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Energy conservation and emission reduction of the manufacturing industry are of great significance for promoting China’s high-quality economic development. In this paper, the Luenberger productivity index based on the data envelopment analysis (DEA) method is used to measure the green total factor productivity (GTFP). The regression results show that, on one hand, environmental regulation on Taiwan-funded enterprises has a negative impact on the GTFP, which implies that these enterprises need to pay “compliance costs” due to the implementation of environmental regulation policies of Chinese local governments. On the other hand, Taiwan-funded enterprises who can create a large number of jobs have strong bargaining power with the local governments, hence have more opportunities to be exempted from environmental regulations to a certain extent. Therefore, in order to prevent local governments from failing to strictly implementing environmental regulations on Taiwan-funded enterprises, it is suggested that environmental protection achievements be included in the performance appraisal system for the local governments. Chinese local governments should start with a weaker enforcement of environmental regulation, by giving Taiwan-funded enterprises a certain buffer period to gradually adjust the policies intensity. Production characteristics and pollution density of Taiwan-funded enterprises should be considered when enforcing environmental regulation. It is also suggested that environmental, social and governance (ESG) scores of Taiwan-funded enterprises should be taken as a part of their credit qualifications, so as to enhance the internal motivation of energy conservation and emission reduction of these enterprises. In this way, environmental regulation will play a full role in promoting the GTFP of Taiwan-funded enterprises, and help the high-quality development of Chinese economy.
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1 INTRODUCTION
In the past century, the development of science and technology has led to continuous economic growth. However, the huge consumption of the energy and the damage of the environment have made the conflict between human and nature increasingly acute. It is imminent to establish a resource-saving and environment-friendly society, to develop a low-carbon and circular economy. As the world’s second largest economy, China has to undertake the responsibility of energy conservation, emission reduction and environmental protection. At the 75th Session of the United Nations General Assembly in 2020, Chinese President announced that China would achieve the goal of peaking carbon dioxide and other greenhouse gas emissions by 2030 and achieving carbon neutrality by 2060. Energy conservation and emission reduction as well as green transformation and upgrading of the manufacturing industry are of great significance for promoting China’s high-quality economic development and achieving the goal of carbon neutrality, and promoting the GTFP of manufacturing enterprises.
Since the Chinese government put forward the “double carbon” target in 2020, emissions reduction has become the focus of the Chinese government’s work (Jiang et al., 2022), a series of environmental regulations has been enacted. Scholars also pay more and more attention to the issue about energy conservation, emission reduction and environmental protection, there are many related studies in the existing literature. However, there is almost no research on the environmental performance of Taiwan-funded enterprises. When scholars study the impact of environmental regulation on the GTFP of enterprises, most of them focus on domestic-funded or foreign-funded enterprises. Compared with other types of enterprises, Taiwan-funded enterprises have specific characteristics. Since the recovery of cross-strait economic and trade relations in the late 1980s, Taiwan-funded enterprises have played an important role in providing employment, promoting industrial upgrading, and helping Chinese mainland deeply enter the international market. According to the statistics of “Taiwan’s Investment Board of Ministry of Economic Affairs”, Taiwan’s cumulative investment in Chinese mainland reached 192.42 billion US dollars during the period from 1991 to 2020; According to the Ranking of China’s Top 500 Foreign Trade Enterprises in 2020 released by the Statistical Society for Foreign Economic Relations and Trade of China, Taiwan-funded enterprises occupied 3 seats among the top 10. However, as the environmental regulation implemented strictly, Taiwan-funded enterprises with high energy consumption, high pollution are facing the pressure of energy conservation, emission reduction and green transformation (Wu and Deng, 2019). In addition, Taiwan-funded enterprises in the mainland had advantages in technology, management and capital in the early stage of reform and opening up, and the mainland have implemented preferential policies for them to attract them to invest in the mainland, which gave them certain advantages in bargaining. Therefore, this paper focuses on Taiwan-funded enterprises in Chinese mainland and aims to answer two questions: first, how do environmental regulation policies in Chinese mainland affect Taiwan-funded enterprises’ GTFP? Second, whether Taiwan-funded enterprises have bargaining power on the environmental regulation policies with local governments of the Chinese mainland? If Taiwan-funded enterprises have, how does bargaining power affect the relationship between local government environmental regulation policies and enterprises’ green total factor productivity? To answer these questions, we conduct an empirical analysis, and the main findings are: the Chinese mainland environmental regulation will reduce the GTFP of Taiwan-funded enterprises; the more jobs opportunities the Taiwan-funded enterprises creates, the higher the bargaining power with the local governments, and the greater the possibility being exempted from environmental regulation to a certain extent.
This paper is different from the previous literature in several aspects. First, in China, it is of special significance to study the bargaining power, especially the bargaining power of Taiwan-funded enterprises in Chinese mainland, because of the particularity of Taiwan-funded enterprises and the great flexibility of Chinese local governments in implementing environmental regulations. At present, research on the bargaining power of Taiwan’s enterprises in Chinese mainland is almost blank. Most researches focus on the role of policies on enterprises, and this paper also examines on the reaction of enterprises to policy implementation; Second, different from the previous literature that mainly uses output value or tax to measure enterprises’ bargaining power, this paper finds it is more reasonable to use employment to measure bargaining power for Taiwan-funded enterprises; Third, unlike the existing literature, this paper uses the green TFP to measure the productivity of enterprises, rather than the traditional TFP. It is generally believed that the traditional TFP overestimate true productivity; Fourth, many of current literatures focus on carbon emissions, while this paper applies to various forms of pollutants, mainly waste gas pollution, waste water pollution and industrial soot pollution; Last but not least, the existing literature often analyze a group of countries within one framework, ignoring the lack of uniform environmental regulations across countries. This paper focuses on different enterprises inside one country, so there is no such a problem of legal heterogeneity. Based on these, we believe that, studying the impact of environmental regulation policies on the GTFP of Taiwan-funded enterprises in Chinese mainland will add micro-evidence to relevant theories, and discussing the distortion of environmental regulation policies by bargaining power of Taiwan-funded enterprises will provide a useful reference for policy makers or enforcers.
The rest of this paper is arranged as follows: Section 2 proposes two theoretical hypotheses, that is, the environmental regulation will reduce the GTFP of Taiwan-funded enterprises, and the bargaining power of Taiwan-funded enterprises has a negative effect on the implementation of the environmental regulation policies in Chinese mainland; Section 3 explains the processing of variables, focusing on calculating the GTFP index of Taiwan-funded enterprises and the urban environmental regulation index; Section 4 conducts empirical analysis using panel data of Taiwan-funded enterprises, to verify the two theoretical hypotheses proposed, to reveal the impact of environmental regulation on the GTFP of Taiwan-funded enterprises and the negative effect of the bargaining power of Taiwan-funded enterprises with the local governments; Section 5 are the conclusions and policy recommendations.
2 THEORETICAL HYPOTHESES
2.1 The impact of environmental regulation on the green total factor productivity
With the increasing amount of attention given to ecological protection, the balance between environmental regulation and economic development is at the center of academic and policy debates. Environmental regulation, such as collecting the pollution discharge fees, is the main mean for the government to realize the green transformation of enterprises. In China, the relationship between environmental regulation and green total factor productivity of enterprises is so important that it cannot be overemphasized, but the conclusions remain controversial. The impact of environmental regulation on the GTFP of enterprises is mainly summarized as “Porter Hypothesis” and “Compliance Cost Hypothesis”. The “Porter Hypothesis” believes that reasonable environmental regulation can stimulate the “innovation compensation effect,” which can not only compensate the “compliance cost,” but also improve the productivity and competitiveness of enterprises (Porter and Linde, 1995). Jaffe and Palmer (1997) also believe that the mechanism of environmental regulation is to internalize the externalities generated in the production activities into the production costs of enterprises, and then force enterprises to carry out technological innovation. Fan et al. (2022) show that environmental regulation indirectly promotes GTFP by enhancing green technological innovation level. Jin et al. (2022) constructs a GTFP evaluation index system and analyzes the impact of environmental regulation on GTFP in the context of increasing innovative labor force. Guan and Wu (2020), Liu et al. (2020), Xiao et al. (2020) all support the “Porter Hypothesis”. The “Compliance Cost Hypothesis” believes that environmental regulation will lead to a “distortion effect of resource allocation” and hinder the improvement of GTFP. Xie et al. (2017), Yuan and Xiang (2018) show that environmental regulation will increase the cost of enterprises and squeeze out R&D investment, which is not conducive to the improvement of GTFP of enterprises.
However, more and more studies have found that the impact of environmental regulation on the GTFP of enterprises cannot be simply attributed to “Porter Hypothesis” or “Compliance Cost Hypothesis.” Shen and Liu (2012) show that there is a U-shaped relationship between the intensity of environmental regulation and technological innovation, and the “Porter hypothesis” can only be realized when the intensity of environmental regulation exceeds a certain threshold; Li and Tao (2012) show that the intensity of environmental regulation in heavily polluted industries is relatively reasonable, which may promote the GTFP, improve technological innovation and efficiency. The relationship between environmental regulation and GTFP, technological innovation or technological efficiency is U-shaped in moderately and mildly polluted industries. Yu and Hu (2016) show that environmental regulation always has a negative impact on the technological innovation in the heavily polluted industries, an impact with the U-shaped relationship in the mildly polluted industries. Yin and Wu (2021) show that the impact of government-controll environmental regulation follows the “Compliance Cost Hypothesis” with a lag of two periods, and the impact of public participation environmental regulation follows the “Porter hypothesis” with a lag of two periods, and the impact has regional differences. Cheng and Kong (2022) show that command-and-control (management) environmental regulations will boost the expansion of GTFP. This is mainly achieved by improving technological efficiency and narrowing the technological gap. Market-based environmental regulations can also accelerate the growth of GTFP, principally through improvements in the advancement of technology and a narrowing of the technological gap. Zou and Zhang (2022) show that the effect of command-and-control environmental regulation on GTFP is a significant inverted U-shape curve, which is currently the primary driving role in green development, but it is too strict and increasingly less effective. Both market incentive and voluntary environmental regulations appear as positive U-shape curves, and their proper enhancement is breakthrough for future green development. Besides, market incentive environmental regulation is more effective in pollution-intensive industries with relatively low pollution, while voluntary environmental regulation is sensitive to pollution-intensive industries with relatively serious pollution. Li and Chen (2019) show that environmental regulation reduces the GTFP of enterprises in the short-term, and promotes the GTFP in the long-term.
Therefore, the net impact of environmental regulation on the GTFP of enterprises depends on the balance between the innovation compensation effect and the resource distortion effect produced by the policies. In fact, in the past 30 years, many industries invested by Taiwanese in Chinese mainland were the sunset industries in Taiwan, with heavy pollution and high energy consumption. The data in Figure 1 supports this: during 1991 and 2021, about 50% of Taiwanese investment in Chinese mainland was concentrated in heavily polluting industries. In 2021, the proportion of Taiwanese investment in heavily polluting industries in Chinese mainland reached 64%. In terms of environmental management, the Ministry of Environmental Protection said that Taiwan-funded enterprises would be treated equally with mainland enterprises.1 This means that Taiwan-funded enterprises have to pay more than before for the environmental treatment costs, such as pollution discharge fees, which may reduce their GTFP. Based on this, this paper presents the first hypothesis: Chinese mainland environmental regulation policies will reduce the GTFP of Taiwan-funded enterprises.
[image: Figure 1]FIGURE 1 | The proportion of Taiwanese funded enterprises investing in heavily polluting industries in Chinese mainland during 1991 and 2021. Note: Figure is based on the data from “Taiwan’s Investment Board of Ministry of Economic Affairs”. According to the Guidelines for Environmental Information Disclosure of Listed Companies issued by the Ministry of Ecology and Environmental of the People’s Republic of China in 2010, mining industry, chemical manufacturing, chemical materials, plastic products, metal products, electronic components, computers, electronic products, and optical products, textile industry, leather, fur and their products, and pulp, paper, and paper products are regarded as heavy pollution industries.
2.2 The negative effect of the bargaining power of enterprises on environmental regulation
In China, environmental regulatory policies are generally formulated by the central government and implemented by the local governments. Due to the performance appraisal system of local governments and the promotion system of officials, local governments tend to pay more attention to economic development rather than environmental performance. Therefore, it is not unusual that local governments pursue a single economic goal and fail to accommodate long-term and overall interests by choosing to relax environmental controls, so enterprises may use their greater contribution to the performance appraisal of the local governments as a “bargaining chip” to obtain exemption or loose enforcement of environmental regulation. Xi (2017) point out that large taxpayers who make greater contribution to the performance appraisal of the local governments have strong bargaining power with the local governments which can weaken the effect of environmental regulation. In the view of Li and Chen (2019), to reflect the bargaining power of enterprises, regional GDP and stable employment are also important tasks for the local governments. The higher the industrial output value or more employees of the enterprises, the greater the contribution to the local governments, and then the enterprise will obtain greater bargaining power. When constructing the indexes of the bargaining power of Taiwan-funded enterprises, this paper uses Li and Chen (2019) as the main reference.
Employment, value-added tax and industrial output value are the three major contributions of Taiwan-funded enterprises to the local governments. Among the three, the highest contribution is employment, rather than value-added tax or industrial output value. First, the value-added tax payment of Taiwan-funded enterprises is relatively limited, which is not enough to form a strong bargaining power. For example, in 2007, the actual value-added tax rate of Taiwan-funded enterprises was 10.2%, far lower than the statutory rate of 17% (Yang et al., 2017); Second, the industrial output value of Taiwan-funded enterprises is also relatively limited. Most of the Taiwan-funded enterprises “put both ends abroad” (put the raw material market and sale market in the international market). According to the 2020 Factual Survey on Overseas Production of Export Orders, Taiwan’s manufacturing export orders accounted for 45.5% of its production in the mainland, of which 72.1% were exported to the United States or other countries. Therefore, the actual contribution of the industrial output value of Taiwan-funded enterprises to the local governments has been discounted. Third, most importantly, Taiwan-funded enterprises have created a large number of employment opportunities in the past decades. The minister of the Ministry of Commerce of the People’s Republic of China, pointed out in 2020: “Foreign trade and foreign investment directly and indirectly created more than 200 million jobs.” Taiwan-funded enterprises have created more than 12 million jobs in the mainland (Bai and Liu, 2020). Therefore, the bargaining power of Taiwan-funded enterprises with the local governments is mainly reflected in employment. Based on this, this paper presents the second hypothesis: the more the jobs created, the stronger the bargaining power of Taiwan-funded enterprises with the local governments and the greater they can weaken the implementation of environmental regulation.
3 VARIABLES AND DATA
3.1 Variable description and data processing
According to the two hypotheses put forward above, this paper will use the panel data of Taiwan-funded enterprises to examine the impact of environmental regulation or bargaining power on the GTFP. Therefore, the theoretic regression model is set up as follows:
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In Eq. 1, GTFP is the green total factor productivity of Taiwan-funded enterprises, ERI is the environmental regulation intensity of the city where the enterprises are located, BP is the bargaining power of Taiwan-funded enterprises with the local government, vector X contains the control variables at the enterprise level, and vector Y contains the control variables at the city level, and Ɛ is the error term. In general, [image: image], vt is time effect, and wi is individual effect. In the next section, the individual fixed regression will be run based on Hausman test; the subscript i represents the enterprise, t represents the year, and m represents the city.
There are two types of core explanatory variables in Eq. 1. First, the urban environmental regulation index (ERI) is calculated referring to the research of Fu and Li (2010). Three indexes (industrial wastewater discharge standard rate, industrial sulfur dioxide removal rate and industrial soot removal rate) are selected to measure the level of environmental regulation of a city. The data source used to calculate these indexes is the China City Statistical Yearbook over the years. Second, the bargaining power (BP) of Taiwan-funded enterprises is calculated referring to the research of Li and Chen (2019). This paper calculates three variables to indicate bargaining power, represented by BP1, BP2, and BP3, respectively. Mathematically, the three variables are defined as follows:
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The data sources used to calculate the above three variables are the Chinese Industrial Enterprise Database and the China Urban Statistical Yearbook.
Two control variables are selected at the enterprise level: The first is regarded to the current asset ratio (CAR), measured by the proportion of current asset as the sum of current asset and fixed asset; The second is the financing constraint (FC), which is expressed as the ratio of interest expense to fixed asset. The data source used to calculate these two firm-level control variables is the Chinese Industrial Enterprise Database.
Two control variables are also selected at the city level: The first is the development level (DL), expressed by per capita GDP; The second is the scientific importance (SI), measured by the proportion of scientific expenditure in GDP in a city. The data source used to calculate these two city-level control variables is the China Urban Statistical Yearbook.
The explained variable, GTFP in Eq. 1, is calculated using the Luenberger Productivity Index of the SBM (Slack-Based Measure) directional distance function, see below for details.
From the description of the above variables, it can be seen that the data at the enterprise level are all derived from the Chinese Industrial Enterprise Database. To accurately select the Taiwan-funded enterprises from the Chinese Industrial Enterprise Database is an extreme difficult task because the database is huge with over 4 million enterprises, and there are many errors, omissions and changes of the enterprise names. Before matching the enterprise names of Taiwan-funded enterprises with the database, this paper first excludes the invalid observations of key variables that do not meet the requirements according to the accounting standards, retains the manufacturing enterprises with industry code between 13 and 42 in the Chinese Industrial Enterprise Database. The names of provinces and cities and the area-codes of enterprises are also repaired in accordance with documents of the Ministry of Civil Affairs and the Ministry of Industry and Information Technology. Then, this research begins to match the names of the Taiwan-funded enterprise in the Directory of Taiwan Enterprises in the Mainland (six volumes), the Directory of Investment Undertakings of Listed Companies in Chinese mainland and the Top 1,000 Taiwan Business Companies with the Chinese Industrial Enterprise Database. Due to enterprise restructure, reorganization or expansion, the enterprise names may change over years, so the common words such as “limited company,” “group,” and “factory” are crossed out for matching purpose. Based on the sequential matching logic of Brandt et al. (2012), this paper uses the following variables and variable combinations to match the data of two or three years: “legal person code,” “enterprise name,” “area code + phone number,” “legal person + zip code + product2,” “opening time + phone number + city.” The use of variable combination helps to improve the matching accuracy. Limited by the availability of data from Taiwan-funded enterprises and the “typos” in the Chinese Industrial Enterprise Database, this paper finally selects 2005–2007 as the sample with a total of 17,139 observations.
The summary statistics of the main variables is shown in Table 1.
TABLE 1 | Summary statistics.
[image: Table 1]3.2 Measuring the green total factor productivity of Taiwan-funded enterprises
Total factor productivity (TFP) is an important guarantee for economic growth in long-term, but traditional TFP does not take into account the damage to environmental resources caused by economic growth, thus distorting the evaluation of social welfare and economic performance (Hailu and Veeman, 2000). With the current rapid economic development and unearthed environmental problems, we cannot ignore environmental factors when considering total factor productivity (Li et al., 2019). Compared with traditional TFP, GTFP can take the undesired outputs such as industrial wastewater, industrial sulfur dioxide, and industrial soot produced by the industrial enterprises, into account, which is an important guarantee for sustainable economic growth (Li and Liao, 2020).
In the empirical analysis, the green total factor productivity index will be represented by the Luenberger productivity index calculated by Data Envelopment Analysis (DEA) method. The DEA proposed by Charnes et al. (1978) does not require parameter assumptions, can solve the problem of multiple inputs and multiple outputs, and can simultaneously incorporate capital input and pollutant emissions into the analysis framework. It takes into account undesired output and is currently a widely applicable method for calculating GTFP (Wang et al., 2010). Therefore, this paper chooses this method to calculate GTFP. The calculation process is specified as follows:
First, according to the research of Fukuyama and Weber (2010), the SBM directional distance function is defined:
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where x represents input, [image: image]; y indicates the desired output, [image: image], b indicates undesirable outputs, [image: image]. [image: image] represents the directional distance function, at each period t (t = 1, 2,…, T). (xt,i, yt,i, bt,i), (gx, gy, gb) and (snx, smy, sjb), are the input and output vectors, direction vectors and relaxation vectors of the enterprises i (i = 1, 2,…, I), respectively.
If the technological progress of the enterprise is denoted by TP and the technological efficiency of the enterprise is denoted by TE, then the GTFP index between the period t and period t + 1 is:
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In the empirical analysis, the input factor is the fixed asset of the enterprises, and the desired output is the industrial output value of the enterprises; The undesired outputs are the industrial emissions of wastewater, sulfur dioxide and industrial soot. This paper uses the methods of Cui and Lin (2019) to calculate the three undesired outputs: first, calculate the weight of each pollution index in the city, using the equation [image: image], where Pmz is the emission of pollutant z (z = 1, 2, 3) in the city m, [image: image] is the total national emission of pollutant z, Om is the gross industrial output of the city m, and [image: image] is national total industrial output; second, calculate the weighted adjusted emission of the city’s pollutant, using the equation [image: image], where Ymz is the original emission of pollutant z in the city m; finally, calculate the emission of pollutant z of Taiwan-funded enterprise i in city m, using the equation [image: image], where [image: image] is industrial output of the enterprise i, [image: image] is the total industrial output of the city where the enterprise is located.
According to the above input-output data, this paper uses MAXDEA software to calculate GTFP of Taiwan-funded enterprises. The results show that the average GTFP of technology-intensive enterprises is the highest, which is 1.192; the average GTFP of labor-intensive enterprises is the second highest, which is 1.036; the average GTFP of capital-intensive enterprises is the lowest, which is 0.966. Observing Figure 2, it can be seen that the GTFP of Taiwan-funded enterprises in different industries showed a downward trend from 2005 to 2007. It may be that the increasingly stringent environmental regulation had a negative impact on the GTFP.
[image: Figure 2]FIGURE 2 | Changes in GTFP of Taiwan-funded enterprises of different industrial types from 2005 to 2007. Note: The criteria for the classification of the types of Taiwan-funded enterprises refer to Yang et al. (2018).
4 EMPRICAL ANALYSIS
4.1 Multicollinearity test
In Tables 2, 3, except for the positive correlation between BP2 and GTFP, all other variables are negatively correlated. The maximum value of VIF is 1.34, which is much less than 10. It can be preliminarily determined that there is no multicollinearity among variables.
TABLE 2 | Correlation coefficients.
[image: Table 2]TABLE 3 | Variance inflation factors.
[image: Table 3]The Hausman test results in Table 4 show that the p-value is less than 0.01, which means that the null hypothesis is rejected, so this paper chooses individual fixed effect model to run the regressions.
TABLE 4 | Hausman test results.
[image: Table 4]4.2 Regression results
First, Table 5 shows the regression results of five models with regard to the Taiwan-funded enterprises. Model 1 is the basic regression without considering the bargaining power (BP) of enterprises. The results of model 1 show that the environmental regulation index (ERI) of the city has a significant negative impact on GTFP, which rejects the “Porter Hypothesis” and supports the “Compliance Cost Hypothesis.” This paper argues that the time period selected by the sample from 2005 to 2007 coincided with the third wave of boom of Taiwanese investment in the Chinese mainland. A large number of enterprises with large energy consumption and serious environmental pollution moved from Taiwan to the Chinese mainland. The Department of Environmental Protection begun to treat all enterprises equally on pollution control with no more preferential policies for foreign and overseas enterprises during that period. Theoretically, the investment of enterprises in pollution prevention and control tends to crowd out the investment in R&D and technology innovation, which will have a negative impact on green total factor productivity (Qi et al., 2016). With the strict implementation of environmental regulation, Taiwan-funded enterprises have increased investment in pollution control, decreased investment in technology research, distorted resource allocation, and decreased GTFP. This conclusion confirms the first hypothesis proposed in this paper.
TABLE 5 | Regression results of Taiwan-funded enterprises.
[image: Table 5]Second, Table 5 also shows the regression results of model 2, model 3, model 4, model 5. In order to investigate the reaction of the bargaining power of enterprises on the environmental regulation policies, the variables BP1, BP2, and BP3 enter the regression sequentially. It can be seen that the signs of all explanatory variables have not changed, and they are all statistically significant at the 1% level, indicating reliability of the results to a certain degree. The signs of the coefficients of BP1 and BP3 are significantly negative, −1.6 and −1.75, respectively, indicating that the industrial output value and VAT tax payment of Taiwan-funded enterprises cannot become the effective bargaining power, and Taiwan-funded enterprises still have to pay “compliance costs” for the pollution caused by them. The reason is that, on one hand, the business model of Taiwan-funded enterprises in the Chinese mainland is “put both ends abroad” (put the raw material market and sale market in the international market). Although the import and export amounts are high, the actual net amount is relatively small, so the contribution to the local gross output value is discounted; On the other hand, Chinese mainland has provided favorable tax policies for Taiwan-funded enterprises. During the sample period, zero value-added tax rate was applied to the export products of Taiwan-funded enterprises, that is, all taxes will be refunded after the products are declared for export. On the contrary, the coefficient of BP2 is always significantly positive, indicating that the more jobs created, the greater the contribution to the local governments, the higher the bargaining power, and the greater the possibility of obtaining exemptions or loose implementation of environmental regulation. Thereby, the greater the contribution to the local employment, the stronger force to counteract environmental regulation. This conclusion confirms the second hypothesis proposed in this paper.
The coefficients of CAR and FC are both significantly negative, indicating that the higher the proportion of current asset or the stronger the financing constraint, the lower the GTFP. Enterprises with a high proportion of current asset or strong short-term liquidity may crowd out R&D or other long-term expenditures. Enterprises have strong financing constraint may hinder energy conservation and emission reduction, and then may increase the undesired output. The coefficients of DL and SI are also significantly negative, indicating that the increasing in per capita income or the increasing government’s emphasis on scientific research in cities have a negative impact on the GTFP in short run. The higher the level of economic development of a city, the higher the cost of sacrificing the natural environment, and the lower the green total factor productivity of enterprises in the city (Li et al., 2021). With the improvement of people’s living standards, or with the greater the city’s expenditure on scientific research, the city has higher requirements on achieving green transformation and upgrading, which force enterprises to pay high environmental costs.
4.3 Reliability checking with different samples
In order to further test the reliability of the regression results, this paper selects technology-intensive enterprises to run regression again. The number of observations of Taiwan-funded technology-intensive enterprises is 9,791, accounting for 57.13% of the total sample. According to Table 6, after changing the sample, the signs of the regression coefficients of the explanatory variables have not changed, and they are still significant, which shows that the model setting and regression results in this paper are reliable to some extent. The two hypotheses proposed in this paper are still valid. With strict implementation of environmental regulation, the technology-intensive enterprises will make some adjustments. First, these enterprises may reduce production to cope with the impact of short-term environmental regulation. Second, these enterprises may increase environmental governance expenditures by reducing investment in technological innovation. Therefore, the environmental regulation also has a negative impact on the GTFP of Taiwan-funded technology-intensive enterprises. In comparison, Taiwan-funded technology-intensive enterprises enjoy greater tax incentives. Since 1 October 1999, after the mainland levied the statutory tax rate of 17% on computer software products, the value-added tax rate has been reduced to 6%, and the value-added tax rate of exported products is zero. Most of the Taiwan-funded technology-intensive enterprises also “put both ends abroad.” The abundant and cheap labor resources in Chinese mainland are still the key to attracting Taiwanese to invest. Therefore, job creation is still the bargaining power of Taiwan-funded technology-intensive enterprises to obtain exemptions or loose implementation of environmental regulation.
TABLE 6 | Regression results of Taiwan-funded technology-intensive enterprises.
[image: Table 6]In addition, the research also collapses the panel data into a cross-sectional data to run an OLS regression, and the main results do not change significantly. The regression results are not reported to save space. Therefore, the regression results of Table 5 is very likely to be reliable.
5 CONCLUSIONS AND POLICY RECOMMENDATIONS
Using the matching results of the Chinese Industrial Enterprise Database, the Taiwanese Enterprise Directory and the China Urban Statistical Yearbook, this paper constructs the panel data of Taiwan-funded enterprises in Chinese mainland, uses the data envelopment analysis method to calculate the green total factor productivity index of Taiwan-funded enterprises, examines the impact of the environmental regulation on GTFP of Taiwan-funded enterprises, and discusses the reaction of the bargaining power of these enterprises with the local governments. The findings of this study are: first, the Chinese mainland environmental regulation will reduce the GTFP of Taiwan-funded enterprises; second, the more jobs opportunities the Taiwan-funded enterprises creates, the greater the contribution to the local economy, the higher the bargaining power with the local governments, and the greater the possibility being exempted from environmental regulation to a certain extent. However, in term of industrial output value or value-added tax, Taiwan-funded enterprises have low bargaining power with the local governments. Compared with previous studies, Taiwan-funded enterprises have prominent ability to increase the employment, which is greater contribution to local government achievements, and hence they can obtain strong bargaining power.
In view of this, in order to truly achieve the goals of energy conservation and emission reduction and sustainable high-quality economic development in Chinese mainland, this paper makes the following suggestions.
First, to reduce the reaction force of Taiwan-funded enterprises to the environmental regulation, the central government should consider environmental protection as important as economic development, supervise the implementation of environmental protection policies in a timely manner, reduce the adverse effect of bargaining power of Taiwan-funded enterprises in Chinese mainland, by incorporating environmental achievements into the local government performance appraisal framework, formulating long-term environmental regulation policies, and forming an institutionalized, systematic and normalized environmental supervision mechanism.
Second, China should adjust the pace of enforcement of environmental regulation. One of the reasons why environmental regulation policies have a negative impact on Taiwan-funded enterprises is that the policies are relatively tough, and some are even “one size fits all.” Polluting enterprises do not have enough time to adjust their production or improve technology or increase investment in pollution prevention and control equipment, and have to adopt stress strategies to deal with it. Local governments should start with weaker enforcement of environmental regulation, by giving Taiwan-funded enterprises a certain buffer period to gradually adjust the policy intensity, to improve environmental protection standards, and then to achieve the green transformation and upgrading of the manufacturing industry.
Third, the pollution degree of Taiwan-funded enterprises is different, and the impact on the environment is different. 1. Therefore, when implementing environmental regulation policies, local governments should first distinguish the types and characteristics of Taiwan-funded enterprises, and pollution density of targeted industries (Zou and Zhang, 2022), then carry out differentiated environmental regulation means on polluting enterprises.
Fourth, China should build and improve the Environmental, Social and Governance (ESG) scoring standards of Taiwan-funded enterprises, take ESG scoring as part of credit, and encourage financial institutions to provide Taiwan-funded enterprises with high ESG scores the lower-cost and higher-amount loans2. This way will enhance the internal motivation of Taiwan-funded enterprises in energy conservation, emission reduction and green transformation.
Due to the extremely difficult availability the of data of Taiwan-funded enterprises in Chinese mainland, the sample interval of this paper is selected from 2005 to 2007. Since 2007, Chinese mainland has introduced a series of macro-control measures, including new land and environmental protection policies, tax reform, and the new labor contract law. These macro-control measures have further increased the cost of Taiwan-funded enterprises. In recent years, energy, environment and climate change have posed important challenges to Chinese mainland, and Taiwan-funded enterprises are also facing more severe pressure from green transformation. Therefore, the follow-up research will expand the sample with more years, analyze Taiwan-funded enterprises based on different industry types, and further examine the impact of different types of environmental regulation policies on the green total factor productivity.
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