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This study investigates how carbon emissions and energy consumption related to the life satisfaction of Chinese households over the 2010–2018 period. The China Family Panel Studies (CFPS) data from 25 Chinese provinces shows that the effect of provincial carbon emissions on life satisfaction is positive, and increases in fuel and electricity consumption also predict a higher life satisfaction level. Fuel consumption, especially, has a greater impact on life satisfaction among older people with lower income or education levels. In addition, an increase in relative energy consumption negatively affects Chinese households’ life satisfaction. Heterogeneity analysis demonstrates that the relative fuel consumption change has a larger negative life satisfaction effect for younger, less educated or rural people. In developed regions (including Beijing and Shanghai), a strong inverse relationship between carbon emissions and the residents’ life satisfaction exists in China, but the effects of residents’ own and relative energy consumption are insignificant or slight.
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INTRODUCTION
In recent decades, carbon emissions have become a vital environmental issue of widespread concern, as excessive carbon emissions have the potential to be sources of both greenhouse effects and depletion of natural resources. Yet, the implications of proposed carbon emissions reduction schemes in developing countries remain a matter of debate, since nations need to extensively rely on fossil energy to fuel their current development demands (Costa et al., 2011). In addition, the carbon emissions dimension is still not well understood in the life satisfaction related literature. Life satisfaction reflects the subjective feelings in our daily lives, which is a vital indicator to measure people’s quality of life (Tonon, 2013) and is highly related to social progress (Li and Raine, 2013). With the deepening of reform and opening-up in the past decades, China has undergone remarkable economic growth and societal environment change. At the same time, the Chinese people’s requirements for a better life have been gradually increasing, which conflicts with the inadequate development in China (Qiu, 2017; Zhang et al., 2022). Due to higher goals for quality of life, despite the economic prosperity, the Chinese people’s life satisfaction is steadily declining (Li and Raine, 2013). Therefore, both carbon emissions and life satisfaction are emerging as public concerns. Understanding how carbon emissions related factors influence people’s satisfaction with life can help get a better picture of how to reduce carbon emissions while ensuring the improvement of people’s life satisfaction (Li and Chen, 2021), and further promote long-term social development. Recently, studies have called for much closer attention to be given to the role of the carbon emissions in human well-being literature (Fanning and O’Neill, 2019; Sugiawan et al., 2019), as it allows us to have a deeper understanding of how to reconcile a low-carbon lifestyle with a higher level of life satisfaction, which can promote the sustainable implementation of related carbon emissions reduction policies.
Another important issue related to carbon emissions to be addressed is energy consumption. Household energy consumption is largely dominant in the case of per capita carbon dioxide emissions (Sugiawan et al., 2019). In China, the household share of total carbon emissions is increasing (Zheng et al., 2010). Whether and to what extent energy consumption is associated with life satisfaction? And how do individual characteristics moderate the relationship between energy consumption and life satisfaction? Since a household’s energy consumption is like the bridge connecting the relationship between human well-being and carbon emissions (Li and Chen, 2021), a better understanding of these questions can help inform policies aimed at carbon emission reduction and enhancing people’s well-being. When evaluating life satisfaction, in addition to their own energy consumption level, individuals also draw comparisons with reference groups who share similar characteristics to themselves (Roychowdhury, 2019; Sun and Wang, 2013; Kaus, 2013; Maurer and Meier, 2008). The link between relative consumption and happiness has been one of the most discussed and debated topics in the literature on subjective well-being (Wu, 2019). Studies also shed light on the importance of reference groups and routine behavior for pro-environmental consumption (Welsch and Kühling, 2009; Wolske et al., 2020), however, there has been relatively little research on the impact of reference groups’ energy consumption on the well-being literature. Considering relative energy consumption as a potential mechanism may provide a new perspective in explaining people’s life satisfaction change, especially in China, a typical “human relationship society” (Zhang et al., 2022). In this context, the reference group’s energy consumption patterns are integrated into the framework to explore the mechanism through which the energy consumption of the reference group affects the Chinese households’ life satisfaction.
China has a vast territory, and carbon emissions vary from region to region due to discrepancies in climate, infrastructure, and energy consumption structure (Sun and Wang, 2021). Different provinces in China have different resource endowments, energy structures, and economic development levels; for example, the GDP per capita of some cities such as Beijing and Shanghai has reached the level of developed countries, while other regions are still at the level of developing countries (Hong et al., 2021). China provides a natural experiment in which current relationships among provincial carbon emissions, energy use, and household members’ life satisfaction; thus, this study is situated in China. With the mainstream goal of “green growth,” China has signed up to reduce its carbon emissions and has a plan to peak the carbon emissions within the next decade. The Chinese government began developing a route map that focused on emissions reductions. However, there is still uncertainty regarding the dependence of carbon reductions on people’s quality of life. In addition, the Chinese government has made various efforts to improve people’s life satisfaction, including implementing some support policies aimed at poverty alleviation. Now that the Chinese government needs to improve people’s quality of life and achieve the goal of peaking carbon emissions by 2030, a better understanding of the relationship between carbon emissions, energy consumption, and life satisfaction is needed. This research is among the first to simultaneously evaluate the carbon emission, energy consumption, and relative energy consumption in explaining Chinese people’s life satisfaction change.
Correspondingly, this present study makes several contributions. First, this study extends the emerging literature on the relationships among provincial carbon emissions, energy use, and life satisfaction levels within one country covering extended periods. Some research linking greenhouse gases and well-being is often conducted based on the overall index of countries (Apergis and Majeed, 2021). Nevertheless, the effect of environmental factors might vary in broad societal contexts. Focusing on one country makes it possible to test the sensitivity of the effect of carbon emissions and energy consumption on life satisfaction to the choices of geographic factors and control variables (Hou, 2013). Second, as the determinants of life satisfaction involving “internal” factors of personality traits and individuals’ socio-demographic characteristics are embedded within “external” factors in individuals’ environments, the perspectives of “top-down” and “bottom-up” methods are combined. Not only are macro factors like total provincial carbon emissions and GDP included, but micro factors such as income, socio-economic status, and other demographic characteristics are also examined in the model using a large micro panel data set, which reveals the detailed factors that are related to individuals’ life satisfaction and the trade-offs they face. Third, the findings are novel in that the importance of energy consumption comparisons for people’s life satisfaction is also underscored, and determine how residents’ own and relative energy consumption influence people’s life satisfaction in China.
The rest of the paper is organized as follows: Section 2 comprises a literature review of life satisfaction, carbon emissions, energy consumption, and relative energy consumption studies. Section 3 presents the data set, variables, and methods. Section 4 presents the empirical results and estimations. Section 5 discusses the results and makes policy suggestions.
LITERATURE REVIEW
Life Satisfaction and Carbon Emissions
As a kind of cognitive evaluation individual has regarding their life status, life satisfaction is the most common and reliable measure used in research on individuals’ happiness (Hou, 2013; Fanning and O’Neill, 2019). Easterlin (1995) and Hirsch (1976) laid the theoretical foundation for happiness and well-being-related studies. Easterlin (1995) found that more wealth does not guarantee greater happiness, the so-called “happiness paradox.” Following-up studies found that other factors ignored in early research may play a vital role in influencing people’s life satisfaction, including environment, energy use, health, subjective factors, etc. (Betti et al., 2020; Apergis and Majeed, 2021; Kumari et al., 2021). At the same time, scholars have also realized that aspects of the external factors such as the natural environment or ecosystem are vital to people’s life satisfaction (Summers et al., 2012; Cuñado and de Gracia, 2013; Zhang et al., 2017; Brereton et al., 2008), including air pollution, noise, and climate. Thus, it is necessary to identify influential environmental and energy-related factors to improve people’s life satisfaction.
Most previous studies of life satisfaction are confined to Western countries (Li and Raine, 2013). However, in recent years, some research focused on China, and has found that family characteristic factors such as household income, consumption, housing, and environmental factors such as air pollution are highly related to Chinese people’s life satisfaction (Zhang et al., 2022; Zhu et al., 2020; Cheng, et al., 2020; Zhang et al., 2017). Specifically, Zhang et al. (2017) investigated the association between air pollution and well-being using China Family Panel Studies data and found that the increase in the air pollution index reduced happiness and increased depression symptoms.
A large literature has also evolved on the relationship between carbon emissions and life satisfaction, but the results are mixed. Some scholars argue that carbon emissions have a negative effect on people’s life satisfaction since it is not only one of the main causes of global warming and pollution (Zhang et al., 2017), but also brings some health risks such as the increased risk of cardiovascular disease and lung cancer (Lelieveld et al., 2019; Betti et al., 2020). Further, an increase in carbon emissions might lead to increased anxiety and concern about the possibility that they will be unable to adapt or otherwise protect themselves in the climate crisis caused by carbon emissions (El Zoghbi and El Ansari, 2014). As household consumption plays a key role in energy use and carbon emissions (Liu et al., 2016; Sun and Wang, 2021; Ivanova, et al., 2016; Kerkhof et al., 2009; Guo et al., 2021), especially in developing countries, some scholars considered the carbon emissions issue from a “bottom-up” perspective, that is, using the method of the basic goods basket to link human well-being and carbon emissions. They argued that the “bottom-up” human well-being index is more appropriate to study the relationship between individuals’ lifestyles and carbon emissions (Li and Chen, 2021). Consistent with such predictions, Höysniemi and Salonen (2019) focused on the carbon emission-related behavioral intentions related to Finnish citizens’ life satisfaction and found that the limited use of private cars also significantly predicts increased life satisfaction. Vita et al. (2020) compared the carbon footprints of non-members and members of sustainability-oriented grassroots initiatives and found that members show higher life satisfaction compared to non-members.
In contrast, a positive relationship between life satisfaction and carbon emissions has also been found in many studies. Concretely, Rao and Baer (2012) believed that increased use of energy and the accompanying emissions are needed to provide people with a decent living standard. Energy use serves to alleviate extreme temperatures, provide light and shelter, etc., and presently the most readily available sources of energy produce carbon emissions. When its convenience outweighs its costs, increased use of carbon-based energy sources, and the associated emissions, will increase people’s life satisfaction.
However, other scholars have noted that carbon emissions and life satisfaction can be decoupled, or can have a non-linear relationship. Sulkowski and White (2015) found that carbon emissions are not correlated perfectly with either development or happiness. Between two clusters with the highest average levels of development, income, and happiness, there was a 43% difference in carbon emissions. A highly developed cluster had roughly the same mean carbon emissions as a cluster with 83% less income, and the least developed cluster had 93% of the happiness level of the most developed cluster, yet 86% fewer carbon emissions. They also reported a happiness Kuznets curve (HKC), implying that average happiness may decrease as countries begin to develop but eventually improves as countries move from being moderately developed to highly developed. In contrast, using panel data on 58 nations, Dietz et al. (2012) examined the environmental intensity of human well-being, that is, the ratio of a nation’s per capita ecological footprint to its average life expectancy at birth, and found a U-shaped relationship between gross domestic product per capita and EIWB, not the predicted inverted-U.
Why do previous studies focused on the relationship between carbon emissions and life satisfaction show different results? One potential explanation for this question could be the regional disparities, since carbon emissions are associated with the development and urbanization of a region, people living in developing regions who produce more carbon emissions through driving more and consuming more electricity might be happier than others (Glaeser and Kahn, 2010; Zheng et al., 2010). Some research has employed a “top-down” approach, that is, examining the relationship between macro-level measures of development and energy use from a macro level to expand the research focus of energy use from the economy or technology to society (Li and Chen, 2021). Costa et al. (2011) used the human development index (HDI) as the main indicator to evaluate human well-being and demonstrated the existence of a positive and time-dependent relationship between HDI and CO2 emissions per capita from fossil fuel combustion. They also proposed that until HDI reached the threshold of 0.8, the developing countries are not suggested to reduce carbon emissions. Using national-level panel data for the 1970–2009 period, Jorgenson (2014) found that economic growth improved human well-being but at the cost of an increasing amount of carbon emissions. The carbon intensity of human well-being (CIWB) indicator, that is, the level of anthropogenic carbon emissions per unit of human well-being, was utilized in this research. For nations in Asia and South and Central America, development increased CIWB throughout the 40 years of the study. Sugiawan et al. (2019) suggested that the commitment to carbon emissions reduction needs to be evaluated and should be different between developed and developing economies because it is important to consider its impact on inter-generational well-being. The developed countries were encouraged to set up a more ambitious target of carbon emissions reduction.
Energy Consumption
In China, the demand for energy consumption and households’ share of total carbon emissions is increasing as a result of China’s rapid urbanization and transition to being a service economy (Zheng et al., 2010). The corresponding outputs that the energy produces, such as food, heat, industrial objects, or service, are not only related to humans’ basic needs and well-being (Jorgenson et al., 2014) but also are a key driver of carbon emissions (Okulicz-Kozaryn and Altman, 2019). To this point, energy consumption is like the bridge connecting the relationship between human well-being and carbon emissions (Li and Chen, 2021); thus, it is necessary to take energy consumption into account in carbon emissions and life satisfaction-related research.
A fundamental trade-off exists in energy consumption between the environmental impact and self-interest at the individual and national levels (Okulicz-Kozaryn and Altman, 2019). It is generally believed that energy use, such as electric power might offer an important material foundation for individuals’ happiness and socio-economic development, which brings convenience to their lives and improves their overall quality of life, especially for the rural residents (Guo et al., 2016). Kumari et al. (2021) analyzed the effect of energy consumption and environmental quality on subjective well-being in G20 countries from 2006 to 2019. The findings reveal that renewable energy consumption and environmental quality significantly enhance well-being in G20 countries, while non-renewable energy consumption reduces subjective well-being. Arto et al. (2016) found that the relationship between energy demand and HDI shows a strong positive correlation in 40 developed and developing countries for the period 1995–2008; however, beyond a certain point, HDI is not associated with GDP. Yet, in contrast, some research has also found that subjective well-being and life satisfaction are unrelated to energy use. Okulicz-Kozaryn and Altman (2019) integrated data from multiple sources and found that no evidence of increasing energy consumption substantially increases well-being. Arto et al. (2016) also found that in developed countries, the relationship is decoupled, because international trade enables countries to maintain their development level while goods and services are produced abroad without causing domestic energy consumption to increase. Similarly, Akizu-Gardoki et al. (2020) found that there is a well-being turning point, that is, there is a logarithmic positive relationship between well-being and energy consumption up to a certain point, but a negative correlation between energy consumption and well-being after the well-being turning point has been reached.
Relative Energy Consumption
Relative consumption is defined as consumption in comparison to that of the reference group (Frank, 1985; Sun and Wang, 2013). Individuals live in society and observe others’ behaviors; thus, the consumption patterns of others in comparison to oneself are taken into account in individuals’ self-reported life satisfaction and well-being (Guillen-Royo, 2011; Wang et al., 2017). The reference group is the social group that consumers compare themselves to and, as a result, make judgments about themselves (Tajfel, 2003). Some research has found that the reference group has a value-expressive influence: it helps consumers express themselves and meets their needs for self-elevation (Hammerl et al., 2016). Through observations and communications with the reference groups, individuals’ self-evaluated life satisfaction will be affected accordingly.
Reference groups’ spending on different types of commodities might have different externalities. The early work of Veblen (1899) put forward the conspicuous consumption theory, which indicated that people pursued conspicuous consumption to demonstrate that they were better than others, and to help them maintain or raise their position in the social hierarchy. Previous work has also distinguished between positional/status goods and non-positional/non-status goods (Frank, 1985; Hirsch, 1976) to understand the nature of social comparisons regarding consumption behavior. Positional/status goods are the visible things that can signal the owners’ place or rank in the society, while non-positional/non-status goods are not used to make such comparisons and are consumed for their utilitarian value. Heffetz (2012) pointed out that different commodities have different degrees of visibility; Strangers notice an individual’s expenditures with higher visibility more than other expenditures, such as clothing and cars. Wu (2019) hypothesized that individuals’ positional consumption relative to that of others in one’s reference group increases their life satisfaction in all income groups, while higher levels of basic expenditures have a negative influence on people in the lowest income quartile.
Energy consumption is a kind of non-positional and basic good. Much of the previous research on energy consumption focuses on how individuals’ energy consumption decisions are influenced by the behavior of reference groups (Welsch and Kühling, 2009; Mi et al., 2019; Wolske et al., 2020). Welsch and Kühling (2009) hypothesized that the reference groups’ pro-environmental consumption patterns are relevant to consumers’ consumption, because social comparison may serve the purpose of encouraging social compatibility within ones’ reference group. Wolske et al. (2020) explored two potential ways in which peer effects on energy use and clean technology adoption could occur. The first is interpersonal communication and persuasion. Such communication may raise awareness of pro-environmental behaviors and the potential benefits of new energy technologies, and it may convey important procedural information (Berger, 2014). The second peer effect involves changes in social norms. Some research examined respondents’ perceptions of peer influences and found that communicating with peers can reduce uncertainty and confirm peer adopters’ beliefs that photovoltaics can work as intended without hassle (Palm, 2017). These two processes represent complementary ways in which social influence may manifest itself in peer effects. Some research has also indicated that a reference group’s norms serve as a way to stimulate residents to implement low-carbon consumption behaviors (Mi et al., 2019). Based on the theory of social interaction and embeddedness, Yin and Shi (2021) found that having a strong relationship with one’s reference group can directly promote low carbon consumption behavior among Chinese residents, while network size has an indirect effect through social norms. To date, however, there have been very few empirical studies that consider the relationship between the reference group’s energy consumption and life satisfaction directly. This study extends this line of research by investigating whether individuals feel more satisfied when their reference groups engage in more energy consumption.
Most household survey data do not have accurate social interaction variables and lack direct survey questions about the composition of someone’s social circles, considering the availability of data, some studies would take reference groups as given exogenous variables. Many scholars assume that people living in the same region constitute a membership reference group (Wang et al., 2017; Cheng, et al., 2020; Roychowdhury, 2019; Sun and Wang, 2013; Kaus, 2013). As argued by Kaus, (2013), consumables are prominently visible in the process of social interaction, and a large proportion of social interactions occur in residential environments. Other researchers assume that individuals primarily compare themselves with others who share certain demographic characteristics (e. g., age, gender, degree, or occupation) (Maurer and Meier, 2008).
To date, although there are mixed findings concerning the impact of carbon emissions and energy consumption on life satisfaction, most research linking carbon emissions and well-being is often conducted based on the overall index of countries (Fanning and O’Neill, 2019; Apergis and Majeed, 2021), few studies test the regional disparities focusing on one country. In addition, little substantive empirical research has addressed the link between reference groups’ energy consumption and household members’ life satisfaction. To address this research gap, this study analyzes the effects of carbon emissions, as well as consumers’, and also underscores the importance of their references groups’ energy consumption on life satisfaction in China, using top-down and bottom-up methods.
METHODOLOGY
Model Setting
In this study, for every household member i in year t, life satisfaction is predicted from provincial carbon emissions, household income, energy consumption, and its ratio to the household member’s reference group, etc. The following model represents this relationship:
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Where [image: image] is life satisfaction level (Life satisfaction). [image: image] is the intercept. The notation [image: image] represents province-level carbon emissions per capita (Carbon emissions), which is measured at Mt/capita. [image: image] refers to GDP per capita at the province level (GDP). [image: image] is a vector of provincial level control, including provincial population (Population). [image: image] represents household income per capita (Income), and [image: image] represents energy consumption per capita, including electricity consumption (Electricity expense) and fuel consumption (Fuel expense). To examine whether energy consumption has a positional or non-positional character for the Chinese population, relative energy expenditure factors are added into this model; [image: image] stands for energy expenditure ratio, the relative electricity expenditure compared to individuals’ reference group’s level (Relative electricity consumption) and the relative fuel expenditure compared to individuals’ reference group’s level (Relative fuel consumption). The vector of variables [image: image] includes individuals’ socio-economic and demographic characteristics, such as age (Age), education (Eduyear), family size (Family size), residence (Residence), and marital status (Marital status). Besides, [image: image] is the province-specific error term.
Data
CFPS data administered by the Institute of Social Science Survey at Peking University is used from 2010 to 2018 and the project aims to conduct regular and systematic surveys on the three levels of communities, families, and family members (individuals). CFPS is a nationally representative household survey in China. Up to now, CFPS has released tracking survey data for 2010, 2012, 2014, 2016, and 2018, containing a wide range of detailed economic, social, and demographic information about Chinese households. After data combining and cleaning, 133,204 samples covering 25 provinces and municipalities are obtained.
Some macro-level data such as provincial GDP and provincial population are drawn from the China National Bureau of Statistics Database, and carbon emissions data came from the Carbon Emission Accounts and Datasets (CEADs). CFPS micro-data is also matched with these macro data, which covers 25 provinces in China and spans 2010–2018.
Variables
Dependent Variables
The life satisfaction level of the respondents is measured through self-reported satisfaction levels on a 5-point scale, in response to the question: “Are you satisfied with your life?” Responses ranged from 1 (most dissatisfied) to 5 (most satisfied). Life satisfaction is the most common and reliable measure used in subjective well-being-related literature (Hou, 2013; Fanning and O’Neill, 2019).
Independent Variables
Carbon emissions per capita (in metric tons) are the key independent variable, with data for 25 provinces from 2010 to 2018 from the CEADs. The detailed computation process is available in Shan et al. (2020)’s research. Each province’s carbon emissions level is divided by the provincial population to get the carbon emissions per capita variable.
Household energy consumption is also a vital independent variable since it is not only related to well-being (Jorgenson et al., 2014) but also is a key driver of carbon emissions (Okulicz-Kozaryn and Altman 2019). Based on data availability, households’ energy consumption mainly contains two parts: electricity expenditures and fuel expenditures, respectively measured through these two questions: “How much does your family spend on electricity?” and “How much does your family spend on fuel (including coal gas, liquefied gas, coal, firewood, charcoal, etc.)?” These two questions are only asked starting in 2012. As the expense is monthly and household data, these two variables are multiplied by 12 and divided by family size. For households with no electricity or fuel expenses, the values are replaced with 0.01, then transformed logarithmically.
The relative electricity consumption and relative fuel consumption independent variables are used to measure the positionality of household energy consumption, defined as the ratio between an individual’s electricity consumption, fuel consumption, and their reference group’s average levels respectively. The reference group is assumed to consist of people of similar age and similar income levels living in the same province. The reference-level energy consumption is first defined at the provincial level as revealed in the literature (Wang et al., 2017; Cheng, et al., 2020). Within each province, further reference groups are constructed along the dimensions of age and household income. Age is divided into six categories: 18–24, 25–34, 35–44, 45–54, 55–65, and 65 or above. Household income is divided into 1–5 quintiles from low to high. Thus, there are 30 reference groups in total within each province in 1 year (5*6 = 30). The electricity consumption ratio is measured by their own electricity expense divided by the average electricity expense of ones’ reference group and introduced in logarithmic form. Similarly, the fuel consumption ratio variable is measured by their own fuel expense divided by the average level of reference-group fuel expense and introduced in logarithmic form.
To measure the economic development levels of each province over time, provincial real GDP per capita is selected as the indicator. GDP measures the total market value of all final goods and services purchased within a province. Each province’s GDP level is divided by the provincial population to get the GDP per capita. And the natural logarithm form of real GDP per capita is used.
Control Variables
In addition, some key micro-level covariates are also included in the model based on their relevance to life satisfaction as revealed in the literature, including household income and individual demographic variables. Household income is defined as the sum of total money income for all members of the household. Total income includes income from wages and operating income, property income, and transfer income, and is divided by family size, and the natural logarithm calculated. Households with no income are assigned a value of zero. A series of demographic variables are treated as control variables including education, gender, age, marital status, and residence (urban or rural). Among them, the level of education received is calculated according to years of education. Other demographic variables are dummy-coded. For gender, female is 0 and male is 1; for marital status, married or cohabitating is 1, and unmarried, not cohabiting, divorced, or widowed residents are 0; for residence, 1 = living in an urban area and 0 = living in a rural area.
The provincial population (according to the China National Bureau of Statistics Database) is chosen as the macro-level control variable and is log-transformed. The categories of household energy consumption, income, and provincial GDP have been deflated by the consumer price index (CPI), using 2010 as the base year.
Statistical Description
Descriptive statistics for the above variables are presented in Table 1. The mean value of life satisfaction increased from 3.652. And the mean value of provincial GDP per capita is 18742.89. However, the standard deviation value of GDP is large, which indicates that China’s regional economic development is unbalanced. In addition, reference-group electricity expenditures and reference-group fuel expenditures are defined at the provincial age-income level, and their standard deviation values indicate that residents’ energy expenditures are also heterogeneous in different groups or regions.
TABLE 1 | Descriptive statistics.
[image: Table 1]Methods
In line with previous research, the changes in the coefficients across linear models can be compared, but for logit or probit models, one cannot straightforwardly compare the coefficient changes (Mood, 2009; Hou, 2013). Therefore, life satisfaction was first treated as a continuous variable and employed OLS models. Considering that CFPS data has a multi-level nature, in all OLS models, standard errors are clustered at the province level. The OLS model with cluster-robust standard errors is identical to a random intercept with higher-level predictors and a fixed-slope model with level-1 covariates within the framework of hierarchical linear models (HLM) (Arceneaux and Nickerson, 2017; Hou, 2013). To make the results robust, the results are also replicated in ordered logit models. To test relationship heterogeneity across different regions, the data sample was further segregated into first-tier cities (including Beijing and Shanghai) and other province categories. Finally, a series of heterogeneity analyses across several dimensions: individuals’ income, education level, age, and residence type (urban or rural) are conducted.
RESULTS
The Distribution of Life Satisfaction Across Provinces
Life satisfaction and carbon emissions may show heterogeneity in China. Therefore, these two macro variables are plotted in Figure 1. The x-axis indicates each province’s average carbon emissions per capita, and the y-axis indicates the life satisfaction level. Across these provinces in China, the quadratic fit shows that there is a clear positive association between carbon emissions and life satisfaction. The higher carbon emissions are within a province, the higher life satisfaction is for its households. Still, the variance across provinces is large. Guangxi (GX), Jiangxi (JX), and Guangdong (GD) have both the lowest carbon emissions levels and lowest average life satisfaction. Some provinces, such as Tianjin (TJ), have both higher carbon emissions per capita and higher life satisfaction. Still, there are some exceptions, such as Shanxi (SX) and Liaoning (LN), which have higher carbon emissions per capita, but lower life satisfaction.
[image: Figure 1]FIGURE 1 | The relationship between carbon emissions and life satisfaction. Notes: Quadratic fit is shown with 95% confidence intervals. All data are averaged over the 2010–2018 period.
In addition, Beijing and Shanghai, as two first-tier municipalities of China, are the economic leaders in comparison to other provinces and cities. Thus, these municipalities’ carbon emissions and residents’ life satisfaction might exhibit unique features that need to be studied. Figures 2, 3 depict the relationship between carbon emissions and life satisfaction in Beijing and Shanghai respectively. As can be seen in Figure 2, contrary to Figure 1, the trend in life satisfaction is negatively related to carbon emissions for residents in Beijing, which is somewhat in line with Zhang et al. (2017), who argue for a negative correlation between air pollution and life satisfaction.
[image: Figure 2]FIGURE 2 | The relationship between carbon emissions and life satisfaction in Beijing.
[image: Figure 3]FIGURE 3 | The relationship between carbon emissions and life satisfaction in Shanghai. Note: Quadratic fit is shown with 95% confidence intervals. All data are averaged over the 2010–2018 period.
The self-reported levels of life satisfaction in Shanghai are shown in Figure 3, which illustrates that there is an inverted U-shaped relationship between carbon emissions and life satisfaction levels. Life satisfaction is highest at the intermediate level of carbon emissions per capita, around 0.078–0.079. As carbon emissions increase further, life satisfaction declines. Thus, people who experience the extremes of carbon emissions have the lowest life satisfaction. This is partly in line with Costa et al. (2011), who found that carbon emissions result in more life satisfaction only up to the point that is used to satisfy basic human needs. When essential human needs for energy are met, more carbon emissions will result in decreased life satisfaction.
Empirical Results
In Table 2, the results from OLS with life satisfaction as the dependent variable are presented. Column 1 shows whether changes in carbon emissions and other macro variables are relevant to explaining changes in life satisfaction across provinces. The coefficient of carbon emissions implies that a 1% increase in provincial carbon emissions per capita is associated with a 2.122% increase in life satisfaction, and other macro factors such as provincial GDP and population only have some potential insignificant effects on life satisfaction.
TABLE 2 | The impact of carbon emissions and energy consumption on Life satisfaction.
[image: Table 2]In Column 2, alongside other macro determinants of life satisfaction, the model introduces some micro variables, including household income per capita, gender, registered residence condition, age, level of education, marital status, and family size. Among the micro indicators, household income, gender, age, and family size variables have positive and statistically significant coefficients, suggesting that older, female individuals with higher household income and larger family sizes tend to have higher levels of life satisfaction. It can be seen that these findings are consistent with previous research findings (Alesina et al., 2004; Hou, 2013; Zhu et al., 2020). Elders usually have lower expectations for future life and stress compared with younger people, thus having higher life satisfaction. In particular, the coefficient of the provincial population becomes significantly positive when the micro variables are introduced.
As for the economic factors, the coefficient of lnGDP indicates that provincial GDP, the macro factor, fails to explain people’s life satisfaction when incorporating the carbon emissions factor, which is consistent with Easterlin’s (1995). However, on a micro-economic level, increased household income is still associated with a higher level of life satisfaction, suggesting that higher income not only satisfies people’s requirements of higher-level life quality but provides opportunities for higher relative income level, which is also a positive determinant of life satisfaction, consistent with previous research (Frank, 2012; Yuan, 2015; Wang et al., 2019).
In Columns 4 and 5, the model incorporates the energy consumption factor: electricity expenses and fuel expenses. As these two variables are recorded only for the years 2012, 2014, 2016 and 2018 in CFPS, the sample size has changed. To raise the comparability of the coefficients, all the variables are regressed from the year 2012–2018 in Column 3. The regression of life satisfaction scores on carbon emissions of the variable for carbon emissions is 1.886 in Column 3, but this effect is reduced to 1.546 and 1.775 and becomes less significant in Columns 4 and 5. As for energy consumption, in Column 4, holding other factors fixed, a 1% increase in electricity expenses and fuel expenses are associated with 0.029% and 0.024% increases in life satisfaction, respectively; that is, any reduction of energy expenditures may have a negative effect on people’s life satisfaction. Since appliance usage has become a part of daily life, there is usually certain inertia for household appliance usage (Guo, et al., 2016). Using more electric and gas-powered appliances, such as refrigerators, TVs, and cooking appliances, can facilitate people’s daily lives, thus improving their life satisfaction. Furthermore, column 5 extends the set of regressors to include the electricity expense ratio and fuel expense ratio. In this case, the coefficients of electricity expense and fuel expense increased to 0.102 and 0.037. As for the referent ratio factors, higher ratio levels tend to be associated with lower life satisfaction levels. The fuel consumption ratio is negative and significant; a 1% increase in fuel consumption ratio leads to about a 0.024% decrease in life satisfaction. Though the electricity consumption ratio is less significant than the fuel consumption ratio, a 1% increase in it is associated with a 0.102% decline in life satisfaction, suggesting that people feel more satisfied or happier if they consume less electricity and fuel than their neighbors or peers.
Robustness
The robustness of the results is checked and reported in Table 3. To explain the possible non-cardinality of life satisfaction data, Column 1 reports the results from estimating the models from Column 5 of Table 2 using an ordered logit instead of the OLS model. Column 2 presents a full model with fixed effect results, which provide within-person interpretations. And Column 3 shows the random effect results.
TABLE 3 | Robust test, with cluster robust standard errors.
[image: Table 3]Comparing the results, the OLS model, ordered logistic model, fixed-effect model, and random effect model show similar patterns of how life satisfaction is determined. Though the coefficients of carbon emissions in Table 3 become significant, the other coefficients, including electricity expenses, fuel expenses, relative electricity expenses, and relative fuel expenses are similar in significance and influence direction to that of variables in Column 5 of Table 2. These results imply that the model is robust.
Estimation Results for Beijing and Shanghai
For the population as a whole, carbon emissions have a significant positive relationship with life satisfaction. The impact of carbon emissions on people’s life satisfaction may vary among different areas, given the significant differences in the economic development levels and natural resource endowments of different provinces. Among all provinces, Beijing and Shanghai are the first-tier municipalities, and the per capita GDP has reached the level of developed countries, while most of the other regions are still at the level of developing countries. As their economic and political resources and people’s living conditions are significantly different from other provinces and municipalities, the effects on life satisfaction should also be different.
To test for this, in Table 4, split-sample analyses are conducted. OLS models are run separately for the first-tier municipalities (Beijing and Shanghai) and other provinces. Results shown in Table 4 reveal some significant changes for the regional differences in the effects of provincial carbon emissions, reference groups, and individuals’ energy consumption. The first-tier municipalities’ sample results are reported in Columns 1–2, and those of other provinces in Columns 3–4. For individuals living in the first-tier municipalities, the carbon emissions variable is negatively related to their life satisfaction, which has also confirmed the conclusion from Figure 2, that carbon emissions have a significant negative coefficient. As Beijing and Shanghai are the most developed first-tier cities in China, the results presented so far suggest that how the changes in carbon emissions explain changes in life satisfaction across provinces depends on the degree of development of the region, which reinforces the conclusion of the previous research (Dietz et al., 2012). In addition, the effects of relative and individual energy consumption for Beijing and Shanghai are statistically different from the effect for other provinces. While the coefficients significantly influence life satisfaction levels in other provinces, they are not statistically significant for residents in Beijing and Shanghai.
TABLE 4 | Impact of carbon emissions, energy consumption on Life satisfaction in Beijing and Shanghai.
[image: Table 4]Heterogeneity Analysis
Some individuals, depending on their characteristics, might be more prone than others to respond to carbon emissions or energy consumption. To obtain a better understanding of how these characteristics correlate with it, a series of heterogeneity analyses across several dimensions are conducted: individuals’ income, education level, age, and residence type (urban or rural).
In the heterogeneity analysis, main independent variables, including carbon emissions, electricity consumption, fuel consumption, relative electricity consumption, and relative fuel consumption, are interacted with individual characteristic variables. In Table 5, the results show that the carbon emissions variable does not exhibit different effects across an individual’s income, education level, age, and residence type.
TABLE 5 | Heterogeneity analysis.
[image: Table 5]For electricity, fuel consumption, and relative consumption, their interactions with individuals’ income are first assessed, the results of which are shown in Column 1. Among all the interaction terms, only the coefficient of the interaction term of fuel expense is negative and significant. This suggests that fuel expenditures have significantly positive effects on life satisfaction for all people, but the effects for higher-income individuals are less than for others.
A similar heterogeneity analysis is conducted as above for the interaction of carbon emissions, electricity consumption, fuel consumption, relative electricity consumption, and relative fuel consumption with individuals’ education level, the results of which are shown in Column 2. The fuel interaction term and relative fuel consumption interaction term have significant effects, and the other relevant interaction terms did not have a significant influence. Thus, for individuals who have higher educational attainment, increased fuel expenses will bring less increase in their life satisfaction than for others, and they are also less likely to compare themselves to their reference groups on fuel consumption.
People’s reactions to energy consumption could vary with their age. In Column 3, electricity, fuel consumption and relative consumption regressors by themselves have significant influences. The fuel consumption interaction and electricity consumption interaction terms have significant and positive effects, which means that older individuals are more sensitive to their energy consumption than younger individuals when evaluating their life satisfaction. And the relative electricity consumption interaction shows a significant negative influence, and relative fuel consumption interaction terms are significantly positive. The results indicate that older people care more about their relative electricity consumption, but care less about their relative fuel consumption than younger ones.
To check for residence type differences in the relationship between life satisfaction and energy consumption, the interactions with residence dummies are computed and are shown in Column 4. In this regression, the relative fuel consumption interaction term has a significant and positive effect, and the other three relevant interaction terms are not significant. This suggests that if urban people consume more fuel than their reference group, the negative effect is less on life satisfaction than it is for rural people.
CONCLUSIONS AND IMPLICATIONS
This study is conducted to expand the body of knowledge by simultaneously extrapolating the carbon emissions, energy consumption, and relative energy consumption factors in the life satisfaction literature. Using CFPS data from 2010 to 2018, we find that the increase in provincial carbon emissions over time predicts increased household life satisfaction, but when the model adds energy consumption-related factors, the effect of carbon emissions becomes less significant. As for energy consumption, increased household energy consumption can proportionally increase life satisfaction. In addition, the results also present that energy consumption is subject to positional concerns, indicating that having more electricity and fuel expenditures than their reference group decreases people’s life satisfaction.
Therefore, the possible reason for the positive relationship between people’s self-reported life satisfaction and carbon emissions is partly due to the demand for more energy consumption. Higher energy consumption brings a higher-carbon form of lifestyle, because some direct and indirect energy consumption, such as lighting, heating, cooling, etc., are major sources of carbon emissions (Lamb and Steinberger, 2017), and these behaviors facilitate individuals’ daily life and enable them to obtain higher life satisfaction (Guo et al., 2016). Thus, the result is in line with previous research indicating that the relationship between life satisfaction and energy consumption reflects the relationship between people’s life satisfaction and carbon emissions (Li and Chen, 2021). In heterogeneity analyses, it is also found that the electricity consumption change has a larger life satisfaction effect for older people. Since fuel is a kind of cheap energy resource (Zheng et al., 2010), for people with lower income, lower education, or older age, fuel consumption increase has a higher life satisfaction effect.
The ratios of individuals’ and references groups’ energy consumption might have social and ethical impacts on people’s life satisfaction, which indicates that the effects of reference energy behaviors are mostly external and relevant to group affiliation characteristics (Chen and Peng, 2014; Mi et al., 2019). The heterogeneity analysis results demonstrate that the relative fuel consumption change has a larger negative effect on life satisfaction for younger, less educated, or rural people. And older people have a higher relative electricity consumption effect on life satisfaction. Therefore, social comparison with the reference group can effectively elicit Chinese residents’ attention to the energy consumption of others, and further influence their life satisfaction. Fuel and electricity expenditures can be categorized as non-positional or basic expenditures, and excess levels of energy consumption might also bring excess carbon emissions and resource depletion. Especially, fuel consumption (such as coal, firewood, charcoal, etc.) also represents traditional energy use and relatively backward lifestyles. Compared to electricity use, this kind of expenditure is not environmentally friendly and produces more carbon emissions (Huang et al., 2021). Therefore, possible explanations of this finding are as follows: first, the explanation of the social comparison, which means people often observe and compare themselves to their reference group, by gathering information or accidentally witnessing other’s lives (Heffetz, 2012), due to their aspiration to be evaluated positively by others and themselves. Fuel and electricity expenditures are kinds of basic consumption, which have not been tied to social status and showing off to others. Veblen’s conspicuous consumption (Veblen, 2005) also indicates that superfluous consumption might not satisfy human needs but simply only demonstrate that one consumes more than others, which does not make people any happier (Okulicz-Kozaryn and Altman 2019). On the contrary, spending more on energy might squeeze on other household expenditures tied to higher social status, such as clothing or cars, especially for lower-income households. Hence, unlike the positional commodities, spending on more energy consumption than others might decrease people’s life satisfaction. The results are in line with Wu (2019), who found that increases in basic consumption expenditures have a negative influence on people’s life satisfaction. Second, the guilty explanation states that a higher level of reference groups’ fuel and electricity expenditure brings happiness to the people because they feel less guilty about the impact of their actions on the environment. According to Burger et al. (2022), people’s behaviors influenced by climate change largely result from feelings of guilt, an ecological worldview, and a desire to play a positive role in society. Regarding the mechanism of a guilty conscience, consuming more energy than the reference group might lead people to feel guilty about their higher energy consumption. But if an individual observes an increase in the reference group’s fuel consumption compared to their own, this might generate lower pressure to reduce their use of energy, and thus increased spending on fuels might lead higher level of life satisfaction. Thus, the experienced guilt about the reference group's energy consumption can be a crucial influence on people’s life satisfaction. These two explanations demonstrate the potential mechanisms of relative energy consumption effects in addition to the other mechanisms discussed in this context.
Given that different regions may exhibit different resource endowments, energy structures, and economic development levels in China, samples in first-tier municipalities are separated from other provinces. According to Guo et al. (2021), as economically developed cities, Beijing and Shanghai have transitioned to service sector-oriented economics, the producer service industries can lead to relatively low carbon emissions. In addition, the energy resources in Beijing and Shanghai are highly reliant on domestic and foreign imports, Beijing also implements local restrictions on enterprises with heavy energy consumption and emissions, which result in a notable energy cost to other provinces. The results show that people living in Beijing and Shanghai have reduced life satisfaction when carbon emissions increase, which reinforces the conclusions of previous research (Dietz et al., 2012), indicating that for developed regions, there is a strong inverse relationship between carbon emissions and individuals’ life satisfactions. In these cities, the energy consumption of themselves and others is less relevant to people’s life satisfaction, since the basic needs for energy consumption in these areas have already been met to a large extent. But for other provinces, energy consumption still plays an important role in bringing about convenience and improving people’s quality of life despite a high level of carbon emissions. This result for these provinces is consistent with Rao and Baer (2012), who indicated that energy and the accompanying emissions are needed to provide people with a decent living standard. Therefore, low-carbon forms of lifestyle should first meet people’s demand for convenience and higher quality of life, and the regional development should be viewed as a necessary condition for adopting a low-carbon policy.
The results for the links and pathways are illustrated in Figure 4.
[image: Figure 4]FIGURE 4 | Summary of the main findings.
Future policies should attempt to reconcile environmental and well-being agendas. First, carbon emissions reduction and energy policies should focus on their impact on residents’ life satisfaction, since environmental factors such as carbon emissions, and energy consumption are playing the prescribed roles in people’s quality of life as well. Second, carbon reduction and energy policies should address the regional synergy and the characteristics of different regions across China. For Beijing and Shanghai, a more ambitious target of carbon emissions reduction should be encouraged, since reducing carbon emission meet people’s requirement for higher life quality in these cities. For other provinces, as the increased energy consumption can increase life satisfaction and carbon emissions, the economic structure needs to shift to renewable energy (Huang et al., 2021), to keep life satisfaction unchanged or increasing, while reducing carbon emissions. Third, as life satisfaction is highly influenced by relative energy consumption, to take advantage of energy consumption externalities, advanced publicity can be used to make people believe that low-carbon and energy-saving lifestyles are becoming more and more popular among their reference groups, especially for rural and less educated people, as they are more sensitive to others’ energy consumption. Such policies can enhance residents’ endogenous motivation to save energy and live a low carbon life.
There are some limitations to this research. First, in CFPS data, some psychological factors (such as people’s environmental attitudes, etc.) that might impact the relationship between carbon emissions, energy consumption, and life satisfaction were not included in the analysis, and this may have led to some deviations in the research results. Second, it is assumed that the reference group consists of people with similar ages and similar income levels living in the same province, but this method is to some extent post-inference, although most studies have used the same post-inference strategy (Hou, 2013; Quintana-Domeque and Wohlfart, 2016). For this reason, future research should collect reference group data about respondents’ subjective judgments, environmental attitudes, or other psychological factors, to elaborate more precisely on the mechanisms of influence of relative energy consumption on life satisfaction. Third, the conclusions drawn from this research focusing on China might not be applicable to other countries. In future studies, the sample can include other countries to test the relationship between carbon emissions, energy expenditures, and life satisfaction in other developed countries and developing countries, and a comparative study can be conducted.
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