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One of the key factors influencing corporate sustainable development is green technology innovation (GTI). Our study intends to explore how digital transformation impacts corporate value through GTI. We use panel data from A-share publicly listed firms in China spanning from 2012 to 2022 as our sample. We employ textual analysis to extract keywords correlated to digital transformation from the annual reports, and construct an indicator to evaluate the digital transformation of corporates. Our findings show that digital transformation significantly enhances enterprise value by improving green technology innovation. Furthermore, the market competition and green credit moderate the mediated relationship between digital transformation and corporate value. Additionally, heterogeneity tests indicate that digital transformation has a more significant influence on value enhancement for heavily polluting corporates, non-high-tech corporates, and smaller corporates. This research offers important recommendations for practitioners on advancing sustainable business practices and provides policy recommendations for environmental protection and green development.
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1 INTRODUCTION
Currently, a new circle of techno-industrial revolutions driven by information technologies such as big data, blockchain, cloud computing, and artificial intelligence, is accelerating the development of the digital economy (Pei et al., 2023). Digitalization has become one of the most important technological innovations, acting as a significant driver for stimulating high-quality development in companies (Nie et al., 2024). The wide influx of digital technologies has intensified market competition, clearly signaling the need for businesses to implement digital transition (Verhoef et al., 2021). Consequently, many companies have either completed or are ongoing digital transition. Hence, researching the role of digital transformation in advancing enterprise value is of practical significance. Enterprises increasingly view green innovation as a crucial driver of their competitive advantage and green transition (Shi et al., 2024; Wang and Wang, 2021). Unlike traditional technology innovation models, GTI is a new innovation model based on sustainable development, aiming to achieve harmonious development between humans and nature (Li, 2005). GTI is a crucial path to establishing sustainable competitive advantages (Beltramello et al., 2013) and achieving corporate sustainable development. Therefore, we choose GTI as the intermediary channel for our research in the context of the green development and sustainable development era. Namely, with the rapid development of cutting-edge information technology (IT), digitalization is becoming a key catalyst for innovation and transformation in global businesses (Wu et al., 2021). As digital transformation brings new technologies, new tools, and new models to enterprises, whether it can drive enterprises to enhance their level of GTI and, in turn, increase firm value is a question of considerable interest to both theorists and practitioners.
Prior studies have explored the impact of digital transformation on firm value, but the conclusions are complex. On the one hand, Liu and Jin (2023) argue that digital transformation triggers changes in various aspects of enterprise value creation, acting as an accelerator for reshaping the value creation capabilities of specialized and innovative enterprises. Li (2023) finds that digital transformation in enterprises can effectively elevate corporate value by enhancing the quality of internal controls and operational efficiency. Chen and Srinivasan (2024) find that companies that embrace digitalization improve their productivity, with market-to-book ratios higher than those of their industry peers. On the other hand, some academics find that the hidden costs of digital transformation often outweigh the benefits, with most companies incurring high costs during digital transformation (Hajli et al., 2015), such as increased audit fees (Yang and Lu, 2017), which are detrimental to the enhancement of corporate value. In conclusion, many scholars believe that digital transformation promotes the enhancement of firm value by innovating business models, fostering technological innovation, and improving operational efficiency. However, some scholars argue that digital transformation may increase corporate costs, thereby damaging firm value. The mixed results call for further research into the relationship between digital transformation and enterprise value (Zhang et al., 2022). While an increasing number of papers address digital transformation and corporate value, green technology innovation (GTI) is rarely considered. In that case, our research question is what role does GTI play in digital transformation impacting enterprise value? What is the mechanism behind this role? To answer these questions, we use data from Chinese listed companies between 2012 and 2022 as the research sample. The reason for selecting Chinese listed companies as the research sample is as follows. First, China has become the most important participant in the global digital economy. According to the “Digital China Development Report (2022)1,” the scale of China’s digital economy reached 50.2 trillion yuan in 2022, maintaining its position as the leading in the world. Studying the relationship between digital transformation in Chinese enterprises and their value can provide valuable insights for other global participants in the digital economy. Second, in order to conserve energy, reduce emissions, and achieve sustainable economic development, the Chinese government has implemented a series of environmental policies, such as green finance policies and green development transformation policies, which have created favorable conditions for studying the role of GTI in the relationship between digital transformation and firm value.
Based on the theory of interdependence, the relationship between individuals is interactive and complex, and is affected by specific scenarios. Therefore, we attempt to conduct further investigations into the moderating role of contextual variables on GTI in the correlation between digital transition and corporate value. Both digital transformation and GTI can be influenced by market competition. Referring to the Structure-Conduct-Performance (SCP) theory, less market competition usually implies higher market concentration. Market concentration serves as a core factor in many innovation theories, in markets with highly concentration, firms respond more strongly to the innovation of competitors and complementary technologies (Turner et al., 2010), and use both internal and external resources more vigorously to achieve superior levels of innovation output (Oerlemans et al., 2001). And GTI is a form of innovation. While digital transformation can optimize resource allocation (Tang et al., 2023), improve asset utilization (Peng and Tao, 2022), and enhance enterprise operation efficiency (Chen and Yang, 2022), further improving the GTI capability of the enterprise (Xue et al., 2022). Our study demonstrates that the lower the market competition, i.e., the higher the market concentration, the more significant the impact of digital transition on enhancing GTI.
Meanwhile, in 2012, the China Banking Regulatory Commission (CBRC) issued the Green Credit Guidelines, requiring banking financial institutions to promote green credit from a strategic perspective and enhance support for the green economy, low-carbon economy, and circular economy. Banking financial institutions actively responded to this environmental protection policy by providing low-interest loans to energy-saving and environmentally friendly enterprises, while imposing punitive high-interest loans on high-pollution and high-energy consumption enterprises. This approach aims to encourage businesses to strengthen green innovation, reduce energy consumption and emissions, and fulfill their obligations to protect the environment. Green credit is a form of financial support widely used by the Chinese government to promote environmental protection and green development (Hu et al., 2020). Green credit guides more funds into the environmental protection industry and reduces investment in high-pollution enterprises (Ding et al., 2020), encourages businesses to improve their GTI capabilities (Zhou et al., 2023; Zhu, 2022), and promotes better fulfillment of environmental responsibilities. This, in turn, helps reduce environmental costs, improve environmental performance, and enhance corporate value. Digital transformation can improve resource allocation and promote the efficient use of resources (Tang et al., 2023; Peng and Tao, 2022). Therefore, in the presence of green credit, digital transformation is more likely to enhance the level of green technological innovation in enterprises. At the same time, the higher the level of green technological innovation, the greater its role in enhancing corporate value. Our research also confirms this.
The marginal contributions of our study may be in the following several aspects. First, there is little literature related to the micro-level perspective study of digital transformation impacting company development through the mediation mechanism of GTI. We use textual analysis to extract keywords pertaining to digital transformation from annual reports and use them as proxy indicators to assess the digital transformation of enterprises. And we incorporate GTI as a mediating variable into the research framework along with digital transformation and corporate value, and uncover the mechanism by which digital transformation influences corporate value via GTI, further revealing the channels of digital transformation to enhance enterprise value. Meanwhile, it also provides new empirical evidence for how corporate digital transformation enhances corporate value and improves the level of GTI. Our work refines the study of digital transformation and corporate value, providing novel implications for promoting corporate GTI and sustainable development. Second, building on the interdependence theory, the mediating effect of GTI between digital transformation and firm value depends on certain contexts. We employ a hierarchical regression analysis method, and the empirical results reveal that market competition and green credit can moderate the mediating connection between digital transformation and firm value. We study the mediating effect of GTI between digital transformation and firm value from the perspectives of industry factors and policy factors, which provides a new research perspective.
2 HYPOTHESES DEVELOPMENT
2.1 The impact of digital transformation on corporate value
Digital transformation refers to the process of improving an entity by altering their value creation paths through combinations of data, computation, interaction, and networking technologies (Vial, 2021). Digital transformation enhances enterprise value by bringing changes to business management, driving technological innovation, and lowering agency costs. Firstly, digital transition helps to improve enterprise management models. By utilizing digital means, businesses can optimize their processes, reduce operational costs (Han et al., 2022), and increase operational efficiency, thereby creating greater value for the enterprise (Jiang et al., 2023). Secondly, digital transformation can bring about innovations in business models and technology for enterprises. On one side, digital transformation integrates business models with digital technologies, facilitating innovation in business models distribution channels, and marketing approaches to convey value to customer segments (Matarazzo et al., 2021), furthermore creating value for companies. On the other side, digital transition fosters the fusion of digital technology with multiple disciplines, providing the technological support needed to drive technological innovation (Yu, 2022). Consequently, it fosters technological innovation and relies on the Internet of Things, artificial intelligence, big data, and cloud computing as its foundation to achieve value creation (Li, 2023). Finally, digital transformation contributes to increasing information transparency and reducing agency costs. Digital transformation enables the entire process of internal operations and external supervision to be online, making business management activities more transparent and efficient (Zhang and Han, 2023). It can more timely and accurately convey relevant information to the outside world, increasing information transparency (Qi et al., 2020), effectively alleviating principal-agent issues, reducing principal-agent costs, there by enhancing corporate value. Based on this, the article proposes the following hypothesis:
Hypothesis 1. Digital transformation positively impacts corporate value.
2.2 The effect of digital transformation on GTI
According to data from the World Economic Forum, the reduction in carbon emissions across various sectors owing to digital technologies is expected to reach 12.1 billion tons by 2030. Reducing urban carbon emissions requires the driver of GTI, with carbon-reducing technologies and GTI being key to enterprises’ energy saving and emission cuts (Guo et al., 2022). From an industrial structure perspective, the comprehensive permeation and widespread use of digital technologies in the industrial sector have promoted the transition of industries towards smart and green development (Ding and Qin, 2021). As individual entities within their industries, enterprises can reshape their business models, supply chains, and supply-demand relationships through digital transformation, achieving innovations in products and technology (Zhou and Chen, 2022). Digital transformation significantly promotes technological innovation by efficiently integrating external innovation resources, quickly and conveniently connecting innovation entities (Han et al., 2022). Of course, this technological innovation also includes GTI. Therefore, digital transformation helps enhance the level of GTI in corporations. On one side, improving the level of digital transformation not only increases transparency of corporate information and strengthens positive market expectations but also stimulates greater research and development input, thereby boosting GTI in enterprises (Liu and He, 2024). On the other side, alleviating firm financing constraints is beneficial for conducting the activities of GTI (Guo et al., 2021). Digital transformation alleviates financial constraints, mitigates agency conflicts, and enhances growth capacity, thereby promoting green technological innovation in companies (Jing et al., 2022). Meanwhile, digital transformation continuously transforms innovative methods and processes by acquiring more green innovation resources and support, enabling more intelligent and convenient extraction of green innovation outcomes (Chen and Zhang, 2023). This allows enterprises to obtain more green patents and enhance green innovation quality of companies. Building on the above analysis, our research proposes the hypothesis below:
Hypothesis 2. Digital transformation positively impacts enterprises’ GTI.
2.3 The mediating mechanism of GTI
In accordance with the “Guiding Opinions on Building a Market-Oriented GTI System” jointly issued by China’s National Development and Reform Commission and the Ministry of Science and Technology in 2019, GTI is increasingly recognized as a key emerging area in the latest wave of global industrial revolution and technological rivalry. GTI serves a key role in the building of eco-civilization and the sustainable growth of corporates. At the micro level, green innovation markedly contributes to high-quality business development (Li and Cui, 2024). On one side, GTI can improve the manufacturing efficiency of companies, reduce unit manufacturing costs, decrease pollution emissions, lower the costs associated with regulatory non-compliance due to pollution issues, enhance environmental performance, and further translate into economic performance (Wang et al., 2021). Meanwhile, GTI generates an “isolation mechanism” that allows businesses to obtain marginal profits and competitive advantages (Chang, 2011), significantly enhancing enterprise value and competitiveness (Chen and Laisb, 2006). On the other side, improving the level of business GTI helps to advance green innovation in outputs and processes, thereby strengthening businesses’ green competitiveness and increasing their economic and social value (Yu et al., 2010). In summary, GTI can enhance corporate value. Meanwhile, based on Hypothesis 2, digital transformation helps to advance GTI in corporations. Building on this, our study posits that digital transformation enhances firm value by advancing the level of GTI, indicating that GTI acts as a bridging role between digital transformation and firm value. Hence, we present the hypothesis below.
Hypothesis 3. GTI exerts a positive mediating effect between enterprise digital transformation and corporate value.
2.4 The moderating role of market competition in the mediating mechanism of GTI
Competition is an important factor influencing firm productivity (Nickell, 1996). According to the Structure-Conduct-Performance (SCP) theory, industry concentration affects firms’ behavior, which in turn influences their financial performance, and high concentration usually implies lower levels of competition. However, the priority shifts to dealing with the pressure from competitors imitating the brand, prompting enterprises to seek out new technologies and develop personalized portfolios in their mature stage (Lanzolla et al., 2021). And the emergence of new technologies favors intangible asset-intensive and high-productivity enterprises, promoting their transition towards an intangible asset-intensive economy and enhancing innovation (Zhang, 2019). The allocation of resources tilts towards large enterprise, and changes in market structure serve as a primary driver in determining the speed and trajectory of technological evolution (Zhang, 2019). Digital transformation can potentially facilitate enterprises’ green innovation by optimizing resource allocation, fostering innovation, and leveraging network effects (Tang et al., 2023). The digital transformation brings new technologies for enterprises, and it leads to an enhanced capacity for GTI (Zheng and Zhang, 2023). The enhancement in market concentration contributes to promoting the green innovation capabilities (Wang and Zhang, 2024). So we present the hypothesis below:
Hypothesis 4. The mediated relationship of enterprise digital transformation with corporate value is moderated by market competition. Specifically, for enterprises facing less intense market competition, the positive relationship between digital transformation and GTI is more pronounced.
2.5 The moderating role of green credit in the mediating mechanism of GTI
The green credit policy is a crucial component of the nation’s environmental governance framework (Zhang et al., 2024). With the issuance of the Green Credit Guidelines, more funds are made available in China to support the development of the environmental protection industry, which is beneficial for enterprises to engage in green technological innovation. Moreover, the implementation of the Green Credit Guidelines has put pressure on high-polluting enterprises, forcing them to adopt GTI (Zhu, 2022). At the same time, in order to avoid environmental penalties, enterprises need to increase their investment in environmental protection and improve the efficiency of these investments (Liang and Liu, 2017). Green credit has increased financial support for environmental protection projects in enterprises (Tian et al., 2024). Digital transformation can improve the efficiency of resource allocation within enterprises (Kumari, 2021; Liu et al., 2024; Jiang and Li, 2024), optimize investments, and thereby enhance the level of GTI in enterprises. The improvement of GTI levels can reduce environmental costs (Wang et al., 2021), gain competitive advantages and marginal profits (Chang, 2011; Chen and Laisb, 2006; Yu et al., 2010), thereby enhancing enterprise value. Based on this, we present the hypothesis below:
Hypothesis 5. The mediated relationship of enterprise digital transformation with corporate value is moderated by green credit. Namely, green credit not only positively moderates the relationship between corporate digital transformation and GTI but also positively moderates the impact of GTI on corporate value.
The general framework of our research is explained in Figure 1.
[image: Figure 1]FIGURE 1 | Conceptual framework.
3 RESEARCH DESIGN
3.1 Data sample
Our study picks the annual data of A-share public enterprises on the Shanghai and Shenzhen Stock Exchanges in China from 2012 to 2022 as the original sample and applies the filters below to the data: first, eliminating samples from the finance sector; second, eliminating ST and *ST samples; third, eliminating abnormal and absent data samples. After excluding the above samples and performing a 1% winsorization on all continuous variables, we obtain a final dataset of 33,050 sample observations. The data for this study originates from the CNRDS, WIND, CSMAR, and annual financial reports of public companies. Our dataset’s industry categorization standard abides by the “Guidelines for Industry Classification of Listed Companies” issued by the China Securities Regulatory Commission. Data statistical analysis in this study is conducted using Python and Stata16 software.
3.2 Variables
3.2.1 Dependent variable
In our study, the enterprise value, as the dependent variable, is measured by Tobin’s Q (TobinQ). The Tobin’s Q ratio is the ratio of a corporate’s asset market value to their replacement cost, reflecting the market assessment of the corporate’s existing assets and the expectations for future growth potential. Although the numerator of Tobin’s Q is the market value of assets, which is susceptible to fluctuations in the stock market, there may be instances where the actual value of the firm is either overestimated or underestimated. The Tobin’s Q ratio considers risk and is less prone to distorting a corporate’s value compared to other measures (Lindenberg and Ross, 1981), it and the market-to-book value of equity ratio are, in theory and practice, equivalent metrics for assessing value creation (Varaiya et al., 1987). While a company conducting digital transformation and GTI focus more on the company’s long-term sustainability, which is associated with the company’s long-term valuation and future growth expectations. Therefore, compared to other financial performance indicators, choosing the Tobin’s Q ratio is more suitable for our research’s theme. Our research draws on the approach of Zhang and Long (2022) and Gharaibeh and Qader (2017), using Tobin’s Q ratio as a metric for measuring a corporate’s value. Since it is hard to obtain the replacement cost of Chinese public companies, we use total assets instead when making calculations. Meanwhile, Chinese listed companies currently have both circulating and non-circulating shares. For non-circulating shares, because of the absence of market data, we use the quantity of non-circulating shares multiplied by the net asset value per share to calculate their value. Refer to Table 1 for the detailed calculation formula.
TABLE 1 | Explanation of key variables.
[image: Table 1]3.2.2 Independent variable
3.2.2.1 Digital transformation (Digit)
Our study draws on the approach of Wu et al. (2021), Guo et al. (2023), and Tong et al. (2024), utilizing Python tools for textual analysis to extract keywords relevant to digital transition from annual reports of public enterprises. The keywords are categorized into five dimensions: artificial intelligence technology, big data technology, cloud computing technology, blockchain technology, and digital technology applications (see Figure A1). Vocabulary frequencies are then counted for each category, and the gross vocabulary frequency for digital transformation is got by summing these counts. Because of the right-tailed distribution of the entire dataset, the total vocabulary frequency is incremented by 1 and subsequently determining the natural logarithm.
3.2.3 Mediating variables
3.2.3.1 GTI (InGrepat)
The extent of enterprise green innovation output is directly represented by the amount of enterprise green patent applications, comprising both green invention patent applications and green utility model patent applications. Referring to the approaches of Wang et al. (2021), Xu and Cui (2020), and Yu et al. (2019), the amount of green patent applications serves as a proxy indicator to measure an enterprise’s GTI in our research. Given that the data is right-skewed, the measure of corporate GTI is obtained by incrementing the number of corporate green patent applications by one and applying the natural logarithm. Our study emulates the approach of Zhang and Long (2022), utilizing the proportion of green invention patent applications relative to total green patent applications (GreInnoQ) as a robustness test indicator for GTI.
3.2.4 Moderating variables
3.2.4.1 Market competition (HHI)
The Herfindahl–Hirschman Index (HHI) is utilized to assess market competition (Harris, 1998; Hasan et al., 2018), it is a common index to measure the degree of market competition. Zou et al. (2015) indicates that the HHI serves as the most effective metric for analyzing market competition relative to other methods. Hence, we choose the HHI index to measure market competition. The greater the HHI index, the less the market competition, the higher the market concentration.
3.2.4.2 Green Credit (GreenCredit)
Green Credit (GreenCredit). Green credit refers to the credit financing provided by banking financial institutions to support the environmental protection industry, promote green civilization, and develop a green economy (Li et al., 2020). The banking sector in China is usually directly influenced by the government, with credit policies and interest rate policies often closely related to national economic policies. Green credit is the most widely used fiscal support by the Chinese government to promote green development (Hu et al., 2020). We measure the level of local government attention to and support for environmental protection and green development using the ratio of the total credit for environmental protection projects in the sample enterprises’ provinces to the total credit in the province. Considering the lag effect of green credit, we use the one-period lagged GreenCredit as the indicator for measuring green credit.
3.2.5 Control variables
Given that other elements may also impact firm value, our study selects the following controlled variables: company size (Size), return on equity (ROE), finance lever (Lev), total asset turnover (ATO), firm age (Age), board size (BDS), and ownership concentration (Power).
Details regarding the key variables above are included in Table 1.
3.3 Empirical model
3.3.1 Basic model and mediation effect model
To verify the research Hypothesis 1, Hypothesis 2, and Hypothesis 3, our study accounts for industry and year, and establishes the following model.
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In the above models, i signifies the corporate, t signifies the year, the dependent variable TobinQ signifies enterprise value, the independent variable Digit signifies the firm’s digital transformation index, and the mediator variable Mediator represents the firm’s GTI. ControlVar indicates the aforementioned control variables, Industry signifies industry virtual variables, Year signifies year virtual variables, and ε is the model’s stochastic disturbance term. Equation 1 is employed to test Hypothesis 1. If the regression outcomes of this model indicate that α1 is significantly positive, it shows that digital transformation can notably enhance firm value, thus supporting Hypothesis 1, Equation 2 is utilized to examine hypotheses H2. If the coefficient β1 in the regression results of the Equation 2 is significantly positive, which reveals that digital transformation can notably enhance GTI, thus supporting hypotheses H2. Referencing the approaches of Wen et al. (2004) and Tong et al. (2024), the hypotheses H3 are tested using a combined approach involving Equations 1–3, specifically to explore the mediatory effect of GTI. We follow the specific steps for step-by-step verification (referred to as the three-step verification method). First test Equation 1, then test Equation 2. If coefficients α1 and β1 are both significantly positive, proceed to test Equation 3. If coefficient λ2 in Equation 3 is also significantly positive, it indicates a significant mediating effect. Building on this, if regression coefficient λ1 in Equation 3 is also significantly positive, it shows that part of the influence of digital transition on corporate value is achieved through GTI, implying that enterprise GTI exerts a marked partial mediating effect.
3.3.2 Moderated mediation model
To verify the research Hypothesis 4, we draw on the method by Muller et al. (2005), Preacher and Hayes (2004), and Hasan et al. (2018). Accounting for industry and year, our study establishes the following model.
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In the Equations 4–6, the moderator variables [image: image] include market competition (HHI) and green credit (GreenCredit), with the remaining variables interpreted as above. Referring to the method of Muller et al. (2005), we centralize the independent variables (Digit), mediating variables (InGrepat) and moderating variables (HHI& GreenCredit) involved in the interaction terms during the test of the moderated mediation process, in order to solve the possible multicollinearity issues. Following Muller et al. (2005), if the combination of [image: image] ≠ 0, [image: image] = 0, [image: image] ≠ 0, and [image: image] ≠ 0, implies a significant moderation effect within the mediation process supporting for our Hypothesis 4. If both the combination of [image: image] ≠ 0, [image: image] = 0, [image: image] ≠ 0, and [image: image] ≠ 0 and the combination of [image: image] ≠ 0, [image: image] = 0, [image: image] ≠ 0, and [image: image] ≠ 0, implies a significant moderation effect within the mediation process supporting for our Hypothesis 5.
4 EMPIRICAL RESEARCH RESULTS AND ANALYSIS
4.1 Descriptive statistics
The statistical description of the key variables is shown in Table 2. As shown in Table 2, the Tobin’s Q value ranges from 0.821 to 9.400, indicating a significant variation in the value of the sample companies. Featuring a mean of 2.084 and a standard deviation of 1.425, this implies that the majority of enterprises have a Tobin’s Q value around 2, which accords with the current situation in the Chinese market. The range of corporate digital transformation indicator values is from 0 to 5.081, featuring a mean of 1.476 and a standard deviation of 1.399. The data follows a right-skewed distribution, which indicates that the whole digitalization level of sample enterprises is relatively low, suggesting that there exists still significant potential for the implementation of emerging information technologies within Chinese companies. The average of the GTI index is 0.412, with a 0.824 standard deviation. This indicates that there exists a significant disparity in GTI among the sampled enterprises, and overall, it is relatively low.
TABLE 2 | Descriptive statistics results.
[image: Table 2]4.2 Baseline regression analysis
4.2.1 Digital transformation and corporate value
To test Hypothesis 1, Equation 1 has been established. The regression outcomes of Equation 1 are presented in Column (1) of Table 3. After accounting for the influence of industry-specific factors, time-varying effects, and other contributing factors, the coefficient estimate for Digit is 0.022 (p < 0.01), It verifies that digital transformation promotes the enhancement of corporate value, thus confirming Hypothesis 1.
TABLE 3 | Digital transformation and corporate value, digital transformation and GTI.
[image: Table 3]4.2.2 Digital transformation and GTI
To verify Hypothesis 2, Equation 2 has been set. Column (2) of Table 3 show the regression outcomes of Equation 2, where the coefficient for digital transformation is 0.050 (p < 0.01). It suggests that digital transformation can enhance enterprises’ GTI, thereby confirming Hypothesis 2.
To ensure the robustness of the result, we replaced the dependent variable, substituting the lnGrepat with GreInnoQ, and conducted the regression analysis again. The result is documented in Column (3) of Table 3, where the coefficient of Digit is 0.025 (p < 0.01). It indicates that the conclusion that digital transition enhances enterprises’ GTI remains robust.
4.3 Robustness test
To validate the Hypothesis 1 and ensure the reliability of the research conclusion, we carry out a set of robustness checks, including instrumental variable method, replacing an independent variable, and adjustment for sample periods. Empirical results consistently confirm that digital transformation of enterprises significantly enhances firm value.
4.3.1 Instrumental variable method
In order to alleviate potential endogeneity concerns in this research, such as unaccounted variable bias, inverse causality, and sampling bias, we introduce the instrumental variable method. Drawing on the approaches of Yang and Liu (2018) and Tong et al. (2024), our study uses the degree of urban digitalization as an instrumental variable, denoted as City_Dig, to represent the degree of urban digitalization. Following the “China Internet Development Report 2019” released at the 6th World Internet Conference, the digital technology development levels of 31 provinces in mainland China are ranked. Cities with a high digitalization index consisting of Beijing, Shanghai, Shenzhen, Hangzhou, Xiamen, Guangzhou, Wuhan, Nanjing, Zhuhai, and Suzhou, have the variable City_Dig set to 1, while other cities have the variable City_Dig set to 0. Since the degree of urban digitalization can influence the digital transition of domestic enterprises by providing necessary infrastructure and fostering a conducive technological environment, it meets the correlation criterion for an instrumental variable. To address exogeneity, we argue that urban digitalization is largely driven by long-term factors such as government policies or infrastructure development that are independent of unobserved firm-specific shocks affecting digital transition.
We employ the two-stage least squares (2SLS) for the final parameter estimation. The estimated outcomes are displayed in Table 4. Column (1) of Table 4 displays the first-stage estimation outcomes. We observe that the coefficient for City_Dig is 0.16 (p < 0.01), with an F-value greater than 10. It reveals that the instrumental variable for urban digitalization level is positively related to the endogenous explanatory variable of corporate digital transformation. It conforms to the correlation test for the instrument variable. In the second stage, the estimated outcomes in Column (2) of Table 4 reveal that the coefficient for the predicted value of digital transformation (Prediction—Digit) is 0.371 (p < 0.01), with an F-value greater than 10, and it remains significant and positive. After accounting for endogeneity effects, the relation between digital transformation and corporate value remains unchanged.
TABLE 4 | Instrumental variable method test results.
[image: Table 4]4.3.2 Substitute the explanatory variable
In the descriptive analysis of the main sample presented earlier, some enterprises have been in the process of digital transition while others have not. Among the companies that have undergone digital transition, some may disclose more keywords correlated to digital transformation than what is actually the case in their annual reports, while others may disclose fewer. To remove the potential effect of these scenarios on the evidence-based outcomes, we conduct a robustness check by substituting the independent variable. Following the method of Zhang et al. (2022), our study sets a dummy variable Dig based on whether a firm has undergone digital transition. Firms that have undergone digital transition are set a value of 1, while firms that have not are set a value of 0. And then the variable is embedded into Equation 1 for re-estimation. The regression outcomes are listed in column (1) of Table 5. The coefficient for Dig is 0.038 (p < 0.05), revealing that digital transformation enhances firm value, thus reaffirming Hypothesis 1.
TABLE 5 | Robustness checks by replacing explanatory variables and adjusting the sample period.
[image: Table 5]4.3.3 Adjust the sample period
Since 2015, China’s digital economy has stepped into a phase of accelerated development (Global Times, 2020). When studying digital transformation, some scholars have chosen 2015 as the starting year for their research. However, in 2015, China experienced a stock market crash (Tang et al., 2020). Considering that major stock market events can impact corporate value performance, we exclude the year 2015 from the analysis. Meanwhile, as the influence of the global COVID-19 pandemic on enterprise investment and operations during the sample period, we ultimately select the data period from 2016 to 2019 for robustness check. The empirical outcomes are listed in column (2) of Table 5, where the coefficient of Digit is 0.018 (p < 0.05). It indicates that the conclusion that digital transition enhances firm value remains robust.
4.4 The mediation effect of GTI
To verify Hypothesis 3, we set Equation 3. Column (1) of Table 6 presents the regression outcomes of Equation 3. Referring to Wen et al.’s (2004) three-step verification method, and according to the mediating mechanism where digital transformation influences GTI, which in turn impacts corporate value, we conduct a mediation effect test based on the regression outcomes of Equations 1, 2 in Table 3 and Equation 3 in Column (1) of Table 6. Our study finds that the coefficients of Digit in Equations 1, 2 are both statistically notably positive. Meanwhile, in Equation 3 of Column (1) of Table 6, the coefficient of the mediating variable GTI is 0.045 (p < 0.01), indicating that GTI has a significant positive mediation effect between digital transformation and firm value. According to Column (1) of Table 6, after controlling for GTI, the coefficient of Digit in Equation 3 remains statistically significant positive, indicating that GTI acts as a positive partial mediator. Firstly, digital transformation enhances the GTI of enterprises by boosting research and development capabilities, alleviating financial constraints, and enhancing innovation output. Secondly, GTI helps enterprises lower resource waste, cut costs, enhance manufacturing efficiency, improve environmental performance, and thereby increase enterprise value.
TABLE 6 | Regression results of the mediating effect of GTI.
[image: Table 6]To verify the robustness of the intermediary effect, we use the following two methods. Firstly, we also replace lnGrepat with GreInnoQ and add it to Equation 3, with the empirical results shown in column (2) of Table 6. Where the coefficient of GreInnoQ is 0.105 (p < 0.01), combining the results of Equations 1, 2, it indicates that Hypothesis 3 still holds. Secondly, we employ the Sobel test to examine the aforementioned mediating paths. The test outcomes reveal that the mediating effect of GTI accounts for 51.53%, Z = 10.42 (p = 0.000) Thus, the mediating effects are confirmed once again. According to the empirical analysis above, we find that digital transformation markedly fosters value creation by enhancing GTI of firms. Hypothesis 3 is supported by the findings.
4.5 Moderated mediation analysis
According to the interdependence theory, the mediating effect will be affected by specific scenarios (moderating variables). In order to further investigate whether the intermediary effect of GTI is affected by market competition and green credit, or whether the impact of GTI on corporate value depends on market competition and green credit, or both of them exist. We constitute moderated mediation model (Equations 4–6) and apply layer regression analysis, the results are listed in columns (1) (2) (3) of Tables 7, 82.
TABLE 7 | Moderated mediation analysis: the effect of market competition.
[image: Table 7]TABLE 8 | Moderated mediation analysis: the effect of green credit.
[image: Table 8]Table 7 shows the moderating role of market competition in the mediating effect. In column (1) of Table 7, we record [image: image] is 0.025 (p < 0.01), it suggests that Digit has a significant positive influence on TobinQ. While [image: image] is insignificant ([image: image] = 0), it indicates the overall treatment effect on TobinQ does not depend on HHI. In column (2) and column (3) of Table 7, we find [image: image] = 0.071 (p < 0.01) and [image: image] = 0.040 (p < 0.01), it reveals that market competition (HHI) positively moderates the treatment effect of Digit on lnGrepat. Namely, the positive effect of Digit on lnGrepat is more powerful for enterprises with less severe market competition or more market concentration, thus confirming Hypothesis 4.
Table 8 shows the moderating role of green credit in the mediating effect. Based on columns (1) to (3) of Table 8, [image: image] is not significant, indicating that there is no overall moderating effect of green credit. While, [image: image] = 0.021 (p < 0.01), [image: image] = 0.272 (p < 0.01), and [image: image] = 0.040 (p < 0.01), which suggests that GreenCredit positively moderates the effect of Digit on lnGrepat. At the same time, we also find that [image: image] = 0.021 (p < 0.01), [image: image] = 0, [image: image] = 0.048 (p < 0.01), and [image: image] = 1.584 (p < 0.01), which indicates that GreenCredit also positively moderates the impact of lnGrepat on TobinQ. Specifically, the existence of green credit not only facilitates the promotion of GTI through digital transformation but also enhances the effect of GTI on corporate value, thereby confirming Hypothesis 5.
4.6 Heterogeneity analysis
4.6.1 Heterogeneity in heavy pollution characteristics
Unlike other enterprises, heavily polluting companies, because of their severe pollution, elevated energy consumption, and excessive discharges, urgently require leveraging GTI to develop green products, lower energy consumption, and decrease contamination, thereby lowering compliance costs and achieving a green transformation. Based on this, the sampled enterprises are separated into heavily polluting and non-heavily polluting enterprises in accordance with the “Environmental Inspection Industry Classification Management Directory of Listed Companies” issued in 2008. Then we conduct multiple regression by group, and the estimated outcomes are listed in columns (1) and (2) of Table 9. The Digit coefficient for heavily polluting firms is 0.036 (p < 0.01), while the Digit coefficient for non-heavily polluting firms is 0.017 (p < 0.05). Due to the markedly higher coefficient of digital transformation for heavily polluting companies compared to non-heavily polluting companies, it illustrates that digital transformation has a higher value-enhancing effect on heavily polluting companies compared to other companies. The result shows that digital transition, by improving the level of GTI within these enterprises, is more efficient in heavily polluting enterprises, promoting greater enhancement of corporate value and achieving sustainable development.
TABLE 9 | Results of heterogeneity analysis.
[image: Table 9]4.6.2 Heterogeneity in high-tech characteristics
The different attributes of technology also influence the action of digital transformation in promoting corporate value. Drawing on industry classification standards in China, the sample enterprises are classified into high-tech and non-high-tech enterprises for grouped multiple regression analysis. The regression outcomes are listed in columns (3) and (4) of Table 9. The coefficient of Digit for high-tech companies doesn’t meet the significance criteria, while the coefficient of Digit for non-high-tech companies is 0.039 (p < 0.01). Thus, it is obvious that the effect of digital transformation on enhancing the value of high-tech corporates is not significant. Since high-tech companies already possess more advanced technologies compared to non-high-tech companies, digital transformation for them is akin to adding icing on the cake. However, digital transformation can remarkably increase the value of non-high-tech firms. This difference validates the performance of digital transformation in promoting corporate transformation and upgrading, as well as balanced development among enterprises. It also shows that there exists a partial replacement effect between digital transformation and high-new technology.
4.6.3 Heterogeneity in enterprise scale
To examine whether the role of digital transition on enterprise value differs by company size, we group the sample companies into large-scale and small-scale companies in accordance with the median company size, then conduct regression analysis. In Table 9, columns (5) and (6) show the analysis outcomes. The coefficient for digital transformation in large-scale enterprises is 0.013 (p < 0.1). For small-scale enterprises, the coefficient is 0.045 (p < 0.01). The results indicate that digital transformation more notably benefits smaller companies compared to larger ones. The reasons behind this may be twofold. On one hand, larger enterprises typically possess abundant resources and more robust internal control systems. Before undergoing digital transformation, larger enterprises already feature strong business models, innovation capabilities, resource integration abilities, and decision-making skills. Consequently, the effect of digital transition on promoting their operations is not as significant as it is for smaller enterprises. On the other hand, compared to larger enterprises, smaller-scale businesses are generally less mature in various aspects but have greater potential for growth. Therefore, after undergoing digital transformation, they can more rapidly integrate resources, optimize business processes, innovate business models and product offerings, thereby significantly enhancing enterprise value.
5 DISCUSSION AND CONCLUSION
Numerous prior studies have investigated the relationship between digital transformation and firm value, but few have incorporated GTI as a channel in their research. GTI, distinct from traditional technological innovation, plays an important role in achieving sustainable development for enterprises (Li, 2005; Beltramello et al., 2013). Therefore, this paper investigates the correlation between digital transformation, GTI, and corporate value, and further explores the moderating effect of market competition on these relationships.
Aligned with past findings, we find that digital transformation can promote the enhancement of corporate value. However, we extend our research by also investigating the influence of digital transformation on corporate value in relation to attributes such as heavy pollution, high-tech status, and company size. We find that the positive influence of digital transformation on corporate value is more pronounced in heavily polluting companies, non-high-tech companies, and smaller companies. This indicates that the attributes of different companies can influence how digital transformation improves corporate value.
We consider GTI as an intermediary channel between digital transformation and corporate value, we argue that GTI serves as a partial mediator in the relationship. Specifically, digital transformation enhances the level of green innovation within companies by alleviating financing constraints, gaining more resources and support for green technological innovation, and continuously improving innovation methods and processes (Jing et al., 2022; Chen and Zhang, 2023). The improvement in a company’s green innovation level helps reduce environmental pollution costs, gain marginal profits and competitive advantages, and increase enterprise value (Wang et al., 2021; Chang, 2011; Chen and Laisb, 2006), thereby promoting the sustainable development of the company.
In addition, we further analyze market competition’s and green credit’s moderating effect on the mediating relationship between digital transformation and enterprise value. We find that for companies facing lower market competition intensity, digital transformation is more effective in promoting GTI. In other words, companies with lower market competition intensity have more resources, face less competitive pressure, and are more sensitive to the technological innovations of competitors (Zhang, 2019; Turner et al., 2010). With the support of digital technology, these companies can allocate resources more efficiently, improve resource utilization, and respond more quickly to market changes (Chen and Yang, 2022; Zhang and Long, 2022), thereby channeling more funds and technological resources into green technological innovation. Meanwhile, we also find that green credit not only positively moderates the relationship between corporate digital transformation and GTI but also positively moderates the impact of GTI on corporate value. Our findings confirm that green credit promotes the improvement of GTI levels through digital transformation. This is because green credit increases financial support for corporate environmental projects (Tian et al., 2024), while digital transformation effectively utilizes and allocates these resources (Kumari, 2021; Liu et al., 2024; Jiang and Li, 2024), thereby enhancing the level of GTI in enterprises. We also confirm that the presence of green credit contributes to the role of GTI in enhancing corporate value. This is because the provision of green credit promotes the improvement of GTI, which in turn helps reduce environmental costs caused by pollution (Wang et al., 2021). Additionally, the production of green products enables companies to gain competitive advantages and social credibility (Yu et al., 2010), thereby increasing corporate value. As green credit is a policy strategy employed by the Chinese government to promote environmental protection and green development, its issuance reflects the level of importance local governments attach to environmental protection and green growth. The above also highlights the level of government attention and support for environmental protection, which plays a crucial role in fostering corporate green innovation and green development. As enterprises are important agents of society, when they all fulfill their environmental responsibilities, prioritize environmental protection, or achieve green transformation, our environment will be greatly improved.
Our study provides following implications. First, our research shows that digital transformation can enhance corporate value. Enterprises should emphasize the application and secondary development of digital technologies, and increase resource investment and mechanism building for digital transformation. Second, GTI serves as a mediator between digital transformation and corporate value. Enterprises need to incorporate GTI into their development plans within their digital transformation strategies. By increasing investment and leveraging digital technology to integrate and optimize resources, thereby boosting GTI. Third, we find that for enterprises facing lower market competition intensity, digital transformation is prone to promote GTI. Therefore, enterprises should adjust their strategies in a timely manner during their development, avoiding fierce market competition, and investing in GTIs that can bring long-term benefits. By leveraging digital technologies, they can boost the efficiency of R&D, cut innovation costs, and achieve green transformation and sustainable development. Forth, we also find that green credit not only promotes the enhancement of GTI through digital transformation but also contributes to the improvement of GTI’s impact on corporate value. Green credit is a policy strategy employed by the Chinese government to promote environmental protection and green development, and its issuance reflects the level of importance and support that local governments place on environmental protection and green growth. Therefore, local governments should guide and support environmental protection and green development through policies and financial incentives. They should also guide and supervise banking and financial institutions to support local environmental industries and corporate green development by setting up reasonable green credit programs.
Our study has two main limitations. First, in addition to being influenced by market competition and green credit, the mediating relationship of GTI between digital transformation and firm value is also influenced by other external environmental factors, such as pollution emissions. Therefore, future research can further expand the study of these influencing factors. Second, Digital transformation may be defined differently across various markets or regions, raising concerns about its generalizability. Researchers may conduct in-depth study on digital transition in other markets or regions. Finally, relying on green patent applications as a proxy for GTI may oversimplify the complexity of green innovation activities. We call for further research to explore indicators that can comprehensively evaluate green innovation activities.
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