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Abstract


The implementation of green development has become an important choice for countries seeking the harmonious development of the economy and the environment. The National Ecological Civilization Pilot Zone is an innovative institutional mechanism for exploring green development in China. This study utilizes the National Ecological Civilization Pilot Zone policy as a quasi-natural experiment. Adopting data from 290 prefecture-level and above cities in China during 2014–2019 as the research object, this study matches the propensity score and improved differences-in-differences to assess the impact of green development mechanism innovation on regional total-factor environmental efficiency. The results show that this innovation had a significant impact on the improvement of total-factor environmental efficiency. Compared with non-pilot cities, the implementation of pilot zone areas contributed 16.78% to the growth of total-factor environmental efficiency in the experimental group cities. In addition, further analysis shows that mechanism innovation is more effective in areas with high pollution and high resource consumption. This study enriches the research on evaluation of the impact of innovation in green development mechanisms and provides a reference for further promoting pilot national ecological civilization zones.
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1. Introduction


With the continuing progress and development of human society, the negative impact of production activities on the environment has become one of the global issues that must be urgently addressed [1]. Deterioration of the environment has in turn started to negatively affect human beings, resulting in representative features of decreasing economic growth, increasing unemployment, and unbalanced distribution of wealth [2]. In this context, how the emissions of various pollutants can be reduced while retaining production activities to achieve green development has become one of the hot research topics across various countries. Many countries and organizations have made considerable efforts to promote green development. In 2010, the World Bank and the International Monetary Fund actively promoted the Green Fund program. In 2012, the United Nations Conference on Sustainable Development proposed the development of a green economy to promote green development. In the process of green development, a number of countries (such as the United States, Germany, and Japan) have introduced relevant policies [3]. In order to encourage the transformation and upgrading of domestic enterprises, the United States introduced the Energy Policy Program and the National Comprehensive Energy Strategy. Similarly, to accelerate the transformation of domestic enterprises while reducing emissions, Germany promulgated the extremely strict Combustion Pollution Control Act and the Air Emissions Control Act. Because of its resource shortage, Japan focused on recycling of resources by its citizens and enacted laws on the recycling of household appliances, recycling of containers and packaging and an automobile recycling program.



China is also actively pursuing actions to promote green development. The China Human Development Report 2002 clarified for the first time that green development is an inevitable path for China. The Outline of the 12th Five-Year Plan for National Economic and Social Development of the People’s Republic of China (promulgated in 2011) shows that for the first time China has incorporated green development at a national document level. In 2015, the effective increase in the prevention and control of water pollution and the guarantee of national water security was promulgated. In 2016, the General Office of the Communist Party of China (CPC) Central Committee and the General Office of the State Council issued the formulation of the Green Development Index System as the basis for the evaluation and assessment of the construction of China’s ecological civilization. Subsequently, the National Ecological Civilization Pilot Zone (Fujian) Implementation Plan was promulgated, and Fujian province became the first national ecological civilization pilot zone. Fujian has made positive progress and has shown obvious results in the construction and reform of ecological civilization. This shows that the National Ecological Civilization Pilot Zone acted as an innovative mechanism to promote green development in China and has had a significant impact on reducing environmental pollution and improving ecological benefits [4]. Therefore, the innovative green development mechanism in China’s pilot ecological civilization zones may have some practical significance for green development in other countries.



Environmental efficiency is often used to quantify the quality of the balance between economic growth and environmental protection during a region’s green development. It is often applied in studies at national, provincial, and city scales. Studies focusing on environmental efficiency at the national scale focus on the whole country [5] and have been conducted for OCED countries [6,7], the B&R countries [8], and EU member states [9]. Studies at the provincial scale started from the green development efficiency of each province and moved to its implementation at the national level [10,11,12]. To measure green development efficiency at the city scale, Li et al. (2021) [13], Liu et al. (2020) [14], Wang et al. (2018, 2019) [15,16], and Jia et al. (2018) [17] measured the green development efficiency of key Chinese regions, such as Beijing-Tianjin-Hebei, the Yangtze River Economic Belt, the Yangtze River Delta, the Pearl River Delta, and the Yellow River Basin, respectively.



In addition to measuring environmental efficiency, the factors influencing environmental efficiency are also a hot research topic and can be divided into direct and indirect influencing factors. Most studies on direct influencing factors analyze the influence of two major categories on environmental efficiency, namely the input and the output. The amount of fixed asset investment, labor input, and resource and energy inputs are the primary factors most often employed in studies focusing on the impact of input factors on environmental efficiency [18,19,20]. However, indirect influences on total-factor environmental efficiency (TFEE) are mainly considered external influences and include the level of economic development [21], industrial structure [22,23,24], and regional openness [25].



Indirect factors of governmental behavior, such as governmental inputs [26] and policy implementation [27,28] affect TFEE by influencing direct factors. In recent years, how to reflect and quantify the effect of policy reforms or pilots on TFEE has become one of the key foci of academic research. At present, there are two different theoretical perspectives on the study of the impact of policies on environmental efficiency. One view is that the impact of the implementation of environmental policies on TFEE is negative and that the implementation of environmental policies increases the production costs of treating pollutants by firms or reduces production inputs to reduce the emissions of pollutants, thereby reducing TFEE [29,30]. Another view is that the implementation of environmental policies can improve TFEE. For example, Ouyang et al. (2020) [31] revealed that carbon emission policies can effectively reduce CO2 emissions and increase total-factor productivity. Liu et al. (2021b) [32] explored the impact of air-pollution control policies in key Chinese cities and found that environmental regulations provided substantial improvements in environmental quality and were able to partially offset the negative effects of cost impacts.



While the issues of green development mechanism innovation and enhancement of environmental efficiency have been discussed sufficiently, there is still room for expansion. Specifically, research should focus on the following three aspects: First, the mechanism and policy effects on environmental efficiency enhancement employed a focus on the theoretical level, and quantitative studies on the relationship between the two factors are scarce. In particular, the impact mechanism of national ecological civilization pilot zone policy on the enhancement of environmental efficiency is less explored. Second, studies on the identification of the effects of policy mechanisms rarely exclude the interference of other possible factors. Third, studies on the effects of policy mechanism innovation on the enhancement of environmental efficiency focus only on the average level, while they leave the heterogeneous effects on different types of cities unexplored.



To fill these research gaps, this study presents an in-depth exploration of the impact of green development mechanism innovation on TFEE. A total of 290 Chinese cities at the prefecture level and above were taken as research objects. Nine cities in Fujian province that were listed as the first pilot ecological civilization construction zones were taken as the experimental group, and the remaining 281 cities were taken as the control group. The TFEE and its cumulative improvement for the period of 2014–2019 in these cities was measured, and the effect of mechanism innovation was assessed (i.e., the effective promotion of ecological civilization construction pilot city work and its effect on local environmental efficiency). The performance of mechanism innovation on the improvement of environmental efficiency was assessed for different types of cities.



This study presents three main research contributions. First, the policy effect of mechanism innovation on environmental efficiency is considered. From the policy perspective, the mechanism of the effective implementation of the pilot ecological civilization construction zone policy on the enhancement of environmental efficiency is clarified. Second, although some studies have explored the effects of environmental policies on environmental efficiency, they have not excluded the effects of other possible factors [33,34]. This study identifies the net effect of green development mechanisms on the enhancement of environmental efficiency. Herein, the factors that may affect the enhancement of environmental efficiency, such as city size and strength, are controlled, and the role of green development mechanism innovation in enhancing the environmental efficiency is examined. Third, the average and heterogeneity impact of pilot policies on environmental efficiency are explored. In addition to the general impact of green development mechanisms on environmental efficiency, the heterogeneity impact of green development mechanisms on urban environmental efficiency is also studied. The remainder of this study is organized as follows: Section 2 analyzes the institutional background and theoretical hypothesis of pilot ecological civilization zones. Section 3 presents the methods, cases, and models used in this study. Section 4 analyzes the overall impact of mechanism innovation on changes in environmental efficiency. Section 5 provides an in-depth analysis of the heterogeneous impact of mechanism innovation on different cities, and Section 6 presents a summary of key results, suggests policy recommendations, and provides a research outlook.




2. Policy Background and Theoretical Hypothesis


Green development innovation can be understood simply as an innovative mechanism to reduce adverse impact on the environment or improve environmental performance. Similar concepts include eco-innovation, environmental innovation, and innovation for sustainable development [35]. Compared with traditional green development mechanisms, green development mechanism innovation considers environmental issues while achieving economic benefits. The current green development mechanism innovation is mainly in macro-level national or regional green innovation policy design. China is an active practitioner of green development [36]. Based on the concept of sustainable development, the Chinese government proposed the path of developing an ecological civilization and elevated the status of the construction of an ecological civilization to a national strategy in 2007 [37]. In the construction of an ecological culture, the National Ecological Civilization Pilot Zone Policy is able to combine national strategies with specific local practices, allowing the ecological civilization development paradigm to align with China’s current national conditions. Compared to other green development mechanism innovations, the National Ecological Civilization Pilot Zone policy creates a vehicle and coordination mechanism for other specific policies and is the latest achievement in China’s environmental governance. It is crucial to study the impact of national ecological civilization pilot zone policies on green development innovation [38].



2.1. The Pilot Ecological Civilization Zone


Since 2012, China has made a series of decisions and arrangements to accelerate the construction of ecological civilization. A number of programs were introduced for accelerating the construction of an ecological civilization and reforming the ecological civilization system. This is particularly the case regarding the institutional system, which is not yet complete. The institutional mechanism bottleneck must be overcome. To achieve this, the combination of top-level design and local practice must be strengthened, reform and innovation experiments must be carried out, and an ecological civilization institutional model suitable to China’s national conditions and the development stage of each place must be identified [4]. Against this backdrop, the 13th Five-Year Plan for China’s national economic and social development clearly proposes the establishment of a unified and standardized national ecological civilization pilot zone. This step should strengthen the guidance for the construction of local ecological civilization in provinces and municipalities, accelerate the construction of China’s ecological civilization, and realize the harmonious coexistence of man and nature [39].



Because of Fujian’s good ecological foundation, the government attaches great importance to its sustainable development and ecological civilization. In August 2016, the General Office of the CPC Central Committee and the General Office of the State Council issued the Implementation Plan for the National Ecological Civilization Pilot Zone (Fujian). This plan aims to continue Fujian’s long experience in building an ecological civilization and promoting the reform of the ecological civilization system toward higher standards and greater resolution. As a testing ground, Fujian will turn ecological advantages into development advantages and achieve green development, green enrichment, and green benefits for the people. As a result, Fujian became the first national ecological culture pilot area of China [40].




2.2. Overview of the Pilot Cities


Fujian (23°33′–28°20′ N to 115°50′–120°40′ E) is located in southeastern China, and it is one of the four coastal provinces of eastern China (these are Shandong, Zhejiang, Jiangsu, and Fujian, excluding Taiwan and Shanghai). It faces the Taiwan Strait to the east and Taiwan province to the northeast, borders Zhejiang province to the northeast, crosses the Wuyi mountains to the northwest and Jiangxi province to the border, and is connected to Guangdong province to the southwest, thus connecting the Yangtze River Delta and the Pearl River Delta. Fujian has nine prefecture-level cities (Fuzhou, Xiamen, Quanzhou, Zhangzhou, Putian, Longyan, Sanming, Nanping, and Ningde), with 12 county-level cities, 44 counties, and 29 municipal districts, as shown in Figure 1.



In 2019, Fujian achieved an annual regional GDP of 42,395.00 billion yuan, which represents a 7.6% increase over the previous year. In the same year, Fujian ranked 8th in the country in terms of GDP. The annual per capita regional GDP was 15,534.8 USD, which represents a 6.7% increase over the previous year, reaching the level of high-income countries. The total population was 39.73 million, which is close to the average of the country. Moreover, the regional urbanization rate reached 66.5%, which is higher than the national average. The proportion of secondary industry was 48.5%, which is more than 10 percentage points higher than the national average [41]. The proportion of tertiary industry ranked last in China, and therefore the industrial structure must be optimized.



The ecological environment of Fujian leads the country. The water quality ratio of 12 major watersheds in the province is 96.5%, which is 21.6 percentage points higher than the national average (2019). The water quality compliance rate of centralized drinking water sources is 100% at the county level and above. The average ratio of urban air quality compliance days in nine cities and one district is 98.3%, which is 16.3 percentage points higher than the national average. The forest coverage rate is 66.8%, which holds first place in the country. Fujian is also the breeding ground of Xi Jinping’s concept of ecological civilization and boasts remarkable achievements in its construction [42]. This province has been the pioneer and benchmark area for the construction of ecological culture in China and is the only province that has a sufficiently good foundation in the National Ecological Civilization Pilot Area Implementation Plan.




2.3. Theoretical Hypothesis


The Implementation Plan for the National Ecological Civilization Pilot Zone (Fujian) calls for building a new model of ecological civilization, exploring innovation in ecological civilization institutions and mechanisms, and accelerating green development. As a kind of policy mechanism innovation, the role of pilot ecological civilization zones in improving environmental efficiency is mainly reflected in the role played by increasing the output of economic benefits and reducing the resource input level of social services. From the perspective of increasing the output of economic benefits, green development mechanism innovation in the pilot ecological civilization zone can significantly promote the research and development and utilization of innovative technological means of environmental protection by enterprises and promote economic growth by improving the production efficiency of enterprises [43,44]. Second, ecological civilization pilot areas can improve environmental efficiency by reducing the input of resources for social services. Ecological civilization pilot zones have become the core of China’s environmental regulation [43], both by formulating targeted policies or regulations to effectively reduce environmental pollution in production processes and households and environmental regulations that reduce environmental costs and capital investment by penalizing highly polluting enterprises with sloppy production and subsidizing those with effective pollution control [45]. Drawing on the above discussion, the hypotheses for the current work are proposed as follows:



Hypothesis 1. 

There is a positive impact of institutional innovation in the ecological civilization pilot zone in the improvement of TFEE.





High environmental pollution areas are usually more sensitive to the implementation of mechanism innovation. According to research by Greenstone and Hanna (2014) [46], if the concentration of pollutants does not reach a severe level, public demand for pollution control is insufficient, and policies that aim to reduce pollution may become less effective. Meanwhile, highly polluting areas adopt various environmental policies to mitigate pollution to avoid environmental penalties due to ecological assessments [47].



Hypothesis 2. 

Institutional innovation in the ecological civilization pilot zones has a more significant impact on the TFEE of high-energy-consumption and high-pollution areas.





Regions with different resource consumption have different sensitivities to policy implementation. Institutional innovation in the pilot ecological civilization zone is a systemic project that requires investment in services, manpower, and capital. Resource input is vital for advancing green development. Countries with higher levels of resource inputs are more capable of creating, adopting, and using advanced, eco-friendly technologies, which can improve economic growth and reduce environmental pollution [48]. Therefore, regions with different levels of resource consumption may be sensitive to policy implementation to different degrees. Drawing on the above discussion, the hypothesis is proposed as follows:



Hypothesis 3. 

Institutional innovation in the ecological civilization pilot zone has a more significant impact on the TFEE of high-resource-consumption areas.





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





3. Methods and Datasets


To analyze the impact of the implementation of the National Ecological Civilization Pilot Zone (Fujian) on TFEE and assess the effectiveness of policy implementation, data envelopment analysis was used to measure the TFEE of cities in Fujian and the whole country. Then, the differences-in-differences (DID) method was used to estimate the impact of the implementation of this program on TFEE. The advantage of the DID method is that it can eliminate selection bias by comparing the differences that exist between the nine cities in the pilot area and those that are not in the pilot area itself. However, implementing real-world scenarios does not easily meet the requirements of randomized experiments. Typically, propensity score matching (PSM) is used to identify or construct a control group that can be compared to an experimental group. These three models and methods were combined to ensure that the most-accurate representation of the impact of the policy on the total-factor environment was obtained.



3.1. Total-Factor Environmental Efficiency


The literature to date contains two main methods for TFEE. One is the parametric stochastic frontier approach (SFA) method and the other is data envelopment analysis (DEA). SFA is a method that uses maximum likelihood estimation to measure a “frontier” value and thereby provide a measure to evaluate TFEE through the frontier value. However, the traditional SFA method suffers from its inability to solve the multi-input–output problem and has endogenous defects [49]. As a nonparametric method, DEA, originally proposed by Charnes et al. (1978) [50], can assess the effectiveness of decision units with multiple input and output indices, decompose the sources of total-factor environmental efficiency, and overcome the problem of considering only a single input and not considering undesirable outputs [51]. As a result, DEA is increasingly applied to the study of efficiency concerning environmental factors and is now the main method for measuring total-factor environmental efficiency. Therefore, the DEA method was chosen to measure the TFEE of the pilot cities. Considering that the traditional radial efficiency measurement model, under which input and output factors increase or decrease proportionally, the model ignores the slack in inputs and outputs. Therefore, using this model may result in an overestimation of technical efficiency in case of non-zero slack in the optimal solution [52,53,54]. This study uses a slack-based measure (SBM), which considers non-desired output variables. To further identify the efficiency gap among cities, especially the performance differences among cities with an SBM efficiency value of 1, this study combines the super-efficiency DEA model and constructs the super-SBM model to measure the TFEE of pilot cities.



3.1.1. Super Slacks-Based Measurement Model


The socioeconomic development process of  n  decision-making units (DMUs) consumes a total of  m  classes of input factors and produces  p  classes of desired outputs and  q  classes of non-desired outputs. The input–output vectors    x j  =    (   x  1 j   , … ,  x  m j    )   T   ,    y j  =    (   y  1 j   , … ,  y  p j    )   T   , and    u j  =    (   u  1 j   , … ,  u  q j    )   T    corresponding to the input–output matrices     X =    (   x  i j    )    m × n    ,     Y =    (   y  r j    )    p × n    , and     U =    (   u  l j    )    q × n     are composed of   P P S =  {   (  X , Y , Z  )   }  | X   c a n   p r o d u c e    (  Y , U  )  }  .



The slack variables of   x  ,  y , and  u  are introduced as representations of the fraction of input variables that are overconsumed, undesired output, and undesired output, respectively. Furthermore, the TFEE  α  of DMUs under the SBM can be expressed as:


    min     α =    (  1 +  1 m    ∑  i = 1  m      s i x     x  i 0        )   /   (  1 −  1  p + q    (    ∑  r = 1  p      s r y     y  r 0     +   ∑  r = 1  q      s r u     z  r 0          )   )        s . t .      h l  · ≥   ∑  j = 1 , ≠ 0  n    λ j   u j         1 −  1  p + q    (    ∑  r = 1  p      s i y     y  r 0     +   ∑  r = 1  q      s i u     z  r 0          )  > 0        ∑  j = 1 , ≠ 0  n    λ j    = 1 ,   λ ≥ 0    



(1)




where   l = x , y , z   and   u = x , y , z  , that is,    h x  · =  x 0   ,    h y  · =  y 0   , and    h z  =  z 0   .    s x  ,  s y  ,  s z  ≥ 0  . This equation is a fractional program. The Charnes–Cooper transformation [55] is employed to transform model (1) into a linear programming (LP) model, as given by Equation (2).


    min     β = θ +  1 m    ∑  i = 1  m      S i x     x  i 0           s . t .     θ −  1  p + q    (    ∑  r = 1  p      S r y     y  r 0     +   ∑  r = 1  q      S r z     z  r 0          )  = 1      θ  h l  · ≥   ∑  j = 1 , ≠ 0  n    ψ j   u j           ∑  j = 1 , ≠ 0  n    ψ j    = θ ,   ψ ≥ 0    



(2)




where   S = θ s  . The optimal solution of the LP model is    (   β *  ,  ψ *  ,  s  x *   ,  s  y *   ,  s  z *    )   , and the optimal solution of FP    α *  =  β *  ,  λ *  =    ψ *     θ *    ,  s  x *   =     x ˜  *     θ *    ,  s  y *   =     y ˜  *     θ *    ,  s  z *   =     z ˜  *     θ *      can be calculated. The higher the efficiency value, the higher the TFEE of the DMU. Only the TFEE of a DMU with    α *  ≥ 1   is effective, and the economic and social development process achieves green development.




3.1.2. Data Sources and Pre-Processing


Based on the evaluation index system employed by related studies [56], the input–output logic model for TFEE was constructed (Figure 3).



The specific meaning and data sources of the indicators are as follows:



Electricity consumption: This indicator reflects the electricity consumption of production inputs during the test year. In this study, electricity consumption was measured as the electricity consumption of all social sectors and the electricity consumption of urban and rural residents. The data were obtained from the China Urban Statistical Yearbook and the statistical yearbooks of various provinces and cities.



Water consumption: This indicator reflects the amount of water used for production inputs in the test year. In this study, water consumption was measured by the amount of water used by all sectors of society as well as the amount of water used by urban and rural residents. The data were obtained from the water resources bulletin of each province.



Human input: This reflects the number of people engaged in production processes during the test year. This indicator was measured by the number of people employed. The data were obtained from the Population and Employment Statistical Yearbook and provincial and municipal statistical yearbooks.



Fixed capital input: This indicator reflects the amount of capital invested in production during the test year and is measured by the amount of work involved in the construction and acquisition of fixed assets in a given period and the costs associated with their construction and acquisition. The data were obtained from the China Urban Statistical Yearbook and provincial and municipal statistical yearbooks.



GDP: This indicator reflects the amount of output produced during the test year. In this study, GDP was measured by the final results of production activities of all resident units in a region during a certain period of time. The data were obtained from the China Urban Statistical Yearbook and statistical yearbooks of provinces and cities.



Air pollution: This indicator reflects the amount of air pollution that accompanies the production output in the test year and is measured by the Air Quality Index (AQI). The data were obtained from the China Environmental Statistical Yearbook and Ministry of Natural Resources data.



Water pollution: This indicator reflects the amount of water pollution that accompanies production output during the test year and is measured by the city water quality index (CWQI). The data were obtained from the China Environmental Statistics Yearbook and Ministry of Natural Resources data.





3.2. Differences-in-Differences Method


DID is a popular method used to test the effectiveness of policies by combining analysis before and after implementation of a policy [57,58,59]. It also reflects whether the policy was implemented and includes other covariates in the model that may affect the outcome of the policy, thus controlling other factors that may affect both the control and the experimental groups and compensating for the “natural experiment” effect (thus overcoming the shortcomings of “natural experiments” in which sample selection is not completely randomized). This model determines the impact of the policy by constructing an experimental group that is affected by the policy and a control group that is not affected by the policy. The impacts on both the experimental group and the control group are compared before and after the implementation of the policy. The basic model is given by Equation (3).


  Y i t =  β 0  +  β 1  D i ×  T t  + u i + δ t + γ Z i t  



(3)




where the constructed area dummy variable is   D i  . The time dummy variable is defined as unity if   D i   is a city within the experimental group and 0 otherwise.   T t   is defined as unity in the period after the policy is implemented and 0 in the period before the implementation of the policy. Furthermore,   Y i t   is the explanatory variable,   u i   is the individual fixed effect,   δ t   is the time-fixed benefit, and   Z i t   represents other control variables. Additionally,    β 1    is the net effect the response policy has on the explanatory variable, i.e., the estimate of the DID coefficient.



In reference to relevant studies [31,32], in the model of this experiment, the chosen    Z  it     was the GDP and GDP per capita share of the tertiary sector. According to the basic concept of DID, the coefficient    β 1    of the cross term   D i × T t   is the main coefficient to be estimated and the net effect of mechanism innovation on TFEE.



The basic correlations are given by Equations (4)–(8).



TFEE for the control group before 2016:


   P   D    i    = 0 ,  T    t    = 0   =  β 0  + γ Z i t  



(4)







TFEE of the control group after 2016:


   P   D    i    = 0 ,  T    t     = 1    = β 0 + δ t + γ Z i t  



(5)







Full-factor environmental efficiency of the experimental group before 2016:


   P   D    i     = 1  ,  T    t    = 0   =  β 0  + u i + δ t + γ  Z  i t    



(6)







Full-factor environmental efficiency of the experimental group after 2016:


   P   D    i     = 1  ,  T    t     = 1    =  β 0  +  β 1  +  u i  +  δ t  + γ  Z  i t    



(7)







From the above equation the net impact coefficient    β 1    can be derived:


   β 1  = (  P   D i   = 1  ,  T    t     = 1    −  P   D    i     = 1  ,  T    t    = 0   ) − (  P   D    i    = 0 ,  T    t     = 1    −  P   D i  = 0 ,  T    t    = 0   )  



(8)








3.3. Propensity Score Matching Method


As mentioned above, the DID method is often chosen to test the effects of policy shocks. However, the traditional DID method cannot easily ensure the same trend between the experimental and control groups, which can affect the accuracy of the results. The PSM-DID method, which first uses PSM for sample matching and then DID for identifying the shock effects, can effectively avoid this problem.



The PSM method, which was first proposed by Rosenbaum and Rubin (1983) [60], is based on the core ideas of “scoring” and “matching” by using a logistic regression model for estimating a propensity score based on characteristics that can be extracted from a study population. The propensity score, which ranges from 0 to 1, represents the probability that an individual will be randomly assigned to the experimental or control group [61,62,63]. This measure represents the chance that subjects have of the same probability of receiving the policy impact. Although it is possible that the characteristic variables may differ significantly between the two subjects [64], the PSM method allows the experiment to be close to a “quasi-natural experiment”.



The propensity score is a scalar summary of the pretreatment characteristics in logistic regression. The propensity score is defined as the conditional probability that the study subject   i = ( i = 1 , … , N )   is randomly assigned to the experimental group   Z i = 1   rather than the control group   Z i  = 0   . This is conditional to the combined characteristic variables   ( X i )   and can be expressed as   e ( x i ) = P ( Z i = 1 | X i = x i )  . Assuming that the grouping variables are independent given a set of characteristic variables   X i  , Equation (9) is obtained.


  P (  Z 1  =  z 1  , … ,   Z n =  z n  |  X i  =  x 1  , … ,    X n  =  x n  ) =   ∏  i = 1  N   e (  x i   )   Z i         {  1 − e (  x i  )  }    1 −  Z i     



(9)







In this case, the city chosen for the implementation of the program was not random. Therefore, logistic regression was first used via a PSM (with a variable of 1 for the implementation of the program and 0 otherwise), where the variables included the pretreatment characteristics that might affect the “propensity” to implement the program. Then, using nearest neighbor matching and caliper matching, this was matched to cities with scores closest to the experimental group, thus forming the control group.



The PSM-DID approach combines both PSM and DID methods. The differences between the experimental and control groups using DID alone may be influenced by factors such as city size, which leads to biased results. Specifically, the PSM-DID model matched cities in the experimental group with cities in the control group through the propensity score. Then, the experimental group and the control group were studied using the DID method. Consequently, the PSM-DID method can effectively reduce the variability between the control group and the experimental group caused by other factors, thus achieving a “quasi-natural experiment” through random selection as much as possible and obtaining more-accurate results.





4. Analysis of the Empirical Results


4.1. Analysis of the Results of TFEE


The calculated results of TFEE are shown in Figure 4. During 2015–2019, the average TFEEs of the pilot areas were close to unity, and the quality of green development was good. Using an environmental efficiency of 0.8 as the benchmark, the cumulative TFEE of each pilot city during 2015–2019 was calculated. As shown in Figure 3, most of the cities in the pilot area had relatively clear growth rate inflection points in 2015–2016 as well as in 2016–2017. As a result, the following preliminary hypothesis is proposed: All pilot cities responded to the implementation of this policy after the innovation of the green development mechanism, that is to say, the designation of the pilot zone. However, the response time for improvement in the quality of green development may evolve differently because of different development base conditions in each region.



Specifically, the cumulative environmental efficiency of each pilot city increased year by year. Among them, Xiamen’s cumulative TFEE took the lead in the pilot area, with an increase of 1.2420 from 2014 to 2019. This was followed by Quanzhou and Sanming, with efficiencies of 1.201 and 1.181, respectively. Putian’s green development level was significantly lower than the levels of other cities, with the cumulative TFEE in the pilot area ranking last in five years, with a value of only 0.5764.




4.2. Impact of Green Development Mechanism Innovation on TFEE


4.2.1. Impact of Mechanism Innovation on TFEE


Based on the research concept and methodological model constructed in Section 3.3, various regional economic and social development indicators including urban economic development and population size were selected for PSM. The four specific indicators of population size, GDP, urban population size, and added value of tertiary industry were selected as the matched indicators, and TFEE was taken as the policy effectiveness indicator.



After matching the treatment and control cities based on the pretreatment characteristics, nine pilot cities (experimental group cities) were obtained and matched with nine non-pilot cities (control group cities). Comparison of the deviations between the experimental and control group cities before and after PSM showed that after the implementation of PSM, most of the indicators in both groups were significantly reduced (Figure 5). Combined with the specific numerical results, the standard errors of control group cities were reduced significantly after matching, and after matching, all the absolute values of standard errors were below 10%. After the implementation of PSM, the t-values were also significantly reduced, and after matching, the p-values of the t-tests exceeded 10%. There was no significant difference between the experimental and control groups before and after PSM, which showed that it was feasible to use the PSM method in this experiment (Table 1).



After PSM pairing of the nine municipalities in the experimental area, nine corresponding municipalities were obtained. After controlling for GDP per capita and the share of three industries, the cross-influencing factors of these two control variables were controlled to make the experiment more accurate. The analysis of the effectiveness of the policy was conducted on these 18 municipalities using the DID model, and the results are presented in Figure 6 and Table 2. After controlling for the two other control factors and their cross-influencing factors, the cross-influencing factor   D i × T t   of policy implementation time and policy implementation area on the improvement of TFEE was found to pass the 1% significance level test. It had a positive effect, indicating that the policy significantly impacted TFEE. The cumulative TFEE of the experimental group improved by 0.9820 from 2014 to 2019; however, for the control group the value increased by only 0.6997. The efficiency of the experimental group was 0.2823 higher than that of the control group, and the portion of the increase in TFEE growth rate caused by the implementation of innovation reached 16.78%. The cumulative TFEE of the experimental group for the two years before and after the shock year of mechanism innovation implementation (i.e., 2016) was 0.3721. This was 0.0961 points higher than the cumulative total-factor growth rate of the control group, whereas the growth rate was 4.76% higher than that of the control group.



Furthermore, the impact of mechanism innovation on the desired and non-desired output subsets of the study was investigated. Based on results presented in Figure 7 and Table 3, it can be inferred that although the impact of the advancement of mechanism innovation on desired output was not strong enough, the impact on the two non-desired outputs was stronger, although it did not reach the 1% significance level. The implementation of mechanism innovation was likely the key to green development, whereas green development was one-sided regardless of whether it focused on the environment or the economy alone. Green development should be an all-round cooperative development of resources, economy, and environment. It can be concluded that total-factor productivity was the quantitative indicator for measuring green development in the experiment.




4.2.2. Policy Effectiveness Tests


In order to estimate the effectiveness of the policy, a series of tests was conducted to test whether the increase in TFEE in the pilot region was caused by the impact of institutional innovation or not. This section will present two tests of policy effectiveness in terms of parallel trends and robustness.



Parallel Trend Test


The parallel trend test was used to assess whether the DID model can be applied to this study by testing whether the variation trends of the experimental group and the control group were the same and comparable before and after the experiment.



Hypothesis    H 0    states that under the premise that both the control group and the treatment group have a linear time trend, it should be further tested whether the linear trend of the two is the same or not. Then, an F-test was conducted, which obtained the following values: F = 4.93 and Prob > F = 0.0403. Therefore, the original hypothesis can be accepted, and the control combination treatment group has the same linear trend. This linear trend is shown in Figure 8. It can be seen that the difference between the control group and the experimental group before the implementation of the green development mechanism innovation is not significant. However, after implementation the difference between both groups gradually increased. This shows that implementing the mechanism exerted a significant positive impact on TFEE.



A parallel trend test was conducted using the event study method, which is more accurate and scientific than drawing a parallel trend graph. The value for 2016 was used as the baseline value to obtain Figure 9, which shows that there was no significant difference between the control group and the control group of the year before the implementation of the green development mechanism innovation. This indicates that the parallel trend hypothesis is valid, and the experimental and control groups were comparable before the implementation. This corroborates that the DID method is applicable to test the impact of mechanism innovation on TFEE.




Robustness Tests


Robustness tests were conducted to identify the effect of the introduction of mechanism innovation on explanatory variables by replacing these variables. The goal was to test whether green development mechanism innovation affects TFEE or not. In this study, the number of industrial enterprises and amount of industrial sulfur dioxide emissions were selected as the explanatory variables to measure the effectiveness of the pilot policy. The effect of the implementation of mechanism innovation on the number of industrial enterprises above the scale was not significant in any model. The results indicated that the improvement of TFEE was an effect of the policy rather than the other confounding factors. Moreover, the policy did not affect other unrelated factors. The impact of the implementation on industrial sulfur dioxide emissions was further analyzed, and the results showed that it was also insignificant. Since this variable is related to the environment, it was much more significant compared to the number of industrial enterprises above the scale, which was not related.



The results presented in Figure 10 and Table 4 show that there was no significant change in the number of industrial enterprises above the scale before and after implementation of the mechanism innovation. Implementing the mechanism did not impact the number of industrial enterprises above the scale. The results presented in Figure 11 and Table 5 show that, although the changes in industrial sulfur dioxide emissions before and after the implementation did not greatly change, the number of industrial enterprises above the scale exerted a certain influence because there was a clear correlation. In short, the impact of mechanism innovation on TFEE was significant, and after excluding many factors, this impact could be obtained.





4.2.3. Comparison of Results


Performing double differencing leads to the emergence of different impact cases because of the existence of different model settings. In this section, the impact cases obtained from different model analyses are analyzed and compared to further illustrate the impact of mechanism innovation on TFEE.



Figure 12 shows six models, including the original model, in the following order: original model, Model 1, Model 2, Model 3, Model 4, and Model 5.



Model 1 analyzed the impact of mechanism innovation implementation on TFEE only after PSM pairing and without controlling other variables. Compared to the original model, the impact was slightly lower than that caused by the original model if covariates and covariate cross-influences were not controlled, which are caused by covariates and covariate crosses. The same was done for Model 2.



Model 2 analyzed the impact of controlling covariates and not the crossover effects between the covariates. According to the results, the crossover effect was not controlled. The calculated significant portion was induced by the crossover factor; however, the control of crossover effects was still significant. This means that the mechanism innovation impacted TFEE.



Models 3, 4, and 5 correspond to the first three models without PSM pairing and were set up to directly analyze the impact of the implementation of mechanism innovation on TFEE. The model without PSM still yielded a significant effect of the implementation on TFEE; the increase in significance was due to the reduction in the number of samples after matching.



Comparison of the above six models shows that regardless of how the models changed, the conclusion that can always be obtained is that the mechanism innovation had a significant positive effect on the green total-factor impact rate. Comparison of the original model with Models 1 and 2 shows that the results obtained by the original model were more accurate after controlling the covariates and cross-action effects of the covariates. The results are shown in Table 6. The slight difference between the original model and Models 1 and 2 originated from whether the covariates were controlled or not. A comparison of the first three models with the last three models showed that the gap between the model groups was significantly larger than the gap within the model groups, which proves that larger deviations can be controlled after the PSM operation, thus allowing us to move closer to the real impact of institutional innovation on the green total-factor impact rate.





4.3. Further Exploration of the Influencing Mechanism


There are significant differences among different types of cities in terms of natural resource endowment and economic development. Further research is needed on whether these differences affect policy effects or not. To this end, the sensitivity of different types of cities to the implementation of mechanism innovation is further explored by classifying them according to their different performances in the seven indicators of total-factor environmental efficiency and identifying which types of cities can respond quickly to mechanism innovation, with a view to promoting differentiated mechanism innovation implementation.



4.3.1. Resource Consumption Incentive Mechanism


As shown in Figure 2, the resources consumed in the green development process consist of service resources and social resources. Therefore, the resource consumption incentive mechanism is also divided into these two categories.



Service resource inputs are mainly characterized by electricity and water consumptions. According to the national average of available data, electricity and water consumption are classified into areas of high and low consumption. Then, using the original model and Models 1 and 2, the sensitivity of these types of areas to the implementation of institutional innovation was analyzed. The results are presented in Table 7. For regions with high water and energy consumption, the institutional innovation of national ecological civilization pilot zones had a significant impact on TFEE at 5% and 1% significance levels, while for low-water- and low-energy-consumption areas, this improvement was not observed. This suggests that institutional innovation had a greater role in green development in high-energy-consuming regions, and that such regions were more sensitive to policy due to the greater need for environmental efficiency improvements.



Social resource inputs are mainly characterized by human and fixed capital inputs. According to the criterion of using the national average of available data, regions were divided into high and low human input regions and high and low capital input regions. Regions that were highly sensitive to the implementation of mechanism innovation were identified by exploring the cross-influence of these region types with the variables of region and mechanism innovation implementation.



As shown by the results presented in Table 8, although the original model of high human input was only statistically significant at the 10% level, both Models 1 and 2 were statistically significant at the 5% level. The effect of the cross coefficient of low human input regions with    D i  ×  T t    was not significant, which showed that high human input regions were more sensitive to the policy. In contrast, high capital input was significant above a statistical level of 5% regardless of the model, and there was no significant effect for low capital input. In short, the institutional innovation exerted the greatest effect on green development in areas of high social input. These areas were more sensitive to policy, whereas the policy implementation in such areas was more effective.




4.3.2. Economic Output Incentive Mechanism


Similarly, the GDP of cities was divided into high and low economic output based on the national average. The sensitivity of areas with different economic outputs to policy implementation was explored. The results are presented in Table 9. For high economic output areas, the effect of mechanism innovation on TFEE was significant at the 10% confidence level, while the effect of mechanism innovation on TFEE for low economic output areas was not significant. Therefore, it can be concluded that institutional innovation for green development did not contribute significantly to economic development. The reason for this result is that green development and economic output are not directly related, and that green development is more of a balanced development of resources, environment, and economy.




4.3.3. Environmental Pollution Incentive Mechanism


Similarly, the non-desired outputs of air and air pollution are classified into high and low water pollution and high and low air pollution according to the national average using AQI and CWQI. As shown by the results presented in Table 10, although the response of both high and low water pollution to policy was statistically significant at the 1% level, high water pollution was more affected and more pronounced. This shows that high-water-pollution areas were more sensitive to policy implementation and well-suited to the development objectives.



A further analysis of the sensitivity of high and low air-pollution cities to policy implementation was not possible as the air quality level in Fujian region was higher, and the low air pollution city variable overlapped with the Fujian region’s variable. Therefore, further analysis could not be conducted. However, it can be inferred that high air-pollution areas are more sensitive to policy.






5. Discussion


This study has made a significant contribution to exploring the impact of green development mechanism innovations on total-factor environmental efficiency (TFEE). Taking the national ecological civilization experimental zones implemented in China as an example, we found that the innovation of green development mechanisms contributed to the improvement of TFEE. The findings confirm H1. This is similar to the conclusions obtained by Wu et al. (2020) [29] and Hou et al. (2022) [38]. It is certain that policy implementation plays a positive role in promoting green development. In terms of environmental regulation, the Chinese government has issued a series of policies such as national fiscal energy conservation and emission-reduction policies [65] and low-carbon city construction [66]. The reason for this is that as environmental pressures increase, regions are showing more demand for green development. Existing studies show that external policies are often needed to effectively stimulate green development, and that strict and appropriate environmental policies can lead to regional innovation in green technology and thus improve total-factor environmental efficiency, basically achieving the win-win situation of environmental effectiveness and efficiency advocated by Porter’s hypothesis [66]. As a kind of green development mechanism innovation, the strategic goal of the national ecological civilization pilot zone is to adjust the existing industrial structure, implement green production methods, and optimize the regional environmental governance system. By integrating the green development concept into economic development, the improvement of all environmental efficiency factors in the city, and ultimately the development of a green economy, is promoted [43]. In addition, this paper further sets up a different model to compare the results with the original model and verifies that there is a significant positive relationship between the implementation of the national ecological civilization test area policy and TFEE, regardless of whether control variables are included. After the PSM operation and control variables, it becomes closer to the real impact.



In addition, heterogeneity analysis shows that cities with different levels of resource consumption and pollution have different sensitivities to the policy. The results of the second hypothesis presented in the study show that the institutional innovation of the ecological civilization pilot zone had a greater impact on TFEE in high-polluting areas. The findings have validated H2. On the one hand, high pollution and energy-consuming regions usually face more severe environmental pressure [67] and are more willing to reduce emissions and pollution by changing existing technologies, thus improving the TFEE. On the other hand, high energy-consumption and high-pollution areas need to adopt various environmental policies to mitigate pollution in order to avoid penalties for ecological problems, which leads to more incentives to improve environmental efficiency [68]. Secondly, our findings also confirm H3, that institutional innovation in national ecological civilization pilot zones has a significant impact on the enhancement of TFEE in cities with high resource consumption levels. Resource consumption mainly includes service resource and social resource inputs. The service resource input is mainly the input of water and energy consumption, while the social resource input is mainly human capital and fixed capital. Therefore, it is generally believed that high-energy-consuming areas have the dual nature of both “large scale capital” and “heavy environmental pollution”, which means that high-resource-consuming areas can promote economic growth while also harming environmental quality [69]. In addition, high-consumption areas have greater investment in technology and human resources, and therefore upgrading to green production technologies and pollution control technologies, etc., needs to play a role [32]. Therefore, the impact of institutional innovation in the National Ecological Civilization Pilot Area on the green development of high-consumption areas was more significant.




6. Conclusions and Policy Recommendations


6.1. Conclusions


Green development has become an important choice for countries wanting to pursue the harmonious development of the economy and the environment. Governments must innovate governance methods to promote green development. The National Ecological Civilization Pilot Zone is an innovative mechanism for exploring green development in China. It is crucial to explore whether green development mechanism innovation can enhance green development in China by constructing a quasi-natural experiment of the National Ecological Civilization Pilot Zone. Based on panel data from 290 prefecture-level and above cities during 2014–2019, a PSM-DID method was employed to evaluate the impact of pilot policy on TFEE. The empirical results show that the innovative mechanism had a significant impact on the improvement of TFEE, and the degree of impact of innovation on TFEE of the pilot cities was significantly higher than that of a single indicator. After robustness testing, the results are convincing. In addition, for different types of regions, the impact of mechanism innovation implementation was different. Implementation of the innovative mechanism exerted a relatively greater effect on promoting green development in regions with high resource consumption, high energy consumption, and high pollution.




6.2. Policy Recommendations


The findings of this study also provide important policy implications for the improvement of regional green development levels.



Firstly, the empirical results show that the mechanism innovation significantly improves TFEE. This shows that the national ecological civilization pilot zone policy can further promote regional green development. Therefore, it is necessary to continue to consolidate the policy’s effect of the construction of the national ecological civilization pilot zones, using Fujian Province as a typical model for exploring green development. At the same time, it is necessary to strengthen the summary and publicity of its successful cases, development models, and institutional innovation, and actively create more replicable and scalable green development experiences, stimulating the demonstration effect from point to point, driving the pilot provinces and regions and even the country’s rapid improvement of the level of ecological civilization construction.



Secondly, the validation shows that the degree of impact of mechanism innovation on TFEE is significantly higher than that of a single indicator. Green development is a comprehensive concept, and the traditional thinking of examining its level only from different indicators can no longer meet the needs of reality. Therefore, judging the concept of combining quantity and quality should be adopted, and this should be done while not only considering the changes in indicators of regional green development in a certain area, but also paying more attention to the dynamic evolution of comprehensive quality in the process of green development.



Finally, further analysis reveals significant regional differences in policy effects. This study found that the mechanism innovation has a significant impact on TFEE in high-pollution and high-consumption areas. These areas have the dual nature of “large-scale capital” and “serious environmental pollution”. Therefore, in order to solve the contradiction between economic development and environmental protection, high-pollution and high-resource-consumption areas should put green development to the fore. The region should make full use of the policy dividends and comparative advantages of the pilot city and take the environment into account while achieving economic development through resource development, and strictly implement policies related to environmental regulation. For low-pollution, low-resource-consumption areas that are not as sensitive to policy, pilot innovations that stimulate technological progress should be the main focus.



By encouraging and supporting green innovation, we will further improve the level of green development and accelerate the continuation of new economic development in low-pollution, low-consumption areas. This study introduces the pilot ecological civilization zone policy as a green development mechanism innovation that can promote improvement in TFEE, which is also the latest achievement of current sustainable development in China. However, there are still some limitations to this study. First, this study only uses the first nine pilot cities in Fujian province, which implemented the ecological civilization pilot zone policy as an experimental group, and ignores the effects of subsequent pilot cities. Further studies can assess the impact of green development mechanism innovation on TFEE based on all pilot cities. Second, this study is more about the influence of external factors on TFEE. For internal factors, in addition to the level of economic development and industrial structure, there are other factors, such as R&D and technology transfer, that still need to be considered. Finally, this paper conducted a heterogeneity analysis, though the impact of green development mechanism innovation on the development of different types of cities should be further explored from the perspective of city classification. For example, the impact on cities with different administrative levels, economic aggregates, population sizes, and industrial structures should be studied in future. This can further clarify the role of mechanism innovation in promoting urban green development and improve the effectiveness and feasibility of policy implementation.
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Figure 1. Regional overview map of the ecological civilization construction pilot cities in Fujian, China. 
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Figure 2. Theoretical framework proposed for the current work. 
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Figure 3. Logic model for TFEE measurement. 
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Figure 4. Six-year cumulative TFEE changes in cities in the test area. 
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Figure 5. City standard errors before and after matching cities within the test area with cities outside of the test area. 
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Figure 6. Impact of mechanism innovation on TFEE. 
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Figure 7. Impact of mechanism innovation on desired versus non-desired outputs. 
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Figure 8. DID linear trend diagram. 
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Figure 9. Parallel trend diagram. 
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Figure 10. Implementation of the mechanism on the number of above-regulated industrial enterprises impact map. 






Figure 10. Implementation of the mechanism on the number of above-regulated industrial enterprises impact map.



[image: Sustainability 15 01543 g010]







[image: Sustainability 15 01543 g011] 





Figure 11. Mechanism innovation impact on industrial sulfur dioxide emissions. 
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Figure 12. Impacts of the implementation of mechanism innovation on total-factor environmental efficiency under different model settings from 2014 to 2019 in Fujian, China. 
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Table 1. Propensity score matching.
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Variables

	
Matching

	
Average

	
%bias

	
%reduct |bias|

	
t-Test




	
Treatment

	
Control

	
t

	
p >|t|






	
ln (GDP)

	
Before matching

	
7.8979

	
7.3811

	
66.2

	
89.6

	
1.64

	
0.102




	
After matching

	
7.8979

	
7.9515

	
−6.9

	
−0.15

	
0.883




	
ln (value added of three industries)

	
Before matching

	
6.9788

	
6.517

	
14.6

	
81.2

	
1.35

	
0.179




	
After matching

	
6.9788

	
7.0675

	
2.7

	
−0.21

	
0.838




	
ln (urban population)

	
Before matching

	
5.4689

	
5.2617

	
52.4

	
80.8

	
0.85

	
0.398




	
After matching

	
5.4689

	
5.5043

	
−10.1

	
−0.10

	
0.918




	
ln (total population)

	
Before matching

	
5.9618

	
5.8766

	
34.8

	
82.9

	
0.35

	
0.725




	
After matching

	
5.9618

	
5.9458

	
−6

	
0.05

	
0.964











 





Table 2. Impact of mechanism innovation on TFEE.
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	TFEE
	Coefficient
	Robustness Factor
	t-Test
	p





	Share of three industries
	−0.0045
	0.0060
	−0.7500
	0.4620



	GDP per capita
	−2.64 × 10−6
	3.14 × 10−6
	−0.8400
	0.4130



	Share of three industries × GDP per capita
	5.65 × 10−8
	7.17 × 10−8
	0.7900
	0.4420



	   D i × T t   
	0.1678 ***
	0.6020
	2.7900
	0.0130







Note: *** indicate significance levels of 1%.













 





Table 3. Impact of mechanism innovation on desired versus non-desired outputs.
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	GDP
	AQI
	CWQI





	Share of three industries
	−92.33009 ** (−2.52)
	0.20507 (0.30)
	0.0513755 (0.63)



	GDP per capita
	−0.013936 (−0.63)
	−0.0000173 (−0.07)
	0.0000162 (0.79)



	Share of three industries × GDP per capita
	0.009612 (1.50)
	−1.75 × 10−6 (−0.26)
	−5.61 × 10−7 (−1.01)



	    D i  ×  T t    
	44.96134 (0.10)
	13.30081 * (1.94)
	0.70436 (1.14)







Note: * and ** indicate significance levels of 10%, 5%, respectively.













 





Table 4. Impact of the implementation of the mechanism on the number of above-regulated industrial enterprises.
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	ln (Number of Industrial Enterprises)
	Coefficient
	Robust std.err
	t
	p > |t|





	Share of three industries
	−0.0088
	0.0091
	−0.97
	0.345



	GDP per capita
	−1.65 × 10−6
	2.00 × 10−6
	−0.82
	0.422



	Share of three industries × GDP per capita
	9.59 × 10−8 *
	5.39 × 10−8
	1.78
	0.093



	    D i  ×  T t    
	−0.0003
	0.0665
	0
	0.997







Note: * indicate significance levels of 10%.













 





Table 5. Impact of mechanism innovation on industrial SO2 emissions.
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	ln (Number of Industrial Enterprises)
	Coefficient
	Robust std.err
	t
	p > |t|





	Share of three industries
	−0.0116246
	0.0327838
	−0.35
	0.727



	GDP per capita
	−5.16 × 10−6
	0.0000121
	−0.43
	0.675



	Share of three industries × GDP per capita
	1.22 × 10−7
	3.25 × 10−7
	0.38
	0.712



	    D i  ×  T t    
	0.312345 *
	0.2216138
	1.41
	0.177







Note: * indicate significance levels of 10%.













 





Table 6. Impacts of the implementation of mechanism innovation on total-factor environmental efficiency under different model settings from 2014 to 2019 in Fujian, China.
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	Model
	Original Model
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5





	    D i  ×  T t    
	0.1678 *** (2.7900)
	0.1619 ** (2.5200)
	0.1639 *** (2.8000)
	0.1644 *** (3.76)
	0.1765 *** (4.09)
	0.1635 *** (3.78)



	GDP per capita
	√
	×
	√
	√
	×
	√



	Share of three industries
	√
	×
	√
	√
	×
	√



	GDP per capita × share of three industries
	√
	×
	×
	√
	×
	×



	PSM
	√
	√
	√
	×
	×
	×







Note: **, and *** indicate significance levels of 5%, and 1%, respectively.













 





Table 7. Impact of different service resource input city types on TFEE.
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	Original Model
	Model 1
	Model 2





	   D i  ×  T t    × High water consumption
	0.1542 ** (2.48)
	0.1498 ** (2.45)
	0.1482 ** (2.41)



	   D i  ×  T t    × Low water consumption
	0.0438 (0.42)
	0.0454 (0.42)
	0.0518 (0.48)



	   D i  ×  T t    × High electricity consumption
	0.1403 *** (2.72)
	0.1414 *** (2.80)
	0.1418 *** (2.84)



	   D i  ×  T t    × Low electricity consumption
	0.0257 (0.52)
	0.0205 (0.41)
	0.0211 (0.41)



	GDP per capita
	√
	×
	√



	Share of three industries
	√
	×
	√



	GDP per capita × share of three industries
	√
	×
	×







Note: **, and *** indicate significance levels of 5%, and 1%, respectively.













 





Table 8. Effects of different social resource input city types on TFEE.
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	Original Model
	Model 1
	Model 2





	   D i  ×  T t    × High manpower input
	0.1584 * (1.84)
	0.1646 ** (2.00)
	0.1621 ** (2.00)



	   D i  ×  T t    × Low manpower input
	0.0914 (1.28)
	0.0793 (1.12)
	0.0741 (1.03)



	   D i  ×  T t    × High capital investment
	0.1360 *** (2.57)
	0.1350 ** (2.48)
	0.1349 *** (2.62)



	   D i  ×  T t    × Low capital investment
	−0.0062 (−0.40)
	−0.0092 (−0.76)
	−0.0085 (−0.65)



	GDP per capita
	√
	×
	√



	Share of three industries
	√
	×
	√



	GDP per capita × share of three industries
	√
	×
	×







Note: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively.













 





Table 9. Effects of different economic output city types on TFEE.
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	Original Model
	Model 1
	Model 2





	   D i  ×  T t    × High economic output
	0.1343 * (1.79)
	0.1387 * (1.92)
	0.1403 * (1.92)



	   D i  ×  T t    × Low economic output
	0.0924 (1.21)
	0.0762 (1.00)
	0.0809 (1.07)



	GDP per capita
	√
	×
	√



	Share of three industries
	√
	×
	√



	GDP per capita × share of three industries
	√
	×
	×







Note: * indicate significance levels of 10%.













 





Table 10. Impact of different water pollution output city types on TFEE.
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	Original Model
	Model 1
	Model 2





	   D i  ×  T t    × High water pollution
	−0.06839 *** (−4.42)
	−0.0655 *** (−7.36)
	−0.0706 *** (−4.69)



	   D i  ×  T t    × Low water pollution
	0.1652 *** (2.97)
	0.1599 *** (2.71)
	0.1624 *** (3.02)



	GDP per capita
	√
	×
	√



	Share of three industries
	√
	×
	√



	GDP per capita × share of three industries
	√
	×
	×







Note: *** indicate significance levels of 1%.
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