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This article investigates the impact of energy conservation and emission reduction policies on household carbon emissions by using the fixed-effect model and finds energy conservation and emission reduction policy has a positive effect on household carbon emissions. The data sample covers 31 provinces, autonomous regions and municipalities in China from 2011 to 2020. In addition, this article conducts a mechanism test and finds new energy public buses can play a negative mediating effect on the relationship between government policy and household carbon emissions. Besides, this article finds that the effect of energy conservation on emission reduction policies is more evident in western areas.
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1 INTRODUCTION
Due to the extensive use of fossil fuels by human beings, the greenhouse effect is constantly superimposed, resulting in global warming. In response to global warming, the United Nations has adopted the United Nations Framework Convention on Climate Change (FCCC, 1992) to set the emission reduction process for climate change. Subsequently, 193 contracting parties signed the Copenhagen Accord (2009) to reach an agreement on carbon dioxide emissions. Encouraging low-carbon economic transformation, optimizing energy structure and improving energy efficiency have become the main strategic paths for countries to reduce carbon dioxide emissions (Cheng et al., 2021). The household sector is considered an important source of carbon dioxide emissions. Hertwich et al. (2018) pointed out that about 72% of global carbon emissions are contributed by household consumption. Sepehr et al. (2018) show that households consumed about 40% of the world’s primary energy in 2016 and produced greenhouse gas emissions exceeding 33% of global-related greenhouse gas emissions.
According to the International Energy Agency (IEA) analysis data, China’s carbon dioxide emissions in 2021 were 11.9 billion tons, accounting for 33% of the global total, ranking first in the world. With the acceleration of urbanization, China’s total energy consumption has increased by 3.5 times in the past 20 years, from 1469.64 million tons of standard coal in 2000–5240 million tons of standard coal in 2021. With the rapid growth of China’s household income, the level of consumption structure has gradually increased, and the energy consumption caused by household-based activities such as transportation, residential use, and food is increasing. This energy consumption pattern follows the environmental Kuznets curve, that is, energy consumption increases with the increase in income, and it also shows that the household sector has become an important source of carbon emissions. Dai et al. (2012) predict that household consumption will increase as a share of China’s economy in the future, per capita consumption of most commodities will increase significantly, and more carbon emissions can be attributed to the household sector; Fan et al. (2013) pointed out that after 2000, the annual growth rate of household carbon emissions (HCE) was 8.7%, and showed an upward trend.
Huge pressure on carbon emission reduction in Chinese cities (Cheng et al., 2020b). As an important urban unit, HCE plays a significant role in carbon emission reduction (Wang et al., 2015). With the increase of green consumption demand, the guiding role of environmental cognition on household green consumption behavior has become more prominent (Xie et al., 2022). China has promised to achieve carbon neutrality by 2060, making the necessary strategic choice for carbon reduction in the household sector. To this end, China has introduced a series of energy conservation and emission reduction policies (ECERPs), which aim to control total energy consumption, improve energy efficiency, and promote the green transformation of economic and social development. The ECERPs mainly formulate measures from the aspects of changing family lifestyle, advocating family low-carbon consumption, guiding residents to develop low-carbon home-based habits, and promoting green low-carbon travel and healthy low-carbon diet, which have a significant impact on family carbon emission reduction. With the changes in policy, environment and technology, it is vital to investigate the impact of ECERPs on HCE.
Therefore, this article focuses on ECERP issued by provincial departments in China and analyzes the impact of ECERP on HCE. The purpose of this study is to investigate whether ECERP can reduce HCE and whether this relationship is sustainable. These explorations will help to determine the effectiveness of ECERP and provide useful policy inspiration for the Chinese government to achieve the dual carbon goal by 2030.
2 LITERATURE REVIEW
2.1 Influencing factors of HCE
Since China formulated the green development goals, more and more scholars have begun to pay attention to and study the influencing factors of HCE. The earliest model of household energy consumption originated from the “energy ladder” model, which explored the relationship between household income growth and fuel selection in household energy consumption. However, this model has been challenged by researchers over time. Furthermore, the ‘energy services’ model has been developed. It insists that household energy choice is a non-linear development path, and admits that household income plays a key role in household energy choice, but advocates attention to other factors that will affect household energy choice. In recent years, with the development of digital technology, the research direction of household carbon emission reduction has gradually shifted from climatic conditions to significant factors. For example, Muller and Yan, (2018) pointed out that household size, building type and the number of rooms have the most significant impact on household energy consumption. Soltani et al. (2019) investigated the energy choice and consumption dominant patterns of 821 households in urban and rural residential areas of Mahabad City, northwestern Iran, and used a three-energy dimension model that combines energy choice, energy consumption, and energy installations to reveal that household income, energy types, energy prices and availability significantly affect household energy conversion preferences. The latest research is committed to building a digital global value chains decomposition framework to analyze the corresponding carbon emission reduction effect and mechanism (He and Xie, 2022).
It is generally believed that HCE can be divided into direct carbon emissions and indirect carbon emissions. Previous studies have concluded that indirect carbon emissions are far higher than direct carbon emissions and should play a major role in carbon emission reduction. Yuan et al. (2020) confirmed that urbanization is the most important factor affecting household indirect carbon emissions. Liu et al. (2019) studied the indirect carbon emissions of urban households in China from 2002 to 2012, aiming to measure urban household inequality more accurately. The study found that household consumption activities have an impact on indirect carbon emissions, and there are significant differences in per capita carbon emissions among households with different income levels. This kind of research mainly discusses the impact of household consumption activities on HCE in China at the national or regional level, ignoring the heterogeneous effects that may arise when China is divided into regions with similar characteristics and has not yet realized the impact of policies on the behaviour of family members and thus on HCE, thus weakening the importance of policy impact. At the same time, scholars tend to measure whether HCE will indeed decrease from the aspects of household income, household consumption structure and urbanization. For example, Soltani et al. (2020), Xu et al. (2016) and Shigetomi et al. (2014) pointed out that urban HCE are mainly affected by demographic characteristics, and points out that family size, education level, family age, household employment and income and household burdens are other factors that affect HCE. Dai et al. (2012) proposed two possible household consumption expenditure patterns in China in 2050 considering total expenditure growth and urbanization and studied the impact of future household consumption pattern changes on total energy use and emissions. The results show that the increase in future income level will cause a sharp rise in household energy demand and carbon dioxide emissions, but if household consumption expenditure is placed in a non-materialized scenario, household energy demand and carbon emissions will be reduced.
The consumer lifestyle approach method (CLA) (Wang and Yang, 2016) and input-output analysis method (IOA) (Ding et al., 2017) are often used to study HCE. To reveal the dominant and recessive economic factors that lead to changes in HCE, researchers have innovated research methods. For example, Zhu et al. (2017) used the IOA and structural decomposition analysis (SDA) methods to study the carbon dioxide emissions in the process of urbanization in Tianjin, China. The study found that 74.1% of carbon emissions increased due to household consumption were significantly related to urbanization. Wang et al. (2019) used the IOA and factor-reversible SDA method to explore the impact of urbanization and consumption patterns on HCE in China from 2002 to 2012. Brizga et al. (2017) assessed the link between household energy consumption and carbon dioxide emissions in the Baltic States from 1995 to 2011 based on a multi-regional input-output model. Thanks to the above research methods and their improvements, there are a large number of research results in the field of HCE. In general, policies will not directly affect HCE but depend on some intermediary factors to be linked. It is necessary to comprehensively analyze the impact of intermediary factors, and the above research methods have limitations in decomposing these effects. Therefore, a new method is needed to deal with the impact of these factors one by one to measure their relative impact on HCE, and then to measure the impact of policies on HCE. Fixed-effect models are often used to compare the difference between each particular independent variable and the interaction between a single independent variable and other independent variables. Studies have shown that analysis results based on fixed-effect methods are more robust than random-effects methods. In the field of energy conservation and emission reduction, Wu et al. (2022) used a fixed-effect model to examine the impact of public environmental concerns on corporate environmental behavior.
2.2 Government policy and HCE
`Excessive carbon emissions can lead to environmental pollution, thus forming a negative external effect (Song et al., 2020). The theory of government intervention holds that when there are negative externalities in the social economy, the government should intervene and internalize the external influence through taxation, creditor’s rights, policies and other measures. As an important environmental regulation tool for green development, the policy has a very significant impact on carbon emission reduction. Given China’s special economic situation and policy environment, scholars have conducted a series of empirical studies on relevant policies aiming at energy conservation and emission reduction. Cheng et al. (2020a) pointed out that only at the provincial level can the government’s emission reduction policies effectively reduce carbon emissions. Chen et al. (2020) used DID and parallel multiple mediator models to investigate the carbon emission reduction effect of China’s carbon emission trading pilot and the impact path of the policy from the national and regional levels. The results show that the current emissions trading schemes (ETS) policy has a significant carbon emission reduction effect, but there is still a lot of potential emission reduction space, such as promoting low-carbon technology innovation. Cheng et al. (2022) pointed out that government spending may be a potential policy tool that indirectly affects carbon emission reduction. Based on China’s provincial panel data; Xuan et al. (2020) used DID model to explore whether the implementation of a carbon emission trading policy can effectively promote carbon emission reduction. Carbon emission trading policy, the level of economic development, investment in technical research, and opening to the outside world have a significant role in promoting carbon emission reductions. In contrast, industrial structure and environmental investment inhibit the process of carbon emission reduction, while forest coverage rate has no significant effect on carbon emission reduction. Such studies only consider the overall impact of policies and have not examined the mediating role between policies and carbon emissions. Therefore; Hibbard et al. (2018) reviewed the first decade of the Regional Greenhouse Gas Initiative and found that it not only stimulated carbon emission reduction but also stimulated investment in low-carbon power technologies and strategies. At the same time, the integrated decomposition approach is widely used to evaluate the impact mechanism of policies. The specific method is to regress the policy and carbon emission decomposition components; Su and Ang, (2015) used the logarithmic mean divisia index method (LMDI) to decompose carbon emissions into energy composition effect, energy intensity effect and industrial structure effect. However, this method cannot measure potential influencing factors that cannot be decomposed. It can be seen that policies can indeed play a role in reducing carbon emissions through the consumption effect and structural effect (Auffhammer et al., 2016). Based on the consumption effect, under the guidance and constraints of policies, enterprises and families will take the initiative to reduce energy consumption in various ways. Meanwhile, policies promote the promotion of low-carbon and environmental protection technologies by influencing the consumption structure, and then directly or indirectly affect carbon emissions in the form of changing the consumption structure.
To compare and analyze the differentiated ECERPs in China and their effects on HCE reduction, this article tries to achieve the following three goals based on existing research: (1) To expand the scope of research on carbon emissions reduction from the micro level. Based on the household level, this article discusses the impact of provincial ECERPs on carbon emissions, which breaks the existing thinking of studying carbon emissions mainly from the macro level. (2) Choosing effective empirical models to discuss the influence of ECERPs on HCE. In this article, the fixed-effect model was used to analyze the relationship between ECERPs and HCE. In addition, this article explores the mediating effect of new energy public buses. (3) Analyzing the heterogeneity impact of areas divided by their locations. It is worth noting that the analytical framework and results in this article are not only applicable to China but also can be promoted in other countries.
Overall, according to a series of influence brought by government policies, this article proposes research hypothesis 1:
H1. Existing provincial ECERPs will significantly increase the HCE.
3 SAMPLES, VARIABLES, AND METHODOLOGY
3.1 Samples
The data samples in this article are from all the 31 provinces, autonomous regions and municipalities in China from 2011 to 2020. However, due to the special status of Tibet Autonomous Region in China, this article has not collected data on its household carbon emissions. So the actual number of sample individuals is 30.
As for policy scores, this article first identified five keywords: “carbon emissions”, “energy conservation and emission reduction”, “household carbon emissions”, “low-carbon life” and “green travel”. Secondly, this article counts the policy documents of these keywords from the legal database of Peking University and government-related official websites, such as the National Development and Reform Commission and the Ministry of Ecology and Environment. Finally, this article counts 317 policy documents and gives them a score to build a policy score index. Other variable data of this article are from China Statistical Yearbook, China Energy Statistical Yearbook and local statistical yearbooks. Besides, this study uses the winsorise method to deal with the extreme value of exceeding 97.5% and below 2.5%.
3.2 Variables
3.2.1 Energy conservation and emission reduction policies
Referring to the policy text quantification method of Luo et al. (2022), this article uses the assignment scoring method to quantify the ECERP documents promulgated by 31 provinces, autonomous regions and municipalities in China from 2011 to 2020 according to the dual dimensions of policy strength and policy content. The assignment criteria for policy strength and policy content are shown in Tables 1, 2.
TABLE 1 | The assignment criteria of policy strength.
[image: Table 1]TABLE 2 | The assignment criteria of policy content.
[image: Table 2]3.2.2 Household carbon emissions
This article refers to the method of Sun et al. (2015) to measure HCE from the perspective of household consumption. The scale of carbon emissions is calculated by:
[image: image]
In formula 1, CE represents the scale of carbon emissions, CEP represents energy consumption, CEC represents the carbon emission coefficient and i represents the year. This article uses the coefficient published by the United Nations Intergovernmental Panel on Climate Change to determine the carbon emission coefficient of 2.6. Based on formula 1, the regional carbon emissions per unit of GDP can be calculated according to formula 2:
[image: image]
According to formula 2, regional carbon emissions per unit of GDP are equal to the scale of regional carbon emissions divided by the total annual GDP.
Based on formula 2, regional HCE can be calculated from formula 3:
[image: image]
In formula 3, HCE represents the regional household carbon emissions, C represents the regional total consumption expenditure per capita, PU represents the regional urban population, PR represents the regional rural population and i represents the year. Table 3 summaries and explains all the variables in this thesis.
TABLE 3 | Variable definition.
[image: Table 3]In this article, the measurement methods of independent variables, dependent variables and control variables involved in the model are summarized in Table 5 for reference.
3.3 Methodology
To investigate the effect that the government policy has on HCE and to validate hypothesis 1, the following regression model is established:
[image: image]
In the basic model, the subscript i and t denote the area i in year t. ECERPsit indicates comprehensive score of government policies for the area i in year t. The remaining variables are control variables. Placei is the individual fixed effect term, and εit refers to the error term. All variables tabulate in Table 3.
This article does not add time fixed effect term. This is because the sample is short panel data, whose size of T is smaller than N. In addition, this article has generated time dummy variables and carried out a joint significance test on time dummy variables. The result of F test is not significant, so it cannot reject the original hypothesis, which assumes that all the coefficients of time dummy variables are 0. Therefore, time change has little impact on the model.
4 RESULTS
4.1 Descriptive statistics
Table 4 displays the descriptive statistical results for the variables, including the mean, standard deviation, minimum and maximum. The measurement of variables is shown in Table 1.
TABLE 4 | Descriptive statistics of variables.
[image: Table 4]Table 4 shows that the gaps between maximum and minimum values in the variables of HCE and ECERPs are huge, which means that their structure is unbalanced, and different areas have significant differences in the variables of HCE and ECERPs. So this article does heterogeneity tests to examine the various effects of different types of regions.
4.2 Benchmark regression result
Following the method of gradually adding control variables, this article gets four regression results shown in Table 5. Firstly, this article does not control area fixed effects in column (1) and found the sign of the coefficient of ECERPs is positive and it is significant at the level of 5%. Then, this article controls the area fixed effects in column (2) and column (3). In addition, this article only controls the micro household influencing factors in column (2) and controls the household influencing factors and macro area influencing factors in column (3). All three columns show that ECERPs significantly increase household carbon emissions. Besides, this article uses robust standard error to reduce the effect of heteroscedasticity for all three regression analysis results. In short, all three regression results support hypothesis one that existing ECERPs do not help reduce HCE, but will increase HCE.
TABLE 5 | Benchmark regression estimation outcomes.
[image: Table 5]Among them, the third column’s result reveals that ECERPs will lead to higher level of household carbon emissions, which is totally contrast to government’s initial intention. The coefficient symbol of GDPPCit is significantly negative at the 1% level. It implies that the better the per capita economic situation, the more carbon emissions of households can be curbed. In contrast, the area with higher public budget revenue will have a positive impact on HCE. This is because governments with higher public budget revenue could own better financial support to prompt the policy execution. However, existing ECERPs are not conducive to the reduction of HCE.
4.3 Robust test
To enhance the persuasiveness of the results of the article, this article uses the other indicator to measure HCE. Specifically, relative to the absolute value of HCE, this article uses household car ownership to measure the situation of HCE. Because the carbon emissions caused by the use of cars in households account for the main component of the total HCE. According to the sixth IPCC assessment report, the carbon emissions from gasoline combustion in Chinese households account for 36.65% of the total HCE. Therefore, household car ownership (HCO) can be used as an indicator to judge HCE. Table 6 displays the results of the regression.
TABLE 6 | Robust test results.
[image: Table 6]The three columns of results in Table 6 are presented in a similar way to the basic regression results. The first column has no regional fixed effects, the second column controls individual fixed effects but does not add macro control variables, and the third column is the result after adding all control variables. According to Table 5, all three column results show that the coefficient of ECERPsit is positive and significant at the level of 1%. These results support hypothesis one and prove that the basic regression result is reliable.
5 FURTHER ANALYSIS
5.1 Mechanism Test
In the process of the impact of government policies on HCE, especially when this article uses household car ownership to measure HCE, the alternative car travel plan provided by the governments becomes particularly important. This article uses the logarithm of the number of new energy buses serving the citizens as a measurement variable of the level of low-carbon public transport. When the city provides more low-carbon travel plans, it will attract more citizens to choose public transport, which will promote the implementation efficiency of government policies. Therefore, this article proposes the hypothesis that the provision of new energy buses will speed up the implementation of the policy, thus building a regression formula 5 to verify the hypothesis.
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In this formula, the subscript i and t denote the area i in year t” ECERPsit indicates comprehensive score of government policies for the area i in year t “α" is the constant term, "β" are variable coefficients, and "εit " is the error term. Based on the basic regression model, this model adds the new energy bus variable and the interactive term between new energy bus and the government policy, so as to judge the mediating effect of new energy buses on the government policy. The result is shown in Table 7.
TABLE 7 | Mechanism test results.
[image: Table 7]Table 7 shows that the coefficient of the interaction term of NEB and ECERPs is significant and the sign is negative. This shows that NEB can reduce the impact of government policies on HCE. It shows that the green public transport provided by the government can reduce the increase of household carbon emissions caused by government policies, thus contributing to the green development of the country.
5.2 Heterogeneity test
The data samples in this article are from all the 31 provinces, autonomous regions and municipalities in China, except Tibet. However, there is a large gap in economic development between western cities and eastern cities. According to the longitude of the region, this article equally divides 30 regions into the western region and the eastern region. Then this article uses the fixed-effect model to separately assess the two groups of sample and discusses whether the impact of ECERPs on HCE performs different effects among different groups. Table 8 displays the final regression result.
TABLE 8 | Heterogeneity test results.
[image: Table 8]The results in Table 8 show that the provincial ECERPs will significantly increase the scale of HCE in the western region at the level of 5%, but this impact is not obvious in the eastern regions. This shows that the provincial policies have a greater impact on cities in the west. The reason may be that the vitality of the market economy in western cities is weaker, and the government’s intervention ability is stronger, so the implementation of policies is stronger.
6 CONCLUSION AND SUGGESTIONS
This article takes the efficiency of provincial ECERPs’ impact on HCE in various regions as the research object, analyses the development and change law of HCE, draws the conclusion that ECERP has a linear influence on HCE, is helpful for understanding the role of ECERPs in household carbon reduction, and has certain enlightenment significance for household in shaping awareness of green behaviour, and consciously carrying out carbon reduction activities. At the same time, this article finds that new energy bus can play a negative mediating effect on the relationship between government policy and HCE. Using fixed-effect model, this article finds that provincial ECERPs will significantly increase the scale of HCE, especially in the western regions. The reason for the heterogeneous effect is that the ECERPs of various provinces, autonomous regions, and municipalities directly under the Central Government often have the characteristics of ‘local knowledge’, the focus and specific requirements of ECERPs in different regions are different, and the different government’s implementation of policies is also different. As for the impact on HCE at the specific level, whether these provincial ECERPs can sink into each household and its specific carbon behaviour, needs to be analysed.
This article’s conclusions provide implications for promoting household energy conservation and emission reduction. There are three specific policy recommendations. First, optimize the implementation path of provincial ECERPs in the process of HCE to solve the problem of deviation between the implementation of existing ECERPs and past environmental policies. Second, continuously raise awareness of energy conservation and emission reduction in the household sector, actively participate in environmental governance activities, and then improve the incentive effect of provincial ECERPs in the process of HCE. Third, establish a long-term mechanism for ECERPs, normalize the implementation process of ECERPs through mid-term assessment and long-term assessment to mitigate the hysteresis effects of the policies and ensure the implementation effects of the policies.
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