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Whether China’s coal consumption control policy (CCCP) improves air quality is controversial. This study used city-level panel data and applied a DID model to identify it. We found that 1) The CCCP has a positive effect on AQI and PM25, which decrease by 7.6327 µg/m3 and 8.4293 µg/m3, respectively, but fails to reduce O3 concentration. 2) The effect of CCCP has regional heterogeneity. The CCCP has not significantly reduced PM2.5 emissions or improved air quality in the PRD region as in the BTHS and YRD regions. Additionally, in the YRD and PRD regions, CCCP can reduce O3 significantly. But the BTHS region failed to reduce the O3, and the introduction of CCCP made the O3 in pilot cities even higher by 4.1539 µg/m3. This study recognized the effects of the CCCP and its regional heterogeneity, which were supportive for policymakers to optimize coal-related policies to ensure environmental sustainability. We suggested that policymakers should differentiate policies according to regional differences and pay attention to reducing O3 pollution to establish sustainable ecosystems.
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1 INTRODUCTION
The adoption of information and communication technologies (ICT) has progressively been known as crucial for economic affluence, over the last few decades, the rapid growth of China’s population and economy has made China the world’s largest energy consumer and producer (O'Meara, 2020; EIA, 2020; Jin et al., 2017; Mahfooz et al., 2017, Rasool, Jundong et al., 2017, Sohail, Mahfooz et al., 2017, Yen, Wang et al., 2017). Coal, the most polluting source (Barreira et al., 2017), has remained the dominant energy source in China over the past 20 years (see Figure 1). While the coal-based energy framework has contributed to the economic boom, it also poses significant challenges to China’s long-term development, i.e., aggravating environmental pollution (Yang & Teng, 2018; Sohail et al., 2022b; Sohail M. et al., 2022; Yang, Zhou et al., 2022; Zhao, Huangfu et al., 2022), causing substantial health damage (Yang et al., 2013; Sun et al., 2018), and accelerating climate change (Edwards, 2019). Among those problems, air pollution has developed into a major economic and social concern in China (Sohail et al., 2021a; Sohail et al., 2021b; Chen et al., 2022; Fami and Sohail 2022; Lan et al., 2022; Liu N. et al., 2022). According to the Global Burden of Diseases study, air pollution is one of the top five disease-related risk factors, affecting between 4 and 9 million deaths annually (Burnett et al., 2018; Christopher and Murray, 2019; Sohail et al., 2021a; Chai et al., 2021; Sohail et al., 2021c; Jian et al., 2021; Vohra et al., 2021; Lan et al., 2022). In response to these multiple challenges, China has identified coal control as a crucial measure for environmentally balanced development. In 2016, the National Development and Reform Commission (NDRC) released the 1Notice on Coal Consumption Reduction and Substitution, proposing a two-pronged initiative to control coal—“Reduction + Substitution”—to promote clean air and implement the goal of “dual control” of total energy consumption and energy intensity in polit city. However, as a command-and-control policy, the cost and effect of the CCCP have fueled debates, and the complexity is compounded by renewable energy subsidies. The core of this debate is whether the CCCP has a positive effect on air quality, as initially expected.
[image: Figure 1]FIGURE 1 | China’s total primary energy consumption 2001–2020 (%).
The academics who were confident about the CCCP acknowledged that the CCCP could help control the amount of pollution released. But the increase in air quality comes at the cost of reducing social welfare and economic development. Lin and Jia (2020), Shou et al. (2020) and Yang & Teng (2018) concluded that coal control measures would contribute to pollution reduction and carbon mitigation. While employing the developed CGE model, Xiao et al. (2020) found that coal-cutting policies will promote the environment but reduce residents’ consumption welfare, GDP growth, and employment. Zhang et al. (2021) also employed a scenario analysis model that predicts that the CCCP will inevitably reduce social welfare in the short run.
However, there are also some scholars who argue that CCCP is technically infeasible, which will lead not only to an increase in economic costs significantly (Shi et al., 2018; Mahfooz, Yasar et al., 2019; Sohail, Mahfooz et al., 2019; Zhao, Yen et al., 2019; Arif et al., 2020; Mahfooz et al., 2020; Sohail et al., 2020) but also not reduce air pollutant emissions. Some empirical studies supported this opinion. Using empirical data from the BTH region, Shi et al. (2018) have shown that CCCP fails to reduce SO2 emissions due to cost and technical constraints. Guo et al. (2020) also support the results by using realistic panel data from 289 Chinese cities; they find that only with the help of other supporting policies can CCCP reduce SO2 emissions as expected. According to the analyses shown in Figures 2A,B, the average Air Quality Index (AQI) has improved in almost all Chinese provinces from (2013 to 2015) to (2016 to 2019). Before and after the implementation of the CCCP, the distinction between CCCP pilot provinces and other provinces is insignificant. Therefore, it is unreasonable to attribute the improvement in air quality to CCCP. Whether the CCCP has successfully reduced air pollution is far from obvious.
[image: Figure 2]FIGURE 2 | China’s provincial API before (2013–2015) and after (2016–2019) the implementation of CCCP.
As the different methodologies and the heterogeneous group of cities in the various studies, some uncertainty remains. With industrialization and urbanization, regional air pollution in China has seriously threatened people’s daily life and health. More than 50% of China’s population is exposed to unsafe air, and one-fifth of all deaths can be attributed to air pollution (Hsu et al., 2016), which kills between 1.2 million and 2 million people yearly (X. Yang et al., 2017). Specifically, the life expectancy of people living in urban areas north of the Huai River in China is about 5.5 years less than that of people living in other regions due to coal-fired heating in winter (Chen et al., 2013). Therefore, whether or not CCCP curbs air quality degradation has become one of the most important issues for environmental sustainability. In light of this debate, we quantitatively evaluate the impact of CCCP on air quality using actual data. The empirical findings would not only provide policymakers with strategies for implementing additional plans to improve air quality. Still, they would also serve as guidance for public health researchers developing interventions to create a healthy environment.
2 MATERIALS AND METHODS
2.1 Data
Data for this research was obtained from urban statistical yearbooks, China city statistical yearbooks, and China Air Quality Online Monitoring and Analysis Platform. Specifically, the data of AQI, PM2.5, and O3 are gathered from the “China Air Quality Online Monitoring and Analysis Platform” website, which provides daily data on air quality conditions in 367 cities across the country, with data sourced from the China Environmental Protection General Station. Additionally, we collect meteorological conditions at the city level, including indicators of temperature and precipitation from “2345 Weather.com,” which is sourced from the China Meteorological Administration. It should be noted that due to the city-level database being limited, few researchers pay attention to total energy consumption issues at the city level. To fill this gap, original data on 24 energy types are collected from the urban statistical yearbooks. The total energy consumption is then calculated by uniformly converting them to standard coal and adding them up. In addition, the 12 coal energies used by the industry are uniformly converted to standard coal and added to determine coal consumption. The remaining data are obtained from the China city statistical yearbooks. We removed cities lost to follow-up and invalid data, and 462 observations from 73 cities were maintained. All cities’ information is reported in Table A1. Table 1 provides descriptive statistics for the variables.
TABLE 1 | Summary statistics of the variables.
[image: Table 1]2.2 Variables
2.2.1 Explanatory variables
The three explanatory variables in this paper are AQI, PM2.5, and O3. We take AQI, PM2.5, and O3 to measure air quality and pollution emissions.
AQI is a comprehensive key indicator of the status of air quality in a city. It is derived from the concentration limits of six individual pollutants (SO2, CO, NO2, O3, PM2.5, and PM10) and takes values from 0 to 500, with higher values representing poorer air quality conditions. The AQI is the main variable used to measure the effectiveness of air quality improvement.
The Global Burden of Disease (GBD) states that O3 and PM2.5 are typically used as indicators to measure the effects of air pollution on human health (Forouzanfar et al., 2016). Thus, in order to test the different effects of the CCCP on the concentrations of various pollutants, PM2.5 as well as O3 were also selected as explanatory variables, all of which are yearly data at the city level. Co-control of PM2.5 and O3 is an important target for environmental protection in the 14th Five-Year Plan period. With the strengthening of air pollution control in China in recent years, PM2.5 and other conventional pollutants have considerably improved. However, O3 concentrations are growing and have become the primary pollutant in many regions (Wang et al., 2017; Sohail et al., 2022a, Sohail et al., 2022b, Sohail and Chen 2022, Sohail et al., 2022c; Muhammad, Zhonghua et al., 2014, Sohail et al., 2014a, Sohail et al., 2014b, Sohail, Delin et al., 2015, Shahab et al., 2016). High near-surface O3 concentrations are major components of photochemical smog, which can damage air quality and adversely affect ecosystems. Controlling O3 has become a hot topic in current research (Liu et al., 2017; Chen et al., 2019; Wang et al., 2020; Hong et al., 2022, Liu Y. et al., 2022, Mustafa et al., 2022, Sohail et al., 2022d). Therefore, we chose PM2.5 as well as O3 as our explanatory variables to represent air quality improvement.
2.2.2 Explanatory variables
Explanatory variables: coal consumption control policy (CCCP), a dummy variable for the indicator selected in the base regression as coal consumption control policy.
2.2.3 Control variables
As air quality is also influenced by other factors, the following control variables have been introduced into the model.
Urban characteristics variables: Urban characteristics variables can reflect the development level, and there is a correlation between urban development level and urban air pollution, so controlling urban characteristics variables can eliminate some of the endogeneity. In the study, three indicators are selected to describe the characteristics of the cities and regions in the sample: total population, per capita gross regional product, and industrial structure.
Meteorological conditions variables: meteorological conditions can have a significant impact on air quality (Liu et al., 2020). We collect temperature and precipitation to represent meteorological conditions. The models all control for yearly average temperatures and precipitation.
Energy consumption characteristics variables: the production and consumption of energy is the principal source of human-caused air pollution (IEA, 2019). In the study, the percentage of electricity consumption in total energy consumption and the percentage of coal consumption in total energy consumption are used to measure the regional energy consumption structure.
2.3 Model
The CCCP, introduced in 2016, is expected to reduce air pollution and improve air quality. Additionally, the variables discussed above also affect both air pollution and air quality. CCCP, such a piloted policy can be regarded as a natural experiment, which enables us to explore CCCP’s relationship with air quality using a difference-in-differences (DID) specification. By partially controlling for trends in city air quality and pollution emissions that are across different regions, the DID can effectively eliminate the influence of unobservable factors and thus identify the net effects of the CCCP. In the study, the DID is employed to compare the difference in air quality between pilot and non-pilot cities before and after the implementation of the CCCP. Following (Beck et al., 2020), we set pilot cities as the treatment group and others as the control group to assess the impact of the CCCP implementation at the prefecture-level. The baseline regression model is set up as follows:
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Cities in the treatment group: treat = 1, cities in the control group: treat = 0; When the year comes after the CCCP implements date: time = 1, otherwise time = 0; i and t are city and year, respectively; Y is the explanatory variables, representing the annual average concentrations of the AQI, PM2.5, and O3 at the city level; Xit is a set of control variables including lnpgdp, industry, lnpop, Coal_c, electricity_c, temperature, and precipitation; The core explanatory variable [image: image] is a policy dummy, which takes the value of 1 when the year is in the CCCP implementing period, which means after 2016, otherwise, it takes the value of 0; The coefficient [image: image] is the parameter to be estimated, indicating the net effect of the CCCP policy; if the CCCP is indeed effective in improving air quality, [image: image] should be significantly negative; [image: image] are vectors of year and city dummy variables that represent year and city fixed effects. [image: image] is the random disturbance term.
3 RESULTS AND DISCUSSION
3.1 Basic estimation results
To comprehensively evaluate the impact of the CCCP on air quality improvement, AQI was first introduced as an explanatory variable in Model 1 for regression. Then regression analysis was conducted separately with the concentrations of PM25 and O3, two individual pollutants, as the explanatory variables. The regression results (as shown in Table 2) demonstrate that the AQI of the CCCP polit cities decreased by 7.6327 μg/m3, and the regression coefficients were significant at the 5% statistical level; the PM25 decreased significantly after the implementation of the CCCP by 8.4293 μg/m3 at the 1% statistical level. However, the O3 fell after the implementation of the policy by 4.3643 μg/m3 but not significant. The regression results verified the hypothesis that the CCCP effectively improved the air quality, but it failed to reduce O3, a new focus of pollution by the public and government.
TABLE 2 | Estimation results of the effects of CCCP.
[image: Table 2]Detailed, PM2.5 decreased obviously. PM2.5 is mostly produced by the combustion of fossil fuels and biomass (straw, firewood, etc.), road and construction dust, industrial dust, and other pollution sources directly discharged by particulate matter. The CCCP focuses on regulating the burning of loose coal and fossil fuels, which will undoubtedly lead to effective control of particulate matter emissions from air pollution. However, little is known about O3 pollution due in part to the lack of monitoring of atmospheric O3 and its precursors until recently (Wang et al., 2017).
Therefore, many scholars (Wang et al., 2020; Wang et al., 2021; Xiao et al., 2021) agree that it is urgent for the relevant departments to pay close attention to the O3 pollution problem and work together to decrease it and update policies to synchronous control the O3 and PM2.5.
3.2 Robustness test
3.2.1 Parallel trend
The DID approach is predicated on a series of assumptions. To ensure the robustness of results, our DID still needs a range of tests.
Before constructing the DID, it is necessary to test whether the parallel trend hypothesis is supported. Therefore, in this paper, the event study is employed to test the parallel trend hypothesis and the dynamic impact analysis of the policy. The test results are shown in Figures 3A–C, which highlight two important points: the reduction in AQI and PM2.5 did not occur prior to CCCP, and CCCP has a negative impact on AQI and PM2.5. In more detail, the coefficients of the AQI and PM2.5 for the 2 years before the CCCP are not significantly different from zero and do not show any trends, which suggests that the parallel trend assumption is satisfied. The coefficients of the AQI and PM2.5 are significantly less than 0 after the implementation of the CCCP and show significant decreasing trends, implying that CCCP has a negative effect on AQI and PM2.5. However, the parallel trend assumption of O3 is not satisfied, indicating the CCCP policy has not had a significant impact on O3 in the pilot cities.
[image: Figure 3]FIGURE 3 | Parallel trend hypothesis test.
3.2.2 Placebo test: Re-grouping analysis
To ensure that the conclusions obtained in this paper are induced by CCCP rather than other factors, we randomly selected several virtual experimental groups in the sample and regressed them consistent with the DID basic regression to provide robustness assurance for the original findings. Specifically, we conducted a 1,000 sample among 73 cities, 40 cities were randomly selected as a pseudo-experimental group for each sampling, and for each individual pseudo-experimental group, 1 year was chosen randomly as its policy time.
Figures 4A,B shows the kernel density distribution and p-values of the estimated coefficients (the X-axis denotes the magnitude of the estimated coefficients of the “pseudo-policy dummy variables,” and the Y-axis indicates the magnitude of the density values and p-values). As seen, the estimated coefficients of the dummy pseudo-policies are mostly concentrated around 0. Whereas the true coefficients of the policies are all significant outliers; the p-values of most of the estimates are greater than 0.1 representing the CCCP pilot cities in these 40 samples without any significant effect.
[image: Figure 4]FIGURE 4 | Placebo test.
Therefore, the conclusion of DID is again verified by the placebo test, which suggests that the effect of CCCP on AQI and PM25 has no causal relationship with other unknown factors.
4 REGIONAL HETEROGENEITY ANALYSIS
In this section, we implemented the estimation of regional heterogeneity. The reasons for implementing this estimation are two: 1) In the process of China’s urbanization, urban agglomerations have become the main spatial organizational form in China, and regionalized environmental management based on urban agglomerations has become a new trend. 2) There were differences in policies implemented between regions due to the inequality of resources, economic development, and geographical location. This study consolidates our study area into three key regions based on the priority areas defined by the CCCP policy and the needs of environmental management during the 14th Five-Year Plan period, namely: 1) The BTH region and surrounding areas(BTHS), including Tianjin, Beijing, Shijiazhuang, Tangshan, Handan, Weifang, Jinan, Qingdao, Jining, Nanyang, Zhengzhou; 2) the Yangtze River Delta region (YRD): Shanghai, Nanjing, Taizhou, Nantong, Jiaxing, Hefei, Suqian, Ningbo, Changzhou, Wenzhou, Wuxi, Yancheng, Huzhou, Suzhou, Shaoxing, Lianyungang, Zhenjiang, Jinhua, Maanshan; and 3) the Pearl River Delta region (PRD): Zhongshan, Foshan, Huizhou, Guangzhou, Shenzhen, Jiangmen, Zhuhai, Zhaoqing. Except for the above cities, the remaining cities are collectively referred to as non-focused cities for regional atmospheric management.
The regression results of the three regions are shown in Table 3. We can see that CCCP significantly reduces PM2.5 emissions and improves air quality in the BTHS region and YRD after controlling for other influencing factors. In contrast, in the PRD, air quality shows the opposite trend that does not decrease but increases.
TABLE 3 | Estimation results of the heterogeneity effects of CCCP.
[image: Table 3]Specifically, in the BTHS and YRD regions, CCCP can significantly reduce AQI by 14.1517 µg/m3 and 12.3679 µg/m3, respectively; CCCP can also reduce PM2.5 by 13.7035 µg/m3 and 13.2597 µg/m3, respectively, demonstrating that the introduction of CCCP reduces the emission of PM2.5 and improves the regional air quality significantly. There may be reasons for this result: In April 2014, the State Council put out a notice called “Notice on the Issuance of the Measures to Assess the Implementation of the Action Plan for the Prevention and Control of Air Pollution.” This notice made it clear that the percentage of reduction in PM2.5 and AQI would be the main basis for controlling air pollution, and the assessment measures reflected this. Furthermore, local governments have a strong motivation to increase the control of the pollutants since the public is more sensitive to PM2.5 and AQI in daily life.
CCCP can lower O3 by 6.1876 µg/m3 at the 10% significant level in the YRD region and 10.6535 µg/m3 at the 5% level in the PRD region. However, BTHS has not been able to do so, and the implementation of CCCP made O3 even higher in pilot cities by 4.1539 µg/m3. It might be that in the BTHS region, strong solar radiation and high summertime temperatures favor the development of O3. Especially in the BTHS region, the temperature in spring is lower than in summer; the dryness, low rainfall, and strong solar radiation make the meteorological conditions conducive to ozone production. Additionally, the high winds in springtime in the BTHS area make it easier for O3 to travel long distances, which is also a key reason why O3 levels in the area are higher than in other regions. And in the southern part of Hebei, where the mainstay industries are high emission industries such as iron, steel, oil refining, chemicals, and coal, resulting in higher O3 concentrations in summer in northern Hebei and cities such as Beijing and Tianjin.
What surprised us is that the CCCP has not reduced PM2.5 emissions and also improved the regional AQI in the PRD region. As a leading rapid economic development region in China, the PRD region has suffered from environmental problems such as air pollution earlier. Since 2014, Guangzhou has been the first in China to promote “ultra-clean emissions” from coal-fired power plants from the source of pollution. The environmental quality standards for the six primary pollutants have been met by the PRD for 4 years running as of 2015. It has also performed well in the three major pollution control regions in China, namely BTH, YRD, and PRD regions. Therefore, although the CCCP further adjusted the energy mix of the PRD region, it did not significantly impact the overall air quality due to the fact that the PRD region has already gotten rid of the air problem disturbance.
5 CONCLUSION AND POLICY IMPLEMENTATIONS
To improve air quality, China introduced the coal capacity cutting policy. Based on the background of such a policy, in this study, we have identified whether CCCP improves the quality using panel data of 73 cities from 2013 to 2019. Compared with previous studies, this paper reconciles the contradiction of the influence of CCCP on air quality by using realistic data. The result was robust, supported by a parallel trend test and re-grouping test.
The main results can be summarized as follows:
(1) This study has identified that the CCCP has reduced AQI and PM2.5 in the pilot cities by 7.6327 µg/m3 and 8.4293 µg/m3, respectively, as compared to other cities. CCCP also had a negative effect on O3, but it was not significant.
(2) The effect of CCCP has regional heterogeneity. The CCCP has not significantly reduced PM2.5 emissions or improved air quality in the PRD region as in the BTHS and YRD regions. Additionally, in the YRD and PRD regions, CCCP can reduce O3 significantly. But the BTHS region failed to reduce the O3, and the introduction of CCCP made the O3 in pilot cities even higher by 4.1539 µg/m3.
The aforementioned conclusions have important policy implications:
From the macro perspective, to comprehensively maintain the environmental effects of coal control-related policies, how to effectively reduce O3 concentration to establish a healthy environment should be focused on a sustainable topic. More work is required to ensure the anticipated effectiveness and lower O3 concentration. Firstly, scientific research is the foundation of pollution control policies. We should attach importance to scientific research on O3 pollution control. Secondly, policymakers should strengthen the construction of O3 monitoring networks to provide timely and comprehensive data support for the adjustment and evaluation of ozone prevention and control policies. Thirdly, focus on regional co-control of ozone pollution. The central government must take action to carry out organizational planning and regional coordination to achieve regional synergy and policy synergy in O3 prevention and control. Fourth, further restructuring the energy structure. Burning fossil fuels like oil and coal is the primary source of O3. To reduce O3 pollution in the long run, China needs to control its use of coal and work hard to develop green energy sources, increase its supply of renewable energy, and optimize its energy mix. From the micro perspective, under the trend of regionalized environmental management, the management of coal consumption control requires differentially implemented related policies according to regional differences. In summary, the effect of CCCP was estimated in this study, and the difference between regions showed that heterogeneity existed in CCCP. The results suggest the role of coal-related policies in environmental sustainability in the age of environmental-concentration prevalence. This study was conducted in China, so results of this study maybe use for China.
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FOOTNOTES
1Notice on Coal Consumption Reduction and Substitution in year 2016 defined the new group of CCCP pilot areas: the Beijing-Tianjin-Hebei and surrounding Region; the Yangtze River Delta region Area, the Pearl River Delta Area.
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