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Abstract

:

Carbon control has become a key strategy in the high-quality development (HQD) phase of emerging countries, but the spillover effects of implementing carbon control instruments on HQD remain to be verified. In order to explore the realistic level of HQD in China and the mechanism of how carbon controls impact on it, this paper analyzes the regional differences and spatio-temporal dynamics of HQD in China by using Chinese provincial panel data from 2006 to 2019. This study evaluated the implications of a regionally implemented carbon emissions trading scheme (ETS) on HQD by using the difference-in-differences (DID) model. The results show that the overall level of HQD in China’s provinces continues to rise. The level of HQD in most provinces showed a transition from low to high and then stabilization. Over the sample period, the national average HQD index increased from 18.95 to 29.96, a growth rate of 58.1%. There was significant regional heterogeneity in HQD. The highest HQD indices in the eastern, central and western regions were 35.67, 27.52 and 24.78, respectively. The level of HQD in the eastern regions was much higher than in the central and western areas. Further analysis revealed that ETS was able to significantly increase the overall level of HQD. Having found that there is regional heterogeneity in HQD, this research examines the specific effects of ETS on HQD and discovers that ETS supports regional HQD in the eastern and central areas, but has no significant influence on HQD in the western region. The robustness of the results was confirmed by the use of parallel trend tests, lagged effects, the removal of environmental disturbances and the replacement of evaluation variables or models. The above findings can be used as a reference for formulating low-carbon policy and promoting HQD levels.
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1. Introduction


The current state of the global climate presents a significant challenge to all of humanity. At present, greenhouse gas emissions, represented by carbon dioxide, have been exacerbating the global climate crisis [1,2,3]. In 2020, General Secretary Xi Jinping proposed that “China will increase its autonomous national contribution, adopt more zealous policies and measures, and strive to peak CO2 emissions by 2030 and achieve carbon neutrality by 2060” (also known as the “double carbon targets”) in response to the dire ecological and environmental situation [4]. However, according to data from the 70th edition of the BP Statistical Yearbook of World Energy (2021), China ranked first globally in terms of carbon dioxide emissions in 2020, with 30.7% of the total. Compared with the previous year, China’s total carbon emissions increased by 0.6%. China is under intense pressure to address environmental concerns and cut its carbon emissions.



Currently, countries around the world have been actively implementing relevant measures to cope with the climate crisis. The carbon emissions trading scheme (ETS) is an essential tool for reducing carbon emissions. In 2011, the Chinese government formally presented a plan for establishing a market for trading carbon emissions. As of June 2014, ETS was operating as a pilot program in seven provinces and cities, including Beijing, Tianjin, Shanghai, Chongqing, Shenzhen, Hubei and Guangdong. The national carbon trading market for the electricity sector was formed in 2017 and the national carbon emissions trading market was constructed in 2021. China’s national carbon trading market is the largest carbon market in the world, accounting for 4.5 billion tons of CO2 emissions. However, the national carbon trading market in China is still in its early phases of growth, and neither the market nor the supporting policies have reached a sufficient level of maturity. Therefore, it is crucial to research how the policy has affected the ETS pilot regions.



China’s economy has expanded rapidly since the reform and opening up, but it still faces issues like structural imbalance, intensified environmental pollution and low efficiency [5,6]. China’s crude approach to economic development has put serious pressure on sustainable development [7,8]. Therefore, enhancing the quality of economic growth has become important due to the traditional economic development model’s increasingly visible flaws. China has actively adjusted the direction of its economic development, and General Secretary Xi Jinping noted in the report of the 19th National Congress of the Communist Party of China that China’s economy had transitioned from a period of high-speed growth to a stage of HQD. High-quality development (HQD) has emerged as a new requirement and direction for China’s social development [9].



HQD is a sustainable method of economic development. The core content of HQD is the new development concept of “innovation, coordination, green, openness and sharing”, which is a comprehensive method of development [10,11,12,13]. In the context of “double carbon targets”, it can be challenging for many countries to balance economic development with low carbon emissions. Additionally, regional differences may lead to regional heterogeneity in HQD levels. However, little research has been conducted on the evolutionary characteristics of HQD and its heterogeneity. Whether China’s ETS, as a representative low-carbon policy, can lead to output benefits in economic development while reducing emissions, and whether it has an impact on HQD and whether the impact is heterogeneous in different regions, are important issues to be resolved.



The main contributions of this paper are as follows.



(1) The paper enriches the system of indicators for HQD measurement. Based on previous research, this paper presents a comprehensive assessment of HQD using 43 indicators based on the concept of “innovation, coordination, green, openness and sharing”. We innovatively combine entropy and quadrant diagram methods to illustrate regional differences and the spatio-temporal evolution of HQD levels. This will make it easier for future policy makers to target their policies by comprehending the evolutionary traits of HQD.



(2) From the perspective of research, this work evaluates the varied features of the policy effects as well as the policy impact of ETS on HQD. This study enriches the assessment of the possible spillover effects of China’s ETS. The conclusions could offer fresh insight into how HQD and ETS function and serve as a reference for those who formulate low-carbon policies.



The rest of this essay is structured as follows. The literature on HQD and carbon trading is reviewed in Section 2. The approach and data description are presented in Section 3. The empirical findings from the model are discussed and described in Section 4. The results and policy suggestions are provided in Section 5.




2. Literature Review


2.1. The Policy Background of ETS


The ETS was created in the framework of a low-carbon economy. In accordance with the assessment of International Carbon Action Partnership (ICAP) on the state of global emissions trading in 2022, ETS has now covered 17% of global greenhouse gas emissions, 55% of the global GDP jurisdictions, and one-third of the worldwide population [14]. Scholars have conducted substantial research on the development of carbon markets. Mehling and Haites [15] investigated ways to connect the mechanisms of ETS. Chengping and Xu [16] developed a framework for the establishment of ETS in China, arguing that China should use the opportunity to establish a carbon market and that the establishment of China’s ETS would benefit the restructuring and upgrading of China’s industry. Liu et al. [17] analyzed the development of China’s carbon market and highlighted the challenges it faced. Furthermore, researchers have undertaken considerable research on carbon market subsidy methods, carbon market price influencing factors, carbon market efficiency and liquidity [18,19,20]. These studies have supported the development and enhancement of ETS.




2.2. The Policy Effects of ETS


Much of the research on carbon trading has focused on the policy implications of ETS. The majority of these studies have concentrated on the effects of carbon trading on emissions reduction. Most researchers have demonstrated that ETS can help reduce carbon emissions [21,22,23,24,25]. Researchers have also examined the dynamic impact of ETS on reducing carbon emissions, and have discovered that the impact has grown over time, year by year [26,27]. Additionally, ETS has policy implications in other areas. Zhou and Wang [28] discovered that China’s ETS could help enterprises raise their degree of green technology innovation. Qi et al. [29] used the DDD approach to analyze 33 industries in 30 Chinese provinces from 2009 to 2016 and indicated that a carbon emissions trading policy might improve low-carbon international competitiveness. Xiao et al. [30] adopted a DID model to assess data on listed enterprises in China from 2009 to 2018, demonstrating that ETS may greatly improve total factor productivity (TFP) and promote high-quality economic development. Nevertheless, some scholars consider that China’s ETS has not achieved economic, social and environmental effects. Dai et al. [31] investigated the productivity of a sample of Chinese manufacturing businesses and discovered that ETS had no “Porter effects” on the productivity of the sample firms.




2.3. The Meaning and Measurement of HQD


Scholars have extensively discussed the implications of high-quality development (HQD) in the wake of General Secretary Xi’s declaration that China’s economy had entered a stage of high-quality growth. The focus of economic development in China is gradually turning from seeking quantitative growth toward concentrating on quality and efficiency, as the economy of the country enters a stage of transition and slowing growth [32]. According to Jin [33], HQD is growth that satisfies people’s expanding and various needs for a better life. Li and Hu [34] suggested that encouraging environmentally friendly and ecological growth was essential to HQD. Li et al. [35] claimed that HQD led to improvement in the economy, polity, culture, society and ecosystem as a whole. This study contends that HQD is a comprehensive development model that embodies the new development concepts of “innovation, coordination, green, openness, and sharing”.



The level of HQD has been used to measure the state of economic development. People are becoming more concerned about the quality of economic development as a result of the environmental and social problems caused by the over-emphasis on GDP in the past. Barro [36] criticized the concept of evaluating economic progress simply in terms of GDP, and proposed a quality dimension of economic development that took more factors into account, such as education, health, fertility, income, welfare, law and order, politics and religion. Based on previous research, Mlachila et al. [37] constructed the Quality of Economic Growth Index (QGI), which measures the quality of economic growth in terms of both the intrinsic nature of growth and social outcomes, and argued that higher growth rates with more sustained, socially beneficial growth was the high-quality growth model. Held et al. [38] noted that GDP did not take household production and environmental factors into consideration, creating the National Sustainability Index (NWI) to measure national economic development.



Scholars have primarily studied single and composite indicators for measuring HQD. In several studies, the level of HQD has been assessed by a single indicator, such as total factor productivity (TFP), labor productivity and green total factor productivity (GTFP) [39,40,41]. However, one indicator hardly suffices to capture the entirety of HQD. Comprehensive indicators for HQD have been constructed by some academics. Kong et al. [42] developed a set of economic growth quality indicators based on the effectiveness, consistency and sustainability of economic growth. Li et al. [35] used the dynamics, structure and results of economic development to estimate the level of HQD. According to Huang et al. [43], the quality of economic development was estimated in terms of creative development, cooperation between urban and rural areas, ecological environment, openness to the outside world and people’s livelihoods. Others have created thorough evaluation indicators for HQD since researchers stated that the new development notion of “innovation, coordination, green, openness and sharing” was the foundation for promoting high-quality growth [10,11,12,13]. This study argues that the current HQD indicator system is insufficiently comprehensive, with too few indicators chosen for ecological environment, environmental governance, social openness and social security, which cannot accurately reflect the features of contemporary China’s HQD. In light of the extensive research of numerous scholars and the limitations of the existing HQD indicators, this study constructs a complete evaluation index system of HQD based on the new development concept.




2.4. The Influencing Factors of HQD


Scholars have explored the influencing variables of HQD based on several dimensions such as technological innovation, institutional restrictions and environmental pollution in the study of HQD. Ding et al. [44] used a mediating effects model and a spatial Durbin model to investigate the relationship between the digital economy and HQD, concluding that the digital economy could promote HQD and that technological innovation was an important transmission path from the digital economy to the economic. Li et al. [35] showed that green innovation and institutional constraints could have a significant positive impact on HQD. In their study of the Yangtze River Economic Zone in China, Wang et al. [45] discovered that environmental pollution had a significant negative impact and a negative spatial spillover effect on HQD of energy, while green finance had a significant positive impact and a spatial spillover effect on HQD. Shi et al. [46] studied the high-quality development of cultural tourism (HDCT) in China’s Yangtze River Delta urban agglomeration and found that the three primary elements influencing HDCT were economic development level, technical innovation and professional talent allocation. Wang and Li [47] developed a nonlinear threshold regression model to assess the HQD of China’s manufacturing industry and concluded that capacity utilization, profitability, foreign direct investment and government participation all significantly improved the manufacturing industry’s HQD. Environmental rules have had a considerably negative impact on the manufacturing industry’s HQD. However, few studies have considered the issue of the relationship between ETS and HQD.



In summary, a large number of studies exist on both HQD and ETS, but they still have the following areas for improvement. Firstly, when establishing a comprehensive assessment index system for HQD, the present studies are unable to thoroughly and systematically reflect the current requirements for quality and efficiency improvement of the economy as China enters a new era. For instance, the traditional total factor productivity (TFP) used to assess the level of HQD does not adequately capture the current context of China’s ecological civilization construction. Secondly, the geographical and spatio-temporal diversity of China’s provincial HQD levels is not adequately reflected in previous research. Due to regional environments in distinct provinces, there may be differences in population, industrial structure and energy intensity, which might result in some variations in the degree of HQD. The study of the evolutionary characteristics of HQD can help policymakers to formulate policies in a targeted manner. Thirdly, little attention has been paid to the policy implications of the ETS on China’s high-quality economic development, with the majority of studies on carbon trading concentrating on the consequences of carbon market development and carbon emission reduction. As a result, this article applies an entropy weighting method, quadrant diagram method and visual analysis approaches to evaluate the level of HQD development in 30 Chinese provinces, while analyzing regional differences and spatio-temporal evolution characteristics. Following that, the difference-in-differences model is built to examine the policy impact of ETS on HQD.





3. Methodology and Data


3.1. Methodology


3.1.1. Measurement of High-Quality Development Levels


This paper expands on previous research and employs the new development concept as the overarching framework for developing indicators. To meet the new requirements of China’s economic development, this paper combines the research of Wei and Li [48], Lu et al. [49], Du et al. [10], Huang et al. [43] and Li et al. [12] to construct a comprehensive evaluation index for HQD in the context of innovation-driven development, ecological civilization construction and “double carbon targets”, as shown in Figure 1.



In the area of socio-economics, the entropy weighting approach is frequently adopted. The entropy weighting approach determines the weight of each indicator based on its entropy value [50]. An indicator’s weight will be higher if its data are more discrete, since it contains more information and should be given more attention. Conversely, an indicator will have more uncertainty if its data are less discrete and then it will be assigned a smaller weight. It is a way of objective weighting that has the advantage of being more precise and impartial [10]. Drawing on Li et al. [35], this study applied the method to standardize the indicators and then assigned objective weights to measure the quality development index for each province from 2006 to 2019. The specific calculation steps are given as follows.



The first step was to standardize the indicators for the level of HQD. The following is the mathematical formula for the positive indicators:


   Y  i t   =    X  i t   − min   (  X  i t   )   max   (  X  i t   ) − min   (  X  i t   )    



(1)







The formula for negative indicators is:


   Y  i t   =   max   (  X  i t   ) −  X  i t     max   (  X  i t   ) − min   (  X  i t   )    



(2)




where  i  denotes the province,  t  denotes the year,    X  i t     is the raw data and    Y  i t     is the standardized indicators.



Second, the information entropy    E t    of the standardized index    Y  i t     was estimated:


   E  i t   = ln ( n )   ∑  i = 1  n    [   (   Y  i t   /   ∑  i = 1  n    Y  i t      )  ln  (   Y  i t   /   ∑  i = 1  n    Y  i t      )   ]     



(3)







Third, the weights for    Y  i t     were calculated.


   W t  = ( 1 −  E  i t   ) /   ∑  t = 1  m   1 −    E  i t   )  



(4)







The high-quality development (HQD) index    Q i    was then calculated via multiplying the standardized value of each indication by the relevant weight. The level of HQD increases as the    Q i    value rises.


   Q i  =   ∑  t = 1  m    W t   Y  i t      



(5)








3.1.2. Evolutionary Analysis of Heterogeneity Characteristics


The quadrant diagram approach uses a mathematical matrix to describe the interrelationships between components. This method can be applied to assess the importance of various factors qualitatively and quantitatively from different perspectives [51]. This method is intuitive, clear and universal, and it is frequently applied to analyze how urbanization affects economic and ecological systems [52]. Following the approach of Zhang and Li [53], the quadrant diagram approach was used to categorize and assess the spatio-temporal variation in the development of high-quality development (HQD) levels. The level of HQD (   x h   ) and growth rate (   y g   ) of  i  province were compared with the national average level of HQD (   x n   ) and average growth rate (   y n   ). The average level and average growth rate of the HQD index of province from 2006 to 2019 were used as a reference. The average level of HQD was represented by the   x - a x i s   and the average growth rate of the level of HQD was represented by the   y - a x i s  . Based on the level of HQD (  x - a x i s  ) and growth rate (  y - a x i s  ), provinces were classified into four different categories over time, namely high speed (   x h  >  x n  &  y g  >  y n  , i ∈ Q u a d r a n t I  ), growth (   x h  <  x n  &  y g  >  y n  , i ∈ Q u a d r a n t II  ), low speed (   x h  <  x n  &  y g  <  y n  , i ∈ Q u a d r a n t III  ) and stable (   x h  >  x n  &  y g  <  y n  , i ∈ Q u a d r a n t IV  ).




3.1.3. Difference-in-Differences Model


The difference-in-differences (DID) method has been extensively utilized to evaluate the effects of policy. This method has the advantage of largely avoiding the problem of endogeneity, and the model setting is more scientifically precise and simple to comprehend and apply [54]. However, this method is generally only applicable to panel data. This research examines the influence of ETS on the level of HQD by Chinese provincial panel data from 2006 to 2019. In this study, Beijing, Shanghai, Tianjin, Hubei, Guangdong and Chongqing were chosen as the six pilot provinces and cities that would get treatment for the impacts of the ETS (Shenzhen was included in the calculation of Guangdong province for the study’s convenience). The remaining 24 provinces served as the control group (with the exception of regions including Tibet, Hong Kong, Macao and Taiwan). The baseline DID model was set up as follows.


    H Q D   i t   =  β 0  +  β 1    T reated  i  +  β 2    P eriod  t  +  β 3    T reated  i  ⋅   P eriod  t  + λ  X  i t   +  δ i  +  γ t  +  ε  i t    



(6)







In this equation, i  indicates the province and  t  indicates the year.     H Q D   i t     represents the HQD index of Province  i  in year  t , which was obtained from the comprehensive score of the HQD index system.     T reated  i    indicates the dummy variable for the experimental group, and is assigned a value of 1 if the province  i  has implemented an ETS, and 0 otherwise.    X  i t     indicates a series of control variables, including log population, value added of the secondary sector share of GDP, energy intensity and log of the number of industrial enterprises above scale (Huang and Du [55]; Dong et al. [24]).    δ i    denotes province fixed effects,    γ t    denotes year fixed effects, and    ε  i t     denotes random disturbance terms.





3.2. Data


For this study, the sample was made up of data from 30 Chinese provinces from 2006 to 2019 (with the exception of Tibet, Hong Kong, Macao and Taiwan). The data were obtained from the 2006–2019 provincial statistical yearbooks and China Statistical Yearbook, China Environmental Statistical Yearbook, China Science and Technology Statistical Yearbook and China Social Statistical Yearbook. Data were available from the Office for National Statistics website http://www.stats.gov.cn/tjsj/ (accessed on 1 February 2023). For the few missing values, this paper used interpolation to fill in the gaps. Table 1 gives the definitions and descriptive statistical analysis of the key variables, where HQD is measured by the entropy method. In order to ensure the smoothness of the data, the data on population and industrial enterprises above the scale are logarithmically processed.





4. Results and Discussion


4.1. Test Results of HQD Level


4.1.1. Provincial Levels of HQD and Spatial and Temporal Patterns


Figure 2 shows the average high-quality development (HQD) level and growth rate for 30 Chinese provinces from 2006 to 2019. The average level of HQD was higher in the provinces of Beijing, Guangdong, Shanghai, Zhejiang, Jiangsu, Tianjin and Shandong, with an index ranging from 34.22 to 42.66. Most of the mentioned provinces have higher HQD levels due to better economic development quality, stable economic structure, superior geographical location and excellent macroeconomic development structure [56]. The provinces of Gansu, Xinjiang, Qinghai, Ningxia, Inner Mongolia, Shanxi and Yunnan displayed a lower degree of HQD, with an average HQD index ranging from 16.63 to 18.73. These provinces are largely inland provinces with a comprehensive economic structure but still require additional improvement to issues such as uneven industrial development, insufficient economic development dynamics and poor social openness [57,58]. The levels of HQD in China’s provinces’ varied significantly [10]. The average growth rate of the HQD level in all 30 Chinese provinces remained positive. Among them, Anhui, Gansu, Sichuan, Henan, Hebei and Guizhou had the highest average growth, with an average growth rate of over 5%. Tianjin, Beijing and Shanghai had the lowest average growth rate of less than 2%. It can be observed that the central and western regions are gradually developing and narrowing the gap with the eastern regions. This could be attributed to the diffusion impact in terms of government policy orientation and production factors [57]. There was a clear heterogeneity in the average level of quality development and growth rates between Chinese provinces.



The spatio-temporal dynamics of China’s provincial HQD are depicted in Figure 3. From 2006 to 2009, the level of HQD in the provinces was low, and only Beijing, Shanghai and Guangdong had a HQD level above 30. Gansu had the lowest HQD at 11.22, while Beijing had the highest at 39.42. From 2010 to 2013, the overall level of HQD increased, with the central region experiencing rapid growth. The level of HQD significantly grew from 2014 to 2017, particularly in the eastern and central regions. This could be attributed to the development of ETS in a few eastern and central provinces from 2013 to 2014, which increased the level of HQD. From 2018 to 2019, the level of HQD increased rapidly. The level of HQD in the east and central regions increased quickly and spread to the western region. The overall level of HQD has greatly increased, and the spatio-temporal patterns of HQD in China have changed significantly [44].




4.1.2. Temporal Evolution-Type Heterogeneity


Figure 4 uses the quadrant diagram method to divide the period from 2006 to 2019 into four time periods to map out the spatio-temporal evolutionary characteristics of China’s provincial HQD levels [53]. From an overall perspective, the majority of provinces belonged to the growth type and had high growth rates of HQD levels and notable regional differences from 2006 to 2019. The quadrant type characteristics of HQD showed a transition from a high growth type in certain provinces to a general growth type in most provinces. Those in the first and fourth quadrants have higher levels of HQD than the national average, but with different growth rates. It can be observed that after 2014, provinces in the eastern coastal region gradually transitioned from quadrant one to quadrant four, which indicated a higher level of HQD in this part of the country. However, the growth rate gradually stabilized over time. This reflects the reality that China’s economy is transitioning from old to new dynamics, as well as the objective trend of slowing development in the Chinese economy at this point [59]. Provinces in the central and western regions were mainly focused in the second quadrant, where the HQD level grew at a quicker rate. After 2014, the rate of HQD increased significantly in Heilongjiang, Jiangxi, Hunan and Sichuan, moving from low to high speed. Hubei, Anhui, Guizhou, Yunnan and Xinjiang developed rapidly after 2018, which moved towards high-speed type and growth type stage.



From 2006 to 2009, the overall level of HQD was low, with most provinces in growth mode and no high-speed provinces. From 2010 to 2013, there was an overall rise in HQD, with several provinces continuing to experience rapid growth. Provinces in the middle and western regions gradually changed from low-speed to growth type from 2014 to 2017, whereas provinces in the eastern region turned from high-speed to steady type. From 2018 to 2019, most of the eastern and central provinces tended to stabilize, while the rate of HQD in the western region increased dramatically.




4.1.3. Regional Heterogeneity


The regional heterogeneity of HQD is illustrated in this research by using the average level of HQD in each region. Figure 5 displays the regional differences and evolutionary characteristics of HQD from 2006 to 2019. From 2006 to 2019, HQD levels tended to increase nationally and regionally, with the national average HQD index rising from 18.95 to 29.96, an increase of 58.1%, but with substantial variations between regions. The eastern region had the highest HQD level, which was notably higher than the national average. The central region had a slightly higher level of HQD than the western region, and both of them were below the national average. The eastern region maintained a steady growth in the level of HQD from 2006 to 2019. From 2006 to 2012, the western region grew rapidly and gradually narrowed the difference with the central region, reaching a state of basic parity with the central region in terms of HQD in 2012. From 2013 to 2019, the central region experienced rapid growth, progressively decreasing the gap with the eastern region. The results of the rising level of HQD in China are reflected in the shrinking spatial disparities [57].





4.2. Effects of ETS on HQD


4.2.1. Results of the Baseline Analysis


The average effect of the ETS on the level of HQD is shown in Table 2. In Model 1, the control variables, province fixed effects and year fixed effects were not taken into account. Model 1 demonstrates that the ETS significantly increased the level of HQD. Model 2 added a number of control variables, including the log of the population, the share of secondary industry’s value added to GDP, the energy intensity and the log of the number of industrial enterprises above the scale. As can be observed, the HQD level was still markedly improved by the ETS. This validates that HQD may be promoted by ETS by encouraging clean and low-carbon technological innovation, industrial structure transformation and upgrading, and lowering carbon emissions [35]. The findings of this study are congruent with those of Xiao et al. [30]. This implies that from a national perspective, this article verifies the policy effect of ETS on HQD, but the robustness of its conclusions has to be verified further.



The treatment and control groups meet the parallel trend hypothesis, which is the basis for using the DID model in the study. In other words, there was no noticeable difference in the trend in the level of HQD between the experimental and control groups before the adoption of the ETS. We verified this and found that prior to the implementation of ETS, HQD levels maintained a relatively stable trend, as shown in Figure 6. The trends in HQD levels between the experimental and control groups in this study did not differ statistically and met the requirements for using DID model. China’s ETS pilot started in November 2013, and, as of June 2014, China had implemented ETS pilots in seven provinces and cities. According to Figure 6, the correlation coefficient is positive and significantly higher after the adoption of the ETS pilot policy, indicating that ETS can contribute to improving HQD levels. In addition, we discovered that the correlation coefficient rose dramatically after 2017. This may be related to the establishment of China’s national electricity sector ETS market in 2017. These observations are consistent with those of Zhang et al. [60]. The sample in this study passed the parallel trend test.




4.2.2. Robustness Test


Various robustness tests are conducted in this paper, including consideration of lagged effects, exclusion of environmental interference and replacement of evaluation variables or models.



(1) Robustness tests considering lagged effects.Table 3 reports the results of robustness tests that take into account lagged effects. In this research, we consider the possibility of implementation lags for local innovation, coordination, green, openness and sharing policies related to carbon trading, which may have an impact on the level of HQD. The estimation results with one lag were reported in Model 1 and with two lags reported in Model 2. The estimates were still reliable in terms of the symbol of the coefficient values and the significance of the estimated lag effects. Additionally, ETS lags 1 and 2 still had a considerable impact on the level of HQD, supporting the hypothesis that the effect of the policy was delayed [61].



(2) Robustness test for exclusion of environmental interference. The spatial spillover effect of policies and the impact of regional collaborative governance initiatives need to be excluded. Yu and Li [61] verified that ETS had spatial spillover effects. ETS may also influence the HQD levels of nearby regions through factor flow and technological dissemination under the institutional framework of shared prevention and control of air pollution, leading to bias in the estimation results. Therefore, the sample of provinces adjacent to ETS was excluded. The results of Model 1 in Table 4 show that even when the neighboring provinces were excluded, ETS continued to have a strong beneficial impact on the level of HQD.



Furthermore, variations in regional economic development levels could affect the results of estimation. The coastal provinces and the municipalities (Beijing, Tianjin, Shanghai and Chongqing) are more developed and have an advantage in terms of their level of social resources and economic development. The sample data of municipalities directly under the central government and coastal provinces were left out of this research to increase the generalizability of the conclusions on the impact of ETS on the level of HQD. Table 4 displays the outcomes of further estimation. After eliminating municipalities, results in Model 2 show that the positive impact of ETS on HQD level was greatly increased. ETS still had a significant contribution to HQD in Model 3 when the coastal provinces were excluded.



(3) Robustness testing of replacement evaluation variables or models. The results of the robustness tests for changing the estimation variables or models are shown in Table 5. First, the starting year of the deployment of ETS was uniformly set to the year of the implementation of this policy and re-estimated the parameters by referring to Yan et al. [62] (The time taken for the pilot provinces and cities to implement carbon trading schemes was Shanghai (26 November 2013), Beijing (28 November 2013), Guangdong (19 December 2013), Tianjin (26 December 2013), Hubei (2 April 2014) and Chongqing (19 June 2014)). In Model 1, the results were still significant after changing the implementation time of ETS. In addition, green total factor productivity (GTFP) was considered to represent HQD level [30]. In this study, GTFP is adopted as a stand-in for HQD, and Model 2 reports the relevant findings. As can be observed, the level of HQD was significantly improved by ETS.



Many scholars developed the PSM–DID model based on the DID model to eliminate the self-selection effect of the policy and thus reduce the estimation bias [30,55,63,64]. Using the PSM–DID approach, this research re-estimated the impact of ETS on HQD, and the results are shown in Model 3. In addition, different evaluation methods may skew the results. The level of HQD was re-evaluated via factor analysis and the parameters were estimated. The corresponding results are presented in Model 4. After replacing the model, ETS still had significantly impacted on the level of HQD.




4.2.3. Heterogeneity Analysis Results


In terms of the regions covered by the carbon emissions trading pilot policy, it covers almost the whole of the eastern, central and western regions. However, there are some regional variations between the eastern, central and western regions, such as geographical location, natural resource endowment, investment distribution, industrial structure and technological innovation [56]. Therefore, after the implementation of ETS, there may be differences in the impact on the level of HQD.



The findings of the test for regional heterogeneity are presented in Table 6. Models 1 to 3 represent regression statistics in the eastern, central and western areas. ETS had a positive effect on all three regions, with significant effects in the eastern and central regions and little effects in the western. The estimated coefficients of the eastern, central and western regions were 2.209, 1.877 and 0.327, respectively. The calculated coefficient was highest in the eastern region, then in the middle region and finally in the western region. The eastern and central regions have some advantages over the western regions in terms of the economic environment, infrastructure and talent concentration, which can be more attractive to factors like humans and capital, as well as enabling better performance of the ETS’s responsibility for resource allocation. This may be the main reason for the difference in the impact of ETS on HQD in the eastern, central and western regions.






5. Conclusions and Policy Implications


5.1. Conclusions


Balancing economic development and low-carbon emissions is an important issue for all countries in the context of the “double carbon targets” and the promotion of high-quality economic development (HQD). However, previous studies have focused less on the comprehensive assessment of HQD levels. This study uses data from 2006 to 2019 for each province in China and uses 43 indicators to thoroughly evaluate HQD levels. The impact of ETS, a globally representative low-carbon policy, on HQD levels is then analyzed by using DID methodology, and the regional heterogeneity of the policy is explored. The main conclusions are as follows.



	(1)

	
This study found that HQD levels continued to increase over the sample period, with the national average HQD index rising from 18.95 to 29.96, an increase of 58.1%. In addition, the average growth rate of HQD remained positive in all 30 Chinese provinces. The level of HQD in most provinces showed a transition from low to high and then stabilization.




	(2)

	
There is remarkable spatio-temporal heterogeneity in HQD levels. In the time dimension, only nine provinces in the country had an HQD index above 20 from 2006 to 2009, while the average HQD index was above 20 in all provinces in 2018 and 2019, with HQD levels in all provinces increasing over time. In the spatial dimension, the HQD shows a clear regional diversity. The highest HQD indices in the eastern, central and western regions were 35.67, 27.52 and 24.78, respectively. The eastern HQD level was much higher than that in the central and western regions.




	(3)

	
ETS can significantly improve HQD levels. This study passed the parallel trend test, considered lagged effects, excluded environmental interference and replaced evaluation variables or models whose results remained significant. Further analysis of the regional heterogeneity of ETS policy reveals that ETS does not have a significant impact on the western region. ETS has greatly increased HQD levels in the eastern and central regions.








5.2. Policy Implications


This study measures the level of HQD in the context of “double carbon targets” and explores the impact of ETS on HQD with some policy implications.



First, using the new development concept as a guide could promote progress in regional HQD levels. This study found that, while the general level of HQD improved greatly during the sample period, there were still significant differences between provinces and regions. On the one hand, eastern areas should capitalize on their existing assets, establish regional ties and maximize their economic development potential. On the other hand, in response to the lower level of HQD development in the central and western regions, the essence of their development should be further dissected. To promote the level of HQD development, attention should be paid to the possible problems behind the development of these provinces, using the new development concept as the guide.



Second, this study aids adherence to and improvements in the carbon tube control policy represented by ETS to promote the improvement of HQD. It shows that ETS can significantly contribute to the improvement of HQD. Under the current “double carbon targets” scenario, the national carbon market should continue to be built and gradually improved, carbon trading pilot projects should be integrated with the national carbon market at a faster rate, and the national carbon market’s coverage should gradually be increased. In addition, other low-carbon policies can be established to complement carbon trading mechanisms under appropriate conditions.



Third, the study shows that regional differences should be taken into account to assist the creation of low-carbon policies. This study shows that the policy effects of ETS on HQD are regionally heterogeneous. As a result, it is crucial to take regional disparities into account when advocating for the development of a national carbon market. To better support the HQD of the central and western areas, different carbon emission trading strategies should be put into place. Additionally, we must learn from the implementation of carbon trading pilot policies to develop localized carbon markets and promote HQD.



Finally, the limitations of this study may guide future research in certain directions. First, the mechanism of how ETS affects HQD could be further analyzed in future research. Second, with the establishment of the national carbon market in China, further evaluation work could be carried out in the future. Third, we can analyze how to balance carbon control and economic development at the enterprise level from the perspective of enterprises.
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Figure 1. HQD Indicator System. Notes: (+) indicates a positive indicator, while (−) indicates a negative indicator. 
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Figure 2. Average Provincial High Quality Development Levels and Growth Rates in China. Notes: The lengths of the yellow bars in Figure 2 reflect the growth rate of the average level of HQD (from high to low), while the colors in the graph show the average level of HQD for the province from 2006 to 2019 (from lighter to darker). 
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Figure 3. Spatio-temporal dynamics of the level of HQD in China’s provinces. Notes: The colors in Figure 3 represent the average level of HQD in the province (from lighter to darker), with blank areas of color representing no relevant data. 
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Figure 4. Temporal changes in different types of HQD levels. Notes: The map shades depict the types of HQD level from 2006 to 2019 (from dark to light, high speed, growth, low speed and steady, respectively); different colors symbolize various time periods (from left to right, 2006–2009 (green), 2010–2013 (yellow), 2014–2017 (blue) and 2018–2019 (red), respectively); and the rectangle’s heights represent the levels of the various types of HQD (from high to low, quadrant Ⅰ (high speed), quadrant Ⅱ (growth), quadrant Ⅲ (low speed) and quadrant Ⅳ (steady)). 
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Figure 5. Regional differences and changes in the level of HQD from 2006 to 2019. 
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Figure 6. Parallel trend test of the effect of ETS on HQD. 
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Table 1. Description of variables.






Table 1. Description of variables.





	Variables
	Definition
	Obs
	Mean
	Std. Dev.
	Min
	Max





	HQD
	High-quality development index
	420
	16.85
	8.39
	6.86
	55.92



	lnpop
	Logarithmic population
	420
	8.19
	0.74
	6.31
	9.35



	industry
	The proportion of added value of the secondary industry in GDP
	420
	43.56
	8.41
	16.2
	62



	energy
	energy intensity
	420
	1.43
	0.93
	0.47
	5.62



	lnep
	Logarithm of industrial enterprises above designated size
	420
	8.82
	1.21
	5.81
	11.09
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Table 2. Carbon emissions trading scheme and high-quality development index.






Table 2. Carbon emissions trading scheme and high-quality development index.










	Variables
	Model 1
	Model 2





	Treated × Period
	5.782 ***

(7.61)
	1.836 ***

(3.38)



	lnpop
	
	−9.445 ***

(−2.63)



	industry
	
	−0.0420

(−1.07)



	energy
	
	2.078 ***

(3.27)



	lnep
	
	2.319 ***

(3.88)



	_cons
	16.35 ***

(90.64)
	69.22 **

(2.26)



	Control variable
	No
	Yes



	Province fixed effects
	No
	Yes



	Year fixed effects
	No
	Yes



	Observations
	420
	420



	R-squared
	0.129
	0.724







Notes: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 3. Robustness tests considering lagged effects.
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	Variables
	Model 1
	Model 2





	Treated × time
	1.527 ***

(2.81)
	1.414 **

(2.53)



	lnpop
	−5.123

(−1.29)
	−4.049

(−0.88)



	industry
	−0.0433

(−1.04)
	−0.0368

(−0.83)



	energy
	2.269 ***

(3.24)
	2.230 ***

(2.82)



	lnep
	2.098 ***

(3.35)
	2.134 ***

(3.26)



	_cons
	34.33

(1.02)
	25.23

(0.66)



	Control variable
	Yes
	Yes



	Province fixed effects
	Yes
	Yes



	Year fixed effects
	Yes
	Yes



	Observations
	390
	360



	R-squared
	0.737
	0.729







Notes: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 4. Robustness test for exclusion of environmental interference.
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	Variables
	Model 1
	Model 2
	Model 3





	Treated × time
	2.374 ***

(3.64)
	6.563 ***

(9.25)
	1.240 **

(2.49)



	lnpop
	−8.958 **

(−2.16)
	7.156

(1.35)
	−10.43 ***

(−2.95)



	industry
	−0.0121

(−0.25)
	−0.104 ***

(−2.80)
	−0.00254

(−0.08)



	energy
	1.845 **

(2.23)
	1.399 **

(2.39)
	0.948 *

(1.84)



	lnep
	2.469 ***

(3.33)
	1.259 **

(2.16)
	1.270 **

(2.03)



	_cons
	62.01 *

(1.79)
	−55.21

(−1.27)
	83.43 ***

(2.75)



	Control variable
	Yes
	Yes
	Yes



	Province fixed effects
	Yes
	Yes
	Yes



	Year fixed effects
	Yes
	Yes
	Yes



	Observations
	280
	364
	266



	R-squared
	0.663
	0.800
	0.827







Notes: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 5. Robustness tests for replacement of evaluation variables or models.
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	Variables
	Model 1
	Model 2
	Model 3
	Model 4





	Treated × time
	2.204 ***

(4.02)
	0.345 ***

(10.86)
	2.606 ***

(3.81)
	0.0561 ***

(3.40)



	lnpop
	−11.19 ***

(−3.05)
	0.639 ***

(3.04)
	−4.224

(−0.85)
	−0.242 **

(−2.22)



	industry
	−0.0427

(−1.09)
	0.00255

(1.11)
	−0.264 ***

(−4.78)
	−0.000960

(−0.80)



	energy
	2.100 ***

(3.32)
	0.00467

(0.13)
	5.892 ***

(4.72)
	0.0292

(1.52)



	lnep
	2.372 ***

(3.99)
	−0.310 ***

(−8.86)
	4.348 ***

(5.50)
	0.0610 ***

(3.36)



	_cons
	82.95 ***

(2.66)
	−1.399

(−0.78)
	13.50

(0.32)
	1.269

(1.36)



	Control variable
	Yes
	Yes
	Yes
	Yes



	Province fixed effects
	Yes
	Yes
	Yes
	Yes



	Year fixed effects
	Yes
	Yes
	Yes
	Yes



	Observations
	420
	420
	295
	420



	R-squared
	0.728
	0.684
	0.768
	0.895







Notes: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 6. Geographical location heterogeneity test.






Table 6. Geographical location heterogeneity test.





	Variables
	Model 1
	Model 2
	Model 3





	Treated × time
	2.209 **

(2.18)
	1.877 ***

(3.00)
	0.327

(0.45)



	lnpop
	−10.13 *

(−1.68)
	18.61 **

(2.55)
	−30.49 ***

(−4.57)



	industry
	−0.171

(−1.52)
	−0.00584

(−0.19)
	−0.166 **

(−2.62)



	energy
	3.922

(1.40)
	0.333

(0.39)
	0.939

(1.36)



	lnep
	7.625 ***

(5.83)
	4.837 ***

(5.81)
	0.827

(0.73)



	_cons
	35.27

(0.67)
	−187.3 ***

(−2.99)
	244.8 ***

(4.86)



	Control variable
	Yes
	Yes
	Yes



	Province fixed effects
	Yes
	Yes
	Yes



	Year fixed effects
	Yes
	Yes
	Yes



	Observations
	168
	126
	126



	R-squared
	0.718
	0.911
	0.852







Notes: t statistics in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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