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Abstract

:

As coal-fired heating in winter in rural areas of northern China exacerbates air pollution, promoting cleaner heating transition is of significance for environmental sustainability. However, this is difficult as intentions and actions of rural households are deficient. This case study in northern China aims to estimate rural households’ willingness to pay (WTP) for facilities and energy for cleaner heating and explore its key factors. The survey-based analysis found that the total annual WTP for cleaner heating (sum of the WTP for heating facilities and energy per year) varied from RMB 250 to RMB 6800 (RMB 100 ≈ USD 15 in 2018), with a quite low average and a huge difference. The variation of the WTP can be attributed to economic and demographic features and environmental attitudes of households. Improvement of household income and environmental concern will enhance the WTP for cleaner heating, but a high vacancy rate and aging population in rural areas will generally inhibit it. Based on this study, some policy suggestions were proposed to promote cleaner heating transition in rural households; specifically, more attention should be paid to the poor and aged households.
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1. Introduction


China’s primary energy structure and industrial structure have resulted in severe air pollution in northern China over the past decade [1]. Among all of the factors, energy consumption for indoor heating is a crucial element of the air quality deterioration in northern China in winter [2], as most of the heat is provided by burning coal directly or indirectly. In 2017, the heating area based on burning coal in northern China still accounted for 83% of the total heating area, while the heating from natural gas, electricity, geothermal energy, biomass energy, and solar energy accounted for only 17%. The annual consumption of coal for heating reached 400 million tons, half of which was consumed mainly in rural areas without decontamination [3]. The large-scale coal-based heating intensified the pollutant emissions in northern China. This caused persistent hazy weather in winter, which has threatened the health of the residents [4,5]. In order to resolve the air pollution issue, the Chinese central government issued the “Cleaner Heating Plan for Northern China in Winter (2017–2021)” in 2017 and gave a full definition of cleaner heating [3]; that is, cleaner heating requires the use of natural gas, electricity, geothermal, biomass, solar energy, industrial waste heat, clean coal (ultra-low emissions), nuclear energy, or other forms of energy that is efficiently used in the energy systems in order to achieve lower emissions and lower energy consumption from heating. Therefore, promoting cleaner energy use instead of coal burning is the key target of cleaner heating transition. Several ambitious targets were set in the plan, and one was that the cleaner heating rate in the northern rural China regions will reach 70% in 2021. Some researchers have proved that a cleaner heating transition will dramatically affect the energy structure and benefit the air quality [6,7]. However, it is difficult to change the energy consumption pattern in rural areas in a short time due to the building, economic, and social characteristics of rural households [8,9]. A huge amount of public investment and subsidies are required [10]. A comprehensive understanding of the public’s attitudes and willingness to pay (WTP) for cleaner heating (compared to coal-fired heating) can be a good guide for those developing the related policies and investments. Specifically, consumers’ different WTP, as well as its key factors, are important matters to consider when determining appropriate subsidy policies.



WTP is the maximum amount that an individual would pay to obtain certain goods or avoid certain undesirable goods, and it includes the implied rate of evaluation of future goods; thus, assessing the WTP is one of the few methods available to economists studying non-market goods [11,12]. Given the growing public interest in public goods with environmental attributes that are truly relevant to their own interests, many researchers worldwide have investigated the public’s WTP and influencing factors from different research perspectives, for example, the WTP for renewable energy [13], “sponge city” to manage the risk of flooding [14], and domestic waste management [15].



WTP estimation based on questionnaires represents a valuable approach in the field of public responsibility for energy conservation [16,17], emission reduction [18], and climate change mitigation [19]. Since the conditional valuation method can evaluate the monetary value of environmental goods without market prices, many researchers have taken this approach to investigate the public’s WTP for mitigating air pollution and improved air quality [20,21] as well as its health benefits [22]. The WTP model compensates for the lack of real market conditions by building scenarios that ask individuals whether they would pay for specific public goods that are aligned with their consumer preferences [23]. Moreover, this approach allows individuals to take all the factors into account that are important to them (e.g., income level, socioeconomic characteristics, economic losses [24], and cost of non-market goods) when making decisions. Researchers found that residents’ demographic characteristics [25], awareness, psychological factors to environmental pollution [26,27], and fiscal subsidy [28] may significantly affect their WTP for green energy or environment protection. Although some researchers have paid attention to rural households’ willingness to choose clean energy [10] in northern China, the lack of WTP estimation make it difficult to measure payment potential for cleaner heating transition and form a proper benchmark of fiscal subsidy. Moreover, WTP may vary in households due to various factors, which requires diversified incentive or subsidy policies accordingly. In this study, Hebi area in Henan Province was selected as a case study area to obtain survey data by visiting rural households. The survey data were used to assess rural households’ attitude for policies and explore distribution and influencing factors of WTP for cleaner heating.



This study will contribute a novel method to estimate rural households’ WTP for cleaner heating, in which households’ previous payments and potential WTP are both included. Most of the existing research work has focused on the WTP of consumers who have not conducted relevant activities; thus, the estimated WTP is entirely based on the potential payment intention. However, some rural households have already chosen to purchase and use facilities for cleaner heating before the survey, which means a part of the entire WTP has already been transformed into real payments. Therefore, the remaining WTP and previous payments need to be distinguished and integrated. In this study, the two components are summed up as the total WTP for heating facilities. The second contribution is from the investigated factors of the WTP. Besides traditional factors, such as income, living area, and education, household floating population and age structure are involved in this study. As young people migrate from rural areas to cities to study or work, subsequent changes in rural demographic features will possibly affect the patterns and preferences of household consumption. We will construct some indicators to indicating population outflow and aging of household to examine their relationships with WTP. The third contribution is the exploration in relationship between WTP and residents’ requirement for subsidy policy. The use of electricity or renewable energies for heating is more expensive than burning coal for heating [29]. Subsidies and effective alternative incentives will help to cover their extra expenditures for public benefits [30]. This study, which reveals the relationship between WTP and residents’ requirement for subsidy, will provide significant references for adjustment of subsidy policies for cleaner heating.



The rest of this paper is organized as follows. The second part concerns materials and methods. The third part presents the study results and discussion. Finally, the last part provides conclusions and limitations.




2. Materials and Methods


2.1. Study Area


In 2017, 12 cities in northern China were selected as pilot cities that would be subsidized for cleaner heating in winter. In 2018 and 2019, 23 cities and 8 cities were added to the list, respectively (Figure 1). Central and local governments subsidized these cities to promote cleaner heating [31]. After a period of promotion, the effects of cleaner heating policies can to be investigated. This study selects Hebi area as a case study area, which belongs to the first group of pilot cities, to identify rural households’ WTP for cleaner heating and its key factors.




2.2. Estimation of Households’ WTP for Cleaner Heating


WTP is widely used in demand analysis and the economic effect evaluation of public goods such as a good environment and fresh air. The conception of WTP in this study is how much each household is willing to pay for facilities and energy for cleaner heating per year. The energy includes electricity, gas, centralized heating, and distributed solar and biomass energy. The value of households’ WTP is estimated based on a questionnaire survey.



In addition, we propose a variable of fWTP as the WTP for cleaner heating facilities, including payment for existing facilities and the WTP for extra facilities for cleaner heating in the following 12 months. In contrast to other studies, where WTP is a concept that is only related to future expenditure, we include the payment for existing facilities. This part is considered because some households had already purchased some before the investigation, which might possibly affect their WTP for extra facilities. Another variable is the WTP for cleaner energy per year on average (eWTP), which is essential cost for cleaner heating. The total WTP (tWTP) is estimated within a year, which is defined as the WTP for facilities and energy for cleaner heating for one year. We assume that facilities can be used for 10 years on average, based on previous investigations; thus, fWTP can be simply apportioned to each year, and the tWTP of each household for cleaner heating is estimated as follows:


  tWTP = fWTP / 10 + eWTP  



(1)








2.3. Econometric Model


In order to analyze the relationship between WTP variables and possible influencing factors, factors including residential features, demographic features, environmental attitudes, and policy responses are taken into consideration in this study, based on previous studies [32,33]. Accordingly, the following econometric function will be studied as the basic model:


  W T  P i  =  β 0  +  β 1  C +  β 2  D +  β 3  E +  β 4  P + ε  



(2)







  W T  P i    is a set of explained variables and i is the code of the variable, C represents a set of variables about economic condition, D represents a set of variables about demographic features, E represents a set of variables about environmental attitude, P represents a set of variables about policy response, and ɛ represents the random error term. Nine models are constructed with different explained variables since they have different and significant meanings. Model 1 to Model 3 aim to identify the significant determinants of tWTP, tWTP per unit area, and tWTP per capita, respectively. Model 4 to Model 6 aim to identify the significant determinants of fWTP, fWTP per unit area, and fWTP per capita, respectively. Model 7 to Model 9 aim to identify the significant determinants of eWTP, eWTP per unit area, and eWTP per capita, respectively. Furthermore, we will use the natural logarithm of initial values of explained variables as new explained variables, if the initial values do not fit the normal distribution. Then, the basic model will be changed into:


  ln  (  W T  P i   )  =  β 0  +  β 1  C +  β 2  D +  β 3  E +  β 4  P + ε  



(3)








2.4. Questionnaire Survey


All of the explained and explanatory variables are defined and described in Table 1. The economic condition includes living area (Area) and household income (Income). The annual household income variable is not a continuous value; instead, it is an ordinal variable based on respondents’ selection on different income levels, which is coded from 1 to 5, representing five income levels. The demographic features include family size (Fsize), weighted proportion of residents living at home (Phome), proportion of children in the household (Pchild), proportion of the aged in the household (Paged), and the education level of the household decision-maker (Edu). The environmental attitude includes the expectation for indoor cleanliness (Ecle) and expectation for good air quality (Equa), which indicate the attitudes to the indoor environment and outside air quality, respectively. Policy response includes the level of support for cleaner heating policies (Appro) and subsidy request (Resub). Subsidy request presents the minimum request for a subsidy to purchase extra facilities for cleaner heating. The higher the Resub is, the more the household expects to receive from the government.



A survey was conducted at the end of November 2018 in Hebi, which was when the heating period had almost started. All the survey responses were collected in indoor face-to-face interviews by at least two trained investigators, most of whom were master’s candidates from top-ranking Chinese universities. Before the survey, the investigators explained the features of cleaner heating and clarified the differences between traditional heating and cleaner heating.



The first part of the survey ascertained basic information, such as the gender, age, educational background, household size, and household members’ characteristics, as well as household heating forms, building area, and heating area, among others. Furthermore, for each resident, the period when they stayed at home in the heating period (a total of 121 days, from November 1st through February 28th of the following year) was recorded in detail to calculate the number of permanent residents in each household. The second part collated energy information; that is, the energy type used by the rural households, energy consumption, and energy prices. The third part recorded the intention and policy feedback information, which included the WTP for facilities and energy, and the attitudes and suggestions related to cleaner heating. Finally, a total of 1030 households from 136 villages were randomly surveyed. A total of 707 questionnaires were confirmed to be valid for this study, which accounted for about 2% of the total rural households in the administrative region of Hebi. The sample demographics are presented in Table 2.



As some respondents failed to clarify the actual cost and WTP of heating facilities, we obtained the types and power of heating facilities based on several questions instead of asking WTP directly. We estimated household fWTP based on different types and prices of heating facilities, which were obtained from our questionnaire and market inquiries (shown in Table 3). Household eWTP was estimated based on the options for energy expenditure for cleaner heating, which is the median value of a numerical range.





3. Results and Discussion


3.1. Distribution of Households’ WTP


According to the survey data, approximately 76% of households had bought at least one facility for cleaner heating before the survey. On the other hand, about three quarters of households showed a willingness to buy facilities for cleaner heating in the next 12 months. All of the households were willing to pay for cleaner energy. The tWTP, with its components, of each household was estimated. The distribution of households’ tWTP and eWTP are shown in Figure 2. With a wide distribution, the households’ tWTP is from RMB 250 to RMB 6800, with an average of RMB 1778 and median of RMB 1550. Only 1.4% of households’ tWTP exceeds RMB 5000, while 80% of households’ tWTP is below RMB 2750. The eWTP account for 59% of the tWTP by average. eWTP has a lower limit of RMB 250 and upper limit of RMB 3000 for a heating period. Compared with the annual energy expenditure for household heating in the USA (USD 720) [34], the average eWTP in the rural areas of Hebi is RMB 1049 (USD 157), which is roughly 22% of the average in the USA. In summary, the WTP for cleaner heating is relatively low in most rural families, and there is huge disparity in household WTP for cleaner heating. The reasons for this difference should be investigated, and based on this, a diversified incentive system and multiple subsidy standards should be established.




3.2. Factors Influencing Households’ WTP


As the initial value of tWTP, eWTP, and fWTP do not accord with the normal distribution, we chose Equation (3) as the basic model. Table 4 shows the descriptive statistics of all variables used in this analysis. For simplicity and brevity, abbreviations are used to denote these factors.



The correlation matrix of explanatory variables is demonstrated in Table 5. It can be concluded from the matrix that the correlation relationships of many factors are significant. However, all of the correlation coefficients are less than 0.5, indicating that there will be weak multicollinearity in multiple regression models.



The multiple regression was performed using SPSS 20.0, and the results are given in Table 6. All models proved to be statistically significant (p value < 0.001). The variance inflation factor (or VIF) of each explanatory variable in each model is lower than 1.711, which indicates the multicollinearity of explanatory variables in the models are weak. The results of t-text show that some explanatory variables are significant in the models. The estimated coefficients of Area in all models are negative and low, with high significance, which means the effects are negative but limited. Income has statistically significant positive effects on households’ tWTP and eWTP, as the coefficients in Model 1–3 and 7–9 are positive and significant, but its effect on fWTP is not significant. In terms of demographic features, Fsize has statistically significant positive effects on household WTP but negative effects on WTP per capita. Phome has significant positive effects on tWTP and eWTP, the reason of which may be that the heating area can be dynamically adjusted according to the number of residents. Pchild and Paged have significant negative effects on the tWTP and eWTP. In term of environmental attitude, Ecle has significant positive effects on all explained variables, but the effects of Equa cannot be proved. Moreover, the estimated coefficients of Appro and Resub are negative, indicating that the two factors negatively correlated to tWTP, fWTP, and eWTP. In other words, households with stronger supportive attitudes to cleaner heating policies and fiscal subsidy show less WTP for facilities and energy.



For independent variables, the value of regression coefficients not only indicates the direction of effects, but also reflects the influence degree. For positive related variables, Phome is the most important factor that determine the value of tWTP and eWTP, since it has the highest regression coefficient value. Income is next, as its regression coefficient is lower. On the contrary, Fsize and Ecle are significant but not important due to their low regression coefficients. For negatively related variables, Pchild and Paged are the first and second important factors to reduce tWTP and eWTP, which means demographic features determine the WTP for cleaner heating to a great extent. Appro and Resub are less important, while Area is negligible, according to the value of their regression coefficients.



By comparing significant independent variables in different models, it can be found that Income and Phome can positively affect tWTP and eWTP, with no impact on fWTP, while Pchild and Paged can negatively affect tWTP and eWTP, with no impact on fWTP. Thus, it can be inferred that the driving mechanism of fWTP is different from that of eWTP to a great extent. Therefore, the study is very significant for policy making, as it is designed to assess of fWTP and eWTP separately based on the questionnaire, and establish different regression models for individual variables.




3.3. Effects of Factors


3.3.1. The Effects of Economic Condition


The living area and annual income of households can be expressed as an economic condition. According to the survey, the average living area of the sample households is 163.3 m2 (36.7 m2 of living area per capita), but the average heating area of households is only 82.3 m2, which is equal to 50.4% of the living area. Rural households’ have flexible heating demands, which is why the variable Area has only a small effect on WTP variables. The coefficients and significance of variable Income indicate that increasing Income will have significant positive effects on households’ tWTP and eWTP, which is in accordance with previous studies [8]. Compared with traditional heating methods in rural areas, such as burning coal in stoves and braziers, cleaner heating requires more investments in infrastructure, equipment, and cleaner energy [35]; the economic condition is a key factor that limits households’ WTP. Furthermore, since Income affects eWTP significantly rather than fWTP, it can be inferred that the demand for heating facilities is rigid, while the demand for heating energy is elastic. Many rural households can afford simple heating facilities (price < RMB 500), while others can afford high-power facilities such as air conditioners (price > RMB 1500), but some of them cannot afford the electric power for heating. Overall, they are willing to buy facilities for cleaner heating, but they want to save electricity to save money when using the facilities, especially in low-income households. The average income of rural residents is still low in most rural areas of northern China. The average annual income of a rural resident in Henan province was RMB 13,831 in 2018, which was only 43.4% of that of a local urban resident. Therefore, public investment and fiscal subsidies are necessary to promote cleaner heating adoption in rural areas.




3.3.2. The Effects of Demographic Features


The coefficients and significance of variables Paged and Pchild indicate that a family with more aged members or that contains children have lower tWTP and eWTP. This is partly attributed to the economic pressure of supporting the elderly or raising children. Another reason is that the aged family members feel that it is difficult to change their heating habits and have no intention of promoting cleaner heating.



More permanent residents in a household will result in a higher tWTP. The high proportion of the floating population will lead to a high house vacancy rate and a low utilization rate of heating facilities. Therefore, not only the family size, but also the proportion of permanent residents significantly affects the tWTP and eWTP. These findings are of significance against the background that many rural adults move from rural areas to cities to seek better employment, and most of them live in large cities within a distance of 200–1000 km from their initial home in rural areas. According to a governmental report [36], about 16.5% of rural residents in central China leave their hometown to cities to get employed, while some of their children move to cities to get educated. The rural migrants who are engaged in work or education in cities spend only part of their time at home, particularly during the holidays of the Spring Festival (often in January and February in winter). On the one hand, an increasing demand for cleaner heating need more investment in infrastructure and facilities; on the other hand, a high vacancy rate of houses will decrease the demand for heating energy and the use efficiency of infrastructure and facilities. As the demand for cleaner heating facilities and energy will be affected by demographic features significantly, they should be a major consideration when developing policies, strategies, and standards of cleaner heating.




3.3.3. The Effects of Environmental Attitude


The environmental attitude of consumers plays a crucial role in green consumption behaviors [37]. In our survey, more than 80% of the respondents expressed a strong preference for indoor cleaning. The regression results indicate that the effects of Ecle on WTP are positive and significant. However, the effects of Equa on WTP are not significant, although 44% of the respondents have expectations for air quality improvement. According to a national survey, public environmental concern increased with increasing economic and social development [38]. Since the expectations for air quality improvement have not transformed into willingness to pay and act, much work is needed to connect environmental concern and actions.




3.3.4. The Effects of Fiscal Subsidies


Since the cost of facilities is a huge obstacle to the adoption of cleaner heating in rural areas [39], government investment and fiscal subsidies can reduce users’ burden and promote adoption of cleaner heating. Fiscal subsidies have stimulated intentions and the associated WTP for cleaner heating in some rural households, according to our survey. However, the estimated coefficients of Resub are negative and significant in all models, which means the more a household expects external support for cleaner heating, the lower WTP they show. The first reason may be that the variables of Resub and WTP are affected by Income simultaneously; that is, lower Income leads to higher Resub and lower WTP. The second reason may be that the respondents who requires more subsidy will pay less for cleaner heating by themselves. The results indicate that it is difficult to enhance the WTP of some poor households by subsidies for cleaner heating facilities. The poorest households will not change the conventional heating methods unless the cost of cleaner heating is fully borne by the government. In order to guarantee cleaner heating in these households, one way is to raise subsidy or even supply heating facilities to them directly; another way is to provide tiered subsidies according to electricity consumption, or a certain amount of free electricity for the poorest households.





3.4. Discussion


The transition of space heating in winter from burning bulk coal to electricity, natural gas, and other cleaner energies in rural areas has been strongly encouraged by the Chinese government, which is a kind of pro-environmental behavior and produces less pollution. Our study aims to evaluate the WTP of rural household for pro-environmental behavior and identify its key factors. The first finding of this study is that the WTP for cleaner energy is relatively low in most rural families, which might result in underconsumption of electricity and natural gas. Given the relatively high penetration of cleaner heating facilities in rural households, it is not the availability but the affordability of cleaner energy that has greater influence on household consumption behavior. Local governments need to shift the focus of subsidies from heating facilities to cleaner energy, since the WTP for the latter is still quite low. The relatively high cost of energy is one of the biggest obstacles to rural household cleaner heating. Reducing the cost of electricity by setting winter heating electricity pricing or providing a particular amount for free may be good choices. Moreover, as huge difference exists in household eWTP due to economic conditions, poor households should receive enough attention. Precise and differentiated subsidy policies are needed. It is necessary to establish multiple subsidy standards based on the income and number of elderly individuals in a household. Subsidies should potentially be given to disadvantaged groups, including poor households, households of disabled people, and households with the aged whose adult offspring have moved out.



The second finding is the discovery that increase of floating population could reduce the WTP for cleaner energy, but has no effect on WTP for heating facilities. It proves that household demographic features can determine rural households’ WTP for cleaner heating besides economic condition. For example, some households live in big houses but have very low heating demand, because some family members live in other houses. Moreover, rural households show an entirely different demand for cleaner energy at ordinary times and during the Spring Festival holiday due to having different numbers of family members at home. We found that a lot of households have purchased or planned to purchase heating facilities but rarely use them at ordinary times. In other words, facilities for cleaner heating are enough or even surplus in some households. To design a fair subsidy system, permanent residents of a household should be considered, while floating population should be excluded or partly considered.



The third finding is that the requirement for cleaner heating subsidy is negatively correlated with the WTP, which provides unique policy implications for cleaner heating transition. In order to meet the different demand to a certain extent, the governments should use the diversified rather than uniform standard of subsidy to increase assistance to the weak group among the rural households. However, continuous subsidy policy will lead to policy dependence and lack of consumption initiative; some households will wait for more subsidy for cleaner heating instead of raising the income on their own. It is crucial to establish an information feedback mechanism so as to achieve dynamic adjustment of subsidy policies.



Furthermore, respondents’ attitude to improving air quality is not related to WTP for cleaner heating in this study, indicating that people give little priority to environmental values when determining heating method and energy. However, residents’ willingness to improve the indoor environment has contributed to raise the WTP. Therefore, it is essential to improve residents’ environmental concern, not only for indoor environment, but also for public environments, to enhance the WTP for cleaner heating. Local governments or organizations can implement more propaganda activities in communities and schools, to popularize knowledge about environmental effects of different heating methods and the harm of air pollution.





4. Conclusions and Limitations


Our results indicate that most of the rural households show a certain amount of WTP for cleaner heating, some of which have already purchased facilities for cleaner heating and changed their consumption behaviors. However, the average household WTP for cleaner heating is quite low, especially for energy. The estimated total WTP varies from RMB 250 to RMB 6800, and is less than RMB 2000 on average. The WTP for cleaner energy is relatively low, equivalent to 22% of the average energy expenditure for household heating in the United States. The WTP for cleaner heating shows a huge difference in households due to household income, demographic features, and policy response. For a specific rural household, a higher income, a higher proportion of permanent residents, more people of working age, and a higher expectation for indoor cleanliness promotes the WTP for cleaner heating, while the proportion of aged family members and children reduces it. Therefore, improving household income and environmental concern will enhance the WTP for cleaner heating in the long term. A high vacancy rate and aging population in rural areas should be seriously treated, as they will inhibit the household purchasing power and become a big obstacle to popularize the pro-environmental behavior.



Several limitations of this study should be considered. First, some important factors of WTP may have been excluded, such as mean temperature in winter, landform of settlement, building structure, and profession of residents. Second, the interactions between factors for the WTP for cleaner heating were not discussed although these may affect the WTP. Third, the sample survey was confined to the Hebi area, a typical region; thus, the results were not diversified enough. If the data were from all parts of northern China, more results and further implications could be obtained. The limitations of this study need to be improved in future research. Studies can be extended by integrating more variables related to the WTP and discussing regional differences of the WTP in the whole of China.
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Figure 1. Locations of pilot cities and case study area. 






Figure 1. Locations of pilot cities and case study area.



[image: Sustainability 13 00633 g001]







[image: Sustainability 13 00633 g002 550] 





Figure 2. Distribution of households’ eWTP and tWTP. 
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Table 1. Definitions of variables.






Table 1. Definitions of variables.





	
Abbreviation of Variables

	
Type

	
Definition and Description






	
Explained variables

	

	




	
tWTP1

	
Numerical

	
Annual WTP for cleaner heating




	
tWTP2

	
Numerical

	
Annual WTP for cleaner heating per unit area




	
tWTP3

	
Numerical

	
Annual WTP for cleaner heating per capita




	
eWTP1

	
Numerical

	
Annual WTP for cleaner energy




	
eWTP2

	
Numerical

	
Annual WTP for cleaner energy per unit area




	
eWTP3

	
Numerical

	
Annual WTP for cleaner energy per capita




	
fWTP1

	
Numerical

	
WTP for cleaner heating facilities




	
fWTP2

	
Numerical

	
WTP for cleaner heating facilities per unit area




	
fWTP3

	
Numerical

	
WTP for cleaner heating facilities per capita




	
Explanatory variables

	

	




	
R

	
Area

	
Numerical

	
The area of living space in the house (m2)




	
Income

	
Ordinal

	
1–5, higher score means higher income




	
D

	
Fsize

	
Numerical

	
The number of household members




	
Phome

	
Numerical

	
0–100%, higher value means higher living rate




	
Pchild

	
Numerical

	
0–100%, higher value means higher raising rate




	
Paged

	
Numerical

	
0–100%, higher value means higher aging rate




	
Edu

	
Ordinal

	
1–5, higher score means higher level of education




	
E

	
Ecle

	
Ordinal

	
1–5, higher score means higher expectation for indoor cleanliness




	
Equa

	
Ordinal

	
1–5, higher score means higher expectation for good air quality




	
P

	
Appro

	
Ordinal

	
1–5, higher score means higher level of support for cleaner heating policies




	
Resub

	
Ordinal

	
1–5, higher score means higher request for subsidy
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Table 2. Sample demographics (n = 707).
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	Frequency
	Percentage (%)





	Gender
	
	



	Male
	340
	48.1



	Female
	367
	51.9



	Age
	
	



	20–40
	81
	11.5



	40–60
	418
	59.1



	>60
	208
	29.4



	Education level
	
	



	Primary school and below
	259
	36.6



	Junior high school
	297
	42.0



	High school/Technical secondary school
	119
	16.8



	University/Junior college
	32
	4.5



	Household annual income (RMB, RMB 100 ≈ USD 15 in 2018)
	
	



	10–30 k
	295
	41.7



	30–50 k
	227
	32.1



	50–100 k
	132
	18.7



	100–200 k
	51
	7.2



	>200 k
	2
	0.3
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Table 3. Average cost of heating facilities.
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	Heating Facilities
	Average Price (RMB)





	Air conditioner or heat pump machine
	2500



	Centralized heating by burning natural gas
	2000 (Pipeline)



	Distributed heating by burning natural gas
	8000 (Boiler) + 2000 (Pipeline)



	Simple stove by burning natural gas
	400



	Solar cooker
	1500



	Simple air heater
	200



	Electric blanket
	100



	Electric radiator
	200



	Stove by burning biomass fuels
	2000
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Table 4. Explanations and description of variables.
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	Abbreviation
	Type
	Mean
	Std. dev.
	Min
	Max





	Ln(tWTP1)
	Numerical
	7.20
	0.82
	5.5
	8.8



	Ln(tWTP2)
	Numerical
	2.25
	0.80
	−1.1
	5.5



	Ln(tWTP3)
	Numerical
	5.82
	0.80
	3.5
	7.8



	Ln(fWTP1)
	Numerical
	8.02
	2.00
	3.0
	10.5



	Ln(fWTP2)
	Numerical
	3.08
	1.91
	−2.9
	6.9



	Ln(fWTP3)
	Numerical
	6.65
	1.92
	1.0
	9.4



	Ln(eWTP1)
	Numerical
	6.62
	0.84
	5.5
	8.0



	Ln(eWTP2)
	Numerical
	1.68
	0.88
	−1.5
	5.0



	Ln(eWTP3)
	Numerical
	5.24
	0.85
	3.3
	7.3



	Area
	Numerical
	163.5
	105.8
	5
	1225



	Income
	Ordinal
	
	
	
	



	Fsize
	Numerical
	4.45
	1.94
	1
	12



	Phome
	Numerical
	0.82
	0.2
	0
	2



	Pchild
	Numerical
	0.12
	0.15
	0
	0.6



	Paged
	Numerical
	0.24
	0.32
	0
	1



	Edu
	Ordinal
	
	
	
	



	Ecle
	Ordinal
	
	
	
	



	Equa
	Ordinal
	
	
	
	



	Appro
	Ordinal
	
	
	
	



	Resub
	Ordinal
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Table 5. Correlation matrix of explanatory variables.
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	Income
	Area
	Fsize
	Phome
	Pchild
	Paged
	Edu
	Ecle
	Equa
	Appro





	Area
	0.335 ***
	
	
	
	
	
	
	
	
	



	Fsize
	0.416 ***
	0.27 ***
	
	
	
	
	
	
	
	



	Phome
	−0.065 *
	−0.024
	−0.184 ***
	
	
	
	
	
	
	



	Pchild
	0.217 ***
	0.051
	0.471 ***
	0.119 ***
	
	
	
	
	
	



	Paged
	−0.323 ***
	−0.193 ***
	−0.372 ***
	0.214 ***
	−0.292 ***
	
	
	
	
	



	Edu
	0.048
	0.036
	0.038
	0.011
	0.032
	−0.014
	
	
	
	



	Ecle
	0.417 ***
	0.352 ***
	0.27 ***
	−0.005
	0.071 *
	−0.212 ***
	0.016
	
	
	



	Equa
	0.118 ***
	0.154 ***
	0.034
	−0.015
	−0.005
	−0.132 ***
	0.03
	0.21 ***
	
	



	Appro
	−0.206 ***
	−0.157 ***
	−0.132 ***
	−0.045
	−0.026
	0.152 ***
	−0.032
	−0.251 ***
	−0.127 ***
	



	Resub
	−0.296 ***
	−0.261 ***
	−0.186 ***
	0.042
	−0.045
	0.232 ***
	−0.011
	−0.307 ***
	−0.21 ***
	0.394 ***







*, **, and *** denote significance levels of 10%, 5%, and 1%, respectively.
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Table 6. Regression results.
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	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6
	Model 7
	Model 8
	Model 9





	
	Ln(tWTP1)
	Ln(tWTP2)
	Ln(tWTP3)
	Ln(fWTP1)
	Ln(fWTP2)
	Ln(fWTP3)
	Ln(eWTP1)
	Ln(eWTP2)
	Ln(eWTP3)



	Constant
	6.934 ***

(0.136)
	2.768 ***

(0.149)
	6.524 ***

(0.139)
	9.631 ***

(0.330)
	5.465 ***

(0.338)
	9.230 ***

(0.333)
	5.897 ***

(0.198)
	1.731 ***

(0.208)
	5.472 ***

(0.200)



	Area
	−0.001 **

(0.000)
	−0.005 ***

(0.000)
	−0.001 ***

(0.000)
	−0.001 *

(0.000)
	−0.005 ***

(0.000)
	−0.001 *

(0.000)
	−0.001 **

(0.000)
	−0.005 ***

(0.000)
	−0.001 ***

(0.000)



	Income
	0.152 ***

(0.023)
	0.137 ***

(0.025)
	0.160 ***

(0.023)
	−0.010

(0.055)
	−0.025

(0.057)
	0.005

(0.056)
	0.261 ***

(0.033)
	0.246 ***

(0.035)
	0.267 ***

(0.033)



	Fsize
	0.032 **

(0.012)
	0.017

(0.013)
	−0.207 ***

(0.012)
	0.058 **

(0.029)
	0.044

(0.030)
	−0.181 ***

(0.029)
	0.039 **

(0.017)
	0.024

(0.018)
	−0.196 ***

(0.017)



	Phome
	0.336 **

(0.096)
	0.430 ***

(0.108)
	0.425 ***

(0.100)
	−0.089

(0.239)
	−0.001

(0.245)
	−0.001

(0.241)
	0.562 ***

(0.143)
	0.653 ***

(0.150)
	0.653 ***

(0.144)



	Pchild
	−0.336 *

(0.14)
	−0.388 *

(0.155)
	−0.354 **

(0.144)
	−0.320

(0.341)
	−0.378

(0.350)
	−0.334

(0.344)
	−0.649 ***

(0.204)
	−0.693 ***

(0.215)
	−0.665 ***

(0.206)



	Paged
	−0.237 ***

(0.064)
	−0.187 ***

(0.071)
	−0.067

(0.023)
	−0.208

(0.156)
	−0.141

(0.160)
	−0.042

(0.158)
	−0.272 ***

(0.094)
	−0.212 **

(0.098)
	−0.102

(0.095)



	Edu
	0.031

(0.021)
	0.027

(0.023)
	−0.029

(0.022)
	−0.004

(0.051)
	−0.009

(0.052)
	−0.009

(0.052)
	0.052 *

(0.031)
	0.048

(0.032)
	0.047

(0.031)



	Ecle
	0.021 ***

(0.001)
	0.019 ***

(0.001)
	0.021 ***

(0.001)
	0.052 ***

(0.003)
	0.050 ***

(0.003)
	0.051 ***

(0.003)
	0.009 ***

(0.002)
	0.007 ***

(0.002)
	0.008 ***

(0.002)



	Equa
	0.44

(0.24)
	0.007

(0.026)
	0.041 *

(0.024)
	−0.001

(0.058)
	−0.039

(0.059)
	−0.005

(0.058)
	0.041

(0.035)
	0.005

(0.036)
	0.039

(0.035)



	Appro
	−0.193 ***

(0.023)
	−0.189 ***

(0.025)
	−0.181 ***

(0.023)
	−1.067 ***

(0.056)
	−1.063 ***

(0.057)
	−1.054 ***

(0.056)
	−0.082 **

(0.033)
	−0.081 **

(0.035)
	−0.068 **

(0.034)



	Resub
	−0.17 ***

(0.019)
	−0.162 ***

(0.021)
	−0.175 ***

(0.020)
	−0.285 ***

(0.047)
	−0.278 ***

(0.048)
	−0.291 ***

(0.047)
	−0.130 ***

(0.028)
	−0.122 ***

(0.029)
	−0.135 ***

(0.028)



	F
	132.314
	90.741
	114.061
	135.276
	108.072
	116.047
	33.541
	34.277
	35.279



	Adjusted R2
	0.672
	0.584
	0.639
	0.677
	0.626
	0.643
	0.337
	0.342
	0.349



	N
	707
	707
	707
	707
	707
	707
	707
	707
	707







*, **, and *** denote significance levels of 10%, 5%, and 1%, respectively, and the number in parentheses is the standard error of the coefficients.
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