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Since the opening up of China, its manufacturing sector contributed significantly toward economic development on one hand and caused elevated environmental pollution and heavy resource consumption problems on the other hand. Green productivity is an essential means of addressing environmental problems and promoting sustainable environmental performance and long-term economic growth. When the factors affecting the green total factor energy productivity (GTFEP) are studied in recent years, the hitherto literature lacks the relationship between GTFEP, environmental regulations, and global value chain (GVC) participation. Using GTFEP as a proxy of environmental upgrading for the Chinese manufacturing industry, this study investigates the nexus between the GTFEP, environmental regulation index (ERI), and total production length index (TPLI). Based on panel data 18 industries from 2000 to 2014, the current study employed the panel pool mean group estimators for the auto-regressive distributed lag model (ARDL) and estimated the long-run relationship between variables. Findings revealed the positive effect of ERI and GVC participation (TPLI) on the GTFEP of the Chinese manufacturing industry. Furthermore, pairwise panel causativeness analysis indicated unidirectional causality between GTFEP and ERI, running from GTFEP to ERI. Based on research findings, some conclusions and policy implications are derived, such as strict enforcement of environmental regulations, industry-specific policies, promotion of clean energy resources, and acceleration of the country’s further opening-up and reforms. All of these will help promulgate the GTFEP and environmental upgrading of the Chinese manufacturing sector, thus leading to sustainable economic development decoupled from environmental pollution.
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1 INTRODUCTION
Globalization leads to higher international trade amid economies, which, on the one hand, gives rise to complex global value chains (GVCs) and on the other hand, increases the environmental pressure due to enhanced global resource use (Plank et al., 2018). It is rationally consented that a series of environmental issues is normally accentuated with rapid economic development (Shang et al., 2018; Qin et al., 2021). Since the implementation of the reform and opening-up policy in 1978, China has achieved eminent economic growth targets through rapid industrialization (Song et al., 2019), but the country has paid a very high price in the form of environmental pollution and excessive energy consumption, which is hindering the high-speed development of the country’s economy (Su and Liang, 2021). Government regulation policies are very crucial for overcoming environment-related issues as these problems cannot be solved through a free-market mechanism (Qin et al., 2021). Through some form of regional joint governance and environmental regulations, China has tried to overcome environmental pollution and related issues (Zhang et al., 2020). Environmental regulations are basically the government interventions for reducing the public risk of environmental changes (Moosa, 2016). In accordance with the local environment, the Chinese government always tried to develop environmental protection measures via various environmental regulation policies which are in line with sustainable economic development goals (Qin et al., 2021). The emission mitigation and environmental protection are based on the regulatory policy measures. Since 2004, nigh on 1,100 environmental regulation policies for environmental protection and control has been promulgated by the Chinese government (Zhang et al., 2020).
The international environmental concerns are not confined to a country’s boundaries, yet the relationship amid GVC and environmental sustainability is still vivid in the empirical literature. Since the very first article in the 1990s, GVC scholars have been concerned regarding the preferment of economic development, as well as the sustainable social and environmental development (Humphrey, 2014). The GVC participation of the Chinese manufacturing industry is an eminent feature of globalization. The GVC participation is based on the concept that international production networks are formed via the specialization of various economies in certain production stages (Wang et al., 2019). Although the Chinese manufacturing industry has made a remarkable success through GVC participation, it is also accompanied by restricted economic development caused by accelerating environmental damage. According to Qu et al. (2020), on the one hand, the manufacturing sector of China is the driving engine of economic development; but contrarily, it is also a projecting source of CO2 emissions and energy consumption. The effect of GVC participation on environmental sustainability is profound for both emerging and developed economies (Sun et al., 2019). Due to its position at the lower ends of GVC and international industry transfer, China’s energy consumption keeps rising in recent decades. Furthermore, GVC positioning can encourage emissions reduction and energy conservation (Wang et al., 2020), thus leading to environmental upgrading.
Environmental upgrading may be perceived as the mechanism through which economic players shift toward a manufacturing structure that prevents or decreases environmental issues (De Marchi et al., 2013). The promotion of green strategies by the firms for improving the environmental performance and transformation of environmental problems into a competitive advantage has been recently focused by scholars. Scholars and practitioners are studying on how corporations can overcome their environmental consequences through various strategies (Lucas, 2010). At the international level, the need for industrial environmental agenda is also highlighted in recent years. In this perspective, green productivity is an important indicator of a country’s ability to handle environmental issues, promote environment protection performance, and support long-term economic growth. The term green productivity, first proposed by the Asian Productivity Organization, explains a dynamic strategy promoting the productivity by incorporating environmental performance. In the course of environmental upgrading through green environmental protection measures, green total factor energy productivity (GTFEP) is considered a major breakthrough. Thus, the growth of the GTFEP is the indication of environmental upgrading and is important for research and environment-related policy making. The degree of connection between the environment and economy can be reflected through GTFEP, which is a comprehensive indicator that integrates consumption of energy and environmental problems in a traditional total factor productivity analysis (Wang et al., 2022). Since its reforms and opening up to the world, China’s economic progress and achievement are remarkable. But the dramatic increase in environmental pollution due to extensive energy use is also accentuated along with rapid industrialization and economic growth. The accelerating energy consumption and CO2 emissions by the Chinese manufacturing industry from 2000 to 2014 are shown in Figure 1. Such statistics clearly exhibit immense environmental challenges faced by China in recent years, which is of great concern to the world. Thus, there is an alarming need for enhancing the growth of GTFEP of China’s manufacturing sector, with the aim of energy consumption reduction, environment protection, and sustainable economic development, which would ultimately lead toward environmental upgrading. In this regard, a detailed analysis of determinants of GTFEP is essential for exploring the environmental upgrading of the Chinese manufacturing industry.
[image: Figure 1]FIGURE 1 | Energy consumption and CO2 emissions of the Chinese manufacturing industry (2000–2014).
The environmental effects of environmental regulation policies and GVC participation are widely studied in the literature. The pollution control activities by rational polluting enterprises are dependent on the implementation of environmental regulation by the government. Due to escalated economic growth of the Chinese manufacturing industry, the environmental pollution pressures are increasing day by day, especially due to excessive energy consumption. With the deepening of GVCs, advanced green technologies introduced due to process upgrading can lead to efficient input to output transformation (Hu et al., 2021), which will help promote GTFEP. The GTFEP improves if the desirable output increases, utilization efficiency of energy and resources is improved, and undesirable outputs (such as emission of CO2, SO2) are reduced. The environmental regulations and GVC participation affect GTFEP in various ways. Thus, in order to explore the sustainable environmental development along with economic growth, it is crucial to investigate the nexus between GTFEP, environmental regulations, and GVC participation. Currently, the extant literature lacks such a comprehensive study that simultaneously explores the causal relationship between these three factors. Furthermore, it is important to consider other factors which have an effect on GTFEP, such as research and development (R&D), foreign direct investment (FDI), industrial scale, and export intensity. By taking this research need into account, the current study aimed to develop the nexus between GTFEP, environmental regulations, and GVC participation and contributes to the literature in the following ways: 1) the effect of environmental regulations and GVC participation on GTFEP are mainly studied for the Chinese manufacturing industry; 2) for recognition of both short and long-run relationship amid variables of interest, we established a panel autoregressive distributed lag (Panel-ARDL) model; 3) other covariates including FDI, R&D, industrial scale, and export intensity are also accounted; 4) the empirical methodology is based on the error correction model rather than usual cointegration analysis; and 5) the causality test established by Dumitrescu and Hurlin (2012) is used for causality analysis between variables. The research framework of the current study is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Main research framework.
Our findings revealed that environmental regulations and GVC participation increase the GTFEP in the long run. Moreover, the addition of FDI, R&D, industrial scale, and exports of the manufacturing industry in the model would aid to identify any environmental impacts of these variables. For developing future strategies with the aim of sustainable environmental development, the causality analysis between variables of interest would be beneficial for researchers and policy makers. Following research questions are tried to answer through empirical investigation: 1) Does long-run relationship exist amid GTFEP, environmental regulations, and GVC participation? 2) What is the long-run impact of environmental regulations and GVC participation on GTFEP? 3) Does any causality exist amid variables of interest? If yes, what is the direction of causality? The rest of the study comprises four sections. Section 2 describes the empirical methodology and model development. Section 3 explains the results and discussion of our analysis. Finally, Section 4 suggests some policy implications along with a derivation of the conclusion.
2 METHODOLOGY
2.1 Data sources and industry classification
The current study basically employs two datasets including World Input-Output Database (WIOD) 2016-version and Statistical Yearbooks of China. The manufacturing sector of China has been classified into 18 industries, by the merger of WIOD industry classification and national economy industry classification (GB/T4754-2011) on the principal of no omission and no repetition (Supplementary Table S1). For calculation of GTFEP, the CEADS (Carbon emission accounts and datasets) database is used for getting data on CO2 emissions. The remaining data are obtained from the National Bureau of Statistics and various yearbooks of China including energy statistics, industrial statistics, science and technology statistics, environmental, and labor statistics. All statistical data for industries are merged into 18 industries as described previously, and interpolation and extrapolation methods are used to fill any missing data. The data are collected for a period of 2000–2014 and 18 industries, making a total panel of 270 observations. Moreover, the perpetual inventory method is used to convert all flow data into stock data, and price indices are adjusted on the constant price of 2000. Table 1 elaborates the description of the main variables and their source of data collection.
TABLE 1 | Variables’ definitions and data sources.
[image: Table 1]2.2 Calculation of variables
2.2.1 Measuring environmental upgrading
The environmental upgrading, in terms of process upgrading, refers to improved efficiency of the production system via green strategies (Marchi et al., 2013). Thus, the green total factor of energy productivity can be used as a proxy for environmental upgrading. The higher the industrial GTFEP is, the more effective will be the environmental upgrading for the particular industry. According to Hu et al. (2021), total factor productivity calculation is modified through several stages in the literature, including the Solow residual value, estimation through random production function, non-parametric data envelopment analysis, and finally, the directional distance function incorporating undesirable output for measuring the total factor productivity. As discussed by Piao et al. (2019), one of the main methods for calculating green growth is the data envelopment analysis. For capturing green productivity, it is essential to incorporate energy inputs and the negative environmental impact associated with energy inputs, along with consideration of regular factors and output. But the traditional radial data envelopment analysis (DEA) and slack-based measures are unable to capture the actual efficiency and productivity as the former lacks undesirable output and the latter ignores radial relaxation while taking undesirable output. So the directional distance function (DDF) is further improved by using an epsilon-based measure, having both radial and non-radial relaxations. For comparing different industries across time, the Global Malmquist–Luenberger (GML) index was constructed by Oh (2010), which avoids the possible phenomenon of technology retrogression.
By following the method of Hu et al. (2021) and taking the gross industrial output value as desirable output; energy consumption, employment number, and capital stock as input factors; and COD (chemical oxygen demand) discharge, and CO2 and SO2 emissions as undesirable output; the GML index was measured for 18 industries by MaxDEA 8 Ultra Software. The perpetual inventory method was employed to calculate capital stock. Finally, to achieve inter-temporal comparability, the GML index was converted into GTFEP as the GML index calculated previously only denotes recent years’ growth rates. For converting the GML index into GTFEP, the actual GTFEP of 2000 is calculated by assuming the value of GTFEP as 1 in 1999. To get GTFEP of 2000, the GTFEP of 1999 is multiplied by the GML index value of 2000. Similarly, the actual GTFEP of 2001 is equal to the GTFEP of 2000 multiplied by the GML index of 2001. Following this method, the actual GTFEP of all 18 industries is obtained for the whole sample period.
2.2.2 Measuring the environmental regulation index
The extent of pollution control and environmental protection is reflected by the environmental regulation policies. There are two schools of thoughts describing the impact of environmental regulation on enterprise pollution control and growth. On the one hand, it is perceived that the competitiveness of enterprises is reduced due to increased burden and extra costs under environmental regulations, thus leading to a crowding out effect on further investments (Qu et al., 2020). Contrarily, the environmental regulations are associated with higher trade of intermediate goods (Hu et al., 2021). In the long run, the environmental upgrading is caused by environmental regulations due to the stimulation of innovation compensation effect and technological innovation under reasonable environmental regulations (Porter, 1996). The current study measured the environmental regulation index by dividing the gross operating cost of emission treatment (both wastewater and exhaust emissions) to the gross industrial output value (Qu et al., 2020).
2.2.3 Measuring global value chain participation
The total production lengths of the Chinese manufacturing industry are calculated to represent GVC participation (Wang et al., 2020). The total average production length of GVC activity represents the mean of processing stages involved in transforming the one country’s industrial inputs into another country’s final product (Wang et al., 2017), and it can be written as follows:
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Following the method of Wang et al. (2020), the following formula is obtained by using the value-added weights of [image: image] sector to [image: image]:
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Using matrix notation for Eq. 2, we get the following:
[image: image]
where [image: image] represents the Ghosh inverse matrix, and [image: image] is a 1*N matrix having all elements equal to 1. Following Wang et al. (2020), the total production length of the Chinese manufacturing industry is divided into three main segments including pure domestic and trade production, and the length of GVC activities; and these three lengths can be expressed as follows:
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where [image: image] is the domestic production length, [image: image] represents the traditional trade production length, and [image: image] shows the GVC activities’ production length. Finally, the total production length can be calculated as follows:
[image: image]
In Eq. 7, TPL represents the total production length, whereas [image: image] and [image: image] represent each production stage-related weights of value added. For more details of the above-described method, interested readers can read Wang et al. (2017) and Wang et al. (2020). The growth rates of the green total factor energy productivity, environmental regulation index, and total production length index of China’s manufacturing industry are given in Supplementary Table S2.
2.2.4 Other control variables
In the light of extant literature and getting robust estimation results, other variables are included in the main panel ARDL model including the research and development (R&D), foreign direct investment (FDI), industrial scale (IS), and export intensity (EXPI). 1) Research and development (R&D): as described by Qu et al. (2020), technological progress is the key element for better promotion of green growth. The endogenous economic growth theory explains that R&D is the key driver of technological advancement. Thus, the investment on R&D is considered to have a positive influence on environmental upgrading as well. We took the investment on R&D as a control variable, which is calculated by dividing the R&D internal expenditures to the gross industrial output of manufacturing industries. 2) Foreign direct investment (FDI): the FDI is indicated by the utilization of foreign capital measured by the ratio of fixed assets of industrial enterprises invested by foreign investors and Hong Kong, Macao, and Taiwan enterprises to fixed assets of industrial enterprises above the scale. 3) Industrial scale (IS): an industry requires higher levels of social and state supervision under increased industrial scales. In this case, GTFEP is expected to elevate due to less energy intensity. The current study takes the industrial value added to represent the industrial-scale variable. 4) Export intensity (EXPI): the ratio of exports by various industrial sectors to gross industrial output value is used to denote the export intensity of the Chinese manufacturing sector.
2.3 Model specification
The panel co-integration is applied for developing a nexus among GTFEP, ERI, and TPLI for 18 manufacturing industries of China between 2000 and 2014. Furthermore, research and development (R&D), foreign direct investment (FDI), industrial scale (IS), and export intensity (EXPI) are integrated into the main model as explanatory variables. The main econometric model is as follows:
[image: image]
Equation 8 describes that the environmental upgrading (GTFEP) is a function of the environmental regulation index (ERI), total production length index (TPLI), research and development (R&D), foreign direct investment (FDI), industrial scale (IS), and export intensity (EXPI). As the aforementioned model is not in linear form, it may lead to inconsistent and insufficient results for decision-making (Shafique et al., 2021). For overcoming this shortage and achieving consistent and reliable outcomes, the natural logarithmic form of all variables is used for developing nexus among GTFEP, ERI, and TPLI. The log-linear econometric model is as follows:
[image: image]
In Eq. 9, [image: image] is the constant and [image: image] represents the error term. As we used a panel of 18 Chinese manufacturing industries over a period of 2000–2014, Eq. 9 can be re-written for panel data as follows:
[image: image]
where industry classification is represented by [image: image] and time period by [image: image].
2.4 Preliminary tests
The current study finds the impact of environmental regulations and GVC participation on environmental upgrading. For achieving our objective, a three-step methodology is carried out before application of the final model: 1) Pearson correlation analysis is carried out to check the presence of correlation among any variable. 2) The stationarity of all variables is checked by employing two main unit root tests, viz, Fisher-ADF (Augmented Dickey-Fuller) and Fisher-PP. 3) To check the presence of short and long-run association amid all variables and GTFEP, the co-integration technique and advanced auto-regressive distributed lag model (ARDL model) by Pesaran et al. (1999) are used. The ARDL model is considered good due to its applicability with both stationarity of variables at I (0) and I (1), or a combination of both (i.e., I (0) and I (1). At the same time, it is necessary that none of the variable is I (2). Moreover, in the case of small and infinite datasets, this method provides stable and consistent results (Shafique et al., 2021). 4) Finally, the Dumitrescu–Hurlin causality analysis is carried out to check the presence of causality amid all variables and GTFEP.
Following the method of Shafique et al. (2021), the final ARDL model can be expressed as follows:
[image: image]
In Eq. 11, [image: image] is the dependent variable. The industry-specific intercept is denoted by [image: image], the difference operator is represented by [image: image], and the long-run coefficients are represented by [image: image] and [image: image]. The lag length for the ARDL model is shown by [image: image], whereas, the error term is represented by [image: image]. [image: image] is the null hypothesis, explaining the presence of no co-integration amid all variables.
3 RESULTS
3.1 Descriptive statistics
As shown in Figure 3, growth rates of green total factor energy productivity, environmental regulation index, and total production length index vary greatly across industries. The growth rates of all three variables from 2000 to 2014 are shown in Supplementary Table S2. The ERI growth rate is highest for the printing and reproduction of recording media industry (73.48%), followed by manufacturing of paper and paper products (67.78%), manufacturing of medicines (62%), and manufacture of non-metallic mineral products (57.48%). These results indicate that these industries are focusing greatly on the implementation of environmental regulations. The ERI reflects the industrial behavior related to the implementation of environmental regulations. The role of environmental regulation in controlling water pollution has been proved in the United States (Langpap and Shimshack, 2010). The TPLI shows the highest increment for manufacture of food products, beverages and tobacco products (38.14%), manufacture of computers, communication, and other electronic equipment (35.89%), and manufacture of textiles, wearing apparel, and leather products (33.96%). The TPLI for I16 and I17 show a decline from 2000 to 2014, which is consistent with the extant literature (Wang et al., 2020). These findings suggest the shifting of the comparative advantage of the Chinese manufacturing industry from the traditional final product to various segments of the GVCs (Wang et al., 2020) as the country’s imports of intermediate products also depict an upsurge in recent years (Wang et al., 2018).
[image: Figure 3]FIGURE 3 | Growth rates of the green total factor energy productivity, environmental regulation index, and total production length index for the Chinese manufacturing industry (2000–2014).
The highest growth of GTFEP from 2000 to 2014 is recorded for the manufacture of rubber and plastic (169.81%), followed by the manufacture of metal products (84.07%), manufacture of basic metals (75.02%), and manufacture of machinery and equipment (54.09%). These higher growth rates of GTFEP in these industries indicate that these industries are upgrading in their environmental sides and causing green growth of the Chinese manufacturing industry, thus participating toward the green economy. The GTFEP of individual industries across the whole sample period is shown in Figure 4.
[image: Figure 4]FIGURE 4 | Changing trend of the GTFEP of the Chinese manufacturing industry (2000–2014).
The descriptive statistics for variables used in the panel ARDL model are given in Table 2. All variables are used in log form, by taking the natural logarithm of them. For taking the logarithm of variables having some negative value, a constant value was added to that particular variable before taking the natural logarithm (Mert et al., 2019). The results of the Pearson correlation analysis are given in Table 3. As the value of all coefficients is less than 0.7, there exists no strong correlation amid factors of GTFEP which are used in the current study.
TABLE 2 | Descriptive statistics of variables.
[image: Table 2]TABLE 3 | Pearson correlation analysis.
[image: Table 3]3.2 Panel unit root test
For avoiding the problem of spurious regression, econometric analysis of panel data relies on the panel unit root test (Levin et al., 2002; Shafique et al., 2021). Various unit root tests are found in the literature (Shafique et al., 2021; Shahid et al., 2021; Shijie et al., 2021) for verifying the stationarity of a series. According to Dickey and Fuller (1979), the stationarity of data series can be checked through ADF unit root analysis. Phillips Peron (PP) tests are also used for testing the stationarity of data (Shahid et al., 2021). Moreover, the optimal lag selection is also a pre-requisite for the ARDL model. Different criteria are found in the literature for checking the optimal lag for a series such as SBC (Schwarz Bayesian criterion), HQ (Hannan Quinn), and/or AIC (Akaike information criterion) (Shahid et al., 2021). The current study used AIC for selecting the optimal lag length of 2. After lag length selection, the co-integration was assessed by employing the ARDL bound testing approach. Furthermore, we applied two types of unit root tests for checking the stationarity of our variables including ADF-Fisher chi-squared and PP-Fisher chi-squared test (Table 4). The results of unit root tests depict that GTFEP, ERI, FDI, IS, and EXPI are stationary at the first difference, i.e., I (1); while TPLI and R&D are stationary at level, i.e., I (0). Thus, the order of integration is a mixture of I (0) and I (1), indicating the ARDL model as the best option for further analysis.
TABLE 4 | Fisher chi-squared panel unit root test.
[image: Table 4]3.3 Panel co-integration test
Before applying the panel ARDL model to our data, the Hausman test was carried out to find the best estimator among the mean group (MG) and pooled mean group (PMG) estimators (Hongxing et al., 2021). The PMG estimator was found best as a result of confirmation of long-run homogeneity. The results of the pooled mean group ARDL model (PMG-ARDL) for long and short-run estimates are given in Table 5. The value of the error correction term (ECT) is significant and negative, indicating the convergence of the model over a long period of time. The speed of adjustment from short to long run is highly depicted by ECT (Shahid et al., 2021). The ECT shows that any shock to GTFEP of the Chinese manufacturing industry bears a yearly adjustment capacity of 47%. The long-run coefficients of PMG-ARDL model indicate a positive and significant connection between GTFEP and ERI, TPLI, and R&D at 1%, 5%, and 1%, respectively. The GTFEP increases by 0.089% with a 1% increase in ERI. This is in line with the hitherto investigations, where the environmental regulations are proved to lead to improved efficiency (Qin et al., 2021). Similarly, a 1% increase in TPLI and R&D leads to 0.776% and 0.068% increase in GTFEP, respectively. It depicts that increased TPLI is a sign of industrial upgrading, which ultimately affects the energy intensity of the manufacturing industry (Wang et al., 2020). Moreover, increased participation in GVCs leads to higher technological progress, thus resulting in the growth of total factor energy productivity (Feng et al., 2020). The effect of IS on GTFEP is also positive, but insignificant. Moreover, the impact of FDI and EXPI is also significant, but negative. This indicates a decline in GTFEP with increasing FDI and EXPI. The growth of GTFEP may be inhibited with higher levels of FDI as the technology spillover effect on the environment caused by increased FDI leads to deteriorating the environment and elevates the pollution control costs (Hu et al., 2021). The short-run estimator also shows a similar pattern but with insignificant estimators, except for FDI, which is significant in the short run as well.
TABLE 5 | Results of long-run and short run estimates of the PMG-ARDL model (1,1,1,1,1,1).
[image: Table 5]3.4 Causality analysis
To observe the direction of causality amid variables of the ARDL model, Dumitrescu and Hurlin (2012) causality test was employed. As described by Ahmed and Shimada (2019), this test is appropriate for panel data as it is based on the assumption of the diversity of all coefficients across various cross sections. Two test statistics are calculated for the Dumitrescu and Hurlin causality test, including Wbar and Zbar statistics. An average of test statistics is taken for calculating Wbar stat, while a standard normal distribution is designated for the calculation of the Zbar stat (Shafique et al., 2021).
The results of pairwise Dumitrescu and Hurlin panel causativeness analysis are given in Table 6. The findings show that unidirectional causality exists between GTFEP and ERI, running from GTFEP to ERI; and GTFEP and R&D, running from R&D to GTFEP. Moreover, bidirectional causality exists between GTFEP and other variables including TPLI, FDI, IS, and EXPI. Figure 5 shows the direction of short-run causalities amid all variables.
TABLE 6 | Results of pairwise Dumitrescu and Hurlin panel causativeness analysis.
[image: Table 6][image: Figure 5]FIGURE 5 | Short-run causalities between variables.
4 CONCLUSION AND POLICY IMPLICATIONS
The industrial green transformation and upgrading have been remained a key target for many countries to solve the problem of decoupling economic development from environmental pollution. Since its opening up in the last four decades, the manufacturing industry of China contributed greatly toward economic growth and development. Such an immense growth also brought with it environmental pollution and heavy resource consumption problems. Based on the panel data on manufacturing industries of China, the current study aimed to investigate the nexus between environmental upgrading, environmental regulations, and GVC participation. The green total factor productivity (GTFEP), environmental regulation index (ERI), and total production length index (TPLI) were calculated for 18 manufacturing industries to represent environmental upgrading, environmental regulations, and GVC participation, respectively. The Global Malmquist–Luenberger (GML) index method was used to calculate the GTFEP. The panel auto-regressive distributed lag model was applied for developing a nexus among GTFEP, ERI, and TPLI for 18 manufacturing industries of China between 2000 and 2014. The empirical methodology comprised descriptive statistics of all variables, Pearson correlation analysis, Fisher-ADF and Fisher-PP unit root tests, co-integration technique and advanced auto-regressive distributed lag model (ARDL model), and Dumitrescu–Hurlin causality analysis. The following main conclusions are drawn from research findings: 1) environmental regulation policies are the basis for overcoming environment-related issues as these problems cannot be solved through free-market mechanisms. The increase in GTFEP with an increase in ERI is the indication of environmental upgrading and is important for research and environment-related policy making. Improved environmental regulations will lead toward higher green energy productivity, thus causing process upgrading related to the environment. 2) The GTFEP is also reported to be increased with increased TPLI. This may indicate that with the deepening of GVCs, advance green technologies introduced due to process upgrading can lead to efficient input to output transformation, which in turn helps promote GTFEP and environmental upgrading. 3) The impact of foreign direct investment (FDI) was negative and significant for GTFEP, indicating a decline in GTFEP with increasing FDI. The growth of GTFEP may be inhibited with higher levels of FDI as the technology spillover effect on the environment caused by increased FDI leads to deteriorating the environment and elevates the pollution control costs.
Based on the above-derived conclusions, the following policy implications are made:
(1) The environmental regulatory laws should be enforced strictly, along with the pollution control methods and techniques. Moreover, promulgation of such regulations should be in line with the local and industrial conditions. Relatively pollution-causing industries should be focused with clarified government interventions and strict laws and regulations. The government should focus on making the industries to take their environmental preservation responsibility, in order to achieve environmental upgrading and sustainable development.
(2) Chinese manufacturing industries should focus on the impact of GVC participation and ERI for improving the green total factor energy productivity further. The green transformation and upgrading and clean production technology should be accelerated through the use of clean energy, such as wind energy.
(3) The opening up of the country should be actively promoted and accelerated by the government for increasing the GVC participation and thus leading to higher green total factor energy productivity of industries. Furthermore, research and development should be strengthened for accelerating the green growth and productivity.
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