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Article 
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Abstract: A number of sustainable and environmental issues are caused by consumer's behavior. Consumers' 

consumption pattern plays an increasingly important role in environmental conservation and adopting to a more 

sustainable community.  This study used planned behavior theory and structural equation model to quantifies 

individual purchasing behavior of electronic vehicles based on perceived health risk cased by air pollution in 

Kunming, China. The  findings  showed  that  (1)for residents in Kunming, the perceived air pollution risk, the 

willingness to purchase new energy vehicles, and actual purchase behavior are low; (2) perception of health risks has 

a significant positive impact on purchase willingness, behavioral attitude and subjective norms play a significant 

positive mediating role between perception of health risks and purchase willingness, and perception of behavioral 

control plays a significant negative role, purchase willingness has significant positive impact on purchase behavior, 

the direct effect of perceived behavioral control on purchase behavior is  insignificant; (3) for highly educated 

groups, risk controllability has a significant impact on the perception of health risk, subjective norms and behavioral 

attitude have significant impacts on purchase willingness, while for low-income gourp, risk controllability has 

significant impacts on the perception of health risk. 

Keywords: sustainable consumption behavior; electronic vehicles; SEM; Kunming 

 

Introduction 

Carbon mitigation is not only critical for China to meet its carbon peak and carbon neutrality 

commitments, but also for addressing public concern over air pollution. In 2019, the air quality of 157 

of 337 Chinese cities (46.6%) met the quality standard [1]. Air pollution has a significant negative 

impact on public health, which is a major public concern. Air pollution affects the subjective and 

objective quality of life of the public, causes a wide range of diseases in the respiratory system, 

nervous system, circulatory system, digestive system and urinary syste [2]. In addition, life satisfaction 

is significantly negatively affected by perceived air pollution[3]. In China, the number of vehicles 

reached 348 million in 2019, and the total emission of carbon monoxide (CO), hydrocarbon (HC), 

nitrogen oxide (NOx) and particulate matter (PM), reached 16.04 million tons [4]. New energy vehicles 

make up a key part of plans to reduce vehicular emissions [5]. Governments could reduce automobile 

exhaust pollution on a large scale by encouraging customers to purchase new energy vehicles. 

Additionally, individuals could reduce automobile emission-caused health risks by adopting greener 

consumption behaviors, though not everyone would be willing to. The factors that dictate whether an 

individual adopts more environmentally friendly consumption behaviors relating to perceived air 

pollution risks are vague. 

This study used questionnaires to investigate the willingness of residents in Kunming to purchase 

new energy vehicles. We employed the theory of planned behavior to explore the factors of individual 

purchasing behavior based on the individual’s perception of the risks of air pollution. In Kunming 

the total number of vehicles has reached 2.5 million [4]. 
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The economic costs of air pollution and its impact on human health 

The air pollution has attracted wide interests from scholars, policy makers and sustainable 

practitioners, which caused human health cost and economic cost. The scholars had made 

considerable contribution to literature. These researchers found that various diseases for adult are 

related to air pollution, including diseases in respiratory system, Nervous system, circulatory 

system, digestive system, urinary system [2,6–9]. Infant development delays and birth defects 

are also closely related to air pollution [10]. Worldwide, every year, 4.2 million deaths are caused by 

ambient air pollution and 90% of the global population live in places where air quality doesn’t meet the 

guidelines of the WHO [11]. In a long term, air pollution reduced life expectancy [12]. Therefore, air 

pollution significantly affected human health. 

Globally, in 2013, air pollution deaths caused US$225 billion lost, and reduced annual labor 

income, equivalent to almost 1% of local GDP in South Asia, East Asia and the Pacific [13]. In China, 

haze related total direct cost on health was 23 billion Yuan in 2013 [14]. Air pollution is a challenge 

that threatens basic human welfare, damages natural and physical capital, and constrains economic 

growth [13]. 

Sustainable consumption behavior 

The factors of sustainable consumption patterns have received intense interest from scholars. 

Previous literature discussed factors of sustainable consumption patterns in a broad context of 

psychology, economic-social, culture and policy etc., covering specific variables such as knowledge of 

sustainable consumption or environment, age group, attitudes, motivation, intentions, social norms, 

behavior ability, technologies, personal values, worldview, perceived consumer effectiveness, 

emotional values and information factors [15–45]. Marjolein C. et al. combined personal egoistic, 

altruistic, and biospheric values with purchasing intentions, behavior, and experiences, with the 

results showing personal values, specifically biospheric values, determine consumer sustainable 

patterns, while personal worldview plays a mediating role [15]. Zhengxia He et al. explored 

thefactors of green purchasing behavior through grounded theory. The findings showed that 

behavior motivation, behavior intentions, residential characteristics, social norms, behavior ability, 

and institutional and technological context are the main factors in green purchasing. Personal 

characteristics, behavioral ability, social norms, and the institutional and technological context play a 

moderating role in the relationship between behavior intention and green purchasing [16]. Gabriel 

Bratucu et al. investigated the consumption patterns of university students in Romania, and found 

that almost half of respondents had no knowledge of sustainable consumption, with older students 

showing more interest in sustainable consumption issues [17]. Xianchuan Yang et al. applied goal-

framing theory to explore egoistic and altruistic appeals for green purchasing patterns among 

consumers in China. The results showed that media suggestions affect sustainable consumption behavior, 

and normative goals play a mediating role. Additionally, egoistic appeals push consumers to adopt a 

sustainable purchase behavior to help themselves, while altruistic appeals reduce consumers’ green 

purchase intensions [18]. Joseph Agebase Awuni1 et al., using structural equation modeling and 

consumption value theory, investigated 309 respondents and found that social and emotional values 

positively affect sustainable consumption intentions, but the influence of functional, conditional and 

epistemic values are not significant [19]. In the research of Camillo De Camillis and Malgorzata 

Goralczyk, they, taking life cycle thinking into account, proposed and verified a taxation framework 

towards sustainable consumption [45]. Jacopo Cerri et al. identified the role of information in the 

theoretical framework of consumption behavior, claiming that a consumer’s ecological knowledge 

could increase the predictive power of the theoretical framework. In addition, product labels, which 

provide product sustainability information, could effectively foster positive sustainable consumption 

attitudes in consumers [22]. Cultural and psychological factors were investigated in the research of 

Y. Ricky. and K. Chan. They investigated two major cities in China, and their findings suggested that 

subjects’ man–nature orientation,degree of collectivism, ecological affect and, marginally, ecological 

knowledge affected their attitudes toward sustainable consumption behavior. Their attitude, in turn, 

drove them toward more sustainable purchasing behaviors [23]. From 399 respondents in Hong Kong, 
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China, F.Y Millisa. et al. found that environmental consciousness and values, as well as green product 

information, positively affected consumers’ sustainable consumption behavior, and green product 

quality played a mediating role in this relationship [24]. J.A.Corraliza and J.Berenguer found that 

environmental behavior depends on personal and situational variables in an interactive way. When a 

high level of conflict is generated between personal dispositions and situational conditions, the 

predictive power of attitudes tend to be minimal, whereas in the case of consistency between them it 

tends to be maximal [25]. Annika M.et al. identified the importance of personal norms for willingness 

to cooperate in social dilemmas [33]. A.Pagiaslis and A.K. Krontalis found that consumers’ 

environmental concerns positively and directly affect environmental knowledge, beliefs and 

behavioral intentions [35]. J.Pape et al. established that political conditions and policy frameworks 

alter consumers’ daily consumption behaviors [36]. U.S. Pawaskar et al. found that awareness of 

environmental problems and knowledge of remedial alternatives affect consumers’ sustainable behavior 

[41]. K.M. Taufique and S. Vaithianathan suggested that attitudes and perceived consumer effectiveness 

both have a significant direct and indirect positive influence on consumers’ ecologically conscious 

consumer behavior [43]. H.H. Zhao et al. identified that attitude is the most significant factor of green 

purchasing behavior [44]. 

In summary of the discussion above, consumers’ sustainable purchasing behavior is determined by 

multi-faceted and complex factors, including technical, social, psychological, institutional and 

financial facets. Scholars have identified a wide range of factors, such as personal values, behavior 

motivation, behavior intention, residential characteristics, social norms, behavior ability, information 

(regarding sustainable consumption, the environment, pollution and green products), media, 

personal egoistic appeals, taxation frame, the subjects’ man–nature orientation, degree of 

collectivism, ecological affect etc. 

However, how individual’s health risk perception affects consumers’ sustainable purchasing 

behavior is vague. This study investigated consumers’ purchasing behavior of electronic vehicles 

based on perceptions of the link between air pollution and health risk in Kunming, Yunnan, China. 

Kunming is the capital of Yunnan Province. By the end of 2019, the number of motor vehicles were 2.85 

million, 2.25 million of which are private vehicles [46]. In 2019, the air quality of 184 days was excellent 

and air quality of 172 days was good.[47] 

Materials and Methods 

The questionnaire includes three parts. The first is perception of health risk, which is the public’s 

objective evaluation of the subjective air pollution caused health risks. Refereed the Slovic 

Psychometric Paradigm [48], the indicators include knowledge of air pollution, air pollution impact 

level, possibility of air pollution occurrence etc.. After interviews and pre-investigation, 11 indicators 

were selected. The second part is the decision to purchase new energy vehicles, including purchase 

willingness and actual purchase. In addition, the purchase decision mechanism was explored by 

using the theory of planned behavior. The theory of planned behavior suggests that individual 

behavior is primarily determined by behavioral intentions, which are influenced by behavioral 

attitudes, subjective norms, and perceived behavioral control. Behavioral attitudes refer to the 

individual’s overall evaluation of behavior, both positive and negative; Subjective norms refer to the 

social pressures felt on individual actual behavior; Perceived behavioral control refers to the 

individual’s perceived self-control based on the resources and opportunities available, and indicates the 

individual’s perception of factors that facilitate or hinder the behavior [49]. The third part is the 

socioeconomic characteristics,including: gender, age, education level, income, and occupation. 

The result of this section of the questionnaire showed that 49.5% of respondents were male; 

40.1% were between 19 and 29 years old, 36.1% were between 30 and 49 years old, 19.8% were between 

50 and 69 years old, 3.9% were older than 70; 6.3% had received junior high school education or below, 

25.3% had received high school or college education, 68.2% held a bachelor’s degree or above; 37.9% 

had an annual income of less than 20,000 Yuan, 15.4% were between 20,000 Yuan and 50,000 Yuan, 

33.0% were between 50,000 Yuan and 120,000 Yuan, 10.4% were between 120,000 Yuan and 240,000 Yuan, 
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and 3.4% were above 240,000 Yuan; 35.6% were students, 21.5% worked in state agencies or 

enterprises, and 16.4% worked in foreign companies. 

Results discussion 

Description of samples 

Excluding Whether have purchased a new energy vehicle, all questions were measured by the Likert 

five-point scale, and set in positive direction. The options for Whether have purchased a new energy vehicle 

were 1, which denotes hasn’t purchased, or 2, which denotes has purchased; The options for the 

willingness to purchase were 1 to 5, with increments of 1, which denote very reluctant, reluctant, 

average, willing and very willing. The results of the reliability test showed that Cronbach’s α 
coefficient was 0.85, and the Cronbach’s α coefficient of each part was greater than 0.61. Therefore the 

reliability met requirements. The data for health risk perception and decision to purchase are shown 

in Table 1. 

Table 1. Samples description statistics. 

Health Risk Perception  Purchase new energy vehicle 

Indicator

 A

verage 

Standard 

deviation 

Indicator Average  

Standard deviation 

Knowledge of air pollution 3.1 0.89 Willingness to purchase 3.08 1.07 

Air pollution impact level 3.76 0.86 
Whether have purchased a new energy vehicle

 0.08 0.27 

Possibility of air pollution 

occurrence 3.73 
0.9 Risk reduction role 3.06 0.98 

Severity of 

consequences 

Duration 

3.63 

3.81 

0.84 

0.85 

subsidies can reduce the 

cost of purchasing 

Family pressure 

a car 3.15 

3.26 

0.95 

0.96 

Controllability 2.78 0.91 Friend pressure 3.22 0.94 

Equality 3.11 1.04 Public media pressure 3.36 0.92 

Perceptibility 3.21 1.03 Low battery time 3.47 0.88 

Relevance to daily 

life 
3.83 0.96 

Availability of Charging 

Piles 
3.54 0.88 

Acceptability 2.47 0.87    

Adaptability 2.64 0.87    

Under perception of health risk, the average value of air pollution impact level, possibility of air 

pollution occurrence, consequence severity of air pollution, duration of air pollution, and relevance to 

daily life were all relatively high; The average value of controllability of air pollution, acceptability of 

air pollution and adaptability of air pollution was relatively low. This indicated that perceptions of air 

pollution caused health risks were low. In purchase willingness, the mean was 3.08 (a medium level), 

however only 8% of respondents have purchased a new energy vehicle. The explanation might be the 

‘good’ or above air quality rating for 98% the year in 2019 in Kunming [47]. The means of low battery 

time and availability of charging piles were 

3.47 and 3.54, which indicated consumer concerns for the usability of electronic vehicles. This 

reduced purchase willingness. 

Theoretical modelling 

The actual life is full of uncertainty, and early research considered the decision under risk is choice 

that maximize expectation. The expected utility theory sets the possibility of each possible result as 

objective known [50]. However, in most cases, the possibility is unknown. The subjective expected 

utility theory [51] and the state-dependent expected utility model [50] were developed, which take 
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individual subjectivity into account, namely that perception of health risks might influence 

behavioral decisions. Scholars have conducted some empirical studies, for example, researching how risk 

perception of SARS significantly affects mental health and behaviors [52]. 

The planned behavior theory, which was initially applied in psychology and sociology to 

explore how individuals make behavioral decisions, asserts that behavior is primarily determined by 

an individual’s willingness, while behavioral attitudes, subjective norms, and behavioral control 

influence the individual’s willingness [49]. 

In this study, we assume that the different risk perceptions vary based on the individual’s 

attention to air pollution, thus behavioral attitudes and perceived behavioral control may be 

different. Additionally, perceptions of risk are transmissible. When individuals have higher risk 

perceptions, their family members or friends may share higher risk perceptions, which in turn 

influences the individual’s behaviors and raises pressure. As such, subjective norms might be 

stronger. Risk perception may impact behavioral attitudes, subjective norms and perceptions of 

behavioral control. 

Based on the above, modelling is shown as Figure 1, and hypothesis are as follows: 

 

Figure 1. The path of health risk perception influence on purchase behavior. 

Hypotheses: 

• H1: Perception of health risk has a significant positive effect on purchase willingness; 

• H2: Behavioral attitude plays a significant mediating role between risk perception and purchase 

willingness; 

• H3: Subjective norms play a significant mediating role between risk perception and purchase willingness; 

• H4: Perception of behavioral control plays a significant mediating role between perception of health risk 

and purchase willingness; 

• H5: Perception of behavioral control plays a significant mediating role between perception of health risk 

and purchase behavior; 

• H6: Purchase willingness has a significant positive effect on purchase behavior; 

Model analysis 

This study used AMOS to analyze data. First-order latent variable analysis may cause loss of 

measured variables, because perception of health risk is multidimensional, thus dimensionality 

reduction was applied on perception of health risk. The results of KMO factor analysis showed that 

KMO was 0.877, the Chi-Square test statistic of Bartlett sphericity test was 1786.74, with a significant P < 

0.05. This indicates factor analysis was feasible. Furthermore, when maximal rotation of variance was 

applied, the principal components where eigenvalue was greater than 1 were selected, as shown in 

Table 2. Knowledge of air pollution, impacts of air pollution, possibility of air pollution occurrence, 

severity of consequences, duration, perceptibility, relevance to daily life, and acceptability were under 

components 1,which affect risk; controllability, equality, and adaptability, which were under 
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components 2, were controllability of risk. Based on this, the second order latent variable model was 

built. 

Table 2. Perception of health risk rotating components matrix. 

Variables Components 1 Components 2 

Knowledge of air pollution 0.49 -0.03 
Impacts of air pollution 0.78 -0.03 
Possibility of air pollution occurrence 0.78 -0.01 
Severity of consequences 0.85 -0.02 
Duration 0.71 -0.09 
Controllability -0.01 0.71 
Equality 0.27 0.47 
Perceptibility 0.62 0.09 
Relevance to daily life 0.79 0.07 
Acceptability -0.54 0.35 
Adaptability -0.43 0.56 
Explanation of variance (%) 38.78 10.39 

To ensure convergent validity and adequate model fit, varialbles, those are insignificant and 

factor loading is less than 0.4, were removed. Additionally, model modification was applied based on 

modification index (which is greater than 10) and model modification principals. The results are shown in 

Table 3. The GFI was 0.95, CFI was 0.95, and RMSEA was 0.05, meeting the requirement and indicating 

the model is reasonable and fit. For factor loading of measured variables on latent variables, 8 items of 

risk impacts were retained, standardized factor loading of adaptability was less than 0, while others 

were greater than 0; 1 item of controllability was retained. The factor loading of behavioral attitudes, 

subjective norms, and perception of behavioral control were greater than 0. 

Perception of health risk has significant impacts on purchase willingness (H1 is verified), and a 

standardized coefficient of 

0.50. Perception of health risk has significant positive impacts on behavioral attitudes, and a 

standardized coefficient of 0.36. Behavioral attitudes have significant positive impacts on purchase 

willingness, and a standardized coefficient of 0.24. This indicates that behavioral attitudes play a 

significant positive mediating role between perception of health risk and purchase willingness (H2 is 

verified). Perception of health risk has significant impacts on subjective norms, the standardized 

coefficient was 0.55. Subjective norms have significant positive impacts on purchase willingness, with 

a standardized coefficient of 0.31. This indicates that subjective norms play a significant positive 

mediating role between perception of health risk and purchase willingness (H3 is verified). Perception 

of health risk has significant impacts on behavioral control perception, the standardized coefficient was 

0.67, perception of behavioral control has significant impacts on purchase willingness, standardized 

coefficient was  0.39, indicating perception of behavioral control plays a significant negative mediating 

role between perception of health risk and purchase willingness (H4 is verified). Perception of 

behavioral control has significant impacts on purchase behavior at 10% level, standardized coefficient 

was 0.08, indicating perception of behavioral control plays a significant negative mediating role 

between perception of health risk and purchase behavior (H5 is verified). Purchase willingness has 

significant impacts on actual purchase behavior (H6 is verified), with a standardized coefficient of 

0.19, so purchase willingness weakly supports actual purchase behavior. 

Heterogeneity analysis 

We focused on socio-economic characteristics moderating effects on hypothesis paths. 

Heterogeneity analysis was done on education level and income. Education level was classified into 

two groups: under bachelor’s degree (low education), and bachelor’s degree and above (high 

education). Income was classified into two groups, low income (annual income less than 50, 000 Yuan) 

and high income (annual income more than 50, 000 Yuan). The results are shown in Table 4. For factor 
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loading of measured variables on latent variables, 8 items of risk impacts were retained, standardized 

factor loading of adaptability was 

Table 3. Model path regression. 

Path 
Non-standardized 

coefficient 

Standard 

Error 

P 

value 

Standardized 

coefficient 

Perception of health risk->risk impacts 1   0.55 

Perception of health risk->Risk 

Controllability 
-0.22 0.14 0.11 -0.09 

Perception of health risk->Perception 

of behavioral control 
1.25 0.26 0.00*** 0.67 

Perception of health risk->Subjective 

norms 
0.66 0.15 0.00*** 0.55 

Perception of health risk->Behavioral 

attitudes 
0.93 0.19 0.00*** 0.36 

Perception of health risk->Purchase 

willingness 
1.41 0.58 0.02** 0.5 

Perception of behavioral control-

>Purchase willingness 
-0.6 0.19 0.00*** -0.39 

Subjective norms->Purchase 

willingness 
0.75 0.19 0.00*** 0.31 

Behavioral attitudes->Purchase 

willingness 
0.26 0.05 0.00*** 0.24 

Purchase willingness->Purchase 

behavior 
0.05 0.01 0.00*** 0.19 

Perception of behavioral control-

>Purchase behavior. 
-0.03 0.02 0.08* -0.08 

less than 0, while others was greater than 0; 1 item of controllability was retained. The factor 

loading of behavioral attitudes, subjective norms, and perception of behavioral control were greater 

than 0. 

For the high education group, risk controllability has significant impacts on perception of health 

risk; subjective norms and behavioral attitudes have significant impacts on purchase willingness; 

Perception of behavioral control has insignificant impacts on behavior. The explanation for these might 

be that high-education group have more knowledge of air pollution and high-risk controllability. 

For the low-income group, risk controllability has significant impacts on perception of health risk; 

Perception of health risk has significant impacts on behavioral attitudes, subjective norms, perception 

of behavioral control, and purchase willingness. The explanation for these might be that the high-

income group have more information and more methods to control risks. For the high-income group, 

behavioral attitudes and subjective norms significantly impact purchase willingness. The explanation 

might be that the high income group members have higher budgets, thus ignoring hinderances to 

purchasing. 

Table 4. Heterogeneity analysis. 

Path Under 

BSc 

BSc and 

above 

Low 

income 

High 

income 

Perception of health risk->Risk impacts 0.51 0.53 0.48 1.12 
Perception of health risk->Risk Controllability 0.1 -0.14** -0.13* -0.07 
Perception of health risk->Perception of 
behavioral control 

0.51*** 0.83*** 0.72*** 0.36 

Perception of health risk->Subjective norms 0.72*** 0.54*** 0.66*** 0.26 
Perception of health risk->Behavioral attitudes 0.37** 0.33*** 0.39*** 0.26 
Perception of health risk->Purchase willingness 0.63** 0.61** 0.76** 0.09 
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Perception of behavioral control->Purchase 
willingness 

-0.39** -0.54*** -0.52** -0.13* 

Subjective norms->Purchase willingness 0.27 0.26*** 0.19 0.40*** 
Behavioral attitudes->Purchase willingness 0.13 0.30*** 0.18** 0.36*** 
Purchase willingness->Purchase behavior 0.32*** 0.12** 0.11* 0.25*** 

Perception of behavioral control->Purchase 

behavior. 

-0.16** -0.03 -0.06 -0.1 

Conclusions 

This study investigated residents in Kunming and explored the factors of new energy vehicle 

purchase behavior based on perceived air pollution-caused health risks. The results showed that (1) 

the perceived air pollution risk by residents in Kunming is low, the willingness to purchase new 

energy vehicles is low, and actual purchase behavior is low; (2) perception of health risks has a 

significant positive impact on purchase willingness, behavioral attitude and subjective norms play a 

significant positive mediating role between perception of health risk and purchase willingness, 

perception of behavioral control acts in a significant negative role, purchase willingness has 

significant positive impact on purchase behavior, and the direct effect of perceived behavioral control 

on purchase behavior is insignificant; (3) in heterogeneity analysis, for the high education group risk 

controllability has a significant impact on perception of health risk, subjective norms and behavioral 

attitude have a significant impact on purchase willingness, while for the low-income group risk 

controllability has significant impacts on the perception of health risk, and perception of health risk 

has significant impacts on behavioral attitudes, subjective norms, perception of behavioral control, 

and purchase willingness. 

For public policy, publicity of air pollution-caused health risks, as well as ecological and 

environmental knowledge, is an efficient way to improve public understanding and to shape 

consumers’ behavior. Senior students showed more interest in sustainable consumpti [28], so a 

curriculum addition for senior university students is an ideal way to transform their knowledge into 

actual behavior. Improving battery performance [53] and deploying more charging piles could meet 

the consumers’ concerns relating to usability of electronic vehicles. 
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