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Abstract


Using panel data of 30 provinces and regions in Mainland China (excluding Tibet) from 2006 to 2016, the Spatial Durbin Model was employed for the empirical research, and the spatial impact of fiscal decentralization and environmental decentralization on regional carbon emissions were analyzed from the perspective of promotion pressure of officials. The empirical study concludes: ① Fiscal decentralization, both within the region and in its neighborhood, will contribute to carbon emissions in the region; ② Environmental decentralization will help reduce carbon emissions, while environmental decentralization in neighboring regions will increase carbon emissions in the region; ③ The promotion pressure of officials plays a positive role in moderating the impact of fiscal decentralization on carbon emissions, and at the same time weakens the suppression of carbon emissions by environmental decentralization; ④ From a regional point of view, there is a positive relationship between fiscal decentralization and carbon emissions in various regions; but environmental decentralization has obvious spatial heterogeneity. The research suggests that reducing the degree of local fiscal decentralization, investment in major infrastructure projects involving high carbon emissions should be relatively centralized; appropriately increase the environmental management authority of local environmental protection agencies, fully use the advantages of local environmental protection departments to protect the environment according to local conditions; gradually improve the assessment system for local officials, moderately reduce the proportion of fiscal revenue and GDP assessment in areas with fragile ecological environment, and increase incentives for ecological performance assessment, put the development of low-carbon economy into practice.
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1. Introduction


As the largest industrial producing country in the world, Chinese industrial production will lead to high carbon emissions, and coal consumption is the main source of carbon emissions, while the energy resources of China are precisely characterized as “coal-rich, oil-poor and gas-lean”. According to public data from the “Global Carbon Atlas”, China accounted for 27.5% of global carbon emissions in 2018 [1], making it the most affected country in terms of global air pollution. The Chinese government attaches great importance to this issue. In order to accelerate green and low-carbon development, the State Council issued the “13th Five-Year Plan for Controlling Greenhouse Gas Emissions” in 2016 to push China’s carbon emissions reach to the peak point around 2030 as fast as possible.



The environmental problems (especially carbon emissions) in China are not only caused by technical and financial reasons, but also the result of distorted incentives and insufficient constraints under the decentralization system of the government [2]. The majority of the literature on carbon emissions has been examined from the perspectives of GDP per capita, intensity of environmental regulations, energy mix, population size, level of urbanization, industrial structure, corruption and foreign direct investment etc. [3,4,5,6,7,8,9]. However, the government’s decentralization system is often ignored due to its indirect and difficult to evaluate the impact on energy conservation and emission reduction [10]. As a typical environmental public good, carbon emission has obvious negative externalities, so it is very necessary for the government to intervene in. Yet the effectiveness of the current government’s decentralized management system has been debated in academics.



China is a country with a decentralization system which includes both fiscal decentralization and environmental decentralization. Fiscal decentralization studies the attribution of central and local economic rights. The key point is to analyze the supply efficiency of public goods and its relationship with economic growth. It mainly reflects the incentive mechanism combining “political centralization and economic decentralization” [11], while environmental decentralization focuses on the division of environmental management authority. It mainly includes the division of authority between central and local governments for setting environmental standards, administrative punishment, administrative permit approval, environmental quality monitoring and evaluation, and environmental law enforcement inspection [12]. They are interrelated but have essential differences. At the provincial level, local environmental protection departments are under dual jurisdiction and are restricted by local governments in terms of personnel and finance. The relationship between fiscal decentralization and environmental decentralization is shown in Figure 1. Most studies simply use fiscal decentralization as a proxy indicator of environmental decentralization, which will lead to errors in the measurement of variables and the estimation results.



Moreover, unlike the official election system in Western countries, local officials in China are judged and appointed by higher authorities based on a range of indicators, particularly economic ones. As a result, local officials are likely to lower environmental standards for the sake of their own promotion in order to ensure economic growth. In other words, the huge promotion pressure faced by local officials will affect the efficiency and effect of the implementation of environmental laws and policies, and then affect the mechanism of decentralization on carbon emissions [13,14]. Although the Chinese government has issued a series of important laws and regulations on environmental protection, environmental problems remain a common problem. Therefore, the implementation of local officials’ responsibility for environmental policies deserves intensive attention.



This paper focuses on the study of the effect of Chinese decentralization on carbon emissions, which intends to address the following questions: Is the influence on carbon emission from fiscal decentralization the same as the environmental decentralization? Is there a spatial effect of decentralization on carbon emissions? Is there a regional heterogeneity? What is the moderating effect of officials’ promotion pressure on the impact of decentralization on carbon emissions? To solve these issues is called upon to take an overall consideration from the perspective of the coordination between the government decentralization system and environmental protection. At present, the contradiction between economic growth and the preservation of environment is prominent, so the study of carbon emission in the context of decentralization system reform is of great significance to the reform of environmental governance.




2. Literature Review and Theoretical Hypothesis


2.1. Fiscal Decentralization and Carbon Emissions


Fiscal decentralization refers to the central government giving local governments a certain range of taxation powers and expenditure responsibilities and allowing them to determine the scale and structure of their budget expenditures on their own, so that local governments can participate more actively in social management. China’s fiscal decentralization system has been formed since the implementation of the tax sharing reform in 1994. It has greatly stimulated the competition of local governments in economic construction and created the myth of China’s rapid economic growth in the past 30 years [15]. There are various conclusions about the impact of fiscal decentralization on carbon reduction and environmental quality, which can be roughly divided into: (1) Inhibition theory. Most scholars, such as Sigman [16], Woods [17], Kang [18] and Zhang [19], support the “race to bottom competition” theory that fiscal decentralization leads to a decline in environmental quality. They argue that when there is competition between jurisdictions, local governments will actively lower environmental standards in order to attract capital inflows and increase tax revenues, leading to a deterioration in environmental quality, which can lead to environmental problems such as the tragedy of the commons, the pollution “border effect”, incidents of toxic land and the “neighbourhood avoidance effect “. (2) Promotion theory. Another group of scholars, such as Magnani [20], Gray [21] and Konisky [4] have argued that local governments can tailor more appropriate and individualized environmental public services to the spatial heterogeneity of different jurisdictions, thus creating a “race to top” competition in environmental quality. (3) Irrelevance theory. Few scholars [22,23] have argued that there is no necessary link between fiscal decentralization and environmental quality. Although the above views have been confirmed by the empirical data of some countries or regions, the understanding of the impact of fiscal decentralization on China’s carbon emissions is still insufficient.



Under the fiscal decentralization system, local governments rely heavily on the “auction” of land to obtain large amounts of land concessions. On one hand, this leads to the rapid development of the real estate sector, and on the other hand, local governments are incentivized by economic performance assessments to use the land concessions to develop public infrastructure. However, both the real estate and infrastructure development will lead to a sharp rise in carbon emissions. Carbon emission is a pollutant with strong spillover and no obvious harm in the short term, and its governance cost and benefit are not equal, decentralization will reduce the control effect of local government on carbon emission [19]. In order to achieve economic growth, the competing local governments tend to imitate each other, resulting in a “free-riding” phenomenon that leads to a downward competition in carbon reduction efficiency. Based on this, this paper proposes the first hypothesis:



Hypothesis 1 (H1).

Fiscal decentralization is positively related to carbon emissions in the region, i.e., the higher the degree of fiscal decentralization, the more carbon emissions will be emitted in the region; an increase in fiscal decentralization in neighbouring regions will increase carbon emissions in the region.






2.2. Environmental Decentralization and Carbon Emissions


The core of environmental management system reform is to reasonably allocate environmental protection power among different levels of government, that is, to determine the appropriate degree of environmental decentralization [24]. In 1956, Tiebout [25] proposed the famous “decentralization theorem”, arguing that decentralization can increase the efficiency of public goods, and residents can force local governments to provide public goods that can better meet the heterogeneous preferences of residents in different districts through “voting with their feet”. This argument laid the theoretical foundation for the decentralization system. Since the 1970s, an environmental federalism theory has gradually formed, which is rooted in the theory of fiscal decentralization [26], It aims to seek the optimal allocation of environmental management power among government levels [27], and is considered as the “key prescription” to solve environmental problems [16,28]. After that, the research on the relationship between environmental decentralization and environmental governance has gradually increased and formed two opposite views of “race to top” and “race to bottom” [16,28,29,30,31,32]. However, the research on the impact of environmental decentralization on carbon emission is still insufficient.



Since the 21st century, China’s economy has shifted from “a stage of high-speed growth to a stage of high-quality development”. High quality requires a sustainable economic development and an unprecedented level of ecological protection. It is necessary to explore the institutional factors affecting carbon emissions from the perspective of environmental management system. Local governments generally have a better understanding of local residents’ preferences for public goods such as ecological environment, and a decentralized environmental management system is more conducive for local environmental protection departments to comprehensively consider various factors according to the actual situation and select the most appropriate emission reduction scheme, so as to manage the local ecological environment in a “localized manner” [33].With the increase of the degree of environmental decentralization, the arrangement of local environmental protection institutions and personnel increases, which is more conducive to the local government to carry out environmental governance, testing, supervision and inspection, and can address the problem of carbon emissions more effectively. Furthermore, as the weight of ecological performance assessment increases, environmental protection departments in neighbouring regions will adopt a competitive strategy of imitating each other to improve the environment, leading to a “race to top” in environmental quality [29]. For this reason, this paper proposes the second hypothesis:



Hypothesis 2 (H2).

Environmental decentralization is conducive to curbing carbon emissions in the region; and an increase in the degree of environmental decentralization in neighbouring regions will also contribute to carbon reduction in the region.






2.3. Moderating Effect of Officials’ Promotion Pressure on the Effectiveness of Decentralization System


The “key minority” of leading cadres is essential to the success of ecological civilization. China’s fiscal decentralization is accompanied by political centralization, which profoundly affects the attitude of economic decentralization to the ecological environment. Political centralization determines whether local officials are promoted politically [34]. The promotion pressure of officials will affect the efforts of local governments to implement environmental policies through the discretion of the decentralization system, thus indirectly affecting the level of carbon emissions [35]. In the past, the central government has been using a GDP-driven assessment mechanism to evaluate local governments for a long time, and this promotion incentive has given local officials a very strong incentive to promote rapid local GDP development [36]. In the decentralized system, local officials are constrained by limited budgets to invest in environmental projects that require large investments, have long lead times and are difficult to return in the short term, and carbon emissions have significant negative externalities across regions, making the benefits and costs of carbon emissions reduction unequal. As the result, most local officials have opted for a “free-rider” approach to carbon emissions, and have even taken on the role of “entrepreneurs” in implementing local decisions [37].



Despite the important role that environmental decentralization plays in curbing carbon emissions as an institutional influence on environmental quality [38], the pressure for promotion faced by local officials can affect the effect of environmental decentralization on carbon emissions via influencing the enforcement of environmental protection systems. Due to the pressure for promotion, local officials tend to use their discretionary power in economic decision-making to focus on economic development, while not monitoring and managing energy conservation and emission reduction enough, and investment in ecological and environmental management still gives way to competition for GDP growth. Recently, the central government has begun to pay close attention to environmental protection and has gradually incorporated energy conservation and emission reduction into the performance appraisal system for officials, but this ecological performance appraisal still gives local governments greater discretionary power, and the ecological performance appraisal suffers from a lack of incentives. In addition, local officials are generally only responsible for environmental problems in their own jurisdictions during their term of office, and the average term of office of local officials is generally not very long, so officials are driven by “promotion” during their term of office, and the phenomenon of pollution for the sake of promotion exists. Therefore, this paper proposes the following hypotheses:



Hypothesis 3 (H3).

Officials’ promotion pressure plays a positive moderating role in the impact of fiscal decentralization on carbon emissions, and the pressure of officials’ promotion exacerbates the impact of fiscal decentralization on carbon emissions.





Hypothesis 4 (H4).

Officials’ promotion pressure weakens the inhibiting effect of environmental decentralization on carbon emissions, and the combined effect of environmental decentralization and officials’ promotion pressure exacerbates carbon emissions.





The theoretical model of this paper is shown in Figure 2.





3. Research Design


3.1. Econometric Model Setting


The traditional static panel data econometric model has some defects in the study of carbon emissions, as it mainly ignores the path dependence of carbon emissions and lacks consideration of the spatial spillover effect of carbon emissions [39]. This research follows the ideas of Sigman [16] and He [23] on the relationship model between decentralization system and environmental quality. Given the spatial spillover effect of carbon emissions due to air flow, the spatial lag term of carbon emissions was added into the model. Meanwhile, as there is a certain path dependence of carbon emissions, in order to avoid the problem of estimation bias due to omitted variables and the potential endogeneity problem, a further time-lagged term of carbon emissions is added to the model, thus constituting a dynamic spatial panel data model. There are three basic forms of spatial econometric models: the spatial lag model (SAR), the spatial error model (SEM) and the spatial Durbin model (SDM). Among them, the spatial Durbin model takes into account the spatial correlation between the dependent variable and the independent variable, which enables the analysis of both the influence of the independent variable on the dependent variable in the region and the influence of the dependent variable on the independent variable and the dependent variable in neighbouring regions. Therefore, this paper chooses to construct a dynamic panel data spatial Durbin model to test the relationship among fiscal decentralization, environmental decentralization and carbon emissions. To test H1 and H2, the models are set up as follows:
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where: i and t represent region and year, respectively. lnco2it represents the carbon emissions per capita in province i in year t. fdit represents the level of fiscal decentralization. edit represents the level of environmental decentralization. Xit represents other control variables that affect the level of carbon emissions. W is the spatial weight matrix and εit is the random error term. ∂, ρ, α, β, γ and κ are parameters to be estimated. The control variables are mainly selected from environmental regulation, technological progress, foreign direct investment and industrial structure.



To test H3 and H4, we add the intersection terms of fiscal decentralization and official promotion pressure, environmental decentralization and official promotion pressure in models (1)–(3) above respectively to test the moderating effect of local officials’ promotion pressure, and construct the following data models, respectively:
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In Models (4)–(6), pressureit is the officials’ promotion pressure index. The remaining variables are the same as in Models (1)–(3).




3.2. Data Sources and Selection of Variables


3.2.1. Data Sources


Due to the availability of data, this paper selects panel data from 30 provincial-level administrative regions in Mainland China from 2006 to 2016 (Tibet is excluded due to some missing data) for empirical analysis. The fossil energy consumption data involved in the carbon emission calculation are derived from the regional energy balance table in China’s Energy Statistical Yearbook, and the cement production data was taken from the CSMAR database. The officials’ promotion pressure indicator came from the database of China’s leading cadres, China’s political database, and the database of the local authorities. The remaining variables were obtained from the Chinese Statistical Yearbook, the Chinese Environmental Yearbook, the Chinese Environmental Statistical Yearbook and the Chinese Statistical Yearbook of Science and Technology. All monetary unit indicators are deflated using 2006 as the base period price.




3.2.2. Selection of Variables


Explained Variable


Carbon emission level lnco2. Carbon emissions are mainly derived from fossil fuel combustion and cement production activities. In this paper, the IPCC default method was used to calculate the carbon emissions, and the carbon emission coefficient was calculated according to the IPCC “Guidelines for National Greenhouse Gas Emission Inventory”. Here, the carbon emissions of each region are divided by the local GDP and then the logarithm is taken to calculate the carbon emission intensity index, which is used as the explained variable of the model.




Explanatory Variables


	
Fiscal decentralization fd






Referencing the method of You and Zhang [40], this paper defined fiscal decentralization as the share of a region’s fiscal expenditure in the total fiscal expenditure. Higher fiscal decentralization values indicate a higher degree of decentralization, which means that local governments have more discretion in the allocation of public expenditure within their jurisdictions. In order to avoid the problem of multicollinearity, while at the same time removing the influence of demographic factors on the scale of fiscal expenditure, the fiscal expenditure indicators are per capitaized.



	
Environmental decentralization ed






The essence of environmental decentralization is the allocation of authority for environmental affairs management. Changes in the scale and proportion of central and local environmental protection organizations and personnel can reflect the variation of the environmental management system. Based on the methods of Yu et al. [41] and Ran et al. [38], this paper measures the degree of environmental decentralization by the ratio of the per capita environmental protection staff in the region to that of whole nation. A higher degree of environmental decentralization indicates that the local government has greater authority over environmental management within its jurisdiction.




Moderating Variable


Officials’ promotion pressure (pressure). Generally, local officials judge the level of promotion pressure based on the overall frequency of official turnover. This paper drew on the research methods of Wang and Xu [42] and constructed an official promotion pressure index. By first calculating the total annual turnover of local officials (provincial governors and provincial party secretaries) in a region; Secondly, the intermediate variable for a province in given year is calculated as the sum of the number of provincial officials’ turnover in that year minus the number of turnover of officials in the province itself. Then the intermediate variables constructed above are normalized. Finally, the sum of the standardized intermediate variables for each province is subtracted from the standardized intermediate variables for that region and then divided by the number of provinces and districts to obtain the final variable.




Control Variables


In order to control for the influence of other factors on carbon emissions, the following control variables are introduced:




	
Environmental regulation (er). Common indicators of environmental regulation include sewage charges, the proportion of GDP spent on environmental pollution control, and the number of environmental regulations [43,44,45]. In the past three decades, the sewage charging system in China has played an irreplaceable role in curbing environmental pollution, thus the logarithm of per capita sewage charge income was used as a proxy variable for environmental regulation in this paper.



	
Technology innovation (tech). Technological innovation is the inexhaustible driving force of economic development. Technological innovation can be to improve production efficiency, expand the scale of production. It can also be about improving ecological technology, achieving cleaner production and reducing pollutant emissions. This paper measured the degree of technological innovation by the proportion of internal expenditure of R&D to GDP.



	
Foreign direct investment (fdi). Each local government may lower the environmental access threshold to attract more foreign investment, thus exacerbating the region’s carbon emissions; or it may acquire more advanced clean production technologies through the introduction of foreign direct investment, thus creating a positive and good demonstration effect for economic development. In this paper, the logarithm of the amount of foreign direct investment was used to measure the level of foreign investment utilized in each province, and the annual average exchange rate of RMB to USD is used to convert to RMB.



	
Industrial structure (is). The changes in industrial structure can affect regional carbon emissions. Heavy industry and construction in the secondary sector are the main sources of carbon emissions, while the tertiary sector is mostly a low-pollution emission industry, thus the higher the proportion of the tertiary sector, the smaller the impact on carbon emissions is believed to be. This paper used the share of tertiary industry output in GDP to measure industrial structure.








In order to reduce the problem of possible heteroskedasticity in the model, each variable was logarithmically treated, except for values taken as ratios or standardized values, and the calculation methods and descriptive statistical characteristics of each variable are shown in Table 1.






3.3. Correlation Coefficient Matrix Analysis of the Main Explanatory Variables


In order to test whether there is a correlation problem between the explanatory variables of the econometric model, the correlation coefficients of the main variables are reported as shown in Table 2.



The table above shows that the correlation coefficients between the explanatory variables are very low. A separate variance inflation factor (VIF) analysis was also carried out in this paper, and the calculated results show that the mean VIF value is 1.78 and the maximum value is 3.11, which is much lower than the empirical standard value of 10, indicating that there is no multicollinearity between the variables.




3.4. Analysis on the Level of Fiscal Decentralization and Environmental Decentralization


The average levels of fiscal decentralization and environmental decentralization by region at 2006–2016 are shown in Figure 3, from which it can be seen that there are significant differences between the two, with the top three regions in terms of fiscal decentralization being Shanghai, Beijing and Tianjin, all in the developed eastern region, and the overall level of decentralization being highest in the eastern coastal region, followed by the central region and lowest in the western region. Meanwhile, the top three regions in terms of environmental decentralization are Shanxi, Henan and Hebei, all of which are located in the central and western regions. Since fiscal decentralization and environmental decentralization exist simultaneously in China without being substituted for each other, the two must be considered together in order to prevent biased results due to variable bias.





4. Empirical Results and Analysis


4.1. Spatial Correlation Test


“The First Law of Geography” states that “everything is related to everything else, but things closer together are more related than things farther away”, so we have to consider the spatial correlation among regions when studying carbon emissions. There are various ways of selecting the spatial weight matrix, such as geographical proximity, geographical distance and economic distance. Generally speaking, neighbouring regions are more closely related to each other, so this paper used the adjacent weight matrix (W-01) for empirical analysis, it means that wij = 1 if there is a common boundary between two regions, and wij = 0 if not.



The existence of spatial correlation in the model can be tested by Moran’s I index. The spatial weight matrix was normalized in this paper, so that the Moran’s index formula chosen is:


   Moran ’ sI =      ∑   i = 1   n     ∑   j = 1   n    w  ij      ( x   i  −  x −     ) ( x   j  −  x −  )         ∑   i = 1   n        ( x   i  −  x −  )  2       



(7)




where wij is the spatial weight matrix. n is the number of regions.    x i    is the observed value of the region i.    x −    is the mean of the study variables. Moran’s I index takes values between −1 and 1, with values greater than 0 indicating that economic indicators are spatially positively correlated, equal to 0 indicating that they are spatially uncorrelated, and less than 0 indicating that they are spatially negatively correlated. Table 3 presents the Moran’s I index for carbon emissions over the sample period. From the table, the Moran index is greater than 0 for all years during the period 2006–2016, and all are significant at the 1% probability level, indicating that carbon emissions in each region exhibit a significant positive spatial correlation.




4.2. Analysis of Basic Regression Results


In this paper, the Stata 15.0 software was used to make regression for the econometric models (1–6), and the specific regression results were shown in Table 4. In order to test whether the spatial Durbin model would degenerate into a spatial lag model or a spatial error model, LR test and LM test were used to make the decision respectively. The test results show that the LR_spatial_lag, LR_spatial_error, LM_spatial_lag and LM_spatial_error values of all models reject the original hypothesis at the 5% level, it indicates that the spatial Durbin model is appropriate. In addition, the results of Hausman test indicated that the fixed effect models were applied to all six models. The regression results show that the coefficients of the one-period time-lagged term of the carbon emissions (L.lnco2) are all significantly positively correlated at the 1% level, indicating that there is significant continuity and stickiness in carbon emissions, and that current carbon emissions are susceptible to the effects of the previous period. The estimated coefficients of the spatial lagged term (Wlnco2) of carbon emissions are also significantly positive at the 1% level, indicating that carbon emissions among provinces show significant spatial dependence, an increase in carbon emissions in neighbouring regions will aggravate carbon emissions in the region.



4.2.1. Analysis of the Main Effects of Fiscal Decentralization and Environmental Decentralization on Carbon Emissions


The results of the dynamic panel data space Durbin model estimation with fiscal decentralization as the explanatory variable are reported in Model 1 in Table 4. From the model estimates, the coefficient of fd is 0.585, which is significantly positive at the 5% level, indicating that fiscal decentralization increases carbon emissions in the region, supporting the “race to bottom” view. The coefficient of the variable related to spatial weighting Wfd is 0.392, which is significant at the 5% level, indicating that a 1% increase in fiscal decentralization in the neighbouring region increases the carbon emissions level in the region by 0.392%. From the above results, it can be seen that hypothesis H1 is fully valid. Fiscal decentralization exacerbates carbon emissions in the region, and fiscal decentralization in neighbouring regions has a significant exacerbating effect on carbon emissions in the region. This shows that when the fiscal decentralization of neighbouring regions increases, the local government will adopt a similar competitive strategy by lowering environmental standards to attract high-emission and high-tax enterprises to locate in their jurisdictions, thus increasing the carbon emissions of the region.



The regression results of the effect of environmental decentralization on carbon intensity are reported in Model 2 in Table 4. A significant negative coefficient is estimated for ed in the regression results. This indicates that the current environmental decentralization system in China has played a positive role in curbing carbon emissions. However, the coefficient of Wed is significantly positive. That is, an increase in the level of environmental decentralization in neighbouring regions will exacerbate carbon emissions in the region, so the regression results are not entirely consistent with hypothesis H2. The likely reason is that while the environmental decentralization system is effective in curbing carbon emissions in the region, the competition among local governments adopts a differentiated competition strategy. That is, when neighbouring regions increase the level of environmental decentralization and strengthen environmental regulation, the local region adopts the opposite strategy, leading to the relocation of high carbon emitting enterprises from the neighbouring region to the region, which in turn leads to an increase in carbon emissions in the region.



Model 3 in Table 4 reports the results of both fiscal decentralization and environmental decentralization on carbon emissions intensity. The regression results show a significant positive relationship between fiscal fd and carbon emissions. In contrast, there is a significant negative relationship between ed and carbon emissions, in line with the previous findings of Model 1 and Model 2. This shows that fiscal decentralization focuses on stimulating regional economic development, while environmental decentralization endures local authority to protect and control the environment, thus making it possible for fiscal decentralization to increase carbon emissions while environmental decentralization suppresses them. Significantly, the coefficient of the intersection term fd × ed is significantly negative at the 1% probability level, it indicates that as the country gradually pays more attention to carbon emission reduction governance, the contribution of environmental decentralization to carbon emission reduction begins to exceed the exacerbating effect of fiscal decentralization. Therefore, the comprehensive effect on carbon emission reduction is significant.




4.2.2. Analysis of the Moderating Effect of Officials’ Promotion Pressure in the Impact of Fiscal Decentralization and Environmental Decentralization on Carbon Emissions


In Table 4, the analysis results of the main effects of fiscal decentralization and environmental decentralization on carbon emissions in Model 4–6 are basically consistent with Model 1–3 except for slight differences in coefficient values and significance. The moderating effect of officials’ promotion pressure is mainly analyzed here. The coefficient of the intersection term fd × pressure in Model 4 is 1.007 and is significantly positive at the 5% probability level. This indicates that the variable of officials’ promotion pressure has a positive moderating effect on the effect of fiscal decentralization on carbon emissions, and fully supports hypothesis H3. Under the premise that the central government increases environmental responsibilities of local governments, local governments will consider the ecological impact, and thus the economic competition incentive decreases and the ecological environment pressure gradually increases. Nonetheless, economic promotion still takes precedence, and local officials make decisions to maximize economic efficiency within the boundaries of the green performance assessment under the fiscal decentralization system.



The coefficient of the intersection term ed×pressure in Model 5 is significantly positive at the 5% probability level. This indicates that although a purely environmental decentralization system is effective in curbing carbon emission levels, the promotion pressure on local officials can alter the curbing effect. The combination of the two exacerbates carbon emissions, which is fully consistent with Hypothesis H4. Since carbon emissions have strong negative spatial externality, it leads to a mismatch between the benefits and costs of its management. Hence, local officials are more willing to “free ride” on policy.



The coefficient of the intersection term fd × ed × pressure in Model 6 is significantly positive at the 1% probability level. This indicates that officials’ promotion pressure plays a positive moderating role in the impact of the decentralization system on carbon emissions. As the competition for local officials becomes more intense, the negative impact of the combined effect of environmental decentralization and fiscal decentralization and official promotion pressure on curbing carbon emissions will be further exacerbated.




4.2.3. Analysis of Other Effects


As for the estimation results of control variables, the direction and significance of the coefficient of variables in each model are basically the same. The coefficient on the environmental regulation variable (er) is significantly positive, which is the exact opposite of what would be expected conventionally. The likely reason is that the emission charge system has a very weak inhibiting effect on carbon emissions due to the interference of human factors, and there is even a “green paradox” phenomenon that the more charges the more carbon emissions. In order to solve the problems of insufficient enforcement rigidity and local government intervention in the emission charging system, China has introduced the new “Environmental Protection Tax Law” since 1 January 2018, which ensures the legalization and standardization of environmental protection charges and is more conducive to the promotion of carbon emission reduction.



The coefficient of tech is significantly negative, it shows that the current technological progress has a certain promotion effect on curbing carbon emissions, but the coefficient is very small, indicating that the overall effectiveness still needs to be improved. The state should increase its investment in eco-technology innovation, guide and support production enterprises to carry out eco-technology innovation in energy saving and emission reduction.



The significant positive coefficient of fdi suggests that local governments may have lowered the environmental access threshold to attract more foreign investment, thus exacerbating carbon emissions in the region. The local governments should be strict in introducing foreign investment and introduce as many energy-saving, emission-reducing and clean production projects as possible.



The coefficient of is is significantly negative, which implies that a higher proportion of value added in the tertiary sector can better reduce carbon emissions. The government should also continue to practice industrial restructuring, pushing enterprises to transform their structures, increase the proportion of tertiary industries, and develop the industrial structure towards advanced levels, so as to achieve a win-win situation for both economic and ecological benefits.





4.3. Regional Analysis


The level of economic development and technological progress, natural resource endowment, industrial structure and the level of foreign investment introduced vary greatly from region to region. Therefore, the level of decentralization is also heterogeneous, which leads to a different impact of decentralization on carbon emissions in different regions. Consequently, it is necessary to analyze the impact of decentralization systems on carbon emissions differently by region. This paper divides the 30 provinces into 3 regions according to the general division of the National Statistical Bureau: the eastern region includes Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan; the central region includes Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei and Hunan, and the rest of the provinces belong to the western region. The regression analysis was carried out separately for model (6). The results are presented in Appendix A, where columns (1–3) used the adjacent weight matrix(W-01). Columns (4–6) use the economic distance weight matrix(W-ed) for stability testing of the sub-regional analysis. The economic distance weight matrix formula is as follows:


   W  ij   =    1 /   |   y j     − y   i   |      ∑   i = 1   n    1 /   |   y j     − y   i   |        , i   ≠    j ; i = j , W    ij    = 0   



(8)




where    y i    indicates the GDP per capita of region i.



Appendix A shows that the coefficients of L.lnco2 and Wlnco2 in all regions are significantly positive, regardless of geographical proximity or economic distance. This indicates that carbon emissions show a strong path dependence in both space and time. Overall, the coefficients of fiscal decentralization in the East, Central and Western regions are all significantly positive. The most significant difference between the three areas is the difference in environmental decentralization indicators. Whereas environmental decentralization in the eastern region is better at curbing carbon emissions, the opposite is true in the western region, while it is not significant in the central region. Looking at the intersection term fd × ed, whereas in the eastern region the higher the degree of decentralization, the lower the level of carbon emissions, in the central and western regions the combined degree of decentralization is negatively, but insignificantly, related to the level of carbon emissions. When the moderating variable of local officials’ promotion pressure is added, the intersection term of the three variables fd × ed × pressure has a negative though insignificant coefficient in the eastern and central regions, this indicates that although the intense promotion pressure of local officials can lead to weaker implementation of carbon reduction policies, the overall policy still has a dampening effect on carbon emissions. Nevertheless, the coefficient remains significantly positive in the western region.




4.4. Stability Tests


In order to mitigate the impact of the indicator metric problem on the empirical results, the following different methods were used to test the stability of the empirical findings of the regression model (6) respectively, and the specific stability test results are shown in Appendix B.



(1) The use of a per capita carbon emissions indicator. The carbon emissions indicator can be divided into “total” and “intensity” indicators. The carbon intensity indicator was used in the basic regression analysis. Here, the logarithm of per capita carbon emissions is used to represent the total amount of carbon emissions to replace the dependent variable carbon emission intensity for stability test. The estimated results are shown in column (1) of Appendix B.



(2) The use of economic distance weight matrix. Carbon emissions are mainly caused by industrial production, the economic distance is introduced into the spatial weight matrix in order to better fit the regional economic development, and meanwhile to check whether the basic regression results are sensitive to the spatial weight. The specific stability test results are shown in column (2).



(3) The use of adjusted environmental decentralization indicators. The environmental decentralization variables may be affected by the size of GDP and thus cause endogenous disturbances, therefore we obtain the adjusted environmental decentralization indicator (aedit) by multiplying the above environmental weighting indicator by a GDP reduction factor, as shown in Equation (9):


    aed   it   =      ( lepp    it      / pop    it   )      ( nepp   t     / pop   t  )   ×  ( 1 −      gdp   it       gdp  t    )  



(9)




where (1 − gdpit/gdpt) is the economic size reduction factor, gdpit is the GDP of province i in year t, and gdpt is the GDP in year t. The specific regression results are shown in column (3).



(4) The use of lagged one-period indicators for the environmental decentralization and fiscal decentralization and official promotion pressure variables. In order to examine the existence of endogeneity between carbon emission intensity and environmental decentralization and fiscal decentralization, we will use lagged endogenous variables for stability testing. The lagged one-periods of the three main explanatory variables of environmental decentralization, fiscal decentralization and officials’ promotion pressure are regressed in place of the original corresponding explanatory variables. The specific regression results are shown in column (4).



The results show that the coefficients of the variables are basically consistent with Table 4 in terms of direction and significance, indicating that the regression model is highly robust.





5. Discussion


This paper begins by the analyzing the impacts of fiscal decentralization and environmental decentralization on China’s carbon emissions, and then introduced the promotion pressure of local officials as the main factor and discusses its moderating effect on decentralization system and carbon emissions. The empirical results provide strong support for our previous research hypothesis and generate important theoretical and managerial implications.



5.1. Policy Implications


The policy implications in this study are as follows:



First, China’s carbon emissions show obvious spatial spillover and a time-dependent path, so the government needs to implement top-level designs from a strategic perspective in order to deal with this problem. The central government can establish a cross-regional cooperation system and a pollution compensation mechanism [38], joint prevention and governance should be carried out in space and sustained in time. In addition to considering the carbon emissions of the region itself, it should also comprehensively take the carbon emissions of neighboring regions into consideration, strengthen the active cooperation between regions [3], and ensure the continuous and steady progress of carbon emission reduction work.



Second, fiscal decentralization is a very important system. Although fiscal decentralization has a positive correlation with carbon emissions, it does not imply China’s fiscal decentralization system should be denied, but rather the existing decentralization system should be improved further [46]. Investments in major infrastructure projects involving environmental protection and welfare should be relatively centralized and deployed by the central government [47], which can significantly reduce cross-border pollution and free-riding problems.



Third, the environmental decentralization system is effective for carbon emission reduction. It is an interesting study on how to determine a reasonable level of environmental decentralization and give better play to the central and local governments to improve the efficiency of carbon emission control. There is a strong heterogeneity in carbon emissions among different regions in China, the local governments are more aware of the economic development and ecological and environmental conditions within their jurisdictions than the central government, and are able to deal with and rectify environmental problems in a more timely and convenient manner. Meanwhile, the responsibilities and powers of local environmental protection departments should be strengthened to take on the task of monitoring, testing and supervising the improvement of the ecological environment [27,48].



Fourth, the implementation capacity of local governments’ carbon emission reduction work is a key issue that cannot be ignored. The system for evaluating the performance of local officials needs to be improved, it is necessary to quantify and integrate their performance in energy conservation and emission reduction, and introduce a third-party evaluation system to guide local officials to compete in a healthy way [48]. Considering the heterogeneity of regional development, the assessment system of local officials should be improved in a gradient. In economically developed regions and environmentally fragile regions, the proportion of fiscal assessment and GDP assessment should be moderately reduced. Increase the incentive of ecological performance assessment to motivate local officials’ policy implementation, Reversing the competition for local officials from “race to the bottom” of environment to “race to the top”, “competition of ecological performance” and the competition of “harmony between human beings and nature” [10].



Fifth, the impacts of decentralization on carbon emissions are different in the eastern, central and western regions. The high level of economic development in the east, especially in the coastal areas, which naturally places higher demands on the ecological environment than other regions. Moreover, the economic structure is dominated by the third sector, and local governments have no incentive or possibility to trade the environment for economic growth, so the eastern region has taken the lead in realizing a virtuous circle of economic growth and environmental protection. In the central region, which is currently in a stage of economic emergence, economic development and environmental protection are beginning to show a more harmonious trend after a long period of conflict, but the effect of low-carbon development is not obvious. The central region needs to be strictly monitored and guided by the state while encouraging it to strengthen its economic construction. At present, the western region is still relatively backward, developing economy to solve the problems of people’s livelihood is the top priority. The local governments may sacrifice the environment to some extent in exchange for economic growth. In addition, the rich resources and fragile ecological base of the western region will make it more risky to trade the environment for growth. Therefore, it is essential to implement differentiated strategies, taking into account the comparative advantages of the regions according to local conditions.




5.2. Contributions of This Article


The following contributions were provided by this article:



First, based on the particularity and complexity of Chinese style decentralization system, it measures the effect of the fiscal decentralization and environmental decentralization on carbon emissions and analyzes the interactions of these two decentralization systems, which avoids errors in the variable measurement.



Second, from the perspective of the influence of local officials’ behavior on the decentralization system under the promotion pressure, it analyzes the moderating role of local officials’ promotion pressure on the impact of fiscal decentralization and environmental decentralization on carbon emissions, which broadens the research field of carbon emissions.



Third, according to spatial Durbin model (SDM) of dynamic panel data, with fully consideration of the path dependence and spatial spillover of carbon emissions, it not only analyzes the spatial effect of carbon emissions, but also deeply studies the impact of decentralization policy in adjacent jurisdictions on carbon emissions of one region, enriching the research of carbon emissions.



Fourth, it conducts regional analysis of the effect of decentralization system on carbon emission, which provides a reference for the eastern, central and western regions to adopt differentiated strategies for carbon emission reduction.




5.3. Method Limitations


First, due to limited data being available, this article discussed the effect of decentralized system on carbon emissions only from the provincial level, but each province in China has a large area, there will also be heterogeneity between cities within the province. Therefore, future research will focus on in-depth studies at the city level to make a more accurate analysis of the impact of decentralization on carbon emissions and the behavioral orientation of local officials under the pressure of promotion.



Second, the time span of this study is limited from 2006 to 2016, but the decentralization system and the assessment criteria for local officials in China are in dynamic change. If the time dimension is extended, the impact of decentralization system on carbon emissions may be different, and we will continue to pay attention to this problem in the future.



Third, the index measurement methods in this study are not rich enough, more comprehensive index measurement will be conducted in future study. For example, the fiscal decentralization index may be measured from other perspectives, and the environmental decentralization can be subdivided into three dimensions of environmental administrative decentralization, environmental supervision decentralization and environmental monitoring decentralization for in-depth analysis.





6. Conclusions


This article used the panel data of 30 provincial-level administrative regions in Mainland China (excluding Tibet) from 2006–2016 to conduct an empirical study, using a spatial Durbin model to analyze the spatial impact of fiscal decentralization and environmental decentralization on regional carbon emissions based on the perspective of officials’ promotion pressure. Combined with the analysis of research hypothesis and empirical research results, the empirical study concludes are as follows:



First, the fiscal decentralization system exacerbates carbon emissions in the region, while increased fiscal decentralization in neighbouring regions will also increase carbon emissions in the region, the competition among local governments adopts the competition strategy of mutual imitation, and the competition between regions tends to a “race to bottom”, leading to an increase in carbon emissions rather than a decrease.



Second, unlike fiscal decentralization, the environmental decentralization is effective in curbing carbon emissions, while environmental decentralization in neighbouring regions exacerbates carbon emissions in the region. The competition between regions in the context of environmental decentralization is a “race to top”.



Third, the promotion pressure of officials plays a positive role in moderating the impact of fiscal decentralization on carbon emissions, and at the same time weakens the suppression of carbon emissions by environmental decentralization. More attention should be paid to the implementation of the responsibility of local officials for environmental policies.



Fourth, from a sub-regional perspective, fiscal decentralization is significantly and positively correlated with carbon emissions in all regions. However, the level of environmental decentralization is highly spatially heterogeneous, environmental decentralization in the eastern region effectively curbs carbon emissions, but the opposite is true in the western region, while it is not significant in the central region.
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Table A1. Regression estimates of fiscal and environmental decentralization and carbon emissions by region.






Table A1. Regression estimates of fiscal and environmental decentralization and carbon emissions by region.





	
Explanatory Variables

	
Ln(co2/gdp)




	
Eastern

	
Central

	
Western

	
Eastern

	
Central

	
Western






	
W

	
W-01

	
W-ed




	
L.lnco2

	
1.291 ***

	
0.988 ***

	
1.404 ***

	
1.092 ***

	
0.829 ***

	
1.196 ***




	

	
(19.19)

	
(15.39)

	
(20.40)

	
(16.11)

	
(10.48)

	
(17.37)




	
fd

	
2.470 ***

	
1.529 **

	
1.598**

	
2.165 ***

	
1.391**

	
3.543 ***




	

	
(3.99)

	
(2.05)

	
(2.22)

	
(3.63)

	
(1.97)

	
(4.58)




	
ed

	
−2.380 ***

	
0.252

	
2.954 ***

	
−2.060 ***

	
−0.002

	
2.267**




	

	
(−3.91)

	
(0.37)

	
(3.46)

	
(−3.36)

	
(−0.00)

	
(2.37)




	
er

	
0.163 ***

	
0.080 *

	
0.189 ***

	
0.155 ***

	
0.018

	
−0.053




	

	
(4.62)

	
(1.70)

	
(5.70)

	
(3.91)

	
(0.41)

	
(−1.56)




	
tech

	
−0.023 ***

	
0.066 **

	
0.167 ***

	
−0.021 ***

	
0.075 ***

	
0.032




	

	
(−2.91)

	
(2.55)

	
(8.27)

	
(−2.79)

	
(2.64)

	
(1.48)




	
fdi

	
0.056 ***

	
0.035

	
0.004

	
0.044 ***

	
−0.011

	
−0.011




	

	
(3.19)

	
(1.35)

	
(0.38)

	
(2.59)

	
(−0.41)

	
(−0.89)




	
is

	
−1.343 ***

	
−0.576 *

	
−2.242 ***

	
−1.052 ***

	
−0.138

	
−0.695 **




	

	
(−5.70)

	
(−1.86)

	
(−9.07)

	
(−4.62)

	
(−0.48)

	
(−2.33)




	
fd × pressure

	
3.011 ***

	
2.018 **

	
2.368 ***

	
2.811 ***

	
1.887 **

	
4.078 ***




	

	
(4.37)

	
(2.46)

	
(2.95)

	
(4.07)

	
(2.08)

	
(5.45)




	
ed × pressure

	
2.001 **

	
−0.531

	
4.282 **

	
1.902 *

	
0.567

	
8.856 ***




	

	
(1.99)

	
(−0.34)

	
(2.31)

	
(1.76)

	
(0.34)

	
(3.80)




	
fd × ed

	
−2.927 ***

	
−0.377

	
−1.492 *

	
−2.238 ***

	
−0.054

	
−0.899




	

	
(−3.79)

	
(−0.45)

	
(−1.66)

	
(−2.96)

	
(−0.06)

	
(−0.84)




	
fd × ed × pressure

	
−1.145

	
−1.278

	
5.146 **

	
−1.007

	
−0.017

	
5.743 **




	

	
(−0.78)

	
(−0.66)

	
(2.22)

	
(−0.70)

	
(−0.01)

	
(2.31)




	
Wlnco2

	
0.152 **

	
0.114

	
1.221 ***

	
0.141 **

	
0.039

	
0.064




	

	
(2.14)

	
(1.13)

	
(14.15)

	
(1.97)

	
(0.36)

	
(0.63)




	
Wfd

	
2.052 ***

	
0.811

	
7.565 ***

	
1.858 ***

	
1.400 *

	
7.294 ***




	

	
(4.22)

	
(0.84)

	
(10.05)

	
(3.88)

	
(1.85)

	
(7.90)




	
Wed

	
−0.063

	
−0.139

	
−1.439 **

	
−0.056

	
0.453 *

	
−6.741 ***




	

	
(−0.44)

	
(−0.48)

	
(−2.21)

	
(−0.41)

	
(1.83)

	
(−9.48)




	
W(fd × pressure)

	
−0.013 *

	
−0.009

	
−0.070 ***

	
−0.010 *

	
−0.005

	
−0.156 ***




	

	
(−1.70)

	
(−0.69)

	
(−5.06)

	
(−1.65)

	
(−0.41)

	
(−7.94)




	
W(ed × pressure)

	
−0.404

	
0.864

	
6.336 ***

	
−0.359

	
−0.139

	
17.648 ***




	

	
(−1.34)

	
(1.54)

	
(7.69)

	
(−1.18)

	
(−0.35)

	
(10.77)




	
LR_spatial_lag

	
31.57 ***

	
12.23 ***

	
4.31 **

	
27.17 ***

	
15.30 ***

	
4.55 **




	
LR_spatial_error

	
46.55 ***

	
6.34 **

	
18.40 ***

	
44.09 ***

	
6.82 **

	
19.19 ***




	
LM_spatial_lag

	
4.411 **

	
6.318 **

	
5.736 **

	
3.661 *

	
7.399 **

	
6.476 **




	
LM_spatial_error

	
6.170 **

	
10.263 ***

	
7.256 **

	
6.321 **

	
13.463 ***

	
7.687 **




	
N

	
110

	
80

	
110

	
110

	
80

	
110




	
Hausman test

	
FE

	
FE

	
FE

	
FE

	
FE

	
FE




	
R2

	
0.927

	
0.972

	
0.925

	
0.912

	
0.816

	
0.954








Notes: (1) t-values in parentheses; (2) ***, **, * denote significant at the 1%, 5% and 10% levels respectively; (3) Constant term estimates not reported; (4) Hausman test used to test for random versus fixed effects, when p > 0.05 indicates rejection of random effects in favour of fixed effects, the same as in Appendix B.
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Table A2. Robustness testing of different measurement indicators.






Table A2. Robustness testing of different measurement indicators.





	
Explanatory Variables

	
co2




	
(1)

	
(2)

	
(3)

	
(4)






	
L.lnco2

	
0.682 ***

	
0.839 ***

	
0.753 ***

	
0.765 ***




	

	
(21.90)

	
(24.88)

	
(22.90)

	
(23.08)




	
fd

	
0.761 ***

	
0.521 **

	
0.535 **

	
0.577 **




	

	
(2.80)

	
(1.97)

	
(2.07)

	
(2.12)




	
ed

	
−0.953 ***

	
−0.726 **

	
−0.771 **

	
−0.734 **




	

	
(−2.64)

	
(−2.06)

	
(−2.33)

	
(−2.25)




	
er

	
0.048 ***

	
0.034 **

	
0.029 **

	
0.020




	

	
(3.28)

	
(2.50)

	
(2.23)

	
(1.61)




	
tech

	
−0.000

	
0.003

	
0.002

	
−0.015 *




	

	
(−0.03)

	
(0.28)

	
(0.23)

	
(−1.78)




	
fdi

	
0.023 *

	
0.001

	
0.003

	
−0.000




	

	
(1.72)

	
(0.13)

	
(0.32)

	
(−0.01)




	
is

	
−0.392 ***

	
−0.205 *

	
−0.284 *

	
−0.403 ***




	

	
(−2.83)

	
(−1.67)

	
(−1.94)

	
(−2.90)




	
fd × pressure

	
1.605 ***

	
0.821 *

	
0.613

	
1.337 **




	

	
(2.77)

	
(1.68)

	
(1.02)

	
(2.04)




	
ed × pressure

	
1.814 **

	
1.038

	
1.214 *

	
1.344 *




	

	
(2.30)

	
(1.31)

	
(1.65)

	
(1.76)




	
fd × ed

	
−1.138 **

	
−0.798 *

	
−0.828 *

	
−0.434 **




	

	
(−2.46)

	
(−1.78)

	
(−1.95)

	
(−2.01)




	
fd × ed × pressure

	
−2.185 **

	
−1.112

	
−1.295

	
−0.501




	

	
(−2.09)

	
(−1.08)

	
(−1.34)

	
(−0.72)




	
Wlnco2

	
0.203 ***

	
0.171 ***

	
0.288 ***

	
0.295 ***




	

	
(4.08)

	
(3.64)

	
(5.97)

	
(6.90)




	
Wfd

	
1.019 ***

	
0.213

	
0.752 **

	
0.667 *




	

	
(2.96)

	
(0.47)

	
(2.09)

	
(1.64)




	
Wed

	
0.348 ***

	
0.277 **

	
0.272 **

	
0.185 *




	

	
(3.05)

	
(2.07)

	
(2.23)

	
(1.75)




	
W(fd × pressure)

	
−0.305

	
−1.199 *

	
−0.275

	
−1.364 **




	

	
(−0.59)

	
(−1.75)

	
(−0.37)

	
(−2.39)




	
W(ed × pressure)

	
0.027

	
0.948 *

	
−0.132

	
1.305 **




	

	
(0.08)

	
(1.66)

	
(−0.42)

	
(2.17)




	
LR_spatial_lag

	
15.72 ***

	
11.59 ***

	
17.97 **

	
31.98 ***




	
LR_spatial_error

	
27.26 ***

	
14.51 ***

	
37.85 ***

	
62.80 ***




	
LM_spatial_lag

	
8.004 ***

	
4.097 **

	
5.548 **

	
5.252 **




	
LM_spatial_error

	
22.172 ***

	
14.638 ***

	
12.243 ***

	
11.513 ***




	
N

	
330

	
330

	
330

	
330




	
Hausman test

	
FE

	
FE

	
FE

	
FE




	
R2

	
0.960

	
0.980

	
0.945

	
0.956








***, **, * denote significant at the 1%, 5% and 10% levels respectively.
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Figure 1. The relationship between fiscal decentralization and environmental decentralization. 
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Figure 2. The theoretical model of this paper. 
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Figure 3. The levels of fiscal decentralization (fd) and environmental decentralization (ed) by region. 
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Table 1. Calculation method and descriptive statistics for each variable.
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Variables

	
Calculation Method

	
Meaning of Variables

	
Obs

	
Mean

	
Std.Dev

	
Min

	
Max






	
Explained variable

	
Carbon intensity

	
     lnco    2 it     = ln (      co    2 it        gdp   it     )   

	
lnco2it represents carbon emissions in year t in region i, gdpit represents the corresponding GDP.

	
330

	
0.828

	
0.569

	
0.026

	
2.195




	
Core explanatory variables

	
Fiscal decentralization

	
     fd   it   =     fdp   it      (    fdp   it      + fdc    it    )      

	
fdpit represents fiscal expenditure per capita at the provincial level and fdcit represents fiscal expenditure per capita at the central level.

	
330

	
0.819

	
0.067

	
0.635

	
0.936




	
Environmental decentralization

	
     ed   it   =      ( lepp    it      / pop    it   )      ( nepp   t     / pop   t  )     

	
leppit/popit represents the number of local environmental agencies per capita, neppt/popt represents the number of national environmental agencies per capita.

	
330

	
1.006

	
0.359

	
0.479

	
2.343




	
Moderating variables

	
Promotion pressure on officials

	
     pressure  u  =     ∑   j ≠  i    N t      x  jt          2 N   t      

	
xjt represents the number of turnover of officials in year t in province i and Nt represents the number of provinces and districts.

	
330

	
0.373

	
0.053

	
0.234

	
0.443




	
Control variables

	
Environmental regulation

	
     er   it    = ln (      pwf   it       pop   it     )   

	
pwfit represents income from sewage charges

	
330

	
2.453

	
0.641

	
0.39

	
4.439




	
Technological innovation

	
     tech   it   =      R & D    it       gdp   it       

	
R&Dit is internal expenditure on research and development

	
330

	
1.808

	
1.338

	
0.340

	
9.361




	
Foreign direct investment

	
     fdi   it      = ln ( fdi    it   )   

	
fdiit is foreign direct investment by province

	
330

	
14.362

	
1.619

	
9.727

	
16.93




	
Industrial structure

	
     is   it   =     tsva   it       gdp   it       

	
tsvait is value added in the tertiary sector

	
330

	
0.415

	
0.085

	
0.238

	
0.797











 





Table 2. Correlation coefficient matrix of the main explanatory variables.
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	fd
	ed
	pressure
	er
	tech
	fdi
	is





	fd
	1.0000
	
	
	
	
	
	



	ed
	0.0356
	1.0000
	
	
	
	
	



	pressure
	0.0045
	0.0415
	1.0000
	
	
	
	



	er
	0.4875
	0.2448
	−0.0489
	1.0000
	
	
	



	tech
	−0.1408
	0.1858
	−0.0879
	−0.1563
	1.0000
	
	



	fdi
	−0.0774
	0.1121
	0.0024
	0.0629
	0.3380
	1.0000
	



	is
	−0.2263
	0.4920
	0.0924
	−0.2567
	0.6731
	0.1899
	1.0000










 





Table 3. Regional Moran’s I index of carbon emissions (2006–2016).
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	Year
	I
	E(I)
	Sd(I)
	z
	p-Value





	2006
	0.385
	−0.034
	0.123
	3.415
	0.000 ***



	2007
	0.363
	−0.034
	0.121
	3.284
	0.001 ***



	2008
	0.351
	−0.034
	0.119
	3.228
	0.001 ***



	2009
	0.358
	−0.034
	0.116
	3.391
	0.000 ***



	2010
	0.342
	−0.034
	0.115
	3.283
	0.001 ***



	2011
	0.357
	−0.034
	0.114
	3.446
	0.000 ***



	2012
	0.332
	−0.034
	0.111
	3.294
	0.000 ***



	2013
	0.336
	−0.034
	0.112
	3.304
	0.000 ***



	2014
	0.324
	−0.034
	0.114
	3.149
	0.001 ***



	2015
	0.324
	−0.034
	0.114
	3.141
	0.001 ***



	2016
	0.309
	−0.034
	0.114
	3.021
	0.001 ***







Note: E(I) is the expected value of Moran index I for carbon emissions between regions, Sd(I) represents the variance, z is the test value, p-value is the accompanying probability, and *** indicates significant at the 1% probability level.













 





Table 4. Basic regression results for fiscal decentralization, environmental decentralization, officials’ promotion pressure and carbon emissions.
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Model

	
Ln(co2/gdp)




	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 5

	
Model 6






	
L.lnco2

	
0.785 ***

	
0.918 ***

	
0.948 ***

	
0.924 ***

	
0.981 ***

	
0.970 ***




	

	
(23.58)

	
(27.78)

	
(28.33)

	
(28.24)

	
(30.65)

	
(29.75)




	
fd

	
0.585 **

	

	
2.132 ***

	
0.316 *

	

	
2.508 ***




	

	
(2.32)

	

	
(6.67)

	
(1.70)

	

	
(6.75)




	
ed

	

	
−0.118 *

	
−1.305 ***

	

	
−0.115 *

	
−2.442 ***




	

	

	
(−1.83)

	
(−6.94)

	

	
(−1.76)

	
(−7.50)




	
er

	
0.020 *

	
0.053 ***

	
0.026 **

	
0.019 *

	
0.051 ***

	
0.018




	

	
(1.86)

	
(4.33)

	
(2.02)

	
(1.76)

	
(4.40)

	
(1.57)




	
tech

	
−0.010

	
−0.018 ***

	
−0.009

	
−0.020 ***

	
−0.008

	
−0.026 ***




	

	
(−1.38)

	
(−2.61)

	
(−1.20)

	
(−2.78)

	
(−1.29)

	
(−3.50)




	
fdi

	
−0.004

	
0.019 **

	
0.015 *

	
0.006

	
0.028 ***

	
0.018 **




	

	
(−0.45)

	
(2.27)

	
(1.74)

	
(0.70)

	
(3.50)

	
(2.12)




	
is

	
−0.939 ***

	
−1.286 ***

	
−1.788 ***

	
−1.100 ***

	
−1.078 ***

	
−1.391 ***




	

	
(−6.87)

	
(−9.49)

	
(−12.67)

	
(−8.16)

	
(−8.12)

	
(−9.96)




	
fd × pressure

	

	

	

	
1.007 **

	

	
1.874 ***




	

	

	

	

	
(1.98)

	

	
(2.65)




	
ed × pressure

	

	

	

	

	
0.376 **

	
2.318 ***




	

	

	

	

	

	
(2.18)

	
(3.11)




	
fd × ed

	

	

	
−1.623 ***

	

	

	
−3.289 ***




	

	

	

	
(−7.25)

	

	

	
(−7.72)




	
fd × ed × pressure

	

	

	

	

	

	
3.679 ***




	

	

	

	

	

	

	
(3.77)




	
Wlnco2

	
0.475 ***

	
0.324 ***

	
0.679 ***

	
0.493 ***

	
0.294 ***

	
0.607 ***




	

	
(9.91)

	
(8.35)

	
(13.88)

	
(10.58)

	
(7.87)

	
(12.57)




	
Wfd

	
0.392 **

	

	
1.448 ***

	
0.957 ***

	

	
1.897 ***




	

	
(1.96)

	

	
(5.19)

	
(3.13)

	

	
(5.56)




	
Wed

	

	
0.350 ***

	
0.055

	

	
0.270 ***

	
0.361 ***




	

	

	
(4.58)

	
(0.69)

	

	
(2.73)

	
(2.78)




	
W(fd × pressure)

	

	

	

	
−0.003

	

	
−0.013 *




	

	

	

	

	
(−0.58)

	

	
(−1.84)




	
W(ed × pressure)

	

	

	

	

	
0.027

	
0.995 ***




	

	

	

	

	

	
(0.15)

	
(3.29)




	
LR_spatial_lag

	
6.57 ***

	
11.02 ***

	
10.86 ***

	
14.61 ***

	
10.57 ***

	
17.75 ***




	
LR_spatial_error

	
32.27 ***

	
26.75 ***

	
29.24 ***

	
34.37 ***

	
39.94 ***

	
37.42 ***




	
LM_spatial_lag

	
6.241 ***

	
7.644 ***

	
5.396 ***

	
6.696 ***

	
7.542 ***

	
5.576 **




	
LM_spatial_error

	
15.369 ***

	
20.446 ***

	
13.944 ***

	
12.101 ***

	
14.029 ***

	
11.295 ***




	
N

	
330

	
330

	
330

	
330

	
330

	
330




	
Hausman test

	
FE

	
FE

	
FE

	
FE

	
FE

	
FE




	
R2

	
0.951

	
0.939

	
0.935

	
0.957

	
0.949

	
0.980








Notes: (1) t-values in parentheses; (2) ***, **, * denote significant at the 1%, 5% and 10% levels respectively; (3) Constant term estimates not reported; (4) Hausman test used to test for random versus fixed effects, when p > 0.05 indicates rejection of random effects in favour of fixed effects.
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