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Particulate matter (PM) is a hazardous airborne pollutant that encompasses all airborne particles with diameters ranging from 0.001 to 100 μm. It is composed of total suspended particles (TSPs), consisting of two main particle sizes: PM10 and PM2.5. PM poses various threats to human health because of its rapid mobility and its ability to spread over a wide area. In particular, it has long-term negative effects on such organs as the lungs and heart. China and South Korea, located in Northeast Asia, are representative of the countries at risk of PM, and their populations live with an awareness that the harms of PM go beyond physical risks. Therefore, based on previous studies, this study classifies the perceived PM risks into physical, psychological, financial, functional, and time risks. It has tried to verify the effect of this risk perception on the behavior intention of Chinese and Koreans and examine the moderating effect according to the difference in nationality. The study's conceptual model was constructed by applying Ajzen's proven theory of planned action. Utilizing AMOS 22.0 and SPSS 22.0, an analysis was performed. Following this analysis, it was determined that there was a significant causal relationship between perceived PM risk and behavioral attitudes, subjective norms, and perceived behavioral control. Additionally, it was discovered that perceived PM risk significantly impacted desire and behavioral intention. These findings demonstrate that when persons are exposed to high concentrations of PM, they perceive a variety of risks that go beyond the merely physical, and they can form different attitudes depending on their nationality. This study greatly contributes to the theoretical and practical implications by presenting more diverse perspectives on PM risk.
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Introduction

Rapid economic growth and industrialization have created a new social problem and threat to human health in the form of particulate matter (PM). PM is a dangerous airborne pollutant that encompasses all airborne particles whose diameters range from 0.001 to 100 μm (1). PM is composed of total suspended particles (TSPs), consisting of two main particle sizes: PM10 and PM2.5. PM10, and PM2.5 are very different from the traditional dust that can be generally observed around us, and they can be categorized into fine dust and ultra-fine dust according to their diameters. PM10, which we call “fine dust,” is dust smaller than 10/1,000 mm, and PM2.5, which we call “ultra-fine dust,” is dust smaller than 2.5/1,000 mm, less than 1/20th to 1/30th the diameter of a human hair (about 60 μm). Only an electron microscope can detect it (1, 2). This fine PM may be much more common than we think. Its primary sources are vehicles, power plants, and such activities as burning coal and wood for fuel. Natural disasters, such as natural or man-made wildfires, can also release PM into the atmosphere (3). According to one misconception, fine PM only affects the quality of outdoor air, but it is also prevalent in homes. PM can be added to our home through routine activities like cooking (particularly frying, stir-frying, broiling fish, etc.), smoking, or using a wood stove or other household fuel (3). These fine PM particles can also easily travel long distances, which can negatively affect the surrounding area for miles. In particular, they adversely affect human activity and the body (4, 5).

Fine PM is only one-fifth the size of a human hair. Therefore, it is highly likely to seep into the body without being filtered out of the nose or bronchi. The fine PM that enters the body and penetrates the lungs causes asthma and lung diseases, as well as inflammation due to the action of immune cells to remove it (2, 4, 5). Ultra-fine PM has a larger surface area than fine PM; more harmful substances can be adsorbed and are more likely to penetrate blood vessels and move to other human organs (3). The WHO estimates that in 2016, ~58% of premature deaths from outdoor air pollution were related to stroke or ischemic heart disease, while 6% of deaths were attributable to lung cancer, and 18% were brought on by chronic obstructive pulmonary disease brought on by acute lower respiratory infections (4). Public awareness of the risk of respiratory and lung diseases caused by fine PM has also limited human activities (6–8). Warning messages from the government and media, such as about refraining from outdoor activities and recommending masks due to high fine PM concentrations, have raised awareness of negative risks and anxiety about outdoor activities and become an important negative catalyst for reducing outdoor activities and walking time (7–9).

Particulate matter is a global problem, affecting various regions in various ways. For decades, Northeast Asian countries have suffered from severe PM concentrations (7, 9–11). In particular, high PM concentrations in China and Korea are causing great concern, and public interest in their health problems and poor quality of life and the related risks is gradually increasing (8, 10, 11). China has experienced rapid dynamics and demographic changes because of the speed of its economic development over the past few decades. This has coincided with an increase in PM levels due to increased energy emissions and industrial waste. In particular, PM 2.5, a major health burden, plays an increasingly negative role in China's social and economic development (12). Fine PM concentrations in China have exceeded WHO air quality standards and epidemiological data demonstrate a persistent link between rising respiratory and cardiovascular disease rates and PM concentrations (8, 13). Korea is not much different from China. In instance, Korea placed first among OECD nations for PM2.5 concentration (24.8 g/m3/year) in 2019, and 61 Korean cities were listed among the top 100 cities with high levels of urban pollution, making up the largest share among OECD members (14). The Korean government is responding to the PM problem by strengthening environmental standards and enacting the “Special Act on the Reduction and Management of Fine Dust” law in 2016 (7, 15). However, the perceived risk (i.e., physical, psychological, financial, functional, and time) of PM that has accumulated in a relatively short period is affecting people's lives in various ways (6).

In addition to the negative effects on health, high PM concentrations reduce urban residents' outings and interactions, decreasing consumption and reducing overall vitality (16, 17). Specifically, when PM accumulates, people reduce such outdoor leisure activities as jogging, walking, cycling, and hiking, and workers' productivity declines, which has a negative economic impact (16, 18, 19). Health costs rise due to various diseases associated with PM (16). Braithwaite et al. (20) and Kim et al. (21) found that high fine dust levels negatively affect psychological and mental health, increasing suicide rates and lowering the overall quality of life. Therefore, PM poses various threats to human life. Nevertheless, studies have only focused on the health effects of PM, so a broader perspective is necessary. Insight is also needed into how awareness of this risk of PM can change people's cognitive behavior. Therefore, this study investigates how this awareness can change human desires and behavioral intentions based on Ajzen's (22) theory of planned behavior (TPB), which has been proven on reasoned human actions.

The following queries are specifically addressed in this study: (1) among the perceived PM risks presented in this study, which risk is the most widely recognized; (2) does PM risk perception affect sub-factors of TPB and behavior intention through Ajzen's verified theory of TPB; (3) does the perception and behavior of PM risk differ according to nationality (China and Korea)?



Literature review


Characteristics and perceived risks of PM

One of the major global environmental issues is air pollution. Worldwide, an average of over 7 million people die prematurely each year from breathing air containing a high concentration of pollutants (23). The main substances polluting the air are persistent organic pollutants, fine dust, heavy metals, nitrogen oxides, and carbon monoxide (24). Especially harmful to humans is PM, which can have serious effects (4, 5, 25). PM can be classified according to particle size and is generally categorized into PM10 and PM2.5. The potential for health issues to be caused by the particles is directly correlated with their size. Exposure to these particles can affect both the lungs and the heart. According to WHO surveys, an increase of 10 μg/m3 in PM10 levels is generally correlated with a 0.2–0.6% increase in daily mortality, and long-term exposure to PM2.5 increases the risk of cardiopulmonary death per 10 μg/m3 of PM by 6–13% (23). Consequently, people are concerned about the health damage caused by PM, so they change their activity patterns, such as by refraining from outdoor activities (16–18). PM also leads to psychological fear and physical risk for workers (16, 19), which lowers their productivity and entails financial risk, psychological risk, and negative consequences such as drugs or suicide (21, 26). Therefore, people can experience various risks through PM, and the anxiety consumers feel about the uncertain results that may arise can be defined as perceived risk (27, 28).

Perceived risk refers to the psychology behind people's behavior as it reflects uncertainty toward the future. These uncertainties directly affect people's behavioral responses (29–31). The term “perceived risk” also refers to how someone feels and comprehends the many externally present threats, emphasizing the impact of personal experiences on hunches and subjective impressions (31). This risk awareness is fundamental in psychological and physical risk environments, as it determines which risks people are concerned with and how they respond to them (31, 32). Perceived risk can be categorized according to several dimensions, measured through various indicators (28). Stone and Grønhaug (33) found that perceived risk includes physical, psychological, financial, social, functional, and time risks. In examining green consumer electronic products, Pathak and Pathak (34) classified the perceived risk into five sub-dimensions, physical, psychological, financial, functional, and time, and verified the significance of each. In examining the perceived risk and psychological distance of air pollution, Liu et al. (30) showed that people could perceive physical, psychological, economic, and functional risks according to air pollution. Therefore, this study presents physical, psychological, financial, functional, and time risks as sub-factors of the perceived risk of PM and attempts to verify the effect.


Physical risk

In the environmental sector, physical risks are often characterized as dangers brought on by the physical consequences of environmental deterioration and climate change (35). Environmental destruction poses various threats, but the most critical issue these days is the risk caused by PM. PM shortens the lifespan of the entire body, beginning with the fetus and continuing until death, which causes premature mortality, primarily due to respiratory and cardiovascular problems (2, 4, 12). The everyday consequences of PM are becoming increasingly serious and severely threatening our health (2–4). Exposure to PM can lead to premature death from cardiovascular disease (arrhythmia, heart attack) and respiratory diseases (asthma attack, bronchitis, pneumonia) (2, 4). In addition to the negative effects on health, PM accumulates, increases such as hospital visits, hospitalizations, absences from school and work, and limited outdoor activities. Yan et al. (16) and Sass et al. (26) found that in areas with high levels of PM, the perceived risk to the body tends to lead people to reduce the amount of time they spend outdoors. Their research has also shown that high levels of PM harm the pathogenesis of the brain and psychiatric disorders (3, 26) and entail an exceptionally high risk for the elderly and children. However, PM has also been proven to affect healthy people (3).



Psychological risk

Psychological risk is the possibility of a psychological injury occurring when a person is exposed to a hazard. From a psychological standpoint, hazards are instances or elements that might raise the possibility of a stress response, essentially a bodily, psychological, or emotional reaction (36). A higher risk of chronic disease and mortality is linked to psychological discomfort, which can also affect everyday living activities and social interaction. People tend to spend less time outdoors in areas with high PM levels. This avoidance behavior reduces the number of times people are exposed to sunlight, which increases the likelihood that vitamin D deficiency will cause or exacerbate psychological risk (26, 37). In addition, high PM concentration levels negatively affect psychologically such as increased anxiety, psychosis, perceived stress, depression, and suicide rates (20, 21). In this context, Sass et al. (26) found that increased psychological anguish is significantly linked to PM2.5. Additionally, Clifford et al. (38) and Luo et al. (39) also found a significant relationship between PM and anxiety, suicide, and depression.



Financial risk

Financial risk is the potential for monetary loss on an investment or business venture (40, 41). Climate change poses major risks that are already affecting the lives and finances of many people. PM has a complex relationship with climate change. PM can have either warming or cooling effects on the climate (42). Global insurance firm Marsh McLennan estimates that climate change will put about 2% of global financial assets at risk by 2100 (43). Therefore, PM, which plays an essential role in climate change, may entail various financial risks. A high level of PM reduces people's consumption activities. It affects sales of nearby stores, which in turn has a dangerous effect on the finances of the companies that produce the products sold. Additionally, it causes a rise in prices due to decreased production of agricultural and fishery products and generates additional expenditures due to the installation of air purifiers at home, further purchases of masks, and increased use of delivery food. Guo et al. (44) found a positive correlation between the air quality index (AQI) of some Chinese cities and the stock price return of local companies.



Functional risk

Perceived risks may include functional risks, which may raise fears and suspicions that external hazards will prevent people from conducting a plan or activity. People are restricted from outdoor activities due to particulate matter, and implementing policies such as government measures to reduce PM also limits the use of vehicles. Regarding physical functional risk, long-term exposure to airborne particulates leads to cognitive decline. A Chinese study found that exposure to PM reduced cognitive abilities in speech and math tests (45). Additionally, high levels of PM impair cognitive function in decision-making and reduce productivity and worker performance (39). Kahn and Li (46) also found that prolonged exposure to PM increased the risk of death and lowered the emotional wellbeing and productivity of outdoor workers.



Time risk

Perceived risks from PM may also include time risks (6, 30, 33). Time risk refers to wasted or lost time as a result of bad decisions or unexpected circumstances. Purchasing an item is a representative example of time risk. Time risk involved includes navigation and/or submitting orders to buy, waiting for delivery of the item to home, and returning it for a replacement because the product does not meet consumer expectations (47–49). If we apply this to the PM risk, the time required to purchase and install an air purifier due to deteriorating air quality and the time it takes for regular maintenance can be perceived as time risks. Other examples of time risks are reducing leisure and economic activity (work) hours, changing business schedules due to high PM concentration, using public transportation to lower pollution levels, and purchasing masks to prevent health problems (49, 50). Therefore, this perception of time risk has been found to have a negative effect on people's behavior and intentions (48).




Theory of planned behavior

The TPB is a psychological theory that links beliefs to behavior. Ajzen (22) developed TPB to increase the predictive capacity of the theory of reasoned action (TRA). TPB was intended to incorporate perceived behavioral control. TPB views individuals as rational decision-makers who weigh all possible outcomes before making a choice (22). The theory contends that three fundamental variables—attitude, subjective norms, and perceived behavioral control—significantly impact a person's behavioral intentions (22). Attitude, one of the constituent factors of TPB, indicates how an individual evaluates a given behavior, whether positively or negatively, and predicts the intention to perform a protective behavior (22, 51). Subjective norms manifest social influence and are defined as the extent to which people feel pressured or not to perform (or not) an action by significant others (51). Perceived behavioral control can be described as “an individual's beliefs about how easy or difficult the performance of a behavior is.” (22). The most proximal predictor of human social behavior, in turn, is the behavioral intention, which is a core principle of TPB (22). Behavioral intentions represent upcoming behaviors people expect and prepare for (52). They show expectations associated with particular behavior in a specific mechanism and can be considered to predict the likelihood that the behavior will be performed (22, 51, 52). Therefore, the TPB has been used in several academic disciplines to understand better the processes by which conscious decisions are made, particularly concerning environmental and health risks (53).

Perceived risks are fundamental to environmental and health risk communication, as they determine which risks people are concerned with and how they respond (27). An individual's social, cultural, and situational factors influence that individual's perceptions and are significantly causally related to attitudes, behaviors, and perceived behavior control (27, 54). Fishbein and Yzer (55) suggested that risk perception can be conceptualized as a terminal predictor of behavioral intention. Risk perception can be regarded as an essential determinant of behavioral intention through subjective norms (56). When individuals engage in a certain behavior, risk perception interacts with perceived behavioral control, and an individual's risk perception increases their desire to act according to their sense of self-efficacy to engage in preventive behavior (57). People with higher risk perception are more responsive to behavioral consequences (attitudes) to form positive intentions. According to an air pollution study, persons who experience adverse health effects from PM evaluate the risk as more severe, have higher environmental standards and are more inclined to act to lessen the risk (57, 58). In particular, direct experience with risk minimizes an individual's psychological distance from risk and encourages risk mitigation measures (59). Psychological distance is an individual's perception that affects behavior, and the farther the psychological distance to the environment, the less eco-friendly intention, and the closer the psychological distance to the environment, the more positive to support and participation in pro-environmental behavior (30). Thus, when people perceive the various dangers of PM, they can increase their desire and intention to perform specific behaviors while reducing their psychological distance. In particular, an individual's normative behavior toward the perceived risk of PM significantly affects the intention to take preventive actions under the influence of surrounding groups and social factors (60–62). In light of previous research, the following hypotheses are put forth:

Hypothesis 1: The perceived risk of PM negatively affects attitude toward the behavior.

Hypothesis 2: The perceived risk of PM negatively affects the subjective norm.

Hypothesis 3: The perceived risk of PM negatively affects perceived behavioral control.

Hypothesis 4: The attitude toward the behavior positively affects desire.

Hypothesis 5: The subjective norm positively affects desire.

Hypothesis 6: The perceived behavioral control positively affects desire.

Hypothesis 7: The desire positively affects behavior intention.



PM perception in China and Korea

Like many other nations that experienced rapid industrialization, China and Korea experienced strong economic growth and severe pollution before concerted attempts were made to improve air quality (9–11). China, in particular, has seen significant increases in energy consumption and air pollution emissions due to rapid economic growth. As a result, fine PM pollution is one of the most critical environmental problems in modern-day China, especially in highly industrialized urban areas (10, 11, 59). Given the many threats that PM demonstrably poses to human health, the Chinese public has perceived the risks posed by air pollution as being more severe (11, 63, 64). This is because regular haze pollution has increased public anxiety in China and raised the possibility of civil instability (64). Lee (65) established that Chinese adolescents' risk perception toward environmental messages (e.g., PM severity) positively affected environmental attitudes and shaped their environmental desire and behavior intentions. Yan and Wu (53) also found that public perception of PM risks significantly affected their attitudes, norms, and behavioral intentions.

According to the Korean National Institute of Environmental Research, Seoul, Korea, is one of the world's most polluted cities. Seoul's mean PM10 levels were higher between 2009 and 2013 than in several of the world's biggest cities, including Los Angeles, Tokyo, Paris, and London (66). In addition, in 2019, its PM2.5 concentration (24.8 μg/m3/year) was the highest among OECD nations (7). Korean interest in PM increased after the 1988 Seoul Olympics, as the government concentrated on the air pollution condition, remedial actions, and anticipated risk levels based on the season (7, 67). In particular, people had a greater perception of PM risks with increased media attention and warnings about outdoor activities and masks (67). In addition, the perceived risk of PM differed depending on the region. Kim et al. (7) and Whitmarsh (58) found a correlation between residency in areas with severe PM and negative attitudes and behavioral intentions. Furthermore, the risk perception of air pollution significantly affects self-protection through attitudes, perceived norms, and self-efficacy (68).

Public perception of PM influences its emotional and behavioral responses (69). Research has found that if the AQI rises by 100 points on a given day, “emigration” searches will increase by roughly 2.3–4.8% the next day. In addition, such an effect is more pronounced when the AQI level is above 200; the effect differs according to the destination country and metropolitan area (69). In other words, numerous variables, such as gender, family income, region, age, education level, personal experiences, and health symptoms, may impact how each individual perceives air pollution (63). In addition, the public perception of PM is determined by social networks, media, and other sociocultural factors, which are highly localized (70). Considering that individuals may have different perceptions of risk depending on the degree and level of PM, their perceptions and behavior intentions may differ depending on whether they live in China or Korea. In light of previous research, the following hypotheses are put forth:

Hypothesis 8a: Nationality moderates the relationship between the perceived risk of PM and attitude toward behavior.

Hypothesis 8b: Nationality moderates the relationship between the perceived risk of PM and subjective norm.

Hypothesis 8c: Nationality moderates the relationship between the perceived risk of PM and perceived behavioral control.

Hypothesis 8d: Nationality moderates the relationship between attitude toward behavior and desire.

Hypothesis 8e: Nationality moderates the relationship between subjective norm and desire.

Hypothesis 8f: Nationality moderates the relationship between perceived behavioral control and desire.

Hypothesis 8g: Nationality moderates the relationship between desire and behavior intention.



Research model

The 12 theoretical components that make up this study's conceptual framework explain how the perceived risk of PM affects people's behavioral intentions. In the conceptual framework of the presented study, the moderating effect of nationality (China and Korea) is added to examine the difference. In this study, the perceived risks of PM are classified into physical, psychological, financial, functional, and time risks. The suggested theoretical framework has a total of eight hypotheses. Figure 1 displays the research model that this study presents.


[image: Figure 1]
FIGURE 1
 Proposed conceptual framework.





Methodology


Measurement tools

In this study, the perceived PM risk (e.g., physical, psychological, financial, functional, time), Attitude through Ajzen (22)'s Theory of Planned Behavior (TPB), using measurement items whose reliability and validity have been verified in prior research. The attitude toward the behavior, subjective norm, perceived behavioral control, desire, and behavioral intention were measured. Specifically, three questions were used for each of the five risks presented to measure the perceived risk of PM based on Dayour et al. (71); Quintal et al. (72). Also, according to Han (73), Perugini and Bagozzi (74), Ajzen (22), and Han et al. (75), each of the three questions measured attitude toward the behavior, subjective norm, perceived behavioral control, and desire. Finally, according to Han and Yoon's (76) research, three questions were used to measure behavioral intention. All of the questionnaires used in this study were multi-item, and the respondents were people living in areas with high PM concentrations in China and Korea. Responses were rated on a 7-point Likert scale ranging from 1 to 7 points (strongly disagree to strongly agree, respectively). In addition, a preliminary test was conducted so that survey respondents could understand the survey content more clearly and revise and supplement the survey content. The preliminary test was conducted for university professors majoring in environmental engineering and graduate students majoring in atmospheric environmental engineering.



Data collection and sample characteristics

In this study, a sample was selected through the web-based system of a data collection institution, and the collected questionnaire was used for analysis. The respondents were randomly chosen via email from those who experienced PM in China and Korea. A total of 322 persons were recruited through this method, and 318 persons were included in the empirical analysis; four individuals were excluded for insincere answers. Using SPSS 22.0, frequency analysis was performed to determine the demographic details of the sample. Specifically, the following are the demographic details of the survey respondents: By nationality, 42.1% were Chinese, and 57.9% were Korean. By gender, 48.1% were male, and 51.9% were female; for age, 33% were under the age of 20, 46.5% were in their 30s, 17% were in their 40s, and 3.5% were over the age of 50; in terms of annual income, 13.5% had less than US$30,000, 81.8% had between US$30,000 and US$50,000, 4.1% had between US$50,000 and US$70,000, and 0.6% earned more than US$70,000; regarding academic background, 7.2% of respondents had a college degree, 82.4% had a bachelor's, and 10.4% had a master's or higher; regarding marriage, 63.8% were single, and 36.2% were married.




Results


Presented measurement model results

Confirmatory factor analysis (CFA) was performed in this study to assess the validity and reliability of the proposed research model. CFA is the most practical analysis technique for confirming the validity and one-dimensionality of the scale, as well as the reliability of the measurement model (77). The analysis results through CFA are as follows. The statistical validity of the measurement model used in this investigation was satisfactory with χ2 = 944.111, df = 360, p < 0.01, χ2/df = 2.623, RMSEA = 0.072, CFI = 0.935, TLI = 0.921. Standardized regression weights were then measured to confirm the reliability of the measured properties. Results ranged from 0.648 to 0.925. Therefore, reliability was confirmed, exceeding the standardized regression weight of 0.5 for all assessed attributes. The average variance extracted (AVE) and composite reliability (CR) values were analyzed to verify the proposed measurement variables' internal consistency and central validity. As a result, AVE values arranged from 0.652 to 0.723, and CR values ranged from 0.849 to 0.887. As a result, it can be concluded that the measured attributes have acceptable internal consistency and central validity. Finally, discriminant validity was examined to confirm that the proposed notions could be distinguished. When the AVE value is greater than the square of the correlation coefficient, the discriminant validity can be irreproachable (78). Because the AVE value was greater than the correlation coefficient's square value, the analysis's findings supported discriminant validity. The results of CFA are presented in Table 1.


TABLE 1 Presented measurement model results.
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Structural equation modeling

This study verified conceptual characteristics and proposed hypotheses using the maximum likelihood method through structural equations. The model fit for this study was found to be adequate with χ2 = 1141.166, df = 391, p < 0.01, χ2/df = 2.919, RMSEA = 0.078, CFI = 0.916, TLI = 0.907. Therefore, as a result of testing the lower five risk factors of perceived risk of PM presented in this study, it was found that people perceive all five risks as significantly high. The results of the initial seven hypotheses presented are as follows. As a result of testing hypotheses 1, 2, and 3, perceived risk of PM has a negative affect on attitude toward the behavior (β = 0.785, p < 0.01), subjective norm (β = 0.831, p < 0.01) and perceived behavioral control (β = 0.862, p < 0.01) was also found to have a negative effect. Therefore, hypotheses 1, 2, and 3 were supported. Next, the effect of attitude toward the behavior, subjective norm, and perceived behavioral control on desire was verified. As a result, attitude toward the behavior and desire (β = 0.292, p < 0.01), subjective norm and desire (β = 0.194, p < 0.05), perceived behavioral control and desire (β = 0.256, p < 0.01) were all significant appeared to have an impact. Therefore, hypotheses 4, 5, and 6 were all supported. Finally, the effect of desire on behavioral intention was tested. Desire was found to have a significant effect on behavioral intention (β = 0.633, p < 0.01). Therefore, hypothesis 7 was supported.

The use of a mediating framework can greatly help understand the complex relationships between study components within a theoretical model (58). Therefore, indirect effects were validated using bootstrap to help understand the complex relationships in the model. Following the analysis, the perceived risk of PM was determined by desire (βPerceived risk of particulate matter → attitude toward the behavior & subjective norm & perceived behavior control → desire = −0.612), behavior intention (βPerceived risk of particulate matter → attitude toward the behavior & subjective norm & perceived behavior control & desire → behavior intention = −0.388) had a significant indirect effect. The components of TPB are attitude toward the behavior and behavior intention (βAttitude toward the behavior → desire → behavior intention = 0.185), subjective norm and behavioral intention (βSubjective norm → desire → behavior intention = 0.123), perceived behavioral control and behavior intention (βPerceived behavior control → desire → behavior intention = 0.162), significant indirect effects were verified only between subjective norm and behavioral intention. Therefore, the mediating role of attitude toward the behavior, subjective norm, perceived behavior control, and desire within the theoretical framework presented in this study was partially demonstrated. Table 2 shows the results of these analyzes.


TABLE 2 Structural equation modeling.
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Structural invariance model assessment

The proposed research model for the effect of perceived PM risk on behavioral intentions conducted an invariance test to identify the moderating roles according to nationality (China and Korea). Therefore, the proposed hypothesis H8a–g was tested by dividing it into a Chinese group (n = 134) and a Korean group (n = 184). Analysis revealed that nationality differences in the relationship between perceived risk of PM and attitude toward the behavior [Δχ2 (1) = 4.812, p < 0.05] play a significant moderating role. However, perceived risk of PM and subjective norm [Δχ2 (1) = 2.784, p > 0.05], perceived risk of PM and perceived behavior control [Δχ2 (1) = 2.729, p > 0.05], attitude toward the behavior and desire [Δχ2 (1) = 0.158, p > 0.05], subjective norm and desire [Δχ2 (1) = 0.009, p > 0.05], perceived behavior control and desire [Δχ2 (1) = 0.123, p > 0.05], nationality differences in the relationship between desire and behavior intention [Δχ2 (1) = 2.998, p > 0.05] does not play a significant moderating role. Therefore, only H8a is accepted, and all H8b–H8g are rejected. Detailed results are shown in Table 3 and Figure 2.


TABLE 3 Structural invariance model assessment.
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FIGURE 2
 Results of structural model.





Discussion and implications

This study helps us understand the impact of the perceived risk of PM, which threatens mankind due to rapid economic growth and industrialization, on desires and behavioral intentions through attitude, norms, and perceived behavior control. To accomplish the goal of this study, an empirical analysis was conducted. Specifically, the perceived PM risk was classified into physical, psychological, financial, functional, and time risks and the effect on three constituent variables of Ajzen's (22) verified TPB was investigated. It also examined the effect of attitude toward the behavior, subjective norms, and perceived behavioral control on desire and the effect of desire on behavioral intention. To check the difference in the perception of PM risks according to nationality, the moderating role was also verified for Chinese and Koreans, the countries most frequently exposed to the risk of PM concentration.

The results of analyzing the eight hypotheses presented in this study are as follows. First, out of the five risk factors of physical, psychological, financial, functional, and time risks presented as sub-components of the perceived risk of PM, people had a high perception of all the proposed risks. In particular, people perceive the greatest time risk when exposed to high PM levels. These results suggest that people perceive more diverse risks in addition to the health (physical) risks caused by PM, which previous studies have focused on. Therefore, this result shows the need for a more diverse approach to the perception of risk for PM and a specific approach to its potential negative impact. In addition, these results indicate the importance of these clues to improving the understanding of the risk and behavioral responses of people living in areas with high PM concentration levels.

Next, the perceived risk of PM was found to have a significantly negative effect on attitude toward the behavior, subjective norms, and perceived behavioral control. These results are consistent with the previous studies (55–57, 59) that the perception of risks influences an individual's attitudes, norms, and behavior, thereby influencing behavior intention. That is, an individual's perception of risk toward the PM leads to a change in their attitude to the behavior. It also influences how well they can perform and control the behavior and the subjective norms of social pressures for implementing or not implementing the behavior. Therefore, this study confirms that risk perception of PM can predict individual behavior, norms, and will, and that individual behavior is formed through the interaction of such perception with the above factors. In addition, it can be seen that when individuals perceive the various risks of high-level PM, they can increase their desire and intention to perform specific actions while reducing psychological distance.

As a result of the verification of hypotheses 4, 5, and 6 presented based on the verified TPB, it was found that individual attitudes, norms, and perceived behavioral control on the impact of PM risk had a significantly positive effect on individual desires. This result supports Hamid and Bano (57), which showed that individual risk perception changes attitudes and increases the desire to actively participate in preventive actions according to self-efficacy. This study indicates that the more people are aware of the dangers of PM, the greater their desire to refrain from environmentally harmful behaviors such as the use of individual vehicles, the use of fossil fuels, and the overuse of energy. Therefore, it is necessary to recognize the various problems and risks that PM can cause and implement policies to reduce PM, such as Carbon Neutral by 2050 and ESG principles, more actively. In addition, it will be necessary to raise people's awareness of the various problems that PM can cause and prepare a plan to address them actively.

In this study, to test hypotheses H8a–H8g in the proposed concept on the individual's behavioral intention through the risk perception of PM, the moderating role of nationality (China and Korea) was examined. A significant difference can be seen. Specifically, hypotheses H8b–H8g based on the present structural model did not reveal any appreciable differences in moderating effects according to nationality. However, nationality was found to play a statistically significant moderating role in the relationship between the perceived risk of PM and attitude toward the behavior. These results show that there is no significant difference between Chinese and Korean citizens in norms, behavioral control, desires, and behavioral intentions around PM risk perception, but that there may be differences in attitude. In fact, according to IQAir's 2021 World Air Quality Report (79), the average annual PM2.5 concentration (μg/m3) was found to be 32.6 for Mainland China and 19.1 for Korea. However, according to the results of this study, Korean (−0.847) and Chinese (−0.706) attitude formation varied according to PM risk perception. This result indicates that Koreans react more sensitively when it comes to attitude formation, even though China has a higher level of PM2.5 concentration. In addition, although no statistically significant difference was found in the verification of the moderating effect according to the suggested nationality, Koreans responded more sensitively than Chinese in most of the relationships ranging from risk perception and behavioral intentions with respect to PM. These results are theoretically very meaningful, as the attitudes can appear to differ depending on nationality regardless of the actual PM concentration.

The following theoretical and practical implications can be derived from the results of this study. The impact of PM on humans has already become a global concern, and thanks to government agencies and various media, people are aware of the risks of PM. However, both people's perceptions and existing studies of PM focus on risks to the human body and human activity (2–6, 8). As the results of this study indicate, people perceive a greater variety of risks due to PM, and even to that extent, the perception of time risk is higher than that of physical risk. Therefore, this study is significant because it expanded the scope of the existing perceived risk of PM, suggested more diverse risk factors, and established significance in PM research. In addition, it has verified its importance by applying the previously verified TPB of Ajzen (22) to the perceived risk of PM. Through this result, the research present very significant academic implications that the perceived risk of PM can change norms and beliefs about individual behavior and negatively affect control beliefs about the consequences of certain behaviors. Especially the environmental consequences. In addition, through the verification of the indirect effect, the three sub-factors of TPB mediate the perceived risk of PM, negatively affecting desire and behavior intention. This result provides additional academic implications for the mediating role of TPB.

The practical implications of this study are as follows. When people are exposed to the risk of PM, they become aware of its severity and respond accordingly. Specifically, when the concentration of PM is high, people refrain from activities or behaviors that can worsen air quality through individual norms and perceived behavior control and seek ways to improve it. However, the fundamental principle is to minimize exposure to the risks caused by PM. Therefore, the government should devise a way to reduce the use of solid fuel, the main source of PM, through an international agreement to reduce PM, and companies should also make a gradual effort to switch from using solid fuel to alternative energy. If these efforts are combined with periodic education and environmental improvement campaigns for the citizens of those countries where PM occurs, the frequency of exposure to PM risks will be minimized, and the quality of life will be improved. In other words, premature death and health loss due to disease can be reduced by reducing the risk of disease occurring due to PM. Protecting health, improving quality of life, and living longer and healthier can also reduce the various risks (e.g., physical, psychological, financial, functional, and time) to society.



Conclusion

Globally, the risk of PM is an issue that cannot be overlooked. In particular, Northeast Asian countries are exposed to the risk of PM from yellow dust or solid fuel use. Therefore, to confirm the risk perceived by people due to PM, this study presented the physical, psychological, functional, financial, and time risks of PM through a literature review; examined the components of the verified TPB (e.g., attitudes toward behavior, subjective norms, perceived behavioral control); and confirmed their effect on individual desires and behavioral intentions. This study's results confirmed that people perceive risk for PM in various forms and that risk perception toward PM has a negative effect on attitude toward the behavior, subjective norm, and perceived behavioral control. In addition, the indirect effect verified that the above perception of risk has a negative effect on individual desires and behavioral intentions. Moreover, verified that there might be significant differences according to nationality in forming attitudes toward PM. Especially this study found that the perception of PM risk may differ depending on nationality or culture, rather than on actual statistical figures. Therefore, the purpose of this study was successfully achieved, and the results provided a theoretical and practical implication for the impact of PM risk perception on desire and behavior intentions have been presented.



Limitation

This study has some limitations despite the significant findings. First, the results of this study on the perception of PM risk and behavior intentions have limited generalizability because the study targeted only citizens of two Northeast Asian countries with severe PM concentrations. Second, although the perceived level of risk may differ depending on the frequency of exposure to PM, one problem is raised that did not reflect this aspect of the study. Therefore, it is suggested that future research consider the role of nationality, cultural characteristics, the concentration level of PM, and frequency of PM throughout the year, in forming behavior intentions according to the risk perception of PM.



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.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. The patients/participants provided their written informed consent to participate in this study.



Author contributions

All authors contributed to conceptualization, formal analysis, investigation, methodology, and writing and editing the original draft.



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.



References

 1. Hwang J, Kim S. Fine dust and sustainable supply chain management in port operations: focus on the major cargo handled at the dry bulk port. J Mar Sci Eng. (2020) 17:530. doi: 10.3390/jmse8070530

 2. Ritz B, Hoffmann B, Peters A. The effects of fine dust, ozone, and nitrogen dioxide on health. Dtsch Arztebl Int. (2019) 116:881–6. doi: 10.3238/arztebl.2019.0881

 3. Awair. (2018). Available online at: www.getawair.com/blog/everything-you-need-to-know-about-fine-dust-pm2-5 (accessed July 7, 2022).

 4. WHO. (2021). Available online at: https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health (accessed July 7, 2022).

 5. Cho T. Innovative micro-dust reduction technologies. ACMY. (2017) 1:4–7. doi: 10.26480/acmy.01.2017.04.07

 6. Fine dust national forum 1st. In: Proceedings of the Fine Dust, How Serious and What Is the Problem. Seoul: The Korean Federation of Science and Technology Societies (2019).

 7. Kim B, Yoon EJ, Kim S, Lee DK. The effects of risk perceptions related to particulate matter on outdoor activity satisfaction in South Korea. Int J Environ Res Public Health. (2020) 17:1613. doi: 10.3390/ijerph17051613

 8. Kim MG, Lee SJ, Park D, Kim CH, Lee KH, Hwang JM. Relationship between the actual fine dust concentration and media exposure that influenced the changes in outdoor activity behavior in South Korea. Sci Rep. (2020) 20:1–2. doi: 10.1038/s41598-020-68580-4

 9. Choi CG, Kim CM. Path dependency and social amplification of risk in particulate matter air pollution management and its implications. J Korean Reg Dev Assoc. (2016) 28:89–107.

 10. Li J, Yang W, Wang Z, Chen H, Hu B, Li J, et al. Modeling study of surface ozone source-receptor relationships in East Asia. Atmos Res. (2016) 1:77–88. doi: 10.1016/j.atmosres.2015.07.010

 11. Liu J, Li J, Yao F. Source-receptor relationship of transboundary particulate matter pollution between China, South Korea and Japan: approaches, current understanding and limitations. Crit Rev Environ Sci Technol. (2021) 4:1–25. doi: 10.1080/10643389.2021.1964308

 12. Li T, Hu R, Chen Z, Li Q, Huang S, Zhu Z, et al. Fine particulate matter (PM2. 5): the culprit for chronic lung diseases in China. Chronic Dis Transl Med. (2018) 4:176–86. doi: 10.1016/j.cdtm.2018.07.002

 13. Song C, He J, Wu L, Jin T, Chen X, Li R, et al. Health burden attributable to ambient PM2. 5 in China. Environ Pollut. (2017) 223:575–86. doi: 10.1016/j.envpol.2017.01.060

 14. World Air Quality Report. (2019). Available online at: www.airvisual.com (accessed July 15, 2022).

 15. Kim B, Lee DK. A study on perception change in bicycle users' outdoor activity by particulate matter: based on the social network analysis. J Environ Impact Assess. (2019) 28:440–56. doi: 10.2307/j.ctv8pz9mw.24

 16. Yan L, Duarte F, Wang D, Zheng S, Ratti C. Exploring the effect of air pollution on social activity in China using geotagged social media check-in data. Cities. (2019) 91:116–25. doi: 10.1016/j.cities.2018.11.011

 17. Keiser D, Lade G, Rudik I. Air pollution and visitation at US national parks. Sci Adv. (2018) 4:1613. doi: 10.1126/sciadv.aat1613

 18. Noonan DS. Smoggy with a chance of altruism: the effects of ozone alerts on outdoor recreation and driving in Atlanta. Policy Stud J. (2014) 42:122–45. doi: 10.1111/psj.12045

 19. Kang H, Suh H, Yu J. Does air pollution affect consumption behavior? Evidence from Korean retail sales. Asian Econ J. (2019) 33:235–51. doi: 10.1111/asej.12185

 20. Braithwaite I, Zhang S, Kirkbride JB, Osborn DP, Hayes JF. Air pollution (particulate matter) exposure and associations with depression, anxiety, bipolar, psychosis and suicide risk: a systematic review and meta-analysis. Environ Health Perspect. (2019) 127:126002. doi: 10.1289/EHP4595

 21. Kim Y, Myung W, Won HH, Shim S, Jeon HJ, Choi J, et al. Association between air pollution and suicide in South Korea: a nationwide study. PLoS ONE. (2015) 10:e0117929. doi: 10.1371/journal.pone.0117929

 22. Ajzen I. The theory of planned behavior: reactions and reflections. Psychol Health. (2011) 26:1113–27. doi: 10.1080/08870446.2011.613995

 23. WHO. (2018). Available online at: https://www.who.int/data/gho/data/themes/air-pollution (accessed July 21, 2022).

 24. Kampa M, Castanas E. Human health effects of air pollution. Environ Pollut. (2008) 151:362–7. doi: 10.1016/j.envpol.2007.06.012

 25. Zhang Y, Huang W, Cai T, Fang D, Wang Y, Song J, et al. Concentrations and chemical compositions of fine particles (PM2. 5) during haze and non-haze days in Beijing. Atmos Res. (2016) 174:62–9. doi: 10.1016/j.atmosres.2016.02.003

 26. Sass V, Kravitz-Wirtz N, Karceski SM, Hajat A, Crowder K, Takeuchi D. The effects of air pollution on individual psychological distress. Health Place. (2017) 48:72–9. doi: 10.1016/j.healthplace.2017.09.006

 27. Cori L, Donzelli G, Gorini F, Bianchi F, Curzio O. Risk perception of air pollution: a systematic review focused on particulate matter exposure. Int J Environ Res Public Health. (2020) 17:6424. doi: 10.3390/ijerph17176424

 28. Zhang X, Yu X. The impact of perceived risk on consumers' cross-platform buying behavior. Front Psychol. (2020) 11:592246. doi: 10.3389/fpsyg.2020.592246

 29. Han H, Koo B, Ariza-Montes A, Lee Y, Kim HR. Are airline workers planning career turnover in a post-COVID-19 world? Assessing the impact of risk perception about virus infection and job instability. J Hosp Tour Manag. (2021) 48:460–7. doi: 10.1016/j.jhtm.2021.08.003

 30. Liu W, Zeng L, Wang Q. Psychological distance toward air pollution and purchase intention for new energy vehicles: an investigation in China. Front Psychol. (2021) 12:569115. doi: 10.3389/fpsyg.2021.569115

 31. Wei Y, Wang C, Zhu S, Xue H, Chen F. Online purchase intention of fruits: antecedents in an integrated model based on technology acceptance model and perceived risk theory. Front Psychol. (2018) 9:1521. doi: 10.3389/fpsyg.2018.01521

 32. Pidgeon N. Risk assessment, risk values and the social science programme: why we do need risk perception research. Reliab Eng Syst Saf. (1998) 59:5–15. doi: 10.1016/S0951-8320(97)00114-2

 33. Stone RN, Grønhaug K. Perceived risk: further considerations for the marketing discipline. Eur J Mark. (1993) 27:39–50. doi: 10.1108/03090569310026637

 34. Pathak VK, Pathak A. Understanding perceived risk: a case study of green electronic consumer products. Manag Insight. (2017) 13:33–7. doi: 10.21844/mijia.v13i01.8367

 35. EBA Report. (2021). Available online at: https://www.eba.europa.eu/sites/default/documents/files/document_library/Publications/Reports/2021/1015656/EBA%20Report%20on%20ESG%20risks%20management%20and%20supervision.pdf (accessed July 25, 2022).

 36. Riskology. (2021). Available online at: https://www.riskware.com.au/risk-management-blog/how-to-manage-psychological-risk-in-your-workplace (accessed July 25, 2022).

 37. Anglin RE, Samaan Z, Walter SD, McDonald SD. Vitamin D deficiency and depression in adults: systematic review and meta-analysis. Br J Psychiatry. (2013) 202:100–7. doi: 10.1192/bjp.bp.111.106666

 38. Clifford A, Lang L, Chen R, Anstey KJ, Seaton A. Exposure to air pollution and cognitive functioning across the life course–a systematic literature review. Environ Res. (2016) 147:383–98. doi: 10.1016/j.envres.2016.01.018

 39. Luo Y, Chen Y, Lin JC. Does air quality affect inventor productivity? Evidence from the NOx budget program. J Corp Finance. (2022) 73:102170. doi: 10.1016/j.jcorpfin.2022.102170

 40. Investopedia. (2022). Available online at: https://www.investopedia.com/terms/f/financialrisk.asp (accessed July 26, 2022).

 41. Quan L, Al-Ansi A, Han H. Assessing customer financial risk perception and attitude in the hotel industry: exploring the role of protective measures against COVID-19. Int J Hosp Manag. (2022) 101:103123. doi: 10.1016/j.ijhm.2021.103123

 42. USEPA. (2020). Available online at: https://www.epa.gov/air-research/air-quality-and-climate-change-research (accessed July 26, 2022).

 43. MarshMclennan. (2020). Available online at: https://www.marshmclennan.com/insights/publications/2020/apr/climate-change-is-a-global-financial-risk.html (accessed July 26, 2022).

 44. Guo J, Li Y, Cohen JB, Li J, Chen D, Xu H, et al. Shift in the temporal trend of boundary layer height in China using long-term (1979–2016) radiosonde data. Geophys Res Lett. (2019) 46:6080–9. doi: 10.1029/2019GL082666

 45. Zhang X, Chen X, Zhang X. The impact of exposure to air pollution on cognitive performance. Proc Nat Acad Sci. (2018) 115:9193–7. doi: 10.1073/pnas.1809474115

 46. Kahn ME, Li P. Air pollution lowers high skill public sector worker productivity in China. Environ Res Lett. (2020) 15:084003. doi: 10.1088/1748-9326/ab8b8c

 47. Ariff MS, Sylvester M, Zakuan N, Ismail K, Ali KM. Consumer perceived risk, attitude and online shopping behavior; empirical evidence from Malaysia. IOP Conf Ser: Mater Sci Eng. (2014) 58:012007. doi: 10.1088/1757-899X/58/1/012007

 48. Ariffin SK, Mohan T, Goh YN. Influence of consumers' perceived risk on consumers' online purchase intention. J Res Interact Mark. (2018) 12:309–27. doi: 10.1108/JRIM-11-2017-0100

 49. Forsythe S, Liu C, Shannon D, Gardner LC. Development of a scale to measure the perceived benefits and risks of online shopping. J Interact Mark. (2006) 20:55–75. doi: 10.1002/dir.20061

 50. Abbasi M, Hosseinlou MH, JafarzadehFadaki S. An investigation of bus rapid transit system (BRT) based on economic and air pollution analysis (Tehran, Iran). Case Stud Transp Policy. (2020) 8:553–63. doi: 10.1016/j.cstp.2019.11.008

 51. Fishbein M, Ajzen I. Predicting and Changing Behavior: The Reasoned Action Approach. New York, NY: Psychology Press (2011). p. 538. doi: 10.4324/9780203838020

 52. Lam HC, Ki WW, Chung AL, Ko PY, Lai AC, Lai SM, et al. Designing learning objects that afford learners the experience of important variations in Chinese characters. J Comput Assist Learn. (2004) 20:114–23. doi: 10.1111/j.1365-2729.2004.00071.x

 53. Yang Q, Wu S. How social media exposure to health information influences Chinese people's health protective behavior during air pollution: a theory of planned behavior perspective. Health Commun. (2021) 36:324–33. doi: 10.1080/10410236.2019.1692486

 54. Flynn J, Slovic P, Mertz CK. Gender, race, and perception of environmental health risks. Risk Anal. (1994) 14:1101–8. doi: 10.1111/j.1539-6924.1994.tb00082.x

 55. Fishbein M, Yzer MC. Using theory to design effective health behavior interventions. Commun Theory. (2003) 13:164–83. doi: 10.1111/j.1468-2885.2003.tb00287.x

 56. Rimal RN, Real K. Understanding the influence of perceived norms on behaviors. Commun Theory. (2003) 13:184–203. doi: 10.1111/j.1468-2885.2003.tb00288.x

 57. Hamid S, Bano N. Behavioral intention of traveling in the period of COVID-19: an application of the theory of planned behavior (TPB) and perceived risk. Int J Tour Cities. (2021) 8:357–78. doi: 10.1108/IJTC-09-2020-0183

 58. Whitmarsh L. Are flood victims more concerned about climate change than other people? The role of direct experience in risk perception and behavioral response. J Risk Res. (2008) 11:351–74. doi: 10.1080/13669870701552235

 59. Hamilton-Webb A, Naylor R, Manning L, Conway J. ‘Living on the edge’: using cognitive filters to appraise experience of environmental risk. J Risk Res. (2019) 22:303–19. doi: 10.1080/13669877.2017.1378249

 60. Han H. Theory of green purchase behavior (TGPB): a new theory for green hotel and green restaurant products. Bus Strategy Environ. (2020) 29:2815–28. doi: 10.1002/bse.2545

 61. Liu S, Chiang YT, Tseng CC, Ng E, Yeh GL, Fang WT. The theory of planned behavior to predict protective behavioral intentions against PM2. 5 in parents of young children from urban and rural Beijing, China. Int J Environ Res Public Health. (2018) 15:2215. doi: 10.3390/ijerph15102215

 62. Manosuthi N, Lee JS, Han H. Predicting the revisit intention of volunteer tourists using the merged model between the theory of planned behavior and norm activation model. J Travel Tour Mark. (2020) 37:510–32. doi: 10.1080/10548408.2020.1784364

 63. Chen Q, Zhang J, Xu Y, Sun H, Ding Z. Associations between individual perceptions of PM 25 pollution and pulmonary function in Chinese middle-aged and elderly residents. BMC Public Health. (2020) 20:1–9. doi: 10.21203/rs.2.16609/v6

 64. Liu X, Zhu H, Hu Y, Feng S, Chu Y, Wu Y, et al. Public's health risk awareness on urban air pollution in Chinese megacities: the cases of Shanghai, Wuhan and Nanchang. Int J Environ Res Public Health. (2016) 13:845. doi: 10.3390/ijerph13090845

 65. Lee K. The role of media exposure, social exposure and biospheric value orientation in the environmental attitude-intention-behavior model in adolescents. J Environ Psychol. (2011) 31:301–8. doi: 10.1016/j.jenvp.2011.08.004

 66. Kim MJ. The effects of transboundary air pollution from China on ambient air quality in South Korea. Heliyon. (2019) 5:e02953. doi: 10.1016/j.heliyon.2019.e02953

 67. Korea Ministry of Government Legislation (2022). Available online at: www.moleg.go.kr (accessed July 28, 2022).

 68. Kim HK, Kim Y. Protective behaviors against particulate air pollution: self-construal, risk perception, and direct experience in the theory of planned behavior. Environ Commun. (2021) 15:1092–108. doi: 10.1080/17524032.2021.1944891

 69. Qin Y, Zhu H. Run away? Air pollution and emigration interests in China. J Popul Econ. (2018) 31:235–66. doi: 10.1007/s00148-017-0653-0

 70. Hong W, Wei Y, Wang S. Left behind in perception of air pollution? A hidden form of spatial injustice in China. Environ Plan C: Politics Space. (2022) 40:666–84. doi: 10.1177/23996544211036145

 71. Dayour F, Park S, Kimbu AN. Backpackers' perceived risks toward smartphone usage and risk reduction strategies: a mixed methods study. Tour Manag. (2019) 72:52–68. doi: 10.1016/j.tourman.2018.11.003

 72. Quintal VA, Lee JA, Soutar GN. Risk, uncertainty and the theory of planned behavior: a tourism example. Tour Manag. (2010) 31:797–805. doi: 10.1016/j.tourman.2009.08.006

 73. Han H. Travelers' pro-environmental behavior in a green lodging context: converging value-belief-norm theory and the theory of planned behavior. Tour Manag. (2015) 47:164–77. doi: 10.1016/j.tourman.2014.09.014

 74. Perugini M, Bagozzi RP. The distinction between desires and intentions. Eur J Soc Psychol. (2004) 34:69–84. doi: 10.1002/ejsp.186

 75. Han H, Meng B, Kim W. Bike-traveling as a growing phenomenon: role of attributes, value, satisfaction, desire, and gender in developing loyalty. Tour Manag. (2017) 59:91–103. doi: 10.1016/j.tourman.2016.07.013

 76. Han H, Yoon HJ. Hotel customers' environmentally responsible behavioral intention: impact of key constructs on decision in green consumerism. Int J Hosp Manag. (2015) 45:22–33. doi: 10.1016/j.ijhm.2014.11.004

 77. Anderson JC, Gerbing DW. Structural equation modeling in practice: a review and recommended two-step approach. Psychol Bull. (1988) 103:411. doi: 10.1037/0033-2909.103.3.411

 78. Fornell C, Larcker DF. Evaluating structural equation models with unobservable variables and measurement error. J Market Res. (1981) 18:39–50. doi: 10.1177/002224378101800104

 79. IQAir. 2021 World Air Quality Report: Region & City PM2.5 Ranking. IQAir (2021). Available online at: https://www.iqair.com/world-most-polluted-countries (accessed August 3, 2022).





OPS/images/fpubh-10-1035174-t003.jpg
Paths

Hsa: Perceived risk of particulate matter — attitude toward the behavior

H8b: Perceived risk of particulate matter > subjective norm

H8c: Perceived risk of particulate matter — perceived behavior control

H8d: Attitude toward the behavior — desire

H8e: Subjective norm — desire

H8f: Perceived behavior control — desire

H8g: Desire — behavior intention

Chi-square test:

4812, <0.05
2784,p > 0.05
CAx*(1)=2.729,p> 0.05
4 AX?(1)=0.158,p > 0.05
€ Ax? (1) =0.009,p > 0.05
TAx? (1)=0.123,p > 0.05
& Ax? (1)=2.99, p > 0.05

p < 0.05,**p < 0.01.

Korean
(n=

184)

—0.847*

—~0.896*

—0911%

0278

0203

0304

0.698*

Hypotheses testing:
Hsa: Supported

H8b: Not supported
Hse: Not supported
H8d: Not supported
Hse: Not supported
H8: Not supported
Hsg: Not supported

Chinese
(n=134)

~0706*

—0.750%

~0.795%

0284%

0.199

0.192

0537

Baseline
model (freely
estimated)

x? (806) =
1699.560
X% (806) =
1699.560
X% (806) =
1699.560
x* (806) =
1699.560
X2 (806) =
1699.560
X (806)
1699.560
X2 (806)
1699.560

Nested model
(constrained
to be equal)

X2 (807) =
1704.372*
X2 (807)
1702.344
x*(807) =
1702.289¢
X2 (807
1699.718"
X2 (807) =
1699.569°
X2 (807) =
1699.683"
X (807
1702.558¢

]

Goodness-of-fit statistics for the baseline model:

X

RMSEA = 0.059, CFI
TLI=0.894

699.560, df = 806, p < 0.001, x/df = 2.109,

0.902, IFI = 0.903,





OPS/images/fpubh-10-1035174-t001.jpg
Physical risk (1)
Psychological risk (2)

Financial risk (3)
Functional risk (4)
Time risk (5)
Attitude toward the
behavior (6)
Subjective norm (7)
Perceived behavior
control (8)

Desire (9)

Behavior intention

(10)

Mean

Goodness-of-fit

bThe squared correlations between the variables are withis

[S)]

1.000
0.651*
(0.423)°
0.621
(0.385)
0592
(0.350)
0620
(0384)
~0407
(0.165)
—0.422
©0.178)
—0.484
(0234)
-0335
©0.112)
—0366
(0.133)
5024
1.249
0855
0.662

s for the measurement model:
*Correlations between the variables are below the diagonal.

2)

1.000

0522
(0272)
0532
(0.283)
0539
(0:290)
~0.452
(0.204)
—0.472
0222)
~0.487
(0237)
~0.374
(0.139)
—0.464
(0.218)
4693
1.220
0.880
0710

®)

1.000

0671
(0.450)
0427
(0.393)
—0522
(0.272)
—0.588
(0.345)
—0.461
(0212)
—0.608
(0.369)
—0.492
(0242)
509
1.367
0853
0.660

the parentheses.

4)

1.000

0619
(0383)
~0.534
(0285)
=0.625
(0390)
—0.595
(0354)
~0.469
(0.219)
—0.466
0217)
5169
1.205
0857
0.667

)

1.000

~0638
(0.407)
—0477
(0227)
—0.598
(0.357)
~0616
(0.379)
—0536
(0.287)
4860
1.299
0849
0652

944.111, df = 360, p < 0.001, x?/df = 2.623, RM

6)

1.000

0.550
(0302)
0.618
(0.381)
0585
(0.342)
0505
(0255)
2711
1.090
0887
0723

=0072

@)

0.590
(0.348)
0.591
(0.349)
0.484
(0234)
2967
1252
0.856
0.664

0.935, NFI

0900, T

®)

1.000

0589
(0.346)
0580
(0.336)
2656
1303
0.880
0710

©

0.620
(0.384)
2812
1325
0.860
0.672

(10)

1.000

4715
1.300
0.886
0721





OPS/images/fpubh-10-1035174-t002.jpg
Hypothesized paths Coefficients t-values

HI: Perceived risk of particulate matter — Attitude toward the behavior
H2: Perceived risk of particulate matter — Subjective norm

H3: Perceived risk of particulate matter — Perceived behavior control
Hi: Attitude toward the behavior — Desire

H5: Subjective norm — Desire

Hé: Perceived behavior control — Desire

H7: Desire — Behavior intention

Indirect effect:

Bcrceve sk ofpaiclate mater —» atitude toward th beaiar & subjsctive norm & percivd beaior coneo — desie = —0.612"
” i I

havior & subjective norm & perceived behavior control & desire —» behavior intention = —0.388"*

185+

Bresceved rik of particulate matter — attude toward the

Batitade towsed the behavior - desie - behavior intention

123

Brabjecive norm —» desre —> behavior intention =

Bresceved behavior control - desive — behavor intention = 0-162

*p < 0.05,**p <001

Goodness-of-fit statistics for the measurement model: x? = 1141.166, d|

391, p < 0.001, x2/df

0785 ~12.540*

0831 —13724%

0862 —14.765*
0292 3973
0.194 2.489°
0256 3209
0633 11186

Explained variance:
R? (physical risk) = 0.723.

R? (psychological risk) = 0.730
R? (financial risk) = 0.698

R (functional risk) = 0.911

R? (time risk) = 0.741

R (attitude toward the behavior) = 0.617
R? (subjective norm) = 0.691
R? (perceived behavior control) = 0.743

R? (desire) = 0.436
R? (behavior intention) = 0.401

0916, IFl = 0.917, T1






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Can the perceived risk of particulate matter change people's desires and behavior intentions?



		Introduction



		Literature review



		Characteristics and perceived risks of PM



		Physical risk



		Psychological risk



		Financial risk



		Functional risk



		Time risk









		Theory of planned behavior



		PM perception in China and Korea



		Research model







		Methodology



		Measurement tools



		Data collection and sample characteristics







		Results



		Presented measurement model results



		Structural equation modeling



		Structural invariance model assessment







		Discussion and implications



		Conclusion



		Limitation



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Can the perceived risk of
particulate matter change
people’s desires and behavior
intentions?





OPS/images/fpubh-10-1035174-g001.gif





OPS/images/fpubh-10-1035174-g002.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





