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This study aims to shed light on the effects of environmental regulation on China’s eco-innovation driven by investor sentiment and public sentiment from 2003 to 2017. Adopting a text analysis technique and LSTM model, this study identifies the investor sentiment and public sentiment by online comments. We find that environmental regulation has a positive effect on China’s eco-innovation through public sentiment, whereas environmental regulation inhibits China’s eco-innovation through investor sentiment. Second, the regulatory tools of environmental regulation not only improve the public’s enthusiasm and awareness of environmental protection and eco-innovation in China but also bring the pressure to investor survival and continuous innovation. Third, we confirm that the environmental regulation has threshold effects on general public sentiment and investor sentiment for affecting China’s eco-innovation. Based on this result, environmental regulation easily triggers public sentiment for affecting China’s eco-innovation. Furthermore, in order to test whether environmental regulation has spatial spillover effect, by constructing the Spatial Durbin model, this study finds that the environmental regulation has spatial spillover effects on different regions’ eco-innovation in China through two kinds of sentiment. To the policy implication, this study from two kinds of sentiment to guide the environmental regulators would effectively improve the level of eco-innovation in China.
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INTRODUCTION
Most parts of China are facing resource overdraft and declining environmental quality, and the tension between economic development and environmental protection is becoming increasingly acute. The theme of environmental protection has received increasing attention in China’s policymakers since 2003 (Song et al., 2020). In this condition, China’s government has implemented various environmental regulations for the environmentally friendly.
Regarding environmental regulation, we cannot get around the discussion between environmental regulation and eco-innovation (Kesidou and Wu, 2020). Eco-innovation as one field of social innovation has played a sustainable role on human development, which as core competitiveness has been more concerned by the public than before (Sun et al., 2021). The Chinese government has issued the Science and Technology Development of National Environmental Protection, which clearly states that the construction of ecological civilization in China urgently needs to rely on eco-innovation to break through the bottleneck of resources and environment. Hojnik et al. (2018) state that the eco-innovations are unique and require a good understanding of the role of public policy and firm management. Particularly, motivation-based factors (regulatory pressure, expected benefits of implementation, and competitive pressure) or input factors (financial resources, technological capabilities) act as a driver to stimulate the eco-innovation development.
Previous studies in China focused on innovation of enterprises and corporate performance under environmental regulations (Peng et al., 2018; Peng et al., 2019; Peng et al., 2020; Zhao et al., 2021) Some studies emphasized agriculture from the perspective of the environment, climate change, and adoption of innovative management techniques. The previous literature mainly debated on the “reversed transmission effects” and “cost theory” to the firm investors or managers. To the “reversed transmission effects,” the government strengthens the environmental regulation that makes the enterprises realize that eco-innovation is the only choice for them to get away from the backward and heavily polluted extensive industrial production model and promote the upgrading of industrial structure. In addition, the “cost theory” refers to environmental regulations stimulating the cost of enterprises and taking up part of R & D investment, while the profits or subsidies of eco-innovation cannot make up for the cost in time. Therefore, under the pressure of declining revenue, it is difficult for enterprises to survive, and they might even go bankrupt. For the public, with the government’s vigorous publicity of environmental protection, they tend to actively invest in environmental regulation projects to promote eco-innovation based on health factors, wealth appreciation, or improving the quality of life. From this point of view, eco-innovation can be treated as an investment that has been motivated by environmental regulations.
Sentiment refers to a psychological state produced by people engaged in some activities or affected by some factors (Lu et al., 2021), including positive psychological states, such as excited and happy; it also includes negative psychological states, such as panic and depression (He, 2022). This study divides sentiment into investor sentiment and public sentiment (Chen et al., 2020). Different from the existing studies, this study concentrates on the two kinds of sentiment as a driving factor for exploring the effects of environmental regulation on eco-innovation in China. There are large number of studies certifying the produced sentiment in different ways, such as market trends, macroeconomic policies, and market environment friendliness (Murty and Kumar, 2003). Accordingly, environmental regulations have changed the environment of private and public sectors in China, which may produce different statuses of sentiment. Within environmental regulation, the investors and public form different judgments of investment value or expected return of eco-innovation through sentiment.
What is essential about our research is the possibility that improving environmental quality for accelerating eco-innovation can be regarded as the response of enterprises to the considerable negative investor sentiment on survival challenge, while the public has positive sentiment on improving quality, which has not yet been covered by the existing literature. Specifically, the contribution of this study consists of using different dimensions of environmental regulation for driving the sentiment to examine the effects of environmental regulation on eco-innovation through sentiment in China. Our principal hypothesis is that fear or uncertainty of environmental regulation in China will be negatively associated with investor sentiment, whereas environmental regulation will positively affect the general public on eco-innovation. This hypothesis builds on the argument that while strict environmental regulation in China spreads fear and generates investor negative sentiment, households and individuals tend to increase the investing in the environmental regulation’s projects aimed at improving the eco-innovation in China. Thus, the environmental regulation is through the sentiments to dominate the eco-innovation development in China.
The main contribution of this study is to explore the balance between two contrasting sentiments of strict environmental regulation. On the one side, the strict environmental regulation in China spread fear among the managers, investors, and institutions, which triggers a fear-induced sentiment on eco-innovation. On the other hand, the environmental regulation in China via media publicity could induce a positive public sentiment on eco-innovation. According to two competing (negative and positive) effects manifest in a unique framework that alleviates the possibility of spurious correlations. This study addresses the following questions that have not been explored in the environmental regulation and eco-innovation. First, does investor fear or threat, which is provoked by the different dimensions of environmental regulation, tend to weaken the incentives for eco-innovation in China? Second, does strict environmental regulation induce a positive public sentiment on China’s eco-innovation? Third, does the strict environmental regulation have the threshold effects on China’s eco-innovation through sentiment? Fourth, does environmental regulation of one region have significant spatial spillover effects on eco-innovation of neighboring provinces through sentiment?
To address these issues, this study uses the entropy weight method to respectively construct the five dimensions of environmental regulation and eco-innovation from 30 provinces in China from 2003 to 2017 as samples. The five dimensions of environmental regulation can be divided into two categories, including regulatory tools and market-oriented tools. In addition, this study uses the text analysis technique and machine learning method to identify investor sentiment and public sentiment. Our empirical strategy draws on two commonly used regression-based and spatial regression methodologies to discuss the environmental regulation how to through sentiment effect on the development of eco-innovation in China. We identify that the environmental regulation has positive and significant effects on the eco-innovation. Moreover, environmental regulation has a positive effect on China’s eco-innovation through public sentiment. Environmental regulation has a negative effect on China’s eco-innovation through investor sentiment. Using the multi threshold model, we find that the environmental regulation has threshold effects on China’s eco-innovation through investor sentiment and public sentiment. Last, this study constructs the Spatial Durbin Model to identify the spillover effects of environmental regulation on China’s eco-innovation through investor sentiment and public sentiment.
REVIEW OF LITERATURE AND CONSTRUCTION OF HYPOTHESES
The existing literature has discussed extensively that the relationship between the environmental regulation with eco-innovation is mainly centered on Porter hypothesis. For example, Ramanathan et al. (2017) state that the eco-innovation in environmental regulation should rely on the market mechanism rather than the administrative order. Wang et al. (2019) argue that the Porter hypothesis is valid to a certain extent. In detail, under a certain degree of strictness, environmental regulation has a positive effect on green productivity growth; that is, the Porter hypothesis is valid. However, the sentiment as the driven factor to analyze the environmental regulation and eco-innovation in China has not been investigated, with the exception of the study. Use a text analysis technique to investigate the relationships among environmental news, investor sentiment, and green industry stock returns in China. Interestingly, there was a significant negative relationship between media environmental attention and the stock returns of green industry companies, which indicates that the Porter hypothesis is not valid in China. Environmental news had significant impact on investor sentiment, which in turn played a mediating role in the process of affecting green industry stocks.
In this section, we review the existing literature on environmental regulation, eco-innovation, and sentiment. Then, based on the existing literature, there are seven testable hypotheses developed for exploring the research gaps.
Environmental Regulation, Sentiment, and Eco-innovation
Changes in policies and regulations will change the sentiments of investors and the public and affect their own investment decisions. Find that there exist asymmetric effects of policy or regulation on investor sentiment, in which supportive government policies lead to increase in investor sentiment at the enterprise and industry levels, while restrictive government policies lead to decrease in investor sentiment. According to the emotional motivation theory, Sun et al. (2021) argue that the regulatory policy formulated by the government makes the public mood go through three periods.
Based on the Porter hypothesis, strict environmental regulation can force the enterprise to increase investment and carry out eco-innovation. With issuing the environmental regulation, the sentiment of the public and investors will be produced to invest in the eco-innovation projects actively or passively. Specifically, Zhao and Sun (2016) state that effective environmental regulation can trigger positive public sentiment on eco-innovation. Argue that investor sentiment has heterogeneity effects on the different kinds of enterprise innovation. Wu et al. (2021) state that the economic policy uncertainty (EPU) exerts negative effects on enterprise innovation through investor sentiment. Argue that the investor sentiment has moderating role on the environmental news and green industry stocks. Based on relevant studies, the regulation has triggered different sentiments of investors and public on the innovation.
The government’s strict environmental regulation may cause “panic” among investors and inhibit eco-innovation. For the public, their investment choices may follow the direction of government regulation, resulting in positive emotions, and promote eco-innovation. Therefore, this study proposes that environmental regulation has a positive/negative effect on China’s eco-innovation through public sentiment/investor sentiment.
H1. Environmental regulation has a positive effect on China’s eco-innovation through public sentiment.
H2. Environmental regulation has a negative effect on China’s eco-innovation through investor sentiment.
At present, China’s environmental regulation mainly adopts the regulatory and market-oriented tools. To the regulatory tool, it formulates the legal standards for environmental and ecological performance, which emphasizes that the government can achieve environmental objectives by implementing legal obligations or prohibitions on market subjects; that is, imposed economic or administrative penalties on those polluters who fail to fulfill and achieve environmental requirements (Lu et al., 2021), such as the government directly imposes administrative penalties on those who violate relevant regulations. In addition, due to the arduous task of environmental regulation, the government has invested a lot of human, material, and financial resources. Regulatory tools are an important measure to deal with the “market failure” of environmental problems and an important factor driving enterprise eco-innovation activities. In addition, the market-oriented tools mainly reduce the emission of harmful substances to the environment by affecting product prices or production costs so as to achieve environmental objectives. When the cost is certain, the government uses e-market–oriented tools to carry out environmental regulation. The greater the intensity of environmental regulation, the more funds to invest in the governance of environmental pollution, thus affecting the investment in eco-innovation. Therefore, this study proposes a positive relation between China’s regulatory tools and market-oriented tools with eco-innovation.
Considering the regulatory and market-oriented tools, these different nature tools may trigger different sentiments. The regulatory tools via strict administrative methods not only attract public attention on the government’s environmental protection but also change investor judgments about pollution, resources, and technology, which affect the eco-innovation in China. Overall, this study proposed that the regulatory tools of environmental regulation have triggered positive/negative sentiments of the public/investors on China’s eco-innovation.
H3a. The intensity of environmental pollution control inhibits China’s eco-innovation through negative investor sentiment.
H3b. The intensity of environmental pollution control promotes China’s eco-innovation through positive public sentiment.
H3c. The intensity of environmental punishment inhibits China’s eco-innovation through negative investor sentiment.
H3d. The intensity of environmental punishment promotes China’s eco-innovation through positive public sentiment.
H3e. The input of the environmental protection personnel system inhibits China’s eco-innovation through negative investor sentiment.
H3f. The input of environmental protection personnel promotes China’s eco-innovation through positive public sentiment.
The market-oriented tools would provide strong incentives for enterprises to apply new environmental technologies, especially when environmental policies are more flexible and enterprises can freely choose the best way to achieve environmental objectives with lower cost and higher resource utilization efficiency (Gollop and Roberts, 1983; Wang et al., 2019; He et al., 2021). Considering the relevant literature, the market-oriented tools may produce different sentiments on the public and investors to understand the relationship between environmental regulation with eco-innovation. Therefore, this study proposes that market-oriented tools of environmental regulation promote China’s eco-innovation through public sentiment and investor sentiment.
H4a. The environmental protection tax promotes China’s eco-innovation through investor sentiment.
H4b. The environmental protection tax promotes China’s eco-innovation through public sentiment.
H4c. The environmental subsidies promote China’s eco-innovation through investor sentiment.
H4d. The environmental subsidies promote China’s eco-innovation through public sentiment.
Threshold Effects of Environmental Regulation
Considering the increasingly prominent environmental problems, the environmental regulation as a long-term policy has become an important driving force to promote the development, application, and dissemination of eco-innovation. Various types of policy tools are widely used, and their application areas are also expanding. In this process, there are no relevant studies considering how the different kinds of sentiments are triggered and changed by the long-term environmental regulations. The relevant policies changed, and specific events produced can directly affect the sentiment of the public and investors.
(Lu et al., 2021; Sun et al., 2021). Therefore, this study proposed that the environmental regulation has threshold effects on public sentiment and investor sentiment for affecting China’s eco-innovation development.
H5. Environmental regulation has threshold effects on public sentiment and investor sentiment for affecting China’s eco-innovation.
Moreover, compared with the public, the investors are more constrained. First, when facing the new environmental regulation, investors are limited in financial constraints and resource in the financial market. Second, it is difficult for investors to effectively capture the effects of new regulation on the eco-innovation investment in a timely manner. Third, most of investors in new issued regulation have to face more risk and uncertainty. Under strict environmental regulation, the risk of investors as the main participants is significantly greater than that of the general public. Based on former analysis, this study proposes that the environmental regulation easily affects China’s eco-innovation through the public sentiment, rather than investor sentiment.
H6. Compared with investor sentiment, environmental regulation easily triggers public sentiment for affecting China’s eco-innovation.
Spatial Spillover Effects of Environmental Regulation
In addition, there are great differences in the environmental-friendly nature of various regions in China. Compared with the eastern regions where the economy is in rapid development, the central and western regions are more environmental-friendly.
Existing literature states the different statuses of environmentally friendly zones affecting the development of eco-innovation. Zhao and Sun (2016) state that the environmental regulation in eastern and central regions is significant according to Porter hypothesis, whereas in the western regions, it is insignificant. Find that the increasing investment in educational resources and optimizing industrial structure have affected the heterogeneity of environmental regulation on China’s green innovation efficiency, in which eastern parts are stronger than central and western parts. Du et al. (2021) find the heterogenous effects of environmental regulation on the green transformation of different types of Chinese cities. Based on the regional differences of environmental regulation on eco-innovation through the sentiment, the related studies argue that the environmental regulation has significant strategic interaction between different regions, for example, Wu et al. (2021) state that that the strategic interaction of urban environmental regulations in China’s central and western regions is significant. Zhou et al. (2021) find that the environmental regulation has significant spatial spillover effects on urban innovation. He et al. (2021) believe that market-oriented tools have significant spatial spillover effects on the port sustainable development, rather than the regulatory tools. Lu et al. (2021) find that there are differences in the spatial spillover effects of environmental regulation, which has the most significant effects on western regions. These studies emphasize the spatial spillover effects of environmental regulation, while they do not explore the transmission mechanism of the spatial spillover effect of environmental regulation. Moreover, investor sentiment positively influences stock return volatility, which exhibits both a temporal cumulative and spatial spillover effect (Jiang and Jin, 2020; Sun et al., 2021). The relevant literatures have certified the heterogenous effects of environmental regulation on China’s eco-innovation, depending on the regional economic level, education level, and being environmentally friendly. In addition, the quality of being environmentally friendly in different regions affects the severity of environmental regulation. These differences may trigger different sentiments of environmental regulation on eco-innovation. Therefore, this study proposes that the spatial spillover effects of environmental regulation are through public sentiment and investor sentiment on China’s eco-innovation.
H7a. Compared with the central and western regions, the direct effects of environmental regulation on eco-innovation in the eastern region through the investor sentiment are more significant than the indirect effects.
H7b. Compared with the central and western regions, the direct effects of environmental regulation on eco-innovation in the eastern region through the public sentiment are more significant than the indirect effects.
H7c. Compared with the eastern and western regions, the indirect effects of environmental regulation on eco-innovation in the central region through the investor sentiment are more significant than the direct effects.
H7d. Compared with the eastern and western regions, the indirect effects of environmental regulation on eco-innovation in the central region through the public sentiment are more significant than the direct effects.
ECONOMETRIC MODELS, VARIABLES, AND DATA
Econometric Models
To examine the Hypothesis1–Hypothesis4, the equations are shown in Supplementary Appendix B. From the previous literatures, it can be seen that the relationship between environmental regulation with eco-innovation is nonlinear. According to Hansen (1999), this study constructs the panel data multi-threshold models of environmental regulation on public and investor sentiments to investigate whether the correlation between the two kinds of sentiments and level of eco-innovation changes with the threshold variable of environmental regulation. Based on this condition, Eqs 13–22 examine Hypothesis 5 and 6 as following:
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where [image: image] is the coefficient of explanatory variables, [image: image] is the coefficient of the control variable, [image: image] is the estimated threshold, and [image: image] is the characteristic function.
Based on the different environmental regulations in different regions, there may exist spatial spillover effects of one region’s environmental regulation on local eco-innovation and the other region’s eco-innovation through two kinds of sentiments. For testing Hypothesis 7, the models are as following:
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where [image: image] is the spatial lag term of the explained variable, [image: image] is the row i of the spatial weight matrix [image: image], [image: image] is the individual effect of region i, and, [image: image] is the time effect. This study uses spatial geographic matrix and spatial economic matrix to construct the spatial weight matrix [image: image]. The spatial geographic matrix is the reciprocal of the geographic distance between different regions, that is, the weight between region i and region j is [image: image]; [image: image] is the geographic distance between the two regions. The spatial economic matrix represents that the [image: image]. [image: image] is the absolute value of the difference between per capita GDP in region i and region j. Following Figure 1, this study uses the entropy method to calculate environmental regulation and ecological innovation in various provinces of China and identifies the investor sentiment and public sentiment through a text analysis technique and LSTM model method. In order to explore the relationship between environmental regulation, sentiment, and ecological innovation, first, the multiple linear regression model is used to verify the hypotheses H1–H4. Furthermore, in order to explore how different degrees of environmental regulation affect investor sentiment and public sentiment and then affect ecological innovation, this study uses the threshold model to verify the hypotheses H5–H6. Finally, considering the spatial spillover effect of environmental regulation, the SDM model is used to verify hypothesis H7.
[image: Figure 1]FIGURE 1 | Flowchart of the study.
Variables and Data Collection for the Study
All regions of China are faced with resource overdraft and decline in environmental quality. Since 2003, Chinese policymakers have paid more and more attention to the theme of environmental protection (Wang et al., 2015; Song et al., 2020). Under such circumstances, the Chinese government has implemented various environmental protection regulations to protect the environment. Therefore, this study takes China as the research sample and selects the data from 2003 to 2017.
Explained Variable
The explained variable of this study is eco-innovation. It is challenging to use a single index to measure eco-innovation. Reviewing previous studies, the target of eco-innovation is to promote sustainable development through production, service, and development of new products to reduce the adverse effects on the environment or improve resource utilization efficiency. It can be understood that eco-innovation includes four factors, which are technology innovation (Li et al., 2021), environmental protection (Ball et al., 2018), resource consumption (Ding et al., 2021), and economic performance (Hojnik et al., 2018). Therefore, these four factors, in Table 1’s first column, represent the level of eco-innovation. These four factors are, respectively, extracted from related variables through principal component analysis (PCA). Considering the study by Du et al. (2021), this study uses the entropy weight method to construct one proxy variable for China’s eco-innovation. The basic idea of the entropy weight method is that the more useful information a specific index provides, the higher its weight (Yang et al., 2021). From Table 1, we find that the weights of four factors are relatively balanced to reflect the level of eco-innovation in China. The calculation process of the entropy weight method is shown in Supplementary Appendix.
TABLE 1 | Four factors of eco-innovation.
[image: Table 1]Explanatory Variables
The key explanatory variables in our study are environmental regulation (ER) and sentiments.
 a) Environmental Regulation (ER)
According to Du et al. (2021), this study uses the entropy weight method to synthesize five kinds of environmental tools for the level of environmental regulation in China. These five factors, in Table 2’s first column, reflect the government’s environmental governance two sides: regulatory tools and market-oriented tools, which are most related to ER. These five factors are, respectively, extracted from related variables through principal component analysis (PCA). From Table 2, we can find that the weights of these five factors of environmental regulations are relatively balanced.
 b) Public sentiment and Investor sentiment
TABLE 2 | Five factors of environmental regulation.
[image: Table 2]To measure the sentiments, the common methods include market indicators and direct indicators. Reviewing the relevant literature, both these methods contain defects (Fu et al., 2020). Within the online We-media development in China, sentiment can be derived from online comments with the text analysis technique and machine learning method. The existing literature argues that mechanism learning methods can be applied through the large enough training set and good feature set to achieve high classification accuracy (Cai et al., 2020). Based on this condition, this study treats the general public of investor online comments around environmental regulation news as the multi-rounds of dialogue. Hence, this study uses the online text dialogue to identify public sentiment and investor sentiment.
The sentiment recognition method of a text dialogue mainly includes the following steps:
First, dialogue D usually involves two kinds of people. In this study, we assume A and B as the interlocutors. A is the initiator of the dialogue, which refers to A issuing the related environmental regulation on the Internet, and B stands for the responders of the dialogue, which refers to the investors or general public in the Internet. B gave M rounds of comments to A’s dialogue. Second, each round of dialogue D consists of M rounds, where [image: image]. When A issued the environmental regulation in the Internet, many Bs (general public or investors) expressed their comments or opinions in M rounds for A’s dialogue. Third, each dialogue [image: image] has a sequence of words [image: image]. [image: image], including [image: image]. The sentiment label of each dialogue is [image: image], which represents the sentiment of the interlocutor B at M rounds. The task of text dialogue emotion recognition is in a given dialogue [image: image] capturing the sentiment of public or investors [image: image]. Hence, 
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where [image: image].
In a short conversation, the state of sentiment is continuous and changing, while it cannot be forgotten soon. The change of sentiment is via the expression of sentiments, whereas the previous state of sentiment is still stored in the memory cells, which cannot be completely forgotten. Based on this condition, this study uses the LSTM + Attention of a single sentence to analyze the sentiments of the current sentence and identifies all the comment text data sets in the sample. In the recognition task, the calculation formula of interactive two-state sentiment cells is as follows:
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where [image: image] is the input gate of sentiment, [image: image] is the output gate of sentiment, [image: image] is the interaction gate of sentiment, [image: image] and [image: image], respectively, represent the sentiment memory cells of A and B, [image: image] is the vector of m-order sentence, and [image: image] is the output value at time m.
Considering the differences between the general public and investors, this study selects different kinds of website comment texts to identify the two sentiments. Specifically, the public sentiment is identified by the comments on environmental regulation in the non-financial sector of Baidu, Sina, Weibo, and TouTiao. To investor sentiment, it is from the comments of Sina Finance, NetEase Finance, Global Finance, and China Securities Network. These websites have the largest number of daily active users in China, as shown in Table 3.
TABLE 3 | Details of websites.
[image: Table 3]According to the text dialogue sentiment recognition method, this study treats the issued news about environmental regulation on different platforms as A, one comment from the general public or investors to the issued news of environmental regulation is regarded as a completed dialogue, which means that all comments from B, respectively, correspond to the environmental regulation news released by A. If emoticons appear in comments, this study converts them into text. Moreover, in order to avoid overlapping data, duplicated comments are eliminated. Based on this condition, this study collected 200,000 online valid comments from 1 January 2003 to 31 December 2017 and divided the regions according to the user’s registration places. Through the comment statements presented by different samples, we can accurately identify the sentiments of the general public and investors for environmental regulation. Therefore, we observe that the time series of public sentiment and investor sentiment are shown in Figure 1. As shown in Figure 2, the public sentiment and investor sentiment are stable from 2003 to 2017. Compared with the general public sentiment, investor sentiment experienced a U-shaped trend.
[image: Figure 2]FIGURE 2 | Time-series trends for public sentiment and investor sentiment.
Control Variables
In this study, the level of urbanization, industrialization, foreign direct investment, and the industrial structure supererogation are selected as control variables.
The reasons for these control variables are as follows. Ahmad et al. (2021) state that the environmental regulation has an indirect beneficial impact on ecological innovation through the channel of urbanization. Therefore, the level of urbanization is chosen. With the development of China’s industrialization, we still need to pay attention to environmental pollution. Promoting industrial intelligence not only reduces the environmental pollution but also provides a new channel for eco-innovation (Ibrahim and Vo, 2021). Therefore, we select the level of industrialization. Moreover, foreign direct investment provides sufficient capital for eco-innovation and contributes to energy use and carbon dioxide emission. It is an important channel for the renewable energy industry to realize eco-innovation (Khan et al., 2021). Therefore, foreign direct investment is chosen. Last, ecological innovation and industrial structure supererogation play a two-way promoting effect. On the one hand, the industrial structure supererogation makes the elements flow to technology-intensive industries, which promotes the level of eco-innovation. On the other hand, with the improvement of the level of eco-innovation, labor-intensive industries and capital-intensive industries gradually improve their technical level, which can transform to technology-intensive industries and improve the level of industrial structure supererogation. So, industrial structure supererogation is chosen.
In detail, the ratio of the resident population of the region to the total population of China is used to represent the level of urbanization. The level of industrialization is measured by the ratio of the industrial added value of the region to the total GDP in China. We show the level of foreign direct investment by the amount of foreign direct investment. In addition, the ratio of the total output value of the tertiary industry to the total output value of the secondary industry is used to measure the level of advanced industrial supererogation. Relevant data are from Wind Database, CEIC, and China provinces or cities Statistical-Yearbooks. Overall, the descriptive statistics of all variables are presented in Table 4.
TABLE 4 | Descriptive statistics.
[image: Table 4]RESULTS AND DISCUSSION
Environmental Regulation, Sentiments, and Eco-innovation
This study aims to shed light on the role of two kinds of sentiments on the environmental regulation with China’s eco-innovation. From Table 5, we could find that the environmental regulation has positive and significant effects on the eco-innovation, which confirms the Porter Hypothesis in China. In Eq. 1, the coefficient of the interaction term is positive and significant, which indicates that the environmental regulation has a positive effect on China’s eco-innovation through public sentiment. In Eq. 2, the coefficient of the interaction term is negative and significant, which indicates that the environmental regulation inhibits China’s eco-innovation through investor sentiment. Therefore, Hypotheses 1 and 2 are confirmed.
TABLE 5 | Environmental regulation with eco-innovation through two kinds of sentiment.
[image: Table 5]These results are a line with the studies by Li et al. (2020). Li et al. (2020) state that the general public is more likely to believe and accept the related policies or regulation issued by government than the investors. In addition, argue that investor negative sentiment has negative effects on the innovation. On another side, analyzes the reactions of investor sentiment to environmental regulation news and argues that environmental news makes investors change their strategies in time, which promotes the development of innovation. However, the environmental regulations are long-term policies, which should not seek the investor response immediately. After all, whether the information asymmetry or policy uncertainty, investors should consider the ratio of risk-return to make the decision. With the continuous superposition of relevant policies, environmental regulation will become more and more strict than before. Ford et al. (2014) state that strict environmental regulation has a negative impact on investors, which inhibits the eco-innovation. Overall, environmental regulation not only improves the public’s enthusiasm and awareness of environmental protection and eco-innovation but also brings the pressure of continuous innovation and progress to enterprises.
Moreover, Table 6 shows the effects of five environmental regulation tools on China’s eco-innovation through two kinds of sentiment. From Panel A and B, we could find that the all of regulatory tools of environmental regulation, which include the intensity of environmental pollution control, intensity of environmental punishment, and input of environmental protection personnel, have different effects on China’s eco-innovation via two kinds of sentiment. In detail, these regulatory tools inhibit China’s eco-innovation through the negative investor sentiment, whereas China’s eco-innovation is promoted by positive public sentiment, which is confirmed by H3a, H3b, H3c, H3d, H3e, and H3f. Moreover, the environmental protection tax has negative and significant effects on China’s eco-innovation through the investor sentiment, whereas the environmental subsidies promote China’s eco-innovation through the investor sentiment, which is confirmed by H4c. Both of the market-oriented tools of environmental regulation have insignificant effects on China’s eco-innovation through public sentiment.
TABLE 6 | Five environmental regulation tools with eco-innovation through two kinds of sentiment.
[image: Table 6]Considering the different effects, the reasons are as follows. 1) As the direct regulation to enterprises, the regulatory tools easily trigger negative investor sentiment, which indicates that the investor as the main body has to consider the increasing survival costs and policy uncertainty (Rehman et al., 2021). Therefore, the regulatory tools of environmental regulation hinder China’s eco-innovation through the negative investor sentiment. 2) Different with the investors, the general public generally supports the environmental regulation, especially the regulatory tools. As non-investors, the general public recognizes that the government’s determination to environmental governance often comes from the administrative orders (Guo et al., 2021). The strict regulatory tools make the general public have expectations for environmentally sustainable development, which trigger positive public sentiment. Therefore, the regulatory tools of environmental regulation promote the development of China’s eco-innovation through the public investor sentiment.
Threshold Effects of Environmental Regulation
From Table 6, we could find that the coefficients of the square term of environmental regulation show that environmental regulation has a nonlinear impact on China’s eco-innovation. Therefore, this study uses the multi-threshold models to investigate whether the general public sentiment and investor sentiment change with the intensity of environmental regulation. In order to determine the multi-threshold model, this study sets the single threshold, two thresholds, and three thresholds as the hypothesis. According to the bootstrap method, the F-value and P-value of the threshold effect test are calculated 500 times. From Panel A and B in Table 7, the results show that environmental regulation has threshold effects on general public sentiment and investor sentiment for affecting China’s eco-innovation, which is confirmed by Hypothesis five. Ultimately, the sentiment is triggered or produced by the policy implementation intensity, in which different kinds of tools of environmental regulations have threshold effects on public sentiment and investor sentiment.
TABLE 7 | Thresholds of environmental regulation on two kinds of sentiment.
[image: Table 7]Table 8 respectively shows that different thresholds of environmental regulation are how to affect China’s eco-innovation through two kinds of sentiment. In Panel A, these regulatory tools in first or second threshold have insignificant or negative effects on China’s eco-innovation through investor sentiment, whereas all of the last thresholds of regulatory tools have positive and significant effects on China’s eco-innovation. We could observe that there exists a U-shaped trend about the regulatory tools in different thresholds affecting China’s eco-innovation through the investor sentiment. To the market-oriented tools, we could find that their effects in the first threshold are insignificant. In addition, the effects of market-oriented tools in the second threshold on China’s eco-innovation via investor sentiment are strongest positive effects in three thresholds. There exists an inverted V trend about the market-oriented tools in different thresholds affecting China’s eco-innovation through investor sentiment. In Panel B, different kinds of environmental regulation in the first threshold have strongest effects on China’s eco-innovation through public sentiment. In addition, the subsequent threshold of environmental regulation has shown a decreasing effect on China’s eco-innovation.
TABLE 8 | Different thresholds of environmental regulation with two sentiments.
[image: Table 8]Compared with the results in Panel A and B, we could find that the environmental regulation is easily triggers public sentiment for affecting China’s eco-innovation, which is confirmed by Hypothesis 6. These results prove that the LSTM model identification of the two sentiments in Figure 1 is correct, which indicates that the environmental regulations issued by the government satisfy the expectations of the general public for environmental protection and eco-innovation. In addition, investors need to consider restrictions or development factors brought by environmental regulation before making investment decisions about the eco-innovation.
Spatial Spillover Effects of Environmental Regulation
In this section, we use the Spatial Durbin Model to explore Hypothesis 7. Compared with the central and western regions, Table 9 shows that the direct effect of environmental regulation in the eastern region on eco-innovation through investor sentiment and public sentiment is stronger than the indirect effect, which is confirmed by H7a and H7b. Our results are consistent with those of Li et al. (2021). Li et al. (2021) find that the performance of environmental regulation of the eastern region is better than that of other regions. The eastern region has the highest level of industrial development, the fiercest market competition, and the best level of education and quality of life of residents in China. On the one side, investors want to have the regional advantages of the eastern region in China; they would carry out eco-innovation to meet the requirements of environmental regulation, even if the investor sentiment is negative. On the other side, with higher education level and living standards, the general public tends to have a positive attitude toward being environmentally friendly and eco-innovation (Song et al., 2020). Based on this point, environmental regulation in the eastern region is easier for the public to have expectations of the government’s environmental protection measures than the central and western regions, which promotes local eco-innovation.
TABLE 9 | Spatial spillover effects of environmental regulation on sentiment in different regions of China.
[image: Table 9]Moreover, compared with the eastern and western regions, the indirect effect of environmental regulation in central regions on eco-innovation through investor sentiment and public sentiment is more significant than the direct effect, which is confirmed by H7c and H7d are. These results have built on that the degree of environmental regulation in the central region is weaker than that of the eastern region. The effects of geographical proximity and economic proximity on the two kinds of sentiment can enhance the eco-innovation in the central region. To the geographical proximity, some enterprises in the eastern region may move to the central region with slightly relaxed environmental control, which promote the eco-innovation in the central region while reducing costs. To the economic proximity, some enterprises in the western region may develop ecological innovation in the central region with high economic development level and not strict environmental control.
Robustness Analysis
To examine the robustness of the empirical results, this study adds one-period lag of eco-innovation to construct the GMM model, as follows:
[image: image]
[image: image]
Based on Table 10, when adding the one-period lag of the explained variable, the coefficients of the key explanatory variables are consistent with the empirical results. The significance of AR (2) is expressed as accepting the original hypothesis, that is, there is no second-order autocorrelation. The significance level of the Hansen test is 0.789, 0.712, 0.499, and 0.950, which indicates that all instrumental variables are valid. Therefore, we claim that our empirical results are robust.
TABLE 10 | Results of the GMM model.
[image: Table 10]CONCLUSION
Different with previous studies, this study aims to shed light on the effects of environmental regulation on China’s eco-innovation through investor sentiment and public sentiment. This study uses the text analysis technique and machine learning method to identify investor sentiment and public sentiment, respectively, from 2003 to 2017.
The main conclusions are as follows. First, the environmental regulation has a positive effect on China’s eco-innovation through public sentiment, whereas the environmental regulation inhibits China’s eco-innovation through investor sentiment. Second, these regulatory tools inhibit China’s eco-innovation through the negative investor sentiment, whereas promoting China’s eco-innovation by positive public sentiment. Based on these results, environmental regulation not only improves the public’s enthusiasm and awareness of environmental protection and eco-innovation but also brings the pressure of continuous innovation and progress to enterprises. Third, the environmental regulation has threshold effects on general public sentiment and investor sentiment for affecting China’s eco-innovation. In detail, compared with investor sentiment, the environmental regulation easily triggers public sentiment for affecting China’s eco-innovation. Last, by constructing the SDM model, this study finds that the environmental regulation has spatial spillover effects on different regions’ eco-innovation in China through two kinds of sentiment. Among them, the direct effect of environmental regulation on ecological innovation through investor sentiment and public sentiment is stronger than the indirect effect. However, the indirect effect of environmental regulation on ecological innovation through investor sentiment and public sentiment is stronger than the direct effect. From this sight, economic level and education level in the different regions can affect the general public and investor attitudes and judgements on environmental regulation.
Following the empirical results of this study, the relevant recommendations are summarized as follows. First, to develop the eco-innovation in China, the differences between different environmental regulation tools should be deeply considered. To the regulatory tools, these easily trigger the positive public sentiment to promote China’s eco-innovation, whereas produce the negative investor sentiment to inhibit China’s eco-innovation. Instead, appropriate supporting policies or moderated tools should be adopted to trigger the positive investor sentiment. For example, the government can build a big data system to detect the green operation status and life cycle of enterprises, which can supervise the specific pollution discharge of enterprises to varying degrees through data tracking. Second, the government should pay attention to guide the public and investor sentiment to the environmental regulation. Based on the results, the public sentiment is easier to trigger, whereas the investor sentiment is difficult to trigger. Therefore, the government should play to the advantages of the public, which promulgate to increase social investment in the eco-innovation projects to wake up investor sentiment. Last, considering the spatial spillover effects of environmental regulation, the government should encourage strengthening cooperation with the western region, which promotes eco-innovation. In this article, a major limitation is that a more appropriate method is not used to deal with the nonlinear effects of environmental regulations, which may make the actual results inaccurate. Therefore, nonlinear models may be used for comparative research in the future to verify the effectiveness of the analysis results. Future research should explore these interrelationships as they may provide key directions for developing environmental regulations in China. In addition, the current review does not attempt to use nonlinear models. In the future, the nonlinear analysis of these methods may help determine the focus of environmental regulation.
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Notes: Data from China Statistical Yearbook, China Industrial Statistics Yearbook, and China provinces and cities Statistical Yearbooks.
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Notes: Data from China Statistical Yearbook, China Industrial Statistics Yearbook, China provinces and cities Statistical Yearbooks, and China Environment Yearbook.
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