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Abstract

:

Environmental regulation has become a significant way to achieve sustainable development. Taking the panel data of China’s high-tech industries from 2007–2016 in 30 provinces and cities as a sample, regression models are established to study the impact of three different types of environmental regulations on international competitiveness and the moderating effect of R&D (research & development) investment. The results show that the impact of environmental regulations on the international competitiveness of high-tech industries is related to the type of environmental regulation. There is a significant negative correlation between economic environmental regulation (EER) and the international competitiveness of high-tech industries, and R&D investment has a significant inhibitory effect on the relationship between the two. For both commanding environmental regulation (CER) and participatory environmental regulation (PER), R&D investment plays a significant moderating role in environmental regulation and the international competitiveness of high-tech industries. The impact of all three environmental regulations on R&D investment was positive but not significant. Finally, based on these research conclusions, a few countermeasures and suggestions are discussed for the formulation of China’s environmental regulation policies and the development of high-tech industries.
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1. Introduction


In recent years, China’s economy has continued to develop rapidly, but due to the irrational use of resources in traditional economic methods, serious damage to the ecological environment has been caused. In the face of the contradiction between production development and environmental protection, environmental regulation has become the only means of sustainable development. The growing concern about environmental destruction and pollution, coupled with increasing greenhouse gas emissions, has led to the adoption of various policies aimed at achieving a green environment [1]. In 2020, China proposed to reach carbon peaks by 2030 and achieve carbon neutrality by 2060. Enterprises play an important role in reducing carbon emissions. The intensity and severe impact of carbon emissions on the environment have been witnessed globally [2], and the green development of enterprises has become an inevitable trend. The high-tech industry has the characteristics of high added value and high technical content and has become the fastest-growing industry in China. According to the data of the Statistical Communiqué on National Economic and Social Development in 2021, the added value of high-tech manufacturing in the whole year increased by 18.2% over last year, and the investment in high-tech industries increased by 17.1% over the previous year. However, high-tech industries also produce a large amount of pollution in the production process, mainly manifested in the “three wastes” such as wastewater, waste gas, and solid waste [3]. In addition, some polluting processes in the production process of high-tech products are involved in the industrial chain [4]. High-quality economic development inevitably requires high-tech industries to minimize environmental damage, and following the concept of green development to improve the intensity of environmental regulations gradually is an urgent need for the high-quality development of China’s economy [5]. The importance of high-tech industries and the necessity of environmental regulations have made high-tech industries pay more attention to generating profits and improving international competitiveness while controlling pollution generated in the process of production and operation.



Since the concept of environmental regulation was proposed, many studies have followed. One of the earliest and more representative views is the Porter hypothesis [6]: environmental regulation can stimulate technological innovation and promote competitiveness, but this hypothesis has not been unanimously recognized. Despite the skepticism of this optimistic view and the lack of consistent conclusions, the Porter hypothesis has led to a re-examination of the relationship between the environment and the economy [7]. The definition of international competitiveness dates back to the late 1970s when Porter [8] completed his work The Competition Trilogy, explained the formation process and evolution of competitiveness, and laid the theoretical foundation for the formation of modern competition theory. In recent years, the Chinese government has attached great importance to environmental protection, and research on environmental regulations in different industries has become a hot topic. On the one hand, high-tech industries are facing external pressures from environmental regulation-related policies and internal pressures of industrial transformation, and on the other hand, they are also facing the direct or indirect, positive or negative impacts that environmental regulations may have on high-tech industries, and environmental regulations occupy an increasingly important position in influencing the competitiveness of high-tech industries. Technological innovation is not only a driving force for economic growth but also an important driving force for solving long-term environmental problems to achieve sustainable development. For the technological innovation and competitiveness of industries, whether the role of environmental regulation is to promote or inhibit has always been a hot issue in the academic community.



Among the existing literature, there is more literature on the relationship between environmental regulation and industrial export competitiveness, whether environmental regulations inhibit export competitiveness [9,10] or whether the strengthening of environmental regulations will promote the competitiveness of industrial exports [11,12,13]. However, most of the existing literature focuses on the relationship between environmental regulation and the competitiveness of general industries, less research on environmental regulation and the international competitiveness of high-tech industries is carried out, so it can be said that there is still sufficient room for expansion in research on the relationship between environmental regulation and the international competitiveness of high-tech industries. Examining the relationship between environmental regulation and the international competitiveness of high-tech industries can greatly enrich relevant theoretical achievements and provide guidance for the international development of high-tech industries. To ensure the availability of data and the consistency of statistical caliber, this paper takes the relevant data of the high-tech industry in 30 provinces and cities in China (excluding Tibet, Hong Kong, Macao, and Taiwan) from 2007 to 2016 as a sample, to study the impact of different environmental regulations on its international competitiveness, and to introduce enterprises’ R&D investment as a moderating variable. The research attempts to answer the following questions. Will China’s increased environmental regulations reduce the international competitiveness of high-tech industries? Will the type and severity of environmental regulations affect technological innovation? Does R&D investment have a moderating effect? This issue has not been adequately studied in the available literature. This research will enrich the relevant research on environmental regulation, R&D investment, and international competitiveness of high-tech industries from concepts and theories, supplement the existing research results, and put forward reference suggestions for the development of China’s high-tech industries, formulation and implementation of environmental regulation policies, so as to help the development of China’s high-tech industries and improve international competitiveness. This paper also explores the moderating role of R&D investment on the impact of environmental regulation and industrial competitiveness, making the mechanism of environmental regulation clearer. However, due to the availability of data, there are still deficiencies in sample and data selection, which also points the way for future in-depth research.



Lastly, the remaining part of the study is divided as follows. Section 2 is a literature review and theoretical analysis. Section 3 explicates variable descriptions, data selection, and model settings, and Section 4 discusses empirical findings. Finally, Section 5 provides a conclusion and policy implications.




2. Literature Review and Theoretical Analysis


According to the available literature, there are two main views on the relationship between environmental regulation and technological innovation of enterprises: environmental regulation may have a positive or negative impact on the technological innovation of enterprises. Many scholars believe that regulation increases the burden on enterprises and, thus, inhibits technological innovation. Gray et al. [14] conducted an empirical study of 166 companies in the U.S. paper industry and found that strict regulations lead to more investment in energy conservation and emission reduction, resulting in no effective improvement in production technology. Bel et al. [15] argued that for 27 European countries, environmental regulations inhibit technological innovation. Yang et al. [16] found that only one of them has a positive effect on R&D investment in Vietnamese and Malaysian companies by taking two specific environmental regulations in the European Union as examples. Pitelis et al. [17] studied the impact of these three types of tools on innovation activities in the power industry by dividing renewable energy policy into demand-driven, technology-driven, and systemic policy tools and found that systematic tools have a restraining effect, demand-driven tools have a catalytic effect, and technology-driven tools have little impact. There are also empirical analyses that have not found that the government’s environmental supervision and inspection activities have a significant impact on technological innovation [18].



In recent years, the studies of China have also gradually been enriched. Tang et al. [19] analyzed the data of 496 A-share industrial enterprises in China from 2002 to 2017 and found that the “Eleventh Five-Year Plan” environmental regulations have a negative impact on the innovation efficiency of enterprises in the short term. Liu et al. [20] found that inappropriate regulations can reduce the marginal efficiency of green technology innovation when analyzing an economic zone in the Yangtze River Basin. Wang et al. [21] conducted a study of six carbon trading pilot areas in China, and the results show that the impact of emissions trading on technological innovation is regionally different and may also produce different results due to different types of regulations or types of technological innovation. Li et al. [22] found that environmental regulations have a non-linear effect on the efficiency of investment in technological innovation but not on their conversion efficiency.



Technological innovation is mainly measured by three types of indicators: R&D investment, patents, and innovation efficiency [23]. Since R&D investment largely determines the innovation ability of industries, based on the existing research literature and research results, Hypothesis 1 is proposed.



Hypothesis 1.

Environmental regulation (ER) is negatively correlated with R&D investment.





Research on the relationship between environmental regulation and firm competitiveness indicates that environmental regulation may enhance, inhibit, or have a less effective effect on firm competitiveness. Many scholars believe that environmental regulation will have a negative impact on the competitiveness of enterprises [24,25,26,27,28], such as Jeffe [29], who believes that environmental regulation will bring social and ecological benefits, but at the same time, will also increase the cost of enterprises, resulting in disadvantages such as lower productivity and lower competitiveness. Kneller and Manderson [30] argue that environmental regulations reduce the competitiveness of firms because the total cost of pollution control increases the total costs to the firm, resulting in a decrease in the R&D investment of the company. This, in turn, reduces the competitiveness of the enterprise. Sun et al. [31] examined the interaction between trade and an environmental pollution proxy of carbon dioxide (CO2) for 49 high-emission countries in Belt and Road regions over the period of 1991–2014 and indicated the existence of an inverted U-form relationship between trade and carbon emissions. For Chinese industrial enterprises, scholars have conducted a series of empirical tests from different perspectives. Hu and Wang [32] used Chinese inter-provincial panel data for spatial metrology analysis and found that environmental regulations not only inhibited local carbon productivity gains but also adversely affected neighboring regions. Tang et al. [33] conducted a study on Chinese industrial enterprises, found that imperative regulations have a restraining effect on enterprise TFPs, and their impact was more significant on high-pollution, small-scale enterprises. Wang et al. [34] found that TFPs in 37 industrial sectors in China are negatively affected by atmospheric environmental regulations.



According to the available literature, there is also abundant evidence that there are three main relationships between environmental regulation and export competitiveness. First, environmental regulations reduce export competitiveness [22,24,26,27,28]. Second, environmental regulation improves export competitiveness [6,35,36]. Third, the relationship between environmental regulation and export competitiveness is uncertain [37,38]. Li et al. [39] found that there is a significant U-shaped curve relationship between environmental regulation and the export competitiveness of high-tech industries in China from 2001 to 2016.



The command-type environmental regulation (CER) has less flexibility, less incentive effect on the technological innovation of enterprises, and an uncertain effect on industrial competitiveness. Economic environmental regulation (EER) has a large incentive effect on the technological innovation of enterprises and may have a positive effect on industrial competitiveness. Participatory environmental regulation (PER) has strong flexibility, and enterprises take the initiative to assume social responsibilities under pressure, which has limited incentives for technological innovation and may have uncertain effects on industrial competitiveness. Therefore, different types of environmental regulations may produce different environmental regulation performances.



From this, Hypothesis 2 of this paper is proposed:



Hypothesis 2a.

CER and the international competitiveness of the high-tech industry is uncertain.





Hypothesis 2b.

EER and the international competitiveness of the high-tech industry is positively correlated.





Hypothesis 2c.

PER and the international competitiveness of the high-tech industry is uncertain.





For high-tech industries, the more consistent view is that the innovation ability of enterprises has a decisive impact on their competitiveness, especially their international competitiveness. An analysis by foreign scholar Pandit et al. [40] found that there is a positive correlation between the R&D input of enterprises and the output of research and development; R&D investment can increase the company’s R&D output. The view that enterprise R&D investment can enhance the international competitiveness of enterprises has been confirmed by most scholars, the high-tech industry has the characteristics of high relevance, which is linked to many enterprises in the process of production and operation, and the application of environmental regulations will naturally have a direct or indirect impact on high-tech enterprises, so the production standards and costs of products will change, and the international competitiveness will naturally change. Businesses may consider growing by scaling up R&D input to improve the technology to produce more environmentally friendly products so as to gain the favor of consumers and meet market demand [41]. In addition, the validity of the Porter hypothesis may be influenced by other factors [42]. When benchmark regression found that the Porter hypothesis did not hold, He et al. [43] added property protection as a regulatory variable and found that it has a significant regulatory effect and can promote the hypothesis to be true. When other variables are added, such as institutional pressure [44], R&D investment, etc., it strengthens the effect of regulation on the promotion of technological innovation. Javeed et al. [45], taking Pakistan’s manufacturing industry as the subject of the study, found that the role of environmental regulations in promoting corporate performance is strengthened after considering the degree of competition in the product market.



Based on the above mechanism analysis, Hypothesis 3 of this paper is proposed:



Hypothesis 3.

The R&D investment has a moderating effect between environmental regulation and the international competitiveness of high-tech industries.






3. Variable Descriptions, Data Selection, and Model Settings


3.1. Variable Description


3.1.1. Explanatory Variables: Environmental Regulations


The existing measurement methods for environmental regulation can be divided into a single index method and a composite index method. The single index method is usually characterized by pollution control costs, such as the proportion of industrial pollution control investment in total industrial output value [46], or pollution control results, such as pollutant removal rate [47]. In addition, the number of environmental policies [48], the number of environmental agencies and the number of environmental protection workers [49], and the number of environmental-related administrative penalties [50] are often used to reflect the strength of environmental regulations. Alternatively, it can be replaced by indicators that are highly relevant to environmental regulations, such as energy efficiency [51], lead content in gasoline [52], etc. The comprehensive index method comprehensively reflects the policy effects of environmental regulation through composite indicators, such as Saulter [53], to characterize the intensity of regulation from the three dimensions of input, process, and output of environmental regulation. Song and Yang [54] selected the emissions of industrial “three wastes” to construct a comprehensive index of environmental regulation intensity. Luo et al. [55] constructed an index system from the perspective of the main body of environmental regulation and divided environmental regulation into three types: command control, market incentive, and voluntary participation. Yang and Wang [56] divided environmental regulations into command-based environmental regulation (CER), economic environmental regulation (EER), and regulatory environmental regulation (RER).



Each measure has its own advantages and limitations. Considering the heterogeneity of the types of environmental regulation, this paper draws on the research of Wang [37], Luo et al. [55], and Yang and Wang [56] to construct a comprehensive evaluation index system for the intensity of environmental regulation in China. Based on the entropy weight TOPSIS method, the comprehensive level of environmental regulation in 30 provinces and cities in China (excluding Tibet, Hong Kong, Macao, and Taiwan) from 2007 to 2016 was measured, as shown in Table 1.




3.1.2. Moderating Variables: R&D Investment


As a knowledge-intensive industry, one of the obvious characteristics of high-tech enterprises is that they have high research and development capabilities, including human, material, and financial investment, of which R&D investment is the most direct and most important indicator reflecting the investment in scientific research and innovation of high-tech enterprises, so this article selects high-tech industries internal expenditure on R&D expenses as a measure of R&D investment; it is the entire amount of expenses actually incurred during the reporting period for the implementation of R&D activities within the investigation unit. Referring to the practice of Shen et al. [23], the R&D intensity of enterprises is used to measure the level of R&D investment. R&D investment intensity equals the ratio of R&D expenses and sales revenue.




3.1.3. The Variable Being Explained: International Competitiveness of High-Tech Industries


There is currently no clear definition of the establishment of international competitiveness indicators, and the research indicators of the international competitiveness of a specific industry by various scholars include easy-to-quantify indicators such as industrial profits, productivity, export rates, and innovation capabilities [57,58], as well as indicators that are not easy to quantify, such as corporate culture and institutional advantages [59]. In conclusion, since international competitiveness is an indicator that is difficult to evaluate clearly, studies in this area also have varied.



The international competitiveness of high-tech industries has always been a complex variable, and different scholars have defined and measured it differently. Wang [60] made a reasonable explanation for the international competitiveness of high-tech industries from the perspective of industry profitability, growth ability, and export ability. Among them, export capacity is determined by the ratio of export delivery value and sales revenue. When measuring international competitiveness, the performance of enterprises in the international market is a very important one, and the export capacity indicators can reflect the competitiveness of Chinese enterprises in the international market. Profitability, growth capacity, and export capacity are all important indicators to measure the international competitiveness of high-tech industries [61,62]. Whether in terms of market share or profitability, exports can reflect the level of competitiveness of a high-tech enterprise in the international market. Referring to Wang [37] and Wang [60], this paper uses the ratio of export delivery value to main revenue to indicate the international competitiveness of high-tech industries.




3.1.4. Control Variables


The two control variables in this paper are (1) industry size (S): the total number of high-tech enterprises in the current year is expressed, and the higher the total number of high-tech enterprises, the larger the industry scale and (2) labor productivity (L): the natural logarithm of the main business income divided by the total number of employees in high-tech enterprises in the current year.





3.2. Data Selection


The data in this paper are derived from the “China Environmental Statistics Yearbook”, “China High-tech Industry Statistical Yearbook”, “China Science and Technology Statistical Yearbook”, “China Statistical Yearbook”, etc. Export delivery values ceased to be published after 2016, data on internal expenditures of R&D funds in high-tech industries in 2017 were missing, and there were many missing data on enterprise employees in 2017. Taking into account the data integrity, the data from 2007 to 2016 in 30 provinces in China (excluding Tibet, Hong Kong, Macao, and Taiwan) are selected for analysis. In addition, Stata is used to conduct empirical testing of hypotheses.




3.3. Model Settings


3.3.1. Benchmark Regression Model


According to the above theoretical analysis, based on the theoretical analysis and research hypothesis in Section 2, this paper constructs benchmark regression models as follows.


Tit = a0 + a1ERit + a2 LnSit + a3 LnLit + ui + vt + ℇit



(1)






COMit = b0 + b1ERit + b2 LnSit + b3LnLit + ui +vt + ℇit



(2)




where Tit is expressed as the R&D investment of Province i in t years,



COMit is expressed as the international competitiveness of Province i in t years, ERit is expressed as the level of environmental regulation for Province i in t years, Sit and Lit are control variables, ui stands for individual effect, vt stands for time effect, ℇit is a random perturbation term.




3.3.2. Moderating Effect Model Construction


In order to test the moderating effect of R&D investment on environmental regulation and the international competitiveness of high-tech industries, this paper introduces the interaction between R&D investment and environmental regulation and constructs a regression model as follows.


COMit = c0 + c1ERit + c2Tit + c3ERit × Tit + c4 LnSit + c5LnLit + ui +vt + ℇit



(3)




where ERit × Tit is an interaction between environmental regulation and R&D investment in Province i in t years.






4. An Empirical Analysis of the Impact of Environmental Regulations on the International Competitiveness of High-Tech Enterprises


4.1. Variable Descriptive


A descriptive statistical analysis of the variables used is shown in Table 2.



As shown in Table 2, there is a large difference between the maximum and minimum values of all variables, reflecting large differences in the levels of these variables in different regions in different years.




4.2. Correlation Analysis


Table 3 is the correlation of the main variables in this paper.



Before establishing a regression model, the data should first be detected to avoid inaccuracies in the regression model. In this paper, the variance expansion factor (VIF) of the variables is diagnosed, and the VIF values of each variable are within 10, which can exclude the interference of multicollinearity. Table 4, Table 5 and Table 6 show values for each variable.




4.3. Regression Analysis


4.3.1. Environmental Regulation and R&D Investment


From Table 7, Table 8 and Table 9 regression results, it can be seen that the regression structure between environmental regulation and R&D investment, the coefficient between the two is correct, but the effect is not significant. This is inconsistent with Hypothesis H1. This shows that with the increase in the intensity of environmental regulations, high-tech enterprises will invest additional costs to cope, or the cost to some enterprises in the industrial chain will increase, resulting in an increase in the production costs of high-tech enterprises, crowding out non-productive expenditures, making the level of research and development of enterprises decrease, and the relevant scientific research and technological achievements are reduced. This is consistent with the above-mentioned “follow the cost effect”. In fact, affected by some environmental protection policies, enterprises need to spend pollution control costs, pay sewage fees and machine upgrades, etc., and the production costs of enterprises increase accordingly. In the case consumer demand does not increase, enterprises are likely to face a decline in profits, thereby squeezing the innovation input of enterprises, which is not conducive to the technological innovation of enterprises. It may also be that out of long-term interests, enterprises will choose to carry out technological innovation, increase R&D investment, reduce emissions from the production process, and improve efficiency in pursuit of maximizing profits.




4.3.2. Environmental Regulations and the International Competitiveness of High-Tech Enterprises


Table 10 shows that there is a significant negative correlation between EER and COM, which is consistent with Hypothesis H2b in this paper. As mentioned above, the intensity of environmental regulations is enhanced, and the cost of pollution control of enterprises increases, which may crowd out investment in research and development, production, manpower, or marketing, resulting in enterprise products in a relatively inferior position in the market. If the overall production and operation costs of the enterprise increase, it will also directly affect the profit margin of the enterprise, and the profit margin is a factor in measuring the competitiveness of the enterprise. Some companies will also offset this part of the cost by increasing prices; that is, consumers will bear the cost increase caused by environmental regulations, and under the premise that the product itself is not much improved, consumers will inevitably not pay for it, which will reduce corporate profits and weaken competitiveness. Table 11 shows a positive correlation between CER and COM, but not significantly. Table 12 shows a negative correlation between PER and COM, but not significantly. The impact of different environmental regulations on the international competitiveness of high-tech industries is inconsistent.




4.3.3. Moderating Effect Test


Table 13 shows that the coefficient of the interaction term CER*T in the model is negative and significant at a statistical level of 99%. The results show that R&D investment has a significant inhibitory effect on the influence of CER and the international competitiveness of high-tech industries. Table 14 shows that the coefficient of the interaction term EER × T in the model is positive and significant at a statistical level of 99%. The results show that R&D investment has a significant inhibitory effect on the influence of EER and the international competitiveness of high-tech industries. Table 15 shows that the coefficient of the interaction term PER × T in the model is negative and significant at a statistical level of 99%. The results show that R&D investment has a significant promoting effect on the influence of PER and the international competitiveness of high-tech industries.



Therefore, R&D investment has an impact between environmental regulations and enterprise competitiveness, and from the empirical results, its effect is a moderating effect, thus, having a certain impact on the company’s international competitiveness.






5. Conclusions and Recommendations


5.1. Main Conclusions


This paper mainly examines the impact of environmental regulations on the international competitiveness of high-tech industries and the moderating effect of R&D investment. Through empirical analysis, benchmark regression models and moderating effect regression models were established, and the panel data of high-tech industries and environmental regulations in 2007–2016 of 30 provinces and cities in China (excluding Tibet, Hong Kong, Macao, and Taiwan) were analyzed, and the following conclusions were drawn.




	
The impact of China’s environmental regulations on the international competitiveness of high-tech industries is related to the type of environmental regulation; only the EER has a significant and negative impact. This means that when environmental regulations are strengthened, companies may strengthen their investment in green production and pollution control, squeeze out investment in research and development, and ultimately have a negative impact on competitiveness.



	
The impact of all three types of environmental regulations on R&D investment is positive but not significant. At present, some high-tech enterprises in China are still in an immature stage, and the ability to innovate is not strong. In the face of high-intensity environmental regulations, it is often difficult to adapt through rapid technological innovation, R&D activities may be overlooked, and R&D investment cannot be significantly increased.



	
R&D investment has a significant moderating effect on the relationship between the three types of environmental regulation and the international competitiveness of high-tech industries. R&D investment has a significant inhibitory effect on the influence of CER and the international competitiveness of high-tech industries. R&D investment also has a significant inhibitory effect on the influence of EER and the international competitiveness of high-tech industries. However, R&D investment has a significant promoting effect on the influence of PER and the international competitiveness of high-tech industries.









5.2. Research Recommendations


5.2.1. Recommendations to the Government


First, governments should develop and implement regulatory policies in a targeted manner. Different regions and different industries have different development speeds and situations, so they cannot adopt a “one-size-fits-all” approach to governance but should start from the actual situation and formulate an appropriate environmental regulatory policy system. For example, for some enterprises with large energy consumption and discharge, if their emission standards are strictly limited or high pollution taxes and fees are charged, it is likely to cause enterprises to fall into development difficulties or even bankruptcy. Economic development and environmental protection should go hand in hand, and when taking certain measures to standardize environmental protection governance for enterprises, it should be ensured that enterprises can have a buffer period for a period of time and gradually transform. Developing countries should raise the threshold of entry for dirty industries, control exports of pollution and energy-intensive industries, or develop new export competitive advantages [63].



Second, adopt flexible environmental regulatory measures, combine different environmental regulatory measures, and give full play to the advantages of various environmental regulatory measures. China’s current policies are mostly command and control type, the initiative and autonomy of enterprises are not high, and the policy is relatively single, so it is difficult to play the best effect of the policy. The government should fully mobilize the enthusiasm of enterprises for green innovation and enable enterprises to take the initiative to implement environmental supervision measures, give play to the effect of the Porter hypothesis of environmental regulation, and force enterprises to upgrade their technology. Of course, in addition to the flexibility of environmental protection regulations, there must also be strict legal provisions to resolutely put an end to the fluke psychology of some enterprises. At the same time, guide the industry to carry out the green transformation, organize some successful transformation enterprises to share experience, and provide a reference for enterprises. In addition, the implementation of specific environmental regulation executive orders should pay attention to the differences in policy effects brought about by regional factors.



Finally, increase support and assistance for the technological innovation activities of enterprises. At present, in China’s high-tech enterprises, R&D compared with developed countries, the level of investment intensity is still not high, on the one hand, due to the low awareness of scientific and technological innovation of enterprises, on the other hand, because enterprises do not have enough capital investment. Considering that there is a positive correlation between R&D investment and competitiveness, the government should take appropriate measures to help enterprises improve their scientific research capabilities, such as increasing tax incentives for high-tech enterprises, subsidizing R&D investment of enterprises, and encouraging the introduction of outstanding talents.




5.2.2. Recommendations for High-Tech Enterprises


First, raise awareness of environmental protection further. Enterprises are individuals in society, and protecting the environment has gradually become a consensus, and green production has become a development trend. As an important part of the national economy, high-tech enterprises should take the initiative to pursue green development, firmly implement relevant policies, and cooperate with environmental regulations. At the same time, increase capital investment in environmental protection. Enterprises that increase their investment in environmental protection are making a long-term investment in the development of enterprises themselves. From this point of view, environmental regulation can avoid some economic losses for enterprises. From the perspective of corporate marketing, publicizing the company’s environmental protection measures to the public is conducive to establishing a positive company image among the public and has a profound impact on brand development.



Second, continue to increase investment in scientific and technological research and development. In the short term, increasing the R&D investment of enterprises will increase the cost to enterprises and have an impact on profitability, but scientific research investment is a long-term work, and its positive impact will inevitably be reflected in the improvement in production efficiency, the leading position in the product market, and the reduction in pollution emissions of enterprises so that enterprises have a longer buffer time in the face of environmental regulations. In addition, through scientific research investment, the pollution control technology of enterprises and the production process will be improved. At the same time, new breakthroughs in green technology will be achieved and promote the transformation of industrial structures in the green direction.



Finally, enhance the awareness of international competition among enterprises. Global integration is the development trend of today’s world; all enterprises should take a longer-term view. Although China has a large population and a huge market, if one only looks at the present, the market is likely to be crowded. As a high-tech enterprise, it is even more important to consider the world as the target market, use world-renowned enterprises as the benchmark, go out of the country, compete with international high-end brands, and continue to develop and progress in the fierce market competition.





5.3. Research Deficiencies and Prospects


In this paper, a single indicator, the export ability of enterprises, is used to measure the international competitiveness of high-tech industries. There are certain deficiencies, and subsequent research can be more in-depth and use diversified measurement indicators. This paper studies the international competitiveness of the entire high-tech industry. It is also necessary to subdivide high-tech industries if a sufficient sample is available. So that more accurate recommendations can be made on a case-by-case basis to improve the international competitiveness of the high-tech industries.
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Table 1. Comprehensive evaluation system for environmental regulation strength.






Table 1. Comprehensive evaluation system for environmental regulation strength.





	
Level 1 Indicators

	
Level 2 Indicators






	
CER

	
number of construction projects implementing “the environmental impact assessment system”




	
number of regulations and administrative rules




	
number of environmental administrative penalty cases




	
EER

	
the proportion of sewage fee revenue to industrial-added value




	
the proportion of investment in industrial pollution control projects to industrial-added value




	
PER

	
number of environmental petitions




	
number of environmental proposals for NPC and CPPCC sessions
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Table 2. Variable descriptive statistics.






Table 2. Variable descriptive statistics.





	Variables
	Num
	Mean
	Sd
	Min
	Max





	COM
	300
	0.2299002
	0.2040037
	0.0015504
	0.7479886



	CER
	300
	0.1721825
	0.1901427
	0
	1



	EER
	300
	0.255741
	0.2307575
	0
	1



	PER
	300
	0.2317298
	0.2200453
	0
	0.9997382



	T
	300
	1.484281
	0.945022
	0.0493274
	5.268489



	lnL
	300
	4.215964
	0.4929731
	2.701403
	5.131347



	lnS
	300
	5.947161
	1.40616
	2.639057
	8.790269
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Table 3. Correlation between the main variables.






Table 3. Correlation between the main variables.





	

	
COM

	
CER

	
EER

	
PER

	
T

	
lnL

	
lnS






	
COM

	
1.000

	

	

	

	

	




	
CER

	
0.349 ***

	
1.000

	

	

	

	




	
EER

	
−0.302 ***

	
−0.370 ***

	
1.000

	

	

	




	
PER

	
0.494 ***

	
0.598 ***

	
−0.414 ***

	
1.000

	

	




	
T

	
−0.120 **

	
0.139 ***

	
0.017

	
0.027

	
1.000

	




	
lnL

	
0.291 ***

	
0.211 ***

	
−0.326 ***

	
0.128 **

	
−0.043

	
1.000

	




	
lnS

	
0.547 ***

	
0.590 ***

	
−0.627 ***

	
0.688 ***

	
−0.008

	
0.385 ***

	
1.000








Note: ***, **represent the significance at 1% and 5%, respectively.
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Table 4. Collinear analysis between variables for CER.






Table 4. Collinear analysis between variables for CER.










	Variable
	VIF
	1/VIF





	InS
	1.74
	0.575331



	CER
	1.59
	0.630661



	lnL
	1.18
	0.849891



	T
	1.03
	0.966632



	Mean VIF
	1.38
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Table 5. Collinear analysis between variables for EER.






Table 5. Collinear analysis between variables for EER.










	Variable
	VIF
	1/VIF





	InS
	1.75
	0.569886



	EER
	1.67
	0.597878



	lnL
	1.19
	0.838339



	T
	1.00
	0.997964



	Mean VIF
	1.41
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Table 6. Collinear analysis between variables for PER.






Table 6. Collinear analysis between variables for PER.










	Variable
	VIF
	1/VIF





	InS
	2.29
	0.436515



	PER
	1.99
	0.503649



	lnL
	1.23
	0.814992



	T
	1.00
	0.996741



	Mean VIF
	1.63
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Table 7. Regression results for CER.






Table 7. Regression results for CER.





	T
	Coef.
	Std. Err.
	t
	p





	CER
	0.1006422
	0.2996278
	0.34
	0.737



	LnL
	−0.8710512
	0.1884001
	−4.62
	0.000



	LnS
	−0.6517083
	0.2008007
	−3.25
	0.001
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Table 8. Regression results for EER.






Table 8. Regression results for EER.





	T
	Coef.
	Std. Err.
	t
	p





	EER
	0.2714482
	0.2374813
	1.14
	0.254



	lnL
	−0.8260221
	0.1922337
	−4.30
	0.000



	lnS
	−0.6642553
	0.2005521
	−3.31
	0.001
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Table 9. Regression results for PER.






Table 9. Regression results for PER.





	T
	Coef.
	Std. Err.
	t
	p





	PER
	0.0936682
	0.2662542
	0.35
	0.725



	LnL
	−0.8641978
	0.1897457
	−4.55
	0.000



	LnS
	−0.6590897
	0.2029211
	−3.25
	0.001
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Table 10. EER main effect.






Table 10. EER main effect.





	COM
	Coef.
	Std. Err.
	t
	p





	EER
	−0.1099742
	0.0394851
	−2.79
	0.006



	lnL
	0.1775657
	0.031962
	5.56
	0.000



	lnS
	0.0968447
	0.033345
	2.90
	0.004
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Table 11. CER main effect.






Table 11. CER main effect.





	COM
	Coef.
	Std. Err.
	t
	p





	CER
	0.0158525
	0.0504352
	0.31
	0.754



	lnL
	0.1964791
	0.0317127
	6.20
	0.000



	lnS
	0.0897446
	0.0338
	2.66
	0.008
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Table 12. PER main effect.






Table 12. PER main effect.





	COM
	Coef.
	Std. Err.
	t
	p





	PER
	−0.0008128
	0.044827
	−0.02
	0.986



	lnL
	0.1962216
	0.0319459
	6.14
	0.000



	lnS
	0.0904044
	0.0341642
	2.65
	0.009
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Table 13. CER moderating effect.






Table 13. CER moderating effect.





	COM
	Coef.
	Std. Err.
	t
	p





	CER
	0.294161
	0.1018559
	2.89
	0.004



	T
	−0.0013927
	0.0112453
	−0.12
	0.902



	CER × T
	−0.1368792
	0.044029
	−3.11
	0.002



	lnL
	0.1746268
	0.0324921
	5.37
	0.000



	lnS
	0.0749807
	0.0338697
	2.21
	0.028
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Table 14. EER moderating effect.






Table 14. EER moderating effect.





	COM
	Coef.
	Std. Err.
	t
	p





	EER
	−0.2963922
	0.0564257
	−5.25
	0.000



	T
	−0.0597793
	0.0142116
	−4.21
	0.000



	EER × T
	0.1258927
	0.0275731
	4.57
	0.000



	lnL
	0.1481809
	0.0320842
	4.62
	0.000



	lnS
	0.0900635
	0.0327623
	2.75
	0.006
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Table 15. PER moderating effect.






Table 15. PER moderating effect.





	COM
	Coef.
	Std. Err.
	t
	p





	PER
	0.3536062
	0.0733275
	4.82
	0.000



	T
	0.0122013
	0.0109043
	1.12
	0.264



	PER × T
	−0.2526802
	0.0429924
	−5.88
	0.000



	lnL
	0.1687598
	0.0312503
	5.40
	0.000



	lnS
	0.0681615
	0.0327709
	2.08
	0.039
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