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Abstract

:

This study employed the adaptive semi-parameter model to determine the effects of environment-related rules (environment-related rules refer to laws and regulations in relation to environmental protection) on environment-related efficiency (environment-related efficiency refers to the environmental efficiency of a wide range of industries). In addition, the threshold regression model was employed to determine the industry threshold effect of environment-related rules on environment-related efficiency. The following conclusions were primarily drawn: (1) A U-shaped curve relationship was identified between the effect of environment-related rules and the environment-related efficiency of the broader national industry; (2) A threshold effect is exerted on environment-related efficiency, and under the effect exerted by environment-related rule below the lower limit of the optimal interval, environment-related rule policies cannot play a corresponding role, while the effect of environment-related rules is high. When the upper limit of the optimal interval is set, environment-related rules will exert extensively strong effects, which leads to the unsustainable development of the industry and distorts the industry’s development. The government is required to roll out different environment-related rule policies in accordance with the industry differences and the development stages of respective industries, fully exploit such environment-related rule policies for industries and technologies, optimize the environment-related rules system, and harmoniously advance industries, the economy, and the environment. Given the empirical results, it is critical to enhance the effect exerted by environment-related rules in the mining and manufacturing industries, elevate their technical level, and develop a positive relationship between the effect exerted by environment-related rules and environment-related efficiency enhancements. While China’s current environment-related rule policy imposes no discrimination between pollution-intensive industries and cleaner production industries, these industries should be treated differently in the days ahead.
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1. Introduction


In the last four decades, China has achieved major economic development, which has been accompanied by serious environmental pollution. When the central government decides to roll out environment-related rule policies requiring compliance across a whole social welfare level, different enterprises are adversely affected by different regulatory constraints affecting different endowment factors (e.g., technology and resources). As a result, the degree of impact on these enterprises is different. Moreover, the environment-related efficiency of various industries is also affected. From a short-term perspective, the impact exerted by environment-related rules onto environment-related efficiency is primarily a “cost effect”. Environment-related rules increase the cost expenditure of enterprises, affect investment in technological innovation, reduce profits, and lower the production efficiency and performance level of enterprises or industries. In the long run, environment-related rules will exert “innovation compensation” effects and lead to increasingly reasonable future environment-related rules. In accordance with the technology compensation effect, the environment-related product quality and outputs can be enhanced. In the meantime, enterprises can be encouraged to develop technological innovations, enhance their production efficiency, remedy the extra costs attributed to environment-related rules, as well as boost their technological innovation ability and both their own comprehensive competitiveness and that of the broader national industry [1,2]. This study aimed to delve into the effect exerted by environment-related rules of industries on environment-related efficiency in China and to determine whether environment-related rules have an optimal intensity in different industries. Accordingly, first, the threshold effect exerted by environment-related rules on environment-related efficiency is studied; second, an empirical analysis was conducted regarding the influence system of environment-related rules on the environment-related efficiency of various industries (e.g., the broader national industry, mining industry, manufacturing industry, industries for generating and supplying power, heat, gases, and water, as well as the construction industry). Lastly, the threshold effect exerted by environment-related rules on environment-related efficiency is expounded. This study decomposed the effect of the environment-related rule. Under the stress placed on the transmission path of environment-related rules on environment-related efficiency, the internal mechanism and related factors of environment-related rules on different industries and regions are clarified, which exert different impacts on environment-related efficiency.



This study studied China’s real economic data and the self-adaptive semi-parameter model to verify the influence system of the environment-related rules of industries on environment-related efficiency. Notably, environment-related rules can critically impact environment-related efficiency by facilitating the upgrade of industrial structures, technological progress, and pollutant transfers, as well as by enhancing enterprise competitiveness and enterprise performance. Thus, the aforementioned factors and variable factors should be controlled in spatial econometric analyses.



For measurement approaches, the semi-parameter model assumes a linear relationship between several independent and dependent variable factors, while the other factors display a non-linear relationship. To capture the spatial heterogeneity of data in different regions, different smoothing factors are required. Accordingly, the adaptive semi-parameter model is used here to quantitatively analyze the interaction mechanism between the industry effect of environment-related rules and environment-related efficiency. In the meantime, industries are classified, and the optimal effect of environment-related rules is calculated with the threshold regression model. Thus, this study underpins the formulation of environment-related rules.




2. Literature Review


The “Porter Hypothesis”, developed by American scholar Michael Porter [2], elucidates the potential derivative effects of environment-related rules from a dynamic perspective. The Porter hypothesis considers that moderate environment-related rules can inspire enterprises’ initiative innovation consciousness and impetus in a longer-term period, which triggers increased efforts to exploit production technologies to employ higher efficiency, less energy consumption, and less sewage to complete the production. As a result, a potential positive impact, termed as the innovative compensation effect, is further produced. This helps constantly improve the production efficiency of enterprises, decrease production cost, enhance market competitiveness, and boost the performance level of enterprises. Current studies on environment-related rules at the industry level primarily verified whether the Porter Hypothesis is true or false. The Porter Hypothesis can be one of two types, i.e., “weak” and “strong” [1]. The “strong” Porter Hypothesis holds that the environment-related rule policies based on the appropriate design can enhance enterprise productivity and competitiveness. Alternatively, the “weak” Porter Hypothesis holds that the environment-related rule policies based on the appropriate design can boost enterprise innovations. It has been extensively demonstrated that the Porter Hypothesis effect does not exist, and environment-related rules negatively impact industrial productivity. Barbera and McConnell [3], Shadbegian and Gray [4] exploited the American industry data and empirically found that the cost of pollution control caused by environment-related rules could lead to the decrease in industrial productivity to varying degrees. Gray and Shadbegian [5] analyzed the correlation of environment-related rules and investment in innovations under the “weak” Porter hypothesis framework. This suggests that environment-related rules do not show positive correlation with investment in innovations, but negative ones. Under the framework of the “strong” Porter Hypothesis, Shadbegian and Gray [6] found that environment-related rules could increase the enterprises’ cost of pollution control while technological innovations cannot fully offset the cost of environment-related rules, thereby resulting in a decrease in environment-related performance and the competitiveness of enterprises. In addition, Rubashkina et al. [7] applied the panel information pertaining to 17 European nations and identified no evidence supporting the “strong” Porter Hypothesis. Moreover, the research conclusion of Rexhauser and Rammer [8] indicated that the “strong” Porter Hypothesis is generally invalid, and the type of environment-related innovations determines the impact of environment-related rules on industrial competitiveness. Given the questioning of the Porter Hypothesis, supporters mainly have four pieces of evidence: (1) The inconsistent and even contradictory empirical conclusions underlining the theoretical framework of the Porter Hypothesis originate from the biased errors caused by index selection and estimation methods [9]; (2) Step-by-step regression testing of Porter Hypothesis will cause inconsistencies in empirical conclusions [10]; (3) The primary reason why the empirical results obtained under the framework of the “strong” Porter Hypothesis are controversial is that the impact of environment-related rules on productivity growth varies with nations, regions and industries, and it depends on the technological level of each nation or enterprise [11,12]. (4) It takes time for stricter environment-related rules to stimulate technological innovations, which up-regulates the efficiency and down-regulates costs. The main reason for doubts is that the dynamic dimension of the Porter Hypothesis is not fully considered in empirical tests [13]. This viewpoint is also supported by the investment adjustment cost theory [14].



There are also considerable articles on the influence system between environment-related rules and environment-related efficiency based on the industry level. Based on the measurement of China’s industrial environment-related productivity, Tu [15] empirically analyzed the relationship between environment-related rules and China’s industrial environment-related productivity, which demonstrated that there is no obvious negative correlation. Through the evaluation and empirical investigation on the technical efficiency of the provincial electric power industry, Zhang and Xia [16] concluded that there is a “U-shaped” curve relation between environment-related rules and the technical efficiency of the electric power industry. The empirical analysis of 39 industries conducted by Shen [17] revealed a “U-shaped relationship” between environment-related rules and the environment-related efficiency of industries. Moreover, environment-related rules could help improve the environment-related efficiency of clean industries in the current period, while there is no significant short-term effect on pollution-intensive industries. With the panel data of 30 municipalities directly under the central government and autonomous regions from 2000 to 2011, Liu and Ran [18] empirically delved into the influence exerted by environment-related rules on the production technological progress of 17 industries in industrial enterprises. They verified that several industries present a significant “U-shaped” or inverted “U-shaped” relation, while there is no significant relation in other industries. In addition, the effect of environment-related rules on the production technological progress of each industry has no relation with the pollution type of the industry. Albrizio [19] used the national panel data of the OECD to empirically analyze the influence exerted by environment-related policy intensity on productivity growth at the industry level. As suggested from the results, strict environment-related policies in nations with higher scientific and technological levels could promote the short-term productivity growth at the industry level, while the growth effect decreases with the increase in the distance from the global productivity frontier until it becomes insignificant. By measuring the environment-related efficiency of the whole manufacturing industry, severe, moderate and mild-pollution industries in Hebei Province, Zhuang et al. [20] conducted an empirical analysis on the relation between environment-related rules and environment-related efficiency. According to these scholars, environment-related rules exert noticeably positive influences onto the environment-related efficiency of the mild-pollution industry, while environment-related rules exert an insignificant positive effect on the environment-related efficiency of the severe and moderate-pollution industries. By building a mathematical model and based on the assumption of regional consistency, Shen [21] tested the nonlinear relation between environment-related rules and technological innovations in China and determined the optimal rule level of environment-related rules. The research indicated a double threshold of the level of the economy development. The greater the threshold of the level of the economic development crossed, the more significant the promoting effect of environment-related rules on technological innovations will be. With the panel data of 33 subdivided sectors in China from 2004 to 2011 and the threshold regression method, Song [22] empirically investigated the threshold effect of environment-related rules on the R&D double-link efficiency. The empirical conclusion indicated that the threshold effect of environment-related rules on the R&D double-link efficiency had significant heterogeneity. Based on the measurement of the intensity and efficiency of environment-related rules in 30 provinces and cities (excluding Tibet, Hong Kong, Macao, and Taiwan) from 2007 to 2016, Zhou et al. [23] conducted an empirical analysis and confirmed a “U-shaped” relation between the two at the national level and an inverted “U-shaped” relation in the eastern region. Furthermore, there is a threshold effect between environment-related rules and environment-related efficiency. Moreover, some researchers explored the threshold influence exerted by environment-related rules from the perspective of the region [24,25,26].



In brief, there are some divergences in the demonstration of Porter Hypothesis in the current studies. The influence system of environment-related rules on environment-related efficiency and the relation between the two vary with data and models. However, there are relatively few studies on whether there is a threshold effect in industrial environment-related rules. Here, the impact mechanism of environment-related rules on environment-related efficiency, the heterogeneity of different industries, and the threshold effect of environment-related rules of different industries are further explored.




3. The Influence of Environment-Related Rules of Industries on Environment-Related Efficiency


When the government rolls out environment-related rule policies, enterprises generally satisfy the government’s requirements by managing pollution, or by improving their technological level and implementing cleaner production measures. However, industries exhibiting different pollution levels face different constraints affecting environment-related rules. Heavy polluting industries are facing robust constraints. It is an urgent requirement to reduce their pollution emissions via pollution control, or by cleaner production, or elevating their current technological level, etc. Less polluting industries are subject to less constraints, and environment-related rule policies slightly affect them. For the huge differences in the elements and levels technological development of extensive industries, the influence exerted by different effects of environment-related rules on the environment-related efficiency of various industries is different. Overall, there are three scenarios: (1) if the environment-related rules are in a certain range of intensity, these may significantly enhance the environment-related efficiency of the industry, and its improvement. A gradual increase in its degree refers to an increase in its marginal effect; (2) If environment-related rules are in a certain range of intensity, these will help increase the environment-related efficiency of the industry, though its degree of improvement declines progressively, i.e., the phenomenon of diminishing marginal effect; (3) If environment-related rules are at a certain level, it may also occur that these environment-related rules hinder the improvement of environment-related efficiency of industries, i.e., a negative correlation is identified [17,27,28,29]. Thus, it is considered that environment-related rules exert a “threshold effect” on environment-related efficiency, i.e., there are some thresholds values. If environment-related rules fall in different thresholds, the impact of environment-related rules on environment-related efficiency is different. Thus, the following hypotheses 1 and 2 are proposed.



Hypothesis 1 (H1).

A range of industries are facing different degrees of restriction of environment-related rules, so different effects of environment-related rules are exerted on the environment-related efficiency of various industries.





Hypothesis 2 (H2).

Environment-related rules have a “threshold effect” on environment-related efficiency. If environment-related rules fall in different thresholds, the marginal effect of environment-related rules on environment-related efficiency varies.






4. Variable Factors Selection, Data Sources and Descriptive Statistics


4.1. Materials and Methods


Given the analysis of the theoretical mechanism of the second section, this study selects three variable factors as dependent variable factors and seven variable factors as independent variable factors: environment-related efficiency (y1); environment-related efficiency technology gap (y2); environment-related efficiency improvement potential (y3); effect of environment-related rules (x1); technological progress (x2); FDI dependency (x3); industrial profit margin (x4); capital and labor structure (x5); market concentration (x6); and nationalization rate (x7), and calculates the urban environment. Efficiency acts as a dependent variable. The variable factors and indicators include:



	1.

	
Environment-related efficiency (y1): Where capital and labor are input variables, and by using the expected (GDP) and unexpected output (i.e., the environment pollution) as output variables, the SBM model is employed to calculate green environment efficiency.







In combination with the models and methods of Tone [30,31], this study employs the SBM model with unexpected output to determine the environment-related efficiency.



A system is assumed to have n decision units   D M  U j  ,       j = 1 ,     2 ,     ⋯ ,       n  , which have three indicators, i.e., m input indicators (i = 1, 2, ⋯, m), s1 expected output indicators as well as s2 non-expected output indicators. These indicators are, respectively, considered as vectors   x ∈  R m   ,    y g  ∈  R   s 1     ,    y b  ∈  R   s 2     . Matrix X,     Y a   ,    Y b    are   X =  [   x 1  ,  x 2  , ⋯ ,  x n   ]  ∈  R  m × n    ,    Y g  =  [   y 1 g  ,  y 2 g  , ⋯ ,  y n g   ]  ∈  R   s 1  × n    ,    Y b  =  [   y 1 b  ,  y 2 b  , ⋯ ,  y n b   ]  ∈  R   s 2  × n    . Suppose   X > 0  ,    Y g  > 0  ,    Y b  > 0  .



The production possibility set has the following definition:


  P =  {     (  x ,  y g  ,  y b   )   |  x ≥ X λ ,      y g  ≤  Y g  λ ,  y b  ≤  Y b  λ ,     λ ≥     0      }   



(1)







The SBM model (VRS,     ∑   i = 1  n   λ i  = 1  ) with an undesired output based on a variable income is expressed as


   ρ *  = min   1 −  1 m    ∑   i = 1  m     s i −     x  i 0       1 +  1   s 1  +  s 2     (    ∑   i = 1    s 1       s i g     y  i 0  g    +   ∑   i = 1    s 2       s i b     y  i 0  b     )     



(2)






  s . t .    {       x 0  = X λ +  s −         y 0 g  =  Y g  λ −  S g         y 0 b  =  Y b  λ +  s b         s −  ≥ 0 ,  s g  ≥ 0 ,  s b  ≥ 0 , λ ≥ 0        



(3)




where    s −   ,    s g    and    s b   , respectively, denote input, expected output and unexpected output;  λ  expresses the weight vector; objective function is    ρ *  ∈  [  0 ,   1  ]   . The aforementioned three decrease to    s −   ,    s g    and    s b   , respectively.



	2.

	
Environment-related efficiency technology gap (y2):







By using the formula of meta-frontier SBM model, we can calculate the energy efficiency by complying with the group frontier and meta frontier, respectively. Here, this study marks    τ h    and  τ ,  τ  is termed as the total factor energy efficiency, and it is able to fall to the technology gap (TG) and technical efficiency (TE):


  τ =  τ   τ h    ×  τ h  = T G × T E  



(4)







The technology gap can be exploited to measure the technology gap between group frontier and meta frontier. The more the value approaches 1, the lower the technology gap will be.



	3.

	
Environment-related efficiency improvement potential (y3):







In the SBM model of environment-related efficiency measurement, the optimal relaxation variables can be calculated simultaneously. The relaxation variables of input, expected output and unexpected output are recorded as      S −   ,    S g   ,    S b   , respectively, which can represent the optimal adjustment range of input and output. Since environment-related efficiency stresses energy input and pollutant emission, this study uses the energy input relaxation variable and the unexpected output relaxation variable to construct an evaluation index of environment-related efficiency improvement potential (EI):


  E I =  S E −  ×  S b   



(5)




where    S E −    denotes the relaxation variable of energy input, i.e., the reduction in energy input;    S b    expresses the relaxation variable of unexpected output and the reduction in pollutant emission. Therefore, the larger the EI, the greater the potential for environment-related efficiency improvement will be.



	4.

	
Strength of environment-related rules (x1): Numerous indexes can be adopted to measure environment-related management strength in existing literatures, which are measured by using proxy variables from different perspectives. In brief, it can fall to 4 types: (1) The measurement with the comprehensive index of pollution emissions—for instance, Li and Mu [32] (2013) used carbon emissions per unit output to determine the strength of environment-related management. Fu and Li [33], Li and Tao [34] used the emission of pollutants to build a comprehensive index method to determine the strength of environment-related management; (2) The use of investment expenditure on pollution control for the measurement—for example, Zhang Cheng et al. [35] exploited the overall investment in the control over the industrial pollution as a measurement index; (3) According to the perspective of economic development level—for example, Lu [36] adopted the level of per capita income to quantify informal environment-related management; (4) the use of the number of environment-related management laws and policies as the measurement index of environment-related management. Compared with the number of relevant laws and rules, the strength of environment-related management is determined by the actual implementation. Thus, the number of laws and rules cannot directly measure the effect of environment-related management. Though the level of economic development is affected by the level of environment-related management to a certain extent, only informal environment-related management can be measured. Such a measurement cannot be completely accurate. As the investment quota for pollution control is directly affected by the size of the industry, large-scale industries will inject more capital and technologies into pollution control. However, this index does not indicate that the industry’s environment-related management strength is high. Thus, this study uses pollutant discharge as an index, fully considers three different types of pollutants (i.e., wastewater, waste gas and waste), and comprehensively reflects the strength of environment-related management through the technical treatment (e.g., unit output and standardization).







By using the method to build comprehensive indexes proposed by Yu [37], and considering the availability of data, this study selects two single indexes of industrial wastewater discharge and industrial waste gas discharge from various industries to build a comprehensive measurement index of environment-related management strength. The specific treatment is as follows:



	(1)

	
The annual industrial wastewater discharge and industrial waste gas discharge of each region is divided by the total industrial output, as an attempt to solve the problem of the difference of pollutant discharge among different industries;




	(2)

	
The emission per unit output is standardized, and the values of each index are converted into the range of [0,1]. Since both indexes are negative indexes, the following treatment methods are adopted:


   x  i j   =   max  (   v  i j    )  −  v  i j     max  (   v  i j    )  − m i n  (   v  i j    )     



(6)




where xij denotes the strength of environment-related management for a province in a year, vij represents the emission value of a province in a year (after the de-differentiation), max(vij), min(vij) are the maximal and minimal emissions of a province in nine years (after the de-differentiation), respectively;




	(3)

	
It is always meaningful to add standardized pollutant indexes for their horizontal comparability. In this study, the standardized data of industry-related wastewater discharge and industrial waste gas discharge are combined to obtain the regional environment-related strength data by using the equal weight method. Notably, since environment-related management is measured by pollutant emissions, this study uses negative indexes to process data. Thus, the greater the value of environment-related strength, the greater the strength of environment-related management will be.







	5.

	
Technological progress (x2): The elevation of their level of technological development, i.e., technological progress primarily consists of technological innovations and innovation and technological process renewal and transformation, to exploit resources and energy and stimulate environment-related efficiency more efficiently. The industry R&D is split by industry GDP to determine its technological progress.




	6.

	
FDI dependency (x3): Dividing industry FDI by industry GDP, which reflects the degree of dependence of GDP on FDI in a specified period.




	7.

	
Profit margin of industries (x4): This study divides industry profit by gross output to obtain industry profit margin index, thereby revealing industry competitiveness.




	8.

	
Capital labor structure (x5): This study uses the ratio of net fixed assets to the number of employees to determine capital labor structure indicators.




	9.

	
Market concentration (x6): This study divides the difference between industrial added value and total wage by total industrial output to determine the market concentration index.




	10.

	
Nationalization rate (x7): Overall, non-state-owned enterprises exhibit higher production efficiency than state-owned enterprises. State-owned enterprises have a higher monopoly position in resources and energy; they face poor cost constraints affecting resources and energy. This commonly leads to the waste and inefficient use of resources and energy. The proportion of state-owned enterprises in China’s industrial output is commonly high. Environment-related efficiency has declined. With the ratio of the gross domestic product of state-owned and state-controlled enterprises to that of industrial enterprises above the scale, the index of nationalization rate can be determined.








4.2. Data Sources


The research scope of this part consists of the data of mining, manufacturing, power, heat, gas and water production and supply, and construction industries from 2007 to 2015. The basic data employed in this study originate from China Statistical Yearbook, China Industrial Statistical Yearbook, China Population and Employment Statistical Yearbook, China Environment-Related Statistical Yearbook and the official website of the National Bureau of Statistics.




4.3. Descriptive Statistics


Descriptive statistics of all variable factors in the industry are listed in Table 1. The average environment-related efficiency of the broader national industry reaches 0.835, and the average intensity of effect of environment-related rules is 0.892.



Descriptive statistics of variable factors in the mining industry are listed in Table 2. The average environment-related efficiency of mining industry is 0.796, and the average value of effect of environment-related rules is 0.76. The environment-related efficiency and effect of environment-related rules of mining industry are lower than that of the broader national industry.



Table 3 presents the descriptive statistics of variable factors in the manufacturing industry. The average environment-related efficiency of manufacturing industry is 0.846, and the average value of effect of environment-related rules is 0.92. The average of environment-related efficiency and effect of environment-related rules of manufacturing industry is higher than that of the broader national industry.



Descriptive statistics of variable factors in the production, supply and supply sectors of electricity, heat, gas and water are listed in Table 4. The average environment-related efficiency of power, heat, gas and water production and supply industries is 0.851, and the average effect of environment-related rules is 0.944. The average environment-related efficiency and regulatory intensity of the production and supply industries of electricity, heat, gas and water are the highest among the four industries.



Descriptive statistics of variable factors in the construction industry are listed in Table 5. The average environment-related efficiency of the construction industry is 0.795, and the average value of the effect of environment-related rules is 0.811. The average of environment-related efficiency and effect of environment-related rules of the construction industry is also low.



Generally, the environmental efficiency and the intensity of environmental regulations in the industries of manufacturing and production and supply of electricity, heat, gas, and water have a relatively high average value, higher than the environmental efficiency value of the full sample of the industry. The environmental efficiency and the intensity of environmental regulations in mining and construction industries have relatively low average values, lower than the environmental efficiency values of the full sample of the industry. The standard deviation of environmental efficiency values in all industries is 0.1~0.2, with a low degree of dispersion. However, as revealed from descriptive statistical analysis, the performance of the manufacturing and electricity, heat, gas and water production and supply industries regarding the environmental efficiency and the intensity of environmental regulations is better, higher than the performance of the other two industries and the entire industry.





5. Adaptive Semi-Parametric Panel Model


Specific to measurement approaches, the semi-parameter model assumes a linear relationship between some independent and dependent variable factors, while the other part presents a non-linear relationship. To capture the spatial heterogeneity of data in different regions, different regions need different smoothing factors. In addition, the MADM method can solve similar problems [33,38,39], whereas more variables and the adaptability of the model are considered. In this study, the adaptive semi-parameter model is employed for the econometric analysis.



Overall, the specific form of the econometric model is determined in the parametric model. However, the function relation between the dependent variable and independent variable may not be the case. The nonparametric model does not assume the functional form between the dependent variable and independent variable, while it directly fits to the data of the dependent variable and independent variable, which solves this problem to a certain extent [40]. Nevertheless, the nonparametric model may cause the problem of “dimension curse”, and the boundary data fitting error is more significant. Thus, the self-adaptive semi-parametric panel model is used for the econometric analysis to solve the aforementioned problems. The semi-parametric model assumes that there is a linear relationship between part of the present independent and dependent variables, as well as a nonlinear relationship between the other part of independent and dependent variables. In addition, different smoothing factors are employed to capture the spatial heterogeneity of data from different industries [41].



For the nonparametric model:


   y i  = m  (   x i   )  +  ε i  , i = 1 , 2 , … n  



(7)







The expression is supposed as


  m  ( x )  = m  (  x ,  θ x   )  =  β 0  +  β 1  x + … +  β p   x p  +   ∑   k = 1    K m     b k     (  x −  κ k m   )   + p   



(8)




where   β =    (   β 0  ,  β 1  , ⋯ ,  β p   )   T   ,   b =    (   b 1  , ⋯ ,  b   K m     )   T   ,    θ X  =    (   β T  ,  b T   )   T   , and    κ 1 m  <  κ 2 m  < ⋯ <  κ   K m   m   ,    a + p    equals to      {  max  (  a , 0  )   }   p   .



To avoid the over fitting problems, it is assumed that:


    b k  ∼ N  (  0 ,  σ b 2   (   κ k m   )   )    ,  ε i  ∼ N  (  0 ,  σ ε 2   (   x i   )   )    



(9)







(the symbol ~ denotes    b k   ’s distribution of obedience). According to the work of Crainiceanu [42], the punitive spline model can be determined, as expressed in (10):


   {       y i  =  β 0  +  β 1   x i  + … +  β p   x i p  +    ∑   k = 1    K m      b k     (   x i  −  κ k m   )   + p  +  ε i         ε i  ~ N  (  0 ,  σ ε 2   (   x i   )   )  , i = 1 , 2 , … , n        b k  = N  (  0 ,  σ b 2   (   κ k m   )   )  , k = 1 , 2 , … ,  K m         



(10)







It is supposed that    σ ε 2   (   x i   )    and    σ b 2   (   κ k m   )    are modeled by logarithmic linear models, as expressed in Equations (12) and (13). Setting    σ b 2   (   κ k m   )    in log linear model is to develop a spatial adaptation method to simulate    σ b 2   (   κ k m   )   . The spatial adaptation method can capture the spatial heterogeneity of data in different regions. Moreover, different regions apply to different smoothing factors:


   {      l o g  (   σ ε 2   (   x i   )   )  =  γ 0  +  γ 1  + … +  γ p   x i p  +    ∑   s = 1    K ε      c s     (   x i  −  κ s ε   )   + p         c s  ~ N  (  0 ,  σ C 2   )  , s = 1 , 2 , … ,  K ε         



(11)






   {      l o g  (   σ b 2   ( x )   )  =  δ 0  +  δ 1  + … +  δ p   x q  +    ∑   s = 1    K b      d s     (   x i  −  κ s b   )   + q         d s  ~ N  (  o ,  σ d 2   )  , s = 1 , 2 , … ,  K b         



(12)







Given the work of Baladandayuthapani [43],    β 0  ,  β 1  , ⋯ ,  β p    prior distribution is a normal distribution with a mean value of 0 and a large variance.      {     b k   }      k = 1    K m     ’s prior distribution is independent of normal distribution.    b k  ~ N  (  0 ,  σ b 2   (   κ k m   )   )  ,     k = 1 , 2 , ⋯ ,  K m   ,    σ ε 2   (   x i   )    and    σ b 2   (   κ k m   )   ’s prior distribution refers to Gama distribution. In other words,    σ ε 2   (   x i   )  ~ I G  (   m ε  ,  n ε   )   ,    σ b 2   (   κ k m   )  ~ I G  (   m b  ,  n b   )    let   y =    [   y 1  ,  y 2  , ⋯ ,  y n   ]   T    be the first behavior of a matrix:


   C i  =  [  1 ,  x i  , … ,  x i p  ,    (   x i  −  κ 1   )   + p  , … ,    (   x i  −  κ K   )   + p   ]   



(13)







  D  ( b )    relies on  b , and the front   p + 1   diagonal element is 0. The rest of the diagonal elements are, respectively,    b 2   (   κ 1   )  , ⋯ ,  b 2   (   κ K   )   ’s diagonal array, adaptive smoothing coefficient b’s punitive spline estimation   v =  [   β T  ,  u T   ]    can be determined by the work of Ruppert et al. [41]:


   v ^   ( b )  =    {   C T  C + D  ( b )   }    − 1    C T  y  



(14)







The adaptive smoothing coefficient   b = (  b 1 *  ,  b 2 *  , … ,  b M *  )   is determined by minimizing the generalized cross validation statistics [41]:


  G V C  ( b )  =   ‖ y − C  v ^     ( b ) ‖   2       {  1 − d  f  f i t   / n  }   2     



(15)




where   d  f  f i t    ( b )  = t r  [     {   C T  C + D  ( b )   }    − 1    C T  C  ]    denotes the degree of freedom for fitting.



To analyze the relationships of effect of environment-related rules and environment-related efficiency, the previous analysis revealed that the impact of the effect of environment-related rules on environment-related efficiency is non-linear, and the factors (e.g., upgrading of industrial structures, GDP per capita, human resources level, urbanization rate, openness and technological progress) should be regulated. Accordingly, this study established an adaptive semi-parametric panel model with non-linear variable factors as well as linear variable factors. According to Equation (16), the full sample of cities, resource-based cities and non-resource-based cities, eastern, central and western cities are analyzed, respectively:


   y i  = f  (   x 1   )  +  β 2   x 2  +  β 3   x 3  +  β 4   x 4  +  β 5   x 5  +  β 6   x 6  +  β 7   x 7  +  β 8   x 8  +  β 9   x 9   



(16)




where    β i   (  2 ≤ i ≤ 9  )    denotes the coefficient of the corresponding variable, given the meaning of    y i   ,    x 1   –   x 9    above.




6. Empirical Results


With the AdaptFit module of R software, the evaluated results of the whole sample and the adaptive semi-parametric panel model of various industries are listed in Table 6. This table elaborates that technological progress boosts environment-related efficiency, which reveals that technological progress contributes to the environment-related efficiency enhancements. FDI dependency significantly reduces environment-related efficiency. The industrial profit margin affects environment-related efficiency both positively and negatively, and the whole sample, mining industry and the production and supply of electricity, heat, gas and water. Industrial profit margin of industries enhances environment-related efficiency, industrial profit margin of the manufacturing industry and the construction industry significantly reduces environment-related efficiency. Capital labor structure and environment-related efficiency have a negative impact. The effect of market concentration on environment-related efficiency is negative. Only the market concentration of the construction industry enhances environment-related efficiency, whereas such a positive effect is slight. The nationalization rate positively impacts environment-related efficiency.



With the adaptive semi-parametric regression model, the fitting graph of the effect of environment-related rules and environment-related efficiency of the broader national industry is presented in Figure 1; the fitting graph of the effect of environment-related rules and environment-related efficiency of mining industry is presented in Figure 2; the fitting graph of the effect of environment-related rules and environment-related efficiency of manufacturing industry is presented in Figure 3; the fitting graph showing the relation between the effect of environment-related rules and the environment-related efficiency of power, heat, gas and water production and supply industries is presented in Figure 4; the fitting graph of the relationship between the effect of environment-related rules and environment-related efficiency of the construction industry is given in Figure 5. According to Figure 1, the relationships of the effect of environment-related rules and environment-related efficiency in the broader national industry is a U-curve, and a significant heterogeneity is identified between the effect of environment-related rules and environment-related efficiency in the four industries. Thus, it is essential to delve into the relationships of the effect of environment-related rules and environment-related efficiency in the four industries. Figure 2 and Figure 3 show that the relationships of the effect of environment-related rules and environment-related efficiency of mining and manufacturing industry are flat. The effect of the environment-related rules of mining and manufacturing industry slightly impacts the environment-related efficiency enhancements and should be strengthened. Figure 5 elaborates an increasing relationship between the effect of environment-related rules and environment-related efficiency of the construction industry, and the effect of environment-related rules of the construction industry has a certain impact on the environment-related efficiency enhancements. Figure 4 presents that the relationships of the effect of environment-related rules and environment-related efficiency of power, heat, gas and water production and supply industries exhibit a N-shaped curve, i.e., with the rise in the effect of environment-related rule, environment-related efficiency is first up-regulated and subsequently down-regulated, and then it shows a rise. Accordingly, the government should adopt different policies for different industries, rationally use environment-related rule policies, and realize the optimal development of industry economy and environment.



Now, the environment-related efficiency is divided into two parts: the technical gap of environment-related efficiency and the potential of environment-related efficiency enhancements. Subsequently, the two parts and the effect of environment-related rules are econometrically measured and analyzed, respectively.



Table 7 lists the evaluated results of the self-adaptive semi-parametric panel model for the whole sample and the technological gap of environment-related efficiency in a range of industries. This shows the impact of technological progress on the technological gap of environment-related efficiency is positive, demonstrating that technological progress is conducive to the expansion of the technological gap of environment-related efficiency; the FDI dependency of the broader national industry, manufacturing and power, heat, water production and supply industries can obviously broaden the technological gap of environment-related efficiency; mining and construction industries can broaden the technological gap of environment-related efficiency. The FDI dependency of industries can effectively narrow the technological gap of environment-related efficiency. The industrial profit margin can obviously broaden the technological gap of environment-related efficiency; the capital labor structure of the broader national industry, manufacturing industry and power, heat, water production and supply industry can obviously broaden the technological gap of environment-related efficiency; the capital labor structure of the manufacturing industry and the construction industry can effectively narrow the technological gap of environment-related efficiency. The effect of the market concentration on the technological gap of environment-related efficiency is negative, only the market concentration degree of mining industry can effectively narrow the technological gap of environment-related efficiency; the nationalization rate of the four major industries can obviously broaden the technological gap of environment-related efficiency, whereas the effect of the market concentration degree of the broader national industry on the technological gap of environment-related efficiency is positive.



Fitting graphs of the technical gap between effect of environment-related rules and environment-related efficiency of the broader national industry are presented in Figure 6; the fitting graph of the technical gap between the effect of environment-related rules and the environment-related efficiency of the mining industry is presented in Figure 7; the fitting graph of the technical gap between the effect of environment-related rules and the environment-related efficiency of the manufacturing industry is presented in Figure 8; the fitting graph of the technical gap between the effect of environment-related rules and environment-related efficiency in power, heat, gas and water production and supply industries is presented in Figure 9; the fitting graphs between the effect of environment-related rules and the technical gap of environment-related efficiency in the construction industry is presented in Figure 10. From Figure 6 to Figure 10, there is an upward relationship between the effect of environment-related rules and the technical gap of environment-related efficiency in the broader national industry. The relationships of the effect of environment-related rules and the technical gap of environment-related efficiency in the mining industry comply with a U-shaped curve, and the relationships of the two are basically upward in the mining sample data. A decreasing relationship was identified between the effect of environment-related rules and environment-related efficiency technology gap in the mining industry. The production and supply of electricity, heat, gas and water and the technical gap between the effect of environment-related rules and environment-related efficiency in the construction industry are all increasing.



The evaluated results of the self-adaptive semi-parametric panel model for the whole sample and the potential environment-related efficiency enhancements in various industries are listed in Table 8. As can be seen from Table 8, the technological progress of the broader national industry, mining and manufacturing industries can elevate the potential of environment-related efficiency enhancements, while the production and supply of electricity, heat, gas and water and construction industries have a negative impact on the potential of environment-related efficiency enhancements; the FDI dependency of the broader national industry, the production and supply of electricity, heat and water and the construction industry adversely affect the potential of environment-related efficiency enhancements; the FDI dependence of the mining industry and manufacturing industry can elevate the potential of environment-related efficiency enhancements; industrial profit margin adversely affects the potential of environment-related efficiency enhancements, and only the industrial profit margin of mining industry can boost the potential of environment-related efficiency enhancements; capital and labor structure boosts the potential of environment-related efficiency enhancements; market concentration adversely affects the potential of environment-related efficiency enhancements; the nationalization rate of the broader national industry, mining industry and manufacturing industry adversely affects the potential of environment-related efficiency enhancements. The impacts of the nationalization rate of electricity, heat, gas and water production and the supply industries and construction industries on the potential of environment-related efficiency enhancements is positive.



Fitting graph of the relationship between the effect of environment-related rules and the potential of environment-related efficiency enhancements of the broader national industry is presented in Figure 11; the fitting graph of the relationship between the effect of environment-related rules and the potential of environment-related efficiency enhancements of the mining industry is presented in Figure 12; the fitting graph of the relationship between the effect of environment-related rules and the potential of environment-related efficiency enhancements is given in Figure 13; the fitting graph of the relationship between the effect of environment-related rules and the potential of environment-related efficiency enhancements of power, heat, gas and water production and supply industries is given in Figure 14; the fitting graph of the relationship between the effect of environment-related rules and the potential of environment-related efficiency enhancements in the construction industry is given in Figure 15. Figure 11, Figure 12, Figure 13, Figure 14 and Figure 15 show that there is a W-shaped curve relationship between the effect of environment-related rules and the potential of environment-related efficiency enhancements in the broader national industry. However, considering the four industries of mining, manufacturing, electricity, heat, gas and water production and supply—and construction separately—the relationships between the effect of environment-related rules and the potential of environment-related efficiency enhancements are decreasing. As fueled by the optimization of the effect of environment-related rule, the potential of environment-related efficiency enhancements in the manufacturing industry largely decreases, while the potential of environment-related efficiency enhancements in power, heat, gas and water production and supply industries decreases slightly.




7. Threshold Effect of Effect of Environment-Related Rules and Environment-Related Efficiency


7.1. Industry Classification


Existing studies on environment-related rules of industries have commonly performed the simple classification of industries. Most frequently, all industries are split into pollution-intensive industries and cleaner production industries. According to the classification of Shen [21], 38 industries are divided into pollution-intensive industries and cleaner production industries (e.g., pollution-intensive industries and cleaner production industries), as presented in Table 9.




7.2. Threshold Regression Model


In this section, a threshold regression model is used to determine the threshold effect of environment-related efficiency among industries, and to distinguish between polluting industries and non-polluting industries. According to Qu [34], for a specific threshold, the effect of environment-related rules with a lag period is taken as the threshold variable, and the panel threshold regression model is set as follows:


  l n  y 1  =  β 0  +  β 1  l n  x   1  t − 1     +  β 2  l n  x   1  t − 1     × I  (   x 1  <  ξ 1   )  +  β 3  l n  x   1  t − 1     × I  (   ξ 1  ≤  x 1  ≤  ξ 2   )  +  β 4  l n  x   1  t − 1     × I  (   x 1  ≥  ξ 2   )  +  ε t   



(17)




where I(·) is the indicative function, when the conditions in brackets are satisfied, I(·) equals to 1, or otherwise equals to 0.



With xthreg command in Stata software, the estimated threshold values of the broader national industry are 0.8851, 0.9829, 0.8831 and 0.9841. The optimal range of effect of environment-related rules in pollution-intensive industries is (0.8831, 0.9829) and in cleaner production industries is (0.8831, 0.9841).



There is indeed a threshold effect in environment-related rule. When the effect of environment-related rules is lower than the optimal range, the environment-related rule policies do not fulfill their role. When the effect of environment-related rules is higher than the optimal range, the effect of environment-related rules is too strong, which exceeds the extent that the industry can bear and distorts the development of the industry. According to the sample data, there is little difference in the optimal range of effect of environment-related rules between pollution-intensive industries and cleaner production industries, which indicates that the existing environment-related rule policies do not treat different industries differently.





8. Conclusions


This study used the adaptive semi-parametric panel model to estimate the results and divided them into five dimensions: the broader national industry; mining; manufacturing; power, heat, gas and water production and supply industry; and the construction industry, to analyze how the effect of environment-related rules affects environment-related efficiency. The following conclusions were drawn: (1) The relationships between the effect of environment-related rules and environment-related efficiency of the broader national industry comply with a U-shaped curve; the relationships between effect of environment-related rules and environment-related efficiency of mining industry and manufacturing industry are flat; the relationships between the effect of environment-related rules and environment-related efficiency of power, heat, gas and water production and supply industry comply with an N-shaped curve. The relationships of the effect of environment-related rules and environment-related efficiency of the construction industry are rising; (2) An upward relationship was identified between the effect of environment-related rules and the technical gap of environment-related efficiency in the broader national industry, and a U-shaped curve relationship between the effect of environment-related rules and the technical gap of environment-related efficiency in the mining industry. The relationships of the two are basically an upward one in the mining sample data; the technical gap between the effect of environment-related rules and environment-related efficiency in the mining industry. A downward relationship was identified between them, while an upward relationship was revealed between the effect of environment-related rules and the technical gap of environment-related efficiency between the production and supply of electricity, heat, gas and water and the construction industry; (3) A W-shaped curve relationship was identified between the effect of environment-related rules and the potential of environment-related efficiency enhancements in the broader national industry, whereas the four industries of mining, manufacturing, power, heat, gas and water production and supply, and construction are separated. The relationships of the effect of environment-related rules and the potential of environment-related efficiency enhancements are declining. With the improvement of the effect of environment-related rule, the potential of environment-related efficiency enhancements in the manufacturing industry decreases the most, while the potential of environment-related efficiency enhancements in the power, heat, gas and water production and supply industries decreases less; (4) The government is required to apply different environment-related rule policies to different industries and their different stages of development, fully exploit such environment-related rule policies as industries and technologies, optimize the environment-related rule system, and achieve the coordinated development of industry economy and environment. From the empirical results, it is critical to enhance the effect of environment-related rules in the mining and manufacturing industries, elevate their technical level, and make the effect of environment-related rules have a positive relationship with the environment-related efficiency enhancements; (5) Environment-related rules exert a threshold effect on environment-related efficiency. When the effect of environment-related rules is lower than the optimal range, environment-related rule policies do not play their due role. When the effect of environment-related rules is higher than the optimal range, the effect of environment-related rules is too strong, thereby exceeding the extent that the industry can bear and distorts the development of the industry. According to the sample data, the optimal range of the effect of environment-related rules between pollution-intensive industries and cleaner production industries is relatively close, demonstrating that the existing environment-related rule policies do not differentiate between pollution-intensive industries and cleaner production industries, and future environment-related rule policies should differentiate between them.



Given the aforementioned conclusions, the following policy suggestions are proposed. (1) According to different industries and their different development stages, the government should implement different environment-related rule policies, comprehensively employ environment-related rule policies (e.g., industries and technologies), improve the environment-related rules system, and develop the industrial economy and environment in a coordinated manner. The empirical results suggest that it was particularly necessary to strengthen the environment-related rules’ intensity of mining and manufacturing industries and improve their technical level, enabling a positive relationship between the environment-related rules’ intensity and the improvement of environment-related efficiency. (2) For the environment-related policies, pollution-intensive industries and clean production industries should be treated differently, while the optimal range of environment-related rules in different industries should be considered as an attempt to ensure the steady improvement of the industrial production technologies.
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Figure 1. Fitting of the effect of environment-related rules and environment-related efficiency of the broader national industry sample. 
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Figure 2. Fitting diagram of effect of environment-related rules and environment-related efficiency in the mining industry. 
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Figure 3. Fitting of effect of environment-related rules and environment-related efficiency in the manufacturing industry. 
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Figure 4. Fitting diagrams of effect of environment-related rules and environment-related efficiency of power, heat, gas and water production and supply industries. 






Figure 4. Fitting diagrams of effect of environment-related rules and environment-related efficiency of power, heat, gas and water production and supply industries.
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Figure 5. Fitting of effect of environment-related rules and environment-related efficiency in the construction industry. 
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Figure 6. Fitting of technical gap between effect of environment-related rules and environment-related efficiency in the broader national industry. 
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Figure 7. Fitting of technical gap between effect of environment-related rules and environment-related efficiency in the mining industry. 
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Figure 8. Fitting of technical gap between effect of environment-related rules and environment-related efficiency in the manufacturing industry. 
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Figure 9. Fitting chart of technical gap of effect of environment-related rules and environment-related efficiency in electricity, thermal, gas and water production and supply industries. 






Figure 9. Fitting chart of technical gap of effect of environment-related rules and environment-related efficiency in electricity, thermal, gas and water production and supply industries.
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Figure 10. Fitting of technical gap between effect of environment-related rules and environment-related efficiency in the construction industry. 
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Figure 11. Fitting potential of effect of environment-related rules and potential of environment-related efficiency enhancements for the broader national industry. 
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Figure 12. Fitting potential for improvement of effect of environment-related rules and environment-related efficiency in the mining industry. 
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Figure 13. Fitting potential for improvement of effect of environment-related rules and environment-related efficiency in the manufacturing industry. 
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Figure 14. Fitting Chart of effect of environment-related rules and potential of environment-related efficiency enhancements in electricity, thermal, gas and water production and supply industries. 
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Figure 15. Fitting of the technical gap between the effect of environment-related rules and environment-related efficiency in the construction industry. 
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Table 1. Descriptive statistics of all sample variable factors in the industry.
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	Variable
	Code Name
	Mean Value
	Standard Deviation
	Maximum Value
	Minimum Value





	Environment-related efficiency
	y1
	0.835
	0.115
	1.000
	0.667



	Effect of environment-related rule
	x1
	0.892
	0.15
	1.000
	0.278



	Technical progress
	x2
	0.047
	0.051
	0.393
	0



	FDI dependency
	x3
	0.047
	0.041
	0.362
	0



	Industrial profit rate
	x4
	0.08
	0.07
	1
	−0.044



	Capital labor structure
	x5
	0.395
	0.421
	2.817
	0.031



	Market concentration
	x6
	0.258
	0.148
	1.022
	0.039



	Nationalization rate
	x7
	0.248
	0.279
	1.047
	0.003
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Table 2. Descriptive statistics of variable factors in the mining industry.






Table 2. Descriptive statistics of variable factors in the mining industry.





	Variable
	Code Name
	Mean Value
	Standard Deviation
	Maximum Value
	Minimum Value





	Environment-related efficiency
	y1
	0.796
	0.103
	1
	0.667



	Effect of environment-related rule
	x1
	0.760
	0.175
	0.988
	0.329



	Technical progress
	x2
	0.028
	0.036
	0.134
	0.002



	FDI dependency
	x3
	0.013
	0.025
	0.186
	0



	Industrial profit rate
	x4
	0.111
	0.085
	0.433
	0.008



	Capital labor structure
	x5
	0.487
	0.410
	2.093
	0.106



	Market concentration
	x6
	0.343
	0.171
	1.022
	0.187



	Nationalization rate
	x7
	0.339
	0.276
	0.946
	0.015
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Table 3. Descriptive statistics of variable factors in the manufacturing industry.






Table 3. Descriptive statistics of variable factors in the manufacturing industry.





	Variable
	Code Name
	Mean Value
	Standard Deviation
	Maximum Value
	Minimum Value





	Environment-related efficiency
	y1
	0.846
	0.112
	1.000
	0.67



	Effect of environment-related rule
	x1
	0.920
	0.127
	0.998
	0.278



	Technical progress
	x2
	0.025
	0.017
	0.083
	0.004



	FDI dependency
	x3
	0.052
	0.034
	0.14
	0



	Industrial profit rate
	x4
	0.084
	0.035
	0.167
	0.029



	Capital labor structure
	x5
	0.227
	0.191
	0.913
	0.031



	Market concentration
	x6
	0.252
	0.131
	0.746
	0.05



	Nationalization rate
	x7
	0.134
	0.271
	1.047
	0.003
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Table 4. Descriptive statistics of variable factors in the production and supply of electricity, heat, gas and water.






Table 4. Descriptive statistics of variable factors in the production and supply of electricity, heat, gas and water.





	Variable
	Code Name
	Mean Value
	Standard Deviation
	Maximum Value
	Minimum Value





	Environment-related efficiency
	y1
	0.851
	0.116
	1.000
	0.673



	Effect of environment-related rule
	x1
	0.944
	0.091
	1.000
	0.533



	Technical progress
	x2
	0.080
	0.059
	0.393
	0.009



	FDI dependency
	x3
	0.049
	0.036
	0.362
	0.001



	Industrial profit rate
	x4
	0.070
	0.082
	1.000
	−0.044



	Capital labor structure
	x5
	0.305
	0.216
	1.095
	0.053



	Market concentration
	x6
	0.234
	0.149
	1.006
	0.039



	Nationalization rate
	x7
	0.210
	0.200
	1.012
	0.026
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Table 5. Descriptive statistics of variable factors in the construction industry.






Table 5. Descriptive statistics of variable factors in the construction industry.





	Variable
	Code Name
	Mean Value
	Standard Deviation
	Maximum Value
	Minimum Value





	Environment-related efficiency
	y1
	0.795
	0.121
	1.000
	0.671



	Effect of environment-related rule
	x1
	0.811
	0.206
	1.000
	0.294



	Technical progress
	x2
	0.002
	0.001
	0.004
	0.000



	FDI dependency
	x3
	0.088
	0.065
	0.210
	0.015



	Industrial profit rate
	x4
	0.042
	0.029
	0.106
	0.004



	Capital labor structure
	x5
	1.333
	0.648
	2.817
	0.572



	Market concentration
	x6
	0.215
	0.049
	0.315
	0.143



	Nationalization rate
	x7
	0.688
	0.196
	0.943
	0.421
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Table 6. The estimation of environment-related efficiency for the full sample and industry by the adaptive semi-parametric panel model.






Table 6. The estimation of environment-related efficiency for the full sample and industry by the adaptive semi-parametric panel model.





	Variable
	Code Name
	Full Sample
	Mining Industry
	Manufacturing Industry
	Production and Supply of Electricity, Heat, Gas and Water
	Construction Business





	Technical progress
	x2
	0.354 ***

(0.0007)
	0.232

(0.616)
	1.416

(0.1678)
	0.456 ***

(0.0014)
	80.55

(0.1046)



	FDI dependency
	x3
	−0.032

(0.8082)
	−0.094

(0.8481)
	−0.934 ***

(0.0117)
	0.037

(0.8754)
	1.252 **

(0.0498)



	Industrial profit rate
	x4
	0.12

(0.1234)
	0.045

(0.8305)
	−0.689 **

(0.0425)
	0.039

(0.6865)
	−0.225

(0.7917)



	Capital labor structure
	x5
	−0.086 ***

(0.0000)
	−0.059

(0.3016)
	−0.156 ***

(0.0121)
	−0.134 ***

(0.0189)
	−0.078

(0.2977)



	Market concentration
	x6
	−0.052

(0.2097)
	−0.096

(0.5354)
	−0.636 ***

(0.0025)
	−0.088

(0.1247)
	0.107

(0.8539)



	Nationalization rate
	x7
	0.131 ***

(0.0000)
	0.233 ***

(0.0048)
	0.41 ***

(0.0025)
	0.096 **

(0.0477)
	−0.17

(0.4713)



	Nonparametric results
	df
	5.624
	1.143
	1.23
	3.691
	1.71







Note: Value in brackets is the p value is. Specifically, p value less than 0.001 is recorded as ***; p value less than 0.01 is recorded as **.
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Table 7. Evaluated results of the adaptive semi-parametric panel model for the whole sample and the technical gap of environment-related efficiency in different industries.






Table 7. Evaluated results of the adaptive semi-parametric panel model for the whole sample and the technical gap of environment-related efficiency in different industries.





	
Variable

	
Code Name

	
Full Sample

	
Mining Industry

	
Manufacturing Industry

	
Production and Supply of Electricity, Heat, Gas and Water

	
Construction Business






	
Technical progress

	
x2

	
0.2612 **

(0.0238)

	
1.545 ***

(0.0002)

	
0.0497

(0.1353)

	
−0.4764 ***

(0.0023)

	
3.495

(0.957)




	
FDI dependency

	
x3

	
−0.1206

(0.4602)

	
0.0151

(0.9737)

	
−0.1598 ***

(0.0002)

	
−0.1326

(0.6097)

	
0.8893

(0.2864)




	
Industrial profit rate

	
x4

	
−0.1876 **

(0.0296)

	
−0.2115

(0.2811)

	
−0.0435 *

(0.0765)

	
−0.1907 *

(0.0787)

	
−0.5308

(0.6355)




	
Capital labor structure

	
x5

	
−0.1048 ***

(0.0000)

	
−0.1571 ***

(0.0024)

	
0.0596 ***

(0.0000)

	
−0.1871 ***

(0.0004)

	
0.0095

(0.9224)




	
Market concentration

	
x6

	
−0.0063

(0.8911)

	
0.3134 **

(0.0278)

	
−0.0405 ***

(0.002)

	
−0.0979

(0.1195)

	
−0.6929

(0.3655)




	
Nationalization rate

	
x7

	
0.0243

(0.4588)

	
−0.019

(0.8011)

	
−0.0196 **

(0.0384)

	
−0.0207

(0.696)

	
−0.1896

(0.5399)




	
Nonparametric results

	
df

	
1

	
2.647

	
7.18

	
1

	
1




	
spar

	
593.7

	
0.4313

	
0.1313

	
385.6

	
688.7




	
knots

	
36

	
14

	
36

	
34

	
5








Note: Value in brackets is the p value is. Specifically, p value less than 0.001 is recorded as ***; p value less than 0.01 is recorded as **; p value less than 0.05 is recorded as *.
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Table 8. Evaluated results of the adaptive semi-parametric panel model for the whole sample and the potential for environment-related efficiency enhancements in various industries.






Table 8. Evaluated results of the adaptive semi-parametric panel model for the whole sample and the potential for environment-related efficiency enhancements in various industries.





	
Variable

	
Code Name

	
Full Sample

	
Mining Industry

	
Manufacturing Industry

	
Production and Supply of Electricity, Heat, Gas and Water

	
Construction Business






	
Technical progress

	
x2

	
0.0497

(0.1353)

	
0.6377 ***

(0.0146)

	
0.0129 ***

(0.0005)

	
−7.092e−03

(0.3526)

	
−4.877

(0.7374)




	
FDI dependency

	
x3

	
−0.1598 ***

(0.0002)

	
0.3471

(0.2105)

	
1.579e−04

(0.9062)

	
−0.0268 **

(0.0333)

	
−0.468 ***

(0.012)




	
Industrial profit rate

	
x4

	
−0.0435 *

(0.0765)

	
0.0025

(0.9829)

	
−1.449e−03 *

(0.2385)

	
−2.776e−04

(0.9578)

	
−0.1285

(0.6046)




	
Capital labor structure

	
x5

	
0.0596 ***

(0.0000)

	
0.041

(0.2064)

	
7.016e−04 ***

(0.0016)

	
0.0133 ***

(0.0000)

	
0.0573 ***

(0.0134)




	
Market concentration

	
x6

	
−0.0405 ***

(0.002)

	
−0.0749

(0.3901)

	
2.719e−04

(0.7206)

	
−2.851e−03

(0.3558)

	
−0.0676

(0.6917)




	
Nationalization rate

	
x7

	
−0.0196 **

(0.0384)

	
−0.059

(0.2029)

	
−1.41e−03 **

(0.0199)

	
2.847e−03

(0.2711)

	
0.1759 ***

(0.0111)




	
Nonparametric results

	
df

	
7.18

	
1.39

	
1.38

	
2.306

	
1.844




	
spar

	
0.1313

	
8.8

	
2.7

	
0.3906

	
0.7697




	
knots

	
36

	
14

	
26

	
34

	
5








Note: Value in brackets is the p value is. Specifically, p value less than 0.001 is recorded as ***; p value less than 0.01 is recorded as **; p value less than 0.05 is recorded as *.
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Table 9. Industry Classification.






Table 9. Industry Classification.





	Pollution Intensive Industries
	Cleaner Production Industry





	Coal mining and washing; non-metallic mining and dressing; ferrous metal mining and dressing; petroleum; natural gas mining; non-metallic mineral products; chemical fiber manufacturing; chemical raw materials and products manufacturing; non-ferrous metal smelting; petroleum processing; non-ferrous metal mining and dressing; ferrous metal smelting; paper and paper products; electricity; thermal production; gas production and supply; pharmaceutical manufacturing; rubber products
	Metal products; food manufacturing; beverage manufacturing; textile and garment manufacturing; whose production and supply; electrical machinery manufacturing; cultural and educational supplies manufacturing; communication equipment manufacturing; special equipment manufacturing; general equipment manufacturing; crafts manufacturing; automobile manufacturing; railway; ship; aerospace and other transportation equipment manufacturing waste gas resource processing; wood processing products; printing industry; furniture manufacturing industry; tobacco products; instruments; agricultural and sideline food processing; leather and fur products
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