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Air pollution, health status
and public awareness
of environmental problems in China

Chen Wang!? & Juanjuan Cao?**

Understanding public awareness of environmental problems is vital for effectively formulating
sustainable policies. This paper aims to investigate the impacts of two perspectives—external air
pollution and individual health status—on public awareness by leveraging panel data from two waves
of the China Family Panel Studies (CFPS) conducted between 2018 and 2020. The model integrates
provincial-level PM2.5 concentration indicators and SO,, PM,, and NO, emissions. The results reveal
a significantly positive correlation between air pollution and public awareness of environmental
problems in China. Additionally, this study examines the impact of self-assessed health shock by
categorizing it into worse and better health. The influence of better health is insignificant. Conversely,
when individuals experience worse health, they may perceive it as a psychological loss, leading to
asignificant increase in public awareness of environmental problems. This study provides valuable
insights for mitigating air pollution and reinforcing public health in developing countries.

Keywords Air pollution, Health status, Public awareness of environmental problems, Good health and well-
being

With the growing emphasis on sustainability, there is a heightened focus from both governments and scholars
on enhancing public awareness of environmental issues. This awareness forms a crucial foundation for indi-
viduals’ responses and serves as a primary subjective metric for assessing local ecological performance. While
environmental problems encompass various dimensions, aspects of external air pollution, such as visibility,
concentration, comparability, and reliability’, are more readily perceived by individuals through environmental
information disclosure. For example, a study by Xiang et al.? further emphasizes the significance of individuals’
subjective perceptions of the environment. Many respondents gather visible evidence from physical concentra-
tions near pollution sources’. Individuals primarily rely on their direct experiences to evaluate the severity of
environmental problems, and these experiences are often influenced by their individual characteristics. This
stands in contrast to relying solely on technological instruments for detecting air pollutants and objectively
assessing existing air pollution levels, as conducted by the scientific community*.

However, much remains unknown about the role of air pollution and health status in shaping public awareness
of environmental problems in China—two interconnected aspects providing external and internal information.
Consequently, this paper aims to bridge this knowledge gap on two fronts: the disclosure of air pollution and
individual self-assessed health status. Individual and provincial data are integrated to explore their respective
effects on public awareness of environmental problems in China. Recently, smog has posed a critical crisis in
China, prompting the government to prioritize environmental pollution control. The real-time monitoring and
disclosure of air pollution have increased public awareness of environmental issues’. As a significant environ-
mental challenge, air pollution has become a decisive factor influencing sustainability®. Exposure to polluted
air is a substantial risk factor for noncommunicable human diseases’. The annual average population-weighted
PM2.5 concentration in China exceeded 52 pg/m?® in 2013, significantly surpassing the air quality standards set
by the U.S. Environmental Protection Agency® and the WHO’s Air Quality Guidelines (10 ug/m?). In response,
the Chinese government implemented comprehensive policies to reduce PM concentrations by 10% within five
years to combat air pollution. The population-weighted annual average PM2.5 concentration calculated in this
study for 2018 was less than 37 ug/m?, indicating a nearly 29% reduction compared to the 2013 levels and partial
alleviation of objective public exposure to air pollution.
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Investigating the consistency of the relationship between subjective perceptions and objective air pollution
indicators, especially in developing countries, is crucial. This study emphasizes that individual public awareness
of environmental problems becomes more pronounced when PM2.5 concentrations are higher in their respective
provinces. Robustness analysis further reveals a significant correlation between higher emissions of SO,, PM,, and
NO, and individual perceptions of environmental problems. This finding underscores the substantial impact of
objectively measured air pollution on subjective perceptions of environmental problems. While previous studies
often explored the relationship between national economic development and environmental quality using the
Environmental Kuznets Curve, our paper takes a different approach by investigating the interaction between GDP
growth and actual air pollution. Moreover, this paper introduces climate productivity indicator to underscore the
vital role of environmental protection in the benefits of economic growth. When done efficiently and effectively,
the growth of climate productivity reduces individuals’ perception of the severity of environmental problems.

Direct experiences shape individuals’ perceptions of environmental problems’. Health status undoubtedly
plays a significant role'®, and the sensitivity of oné’s physical health directly influences the individual’s assessment
of the severity of environmental problems'!. Validating this, Peng et al.* demonstrated that higher self-rated
health satisfaction corresponds to a lower perceived severity of air pollution. The saying, "As long as you are
healthy, you do not give a damn, but as soon as you are sick, you are prepared to sacrifice everything to restore
your health"?, encapsulates that health becomes a paramount concern when it is compromised. Therefore, this
paper aims to explore whether individuals’ perceived changes in health affect their evaluation of environmental
pollution and whether different health states, deterioration or improvement, have distinct effects.

The subjective evaluation of individuals’ health shocks may impact their perception of environmental prob-
lems. The results highlight that the effect is primarily associated with worse health, significantly increasing the
perceived severity of environmental problems. In contrast, better health status does not significantly influence
individuals’ perceptions, and individuals’ self-assessed health status does not notably impact their environmental
perceptions. A decrease in individuals’ self-assessed health status may represent a psychological loss, significantly
heightening their perception of the severity of environmental problems. This phenomenon is more pronounced
among those under 40 years of age, indicating that declining health status greatly amplifies the perceived severity
of environmental problems, especially among younger individuals.

This paper contributes to research on public awareness of environmental problems in three key aspects.
Firstly, in contrast to most studies focusing on individual air pollutants, this research simultaneously estimates
the impacts of multiple key air pollutants. The empirical literature on how air pollution affects public perception
relies primarily on small-scale survey data from specific residents, necessitating more systematic evidence from
representative samples. By doing so, this study provides a comprehensive view of geographically diverse regions
with varying levels of air pollution. Secondly, while numerous studies in developed countries suggest a dispar-
ity between actual air pollution and perceived air pollution®, this study addresses the unique context of China,
where air pollution is one facet of broader environmental problems. It investigates whether provincial-level air
pollution influences individual public awareness of environmental problems. Finally, previous research on the
perception of environmental problems has predominantly emphasized the influence of poverty and knowledge!°.
This study strongly emphasizes the impact of subjective health status, revealing the asymmetric effect of health
status changes on environmental perception. This aspect deserves more attention in environmental perception
research. Given the prevalence of air pollution in developing countries, the insights drawn from this research
on China may offer valuable perspectives for other developing nations.

Related literature and research hypotheses

The relationship between objective air pollution and public awareness of environmental
problems

In terms of the correlation between actual air pollution and subjective perceptions of environmental problems,
existing research has consistently demonstrated a significant connection, primarily focusing on the subjective
perception of air pollution problems. The visibility of air pollution and unpleasant odors have been identified as
crucial factors shaping public perception, independent of individual characteristics'®. Flachsbart et al.'® utilized
physical data on air pollutants and meteorological indicators, employing multiple averaging periods to examine
the correlation between these data and perceived and expected air quality indicators. Their findings indicated
that ozone and visibility levels were more closely related to perceived air quality, among other pollutants, across
all periods.

Baseline conditions influence human perception, and individuals form their perceptions based on long-term
air quality trends. Oglesby et al.!® discovered that perceived outdoor air quality significantly correlates with
the actual measured air quality provided by monitoring stations, increasing with increasing concentrations of
suspended particles within specific size ranges'” and dust deposition'®. Subjective perceptions of air quality are
formed based on broader environmental pollution levels due to atmospheric pollution*’. Grossberndt et al.'?
demonstrated that simulated annual pollution concentrations are associated with individuals’ subjective percep-
tions of air quality; their findings indicate that the spatial pattern of perceived air quality is not entirely random
but rather follows, to some extent, the patterns expected due to pollution emissions.

Barwick et al.® correlated respondents’ subjective perceptions of environmental problems with the average
PM2.5 concentration in their cities from 2015 to 2016, revealing a robust positive correlation between public
awareness of environmental problems and pollution following the implementation of environmental monitoring
policies. Peng et al.* estimated the significant consistency between various objective air pollution indicators and
perceived air pollution and found that in China, there is a significant association between public perceptions of
air pollution and actual air pollution. Due to the highly tangible and visible nature of air pollution, which often
affects human senses, air pollution problems are particularly severe in many parts of China, making the public
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more sensitive to environmental concerns. People residing in cities with poorer air quality express increased
concern about pollution problems, while those in cleaner cities express less concern. Therefore, this paper posits
Hypothesis 1 (H1):

Hypothesis 1 (H1) Public awareness of environmental problems significantly correlates with actual air pol-
lution levels. Individuals living in provinces with high air pollution levels may be aware of more serious envi-
ronmental problems.

The relationship between subjective health status and public awareness of environmental
problems

Relying solely on objectively measured air pollution does not automatically translate into individual perceptions
of environmental problems, as perception is socially constructed and influenced by personal characteristics. It is
embedded with goals, values, and direct experiences related to pollution, such as proximity to pollution sources,
physical health, and sensitivity3'“. When pollution, such as smoke or strong odors, is more easily noticeable and
its health impacts are more severe, resulting in difficulty breathing or lung pain, respondents are more likely
to be able to link health and environmental problems. Individuals with health problems, such as respiratory
symptoms, are more likely to be aware of the implications of air quality problems®.

Health shocks include information like health history. When an individual experiences a negative health
shock, perceiving a decline in their health compared to the previous year, they tend to be more attuned to external
environmental factors. This heightened sensitivity stems from the belief that environmental pollution may have
directly contributed to their health deterioration. Furthermore, those who find their health declining often feel
a stronger need for clean air, as they rely on it for their well-being and survival.On the other hand, a positive
health shock, such as feeling healthier than the previous year, often coincides with higher productivity and greater
workforce participation, potentially boosting an individual’s income. With this increased financial capability, it
becomes easier to counteract the effects of environmental problems by investing in higher-quality environmental
services or implementing extra precautionary measures. After experiencing such health gains, individuals tend
to overlook the less obvious impacts of environmental issues on their daily routines. They may view themselves
as living a healthier and more comfortable life, in which the effects of environmental problems on their quality
of life are minimal. Consequently, they might not perceive the seriousness of environmental challenges as acutely
as those who are in worse health.Moreover, subjective evaluation of self-assessed health can be influenced by
various psychological factors. Some individuals may report lower levels of self-assessed health yet maintain a
positive outlook, whereas others who rate their health higher may still express dissatisfaction with their overall
quality of life. These disparities in subjective assessments could potentially weaken the observable correlation
between self-assessed health and the perception of environmental problems. It is important to note that self-
assessed health is a relatively subjective metric, which can be shaped by personal attitudes, life experiences, and
access to medical care. Conversely, public awareness of environmental issues is likely to be influenced more
heavily by factors such as education, information dissemination, and a sense of social responsibility. Therefore,
this paper posits Hypothesis 2 (H2):

Hypothesis 2 (H2) Public awareness of environmental problems significantly correlates with individual health
shock; individuals with worse health are aware of more serious environmental problems. In contrast, self-rated
health is not significantly associated with an individual’s awareness of environmental problems.

Materials and methods
Based on the background and research questions outlined above, the framework of the research content in this
article is illustrated in Fig. 1. Traditionally, government policies aimed at improving air quality have relied solely
on scientific measurements of air quality outcomes. However, this approach often neglects the subjective factors
related to air quality, particularly the perceptions of air users, or public awareness. In order to address this gap,
this article advocates for a more holistic approach to policy formulation. It argues that effective policy-making
should take into account both objective and subjective factors. By incorporating public awareness as a crucial
consideration, policies can be more accurately tailored to address the needs and concerns of the community. By
adopting this comprehensive approach, not only can air quality be improved, but it can also have a positive impact
on subjective well-being. Enhancing public awareness and involvement in the policy-making process may lead
to better outcomes for air quality as well as boost the overall physical fitness and well-being of the population.
Air quality has emerged as a pivotal indicator of sustainable development. Traditionally, government initia-
tives aimed at enhancing air quality have relied on monitoring data, offering a targeted and highly significant
approach to improving air quality. This paper introduces a novel dimension by incorporating public awareness
of air quality and employing diverse measurement approaches. By adopting this investigative method, the gov-
ernment can gain a more comprehensive perspective when crafting policies. The resultant plan has a broader
impact, not only contributing to enhanced air quality but also positively influencing the regulatory framework
for survival, as well as the physical and mental health of residents. This multifaceted approach represents an
innovative aspect of this paper.

Data source

This study aims to deepen the general understanding of public awareness of environmental problems and,
within the context of China, investigate the impact of provincial-level air pollution indicators and individual-
level characteristic variables on the perception of subjective environmental problems. The individual data used
in this paper are derived from the China Family Panel Studies (CFPS), funded by Peking University (source).
The CFPS survey is conducted every two years and covers 25 provinces/municipalities/autonomous regions in
China. It is a nationally representative survey of Chinese communities, households, and individuals and holds
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Figure 1. Schematic overview of this study. Note: The air pollution figure shows the annual trend in the
national concentration of PM2.5 in China from 1998 to 2021. This population-weighted and geographic-mean
PM2.5 concentration series is obtained, computed, and calibrated based on the Atmospheric Composition
Analysis Group’s data collections and corresponding algorithms. See Sect. 3.1 for further details. Figure 1 is
created by the corresponding author.

theoretical and practical significance for research in China. The CFPS data collection includes individual attitudes
and opinions about environmental problems, enabling the systematic identification of key factors influencing
public awareness of environmental problems in China.

The annual provincial PM2.5 concentration data used in this paper are sourced from the Atmospheric Com-
position Analysis Group. ( Atmospheric Composition Analysis Group, Washington University in St. Louis,
https://sites.wustl.edu/acag/datasets/surface-pm2-5.) This dataset is derived from instantaneous data records
obtained from the Chinese Ministry of Environmental Protection website. Aerosol optical depth (Aerosol et al.,
AOD) retrievals from NASA MODIS, MISR, and SeaWiFS instruments are combined with the GEOS-Chem
chemical transport model. Based on annual variations between GM (general monitoring) and non-GM obser-
vation periods, as detailed in Hammer et al.?’, these data are gridded at the finest resolution of 0.01°x 0.01°,
allowing users to aggregate the data according to their specific needs. Other provincial-level data, such as per
capita GDP, GDP growth rate, sulfur dioxide emissions, nitrogen oxides, and particulate matter, are sourced
from the China National Bureau of Statistics.

Variable selection and definition

Dependent variable

This study utilized data from two waves of surveys conducted in 2018 and 2020. The dependent variable, "Public
awareness of environmental problems) is based on responses to the following question: "How would you rate
the severity of the environmental problem in China?’ The respondents could choose a rating on a scale from
0 to 10, ranging from ’not exist’ to ‘very serious, with higher values indicating a perception of more severe air
pollution. Overall, most individuals in the sample believed that China faced environmental problems and could
perceive a certain level of severity. The descriptive statistics for these dependent variables in our sample that
individuals from 18 to 80 years old are presented in Table 1, with the most common response being *very severe,
accounting for 22.32% of the answers in general. Different regions face distinct environmental challenges, from
air pollution in industrialized areas to water scarcity in arid regions. Hence, examining the regional distribution
of public awareness of environmental problems in China is vital for developing targeted and effective environ-
mental policies. Table 1 also serves as a valuable tool for understanding these regional differences and for guiding
future efforts to raise environmental awareness across the country. It can be seen that compared with residents
in the central and western regions, a higher proportion of residents in the eastern region believe that China’s
environmental problems are very serious, with 23.43% rating it as 10, and a lower proportion of people believe
that there are no environmental problems in China, with 4.38% rating it as 0.
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Variable Frequency | Percentage | Cumulative percentage
Whole sample

0=not exist 2429 4.61% 4.61%
1 757 1.44% 6.05%
2 1322 2.51% 8.56%
3 2564 4.87% 13.43%
4 1779 3.38% 16.81%
5 11,353 21.57% 38.38%
6 4296 8.16% 46.54%
7 5184 9.85% 56.39%
8 8992 17.08% 73.47%
9 2216 4.21% 77.68%
10=very serious 11,747 22.32% 100.00%
Central and Western areas

0=not exist 1436 4.83% 4.83%
1 484 1.63% 6.46%
2 816 2.75% 9.21%
3 1484 5.00% 14.21%
4 1105 3.72% 17.93%
5 6366 21.43% 39.36%
6 2449 8.24% 47.60%
7 2844 9.57% 57.18%
8 5014 16.88% 74.06%
9 1254 4.22% 78.28%
10=very serious 6451 21.72% 100.00%
Eastern area

0=not exist 921 4.38% 4.38%
1 248 1.18% 5.56%
2 461 2.19% 7.75%
3 978 4.65% 12.40%
4 600 2.85% 15.26%
5 4626 22.00% 37.26%
6 1688 8.03% 45.28%
7 2087 9.92% 55.21%
8 3661 17.41% 72.62%
9 832 3.96% 76.57%
10=very serious 4926 23.43% 100.00%

Table 1. The distribution of public awareness of environmental problems.

Independent variable
The key independent variables employed in this study encompass two levels of variables: (a) provincial-level
objective air pollution and (b) individual-level subjective health status.

Air pollution: Vehicle emissions, encompassing a substantial quantity of ultrafine particles with a diameter
of less than 2.5 um (PM2.5), are implicated in cardiovascular and respiratory complications. These particles can
persist in the atmosphere for an extended period and traverse long distances, amplifying their impact on human
health and air quality. Additionally, the transportation sector serves as a prevalent source of other air pollutants,
including sulfur dioxide (SO2), a common byproduct of the combustion of fossil fuels in power generation and
heating furnaces, as well as NOx. All these pollutants fall within the category of "criteria air pollutants”. This
study primarily focused on the particulate matter (PM2.5) indicator, using its annual average value as a proxy
for air pollution, as it has become one of the major pollutants in many cities in recent years*. PM2.5 is highly
perceptible and visible, often impacting human senses, and is associated with public awareness of environmental
problems’. This study matches air pollution data from multiple monitoring points in each province. Weighted
estimates are carried out by considering population and geography, ensuring that daily fluctuations in air quality
are largely unrelated to the individual characteristics of respondents. This approach helps maintain the random-
ness of individuals’ exposure to air pollution.

The variable "Population- Weighted PM2.5” represents the annual concentration of ground-level delicate par-
ticulate matter (PM2.5) calibrated using Population Weighted Regression (PWR), while the variable ’Geographic-
Mean PM2.5 represents the yearly average concentration of ground-level PM2.5 calibrated using Geographi-
cally Weighted Regression (GWR), with units in micrograms per cubic meter (ug/m?). In this study, the PM2.5
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concentration is categorized into three intervals based on air quality standards. For instance, PM2.5<35 pg/m?
is considered to indicate good air quality in China’, aligning with the first interim target set by the WHO. This
standard is 1.4 times the European Union standard, 2.3 times that of Japan and South Korea, and 2.9 times that
of Singapore and the United States. The variables pop25, pop35, and pop45 represent the population coverage
percentages for PM2.5 concentrations greater than or equal to 25 ug/m?, 35 pg/m?, and 45 ug/m’, respectively.
In the robustness checks, the emissions of sulfur dioxide (SO,), particulate matters (PM,) and nitrogen oxides
(NO,) are measured per 10,000 tons/10,000 square kilometers (¢/km?). In order to have a detailed understand-
ing of the changes in the core indicator of The Variable ’Population Weighted PM2.5” in China, the trend of its
changes from 2018 to 2020 is shown in Fig. 2:

As depicted in Fig. 2, from 2018 to 2020, in China, both the population-weighted PM2.5 concentration and
the geographic mean PM2.5 concentration indicators exhibited a slight downward trend, albeit not significant.
Throughout this period, China’s air quality remained largely unchanged and consistently fell within the category
of severe pollution. The data suggest that improving air quality is a gradual and long-term process. Current
policies focusing solely on-air quality improvement, without considering public awareness, may not be optimal.
Therefore, China’s policies for air quality improvement should take into account individuals’ perceptions of
environmental pollution.

Health status: Health shock is measured through responses to the following question: "How would you
rate your current health status compared to a year ago?” Responses are coded as follows: 1 represents *Worse),
2 represents 'No change, and 3 represents "Better’. Based on the respondents’ answers, two binary variables are
created: "Worse Health’ is defined as one if the respondent’s answer is 1 and 0 otherwise. Similarly, ‘Better Health’
is defined as one if the respondent answers 3 and 0 otherwise. Additionally, this study considers self-rated health,
assessed based on responses to the following question: "How would you rate your health status?” where 1= poor,
2 =fair, 3=good, 4=very good, and 5=excellent. The statistical results of the subjective health status variables
are presented in Table 2.

To gain a deeper understanding of the factors influencing individual perceptions of environmental problems,
urban social issues are often considered to be correlated with the economic development level of a region. This
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Figure 2. Air pollution indicators based on population-weighted PM2.5 and geographic mean PM2.5 in
2018 and 2020. Note: The first row, from left to right, represents the population-weighted annual average
concentration of PM2.5 for the years 2018 and 2020, respectively. The second row, also from left to right,
represents the geographic mean annual average concentration of PM2.5 for the same years. A darker color
indicates a higher concentration.
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Variable Fr y | Perc C lative percentage

Self-reported worse health
0=Worse Health: Health status becomes better or has not changed 34,701 68.07% 68.07%
1=Worse Health: Health status is worse 16,281 31.93% 100.00%

Self-reported better health

0=Better Health: Health status is worse or has not changed 45,530 89.31% 89.31%
1=Better Health: Health status is better 5452 10.69% 100.00%
Self-reported health status

1=Self-rated health: Poor 9,475 16.55% 16.55%
2 =Self-rated health: Fair 6,849 11.96% 28.51%
3 =Self-rated health: Good 23,452 40.96% 69.48%
4=Self-rated health: Very good 9,241 16.14% 85.62%
5=Self-rated health: Excellent 8,234 14.38% 100.00%

Table 2. The distribution of subjective health status.

study introduces a series of individual-level control variables while controlling for provincial-level economic
development indicators.

Relative income: This variable is constructed based on individuals’ responses to the following question:
"What is your relative income level in your local area?” The ordinal scale ranges from 1 to 5, with higher values
indicating a greater perception of relative income. The public awareness of environmental problems studied
in this paper is also an important aspect of individual subjective well-being. Meanwhile, the impact of rela-
tive income level on subjective well-being (SWB) is a topic of great concern. Boyce et al. (2010)**proposed the
income rank hypothesis, stating that an individual’s subjective well-being depends not only on their absolute
income level but more on their position within the income hierarchy. Absolute income has no direct impact
on subjective well-being, whereas the relative income rank when compared to a social reference group plays
a significant role. This provides a good explanation for why increasing everyone’s income does not necessarily
improve everyone’s subjective well =being: if an individual’s absolute income grows at the same rate as the rest
of society, their relative income position remains unchanged, and thus subjective well-being may not improve.
Individuals tend to focus more on their status within the income group, making the relative income position
within the reference group more important than the absolute one (Clark and Oswald, 1996%; Luttmer, 2005%*).
Zhang et al.?* argued that individuals with lower incomes are more vulnerable to the impacts of air pollution.
Lo (2014)% suggests that there exists an inverse relationship between income and their perception of long-term
environmental risks related to climate change, genetic modification of crops, and the use of nuclear energy.
Compared to high-income individuals, low-income earners perceive the potential environmental consequences
of these human interventions as significantly more hazardous. Wealthier individuals, on the other hand, are
relatively less concerned about long-term environmental risks. A plausible explanation for this disparity is that
material insecurity heightens people’s sensitivity to risks and dangers. Generally, higher-income groups have
more choices when dealing with environmental problems, such as purchasing air cleaners or even relocating
to areas with better environmental conditions. Therefore, as relative income increases, individuals may have a
decreasing perception of environmental problems.

Education: The level of education is closely linked to individuals’ ability to understand environmental prob-
lems and is measured on a scale ranging from 1 to 8, with the following corresponding categories: 1 for illiter-
ate or semiliterate; 2 for primary school; 3 for junior high school; 4 for senior high school/vocational school/
technical school/junior college; 5 for college; 6 for undergraduate; 7 for master’s degree; and 8 for doctorate. In
general, a higher level of education is expected to influence the subjective perception of environmental-mental
problems positively.

Gender: This is a dummy variable, with 0 representing females and 1 representing males. According to Stew-
art et al. (2021)%, there is a preponderance of males over females in STEM (Science, Technology, Engineering,
and Mathematics) disciplines. They discern pronounced gender imbalances in career aspirations and lifestyle
preferences, accompanied by subtler distinctions in cognitive abilities—with some advantages favoring men
and others women. These disparities become more pronounced as one ventures beyond the norm. Moreover,
there is persuasive evidence indicating that these gender variations are not merely societal constructs but also
possess a substantial biological or genetic component. Males tend to gravitate towards science, engineering, and
technology-related fields, which frequently align with environmental preservation efforts. Furthermore, in certain
societies, males may wield greater social and economic influence, thereby enhancing their propensity to engage
in environmental policymaking and advocacy. Consequently, this study hypothesizes that males are anticipated
to perceive the gravity of environmental issues to a greater extent than females.

Age: To ensure the validity of the respondents’ answers, this study restricted the age group to individuals aged
between 18 and 80 years. Generally, younger individuals acquire information about environmental problems
more easily through social media and online platforms. Zhang et al.” suggested that young adults react more to air
pollution than older individuals. Therefore, it is expected that age will have a negative effect on public awareness
of environmental problems. Younger demographics are more likely to be attentive to environmental problems
through media such as the internet, making them more sensitive to pollution. Conversely, older groups have
fewer mediums to focus on environmental pollution, thus potentially being less sensitive to it. Overall, younger
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groups may perceive environmental pollution more severely, indicating a significant negative correlation between
age and public awareness of environmental problems.

Urban: For the urban—rural classification variable based on the National Bureau of Statistics data, 0 represents
individuals whose permanent residence is in rural areas, while 1 represents those in urban areas. Research by
Reeve et al.”® suggests that perceptions of pollution need to be linked to societal processes such as urbanization
and industrialization. Urban residents often have higher levels of education and are more likely to receive infor-
mation about the environment. Therefore, this paper posits that the urban dummy variable should be significantly
positively correlated with public awareness of environmental problems.

GDP indicators: Provincial-level economic development is measured by the per capita Gross Domestic
Product (GDP, in constant 2018 Chinese yuan) and the annual GDP growth rate of the respondents’ respective
provinces. To represent climate productivity, a logarithmic transformation is employed as a proxy. Specifically, this
index is calculated by taking the logarithm of per capita GDP divided by the annual average population-weighted
PM2.5 concentration (In(GDP/PWeightedPM25)) or the annual average geographic-mean PM2.5 concentration
(In(GDP/GMeanPM?25)). From an environmental burden-sharing perspective, higher GDP levels provide society
with more resources to address environmental problems. High-income countries typically possess more environ-
mental protection and healthcare infrastructure, allowing for more effective mitigation and resolution of envi-
ronmental problems. This may lead individuals to perceive environmental problems as less severe because they
believe society has taken appropriate measures to address them. From an alternative perspective, high-income
communities may be more inclined to invest in green energy, clean production, and sustainable development,
which helps alleviate environmental pressures, leading individuals to perceive environmental problems as less
severe. Therefore, it is expected that per capita GDP, the GDP growth rate, and climate productivity will have
negative effects on public awareness of environmental problems. Table 3 reports the descriptive statistics of all
the variables used in our analysis.

Model selection

Since the dependent variable is an ordered discrete variable, we employed an ordered response model. The
independent variables are represented by a vector Xj;, which influences an individual’s subjective perception
of the severity of environmental problems. The dependent variable, yj;, reflects an individual’s awareness of
environmental problems. This approach implies that a latent variable y;;* that should be a mapping of y;; is used
to capture the internal trends in an individual’s environmental awareness. We establish the general form of the
panel data ordered probit model as follows:

it =+ BoAirPollution,; + 1 WorseHealthi; + B BetterHealthyy + B3Control; + t; + ei+u; (1)

Variable Mean | SD Min Max Level
Public awareness of environmental problems 6.578 | 2763 |0 10 Individual
Worse health 0.319 | 0.466 |0 1 Individual
Better health 0.107 | 0.309 |0 1 Individual
Health status 2.998 1232 |1 5 Individual
RIncome 2916 1.062 |1 5 Individual
Education 2.857 1444 |1 8 Individual
Gender 0.498 | 0.500 |0 1 Individual
Age 46.665 |16.400 |18 80 Individual
Urban 0.507 | 0.500 |0 1 Individual
Population-WeightedPM2.5 37.299 | 9.829 |14.200 |57.100 | Province
Geographic-MeanPM2.5 32.687 8.687 | 10.200 | 52.100 Province
pop25 85.545 |22.961 | 0.000 100.000 | Province
pop35 49.407 | 35.047 | 0.000 100.000 | Province
Pop45 26.582 | 33.470 | 0.000 97.400 Province
SO,emssion 0.927 0.650 | 0.003 3.088 Province
PM,emssion 1.881 1.303 | 0.008 5.585 Province
NO,emssion 4.162 5.368 | 0.032 25.365 Province
In(GDP per capita) 10.958 | 0.388 | 10.380 |11.990 | Province
GDP growth rate 5.113 2.465 | —5.400 |9.100 Province
In(GDP/PWeightedPM25) 7.374 0.479 | 6.642 8.548 Province
In(GDP/GMeanPM25) 7.507 0.461 | 6.928 8.576 Province

Table 3. Descriptive statistics of main variables. *Source: PM2.5 indicators are obtained from the Atmospheric
Composition Analysis Group. Air pollution emission data are sourced from The Ministry of Environmental
Protection of the People’s Republic of China. The GDP data are sourced from the China National Bureau

of Statistics. PM2.5 = particulate matter with a diameter smaller than 2.5 pm. SO2 = sulfur dioxide.

PMs = particulate matter. NO2 = nitrogen dioxide.
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In this equation, y; represents the public awareness of environmental problems of individual i in year ¢, with
the coefficient of interest. We also control for year fixed effects, represented by 7;, and random individual effects,
represented by e;. € represents the random error following a standard normal distribution, accounting for the sum
of other unaccounted factors in the model that may affect the dependent variable. Based on the classification of
individual public awareness of environmental problems, the range of the continuous variable y;* is divided into
11 intervals by setting thresholds o; (where o < o] < 2 < a3 <oy <5 < g < 007 < g < Qo):

0,yi* < ap

Lag <yi* <o
2,01 <yt <ap
3,0 < yit* <3
43 <yi" <ay
yit =4 S04 < yir* < a5 ®)
6,05 < yit" < ag
7,06 < yit* <y
8, a7 <yi" <ag
9,8 < yit* <oy
lo,y,-t* >9

The probability of y;; occurring in each interval, i.e., the conditional probability of y; to Xj, is calculated by
the following equation:

P(yir = 0|Xit) = (oo — BXit)

P(yir = 1|1Xit) = (a1 — BXir) — (a0 — BXit)
P(yir = 2|Xit) = p(az — BXit) — (o1 — BXit)
P(yit = 31Xit) = p(az — BXir) — p(aa — BXit)
P(yir = 4|Xit) = p(aq — BXit) — p(az — BXit)
P(yit = 51Xit) = ¢(as — BXir) — p(ag — BXit) (3)
P(yit = 61Xit) = p(as — BXit) — p(as — BXit)
P(yit = 71Xit) = p(a7 — BXit) — p(as — BXir)
P(yit = 81Xit) = p(ag — BXit) — p(a7 — BXit)
P(yit =91Xit) = @(ag — BXir) — p(ag — BXit)
P Yit = 10|Xit) =1-g(ay — BXir)

Baseline results

We present the foundational findings regarding the impact of actual air pollution and individual health status
on public awareness of environmental problems in Table 4. The outcomes reveal significant positive associations
at the 5% level between the measured air pollution levels, including the population-weighted PM2.5 concentra-
tion, geographically weighted PM2.5 concentration, and population percentage exceeding 25/35/45 ug/m®. This
apparent pattern suggests that individuals residing in provinces with elevated air pollution levels are more likely
to perceive a heightened severity of environmental problems in China.

Among individual characteristics, deteriorating health status has a statistically significant positive effect on
an individual’s public awareness of environmental problems. This implies that individuals with poorer physical
conditions are more inclined to perceive environmental problems as more severe. This aligns with our expecta-
tion that those who perceive a decline in their health are more likely to attribute this decline, at least partially, to
the external environment, resulting in a heightened perception of environmental problems.

In contrast, a negative correlation exists between improved health and public awareness of environmental
problems, but this correlation was not statistically significant. This suggests that when experiencing an enhance-
ment in their health, individuals may not necessarily attribute it to the external environment, rendering them
less sensitive to environmental problems. Similarly, while self-rated health status correlates positively with public
awareness of environmental problems, the relationship is not significant. This indicates that an individual’s atten-
tion is significantly heightened when their health deteriorates, whereas improvements in health or self-rated
health status do not yield a statistically significant impact.

At the individual level, various control variables indicate a significant negative correlation between relative
income and public awareness of environmental problems. This finding aligns with the conclusion drawn by Peng
et al.* that individuals with higher incomes tend to exhibit lower levels of awareness regarding air pollution.
Individuals in higher self-reported income brackets tend to express less concern about environmental problems.
This phenomenon can be attributed to the increased mobility options available to higher-income individuals.
They often possess more excellent economic resources to address pollution problems or seek out cleaner living
environments. If people perceive the environmental quality in their residence to be unsatisfactory, they are more
inclined to contemplate relocating to areas with better environmental conditions.

Moreover, higher levels of education are positively associated with increased public awareness of environ-
mental problems and knowledge. The response to air quality may vary depending on one’s level of education.
People with higher education levels are more likely to be aware of the implications of air pollution®* For instance,
lower education levels may constrain an individual’s capacity to access and comprehend information about air
quality®>?¢. Elevated educational attainment typically enhances an individual’s awareness of environmental chal-
lenges. As individuals progress in their educational levels, they amass a more extensive reservoir of knowledge
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Public awareness of environmental problems (0-10 scale)
Air pollution Population-Weighted PM2.5 | Geographic-Mean PM2.5 | pop25 pop35 pop45
Air pollution 0.008*** 0.008*** 0.002*** 0.002*%%* 0.002***
P (12.58) (12.31) (6.16) (11.55) (11.29)
Worse health 0.049*** 0.047%%* 0.044*** 0.048*** 0.048***
(3.72) (3.61) (3.38) (3.66) (3.64)
-0.010 —-0.009 -0.013 —-0.010 -0.012
Better health (~0.56) (-0.49) (=0.70) (-0.56) (-0.63)
0.007 0.007 0.009* 0.007 0.007
Health status (1.26) (1.40) (1.71) (1.29) (1.38)
Relative income —0.024** —0.025%** —0.024* —0.024*** —0.024***
(-4.50) (-4.65) (-4.49) (-4.53) (-4.42)
Education 0.092%%* 0.091%%* 0.094*%* 0.093*** 0.093***
(18.52) (18.49) (19.02) (18.76) (18.81)
Gender 0.027** 0.025%* 0.024** 0.027** 0.025%*
(2.30) (2.18) (2.02) (2.28) (2.15)
Age —0.012%** —0.012%** —0.011*%** —0.012%** —0.011%**
8 (-25.35) (-25.31) (-24.97) | (-2529) | (-24.99)
Urban 0.067*** 0.068*** 0.062*** 0.065*** 0.067***
(5.34) (5.41) (4.95) (5.20) (5.34)
. —0.100%** —0.120%** —0.113%** —0.105*** —0.099***
In(GDP per capita) | _¢ 45 (=7.76) (=7.32) (~6.78) (-6.39)
—0.047* —0.047* —0.047** —0.045** —0.053%**
GDP growth rate (-11.32) (-11.22) (-10.95) | (~10.60) | (-12.86)
Year 2020 —0.387%** —0.388** —0.393%** —0.388%** —0.437%**
(-18.61) (-18.61) (-17.67) (—18.54) (-21.52)
N 47,319 47,319 47,319 47,319 47,319

Table 4. Baseline results of air pollution, health status’ effects on public awareness of environmental problems.
* Significance level: ***: significant at the 1% level; **: significant at the 5% level; *: significant at the 10% level.
The same applies to the following.

and gain access to channels for understanding environmental problems. Consequently, they tend to assign greater
significance to the severity of environmental problems.

Regarding gender differences in terms of the severity of environmental problems in China, men’s attention
is more sensitive to environmental problems, which might be related to the distribution of occupations and
industries. China’s labor market exhibits gender disparities, with men and women having distinct distribu-
tions across various industries and professions. Some industries, such as heavy and mining, often have more
detrimental environmental impacts, and men tend to be overrepresented in these sectors. Consequently, men
may be more likely to directly experience severe environmental problems due to their greater involvement in
pollution-related industries.

In addition, younger individuals tend to be more attuned to the seriousness of environmental problems
than their older counterparts. Zhang et al.” provide possible explanations for this phenomenon. Firstly, older
individuals may be more accustomed to living in polluted air. Secondly, younger individuals spend more time
outdoors than do their elderly counterparts. Thirdly, young people may be more attentive to air quality due to
their easy access to smartphones and the internet, which enables them to stay informed about air pollution.
Furthermore, our findings indicate gender disparities in response to air pollution, consistent with the findings
of Ebenstein et al.””.

Urban areas usually have more developed information channels, including the internet, media, and social
networks. This makes it easier for urban residents to access relevant information about environmental issues. In
contrast, information access in rural areas may be relatively limited, leading to a lesser understanding of envi-
ronmental problems. Additionally, urban residents typically have higher levels of education, enabling them to
comprehend environmental science and related issues more effectively. Educated individuals are likely to be more
concerned about environmental problems and to form a deeper understanding of these issues. The significant
positive correlation between the Urban dummy variable and public awareness of environmental problems in
our empirical results further confirms this speculation.

Individuals in provinces with higher per capita GDP are more likely to perceive environmental problems
as less severe. Regions with higher per capita GDP typically offer a higher standard of living, including better
housing, education, healthcare, and social welfare. Individuals in these areas may feel that they live in a relatively
comfortable and healthy environment, resulting in lower awareness of environmental problems. They may prior-
itize improving their quality of life and pursuing economic prosperity over addressing environmental concerns.

Similarly, the growth rate of provincial GDP exhibits a significant negative correlation with individual public
awareness of environmental problems. A higher GDP growth rate may be associated with more significant oppor-
tunity costs. Individuals may believe that allocating resources to environmental protection could slow economic
growth, reducing economic prospects. Consequently, they may be more willing to sacrifice some environmental
quality for greater economic growth. The year 2020 dummy variable has a significant negative impact, indicating
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a decreasing trend in individual public awareness of environmental problems compared to that in 2018. This
might be related to an overall improvement in the environment.

Robustness test

Transforming the dependent variable

In this section, we conducted a series of regressions to examine the robustness of our main results. As shown in
Fig. 3, the median subjective perception of the severity of environmental problems is 7, and the average level is
6.6. Therefore, in robustness tests, we transformed the dependent variable into a binary variable, using six as the
threshold. When an individual’s rating of environmental issue severity is less than or equal to 6, binary public
awareness of environmental problems is defined as 0. When an individual’s rating of environmental issue severity
is greater than 6, binary public awareness of environmental problems is defined as 1.

When we transformed the 11-level dependent variable into a binary 0-1 variable, the regression results (see
Table 5) were broadly consistent with the baseline regression. These findings indicate that individuals become
more aware of environmental problems as air pollution worsens. A significant deterioration in health significantly
enhances individuals’ awareness of environmental problems, while the effects of improved health and self-rated
health status are not statistically significant.

Transforming the independent variable

Another potential estimation issue pertains to choosing proxy variables for air pollution. To address this con-
cern, we replaced the proxy variable for air pollution with the annual average emissions of major air pollutants,
including sulfur dioxide, nitrogen oxides, and particulate matter, per unit area for each province. We conducted

lo
N

10 15 20

Respondents (percentage)

5

o T T T T T T

0 2 4 6 8 10
Public Awareness of Environmental Problems

Figure 3. Levels of public awareness of environmental problems.

Public awareness of environmental problems (0-1 scale)

Air Pollution | Population-Weighted PM2.5 | Geographic-Mean PM2.5 | pop25 pop35 pop45

Air pollution 0.009*** 0.010%** 0.002%** 0.002*** 0.002***

P (11.48) (11.16) (6.89) (11.07) | (10.14)

0.056*** 0.055%** 0.051%** | 0.056*** 0.055***

Worse Health (3.39) (3.29) (3.10) (3.36) (3.31)
—-0.004 -0.002 —-0.006 —-0.004 —-0.005

Better Health | /7y (~0.10) (-027) | (=0.15) |(~0.23)
0.004 0.005 0.007 0.004 0.005

Health Status | ¢a (0.80) (1.05) (0.67) (0.80)

Control YES YES YES YES YES

Year Dummy YES YES YES YES YES

N 47,319 47,319 47,319 47,319 47,319

Table 5. Robustness test through transforming the dependent variable.

Scientific Reports |

(2024) 14:19861 |

https://doi.org/10.1038/s41598-024-69992-2

nature portfolio



www.nature.com/scientificreports/

regression analysis using the logarithmic form rather than the linear form. As shown in Table 6, this alterna-
tive approach demonstrates a significant positive correlation between air pollution and a decline in individuals’
awareness of environmental problems and health. However, the effects of improved health and self-rated health
status remain statistically insignificant, consistent with the baseline regression results.

Heterogeneity

Regional-level heterogeneity

To delve deeper into the public awareness of environmental issues across various regions in China, this study
categorizes China into central and western regions, as well as eastern regions. Subsequently, it performs seg-
mented regression analysis on the public awareness of environmental problems in these distinct regions. The
detailed findings are presented in Table 7.

In both the central and western regions and the eastern region, air pollution significantly enhances indi-
viduals’ perceptions of environmental problems. A worsening health status also significantly impacts public
perception, while improving health status is not significant. Individuals’ subjective perceptions of environmental
problems exhibit regional heterogeneity. Compared to individuals in the eastern region, individuals living in
China’s central and western regions tend to be more sensitive to changes in their health status because of their
perception of environmental pollution. For individuals residing in China’s central and western regions, a decline
in their health status leads to a more pronounced awareness of the severity of environmental problems.

Public awareness of environmental problems (0-10 scale)

Air Pollution | In(SO,emission) | In(PMemission) | In(NO,emission)

Air pollution 0.067*** 0.063*** 0.084***

P (7.36) (6.12) (9.30)

0.046%** 0.044*** 0.049***

‘Worse Health (3.50) (3.38) G.71)
-0.011 -0.011 -0.009

Better Health (—0.61) (~0.62) (-0.49)
0.008 0.009* 0.008

Health Status (1.59) (1.70) (1.53)

Control YES YES YES

Year Dummy YES YES YES

N 47,509 47,509 47,509

Table 6. Robustness test through transforming the independent variable.

Air Pollution | Population-Weighted PM2.5 | Geographic-Mean PM2.5 ‘ pop25 ‘ pop35 ‘ pop45
Central and Western areas
Air pollution 0.009*** 0.008*** 0.002%** 0.002*** 0.002***
p (9.61) (9.26) (4.99) (7.76) (9.55)
0.059*** 0.057%** 0.054** | 0.058%** 0.059***
Worse Health | (3 4 (3.39) (3.19) (3.41) (3.50)
0.004 0.005 0.001 0.003 0.004
Better Health | (5 1) (0.20) 004  [(014) | (0.18)
0.010 0.011* 0.012* 0.010 0.010
Health Status | (|, o, (1.65) (1.75) (1.56) (1.54)
Control YES YES YES YES YES
Year Dummy YES YES YES YES YES
N 27,612 27,612 27,612 27,612 27,612
Eastern area
Air pollution 0.007*** 0.007*** 0.001*** 0.002%** 1 0.001***
P (6.28) (5.85) (3.66) (7.77) (4.12)
0.037* 0.036* 0.035* 0.037* 0.035*
Worse Health | 7777, (1.72) (1.71) (1.80) (1.67)
-0.029 -0.029 -0.030 -0.026 -0.031
Better Health | ( 5y (~0.96) (-1.01) | (-086) |(-1.04)
0.000 —-0.000 0.001 -0.001 0.001
Health Status (0.00) (-0.01) (0.16) (-0.12) | (0.10)
Control YES YES YES YES YES
Year Dummy YES YES YES YES YES
N 19,707 19,707 19,707 19,707 19,707

Table 7. Regional-level heterogeneity in public perception of environmental problems.
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The eastern region is generally more prosperous than the central and western regions are, with a higher per
capita GDP and more economic opportunities. Due to their higher economic status, individuals in the eastern
region often enjoy a higher standard of living and better environmental quality. Consequently, they may be less
sensitive to environmental problems, given their greater ability to mitigate the impact of such problems. In con-
trast, individuals in the central and western regions may rely more on local environmental resources, and their
lower economic status may increase their susceptibility to the adverse effects of environmental pollution, thus
heightening their concern for environmental problems. These findings are only relatively rough, and additional
detailed research awaits further exploration.

Age-level heterogeneity

To delve deeper into the public awareness of environmental issues at the individual level in China, this study
divides individuals into two groups: those younger than 40 years old and those 40 years old or older. Subse-
quently, it conducts segmented regression analysis on the public awareness of environmental problems within
these individual groups. The specific results are shown in Table 8.

Across different age groups, air pollution significantly increases public awareness of environmental problems.
Differences in the perception of environmental problems exist among various age groups. Among younger indi-
viduals, a decline in health significantly enhances their awareness of environmental problems. In other words,
for individuals younger than 40 years, a deterioration in health leads to a noticeable increase in their perception
of the severity of environmental pollution problems, whereas this effect is not significant for older age groups.

On the one hand, younger people may have easier access to and a better understanding of environmental
problems, particularly health and pollution information. They are more likely to use tools such as the internet
and social media to gather environmental information, thus helping them to gain a deeper understanding of the
severity of environmental problems. This ability to acquire knowledge and information may increase their sensi-
tivity to environmental problems. On the other hand, younger people are often in the early stages of their careers
and may be more reliant on employment and economic opportunities. These individuals may be more susceptible
to the impact of declining health on their employment and economic prospects, increasing their sensitivity to
environmental problems. If their health is threatened, they may be concerned about the potential impact on
their economic future, thus paying closer attention to environmental problems, especially health and pollution.

Income-level heterogeneity

In economic terms, individuals can be classified into five levels based on their subjective perception of income,
with levels 1 to 2 considered as the low-income group and levels 3 to 5 as the middle- and high-income group.
This classification not only reflects differences in socioeconomic status but also profoundly influences individuals’
perception of and response to environmental pollution. Specifically, when considering the relationship between
the air pollution index of the province where individuals reside and their perception of environmental pollu-
tion, a notable phenomenon emerges: as the air pollution index rises, the perception of environmental pollu-
tion generally increases across all income groups. However, there is significant heterogeneity in how changes in

Air Pollution ‘ Population-Weighted PM2.5 ‘ Geographic-Mean PM2.5 ‘ pop25 ‘ pop35 ‘ pop45

Younger than 40 years old

Airvollution | 0-009"* 0.009%* 0,002 [ 0.0024+* | 0.002%+*
P (8.66) (7.92) (5.32) (7.74) (7.54)
0.130%+ 0.120%+ 0.125%* [ 0.120%* | 0.120%+
Worse Health | (57, (5.24) (5.07) (5.25) (5.22)
0.032 0.034 0.029 0.033 0.031
Better Health (L11) (1.15) (1.00) (1.12) (1.05)
0.004 0.005 0.006 0.004 0.005
Health Status | ) 35 (0.50) (0.66) (0.42) (0.46)
Control YES YES YES YES YES
Year Dummy YES YES YES YES YES
N 17,190 17,190 17,190 |17,190 | 17,190

Not younger than 40 years old

e oollation ] 00077 0,008 0,001+ | 0.002%* | 0.002%
P (9.57) (9.81) (4.17) (8.97) (8.68)
0.027% 0.026 0023|0026 | 0.026%
Worse Health |} 75, (1.64) (146)  |(170) | (L69)
Z0.019 Z0018 20022 |-0019 |-0020
Better Health | ( g0, (-0.75) (-091) | (-080) |(-085)
0.008 0.009 0010|0008 | 0.009
Health Status | ;55 (1.39) a.67) (32 | (.40
Control YES YES YES YES YES
Year Dummy | YES YES YES YES YES
N 30,129 30,129 30129 |30,129 | 30,129

Table 8. Individual-level heterogeneity in public perception of environmental problems.
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individual health status affect environmental pollution perception among different income levels. The specific
results are shown in Table 9.

For the low-income group, despite potentially being exposed to more severe environmental pollution, dete-
rioration in health status does not significantly enhance their perception of environmental pollution. This phe-
nomenon can be attributed to multiple factors: firstly, low-income groups often face more pressing survival
pressures, with their attention focused more on meeting basic living needs rather than long-term issues such as
environmental pollution; secondly, limited by educational resources and information access channels, this group
may have insufficient understanding of the health risks associated with environmental pollution; furthermore,
lower income levels restrict their options for improving living conditions or adopting protective measures,
thereby weakening their sensitivity to environmental pollution to some extent.

Conversely, for the middle- and high-income group, deterioration in health status significantly increases their
perception of environmental pollution. This finding can be explained from several aspects: firstly, the middle-
and high-income group generally has a higher level of education and stronger information access capabilities,
enabling them to more comprehensively understand the complex relationship between environmental pollution
and health; secondly, higher income levels grant them more choices, including migrating to areas with better
environmental quality and adopting advanced air purification technologies, thereby enhancing their direct expe-
rience of the impacts of environmental pollution; finally, with an improvement in quality of life, the middle- and
high-income group is more concerned about personal health and quality of life, making environmental pollution,
as a potential health threat, a highly relevant issue for them.

Discussion
Mechanism analysis
The interaction coefficient of the air pollution variable with the GDP growth rate is significantly positive, and
in this case, the coefficient of the air pollution variable itself becomes nonsignificant (as shown in Table 10).
This finding suggests that in provinces with higher levels of air pollution and faster GDP growth, individuals
perceive environmental problems more prominently. Higher GDP growth is typically associated with accelerated
economic development and industrialization and is often accompanied by increased production activities and
resource utilization. This can lead to more severe air pollution, as industrial and manufacturing processes tend to
emit pollutants. When GDP growth rates are high, environmental problems may become more prominent, as the
expansion of economic activities results in increased pollution. Rapid GDP growth may also lead to heightened
government and societal attention to environmental concerns. To mitigate environmental pressure, govern-
ments may adopt more proactive environmental policies and stricter regulations. This can increase individuals’
sensitivity to environmental problems, which may increase overall public awareness of environmental problems.
The interaction term between age and the health dummy variable is significantly negative. In contrast, the
interaction term between the age variable and the Better Health dummy variable does not significantly impact
individuals’ public awareness of environmental problems. These findings show that younger individuals experi-
encing deteriorating health are more likely to experience environmental problems. As individuals age, the risk

Air Pollution ‘ Population-Weighted PM2.5 ‘ Geographic-Mean PM2.5 ‘ pop25 ‘ pop35 ‘ pop45

Lower-income groups

Air vollution | 0:008 0.008°* 0002 | 0.002%%% | 0.002°*
P (6.74) (6.54) (3.45) (5.96) (6.06)
0.029 0.028 0.025 0.028 0.027
Worse Health | 79y (1.17) (1.05) (1.15) (1.14)
Z0014 Z0.013 Z0018 | -0015 |-0016
Better Health | ( g 37) (~0.34) (-048) | (-040) |(-0.42)
0.001 0.002 0.003 0.002 0.002
Health Status | 5 1) (0.22) (033) (0.17) (0.18)
Control YES YES YES YES YES
Year Dummy YES YES YES YES YES
N 13,908 13,908 13,908 | 13,908 | 13,908

Middle- and high-income groups

ir vollution | 0:0087 0.009" 0,002 | 0.002%* | 0.002°+
P (10.91) (10.67) (5.51) (1029) | (9.80)
0,055+ 0.053% 0,050 | 0.054%* | 0.054%
Worse Health | (5 (3.34) (G15) | (G43) | (3.40)
Z0014 Z0013 Z0016 | -0014 | —0015
Better Health | (' oy (~0.59) (-0.75) | (-063) |(-071)
0.007 0.007 0009|0007 | 0007
Health Status | 7' 5¢) (1.21) 1.50)  |@110) | (120
Control YES YES YES YES YES
Year Dummy | YES YES YES YES YES
N 33,411 33,411 33,411 33,411 33,411

Table 9. Income-level heterogeneity in public perception of environmental problems.
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Public awareness of environmental problems (0-10 scale)
Air Pollution Population-Weighted PM2.5 | Geographic-Mean PM2.5 | pop25 pop35 pop45
Air pollution 0.001 0.001 —0.000 0.000 0.000
p (0.82) (0.92) (-0.78) (1.01) (0.21)
—0.094*** —0.090*** —0.094*** —0.064*** —0.062%**

GDP growth rate (-9.63) (-9.77) (-9.04) (-11.46) (-13.90)

. . 0.001** 0.001+** 0.001*+** 0.000%** 0.000***

*,

Air pollution*GDP growth rate (5.29) (5.26) (4.96) (5.29) (5.26)

. 0.181*%%* 0.181*%* 0.175%%* 0.183*** 0.178***
Worse Health (4.23) (4.22) (4.09) (4.26) (4.16)
Ace —0.011*** —0.011*** —0.011*** —0.011%* —0.011%*

8 (-19.34) (-19.31) (-19.07) | (-19.36) | (~19.06)
—0.003*** —0.003*** —0.003*** —0.003%** —0.003***
*
Worse Health*Age (=3.26) (=3.29) (-323) | (=331) | (-322)
0.019 0.021 0.015 0.021 0.018
Better Health (0.35) (0.38) (0.28) (0.38) (0.33)
. —-0.001 —-0.001 —-0.001 —-0.001 -0.001
Better Health*Age (~0.59) (~0.60) (-055) | (-061) | (~059)
0.006 0.007 0.008 0.006 0.007
Health Status (1.20) (1.35) (1.60) (1.21) (1.32)
Control YES YES YES YES YES
Year Dummy YES YES YES YES YES
N 47,319 47,319 47,319 47,319 47,319

Table 10. The underlying mechanisms affect public perception of environmental problems.

factors associated with health shocks increase, and older age groups are less likely to attribute their declining
health to environmental problems.

Climate productivity

The issue of environmental pollution during economic development has received significant attention from
the Chinese government. Efficiency assessments that do not consider environmental costs can incentivize local
authorities to prioritize GDP-driven economic development. However, such a growth model is not conducive
to sustainable economic development. To address environmental constraints during economic development
and maintain harmonious and sustainable development of the economy, resources, and the environment, envi-
ronmental protection has been a prominent concern for the Chinese government since 2003*. Reforms have
been implemented for GDP-based assessment standards, and in 2004, the National Bureau of Statistics of China
initiated the "climate productivity Accounting" project.

This paper measures "climate productivity" by dividing per capita GDP by an air pollution proxy variable.
This represents the positive effects of national economic growth. A higher proportion of Climate productivity in
total GDP signifies a greater positive and lower negative impact on economic growth. As shown in the regression
results in Table 11, climate productivity significantly reduces individuals’ perception of environmental problems.
This can be explained from three perspectives.

Firstly, economic growth and environmental improvement, "climate productivity" reflects whether environ-
mental improvements accompany the country’s economic growth. If the country implements environmentally
friendly policies alongside economic growth, environmental quality will likely improve. This environmental
improvement can reduce individuals’ perception of environmental problems because they experience a better
environment.

Climate productivity indicator | In(GDP-PWeightedPM25) | In(GDP-GMeanPM25)
] . —0.159* —0.176*

Climate productivity (~12.66) (~13.50)
0.045%** 0.043***

Worse health (3.43) (3.31)
-0.013 -0.015

Better health (-0.69) (-0.80)

. ) 0.008 0.009

Health status (1.52) (1.64)

Control YES YES

Year dummy YES YES

N 47,319 47,319

Table 11. Climate productivity, health status, and public perception of environmental problems.
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Secondly, environmental investment and knowledge: National investments and policies in green economics
may increase people’s awareness and knowledge of environmental problems. In a more environmentally conscious
economy, individuals are likely to have better access to environmental education and information, allowing
them to better understand environmental problems’ complexities. As a result, they are more likely to approach
environmental problems rationally and are less prone to worry.

Thirdly, the standard of living and well-being, economic growth can increase people’s living standards and
overall well-being. When basic needs are met, individuals may focus on other aspects of life quality, such as the
environment. Therefore, in relatively affluent countries, individuals may place greater emphasis on environmental
problems and be less affected by their negative consequences. Consequently, an increase in climate productivity
is beneficial for alleviating individuals’ concerns about environmental problems.

Policy implications

Based on our research, we outline four strategic policy recommendations aimed at fostering heightened environ-
mental awareness, strengthening protection measures, and advancing sustainable development globally. Firstly,
tailored environmental education acknowledges the diverse perspectives held by different income groups towards
environmental issues. For low-income communities, we advocate for community-centered initiatives and acces-
sible public lectures to ignite their environmental consciousness. Conversely, middle- and high-income segments
should be engaged through in-depth professional reports, seminars, and workshops, fostering a deeper compre-
hension of environmental challenges and fostering a stronger commitment to conservation efforts.

Secondly, intensifying health-related publicity underscores the critical link between environmental pollution
and public health, particularly for middle- and high-income demographics. We propose targeted awareness
campaigns that educate these groups on the adverse health effects of pollution, empowering them to recognize
and mitigate potential health risks associated with environmental degradation.

Thirdly, differentiated protection policies emphasize the need to tailor environmental policies to account
for the disparities in perception and impact across income groups. For low-income areas disproportionately
affected, stricter regulations must be prioritized to alleviate their environmental burden. Furthermore, we recom-
mend bolstering air quality monitoring systems, implementing tailored regulations in rapidly growing economic
regions plagued by severe pollution, integrating environmental costs into Green GDP metrics to promote holistic
economic evaluation, and investing in environmental education and advocacy to encourage wider conservation
efforts.

Lastly, green economic growth & public participation highlights the importance of nurturing green economic
growth by incentivizing sustainable industries and eco-innovation. Concurrently, we underscore the need to
establish mechanisms that motivate and facilitate public involvement in environmental protection, including
volunteering opportunities, community events, and monitoring initiatives. This collaborative stewardship not
only fosters a deeper sense of responsibility but also lays the foundation for a more resilient and environmentally
sustainable future.

Conclusion

This paper utilizes Chinese panel data from an ordered probit regression model to investigate the influence of
two informational aspects—air pollution and health status—on individuals’ public awareness of environmental
problems. This inquiry holds significant policy relevance globally, aiming to enhance public scrutiny in envi-
ronmental protection efforts. Expanding on regional and individual heterogeneity discussions, the study also
explores the underlying mechanism and climate productivity index.

First, after accounting for provincial-level economic factors and individual characteristics, this paper estab-
lishes the significant consistency between actual air pollution (represented by PM2.5, emissions of sulfur dioxide,
particulate matter, and nitrogen oxides) and individuals” subjective perceptions of environmental problems. This
underscores the pivotal role of air quality variations across different regions in China in shaping individual per-
ceptions of environmental problems. The study emphasizes the heightened concern for environmental problems
in areas with more severe air pollution than developed countries. Furthermore, this phenomenon intensifies as
GDP growth rates increase. Regions with more severe air pollution and higher GDP growth rates correspond to
individuals perceiving environmental problems as more severe.

Additionally, this study delves into the asymmetric influence of individual health status on the perception of
environmental problems. A noteworthy finding is that when an individual’s health status deteriorates, his or her
perception of the severity of environmental problems significantly increases. However, the impact of improved
health status and self-rated health needs further examination for clarity. This finding suggested that there is a close
relationship between individual health status and external environmental quality. When individuals experience
declining health, they become more sensitive to the severity of environmental problems, particularly in China’s
central and western regions and among individuals under 40 years of age. Individuals may be more inclined to
attribute this to poor environmental quality, as subpar environmental conditions can exacerbate health problems.

This paper significantly contributes to the literature on the public perception of environmental problems.
Firstly, large-scale survey data are combined with specific provincial-level data to systematically evaluate the
impact of macroeconomic and microeconomic factors on public awareness of environmental problems in China.
Secondly, in contrast to potential differences in perceptions among demographic groups that may exist in devel-
oping countries, often referred to as saturation effects or baseline-condition effects?, this study reveals hetero-
geneity in the perception of environmental problems at the regional and individual levels. Thirdly, this paper
finds that objective air pollution and subjective health status significantly influence an individual’s public aware-
ness of environmental problems. Specifically, changes in health status exhibit asymmetry, with a deterioration
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significantly increasing individuals’ perception of environmental pollution, while an improvement in health
status does not significantly impact health status.

This study has several limitations that warrant further in-depth research. Firstly, the research did not con-
sider whether the variables of interest are culturally dependent. Local cultural resources often influence public
perceptions, relying heavily on individuals” experiences. Future research could explore the influence of cultural
factors and conduct cross-cultural comparisons. Secondly, monitoring stations typically record environmental
concentrations at relatively infrequent intervals (Levinson, 2012), while air pollution data are often aggregated
over extended periods, such as a year (Ferreira et al., 2013). Consequently, matched air pollution may differ
from actual exposure, potentially introducing measurement errors that could bias estimates. Thirdly, this study
included only a limited number of individual characteristics. Future research could compare differences across
other developing countries. In summary, these limitations provide opportunities for further investigation and
analysis.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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