterion for
depression measurement, based on a modification by Radloff
(49), the developer of the Center for Streaming Depression Scale
(CESD). The manners of definition are shown in Table 7. Based on
the regression results in Table 8, it can be seen that the regression
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TABLE 4 Baseline model regression.

(1) (3)
Oprobit Oprobit
Health Mental
Forestcity 0.137%* 0.212%* 0.143%* 0.257**
(0.024) (0.041) (0.021) (0.036)
Gender 0.155%* 0.267"* 0.229%* 0.384*"*
(0.020) (0.034) (0.020) (0.035)
Age —0.020™* —0.036™** —0.001"* | —0.002*
(0.001) (0.001) (0.001) (0.001)
Marriage —0.001 —0.001 —0.041*%** —0.070***
(0.003) (0.006) (0.004) (0.006)
Urban 0.009 (0.009) 0.021 0.068"** 0.118%**
(0.015) (0.010) (0.018)
Smoking —0.015** —0.025%** 0.000 (0.003) | —0.001**
(0.003) (0.005) (0.005)
Edu 0.003* (0.002) 0.006* 0.001 (0.002) | 0.002
(0.003) (0.003)
Work 0.002*** 0.003"** —0.000 —0.001*
(0.000) (0.000) (0.000) (0.000)
Income 0.013%* 0.021*** 0.014%* 0.021+**
(0.003) (0.005) (0.003) (0.006)
Exercise 0.016*** 0.029*** 0.025%** 0.043%*+*
(0.002) (0.004) (0.002) (0.004)
Fsize 0.008™* 0.010 0.016™* 0.026*"*
(0.004) (0.007) (0.004) (0.006)
House 0.055™* 0.092** 0.030 (0.021) | 0.055
(0.022) (0.036) (0.036)
Pop 0.057 (0.109) 0.073 1.118% 1.934%+
(0.184) (0.108) (0.185)
Hospital 0.022* (0.014) 0.040* 0.019** 0.037**
(0.024) (0.014) (0.024)
N 20041 20041 20041 20041

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at
10%, 5%, and 1% respectively.

coefficients for the NFCs are all significantly positive at the 1%, once
again validating the robustness of the baseline regression.

3.3.3 Replacing the dependent variable

This section uses other variables that measure health as the
dependent variables for robustness testing. Specifically, the Body
Mass Index (BMI) was used to replace self-reported health in the
baseline regression, which was calculated as weight (kg)/height
squared (m?). Memory was used to replace the CESD score
in the baseline regression because memory is also a reflection
of mental health, which corresponding to question qq501 in
the CFPS 2018 questionnaire, “Can you remember the main
things that happened to you during the week?.” Respondents
were asked to choose between numbers 1 and 5 according
to their actual situation, where “1” means that they can only
remember a little, “2” means that they can only remember
a few, “3” means that they can remember half, “4” means
that they can remember most, and “5” means that they can
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TABLE 5 2SLS regression.

o 2
The first-stage The second-stage

regression regression

Forestcity Health Mental
Forestcity 0.2806™* 2.3475%*

(0.0683) (0.2465)

Instrumental 0.0283*** (0.0006)
variable (NCities)
Control variables Control Control Control
DWH 7.0984 66.8862
endogeneity test 0.0077 0.0000
P-value
‘Wald F statistic 2,494.60 2,494.60
N 17,219 17,219 17,219

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at
10%, 5%, and 1% respectively.

TABLE 6 Poisson regression.

0 2) B @
Poisson  pgisson  POISSON  pgisson
Health Health Mental Mental

Forestcity 0.051%%* 0.046™** 0.021%** 0.019***

(0.008) (0.008) (0.003) (0.003)

Control Control Control Control Control

variables

N 20,041 20,041 20,041 20,041

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at
10%, 5%, and 1% respectively.

remember all. Large numbers indicate a good state of mental
health. The estimation results in Table 9 show that the coefficient
of NFCs is significantly positive at the 1% level, which further
indicates that the construction of NFCs does positively impact the
residents’ health.

3.3.4 Excluding provinces without NFCs

Finally, the differences in unobservable factors such as human
geography and living habits in the same province are relatively
small considering. If the regression results are still robust after
excluding provinces without NFCs, it proves that NFCs do promote
the residents’ health.

Therefore, Oprobit and Ologit regressions are conducted after
excluding provinces without a NFC, leaving only provinces that
contain at least one NFC. The estimation results in Table 10 are
similar to the baseline regression, except that the coefficients are
slightly smaller and the significance level is slightly lower, but still
significantly positive at the 5% level. This further strengthens the
robustness of the findings.

In summary, it can be seen that the results of a series of
robustness tests indicate that the results of the baseline regression
in this article are relatively robust.
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TABLE 7 Constructing new indicator definitions.

10.3389/fpubh.2024.1304600

Answer to question qp201 Health 1 Health 2 CESD scores Mental 1
Pretty healthy 5

3 1 >19 1
Very healthy 4
Relatively healthy 3 2
Average 2 1 0 <19 0
Unhealthy 1

TABLE 8 Robustness test after constructing new indicators.

TABLE 10 Robustness test after excluding provinces without NFCs.

(1) 2) (3) @ (3) (4
Oprobit Probit Probit Oprobit Ologit Oprobit Ologit
Health 1 Health 2 Mental 1 Health Health Mental Mental
Forestcity 0.104*** 0.166*** 0.147** Forestcity 0.075** 0.112** 0.063** 0.110**
(0.025) (0.029) (0.042) (0.031) (0.054) (0.028) (0.049)
Control variables Control Control Control Control Control Control Control Control
variables
N 20,041 20,041 20,041
) ) o N 7,360 7,360 7,360 7,360
Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at

10%, 5%, and 1% respectively.

TABLE 9 Robustness test after replacing dependent variable.

3 @
Oprobit  opropit
memory  memory
Forestcity 0.480™** 0.475%+* 0.067*** 0.060**
(0.080) (0.077) (0.021) (0.022)
Control No Control No control Control
variables control
N 20,041 20,041 20,041 20,041

Figures in parentheses are standard errors, *, **, ***

10%, 5%, and 1% respectively.

denote statistical significance levels at

3.4 Influential mechanisms

On the basis of the previous article, the influential mechanisms
of NFCs on residents’ health will be empirically tested next. First, on
the basis of the baseline regression, this article adds the interaction
term of the forestcity and the health risk exposure level variables,
and the interaction term of the forestcity and the residents’ exercise
behaviors variables, respectively. Referring to the practices of the
existing studies, the concentration of air pollutants SO, (SO,) and
soot (soot) are used to measure the health risk exposure level. The
frequency (gp701) and length (qp702) of exercise of the residents in
a week are used to characterize the residents” exercise behaviors.

3.4.1 Reducing health risk exposure

In the baseline model, the forestcity x SO,, forestcity
x soot were added. The regression results are shown in
Table 11, and the coefficients of the interaction terms are all
significantly negative. This suggests that NFCs reduce residents’
health risk exposure by reducing the concentration of air

Frontiersin Public Health

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at
10%, 5%, and 1% respectively.

pollutants SO, and soot, thus improving residents’ physical
and mental health. On the one hand, reducing health risk
exposure will reduce the incidence of various diseases (14);
on the other hand, good air quality will alleviate residents’
anxiety and despair, thus promoting residents’ psychological health
(19). Therefore, the above analyses show that the construction
of NFCs can improve residents’ health by reducing health
risk exposure.

3.4.2 Promoting residents’ health behavior

In the baseline model, the interaction term of forestcity and
residents’” exercise behavior were added. The regression results are
shown in Table 12, the coeflicients of the interaction terms are
significantly positive, indicating that the construction of NFCs
can improve the health level of residents by positively promoting
residents’ exercise behaviors. The environment in most modern
cities has a great impact on the nervous system of our brain, which
may make us feel tired, nervous and depressed. In contrast, plants
and flowers in nature can emit some volatile organic compounds
that can attract people to increase jogging and engage in outdoor
exercise, and these activities can effectively enhance the body’s
immunity and the function of various systems, making us healthier.

3.5 Heterogeneity analysis

The that NFCs
residents’ health mainly by reducing health risk exposure

mechanism analysis found improve
and promoting residents’ health behaviors, and this effect
may be differentiated for populations in different regions.

This article uses group regression to test for heterogeneity,
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TABLE 11 Mechanism analysis 1.

10.3389/fpubh.2024.1304600

(1) (2) (3) (4) ()] ()]
Health Health Health Mental Mental Mental

Forestcity 0.140%** (0.023) 0.196*** 0.157*** (0.042) 0.137°* 0.149*** (0.038) 0.165™ (0.037)

(0.044) (0.020)
Forestcity x so2 —0.008** —0.005* (0.003)

(0.003)
Forestcity x soot —0.002** (0.003) —0.008*** (0.003)
Control variables Control Control Control Control Control Control
N 20,041 14,940 14,940 20,041 14,940 14,940

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at 10%, 5%, and 1% respectively.

TABLE 12 Mechanism analysis 2.

(1)

(2)

Health Health

(3)
Health

(4)
Mental

(5)
Mental

(6)
Mental

Forestcity 0.140*** (0.023) 0.111%* 0.135*** (0.024) 0.137%* 0.120*** (0.027) 0.135** (0.021)
(0.031) (0.020)
Forestcity x qp701 0.009** 0.010** (0.006)
(0.007)
Forestcity x qp702 0.002* (0.002) 0.003** (0.001)
Control variables Control Control Control Control Control Control
N 20,041 11,883 11,883 20,041 11,883 11,883

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at 10%, 5%, and 1% respectively.

separately testing the differences in the health promotion
effects of NFCs on residents between urban and rural areas,
older adult and younger adult, and residents with different
income levels.

3.5.1 Heterogeneity between urban and rural
areas

The problem of disparities between regions is of great concern,
given the different natural resource endowments, the degree of
economic development and the industrial structure of different
regions of China. As an important feature of Chinas social
structure, urban-rural co-development is of great significance in
building a harmonious society, promoting social stability and
enhancing the health of residents. In this study, the National Bureau
of Statistics (NBS) data was used as the basis for dividing urban
and rural areas and analyzing the differences in the impact of
NFCs on residents’ health from the perspective of urban-rural
differences. The results in Table 13 show that the construction of
NFCs can significantly improve the health level of urban and rural
residents, but the impact on the health level of urban residents
is significantly higher than that of rural residents. On the one
hand, the widening gap in income, industry and other economic
aspects is not conducive to the balanced development of urban and
rural residents in terms of health, which can inhibit the subjective
sense of wellbeing of rural residents. On the other hand, there
are real problems such as unbalanced development, insufficient
advancement, and mismatch between supply and demand in forest
cities, and the non-equalization of urban and rural public services
affects the physical activity status of residents in rural areas, and
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the probability of urban residents engaging in physical activity
is greater.

3.5.2 Heterogeneity of older and younger
populations

Age groupings >60 years are considered as the older adult,
otherwise they are considered as the younger adult. The results in
Table 13 show that the coefficient for older adult is greater than that
of the younger adult and they are both statistically significant. This
may be due to the fact that older people enjoy their retirement and
have more leisure time to enjoy the infrastructural benefits of NFCs,
such as green parks.

3.5.3 Heterogeneity of income levels

The income grouping is individual income >28,228 yuan
(per capita income of Chinese residents in 2018) is the high-
income group, otherwise it is the low-income group. The results
in Table 13 show that the regression coefficient value of the low-
income group is larger than that of the high-income group.
More notably, the effect of NFCs on the low-income group
is more significant, which suggests that NFCs bring more of
a public welfare, probably because the construction of parks,
green spaces and other infrastructures in NFCs is equitably
accessible to Chinese residents, so there is no environmental
justice problem, indicating that the construction of forest cities
to a certain extent offsets the health gap brought about by the
income gap.
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TABLE 13 Heterogeneity analysis.

10.3389/fpubh.2024.1304600

(1) (2) (3) (4) : (5) : : (6)
Rural Urban The young Older adult Lower-income group = Higher-income group
Health Health Health Health Health Health
Forestcity 0.081** 0.184%* 0.131"* (0.028) 0.151%* 0.173** (0.027) 0.085* (0.058)
(0.036) (0.034) (0.049)
Control Control Control Control Control Control Control
variables
N 10,779 9,187 14,905 5,136 16,846 3,195

Figures in parentheses are standard errors, *, **, *** denote statistical significance levels at 10%, 5%, and 1% respectively.

4 Discussion

This article empirically studies the relationship between NFCs
and residents’ health, and mainly obtains the following conclusions:
first, the construction of NFCs can significantly improve the
health level of residents, which is manifested in both physiological
and psychological aspects, and the results of the instrumental
variable regression still support the above conclusions; second, the
construction of NFCs mainly improves the health level of residents
by reducing the exposure to health risks and promoting the healthy
behaviors of the residents; third, the impact of NFCs on the health
of the residents exists heterogeneity between different groups, and
the NFCs have greater effect on the improvement of the health
level of the people who reside in the city, are older, and have a
lower income.

The innovation of this article is that there is no literature that
directly focuses on the impact of NFCs on residents’ health. In this
article, based on the CFPS2018 data and matched with the 2016-
2018 list of NFCs, we finally obtained 20,041 samples to study
the impact of NFCs on residents’ health and its mechanisms. In
addition, we analyzed the heterogeneity of the impact of NFCs on
the health of different groups. The possible marginal contributions
are mainly reflected in the following four aspects: firstly, it is verified
that the construction of NFCs improves the residents’ health from
both physical health and mental health levels at the same time.
Secondly, the mechanism of the impact of the NFCs on residents’
health was clarified, especially assessing the effectiveness of the
construction of NFCs in terms of infrastructure such as parks and
green spaces, i.e., promoting residents’ exercise behavior. Third, it
was further tested that the construction of NFCs brings a public
welfare that promotes the public health of the general public, and
its impact on the health of the residents is a slow, general and
long-term impact effect. Fourth, in terms of research methodology,
one of the robustness tests tentatively considers residents’ health
as a non-negative discrete variable without ordering, and treats
each level of residents’ health equally, and enriches the research by
using Poisson regression models to further test the robustness of
the article’s results.

More notably, the heterogeneity analyses in this article find
that NFCs have a more significant impact on residents with
lower incomes, suggesting that NFCs are a public good, which
to some extent counteracts the “health-income stratification
phenomenon.” With regard to foreign cases, access to green space
is an environmental justice issue, and scholars have described
how inequitable access to urban tree cover may lead to health
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disparities among different populations (50). China’s basic national
conditions, however, dictate that the likelihood of such a situation
exists is low, which is aptly confirmed by the results of this article.

In addition, our study has some limitations. Firstly, due to
the limitation of cross-sectional data, we did not discuss the long-
term impact of NFCs on residents’ health. Second, due to space
limitations, this study did not explore the health impacts of specific
ecological products of NFCs. In the future, research on quantitative
value assessment methods for the effectiveness of NFCs can be
carried out around the gross ecosystem product and the realization
of the value of ecological products in forest cities.

5 Conclusions and suggestions

The construction of NFCs not only plays an important role in
improving the human environment, improving the economy, and
enhancing the city’s image, but also has an increasing impact on
individual behavior. In this article, we match the list of NFCs from
2016-2018 with the data from the China Family Panel Studies data
in 2018 (CFPS2018), and empirically verify that NFCs significantly
promote residents’ health. This proves that NFC construction has
public health value. Therefore, to further support the realization
of the Healthy China strategy, we suggest that the government
should pay attention to the construction of NFCs and accelerate
the promotion of the formation of a new situation of health for all.

According to the results of the mechanism analysis, reducing
health risk exposure and promoting residents’ exercise behavior are
the two mechanisms by which NFCs promote residents’ health. It
shows that the construction of NFCs has not only achieved results
in afforestation, bringing ecological benefits to residents; but also
achieved new results in recreational places such as parks and green
spaces, bringing infrastructural benefits to residents. Therefore,
in the future, in the construction planning of NFCs, in addition
to continuing to increase afforestation, the construction of parks,
green spaces and other recreational places should also be placed
in an important position. Maximize public health benefits while
avoiding the urban green space paradox.

According to the results of the heterogeneity analyses,
compared to urban residents, NFCs have a lesser role in promoting
the health of rural residents. Considering the low level of primary
healthcare services and the inadequate service facilities in rural
areas, we suggest that more support should be given to rural areas
so as to improve their overall wellbeing. In addition, we found that
NECs have a smaller impact on younger adult than on the older
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adult, suggesting that young people have a slightly lower use of
infrastructure such as parks and green spaces. Therefore, society
and industry should strengthen guidance for young people to use
more recreational green spaces in general to enhance their physical
fitness and reduce their reliance on mobile phones and computers.

Data availability statement
The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Author contributions

HX:  Funding
administration,

Methodology,
Writing—review

acquisition, Project

Resources,  Supervision,

& editing. CY: Conceptualization, Data curation, Formal
analysis, Investigation, Software, Writing—original draft. XT:
Supervision, Validation, Visualization, Data curation, Resources,

Writing—review & editing.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of this article. This

References

1. Hartig T, Mitchell R, De Vries S, Frumkin H. Nature and health. Annu Rev Public
Health. (2014) 35:207-28. doi: 10.1146/annurev-publhealth-032013-182443

2. Grossman M. On the concept of health capital and the demand for health. In:
Determinants of health: an economic perspective, Columbia University Press, (2017)
6-41. doi: 10.7312/gros17812-004

3. Link BG, Phelan J. Social conditions as fundamental causes of disease. ] Health Soc
Behav. (1995) 21:80-94. doi: 10.2307/2626958

4. Phelan JC, Link BG. Fundamental cause theory. In: Medical sociology on the
move: New directions in theory. Dordrecht: Springer Netherlands, (2013), p. 105-
125. doi: 10.1007/978-94-007-6193-3_6

5. Fichera E, Gathergood J. Do wealth shocks affect health? New evidence from the
housing boom. Health Econ. (2016) 25:57-69. doi: 10.1002/hec.3431

6. Ettner SL. New evidence on the relationship between income and health. ] Health
Econ. (1996) 15:67-85. doi: 10.1016/0167-6296(95)00032-1

7. Cutler D, Deaton A, Lleras-Muney A. The determinants of mortality. J Econ
Perspect. (2006) 20:97-120. doi: 10.1257/jep.20.3.97

8. Goldman DP, Smith JP. Can patient self-management help explain the SES health
gradient? Proc Natl Acad Sci. (2002) 99:10929-34. doi: 10.1073/pnas.162086599

9. Ballegaard S A, Hansen T R, Kyng M. Healthcare in everyday life: designing
healthcare services for daily life. In: Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems. (2008), p. 1807-1816. doi: 10.1145/1357054.1357336

10. Contoyannis P, Jones AM. Socio-economic status, health and lifestyle. | Health
Econ. (2004) 23:965-95. doi: 10.1016/j.jhealeco.2004.02.001

11. Park JH, Moon JH, Kim HJ, Kong MH, Oh YH. Sedentary lifestyle:
overview of updated evidence of potential health risks. Korean ] Fam Med. (2020)
41:365. doi: 10.4082/kjfm.20.0165

12. Katikireddi SV, Whitley E, Lewsey J, Gray L, Leyland AH. Socioeconomic status
as an effect modifier of alcohol consumption and harm: analysis of linked cohort data.
Lancet Public Health. (2017) 2:e267-76. doi: 10.1016/S2468-2667(17)30078-6

Frontiersin Public Health

10.3389/fpubh.2024.1304600

research was funded by National Natural Science Foundational of
China, grant No. (72364014); Jiangxi Social Science Foundation
Key Project (22ZXQH34); National Natural Science Foundational
of China, grant No. (72174080); and Jiangxi Postgraduate
Innovation Special Fund Project (YC2022-s488).

Acknowledgments

We thank the co-authors for their contributions and the
funding program for their support.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

13. Ross CE, Bird CE. Sex stratification and health lifestyle: consequences
for men’s and women’s perceived health. | Health Soc Behav. (1994) 35:161-
178. doi: 10.2307/2137363

14. Fan M, He G, Zhou M. The winter choke:
air  pollution, and mortality in China. J
71:102316. doi: 10.1016/j.jhealeco.2020.102316

15. Jaafari S, Shabani AA, Moeinaddini M, Danehkar A, Sakieh Y. Applying
landscape metrics and structural equation modeling to predict the effect of urban
green space on air pollution and respiratory mortality in Tehran. Environ Monit Assess.
(2020) 192:1-15. doi: 10.1007/s10661-020-08377-0

coal-Fired heating,
Health  Econ.  (2020)

16. Zhang X, Zhang X, Chen X. Happiness in the air: How does a dirty sky
affect mental health and subjective well-being? ] Environ Econ Manage. (2017) 85:81-
94. doi: 10.1016/j.jeem.2017.04.001

17. MacKerron G, Mourato S. Life satisfaction and air quality in London. Ecol Econ.
(2009) 68:1441-53. doi: 10.1016/j.ecolecon.2008.10.004

18. Li Z, Folmer H, Xue J. To what extent does air pollution affect
happiness? The case of the **chuan mining area, China. Ecol Econ. (2014)
99:88-99. doi: 10.1016/j.ecolecon.2013.12.014

19. Zheng S, Wang J, Sun C, Zhang X, Kahn ME. Air pollution lowers Chinese
urbanites’ expressed happiness on social media. Nat Hum Behavr. (2019) 3:237-
43. doi: 10.1038/541562-018-0521-2

20. Mitchell R, Popham F. Effect of exposure to natural environment on
health inequalities: an observational population study. Lancet. (2008) 372:1655-
60. doi: 10.1016/S0140-6736(08)61689-X

21. Richardson E A, Mitchell R. Gender differences in relationships between
urban green space and health in the United Kingdom. Soc Sci Med. (2010) 71:568-
75. doi: 10.1016/j.socscimed.2010.04.015

22. Roberts H, van Lissa C, Hagedoorn P, Kellar I, Helbich M. The effect of short-
term exposure to the natural environment on depressive mood: a systematic review
and meta-analysis. Environ Res. (2019) 177:108606. doi: 10.1016/j.envres.2019.108606

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1304600
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.7312/gros17812-004
https://doi.org/10.2307/2626958
https://doi.org/10.1007/978-94-007-6193-3_6
https://doi.org/10.1002/hec.3431
https://doi.org/10.1016/0167-6296(95)00032-1
https://doi.org/10.1257/jep.20.3.97
https://doi.org/10.1073/pnas.162086599
https://doi.org/10.1145/1357054.1357336
https://doi.org/10.1016/j.jhealeco.2004.02.001
https://doi.org/10.4082/kjfm.20.0165
https://doi.org/10.1016/S2468-2667(17)30078-6
https://doi.org/10.2307/2137363
https://doi.org/10.1016/j.jhealeco.2020.102316
https://doi.org/10.1007/s10661-020-08377-0
https://doi.org/10.1016/j.jeem.2017.04.001
https://doi.org/10.1016/j.ecolecon.2008.10.004
https://doi.org/10.1016/j.ecolecon.2013.12.014
https://doi.org/10.1038/s41562-018-0521-2
https://doi.org/10.1016/S0140-6736(08)61689-X
https://doi.org/10.1016/j.socscimed.2010.04.015
https://doi.org/10.1016/j.envres.2019.108606
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Xie et al.

23. Ulmer JM, Wolf KL, Backman DR, Tretheway RL, Blain CJ, O’Neil-Dunne JP,
et al. Multiple health benefits of urban tree canopy: the mounting evidence for a green
prescription. Health Place. (2016) 42:54-62. doi: 10.1016/j.healthplace.2016.08.011

24. Thlebak C, Aamodt G, Aradi R, Claussen B, Thorén KH. Association between
urban green space and self-reported lifestyle-related disorders in Oslo, Norway. Scand
J Public Health. (2018) 46:589-96. doi: 10.1177/1403494817730998

25. Richardson EA, Pearce J, Mitchell R, Day P, Kingham S. The association
between green space and cause-specific mortality in urban New Zealand:
an ecological analysis of green space utility. BMC Public Health. (2010)
10:240. doi: 10.1186/1471-2458-10-240

26. Hietanen JK, Korpela KM. Do both negative and positive environmental
scenes elicit rapid affective processing? Environ Behav. (2004) 36:558-
77.doi: 10.1177/0013916503261391

27. Hietanen JK, Klemettili T, Kettunen JE, Korpela KM. What is a nice
smile like that doing in a place like this? Automatic affective responses to
environments influence the recognition of facial expressions. Psychol Res. (2007)
71:539-52. doi: 10.1007/500426-006-0064-4

28. Tyrviinen L, Ojala A, Korpela K, Lanki T, Tsunetsugu Y, Kagawa T. The influence
of urban green environments on stress relief measures: a field experiment. J Environ
Psychol. (2014) 38:1-9. doi: 10.1016/j.jenvp.2013.12.005

29. Adevi A A, Martensson F. Stress rehabilitation through garden therapy: the
garden as a place in the recovery from stress. Urban Forest Urban Green. (2013)
12:230-7. doi: 10.1016/j.ufug.2013.01.007

30. Chakroborty NK, Menzel R, Schubert M. Physiological and psychological
response to floral scent. HortScience. (2013) 48:82-8. doi: 10.21273/HORTSCI.48.1.82

31. Fjortoft I, Sageie J. The natural environment as a playground for children:
Landscape description and analyses of a natural playscape. Landsc Urban Plan. (2000)
48:83-97. doi: 10.1016/S0169-2046(00)00045-1

32. Escobedo FJ, Kroeger T, Wagner JE. Urban forests and pollution mitigation:
analyzing ecosystem services and disservices. Environ Pollut. (2011) 159:2078-
87. doi: 10.1016/j.envpol.2011.01.010

33. Nowak DJ, Crane DE, Stevens JC. Air pollution removal by urban trees
and shrubs in the United States. Urban Forest Urban Green. (2006) 4:115-
23. doi: 10.1016/j.ufug.2006.01.007

34. Bentley R, Baker E, Mason K. Cumulative exposure to poor housing affordability
and its association with mental health in men and women. J Epidemiol Community
Health. (2012) 66:761-6. doi: 10.1136/jech-2011-200291

35. Shaw M. Housing and public health. Annu Rev Public Health. (2004) 25:397-
418. doi: 10.1146/annurev.publhealth.25.101802.123036

36. Allison R A, Foster ] E. Measuring health inequality using qualitative data. J
Health Econ. (2004) 23:505-24. doi: 10.1016/j.jhealeco.2003.10.006

37. Hare D. “Push” versus “pull” factors in migration outflows and returns:
determinants of migration status and spell duration among Chinas rural

Frontiersin Public Health

12

10.3389/fpubh.2024.1304600

population. In: The Workers’ State Meets the Market, Routledge, (2013), p.
45-72. doi: 10.1080/00220389908422573

38. Lei X, Sun X, Strauss J, Zhang P, Zhao Y. Depressive symptoms and SES
among the mid-aged and elderly in China: Evidence from the China Health and
Retirement Longitudinal Study national baseline. Soc Sci Med. (2014) 120:224-
32. doi: 10.1016/j.socscimed.2014.09.028

39. Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-seven
community studies. ] Health Soc Behav. (1997) 38:21-37. doi: 10.2307/2955359

40. King KL, Johnson S, Kheirbek I, Lu JW, Matte T. Differences in magnitude and
spatial distribution of urban forest pollution deposition rates, air pollution emissions,
and ambient neighborhood air quality in New York City. Landsc Urban Plan. (2014)
128:14-22. doi: 10.1016/j.landurbplan.2014.04.009

41. Freer-Smith PH, Beckett KP, Taylor G. Deposition velocities to Sorbus aria,
Acer campestre, Populus deltoidesx trichocarpa ‘Beaupré, Pinus nigra and X
Cupressocyparis leylandii for coarse, fine and ultra-fine particles in the urban
environment. Environ Pollut. (2005) 133:157-67. doi: 10.1016/j.envpol.2004.03.031

42. Sehmel GA. Particle and gas dry deposition: a review. Atmos Environ. (1967)
14:983-1011. doi: 10.1016/0004-6981(80)90031-1

43. Raskin I, Smith RD, Salt DE. Phytoremediation of metals: using plants to
remove pollutants from the environment. Curr Opin Biotechnol. (1997) 8:221-
6. doi: 10.1016/S0958-1669(97)80106-1

44. Stewart OT, Moudon AV, Littman AJ, Seto E, Saelens BE. Why neighborhood
park proximity is not associated with total physical activity. Health Place. (2018)
52:163-9. doi: 10.1016/j.healthplace.2018.05.011

45. Gardsjord HS, Tveit MS, Nordh H. Promoting youth’s physical activity through
park design: Linking theory and practice in a public health perspective. Landscape Res.
(2014) 39:70-81. doi: 10.1080/01426397.2013.793764

46. Toftager M, Ekholm O, Schipperijn J, Stigsdotter U, Bentsen P, Grenbaek M, et al.
Distance to green space and physical activity: a Danish national representative survey.
J Phys Activity Health. (2011) 8:741-9. doi: 10.1123/jpah.8.6.741

47. Tamosiunas A, Grazuleviciene R, Luksiene D, Dedele A, Reklaitiene R,
Baceviciene M, et al. Accessibility and use of urban green spaces, and cardiovascular
health: findings from a Kaunas cohort study. Environ Health. (2014) 13:1-
11. doi: 10.1186/1476-069X-13-20

48. Xie H, Tan X, Yang C, Li C. Does urban forest control smog pollution?
Evidence from national forest city project in China. Sustainability. (2022)
14:12897. doi: 10.3390/su141912897

49. Radloff LS. The wuse of the center for epidemiologic studies
depression scale in adolescents and young adults. J Youth Adolesc. (1991)
20:149-66. doi: 10.1007/BF01537606

50. Jennings V, Johnson Gaither C, Gragg R. Promoting environmental justice
through urban green space access: a synopsis. Environ Justice. (2012) 5:1-
7. doi: 10.1089/env.2011.0007

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1304600
https://doi.org/10.1016/j.healthplace.2016.08.011
https://doi.org/10.1177/1403494817730998
https://doi.org/10.1186/1471-2458-10-240
https://doi.org/10.1177/0013916503261391
https://doi.org/10.1007/s00426-006-0064-4
https://doi.org/10.1016/j.jenvp.2013.12.005
https://doi.org/10.1016/j.ufug.2013.01.007
https://doi.org/10.21273/HORTSCI.48.1.82
https://doi.org/10.1016/S0169-2046(00)00045-1
https://doi.org/10.1016/j.envpol.2011.01.010
https://doi.org/10.1016/j.ufug.2006.01.007
https://doi.org/10.1136/jech-2011-200291
https://doi.org/10.1146/annurev.publhealth.25.101802.123036
https://doi.org/10.1016/j.jhealeco.2003.10.006
https://doi.org/10.1080/00220389908422573
https://doi.org/10.1016/j.socscimed.2014.09.028
https://doi.org/10.2307/2955359
https://doi.org/10.1016/j.landurbplan.2014.04.009
https://doi.org/10.1016/j.envpol.2004.03.031
https://doi.org/10.1016/0004-6981(80)90031-1
https://doi.org/10.1016/S0958-1669(97)80106-1
https://doi.org/10.1016/j.healthplace.2018.05.011
https://doi.org/10.1080/01426397.2013.793764
https://doi.org/10.1123/jpah.8.6.741
https://doi.org/10.1186/1476-069X-13-20
https://doi.org/10.3390/su141912897
https://doi.org/10.1007/BF01537606
https://doi.org/10.1089/env.2011.0007
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Does national forest city improve residents' health? Evidence from China
	1 Introduction
	2 Materials and methods
	2.1 Introduction to the national forest city indicator system
	2.2 Data
	2.3 Variables
	2.3.1 Dependent variable
	2.3.2 Independent variable
	2.3.3 Instrumental variable
	2.3.4 Control variables
	2.3.5 Mechanism variables
	2.3.6 Descriptive statistical analysis


	3 Results
	3.1 Baseline model regression
	3.2 Instrumental variable regression
	3.3 Robustness tests
	3.3.1 Poisson model
	3.3.2 Constructing new indicators
	3.3.3 Replacing the dependent variable
	3.3.4 Excluding provinces without NFCs

	3.4 Influential mechanisms
	3.4.1 Reducing health risk exposure
	3.4.2 Promoting residents' health behavior

	3.5 Heterogeneity analysis
	3.5.1 Heterogeneity between urban and rural areas
	3.5.2 Heterogeneity of older and younger populations
	3.5.3 Heterogeneity of income levels


	4 Discussion
	5 Conclusions and suggestions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


