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To alleviate the increasingly serious environmental problems, the environmental governance of relevant firms has received widespread attention. In this paper, based on panel data of Chinese listed firms from 2010–2019, we use the dynamic panel model to verify the non-linear relationship between internationalization and green innovation performance. The dynamic panel threshold model is also constructed to estimate the threshold effect of subsidies between internationalization and green innovation performance. The results show that there is a “U” relationship between internationalization and green innovation. Subsidies can help firms cross the inflection point earlier, and internationalization positively affects green innovation output only when the subsidy exceeds the threshold (16.994). Considering the heterogeneity issue, our study finds that the subsidy threshold for internationalization is bigger for state-owned, non-coastal enterprises, and enterprises with environmental information disclosure compared to other enterprises. In addition, when across the subsidy threshold, state-owned, non-coastal enterprises, and enterprises without environmental information disclosure are better able to stimulate green innovation output. This provides evidence and policy directions for other emerging developing countries.
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1 INTRODUCTION
In the 20 years since China joined the WTO, the economy has developed rapidly and living standards have improved greatly. However, with the development of economic globalization, environmental problems are becoming increasingly prominent. It not only restricts China’s economic sustainable development but also affects the recovery of the world economy. To solve the worsening environmental problems, countries around the world signed The Paris Agreement in 2016, aiming to reduce carbon emissions and achieve the goal of global carbon neutrality. To reduce carbon emissions, governments have introduced several policies and gradually formed a multi-dimensional ecological and environmental management system with enterprises as the main body and governments as the auxiliary. As the main driver of national economic development, the environmental management of manufacturing firms is also attracting attention. At the macro aspect, manufacturing firms need not only government support, but also their own green innovation to enhance environmental governance (Zhuge et al., 2020). In terms of firms’ innovation, in the background of globalization and internationalized R&D, the improvement of firms‘ innovation capability not only depends on domestic R&D capital but also on access to foreign market information and R&D capital. The firms’ internationalization helps to overcome their own limitations (organization, geography), promotes the mobility of staff cross-regional mobility from various countries, and obtain external technologies as much as possible, to achieve their own innovation output efficiently.
Empirical studies have examined various factors influencing innovation performance. Some studies have found that firm age (Amore and Bennedsen, 2016), firm market (Usman et al., 2020), firm size (Boermans and Roelfsema, 2016), and firm growth rate (Li et al., 2017) are drivers of improved innovation performance. Cassiman and Veugelers (2006) argue that the combination of external technology introduction and internal R&D can enhance the firm’s technological performance. Firms can reduce their capital costs through subsidies and are thus more willing to innovate green. Huang et al. (2019) noted that government subsidies increase firms’ willingness to innovate. Based on the LLL framework theory, Keller and Yeaple (2009) analyzed internationalization as enhancing firms’ innovation performance in terms of innovation output. Similarly, many scholars have analyzed the two as a non-linear relationship (Contractor et al., 2003). It is noteworthy that, in the face of growing global environmental problems, firm environment governance has become a primary goal of governments, but few scholars have examined whether corporate internationalization can enhance corporate green innovation output. It can be seen that most existing research has focused on the impact of internationalization on innovation performance (Teece et al., 1997; Kim, 1997), so it is relevant to explore the impact of internationalization on green innovation output.
Subsidies as an important government instrument that influences firms’ internationalization and innovation output, few scholars have made the relationship between government subsidies and internationalization. For example, Jiayun and Yingying (2019) finds that subsidies can facilitate firms’ international trade. However, most studies have mainly explored the impact of subsidies on innovation. Seitz and Watzinger (2017) finds that R&D subsidies can reduce firms’ R&D burden and stimulate R&D investment. However, Wallsten (2000) has a different conclusion, finding that government subsidies have a crowding-out effect on firms’ R&D investment and do not promote firm innovation. In this context, it is worth discussing that the impact of subsidies lies between internationalization and green innovation. Specifically, this paper focuses on whether there are differences in the impact of internationalization on green innovation output at different levels of subsidies.
Therefore, this paper’s main contributions are in the following four aspects: first, existing studies have mainly focused on the impact between internationalization and innovation (Keller and Yeaple, 2009) and has concentrated on developed countries (Chiao and Yang, 2011; Nam and An, 2017). This paper is the first article to study the relationship between the firms internationalization and green innovation performance, providing a theoretical and empirical basis for policy formulation in developing countries. Second, unlike other papers that use a single variable to measure corporate innovation performance (Wallsten, 2000), this paper adopts the entropy weight method (EWM) to establish a firm’s green innovation evaluation system to evaluate the firm’s green innovation performance. Third, while verifying the non-linear relationship between internationalization and green innovation, the effect of subsidies is explored. government subsidies are used as the threshold variable to explore the effect of firm internationalization on green innovation performance under different subsidy levels. Fourth, it is different from other studies that consider heterogeneity in terms of firm size and competitiveness. this paper divides the sample into state-owned enterprises (SOEs) and non-state-owned enterprises (non-SOEs), coastal enterprises (CEs) and non-coastal enterprises (non-CEs), enterprises with environmental information disclosure (EIDEs) and enterprises without environmental information disclosure (non-EIDEs), and explores the impact of firm internationalization on green innovation output in different subsamples. This paper addresses the gaps in existing research by exploring whether firm internationalization affects green innovation performance at different subsidy levels, and provides a basis and suggestions for policy formulation and improvement.
The remainder of the article is organized as follows. Section 2 reviews the relevant empirical studies and discusses the mechanisms between internationalization and green innovation. In Section 3, a theoretical model is constructed. In Section 4, the choice of variables and the use of data are explained. Section 5 describes the estimation results and discussion. Finally, the conclusion and policy implications are reported in section 6.
2 LITERATURE REVIEW AND HYPOTHESIS
Studies about internationalization are mainly based on Mathews (2006) LLL framework, springboard theory, and the firm’s resource-based view theory. Mathews (2006) LLL framework and springboard theory (Luo and Tung, 2007) suggest that developing country firms’ internationalization behavior provides access to diverse strategic knowledge and resources when they enter international markets, which is important for enhancing innovation performance. The firm’s resource-based view suggests that a firm’s innovation output depends on the allocation of resources. The effect of different resources differs on a firm’s innovation output. Grimes and Miozzo (2015) showed that firms’ R&D investment abroad is beneficial in enhancing the firm’s innovation and that innovative outputs from R&D facilities established abroad can be passed on to the parent firm. While some other scholars argue that there is a non-linear relationship between internationalization and innovation (Nam and An, 2017). Chiao and Yang (2011) argues that there is an inverted U relationship between internationalization and firm performance. Based on the above theories, we make the following hypotheses.
Hypothesis H1. There Is a Non-linear Relationship Between Firm Internationalization and Green InnovationThe impact of subsidies on R&D performance has also been extensively studied. Based on asymmetric information theory and Keynesianism, the findings on the relationship between subsidies and R&D performance vary. Subsidies can promote innovation by reducing firms’ R&D burden (Yi et al., 2021), transmitting information to private or financing institutions, and facilitating firms to attract social capital (Liu et al., 2019). However, subsidies have a negative impact on innovation output (Yi et al., 2020), Wei and Zuo (2018) found that central government R&D subsidies send negative signals about the quality of R&D projects and worsen subsidized firms’ access to external capital.In addition, subsidies have been little studied for internationalization. Lesser subsidies inhibit firms’ internationalization (Ghouse, 2020), while certain subsidies promote firms towards internationalization (Jiayun and Yingying, 2019). However, few papers have examined the relationship between internationalization, subsidies, and green innovation, so it is worth exploring the relationship between the three. Low-subsidy firms have relatively few external resources and do not have enough cash to invest in R&D programs. High-subsidy firms reduce their R&D burden because of large government subsidies, and in combination with advantages such as talent mobility and technical introduction brought about by internationalization’s positive externalities, increase green R&D output (Gao et al., 2021). Based on the above theories, we make the following hypotheses.
Hypothesis H2. The Impact of Internationalization on Green Innovation Varies Under Different Levels of SubsidiesThere are many studies of innovation based on firm heterogeneity, mostly based on firm size and ownership (Link and Scott, 2018; Li et al., 2021). Given that subsidies and internationalization are unbalanced among different types of firms, this paper divides the entire sample into state-owned and non-state-owned enterprises, coastal and non-coastal enterprises, and enterprises with environmental information disclosure and non-disclosure enterprises. State-owned enterprises have well-established R&D systems and are supported by the government (Usman et al., 2020), which leads to a larger gap between state-owned and non-state-owned enterprises. Compared to coastal enterprises, non-coastal enterprises have a significant geographical disadvantage, which can affect the actual effectiveness of subsidies (Girma et al., 2009). Environmental information disclosure can lead to higher governance costs for firms (Van Leeuwen and Mohnen, 2017; Feng et al., 2021), which in turn may affect firm innovation. Based on the above theories, we make the following hypotheses.
Hypothesis H3. The Impact of Internationalization on Green Innovation Varies Under Different Firm HeterogeneityIn summary, while some research has been carried out in related fields, little attention has been paid to the mechanisms by which internationalization affects green innovation performance. Given the globalization of the economy and the growing environmental concerns, it is worthwhile to consider the impact of internationalization on influencing green innovation performance. Furthermore, considering that the results of internationalization on green innovation performance may also differ at different levels of subsidies, it is necessary to verify the possible threshold effect of subsidies in between two. The logical roadmap is shown in Figure 1.
[image: Figure 1]FIGURE 1 | The logical roadmap.
3 METHODOLOGY
3.1 Dynamic Panel Model
Consider the limitations of traditional static methods. Firstly, the endogeneity problem can lead to biased regression results because of some omitted variables (Wang, 2015). Secondly, there is a lagged effect in green innovation performance (Ulucak, 2021), whereby green innovation in the current year may be influenced by green innovation In the previous year. However, traditional static models are unable to analyze this relationship. Therefore, this paper uses both static and dynamic panel models to estimate the regression results.
[image: image]
Different from static panel models, dynamic panel models can provide more information about changes in green innovation performance. According by Arellano and Bond (1991), general method of moments (GMM) estimators use exogenous or endogenous variables with one or more time lags as instrumental variables. Compared to the DIFF-GMM method, which eliminates individual effects and may have weak instrumental variable problems, the SYS-GMM method can overcome these problems, so this paper uses the SYS-GMM method.
3.2 Dynamic Panel Threshold Model
The above analysis can help us better understand the relationship between the two. However, the impact of internationalization on green innovation output may be influenced by other factors leading to biased regression results. Moreover, traditional static and dynamic panel models only capture the average impact between internationalization and green innovation, ignoring possible structural fault lines. In contrast, the panel threshold model based on Hansen (1999) is extended to obtain the dynamic panel threshold model (Caner and Hansen, 2004), which not only considers the dynamic changes in green innovation output and potential structural breaks, but also evades the strong exogeneity assumption in static threshold model. This paper builds a dynamic panel threshold model based on Hansen (1999) static threshold model, combined with Caner and Hansen (2004) approach.
[image: image]
where i and t denote firm and year, GIP represent the green innovation performance, and FI represent the internationalization of the firm. Lns is the logarithmic value of subsidy as the threshold variable, [image: image] includes the exogenous control variable [image: image] and the endogenous variable [image: image] and [image: image] denote individual specific fixed effect, [image: image] are error terms. There are individual fixed effects in the dynamic panel threshold model, so individual effects need to be eliminated before estimation, usually by referring to Kremer et al. (2013), where the forward orthogonal deviation transformation eliminates the fixed effects, mainly observations minus the average of other observations, and the error term no longer suffers from serial correlation after the transformation. The forward orthogonal deviation transform was applied to Equation 2, where the forward orthogonal deviation transform model for the error term was as follows
[image: image]
The forward orthogonal outlier transformations of the other variables are consistent with the error terms. Considering the strong endogeneity of the explanatory variables lagged one period in Equation 2, this paper follows Caner and Hansen (2004) treatment of dynamic panel thresholds that include endogenous explanatory variables. It is estimated in three specific steps.
To estimate this dynamic panel model, we follow a three-stage procedure. First, this study then estimates a reduced-form regression for the endogenous variables [image: image] as a function of the instruments (lags of [image: image]). Given an arbitrary [image: image], the slope coefficient can be estimated based on the instrumental variables. Secondly, the threshold [image: image] were estimated, that is, the model was estimated by panel least squares to obtain the sum of squared residuals [image: image]. The estimator based on the smallest sum of squared residuals [image: image] as the threshold [image: image]. Finally, once [image: image] is determined, the sample is divided into two and the threshold coefficient is then estimated using the GMM method (Chao et al., 2017). In this paper, we use the stata command xtendothresdpd by Diallo (2020) to estimate a dynamic panel threshold model.
4 DATA AND SAMPLE
4.1 Dependent Variable
The independent variables in this paper evaluate the green innovation performance through the entropy weight method, which is different from most studies that use the R&D investment intensity and the number of green patents to measure green innovation performance (Wallsten, 2000). This paper draws on the research method (Weng et al., 2020) and uses the entropy weight method to construct a comprehensive evaluation index system of the green innovation performance from four dimensions: innovation input, technology level, enterprise innovation environment and innovation output. 1)In the innovation input dimension, the higher the R&D investment, the higher the green innovation output. 2) In the technology level dimension, the higher the proportion of technical employees, the higher the innovation technology level. 3) In the firm innovation environment dimension, the larger the stock HHI, the more centralized the firm’s control and the easier it is to implement R&D program decisions. The more internationalized the executives, the more biased they are towards green innovation policies (Usman et al., 2020); the smaller the gap between the firm and the average industry R&D investment, and the lower the firm’s debt ratio, the better the innovation environment. 4) In the innovation output dimension, the more patents per capita, the higher the share of green patents, the lower the R&D investment per patent, and the higher the green innovation output. This paper selected nine indicators. The specific indicators are shown in Table 1.
TABLE 1 | Evaluation of the sustainability of green innovation performance.
[image: Table 1]Considering that individual indicators cannot comprehensively evaluate the firm’s Green innovation performance, this paper uses the entropy weighting method to calculate the weights of each indicator. The detailed indicators are shown in Table 1.
1) the standardization of indicators. [image: image] (negative indicators) and [image: image] (positive indicators), where [image: image] denotes the value of the ith indicator in the jth sample. [image: image] denotes the standardized data of the ith indicator in the jth sample and [image: image]. [image: image] max and [image: image] min represent the maximum and minimum values of the ith indicator in the sample.
2) The normalized values [image: image] of each indicator. [image: image].
3) The entropy value [image: image] of the ith index, [image: image].
4) The larger the [image: image] is, the greater the differentiation degree of index ith indicator is, and higher weight [image: image] should be calculated. [image: image].
5) Then calculate the comprehensive evaluation GIP index of green innovation performance. The higher the index is the higher the green innovation performance of the firm is. [image: image].
4.2 The Main Independent Variables
In this study, internationalization and government subsidies are considered to be the main independent variables. The subsidy is the threshold variable and measures the subsidy level of each firm. Internationalization is measured in different standards that most studies used the following criteria: the percentage of overseas assets, the percentage of overseas sales revenue, the percentage of overseas employees. Some scholars have also used the entropy weight index method to measure the degree of internationalization (Sullivan, 1994). Given the limitations of the available data and using the percentage of overseas sales is high validity to measure internationalization (Hitt et al., 1997; Tihanyi et al., 2000). This paper uses the percentage of overseas incoming to measure firm internationalization. Another key independent variable is subsidies. This paper uses the logarithm of government subsidies to measure the level of firm subsidies.
4.3 Control Variables
Given that green innovation performance is also influenced by other factors, based on previous studies (Li et al., 2018), we also introduce four control variables. 1) Firm size: which is measured by the logarithm of our firm’s total assets. 2) Firm age: this variable is calculated by the difference between the year of firm establishment and the year of study. 3) Firm growth rate: The firm growth rate can visually reflect the operational status of the firm, and this paper uses the growth rate of operating incoming to measure the firm growth rate. 4) Degree of market: We use the ratio of net profit to total costs to measure the degree of market.
4.4 Sample
The Chinese government issued new corporate accounting rules in 2006, requiring more detailed disclosure of financial status (e.g. subsidies, R&D investment). Considering the availability and validity of data (Xia et al., 2021; Xu et al., 2021), the study includes manufacturing firms listed in China from 2010–2019. Data are obtained from the China Stock Market and Accounting Research database (CSMAR) and the WIND database. Firms with missing subsidy, R&D investment, and oversea incoming data and firms with consecutive losses were removed, 9,810 firm-year observations were obtained finally. The descriptive statistics of the variables are shown in Table 2.
TABLE 2 | Descriptive statistics of variables.
[image: Table 2]5 EMPIRICAL RESULTS
5.1 Unit Test
Based on the results of the unit root test as shown in Table 3, all variables reject the original hypothesis at a significance level of 1%, indicating that the panel data is a stationary panel.
TABLE 3 | Unit test on ADF-fisher test.
[image: Table 3]5.2 The Results of the Static and Dynamic Panel Model
Based on the underlying model, this paper first uses a static panel model to examine the impact of internationalization on green innovation, while a dynamic panel estimation method is used to examine the dynamic impact of internationalization on green innovation output. Considering that internationalization may have strong endogeneity, the lagged first order of internationalization is mainly used as an instrumental variable to address the endogenous, and use the SYS-GMM method to estimate results. First, we used Lind and Mehlum (2010) U-test to verify the non-linear relationship for the proposed variables. The slope of the relationship between internationalization and green innovation was found to exhibit a negative change (-0.0085, p < 0.01) followed by a positive change (0.0062, p < 0.05). The Feller interval of internationalization at the 95% confidence level is (0.384, 0.959), with the extreme point at 0.506, which is just inside the Feller interval. It represents the threshold effect of the effect of internationalization on green innovation, with a threshold value point being 0.506 of internationalization.
The estimation results (Table 4) show that the Hansen test results all accept the original hypothesis that the instrumental variables are valid, indicating that the instrumental variables are reasonably, and the AR (2) test results indicate that there is no second-order serial correlation and that the lagged first-order coefficient of green innovation is 0.683 at 1% significant level (4–2). In terms of the non-linear relationship between internationalization and green innovation performance, the coefficients of internationalization are all significantly negative, while the squared terms are all significantly positive, suggesting a ‘U' shaped relationship between internationalization and green innovation performance, with green innovation performance decreasing and then increasing as internationalization increases. When internationalization falls below a certain threshold (0.500), internationalization has a negative externality effect, which means that the external resources brought by internationalization do not meet the requirements of the firm to invest in its own green innovation programs, and the firm is more interested in maintaining its own operations than in green innovation. When internationalization is above the threshold, internationalization has a positive externality effect, which means that the firm cross-regional exchanges, employee mobility, and the external technologies introduction contribute to the green innovation output. Thus, there is a non-linear “U” shaped relationship between internationalization and green innovation performance, consistent with Hypothesis H1. This compensates for the findings of Caselli and Coleman (2001) and Comin and Hobijn (2004) that when internationalization is low, it is difficult to stimulate green innovation in firms.
TABLE 4 | Regression on the static and dynamic panel model.
[image: Table 4]To test the effect of internationalization on green innovation under subsidies, we use the cross term [image: image] to represent the joint effect under subsidies and internationalization. four to three shows that there is still a U-shaped relationship between internationalization and green innovation. In terms of the inflection point, the inflection point is 0.368 (4–3) lower than 0.500 (4–2), suggesting that subsidies are effective in helping firms cross the threshold of internationalization and achieve green innovation output earlier. This is also in line with Gao et al. (2021).
5.3 The Results of the Static and Dynamic Threshold Panel Model
Table 5 shows that there is a “U” shaped relationship between internationalization and green innovation performance, as well as the ability of subsidies to help firms achieve green innovation earlier. To further explore the impact of subsidies on internationalization and green innovation. Table 5 shows the regression results for the threshold variable (subsidies) based on the static and dynamic panel threshold models to further explore the impact of internationalization on green innovation under different subsidies levels. The linearity test (Caner and Hansen, 2004) demonstrates that there is a threshold effect and that the threshold is significant.
TABLE 5 | Regression on the static and dynamic panel threshold effect.
[image: Table 5]Table 5 shows the estimated coefficients of internationalization and green innovation output as the level of subsidies changes. As shown in the static panel threshold model (Table 5), the coefficient of internationalization is -0.003 on green innovation at the 1% significance level when subsidies are below the threshold (19.519). If the subsidy exceeds this threshold, internationalization has a positive effect on green innovation performance with the coefficient increasing from -0.003 to 0.026. The empirical results show that subsidies compensate for firms’ external resources, which in turn promote their green innovation output. The dynamic threshold surface (Table 5) shows that green innovation in the previous period is significantly positive to green innovation output in the current period, indicating a positive externality effect of R&D, i.e. a firm’s existing green innovation contributes positively to ongoing green innovation activities. The regression results of internationalization are consistent with the static threshold model (5–1), consistent with Hypothesis H2. This is in line with Boermans and Roelfsema (2016) and Dang and Motohashi (2015).
Table 5 shows the regression results for enterprises with inventive patent (IPEs) and with utility patent (UPEs). The internationalization effect of IPEs and UPEs are consistent. The threshold for IPEs is much higher at 19.114 than the threshold for UPEs at 18.234. This implies a higher resource requirement for inventive patenting innovations. This is in line with the findings of Dang and Motohashi (2015) and Lei et al. (2012).
5.4 Heterogeneity Analysis
Given the imbalance in subsidies and internationalization in different firms, this paper divides the whole sample into state-owned (SOEs) and non-state-owned enterprises (non-SOEs), and coastal enterprises (CEs), and non-coastal enterprises (non-CEs). If an enterprise is located in a coastal province, it is classified as a coastal enterprise and the others as non-coastal enterprises. The environmental information report is the main instrument of a firms’ environmental monitoring by all parties in society and has an important role in promoting firms to protect environmental protection, which in turn can affect green innovation output, so this paper also explores the impact of environmental information disclosure (Lanjouw and Mody, 1996). If an enterprise discloses environmental information, it is classified as an enterprise with environmental information disclosure (EIDEs) and others as non-disclosing enterprises (non-EIDEs). Table 5 shows the regression results based on the dynamic panel threshold model.
The regression results in Table 6 show that the effect of internationalization on green innovation is consistent across different subsidy levels for both SOEs and non-SOEs. The internationalization of SOEs contributes to the green innovation output than non-SOEs when the subsidy is above the threshold, which is also much larger than the threshold of non-SOEs. This is because SOEs have well-developed R&D systems and encourage more green innovation output (Usman et al., 2020). Due to the larger size of SOEs, the impact of low subsidies on SOEs is relatively small, resulting in a higher threshold value, which is consistent with the findings of Xu et al. (2021).
TABLE 6 | Regression of Heterogeneity analysis-based on the dynamic panel threshold effect.
[image: Table 6]Table 6 shows the regression results for coastal enterprises and non-coastal enterprises. It is found that the coefficient of internationalization for CEs is smaller than that of non-CEs and the threshold of subsidies for CEs is also much lower than that for non-CEs. six to three shows that the subsidy threshold is lower for non-EIDEs than for EIDEs and the effect of internationalization is greater, implying that EIDEs are forced to be at an R&D disadvantage due to increased costs resulting from environmental information disclosures, in line with the findings of Feng et al. (2021).
5.5 Robustness Test
For robustness checks, we used alternatives to variables. We choose government stake (the proportion of state-owned shares held by TOP10 shareholders) mentioned by Liu et al. (2021) instead of government subsidies, the stronger the incentive effect from government stake than from subsidies, labeled GS. The regression results (Table 7) remain consistent with the previous analysis and, therefore, it can be confirmed that our test results are robust.
TABLE 7 | Robustness test.
[image: Table 7]5.6 DISCUSSION
First, apart from contributing to the study of the relationship between internationalization and innovation performance, the findings of this paper’s inquiry differ slightly from previous studies. Specifically, using static and dynamic panel models, this paper finds a non-linear relationship between internationalization and green innovation, with internationalization being difficult to promote firm resource integration and hence green innovation when it is low. When internationalization exceeds a certain threshold (0.500), internationalization has positive externalities, such as cross-regional exchanges, staff communication and knowledge flows, which reduce R&D costs and R&D risks. This compensates for the linear relationship found by Caselli and Coleman (2001) and Comin and Hobijn (2004), and this paper finds a new relationship (non-linear “U” relationship) between the two, enriching the knowledge in the related field.
Another contribution of this paper is the focus on the role of subsidies between internationalization and green innovation. Subsidies have been attracting attention as a government intervention (Huang et al., 2019), yet few studies have considered the role of subsidies between internationalization and green innovation. Therefore, this paper explains the role of subsidies by adding a cross-term with subsidies. It is found that subsidies can help firms to cross the inflection point early and achieve green innovation output. This implies that subsidies can stimulate firms to invest in R&D (Zhang and Xu, 2019), increase expected profits, reduce risk (Huang et al., 2019), consolidate resources within firms. This is in line with the resource-based view theory and keynesian theory. Meanwhile, this paper further quantifies the impact of subsidies, namely, using subsidies as the threshold variable to determine the subsidy threshold. The impact of internationalization on green innovation is significantly negative when the subsidy is less than 16.706 (16.994), while the impact is positive when the subsidy exceeds the threshold. This is in line with Jiayun and Yingying (2019) and Clausen (2009).
Then, we segmented the green innovation types, enterprises with inventive patent and utility patent. Enterprises with inventive patent are found to require significantly more subsidies than enterprises with utility patent, implying that a higher resource requirement for inventive patenting innovations. This is in line with the findings of Dang and Motohashi (2015) and Lei et al. (2012).
Finally Based on the heterogeneity issue, our study finds higher thresholds (subsidies) for SOEs, non-coastal enterprises and enterprises with environmental disclosures compared to other enterprises, implying that the large size of SOEs, non-coastal enterprises geographical disadvantages and environmental disclosure costs lead to high subsidies. This is in line with Usman et al. (2020) and Girma et al. (2009). And after crossing the threshold, the effect of internationalization is greater for SOEs, non-coastal enterprises and enterprises without environmental disclosure. One possible explanation is that SOEs have a well-established R&D system that ensures R&D stability, which is consistent with the findings of Xu et al. (2021). The reason for the low internationalization effect for coastal enterprises is based on the technology gap theory (Fagerberg, 1994; Gerschenkron, 2015). Namely, once a technologically backward catch-ups reaches a certain level of human capital and is able to absorb new technologies, it starts to catch up in terms of technological innovation. In comparison with coastal enterprises, non-coastal enterprises with low levels of R&D will be keen to innovate as catch-ups. Also in line with the findings of Lin and Tang (2013). Finally, enterprises without environmental information disclosure have low environmental information disclosure costs, leading to a greater impact of internationalization on green innovation performance. This is consistent with the findings of Zeng et al. (2010).
6 CONCLUSION AND POLICY IMPLICATIONS
6.1 Conclusion
This paper first provides empirical evidence to test a non-linear (“U”) relationship between internationalization and green innovation using Chinese-listed manufacturing companies data from 2010–2019. When internationalization is low, it has a significant negative effect (−0.004) on green innovation. However, internationalization is significantly positive (0.004) on green innovation when internationalization exceeds a threshold. Then, this paper considers the effect of subsidies, and the cross term between internationalization and subsidies shows that subsidies help firms to cross inflection points early. The threshold model captures the threshold value of subsidies, namely, internationalization stimulates green innovation when the subsidy is bigger than 19.519 (17.111). It was found that the impact of internationalization on green innovation is different based on firm heterogeneity. The subsidy threshold is bigger for state-owned enterprises, non-coastal enterprises, and enterprises with environmental information disclosure compared to other firms. And cross the threshold, the effect of internationalization is bigger for state-owned enterprises, non-coastal enterprises, and enterprises without environmental information disclosure. This can be explained by resource-based view theory, Keynesian theory, and technology gap theory.
6.2 Policy Implications
The relevance of our study is clear, as encouraging green innovation in firms is essential in corporate environmental governance and transformation and upgrading. At a practical level, therefore, we make some useful policy recommendations.
First, the government should encourage firms to go global and stimulate their green innovation output. The empirical test results of this study confirm the conjecture of some scholars about the non-linear relationship between internationalization and green product innovation (Nam and An, 2017). There is a U-shaped relationship between internationalization and green product innovation. For most firms, internationalization has a temporary negative impact on green product innovation, but this is only a short-term effect. As the degree of internationalization increases, green innovation outputs become increasingly available.
Secondly, subsidies are important as an intervention tool, and governments should establish and improve subsidy policies to improve the efficiency of firms’ use of external resources. Low subsidies have little impact on innovation, and as they increase, firms can make better use of resources to achieve sustainable output from innovation.
Third, for different types of enterprises, the government should develop appropriate systems to guide their innovation. Specifically, for non-state enterprises, the government should impose relevant policies to encourage them to improve their R&D capabilities, following the principle of “market fairness”. Compared to coastal enterprises, non-coastal enterprises have a distinct geographical disadvantage. The government should not only implement subsidy policies, but also formulate policies to reduce the cost of going global for non-coastal enterprises. For enterprises with environmental information disclosure, higher subsidies reinforce the impact of internationalization on green innovation, which means that environmental information disclosure places a burden on innovation. This requires governments to develop incentives and penalties for enterprises with environmental information disclosure to reduce costs and ease the pressure on firms. In addition, especially in the context of economic globalization and global environmental degradation, the analysis in this paper provides a theoretical basis and policy support for emerging developing countries such as China.
6.3 Limitations
Due to data limitations, this paper only uses data from 2010–2019 to analyze the impact of internationalization on green innovation. Therefore, in future research, we will expand the study from micro to macro data (province, country) to capture the long-term changes among internationalization, subsidies, and green innovation. Secondly, there are many other factors influencing green innovation performance and we will add other control variables to enhance the credibility of our empirical findings.
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