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Abstract

:

Government environmental information disclosure (GEID) is a key policy instrument in environmental governance. Local governments in China are improving the disclosure level of environmental information, but does the environmental information disclosed by local governments reflect the existing state of the local ecological environment? This paper analyzes the correlation between GEID and environmental performance and verifies whether or not the environmental information disclosed by local governments can reflect actual local ecological environment conditions. Based on data from Chinese cities, this paper adopts a multiple regression method, and the results show that the environmental information disclosed by governments can reflect the local environmental performance as a whole, and the higher the level of GEID, the better the local environmental performance; but the relationship between the two has significant regional differences. In eastern China, the higher the level of GEID, the better the local environmental performance. In central and western China, the correlation between GEID and environmental performance is not significant. In addition, it should be noted that the correlation between the level of GEID and the emission intensity of water pollutants is not significant in all regions. This study contributes to further clarifying the effectiveness of GEID policy and identifying a breakthrough for the optimization of environmental policies faced with the dilemma of serious environmental pollution and urgent economic development needs.
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1. Introduction


China has been changing, and people have begun to yearn for “clear water, blue sky”, instead of merely for basic materials. But, due to extensive development models enacted over the past decade, the ecological environment in China has long been overloaded and, as a result, is severely damaged [1]. Now, in order to pursue the harmonious coexistence of “gold hills, silver hills” and “clear water, blue sky”, China is trying to govern the ecological environment. In 2008, the “Environmental Disclosure Measures (Trial)” was first proposed. Based on it, the “Notice on the Key Work Arrangements for Government Information Disclosure” and the “Notice on Further Strengthening the Work of Environmental Protection Information Disclosure” were successively proposed in 2012. They jointly regulate the behaviors of stakeholders, including government, enterprises, and the masses. In 2015, “information disclosure” and “citizen participation” were specifically included in the newly revised “Environmental Protection Law”. In recent years, the central government of China has attached great importance to the reform of the environmental information disclosure system, and issued guidelines to improve the GEID, such as “Strengthening Ecological Environmental Protection and Resolutely Fighting Pollution Prevention and Control” (2018) and “Building A Modern Environmental Governance System” (2020), which clearly proposed to improve the mandatory disclosure system of environmental information, strengthen legal supervision and encourage public supervision. The accurate and complete environmental information disclosure has been realized as the basis for achieving environmental sustainability.



Government environmental information disclosure (GEID) refers to an act of government and its public organizations, by which they make public the environmental information they have in accordance with laws, regulations, or applicants’ applications [2]. Environmental performance is derived from economic performance and refers to the management effect of an organization on the environment. According to the Polycentric Governance Theory [3,4], if the decision-making centers take each other into account in competitive and cooperative relationships and have recourse to conflict resolution mechanisms, they may be regarded as a polycentric governance system. Additionally, in the context of natural resource governance, the polycentric governance system could enhance adaptive capacity, provide a good institutional fit for natural resource systems, and mitigate risk on account of redundant governance factors and institutions [4]. So, considering that GEID is the crucial path to establish relationships among decision-making centers, it is necessary to implement GEID to promote the formation of the polycentric environmental governance system. Based on the Chinese context of institutions, authorities, and supervision, GEID can guarantee citizens’ right to access environmental information, regulate public participation behavior, and enhance citizens’ participation enthusiasm [5,6,7].



Previously, scholars have conducted a large body of research on environmental disclosure at the corporate level, including the influencing factors [1,8], the economic consequences [9], environmental performance [10,11,12,13,14,15,16], and regional effects [17,18], while few studies have extended this research to the governmental level. Huang (2017), Gao (2018, 2020), Zheng (2018), and Yang (2019) studied the influencing factors of GEID, including the stakeholders (e.g., governments, enterprises, the public, social media, non-governmental environmental organizations, etc.) and environmental regulations (e.g., environmental policies adopted by provincial government, the top-down intervention mechanism, the bottom-up reputation mechanism, etc.) [19,20,21,22,23]. Feng (2020), Yang (2020), Song (2021), and Zhang (2021) examined the effect of environmental governance, showing that GEID exerts a positive influence on environmental quality [24,25,26,27]. Feng (2020) also revealed that the level of economic development affects the level of GEID and environmental quality [24]. Zhang (2021) argued that GEID can alleviate the information asymmetry between the stakeholders, improve public environmental awareness, and then encourage the public to participate in urban environmental protection [27]. Furthermore, Lu (2020) and Sun (2019) empirically examined the impact of GEID on enterprises. Lu (2020) found that the high level of GEID can attract the location of clean enterprises and inhibit polluting enterprises [28]. Sun (2019) revealed that, in the context of China, there is a positive relationship between the government’s environmental information transparency and corporate environmentalism, and this relationship will be stronger for regions where government bureaucracy capabilities are stronger [29].



In China’s unique context, it is unclear whether or not the environmental information disclosed by local governments accurately and effectively reflects the local ecological environment. Are there acts of concealment or even deception undertaken by local governments? Does regional heterogeneity affect the explanatory power of the environmental information disclosed by the government and the quality of the ecological environment? Ji (2020) and Peng (2020) found that, in the process of corporate environmental disclosure, managers tend to withhold environmental information and selectively disguise sensitive environmental information [30,31]. Tang (2020) preliminarily discussed the human causes that form the greenwashing of the local government in the stages of collecting, mediating, and disseminating environmental information [32]. Kosajan (2018) evaluated the level of GEID of the 31 provinces in China and revealed that the overall level was categorized as “medium”, and none of the provinces was categorized as “excellent” [33]. Moreover, in May 2021, the Ministry of Ecology and Environment of China reported that the existing environmental information disclosure system has problems such as incomplete content, insufficient supervision, poor information quality, and difficulty in accessing information, so that the critical role of supporting ecological environment governance has not effectively worked. The above arguments reveal that the environmental information disclosed by local governments in China may not accurately and completely present the actual environmental conditions.



This paper takes 120 (The total number of China’s key environmental protection cities is 120. The key environmental protection cities are the ones that are strictly supervised and focused on by the country in terms of environmental protection and governance, and were designated in “China’s 12th Five-Year Plan for Environmental Protection”) of China’s key environmental protection cities included in the Pollution Information Transparency Index (PITI), jointly issued by the Institute of Public and Environmental Affairs (IPE) and the Nature Resources Defense Council (NRDC), as the object of research, and explores the correlation between GEID level and local environmental performance, as well as its regional effects in the Chinese context. This study provides new perspectives in terms of studying GEID, enriches the content of the regional environmental effects of GEID policy, and provides a reference for future decision-making and implementation.




2. Research Hypotheses and Model Building


2.1. Government Environmental Information Disclosure and Environmental Performance


Many studies have constructed systems with which to evaluate the implementation effects of GEID policies in different regions [34,35,36]. To a certain extent, this research has proved that GEID policy could improve the ecological environment quality. Based on a panel dataset of publicly listed Chinese firms from 2008 to 2015, Sun (2019) proposed that the information transparency of GEID can provide support for governments’ decision-making in regard to environmental governance, the activity levels of environmental nongovernment organizations, the participation of the general public in environmental issues, and the promotion of corporate environmentalism [29]. This shows that GEID policy can indirectly promote the improvement of environmental performance by influencing the behaviors of stakeholders, including the government, nongovernment organizations, the public, and enterprises. Kosajan (2018) proposed that environmental information disclosure is not only an important environmental management tool but is also a significant subfield of government information disclosure [33]; over 60 countries and regions around the world have established their own government information disclosure systems, and the related theoretical research has advanced considerably. In addition, the 19th CPC National Congress clearly pointed out that China’s environmental governance system should gradually improve the ecological environment quality in the form of government-led public participation. As the basis for triggering the joint action of the government, enterprises, and society, GEID policy is an important institutional guarantee in regard to promoting ecological environment harmony and building ecological civilizations. Environmental inspectors, implemented from 2015, further defined environmental protection as the “inspection” of the environmental information disclosed. Moreover, according to the theory of Signal Transmission, the environmental information disclosed by the government can not only show actual local environmental conditions but can also protect the public’s right to know about the environment and further encourage the public to participate in the disclosure of environmental information, thereby further promoting the local government in terms of implementing and strictly following the central government’s policies and regulations.



This paper aims to analyze the correlation between GEID and environmental performance and verify whether or not the environmental information disclosed by the government can objectively reflect actual local ecological environment conditions. Among them, environmental performance is measured by the emission intensity of major pollutants, including the emission intensity of industrial sewage discharge, industrial sulfur dioxide, and industrial smoke (dust), and the industrial solid waste treatment rate [22].



Based on the above theoretical analysis, the following hypotheses are proposed:



Hypothesis 1a.

The level of GEID can significantly reflect environmental performance.





Hypothesis 1b.

The higher the level of GEID, the lower the emission intensity of industrial sewage.





Hypothesis 1c.

The higher the level of GEID, the lower the emission intensity of industrial smoke (dust).





Hypothesis 1d.

The higher the level of GEID, the lower the emission intensity of industrial sulfur dioxide.





Hypothesis 1e.

The higher the level of GEID, the higher the treatment rate of industrial solid waste.






2.2. Regional Effects


China is huge and there are thus large gaps between regions, geographical features, development levels, and the quality of life of citizens. The amount of environmental information disclosed by the government is closely related to regional environmental governance, enterprises’ green production, and residents’ green living, each of which shows strong regional characteristics [22]. The level of environmental information disclosed by the government is positively and significantly correlated with innovation capability, corporate pressure, the environmental policies adopted by the provincial government, and the suggestions proposed by NPC representatives and CPPCC members, which are all heterogeneous in different regions [37]. At the same time, the performance of the water environment depends on the level of local economic development, resource utilization, population density, and biological survival, and these indicators all have regional characteristics [35,36]. In addition, Sun (2019) showed that, in the context of China, the relationship between the government’s environmental information transparency and corporate environmentalism is stronger for regions where government bureaucracy capabilities are stronger [29]. So, regional effects may influence the improvement effects of GEID on environmental quality to a certain extent, causing it to exist in unbalanced ways across the country. Yang and Zhao (2018) found that the impact of environmental disclosure policies on the ecological environment is not coordinated, nor is it sufficient, and there are significant regional differences [38].



From the perspectives of different regions, in the eastern region, the economy is developed and, while ensuring GDP growth, the region pays more attention to “green GDP”. Based on citizen appeals, the efficiency of government environmental law enforcement has been improved through public participation in GEID, making local environmental governance effects relatively significant. However, in the central and western regions, industries are singular and have poor innovation capabilities, and the local economy is over-reliant on the abundant resources available. Under the assessment mechanism of “GDP competition”, there may be only “policies” involved in the disclosure of environmental information. Public environmental data is only “avoiding the real thing” and cannot truly reflect the regional environmental performance. The “economic tournament” line of logic, which pursues GDP data alone, may result in the selective disclosure of environmental information, reducing the promotion effect of GEID on the ecological environment. That is, the environmental information published by local governments cannot truly reflect the regional environmental performance. Based on the above theoretical analysis, the following hypotheses are proposed:



Hypothesis 2a.

Compared with the eastern region, the correlation between GEID and environmental performance in the central and western regions is weaker.





Hypothesis 2b.

Compared with the eastern region, the correlation between GEID and the discharge intensity of industrial sewage in the central and western regions is weaker.





Hypothesis 2c.

Compared with the eastern region, the correlation between GEID and the emission intensity of industrial smoke (dust) in the central and western regions is weaker.





Hypothesis 2d.

Compared with the eastern region, the correlation between GEID and the emission intensity of industrial sulfur dioxide in the central and western regions is weaker.





Hypothesis 2e.

Compared with the eastern region, the correlation between GEID and the treatment rate of industrial solid waste in the central and western regions is weaker.





Through the above theoretical analysis, this paper constructs a theoretical model, as shown in Figure 1.





3. Methods


3.1. Sample and Data


This study involves all 120 key environmental protection cities in China since 2013, which equates to 35.6% of 337 cities nationwide. The key environmental protection cities are the ones that are strictly supervised and focused on by the country in terms of environmental protection and governance and were designated in “China’s 12th Five-Year Plan for Environmental Protection”. The 120 cities are widely distributed throughout almost all the regions of China (eastern, central, and western), cover 28 provinces or municipalities in mainland China. The sampled cities are representatives making strides in environmental information transparency and inform the IPE and NRDC’s assessment targets for the level of environmental information disclosure. Among these 120 cities, there are 53 cities in eastern China, distributed across ten provinces (Shanghai, Hebei, Beijing, Tianjin, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan); 32 cities in central China, distributed across eight provinces (Shanxi, Liaoning, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan); and 35 cities in western China, distributed across ten provinces (Inner Mongolia, Guangxi, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Ningxia, Xinjiang, and Chongqing). The lowest GDP was just 0.0202 billion RMB in 2016, while the highest GDP reached 2.7466 billion RMB in 2016, showing that the sampled cities are not limited to big cities. Overall, these cities are dispersed widely and can thus represent the basic conditions of pollution supervision in Chinese cities. The specific 120 cities in 28 provinces are presented in Appendix A. The sample spans four years from 2013 to 2016 (480 city-year observations).



The GEID data were extracted from annual PITI reports (Taken from the website of the Institute of Public & Environmental Affairs (IPE) (http://www.ipe.org.cn/) (accessed on 12 February 2021)). Data regarding urban environmental performance were collected from the China City Statistical Yearbook, which was developed by the National Bureau of Statistics of China (NBS) and provides information on the pollutant emissions of each city. The city’s other characteristics (e.g., GDP per capita, proportion of state-owned enterprises) were drawn from 120 local city statistical yearbooks (The website http://www.chinayearbook.com/yearbook/ (accessed on 12 February 2021) provided most local city statistical yearbooks. A few missing statistical yearbooks were further inquired about with the related cities’ information sources). Data regarding each local legal index were collected from the Yearbook of China City Competitiveness (It is annually developed by the China Institute of City Competitiveness, Hong Kong, China). Data regarding the pressure of public environmental appeals were manually acquired through the Baidu Index (Similar to Google Trends, the Baidu Index is a data-sharing platform based on Baidu’s netizen behavior data, developed by the Baidu company in China; it is the world’s largest Chinese search engine. Using the Baidu Index, we can gain insight into internet users’ interests and needs, and monitor public opinion trends through keyword searches).




3.2. Measures


City-level environmental performance (CEP) is defined as the effort and performance regarding how successful a city is in minimizing or reducing its impact on the natural environment. To date, studies seeking to evaluate environmental performance across different layers have been constrained by data availability [39,40]. Various methods have been employed to capture environmental performance. Independent databases provided by third parties have typically been relied on in firm-level studies—for example, the Toxic Release Inventory (TRI) (e.g., Al-Tuwaijri, 2004; Clarkson, 2008) [4,41], the Kinder, Lydenberg, Domini index (KLD social performance ranking) (e.g., Dawkins, 2011; Cho, 2007) [42,43], and the European Pollutant Release and Transfer Register (EPRTR) (e.g., Horváthová, 2012) [44]. At the national or regional levels, some researchers have constructed composite indexes of environmental performance, such as the Composite Index of Environmental Performance (CIEP) and the Environmental Performance Index (EPI) (Almeida, 2016; García-Sánchez, 2015) [45,46]. However, many constituent indicators were involved, such as in the EPI, the framework of which contains nine environmental issues and 21 indicators that form the total EPI score and cover more than 150 countries. Thomaskos and Alexopoulos (2016) revealed that the informational content of the EPI is, in a large part, explainable by the level of carbon intensity (CO2/GDP), one of the environmental indicators for policy control and pollution; they suggested that carbon intensity may be used as a proxy for regional environmental performance [47]. At the regional or industry level, some studies have also adopted pollutant emissions as proxies for environmental performance, such as industry environmental emission intensity (e.g., Qi, 2014) [48], greenhouse gas emissions and waste intensity (e.g., Fujii, 2013; Li, 2014; Trumpp, 2015) [49,50,51], and aggregated indexes of emissions (e.g., Li, 2018; Wagner, 2005) [52,53]. Based on the concept of city-level environmental performance and data availability, we also adopt the main environmental pollutants (i.e., smoke/dust emissions, sulfur dioxide emissions, industrial sewage discharge, and industrial solid waste treatment) that each city releases in the air, in water, and on land, to reflect their overall impacts on the natural environment in our study. Considering the different economic scales of cities (“Economic scales of cities” refers to the city-level GDP. Considering the different levels of economic development, the pollutants emission among cities must be different. In China, generally, the higher the GDP, the more industrial enterprises, and the more pollutants would be discharged. So the pollutants emission per unit GDP can better measure pollution intensity), environmental pollutant emission intensity (that is, emissions per unit of city-level GDP) is used to measure the city-level environmental performance (CEP) in this study.



The details of the environmental pollutants and the CEP indicators are presented in Table 1.



The level of government environmental information disclosure (GEID) is measured through the annual pollution information transparency index (PITI). The aims of developing PITI are to clarify the baseline during the first year of environmental information disclosure, record every step of China’s progress, identify and promote positive local practices, and advocate for the disclosure of environmental information. The PITI of cities in annual reports is jointly developed by the Institute of Public and Environmental Affairs (IPE) (The IPE is a registered non-profit environmental research organization established in Beijing in 2006. It works to promote environmental information disclosure, public participation, and effective environmental governance strategies) and the Natural Resources Defense Council (NRDC) (The NRDC is an international non-profit environmental organization that combines the power of more than three million members and supporters with the expertise of some 500 lawyers, scientists, and other environmental specialists. Since 1970, the NRDC has worked to protect the world’s natural resources, public health, and environment across countries and regions (e.g., the United States, China, and the European Union, etc.)), which are devoted to protecting the public environment by assessing the disclosure of pollution source supervision information and portraying the efforts that local governments have taken in regard to the content and level of environmental information disclosure) [29,54]. The first evaluation results were released in June of 2009 and the latest report (2020) is the tenth issue. This integrated evaluation system includes five primary indicators: environmental supervision information, pollution source self-disclosure, interactive response, enterprise emission data and environmental impact assessment information, as well as eight secondary indicators. Each indicator is measured from four dimensions: systematicness, timeliness, completeness, and user-friendliness. The PITI provides a ranking of cities in regard to local environmental disclosure according to each city’s assessment scores, ranging between 0 and 100. The year’s PITI could be regarded as an indicator of the openness of pollution supervision information in different cities in a year [54], which contains information disclosure across 10 criteria: (1) the disclosure of daily excessive emissions and other violation records; (2) the disclosure of enterprise environmental performance/credit ratings; (3) discharge fee breakdown disclosure; (4) automatic monitoring data disclosure; (5) the disclosure of information about key polluting entities; (6) complaints and reports information disclosure; (7) disclosure upon request; (8) the emission data disclosure of key polluting enterprises; (9) cleaner production audit data disclosure; and (10) environmental impact assessment (EIA) information disclosure.



Each criterion is assigned a value and is scored according to its environmental disclosure level, as displayed publicly. The total value of all criteria is 100. Thus, each city gains a total PITI score by adding together the values of the 10 criteria used to evaluate its level of local government environmental information disclosure (GEID). The level of GEID reflects the degree of effort exerted by local governments in regard to environmental disclosure.



Control Variables. In order to prevent the results from being driven by cities’ heterogeneity, we control a set of variables (economic development, geographic location, the city’s administrative hierarchy, local government-enterprise political connections, legal regulatory stringency, and local public pressure on environmental protection) at the city level.



The economic development of a city is assessed as the natural logarithm of the per capita GDP, which has been shown to be linked to a city’s environmental governance [54]. Local governments with higher economic development have more financial resources for environmental improvement. Geographic location is defined as where a city is located in a region. China has a vast territory with multiple nations and unbalanced development. Drawing on the traditional method of geographic division [55,56], China can be divided into three main regions (i.e., eastern, central, and western regions). We set two nominal variables for the three regions; that is, eastern (“1” if the city is located in eastern China, and “0” otherwise) and central (“1” if the city located in central China, and “0” otherwise). The provincial capital city has a higher administrative hierarchy than other cities in the province. It is the seat of a provincial government, generally serves as the political and economic center of the province and can absorb more political and economic resources [57]. We set a dummy variable for a city’s administrative hierarchy; if a city belongs to a provincial capital, it is assigned a value of 1, and 0 otherwise. Local government-enterprise political connections refer to the relationships between the local government and regulated enterprises through political connections, establishing a community of interests [58], which may harm the environmental governance and information disclosure [59] due to the city’s GDP competition and local protectionism. The local government-enterprise political connection is closely tied to the ownership of enterprises, especially state-owned enterprises (SOEs), which are naturally connected with and more sheltered by the local government, as both owners and regulators [60]. The larger the proportion of SOEs in a city, the stronger the political connection between the government and enterprises. We use the proportion of SOEs as the proxy variable to reflect the degree of the political connection between the government and enterprises. Prior studies have found that stricter legal regulatory stringency spurs emissions reduction in industrial sectors [61,62]. A city’s environmental governance will also be affected by the soundness and enforcement of local laws. The Legal Index was built to reflect local legal regulatory stringency, which can be extracted from the Yearbook of China City Competitiveness. As documented by prior studies, public opinion may affect environmental governance by putting pressure on local governments [63,64]. Traditional collective behavior has been dramatically changed by the internet. Public opinion on the internet can spread in a short period of time, serving as an aggregated online reflection of opinions or appeals regarding public affairs [65]. We used the Baidu Index (similar to Google Trends), which uses data mining from web search queries to analyze public opinion [66] and was developed by baidu.com, the largest online search engine in China, as a proxy variable to measure public pressure regarding environmental protection (accumulatively with environmental protection as Chinese keywords). Considering the stability of the year-city Baidu Index, we adopted a robust approach that, for each city in a year, records the average values of the Baidu Index over the last four years, reflecting the intensity and breadth of opinions, attitudes, and concerns of the public and the attention of governmental authorities. We also use year dummies to capture unobserved factors that do not vary across cities in a given year but change over time (e.g., environmental regulatory pressure nationwide upon all the cities). This study adopts robust multiple regression for panel data, controlling the influence of years and regions.





4. Results


Table 2 shows the descriptive statistics of the PITI from 2013 to 2016. According to the trends shown in the PITI, the level of GEID has an overall upward trend, with the average score gradually improving (28.5 in 2013, 44.3 in 2014, 49.6 in 2015, and 52.3 in 2016). However, GEID was still in its initial stages in China during this period, and the average score was still low; even in 2016, its average score was not more than 60 points. This suggests that more specific and stricter controls for GEID are urgent in China. In addition, the city with the highest PITI score (Wenzhou) had a score of 78.1, while the city with the lowest PITI score (Linfen) had a score of only 23.6 in 2016. The differences between the maximum and the minimum values of the PITI in each year exceeds 50, indicating that there is still a large gap in the level of GEID among cities. The cities with lower GEID levels are distributed in central and western China, and cities located in eastern China have relatively high GEID levels, revealing a clear regional effect.



It is also found, as shown in Table 2, that the emissions of major environmental pollutants in 120 cities decreased from 2013 to 2016, especially the emission intensity of SO2 from 26.723 to 12.374 tons per capita GDP. During the sampling period, industrial sewage discharge intensity (from 3.498 to 2.131 tons per capita GDP) and industrial smoke (dust) emission intensity (from 15.845 to 11.506 tons per capita GDP) were also significantly reduced.



The trend in the level of GEID changed in a reverse manner in regard to the emission intensity of the main pollutants. Overall, increasing environmental pressure in recent years in China has given a constant impetus for local environmental governance [21,23], which can drive local governments to improve their environmental performance and the level of environmental information disclosure.



Table 3 reports the descriptive statistics for the year-city observations in the full sample. The maximum value of per capita GDP is ¥467,749, the minimum value is ¥17,504, and the average value is ¥70,459, indicating that the regional economy is quite unbalanced. 44.2% of cities in the sample are located in eastern China, 26.7% in central China, and 29.1% in western China. The maximum proportion of SOEs is 39% (the average value is 8.3%), which reflects the significantly varied proportion of SOEs in cities. The average legal regulatory stringency is 0.445 (minimum = 0.1, maximum = 1), showing that the local laws and regulations of some cities are sound, and the legal enforcement efficiency is high, while others are imperfect, and the nationwide degree of legal regulatory stringency is moderately lower. Local public pressure on environmental protection also has great heterogeneity (the maximum year-city value is 438, the minimum value is 0, and the average value is 109.952). This reveals that some cities’ environmental protection, with high Baidu Index scores (Like Google Trends, the Baidu Index is a data sharing platform based on Baidu’s massive netizen behavior data; it was developed by a company, Baidu (also responsible for the world’s largest Chinese search engine), in China. Here, we can gain insight into internet users’ interests and needs, and monitor public opinion trends by keyword search), have great appeal for citizens, while a few cities have very low Baidu Index scores, indicating that the public’s environmental awareness and participation in some cities should still be further strengthened.



Table 3 also provides a comparison of the characteristics of cities in eastern, central, and western China. The differences between the three groups were examined using a one-way ANOVA. The average PITI score and the environmental performance variables of the eastern sub-sample were significantly better than that of the central and western sub-samples at the level of p < 0.05, except for in regard to sewage discharge. This shows that eastern cities disclosed more environmental information and achieved superior local environmental performance on the whole. Moreover, the eastern region has significantly stronger public environmental appeal, higher economic levels, stricter legalization levels, and lower proportions of SOEs than the central and western regions. However, the two groups of cities in central and western China have relatively small differences in GEID, environmental performance, and control variables. Therefore, it is necessary to model the relationship between GEID and CEP in the view of different regions (i.e., eastern, central, and western China), respectively.



Table 4 reports the Pearson’s correlation coefficients. The bivariate correlations show that the four proxy pollutant indicators can capture environmental performance from differentiated perspectives. Smoke (dust) intensity is positively correlated with SO2_intensity (r = 0.586, p < 0.01) and sewage intensity (r = 0.130, p < 0.01), and has the expected negative correlation with solid treatment rate (r = −0.213, p < 0.01). None of the absolute values of the correlations of other independent variables is more than 0.8, indicating that multicollinearity is not a concern (Hair, 1996; Kenny, 2003).



To test the hypotheses, this paper uses a multiple regression method to analyze the theoretical model (Figure 1). Table 5 presents the regression results examining the associations between the level of GEID and the CEP, using the full sample. F tests are reported for each model and show that all of the regressions are significant. In Table 5, Models M1, M3, M5, and M7 are restricted and are included for comparison purposes. We find that the estimated coefficients of the PITI in Model M4 (−0.141, p < 0.05) and in Model M6 (−0.216, p < 0.05) are negative and statistically significant, indicating that cities with better GEID levels have lower smoke (dust) and SO2 emission intensities as a whole, supporting Hypotheses 1c and 1d. In Model M2, the regression coefficient of the PITI is positive (i.e., 0.007) but statistically insignificant (p > 0.1); thus, GEID level is not yet related to industrial sewage discharge intensity. Model M8 shows that cities with better GEID levels have higher solid treatment rates, as expected (the coefficient of the PITI is 0.549 and significant at p < 0.01), supporting Hypothesis 1e. Except for Hypothesis 1b, Hypotheses 1a, 1c, 1d, 1e are verified. Possible reasons for these results are as follows. First, according to the theory of Maslow’s hierarchy of needs, public demand is hierarchical. Only when people’s survival needs are met can they form incentives to pursue other needs. The quality of the ecological environment is a “high-end good”; the most urgent need is the atmosphere, while the attention that needs to be paid to water pollution is relatively lower. This also fully reflects the low levels of public participation in the disclosure of government environmental information, especially in the prevention of water pollution [67]. Second, large state-owned enterprises are mostly engaged in industrial production activities; their administrative level is higher than that of the local environmental authorities, and they have the ability to interfere with local government behaviors [68], which causes the proportion of SOEs to have a negative impact on environmental performance (as shown in Model M2, the coefficient value is 0.387, although it is not significant).



Table 3 reveals that there are obvious regional differences in GEID level, public environmental appeals, the proportion of SOEs, the per capita GDP, and legal regulatory stringency. To further examine Hypotheses 2a–2e, we performed regression analysis regarding eastern, central, and western China, respectively. As Models A1–A4 in Table 6 show, the estimated coefficients and the statistical significance of the level of GEID on smoke (dust)_intensity, SO2_intensity, sewage_intensity, and solid treatment rate are −0.288 (p < 0.05), −0.273 (p < 0.01), −0.003 (p > 0.1), and 0.549 (p < 0.01), respectively. The association between the level of GEID and environmental performance indicators in the eastern China sub-sample is consistent with the results revealed in Table 5 using the full sample. In Models A1–A4 in Table 6, public appeal in eastern China has an impact on smoke (dust) and SO2 emissions, and sewage discharge at the p < 0.05 level, indicating that public environmental awareness in eastern China is not only higher but can also promote the environmental performance of the local government. In addition, we found that the cities with smaller proportions of SOEs and more stringent legal systems in eastern China have better environmental performance.



As shown in Models B1–B4 and C1–C4 in Table 7 and Table 8, different from those in the eastern China areas, the central and western sub-samples reported that the relationship between the level of GEID and the three environmental performance indicators are all statistically insignificant, though the regression coefficients regarding the level of GEID and environmental performance indicators in western China are consistent with those in eastern China. Hence, the level of GEID in China’s central and western cities cannot reflect the real environmental performance of the local government, which supports Hypothesis 2a; that is, there is a regional effect on the association between GEID and CEP. Unlike in the east of China, we find that local legal regulatory stringency in central and western China does not have an effect on the environmental performance of the local government. Further, public environmental appeals in central China still do not contribute to environmental improvement.



To test whether or not the results are robust, we check the dependence of error terms in the application of a panel dataset and exclude the particular samples (i.e., Shanghai, Beijing, Tianjin, and Chongqing), the four municipalities directly governed by the Chinese central government, and those with greater economic scales and populations, as well as other urban characteristics that are not comparable with those of other prefecture-level cities.



Since the panel datasets from 2013 to 2016 have lots of cities straddling across the four years, we adopt year dummy variables to absorb the time effect as far as possible. It is nevertheless necessary to estimate unbiased city-year two-way cluster standard errors in case the residuals are correlated across cities or years (that is, in which the residuals of a given city may be correlated across years, and the residuals of a given year may be correlated across different cities). Following the method developed by Petersen (2009), we provide the city-year two-way unbiased cluster-robust standard errors adjustment, with which we can check two general forms of dependence (the city effect and the year effect) (For further details, see Petersen (2009). The STATA programming code is available via (www.kellogg.northwestern.edu/faculty/petersen/htm/papers/se/se_programming.htm) (accessed on 20 April 2021). We ran regressions for each of the four resulting variables (see Models D1–D8 in Table 9) and, in each regression, we included all control variables. As Petersen (2009) suggested comparing the different standard errors, we can observe that the estimation of two-way standard errors is slightly bigger than the Eicker–Huber–White robust standard errors (rather than exceeding the threshold of two to four times), which indicates that the chance that city and time effects are present is very small and thus is not a concern.



In Table 9, the results of each of these regressions in Models D1–D8 yielded coefficients of the same significance as the main results in our original Models M1–M8 (Table 5), regardless of whether or not we excluded the samples with the four municipalities (i.e., Shanghai, Beijing, Tianjin, and Chongqing), as shown by Models E1–E8 in Table 10.



We also assessed whether or not our results were robust for different regional sub-samples (i.e., eastern, central, and western China, respectively) using Petersen’s method and including and excluding the samples with the municipalities (The results are not presented in the article but are available from the authors upon request). We again found that the coefficients of the four consequent variables were of the same significance as Table 5 previously revealed. These results present strong evidence that our results are robust.



In summary, the findings are as follows. First, on the whole, the correlation between GEID and CEP is significant; the higher the level of GEID, the better the local environmental performance. Second, the level of GEID in the western region is much lower than the average of the whole country but is slightly higher than that in the central region. It is able to reflect the local environmental performance but is not significant. The level of GEID in the central region is the lowest. It is not able to reflect the local environmental performance. Third, the air pollutant information disclosed, such as sulfur dioxide, industrial smoke, and industrial dust, is highly consistent with the local environmental performance, while the sewage discharge information disclosed is not.




5. Discussion


The results reveal that, GEID can reflect the local environmental performance in the context of China, and to a certain extent, this proves that GEID policy could improve the ecological environment quality. But there is a regional effect on the relationship between GEID and environmental performance. In the eastern region, the policies regarding GEID are well implemented, and the published environmental information clearly reflects the local environmental conditions. In the central and western regions, however, the published environmental information and the actual environmental conditions are inconsistent. This means environmental information disclosed by local governments is distorted seriously, and local governments enforcement and public participation are far from adequate. The main recommendations of this study are as follows:




	(1)

	
Improve the quality of GEID









With wide public participation, GEID can effectively improve the ecological environment [21], but there is still distortion between open environmental information and actual environmental performance. For the “beautiful” environmental indicators, some local governments “modify” the contents of GEID without achieving the ideal environmental governance effects [23], which results in the environmental information disclosed by governments becoming incompatible with local environmental performance. Therefore, local governments should change the traditional management line of thought that only partial environmental information should be released to the public for the purpose of political control, truly implement service-oriented government models, and further strengthen the laws and regulatory systems of GEID, so as to improve the authenticity and reliability of public environmental information, enhance the legitimacy of the governance in question and the extent to which public policies can be implemented, meet public environmental information demands, and improve GEID quality. This can be achieved by, for example, adding more inspection departments that supervise the authenticity of GEID; completing the indicators for evaluating the GEID level and sustainability performance based on the future scenarios of ecological environment [69]; encouraging and supporting the supervision of citizens, communities, and non-governmental environmental organizations [70,71]; and clarifying the substantive content of the environmental information disclosed by government environmental authorities. In addition, more than 80% of the relevant information and data in China are still in the hands of local governments [37], the scope of environmental information disclosure is still relatively small, and there is still a great deal of undisclosed and partially disclosed information. It is necessary to further expand the scope of the subjects of environmental information disclosure.



	(2)

	
Coordinate GEID among regions







There are significant differences in economic development, production factors, and policy implementation among regions [37,72]. In the eastern region, the economic and citizen bases are great [37,72], but the ecological environment is not protected well. Therefore, the eastern region should make full use of its own resource endowments, develop regional characteristics, and create a dual optimal situation in which economic growth and ecological environment development are on a par with each other, for example, introducing renewable energy sources, developing innovative energy systems, etc. [73,74]. At the same time, the eastern region should provide environmental governance assistance, environmental protection funds, and technical support for less developed areas, as well as realizing cross-regional environmental co-governance. In the central regions, it is necessary to transform industries, develop diversified industries, and introduce advanced technologies to simultaneously improve the efficiency of resource use, control potential crises regarding the ecological environment, and improve the regional economy. In the western region, the number of industrial cities is relatively low, and the total amount of pollutants is relatively small. It is nevertheless necessary to improve the level of environmental information disclosure and strengthen cooperation and exchange with other regions.



There are significant differences in GEID level among regions. In the eastern region, the level of GEID effectively reflects local environmental performance. On this basis, the eastern region needs to further improve its environmental governance mechanisms, to encourage the public and enterprises to participate in environmental protection voluntarily. In the central and western regions, GEID is still in the initial stages of construction. These regions should therefore learn from the experiences of eastern China by actively promoting environmental law enforcement, strengthening the accounting capacity of ecological indicators, improving the quality of monitoring personnel, and developing the construction of information disclosure platforms.



There are significant differences in environmental performance among regions, so local governments must not only continue to pay attention to air quality but should also pay more attention to sewage discharge and soil.



	(3)

	
Increase public participation in GEID







It is necessary to strengthen the breadth and depth of public participation in GEID. On the one hand, local governments should encourage and organize citizen participation, media promotions, and supervision by environmental organizations, and jointly build information feedback platforms to strengthen the interactions between stakeholders. On the other hand, local governments should develop a standardized procedure for public participation and allow the public to participate in the entire process of GEID, from the occurrence of any incident to environmental information feedback, so as to ensure interactions take place in an orderly manner, as well as the integrity and authenticity of the public environmental information.



It is further necessary to establish a remedying system in regard to the right to have access to environmental information. Without remedy, there is no right [75,76]. If there is legislation that gives rights, there must be legislation that remedies rights [76]. The government must formulate corresponding remedying systems while safeguarding the public’s right to have access to environmental information. This is a further development in the environmental information disclosure system. Outside the administrative system, an open information courtroom may be established to resolve disputes related to environmental information disclosure in a fair and open environment, and to compensate for losses caused by local government inaction [68]. Environmental information disclosure policies must not only protect the national information security, but also the interests of the public. Accordingly, it is important to improve the rights remedying mechanisms for environmental information disclosure.




6. Conclusions


In conclusion, this study further empirically verifies the theories of Polycentric Governance and Signal Transmission and extends their application to the research on GEID by integrating GEID and environmental performance into a new framework based on data from environmental protection cities in China. We tested this framework empirically and found that, in China, GEID can reflect local environmental performance on the whole, and there is a significant regional effect on this relationship.



Compared with existing research, this paper proposes a novel model that combines GEID, CEP, and regional effects. It empirically validates the theories of Polycentric Governance and Signal Transmission in the implementation of Chinese GEID policy.



There are some limitations to this study. One of the constraints is that this study only uses data from China, thus, we were unable to capture any cross-country effects that may alter the relationship between GEID and environmental performance. Prior studies have noted the significant variation in environmental behaviors across nations [77]. Another limitation is that the relationship between GEID and environmental performance may vary with the changing of environmental information regulations; for example, the Ministry of Ecology and Environment of China is planning an environmental information disclosure system reform to enhance the demands on environmental information disclosure; therefore, the relationship between GEID and environmental performance may change. In the future, we will carry out long-term follow-up research.
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Table A1. Distribution of 120 sampled cities.
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Region

	
Province/

Municipality

	
City

	
Region

	
Province/

Municipality

	
City






	
Eastern

	
Beijing

	
Beijing

	
Central

	
Heilongjiang

	
Harbin

Qiqihar

Daqing

Mudanjiang




	
Tianjin

	
Tianjin




	
Hebei

	
Shijiazhuang

Tangshan

Qinhuangdao

Handan

Baoding




	
Anhui

	
Hefei

Wuhu

Maanshan




	
Liaoning

	
Shenyang

Dalian

Anshan

Fushun

Benxi

Jinzhou

	
Jiangxi

	
Nanchang

Jiujiang




	
Henan

	
Kaifeng

Zhengzhou

Luoyang

Pingdingshan

Anyang

Jiaozuo

Sanmenxia




	
Shanghai

	
Shanghai




	
Jiangsu

	
Nanjing

Wuxi

Xuzhou

Changzhou

Suzhou

Nantong

Lianyungang

Yangzhou

Zhenjiang

Yancheng




	
Hubei

	
Wuhan

Yichang

Jingzhou




	
Hunan

	
Changsha

Zhuzhou

Xiangtan

Yueyang

Changde

Zhangjiajie




	
Zhejiang

	
Hangzhou

Ningbo

Wenzhou

Jiaxing

Huzhou

Shaoxing

Taizhou




	
Western

	
Inner Mongolia

	
Hohhot

Baotou

Chifeng

Ordos




	
Guangxi

	
Nanning

liuzhou

Guilin

Beihai




	
Fujian

	
Fuzhou

Xiamen

Quanzhou




	
Chongqing

	
Chongqing




	
Shandong

	
Jinan

Qingdao

Zibo

Zaozhuang

Yantai

Weifang

Jining

Taian

Rizhao

Weihai

	
Sichuan

	
Chengdu

Zigong

Panzhihua

Huzhou

Deyang

Mianyang

Nanchong




	
Yibin




	
Guizhou

	
Guiyang

Zunyi




	
Guangdong

	
Guangzhou

Shaoguan

Shenzhen

Zhuhai

Shantou

Foshan

Zhanjiang

Zhongshan

Dongguan

	
Yunnan

	
Kunming

Qujing

Yuxi




	
Shaanxi

	
Xi’an

Tongchuan

Baoji

Xianyang

Weinan

Yanan




	
Central

	
Shanxi

	
Taiyuan

Datong

Yangquan

Changzhi

Linfen

	
Gansu

	
Lanzhou

Jinchang




	
Ningxia

	
Xining

Yinchuan

Shizuishan




	
Jilin

	
Changchun

Jilin

	
Xinjiang

	
Urumqi

Karamay
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Figure 1. Theoretical model. 
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Table 1. CEP indicators included and estimated with environmental pollutants.
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Main Pollutants

	
Description

(Unit)

	
City-Level Environmental Performance Indicators

(CEP)

	
Positive or Inverse Index






	
Waste gas

	
(1) Total amount of industrial smoke (dust) emissions

(100 million cu·m)

	
Industrial smoke (dust) emission intensity

(Smoke emissions)

	
Inverse




	
(2) Total amount of industrial sulfur dioxide emissions

(tons)

	
Industrial sulfur dioxide emission intensity

(SO2 emissions)

	
Inverse




	
Waste water

	
(3) Total amount of industrial sewage discharged

(10,000 tons)

	
Industrial sewage discharge intensity

(Sewage discharge)

	
Inverse




	
Waste solid

	
(4) Total amount of industrial solid wastes discharged

(%)

	
Industrial solid waste treatment rate

(Solid waste treatment)

	
Positive








Note. Environmental pollutants are collected from the China City Statistical Yearbook. Industrial smoke (dust) emission intensity, industrial sulfur dioxide emission intensity, and industrial sewage discharge intensity equal the annual relevant emissions or discharge normalized in regard to the city’s GDP every year. Inverse index means that, the lower the value of the indicator, the higher the CEP.
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Table 2. Descriptive statistics of the PITI and major environmental pollutants.






Table 2. Descriptive statistics of the PITI and major environmental pollutants.





	
Year

	
Means (Min, Max) of PITI

	
Means of Environmental Pollutants




	
Smoke Emissions

	
SO2Emissions

	
Sewage Discharge

	
Solid Waste Treatment






	
2013

	
28.5 (8.3, 65.9)

	
3.498

	
26.723

	
15.845

	
81.816




	
2014

	
44.3 (16.8, 69.3)

	
3.048

	
24.667

	
20.371

	
82.975




	
2015

	
49.6 (15.6, 77.1)

	
2.882

	
22.780

	
17.035

	
82.614




	
2016

	
52.3 (23.6, 78.1)

	
2.131

	
12.374

	
11.506

	
80.483








Note. Variable definitions: smoke emissions, SO2 emissions, and sewage discharge are the industrial pollutants emission or discharge intensity equaling the total amounts of smoke (dust), SO2, and sewage divided by the total GDP, respectively; solid waste treatment is the treatment rate of the industrial solid waste; PITI proxies for the level of GEID (governmental environmental information disclosure).
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Table 3. Descriptive statistics of year-city observations in the full sample.






Table 3. Descriptive statistics of year-city observations in the full sample.





	Variables
	Mean
	SD
	Min
	Max
	Eastern
	Central
	Western
	F-Statistics

(p)





	Smoke (dust) emissions
	24.311
	78.009
	0.05
	1487.36
	22.448
	29.053
	23.075
	3.061 *

(0.047)



	SO2 emissions
	28.549
	42.677
	0.24
	454.2
	16.120
	30.520
	46.006
	6.521 *

(0.015)



	Sewage discharge
	2.900
	1.932
	0.18
	14.5
	3.015
	3.134
	2.509
	0.596

(0.553)



	Solid waste treatment
	82.006
	22.489
	13.09
	100
	88.814
	78.096
	74.987
	5.958 **

(0.004)



	PITI
	43.683
	15.512
	8.3
	78.1
	51.758
	36.898
	37.661
	6.962 **

(0.001)



	Ln (perGDP)
	70,459.67
	42,395.62
	17,504
	467,749
	78,648.76
	64,764.77
	62,708.431
	26.506 ***

(0.000)



	SOEs proportion
	0.083
	0.072
	0
	0.39
	0.044
	0.095
	0.146
	22.893 ***

(0.000)



	Legal stringency
	0.445
	0.204
	0.1
	1
	0.537
	0.354
	0.380
	3.001 *

(0.049)



	Public pressure
	109.952
	82.344
	0
	438
	139.875
	86.208
	84.724
	8.046 **

(0.001)



	Eastern
	0.442
	0.497
	0
	1
	-
	-
	-
	-



	Central
	0.267
	0.443
	0
	1
	-
	-
	-
	-







Note. Variable definitions: Smoke (dust) emissions, SO2 emissions, and sewage discharge are the industrial emission or discharge intensity that equals the total amounts of smoke (dust), SO2, and sewage divided by total GDP; solid waste treatment is the treatment rate of industrial solid waste; GEID is the level of governmental environmental information disclosure made by cities, proxied by the PITI; Ln (perGDP) is the natural logarithm of the per capita GDP of a city. Provincial capital is a dummy variable that equals 1 if a city is a provincial capital and 0 otherwise. SOEs proportion is the ratio of state-owned enterprises; legal stringency is proxied by the index of legal and regulatory stringency; public pressure is the public pressure regarding environment protection; eastern and central are both dummy variables. The last column provides the F-statistics (significance level presented in parentheses) with a one-way ANOVA. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 4. Pearson’s correlation matrix.






Table 4. Pearson’s correlation matrix.


















	Variables
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10





	Sewage discharge
	1
	
	
	
	
	
	
	
	
	



	SO2 emissions
	0.282 ***
	1
	
	
	
	
	
	
	
	



	Smoke (dust) emission
	0.130 ***
	0.586 ***
	1
	
	
	
	
	
	
	



	Solid waste treatment
	−0.034
	−0.348 ***
	−0.213 ***
	1
	
	
	
	
	
	



	PITI
	−0.183 ***
	−0.438 ***
	−0.242 ***
	0.217 ***
	1
	
	
	
	
	



	Public appeal
	−0.308 ***
	−0.409 ***
	−0.302 ***
	0.211 **
	0.397 ***
	1
	
	
	
	



	SOEs proportion
	−0.197 ***
	0.230 ***
	0.119 ***
	−0.164 ***
	−0.295 ***
	0.058
	1
	
	
	



	Legal index
	−0.020
	−0.346 ***
	−0.313 ***
	0.198 ***
	0.115 **
	0.496 ***
	−0.142 ***
	1
	
	



	perGDP
	−0.251 ***
	−0.378 ***
	−0.268 ***
	0.009
	0.373 ***
	0.458 ***
	−0.048
	0.411 ***
	1
	



	Administrative level
	−0.339 ***
	−0.176 ***
	−0.148 ***
	0.085 *
	0.074
	0.714 ***
	0.385 ***
	0.263
	0.220
	1







Note. * p < 0.10; ** p < 0.05; *** p < 0.01.
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Table 5. Results of the multiple regression analysis.






Table 5. Results of the multiple regression analysis.





	
Variables

	
Sewage Discharge

	
SO2Emissions

	
Smoke Emissions

	
Solid Waste Treatment




	
M1

	
M2

	
M3

	
M4

	
M5

	
M6

	
M7

	
M8






	
PITI

	
−0.024 *** (0.005)

	
0.007 (0.009)

	
−0.553 *** (0.052)

	
−0.141 ** (0.075)

	
−0.333 ** (0.051)

	
−0.216 ** (0.092)

	
0.377 *** (0.063)

	
0.417 *** (0.122)




	
Public appeal

	

	
−0.008 *** (0.002)

	

	
−0.067 *** (0.015)

	

	
−0.062 *** (0.017)

	

	
0.001 (0.019)




	
SOEs proportion

	

	
0.387 (1.375)

	

	
63.781 *** (15.988)

	

	
64.194 *** (13.385)

	

	
−24.308 (20.693)




	
Legal index

	

	
2.383 ** (0.800)

	

	
−12.647 ** (6.011)

	

	
−14.064 ** (6.583)

	

	
29.714 *** (8.573)




	
Eastern region

	

	
0.745 ** (0.238)

	

	
2.230

(2.465)

	

	
14.769 *** (2.552)

	

	
5.791 *

(3.468)




	
Middle region

	

	
0.679 ** (0.213)

	

	
−1.603 (2.670)

	

	
8.546 *** (2.136)

	

	
2.832 (3.056)




	
perGDP

	

	
−0.819 *** (0.180)

	

	
−5.625 ** (1.999)

	

	
−3.373 * (1.835)

	

	
−11.529 *** (2.396)




	
Year 2016

	

	
−1.259 *** (0.306)

	

	
−11.901 *** (3.069)

	

	
−0.278 (2.846)

	

	
−8.372 ** (4.031)




	
Year 2015

	

	
0.0623 (0.385)

	

	
−3.853 (3.606)

	

	
2.705 (3.249)

	

	
1.590 (4.590)




	
Year 2014

	

	
−0.008 (0.315)

	

	
−2.131 (3.036)

	

	
5.430 * (2.847)

	

	
0.955 (3.831)




	
Administrative level

	

	
−0.481 * (0.260)

	

	
0.642 (2.522)

	

	
3.161 (2.491)

	

	
5.77 * (3.018)




	
F

	
19.20

	
18.68

	
113.15

	
23.28

	
42.68

	
15.8

	
35.71

	
9.16




	
P

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
R2

	
0.037

	
0.250

	
0.199

	
0.389

	
0.085

	
0.271

	
0.068

	
0.204




	
Observations

	
470

	
470

	
450

	
450

	
452

	
452

	
471

	
471








Note. The data in parentheses are robuststd.err; ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively.
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Table 6. Regression results of the eastern region sample.






Table 6. Regression results of the eastern region sample.





	
Variables

	
Sewage_Intensity

	
SO2_Intensity

	
Smoke (Dust)_Intensity

	
Solid Waste Treatment




	
A1

	
A2

	
A3

	
A4






	
PITI

	
−0.003

(0.012)

	
−0.273 ***

(0.077)

	
−0.288 **

(0.116)

	
0.549 ***

(0.137)




	
Public appeal

	
−0.008 ***

(0.002)

	
−0.048 ***

(0.013)

	
−0.056 **

(0.025)

	
0.009

(0.019)




	
SOEs proportion

	
1.022

(3.188)

	
76.773 ***

(20.204)

	
133.014 ***

(37.640)

	
−113.617 ***

(25.882)




	
Legal index

	
−4.752 ***

(1.110)

	
−11.894 **

(6.134)

	
−16.446 *

(10.072)

	
16.463 *

(9.965)




	
perGDP

	
−1.407 ***

(0.287)

	
−2.976

(2.163)

	
−0.784

(2.996)

	
−9.810 ***

(3.020)




	
Year 2016

	
−0.699

(0.469)

	
−4.437

(3.278)

	
3.152

(4.203)

	
−12.338 **

(4.984)




	
Year 2015

	
0.860

(0.587 )

	
−0.550

(3.807)

	
2.684

(4.747)

	
−4.851

(5.471)




	
Year 2014

	
0.527

(0.490)

	
1.546

(3.211)

	
5.854

(3.862)

	
−4.438

(4.649)




	
Administrative level

	
−0.503

(0.399)

	
0.438

(1.889)

	
−0.267

(3.356)

	
5.482

(2.863)




	
F

	
11.050

	
19.870

	
8.160

	
5.390




	
P

	
0.000

	
0.000

	
0.000

	
0.000




	
R2

	
0.321

	
0.496

	
0.303

	
0.280




	
Observations

	
209

	
211

	
206

	
211








Note. The data in parentheses are robuststd.err; ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively.
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Table 7. Regression results of the central region sample.






Table 7. Regression results of the central region sample.





	
Variables

	
Sewage_Intensity

	
SO2_Intensity

	
Smoke (Dust)_Intensity

	
Solid Waste Treatment




	
B1

	
B2

	
B3

	
B4






	
PITI

	
0.034 *

(0.018)

	
0.156

(0.130)

	
0.212

(0.180)

	
−0.167

(0.208)




	
Public appeal

	
0.003

(0.005)

	
0.006

(0.031)

	
0.031

(0.034)

	
−0.024

(0.050)




	
SOEs proportion

	
−3.438

(2.887)

	
88.106 ***

(27.649)

	
107.331 ***

(25.837)

	
−47.165

(35.549)




	
Legal index

	
0.20

(2.248)

	
−18.850

(13.564)

	
−0.550

(13.587)

	
95.484 ***

(24.196)




	
perGDP

	
−1.865 ***

(0.420)

	
−18.973 ***

(4.326)

	
−14.436 ***

(3.987)

	
−9.1

(6.394)




	
Year 2016

	
−2.113 ***

(0.618)

	
−21.417 ***

(5.067)

	
−9.209 *

(5.207)

	
7.555

(7.405)




	
Year 2015

	
−1.004

(0.827)

	
−10.049

(6.150)

	
1.500

(6.976)

	
29.046 **

(9.217)




	
Year 2014

	
−0.817

(0.688)

	
−7.144

(6.118)

	
2.628

(6.205)

	
22.496 **

(7.292)




	
Administrative level

	
−1.873 **

(0.818)

	
−11.923 **

(4.688)

	
−16.942 ***

(5.486)

	
9.086

(9.284)




	
F

	
12.150

	
13.320

	
11.470

	
7.260




	
P

	
0.000

	
0.000

	
0.000

	
0.000




	
R2

	
0.359

	
0.494

	
0.369

	
0.228




	
Observations

	
125

	
117

	
119

	
125








Note. The data in parentheses are robust std.err; ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively.
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Table 8. Regression results of the western region sample.






Table 8. Regression results of the western region sample.





	
Variables

	
Sewage_Intensity

	
SO2_Intensity

	
Smoke (Dust)_Intensity

	
Solid Waste Treatment




	
C1

	
C2

	
C3

	
C4






	
PITI

	
−0.022

(0.017)

	
−0.142

(0.250)

	
−0.248

(0.184)

	
0.460

(0.342)




	
Public appeal

	
−0.011 **

(0.004)

	
−0.196 ***

(0.052)

	
−0.159 ***

(0.040)

	
0.029

(0.060)




	
SOEs proportion

	
−0.821

(2.122)

	
10.486

(29.501)

	
−8.578

(18.586)

	
67.939 *

(34.845)




	
Legal index

	
−1.059

(1.169)

	
−1.649

(25.137)

	
−2.667

(10.065)

	
4.317

(25.858)




	
perGDP

	
−0.398

(0.342)

	
1.544

(4.694)

	
5.074 *

(2.583)

	
−22.825 ***

(4.437)




	
Year 2016

	
−0.408

(0.531)

	
−13.216

(7.967)

	
0.201

(4.502)

	
−12.241

(9.360)




	
Year 2015

	
0.203

(0.514)

	
−1.913

(8.844)

	
5.593

(4.679)

	
−5.839

(9.996)




	
Year 2014

	
−0.039

(0.432)

	
−2.033

(7.074)

	
8.730 *

(4.697)

	
−3.864

(8.739)




	
Administrative level

	
1.017 *

(0.460)

	
20.183 ***

(7.209)

	
22.044 ***

(7.064)

	
−1.049

(9.035)




	
F

	
6.430

	
5.600

	
3.510

	
4.020




	
P

	
0.000

	
0.000

	
0.001

	
0.000




	
R2

	
0.195

	
0.242

	
0.289

	
0.170




	
Observations

	
136

	
122

	
127

	
135








Note. The data in parentheses are robust std.err; ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively.
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Table 9. Robustness analysis results.






Table 9. Robustness analysis results.





	
Variables

	
Sewage_Intensity

	
SO2_Intensity

	
Smoke (Dust)_Intensity

	
Solid Waste Treatment




	
D1

	
D2

	
D3

	
D4

	
D5

	
D6

	
D7

	
D8






	
PITI

	
−0.024 ***

(0.007)

	
0.007

(0.008)

	
−0.553 ***

(0.056)

	
−0.141 *

(0.083)

	
−0.333 ***

(0.103)

	
−0.216 *

(0.136)

	
0.377 ***

(0.097)

	
0.417 ***

(0.159)




	
Public appeal

	

	
−0.008 **

(0.003)

	

	
−0.067 ***

(0.025)

	

	
−0.062 ***

(0.024)

	

	
0.001

(0.026)




	
SOEs proportion

	

	
0.387

(2.041)

	

	
63.781 ***

(20.684)

	

	
64.194 ***

(18.473)

	

	
−24.308

(33.552)




	
Legal index

	

	
2.383 **

(0.997)

	

	
−12.647 *

(7.484)

	

	
−14.064 **

(6.539)

	

	
29.714 ***

(10.544)




	
Eastern region

	

	
0.745 **

(0.0.365)

	

	
2.230

(3.623)

	

	
14.769 ***

(3.953)

	

	
5.791

(5.687)




	
Central region

	

	
0.67 **

(0.329)

	

	
−1.603

(3.815)

	

	
8.546 ***

(3.192)

	

	
2.832

(4.904)




	
perGDP

	

	
−0.819 ***

(0.255)

	

	
−5.625 **

(2.561)

	

	
−3.373

(1.826)

	

	
−11.529 ***

(3.646)




	
Year 2016

	

	
−1.259 ***

(0.143)

	

	
−11.901 ***

(1.626)

	

	
−0.278

(2.324)

	

	
−8.372 ***

(3.360)




	
Year 2015

	

	
0.0623

(0.280)

	

	
−3.853 ***

(1.212)

	

	
2.705

(3.465)

	

	
1.590

(3.012)




	
Year 2014

	

	
−0.008

(0.147)

	

	
−2.131

(1.005)

	

	
5.430 ***

(0.872)

	

	
0.955

(1.538)




	
Administrative level

	

	
−0.481

(0.401)

	

	
0.642

(4.222)

	

	
3.161

(4.219)

	

	
5.77

(4.470)




	
F

	
19.200

	
18.68

	
113.15

	
23.28

	
42.68

	
15.8

	
35.71

	
9.16




	
P

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
R2

	
0.037

	
0.250

	
0.199

	
0.389

	
0.085

	
0.271

	
0.068

	
0.204




	
Observations

	
470

	
470

	
450

	
450

	
452

	
452

	
471

	
471








Note. The data in parentheses are robust std.err; ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively.
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Table 10. Regression results after removing municipalities.






Table 10. Regression results after removing municipalities.





	
Variables

	
Sewage_Intensity

	
SO2_Intensity

	
Smoke (Dust)_Intensity

	
Solid Waste Treatment




	
E1

	
E2

	
E3

	
E4

	
E5

	
E6

	
E7

	
E8






	
PITI

	
−0.022 ***

(0.005)

	
0.008

(0.009)

	
−0.539 *** (0.053)

	
−0.124

(0.078)

	
−0.327 ***

(0.053)

	
−0.215 **

(0.095)

	
0.382 ***

(0.065)

	
0.435 ***

(0.125)




	
Public appeal

	

	
−0.007 ***

(0.002)

	

	
−0.073 ***

(0.015)

	

	
−0.065 ***

(0.019)

	

	
0.017

(0.020)




	
SOEs proportion

	

	
0.897

(1.468)

	

	
67.345 ***

(14.727)

	

	
66.846 ***

(14.935)

	

	
−18.645

(22.329)




	
Legal index

	

	
2.380 ***

(0.818)

	

	
−15.123 **

(6.296)

	

	
−16.450 **

(6.892)

	

	
32.509 ***

(9.155)




	
Eastern region

	

	
0.799 ***

(0.249)

	

	
3.209

(2.584)

	

	
15.810 ***

(2.628)

	

	
4.873

(3.598)




	
Central region

	

	
0.718 ***

(0.217)

	

	
−0.894

(2.768)

	

	
9.057 ***

(2.186)

	

	
2.832

(3.056)




	
perGDP

	

	
−0.815 ***

(0.184)

	

	
−5.193 **

(2.060)

	

	
−2.952

(1.903)

	

	
−12.339 ***

(2.487)




	
Year 2016

	

	
−1.325 ***

(0.315)

	

	
−12.765 ***

(3.199)

	

	
−0.701

(2.958)

	

	
−8.3466 **

(4.170)




	
Year 2015

	

	
0.012

(0.393)

	

	
−4.956

(3.755)

	

	
1.976

(3.375)

	

	
2.030

(4.768)




	
Year 2014

	

	
−0.044

(0.323)

	

	
−2.941

(3.137)

	

	
5.010 *

(2.943)

	

	
1.209

(3.969)




	
Administrative level

	

	
−0.515 *

(0.277)

	

	
0.680

(2.749)

	

	
3.463

(2.689)

	

	
3.881

(3.196)




	
F

	
14.87

	
16.41

	
100.23

	
21.66

	
37.98

	
14.77

	
34.06

	
8.890




	
P

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000




	
R2

	
0.030

	
0.234

	
0.184

	
0.383

	
0.079

	
0.267

	
0.067

	
0.208




	
Observations

	
455

	
455

	
434

	
434

	
435

	
435

	
455

	
455








Note. The data in parentheses are robust std.err; ***, **, and * indicate significant levels at 1%, 5%, and 10%, respectively.
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