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This paper discusses the impact of digital finance development on the continuous technological innovation and its mechanism in China’s energy companies. Analyzing the data of A-share listed energy companies in China’s Shanghai and Shenzhen stock markets from 2011 to 2018, using a fixed effects model, we find that digital finance development played a positive role in stimulating continuous technological innovation in Chinese energy companies. Moreover, we find that risk-taking plays a mediating effect, which is the development of digital finance encourages Chinese energy companies to carry out continuously innovative activities by increasing the level of corporate risk-taking. Finally, we find that in non-state-owned, small and highly externally funded energy companies, digital finance development shows a stronger effect in driving continuous technological innovation in Chinese energy companies through risk-taking. Our results highlight the role of risk-taking as an important mediator in the relationship between digital finance development and continuous technological innovation. It has enlightenment for China to make better use of digital finance to empower energy companies to continue to innovate.
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1 INTRODUCTION
The continuous technological innovation of energy companies is important to lead the energy transition and develop sustainable economic. Throughout the historical development trajectory of global innovative companies, most of their growth process cannot be separated from the strong support of financial development (Wang et al., 2019). Continuous technological innovation is a long-term, high-risk activity with large capital requirements, irreversible processes, and uncertain output. The traditional financial system with commercial banks generally has a low level of risk-taking (Huang, 2018), which cannot match high-risk continuous technological innovation activities. This makes innovative companies with development potential often meet “financial discrimination” problems. Therefore, discussing how to provide stable and adequate financial support for continuous technological innovation of energy companies has become a major theoretical and practical problem of governments, companies and academia.
The dilemmas faced by traditional financial development need to be addressed by innovative financial models. Driven by emerging technologies such as big data, cloud computing, and the Internet, China’s digital finance has achieved rapid development in recent years. Digital finance refers to the use of digital technology by traditional financial institutions and Internet companies to realize financing, payment, investment and other new financial business models (Tang et al., 2020). As a new service format with high efficiency and low price, digital finance has the advantages of cross-temporal, low-cost, and information visualization (Huang, 2018). It breaks through many limitations of traditional financial and provides new ideas for making up for the shortcomings of traditional financial services (Huang, 2018). Given the relatively short history of digital finance, there is little literature on whether and by what mechanisms digital finance helps to incentivize corporate innovation. In the evaluation of the impact effects, existing literature mainly provides two viewpoints. One view holds that the “inclusive” and “grassroots” characteristics of digital finance can significantly promote corporate innovation, especially small and micro enterprises (Tang et al., 2020; Liang and Zhang, 2019; Li et al., 2020; Yao et al., 2021). The other point of view is that the development history of digital finance is short, and it is difficult to effectively match digital financial products with innovative activities (Gomber et al., 2018). In terms of mechanism, existing literature reveals that digital finance can stimulate enterprise innovation through financing channels including financing constraint mitigation and financing cost reduction (Liang and Zhang, 2019; Li et al., 2020; Tang et al., 2020; Chen and Yoon, 2021).
In conclusion, the existing literature reveals that digital finance may stimulate corporate innovation, and proposes financing mitigation and financing cost reduction as specific mechanisms. However, there are still some shortcomings in the existing literature that need to be filled. First, existing research focuses on general technological innovation, and has not analyzed the impact of digital finance on continuous technological innovation. Second, the existing research only analyzes the financing mechanism, and lacks the discussion of other mechanisms. Third, most of the samples used in existing researches are full samples including all industries, they do not take into account the effects of industry heterogeneity.
Specifically, energy technology innovation activities tend to have higher uncertainty and risk (Noailly and Smeets, 2016), and continuous technological innovation by energy companies requires more long-term and continuous investment (Yu and Fan, 2021). Therefore, the continuous innovation of energy companies is more dependent on financial support, and digital finance is more likely to play a role in making up for the insufficiency of traditional finance. Meanwhile, the innovation process consists of four stages: innovation willingness-innovation resource input-innovation management-Innovation output. The lack of any stage will lead to the inability of innovation to be carried out effectively. For high-risk and long-term projects such as continuous technological innovation, before companies decide to invest “real money”, they must first stimulate their willingness to innovate. Increasing the level of risk taking can help stimulate a firm’s willingness to innovate (García-Granero et al., 2015; Roper and Tapinos, 2016). Therefore, stimulating risk-taking is the front-end mechanism of promoting corporate innovation. This paper empirically examines the impact of digital finance development on the continuous technological innovation of Chinese energy companies, and further examines the mechanism from the perspective of risk-taking. It can further expand related research in the field of financial development and continuous technological innovation, and at the same time, it has important policy implications for Chinese energy companies to make better use of digital finance to enhance continuous innovation.
This paper discusses the impact of digital finance development on the continuous technological innovation and its mechanism in China’s energy companies. Compared with existing research, the marginal contribution of this research is mainly reflected in three aspects: First, we provide a pioneering discussion how the development of digital finance affects the continuous technological innovation of Chinese energy companies. With China’s increasing focus on ecological issues, continuous technological innovation in energy companies has become a key concern for society. Given the scale of digital finance development in China and its leadership in world technological practice, it is important to select Chinese energy companies to study the impact of digital finance development on their continuous technological innovation. In recent years, some literature has begun to focus on the impact of digital financial development on general technological innovation, but there is no literature that takes continuous technological innovation as the research object. We found that the development of digital finance helps to stimulate the continuous technological innovation of Chinese listed energy companies, indicating that digital finance can facilitate the innovation transformation of energy companies and contribute to the implementation of China’s innovation-driven strategy.
Second, this paper extends the literature by empirically exploring the mechanisms of risk-taking to explain how digital finance development affect continuous technological innovation in Chinese listed energy companies. Existing studies have focused on testing the impact of digital finance on general technological innovation. As for the mechanism, the discussion mainly focuses on the mitigation of financing constraints and the reduction of financing costs. This study reveals that the development of digital finance can motivate Chinese energy companies to continue to innovate by increasing their level of risk-taking. Therefore, we fill the gap in the research on risk-taking mechanism.
Finally, this paper examines individual differences between state-owned and non-state-owned enterprises, small and large enterprises, high dependence on external finance and low dependence on external finance. Our results show that in non-state-owned energy companies, small energy companies, and energy companies that highly rely on external funds, digital financial development is more effective in promoting continuous technological innovation through risk-taking mechanisms. This paper clarifies the conditions and boundaries of the risk-taking mechanism that digital finance affects the continuous innovation of Chinese energy companies.
The rest of this paper is organized as follows. Section 2 is literature review and research hypotheses. Section 3 includes data sources, variable definitions and empirical model settings. Section 4 presents the empirical results. Section 5 demonstrates the heterogeneous effects from enterprises’ attributes. Finally, Section 6 concludes.
2 LITERATURE REVIEW AND RESEARCH HYPOTHESIS
2.1 Literature Review
Continuous technological innovation refers to the nature and tendency of companies to have feedback, accumulation and lock-in effects in terms of technology, etc., to keep subsequent technological innovation activities going over time (Geroski et al., 1997). Continuous technological innovation not only contributes to long-term economic growth, but is also important for firms to build dynamic competitive advantage (Kang et al., 2017). Allen et al. (2005) argues that because the competitive environment in product markets is constantly changing, firms must sustain innovation through long-term capital investment to maintain a competitive advantage. Financial markets are an important source of funding for continuous technological innovation. As indicated in Table 1, existing literature has extensively explored the impact of traditional financial development on the general technological innovation of enterprises, and the theoretical views obtained from the research mainly include three categories: 1) Commercial bank credit and commercial bank competition can make a positive impact on the quantity and quality of corporate innovation by alleviating financing constraints (Zhang et al., 2019); 2) The development of the credit market has no significant impact on corporate innovation investment (Brown et al., 2013); 3) The credit market will have a negative impact on innovative activities in high-tech industries that rely on external financing (Hsu et al., 2020). How the stock market, as a direct financing channel, affects corporate innovation has also attracted scholars’ attention. How the stock market as a direct financing channel affects corporate innovation has also attracted scholars’ attention. Most of the existing studies believe that the stock market has a more positive impact on enterprise innovation through the risk redistribution function, the pricing function and the unsecured feature (Levine and Schmukler, 2006; Brown et al., 2009; Brown et al., 2013; Zhong and Wang, 2017). Moshirian et al. (2021) and Luong et al. (2017) proposed that the mechanism of stock market liberalization to promote innovation may include financing channels, risk channels and corporate governance channels. There is little literature on how traditional financial markets affect continuous technological innovation. Gan and Ma (2021) suggest that strengthen credit support for SMEs, reduce financial discrimination in the credit market, and ensure that small and micro enterprises (SMEs) have a fair and favorable competitive environment, thereby promoting continuous technological innovation of SMEs.
TABLE 1 | Related literature review.
[image: Table 1]As for digital finance, existing literature has not discussed whether it will affect the continuous technological innovation of enterprises. At present, it is only analyzed whether the development of digital finance can empower the general technological innovation, and the results are divergent. Some studies believe that the development of digital finance is conducive to promoting corporate innovation. Zhang and Chi (2018) believe that digital finance can significantly promote the innovation input and innovation frequency of SMEs. Psarrakis and Kaili (2019) found that digital finance can enhance the willingness of companies to initiate cutting-edge technology projects. Liang and Zhang (2019) found that digital finance can promote the innovation output of SMEs. Li et al. (2020) found that digital financial inclusion can significantly promote the innovation of Chinese companies from the perspective of inclusiveness. Tang et al. (2020) found that the development of digital finance has a better and more stable effect on the technological innovation of enterprises, and this promotion effect is universal, especially has a significant impact on the technological innovation of enterprises in areas with weak traditional financial development. Yao et al. (2021) find that digital inclusive finance contributes to innovation, reflected in the number of patents. However, some studies have pointed out that digital finance is difficult to make a significant impact on innovation activities (Gomber et al., 2018). With the deepening of research, the mechanism by which the digital finance affects enterprise innovation is also an important topic that academic try to discuss. Existing literature reveals that digital finance can stimulate enterprise innovation through financing channels including financing constraint mitigation and financing cost reduction. Specifically, Liang and Zhang (2019) found that the development of digital inclusive finance can reduce the cost of debt financing and ease external financing constraints for SMEs, which in turn boosts firms’ innovation output. Li et al. (2020) finds that digital finance can significantly promote corporate innovation by alleviating financing constraints and increasing the amount of tax rebates. Chen and Yoon (2021) demonstrate that digital finance can help stimulate innovation by easing financing constraints and reducing debt financing costs.
2.2 Research Hypothesis
Existing literature indicates that risk-taking is an important driving factor for stimulating the enthusiasm of corporate innovation. R&D and innovation investment has a high degree of risk and uncertainty and is different from general scale investment. The typical feature of risk-taking is the willingness to venture into unknown areas for exploration, which coincides with the high risk and high uncertainty of R&D and innovation projects (Guo and Jiang, 2020). The willingness to take risks will increase the possibility of the creation and implementation of creative ideas (Salvi and Bowden, 2020). Therefore, raising the level of risk-taking is important to stimulate the enthusiasm of corporate innovation. Guo and Jiang (2020) found that companies with high risk-taking levels will respond to market changes with a positive attitude through a study of Chinese manufacturing companies. They are more willing to take action to find new technology and market opportunities in the external environment, and then invest resources into the long-term risky projects with high returns and high probability of failure. Games and Rendi (2019) analyzed the data of 165 small business owners in Indonesia’s creative industry and found that risk-taking is an important driving factor affecting the innovation of small and medium companies, which also plays an important role in reducing negative innovation behaviors. Cai et al. (2015) researched 235 new companies in China and found that risk-taking positively regulates the relationship between market orientation and innovation radicalness, and risk-taking has a positive impact on radical innovation of new companies. In addition, risk-taking can also bring more resource support for companies. Hilary and Hui (2009) found that risk-taking companies are more likely to be favored by funds, and R&D and innovation activities can be better funded, which will further strengthen corporate innovation. On the other hand, Castillo-Vergaraa and García-Pérez-de-Lemab (2021) found that risk-taking helps small and medium-sized companies to transform creativity into product innovation based on the study of 139 small and medium-sized industrial companies in Chile. Nguyen and Dang (2019) found that risk-taking is an intermediary variable for bond liquidity to affect corporate innovation, and the increase in risk-taking level can promote the increase of corporate innovation output. It can be seen that risk-taking also has a positive impact on corporate innovation performance.
Finance is a core component of the corporate innovation environment. Its development helps to improve the external financing environment, ease financing constraints and optimize the allocation of financial resources by stimulating corporate risk-taking willingness (Chen, 2020; Li et al., 2013; Yan et al., 2019). Compared with traditional finance, digital finance has the advantages of lower cost, faster speed and wider services (Huang and Huang, 2018), which has a more positive impact on corporate risk-taking. First of all, digital finance relies on the Internet and big data technology to absorb social idle funds and turn them into effective financial supplies. It provides companies with diversified financing channel options in addition to traditional finance, broadening the sources of corporate funds and stabilizing the corporate capital chain. It helps to increase the level of corporate risk-taking from the financing supply side. Secondly, the inclusive characteristics of digital finance can reduce the cost and threshold for companies to obtain financial services (Guo and Jiang, 2020). At the same time, digital finance will also force the transformation and upgrading of traditional financial institutions, and optimize the products of traditional financial institutions. The structure provides more convenient and low-cost credit products for financing companies (Huang and Huang, 2018), which helps to increase the level of corporate risk-taking from the perspective of financing threshold and cost. Finally, digital finance relies on powerful information collection, information processing, information screening. Risk discrimination capabilities rely on big data technology to achieve rapid information matching between different entities. They usually implement more accurate risk assessments for companies (Huang, 2018). The information asymmetry in the process, the avoidance of adverse selection and moral hazard problems in the financial market (Demertzis et al., 2018), and the improvement of corporate risk management capabilities (Norden et al., 2014) can increase the level of corporate risk-taking.
Based on the above analysis, this research concludes that the digital finance development can promote the continuous technological innovation of energy companies. The risk-taking plays an intermediary role in the process of digital finance influencing the continuous technological innovation of companies. The digital finance development encourages companies to carry out continuous R&D and innovation activities more actively by increasing the level of corporate risk-taking.
3 RESEARCH DESIGN
3.1 Data Sources
The digital financial inclusion index is contained from 2011 to 2018, and we download the data from China’s energy industry listed companies. This paper discusses the impact of digital finance development on the continuous technological innovation and its mechanism in China’s energy companies by cross-level matching. We collect prefecture-level city-level digital financial inclusion index from the Digital Finance Research Center of Peking University; We gather continuous technological innovation, finance and corporate governance index from CSMAR database. In addition, we perform basic processing on some outliers in the sample, such as deleting samples values that cannot be obtained. After excluding ST enterprises, we finally collect 1,388 observations in enterprises-year level.
3.2 Variable Setting
3.2.1 Continuous Technological Innovation
Existing research mainly measures the continuous technological innovation of companies based on the perspective of input or output. Input indicators mainly include total R&D expenditure and R&D intensity (total R&D expenditure accounts for the proportion of operating income), etc. The output indicators mainly include patent applications or authorizations, and intangibles. The increase in assets accounts for the ratio of the company’s total assets at the end of the period. Since innovation output can reflect a company’s innovation capability, we mainly measure the continuous technological innovation of energy companies from the perspective of output. With reference to the research of Xu et al. (2020), this paper uses Eq. 1 to measure the level of continuous technological innovation of Chinese energy companies.
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In Eq. 1, OPt, OPt-1 and OPt-2 represent the number of invention patent applications of the sample companies in t, t-1 and t-2, respectively.
3.2.2 Digital Financial Development (DFindex)
At present, relevant studies mainly adopt two methods to measure the degree of digital finance development: one is to match the relevant keywords of digital finance (digital finance, internet finance, financial technology, equity crowdfunding financing, digital currency, blockchain, smart financial contracts and smart investment advisors, etc.) with the name of the region to obtain the search term of “digital financial keywords + region”. The number of news items retrieved in Baidu News is used as the proxy variable of the regional digital financial development level (Li et al., 2020). The second is to use the Digital Finance Index released by the Digital Finance Research Center of Peking University to measure the level of regional digital finance development (Xie et al., 2018; Tang et al., 2020). In comparison, the Digital Financial Inclusive Index released by the Digital Finance Research Center of Peking University has the advantages of support by big data technology, which spans long-time and covers wide area (Guo and Jiang, 2020). Therefore, this study adopts the prefecture-level city-level digital financial inclusion index to measure the digital financial development environment.
3.2.3 Risk-Taking Level
On the basis of relevant studies, we use corporate risk-taking to analyze the willingness to invest in projects with uncertain returns (Zhou et al., 2019). Existing research shows that companies operating under higher investment risks have greater volatility in their return on investment (John et al., 2008). Therefore, at present, researchers generally use earnings volatility to measure the level of corporate risk-taking. This study refers to the measurement method of Boubakri et al. (2013), and uses the fluctuation range of the ratio of earnings before interest and taxes (EBIT) to total assets to measure the level of corporate risk taking. The calculation method is shown in Eq. 2:
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Among them: i is the company serial number, t is the year, EBITit is the profit before interest and tax, and Assetit is the total assets at the end of the year. EBITit does superposition calculations for four consecutive years, Assetit does not perform superposition calculations.
3.2.4 Control Variables
In this study, control variables include the size of the company (Size), main business income (Mturnover), proportion of independent directors (Indratio), corporate growth capability (Growth), merger of two positions (Merge), capital intensity (Capital), management shareholding ratio (Msh), company age (Age), corporate profitability (Roa), year (Year) and industry (Ind) (Zhang and Chi, 2018).
The definitions and descriptive statistics of the main variables in this paper are shown in Table 2.
TABLE 2 | Descriptive statistics of variables.
[image: Table 2]3.3 Model Setting
3.3.1 The Test Model for the Impact of the Development of Digital Finance on the Continuous Technological Innovation
According to Gan and Xu (2019), the panel data fixed-effect approach is useful to exclude the influence from the unobserved and invariable enterprises’ heterogeneity. This approach also alleviates the endogenous problems caused by missing variables, which could not be overcome by other methods such as dynamic GMM methodologies (Gan and Xu, 2019). The Hausman test was used to select a suitable estimation model, and the results showed that the fixed effect model was most reliable and valid. Specifically, we construct a panel data fixed-effect model as Eq. 3 for estimating the impact of the development of digital finance on the continuous technological innovation of Chinese energy companies:
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Where the subscripts i, j and t represent the serial number of the company, prefecture-level city and year, respectively. The dependent variable CTIit represents the continuous technological innovation level of the company. The independent variable DFindexjt represents the level of digital finance development at the prefecture-level city level. Controlsit represents a number of control variables defined in the previous section. Year and Ind represent year and industry effects, respectively. α0, α1, and α2 represent parameters to be estimated. εit is a random error term. This study is mainly based on the estimation results of α1 to determine the impact of the development of digital finance. When α1 is significantly positive (negative), it means that digital finance development has the effect of promoting (inhibiting) the continuous technological innovation of Chinese energy companies; otherwise, the impact of digital finance development on the continuous technological innovation is not significant.
3.3.2 The Test Model for Risk-Taking Mechanism
Referring to the method proposed by Wen and Ye (2014), this paper constructs the models shown in Eqs 4–6, and tests the mediating effect of corporate risk-taking:
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The Risktakeit represents the intermediate variable corporate risk-taking level. We construct Model (4) to explore the total impact of the digital finance development on the continuous technological innovation. The coefficient α1 measures the size and significance of the total impact. The coefficient β1 in model (5) reflects the influence of the development of digital finance on the level of corporate risk-taking. The coefficient γ1 in model (6) reflects the direct effect of the development of digital finance on the continuous technological innovation, and β1×γ1 reflects the effect intensity of the development level of digital finance that affects the corporate continuous technological innovation through corporate risk-taking.
4 EMPIRICAL RESULTS AND ANALYSIS
4.1 Test Results of the Impact of the Development of Digital Finance on the Continuous Technological Innovation
Columns (1) and (2) of Table 3 report the benchmark results of the impact of the development of digital finance on the continuous technological innovation of Chinese energy companies. The column (1) shows the estimation result without considering any control variables. The estimated coefficient of DFindex is 0.004 (t statistic is 5.850), which is highly significant at the 1% level. The column (2) shows the estimated results considering the control variables. The estimated coefficient of DFindex is 0.011 (t statistic is 2.546), which is significant at the 5% level. It can be seen that, regardless of whether the control variables are considered, the regression coefficients between DFindex and CTI are significantly positive, indicating that the development level of digital finance is significantly positively correlated with the continuous technological innovation intensity of Chinese energy companies. By comparing with the existing literature, it can be found that digital finance can make up for the deficiencies of traditional finance in supporting enterprise innovation to a certain extent. It has been argued that bank credit is biased towards supporting low-tech innovation (Zhang et al., 2018). Some studies even found that bank credit will hinder the technological innovation of enterprises (Zhang et al., 2019; Ling et al., 2020). However, our findings suggest that digital finance can well support the continuous innovation of Chinese energy companies. This shows that, with its advantages of “crossing time and space, low cost, and information visualization”, digital finance has broken through many limitations of traditional financial services and provided a new source of financing options for enterprises to continue scientific and technological innovation.
TABLE 3 | Estimation of the impact of digital finance development on the continuous technological innovation of Chinses energy companies.
[image: Table 3]We test the instrumental variable (IV) to exclude the effect of endogeneity. We select Internet penetration rate (Ipr) as an instrumental variable for digital financial development according to Xie et al. (2018). We also adopt 2SLS instrumental variable regression method to alleviate the endogenous problems that may exist in the empirical model. The two-stage estimation results based on the instrumental variable method are reported in columns (3) and (4) of Table 3 respectively. In the first stage estimation results shown in column (3), the Internet penetration rate Ipr is highly correlated with the development level of digital finance DFindex (coefficient is 0.910, t statistic is 47.435). The empirical test result shows that the regression coefficient of the Internet penetration rate is significantly positive. According to the second-stage estimation results shown in column (4), the regression result shows that the regression coefficient of instrumental variable is significantly positive at the level of 1%. These results indicate that the results obtained from the previous tests are less affected by endogeneity problems.
The benchmark regression and instrumental variable regression test results show that the development of regional digital finance does have a significant positive effect on the continuous technological innovation of Chinese energy companies.
4.2 Test Results of Risk-Taking Mechanism
In this paper, we use the stepwise regression model of Eqs 4–6 to further empirically test whether digital finance affects the continuous innovation of Chinese energy companies through corporate risk-taking, and the test results are reported in Table 4. According to the test procedure of the mediation effect, the first step is to test the total impact of the development of digital finance on continuous technological innovation. The test results in the column (1) of Table 4 show that the estimated coefficient of DFindex (α1 = 0.011, t = 2.546) is significantly positive, indicating that the total impact effect of digital finance development on continuous technological innovation is significantly positive. The second step is to examine the impact of digital finance development on mediator—risk-taking levels. The test results in column (2) of Table 4 show that the estimated coefficient of DFindex (β1 = 0.001, t = 2.932) is highly significantly positive at the 1% level, indicating that the development of digital finance helps to increase the level of corporate risk-taking. The third step is to test whether risk-taking plays a mediating effect in the process of digital financial development affecting continuous technological innovation of Chinese energy companies. The test results in column (3) of Table 4 show that the estimated coefficients (γ1, γ2) of DFindex and Risktake are 0.011 and 0.378, respectively, and both of them are significant at the statistical levels of 5%, indicating that risk-taking plays a significant mediating effect in the process of digital financial development affecting the continuous technological innovation of Chinese energy companies.
TABLE 4 | Estimations of the risk-taking mechanism.
[image: Table 4]Existing literature proposes that the development of traditional financial markets such as stock market liberalization spurs innovation through encouraging firms’ risk-taking activities (Moshirian et al., 2021). Our findings are consistent with their conclusion that the digital finance also encourages risk-taking and incentivize enterprises to innovate continuously. Some recent literature finds that digital finance can stimulate corporate innovation through financing channels such as ease of financing constraints and lower financing costs (Li et al., 2020; Chen and Yoon, 2021). This paper finds that the development of digital finance has the effect of encouraging firms’ risk-taking activities, and thus discovers a new mechanism for the impact of digital finance on continuous innovation.
Referring to the measurement of John et al. (2008) and Boubakri et al. (2013), this paper uses Eq. 7 to make an alternative measurement of the level of corporate risk-taking:
[image: image]
In order to further test the reliability of the research results, we select alternative variables and put them into the model for the regression analysis again. The test results are shown in Table 5. From the test results shown in Table 5, we can see that the regression results are consistent with the original results. Therefore, the risk-taking mechanism is robustness.
TABLE 5 | Estimations of the risk-taking mechanism: robustness test.
[image: Table 5]5 FURTHER RESEARCH
In order to explore the specific conditions and boundaries for the digital finance development on the continuous technological innovation of energy companies through risk-taking, we further examine the impact of situational factors such as the nature of ownership, scale, and external financing dependence based on the corporate dimension.
5.1 Analysis of the Moderating Effect of Property Rights
According to the nature of property rights, our research sample is divided into two groups: state-owned energy companies and non-state-owned energy companies, and then the grouping test is carried out. The results of the grouping test are shown in Table 6. According to the results reported in columns (1)–(3) of Table 6, the estimated coefficient of DFindex to Risktake is 0.001, which is significant at the 5% level. However, the estimated coefficient of DFindex to CTI is −0.004 and not significant. This result shows that the digital finance development can increase the level of risk-taking of state-owned energy companies, but the impact of digital finance development on the continuous technological innovation intensity of state-owned energy companies is not significant. Therefore, the risk-taking mechanism does not work in state-owned energy companies. According to the results shown in columns (4)–(6) of Table 6, the coefficients of DFindex and Risktake are all significantly positive ([image: image] = 0.019, t = 2.012; [image: image] = 0.001, t = 2.178; [image: image] = 0.019, t = 1.986; [image: image] = 0.237, t = 2.521), indicating that the risk-taking mechanism works in non-state-owned energy companies. This result is consistent with Tang et al. (2020). The reasons why risk-taking mechanism works in non-state-owned energy companies can be summarized into three aspects: 1) State-owned companies have natural advantages in obtaining financial resources (Norden et al., 2014), their demand for digital finance is relatively low; 2) State-owned companies usually receive special care and protection from the government, and they have an asymmetric advantage in competition with non-state-owned companies, leading to “innovation inertia” in state-owned companies (Li et al., 2018); 3)State-owned companies cannot solve the problem of innovation incentives for managers, which leads to insufficient enthusiasm for continuous technological innovation of state-owned companies (Wu, 2012).
TABLE 6 | Estimations of the moderating effect of property rights.
[image: Table 6]5.2 Analysis of the Moderating Effect of Company Scale
This study uses the median of corporate size (measured by year-end total assets) as a benchmark, and divides the research sample into two groups: large and small energy companies, and examines the moderating effect of company scale. According to the results shown in columns (1) and (4) of Table 7, the regression coefficients of DFindex estimated by using small and large energy companies are 0.009 and 0.019, respectively, but only the former is significant. It can be seen that the development of digital finance has a significant role in promoting the continuous technology innovation of small energy companies, but the impact on the continuous technology innovation of large energy companies is not significant. The results reported in columns (2) and (5) of Table 7 show that the estimated coefficients of DFindex are 0.002 and 0.000, respectively, but only the former is significant. These results show that the development of digital finance has a positive impact on the risk-taking level of small energy companies, but has no significant impact on the risk-taking of large energy companies. Finally, according to the results reported in columns (3) and (6) of Table 7, it can be seen that the estimated coefficients of DFindex are all positive, but the latter is not significant. In summary, it can be seen that the risk-taking mechanism only works in small energy companies, indicating that the development of digital finance has broadened the financing channels for small energy companies, enriched the sources of innovative funds for small energy companies, stabilized small companies’ capital chain, and reduced the cost and threshold of financial services for small companies. This all can provide more innovation capital guarantees for small companies, thereby increasing the level of risk-taking by small companies and ultimately having a positive impact on the continuous technological innovation of small energy companies. It is not difficult to see that the above research results are consistent with the existing literature such as Liang and Zhang (2019), revealing that the inclusive nature of digital finance is effective in supporting the innovation activities of small, medium and micro enterprises.
TABLE 7 | Estimations of the moderating effect of company scale.
[image: Table 7]5.3 Analysis of Heterogeneity Based on the Dependence of External Funds
According to Maskus et al. (2012), financial development is more important for companies that are highly dependent on external funds. Therefore, whether the digital finance development would still continue this heterogeneous characteristic remains a problem. To answer this question, this study refers to the practice of Rajan and Zingales (1996) and adopts “ (Capital Expenditure-Operating Cash Flow)/Capital Expenditure” to measure the company’s external capital dependence. Taking the median of external financing dependence as a benchmark, the research sample is divided into two groups: high external financing dependence and low external financing dependence. This paper discusses the mechanism of digital finance development on the continuous technological innovation in China’s energy companies. The specific results are shown in Table 8.
TABLE 8 | Heterogeneity analysis results based on external capital dependence.
[image: Table 8]Table 8 shows the result that for energy companies that are highly dependent on external funds. The risk-taking mechanism plays a significant role, and the digital finance development promotes its continuous technological innovation level by increasing the level of risk-taking. However, for energy companies with low dependence on external funds, the overall effect of the digital finance development on continuous technological innovation is significantly negative, and the intermediary effect of risk-taking is not significant. The investment cycle of innovation projects is long, the future cash flow is uncertain, and the huge and continuous technological funding needs to become a barrier to the continuous technological innovation of energy companies. According to the theory of orderly financing, endogenous financing has the advantages of lower cost and less restrictive conditions compared with exogenous financing. For energy companies with low dependence on external financing, their innovation funds mainly come from internal financing. It is naturally difficult for digital finance development to play a role in such companies through risk-taking mechanisms. Seeking external funds has become the only way for their innovation process, as using internal funds to support the continuous development of their R&D and innovation activities is not enough. Risk-taking behaviors such as R&D and innovation are resource-consuming activities, which are highly resource-dependent (Lu et al., 2013). The digital finance development can help ease financing constraints and reduce financing costs, which coincides with the resource dependence needs of external financing-dependent companies. Therefore, the development of digital finance can increase the risk-taking level of external financing-dependent energy companies and conduct innovation incentive effects.
6 RESEARCH CONCLUSIONS AND POLICY IMPLICATIONS
The continuous technological innovation of energy companies is an important foundation and source of energy transformation and real economic growth. This study matches the Peking University Digital Financial Inclusive Index with the data of Chinese listed energy companies from 2011–2018, empirically test the impact of digital financial development on the continuous technological innovation and its risk-taking mechanism. The research conclusions mainly include: First, the development of digital finance has a positive impact on the continuous technological innovation of listed companies in China’s energy industry. The digital finance shows its financial innovation side, forms a useful supplement to the traditional financial market, and plays the essential financial function of empowering the development of the real economy based on the important dimension of innovation incentives. Secondly, risk-taking plays a mediating effect in the process of the development of digital finance affecting the continuous technological innovation of Chinese energy companies. To a certain extent, the development of digital finance has alleviated the pain points of traditional financial market, such as “difficult financing and expensive financing”, and provided new solutions for the financing of corporate risk-taking behaviors, thereby inspiring corporate risk-taking behaviors and encouraging companies to strengthen their continuous technological innovation. Finally, the nature of property rights, firm scale and external financing dependence have significant moderating effects on the risk-taking mechanism. Since non-state-owned enterprises and small, medium and micro enterprises have long been discriminated and treated differently by the traditional financial market, and the enterprises with low external financing dependence mainly rely on internal financing, the risk-taking mechanism is only applicable to non-state-owned enterprises, small enterprises and high external financing dependence energy companies.
Although the COVID-19 epidemic has had a great impact on the economies of countries around the world, it may provide an opportunity for the development of digital finance. First, the COVID-19 epidemic has boosted the wider rollout of the digital economy around the world. After the epidemic, the digital divide will be further bridged, and the consensus of the whole society on digital development will be further improved. Second, most retail businesses in banking, insurance, wealth management, securities and other fields require offline signatures and interviews. These businesses have been at a standstill throughout the epidemic and may be at risk of a slow recovery in the post-epidemic period. Facing the turbulent external environment, the online demand of enterprises will become more prominent. This will prompt regulators, enterprises and individuals to pay more attention to the digital construction of the economy in the future, and will also provide a new starting point for the development of digital finance. Third, the epidemic may accelerate the transformation of traditional finance to digital finance. Traditional financial institutions such as banks will accelerate innovation under the pressure of the epidemic. With the help of new digital and information technologies, they will follow customers from offline to online, and use big data to control risk to meet customers’ financial needs.
Based on the above research findings, this study puts forward the following policy recommendations. First, during the critical period when the economy is transforming from high-rate growth to high-quality development, China should actively follow the trend of rapid technological development and give sufficient policy support to the development of digital finance to facilitate its development. In terms of policy implementation, the government should promote the construction of a diversified financial services industry, realize the precise match between finance and SMEs, thus lowering the service threshold of finance, promoting the majority of enterprises to obtain financial services at a lower cost and in a more convenient way, and better play the role of digital finance development in driving innovation, enhancing the efficiency of economic growth and leading to the release of new dynamic energy for economic growth.
Secondly, Chinese energy companies should be guided and encouraged to use digital finance to encourage their level of risk-taking and thus promote continuous technological innovation. In the process of financial services, the advantages of artificial intelligence and other technologies should be fully linked to financial products so as to provide comprehensive financial services with added value for enterprises and to empower their continuous technological innovation activities; in the process of risk control afterwards, the advantages of big data analytics should be considered as well. In the post-event risk control process, the advantages of data technology should be leveraged to build a dynamic early warning risk control system.
Finally, the COVID-19 epidemic continues to spread, and the shortage of funds is the main obstacle hindering the continuous innovation of energy companies, especially small and medium-sized energy companies. In terms of financial support policies, it is recommended to open up re-lending to digital financial companies with technological capabilities to help them more accurately target non-state-owned and small, medium and micro energy companies. Government departments and financial institutions should make full use of digital financial technology, through big data analysis and machine learning and other financial technologies, to accurately grasp the operating conditions, credit records and future prospects of energy companies, solve loan risk control problems, and accurately match financial resources to energy companies with continuous innovation potential.
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-0033" -0001° -0082* 0011 0000 0011
(-4.454) (-2.274) (-4.284) (1508)  (0.100)  (1.508)
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-0.179  -0.165" 0210 -4.045° -0435° -4117°
(-0.153) (-4.331) (0.178) (-3.688) (-8.160) (-3.672)
15475 0030  15406° 18.112° 0962° 18.271°
@972)  (0175) (2967) (3059 (3337) (3073
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
694 694 694 694 694 694
0099 0045 0104 0229 0305 0229

“Note: (1)significant at the 1% statistical levels.
bsignificant at the 5% statistical levels.

“significant at the 10% statistical levels.
(2) t-values in parentheses.
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Low dependence on external funds

(U] @ €] @ ©®) ©
24 Risk 24 cm Risk cm
DFindex 0.026° 0.000° 0.026" 0.000 0.000 -0.001
(2.359) (1.924) (2.360) 0.029) (1.231) (-0.063)
Risk - - 4211 - - -0.081
- - (3.632) - - (-0.098)
Size -0.203 -0.003 -0.190 -4.167° -0.035° -4.170°
(-0.765) (-0.509) (-0.718) (-9.483) (-2.415) (-9.466)
Mturnover -0.732* 0.004 -0.747% 3.577% 0019 3678
(-3.027) (0.620) (-3.102) (8.288) (1.348) (8.283)
Merge -0.170 -0.004 -0.154 -0.167 -0003 -0.167
(-0.880) (-0.856) (-0.798) (-0.852) (-0.495) (-0.853)
Capital 0.263° 0.000 0.263° 2.367* 0.005 2.367
(26.422) (0.180) (26.525) (17.567) (1.082) (17.555)
Indatio 2.849° 0057 2.608 0.024 0.023 0.026
(1.753) (1.490) (1.611) 0.016) (0.476) ©.017)
Growth 0018 0.002° 0.008 -0.017 0.002° -0.017
(0.327) (1.900) (0.139) (2.486) (-0.666)
Msh -0.021° -0.000° -0.019° -0.000 -0.005
(-2.487) (-2.028) (-2.293) (-0.831) (-0.635)
Age 0.140 -0.007 0.169 -0.005 -0.539°
(0.447) (-0.912) (0.539) (-0491) (-1.776)
Roa -4.042° -0.502* -1.549 -0.1512 -0.778
(-3.179) (-19.735) (-1.076) (-0.639) (-3851) (-0.646)
Constant 21.967° 0.256° 20.890° 19.338" 0.355° 19.367°
(4.031) (1.989) (3.845) (3.350) (1.878) (3.349)
Ind Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Observations 1,054 1,054 1,054 334 334 334
R 0418 0.809 0.424 0.259 0057 0259

“Note: (1)significant at the 1% statistical levels.
bsignificant at the 5% statistical levels.
“significant at the 10% statistical levels.

(©) t-values in parentheses.
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O = Qa8 cPuPe:
Peking university digital inclusive Finance Index
Risktake; = Max ($22) - Min (F2)

Ln (Total assets)
Ln (Total operating income-Other operating income)

The valueis 1 ifthe Chairman s also the Managing Director, otherwise the value is O
Total assets/Main business income

The number of independent directors/The number of board members

Growth rate of revenue from main business

Number of shares held by management/Total share capital (%)

Statistical year minus the year of incorporation (year)

Net profit/Total assets (%)

Maximum
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0.026

22.767
22.420

0.071
1.485
0.338
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4.821
14.000
0.037
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0.000
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23.936
23.738
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2.581
0.364
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