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In the pivotal era of global industrial transformation, digital finance has emerged as a key driver in enhancing the modernization of China’s industrial chain. This study, utilizing data from 30 Chinese provinces from 2012 to 2020, investigates the influence of digital finance on industrial chain modernization through fixed effects and spatial econometric models. Our findings indicate a significant, positive impact of digital finance on industrial chain modernization. Heterogeneity analysis reveals that the eastern region benefits more from digital finance than central and western regions, and its influence has been more pronounced after 2016. Mechanistically, digital finance positively affects industrial agglomeration, industrial structure optimization, and facilitates Innovation Achievements Transformation, albeit with varying effectiveness across subindicators. Further, we observe positive spatial spillovers for both digital finance and industrial chain modernization. While digital finance significantly enhances industrial chain modernization, its impact on adjacent regions is negligible. Importantly, digital finance exerts a positive influence on industrial chain modernization in both short-term and long-term scenarios. This research elucidates the interplay between digital finance and the modernization of China’s industrial chain.
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1 INTRODUCTION
The global climate change and environmental pollution issues are becoming increasingly serious (Ren et al., 2023a; Zheng et al., 2022). In the process of China’s industrial development, the trade opening and energy use consume a large amount of fossil fuels, and the consumption of fossil fuels increases carbon emissions (Abbas et al., 2022; Ali et al., 2022; Wen et al., 2022). Improving the modernization of industrial chain can improve the level of innovation, open up its trade and improve resource utilization efficiency, reduce energy consumption and environmental pollution, and help achieve a balance between economic development and environmental protection (Fan et al., 2020; Hu X et al., 2021; Ali et al., 2023). With the background of complex global industrial and supply chain changes, the modernization of the industrial chain has become an important goal for China as China is pursuing a high-quality development of industry in the new era.
Capital investment is the fore-end of industrial modernization development and occupies an unquestionable key position in the entire modern industrial chain construction. Compared to traditional finance, digital finance has many advantages in enhancing the modernization of China’s industrial chain. Firstly, as an emerging financial tool, digital finance has provided new sources of investment and financing for enterprises through its own financial essence (Awai et al., 2023). Secondly, digital finance is not limited by geography or time, and can cover vast rural areas and small and medium-sized enterprises that are difficult to reach by traditional financial services. It is a major policy that benefits all people, especially small and medium-sized enterprises. Finally, digital finance’s essence is relying on big data and artificial intelligence technology, which can monitor the dynamics of the financial market and enterprises’ credit status in real-time. This helps to reduce the transmission of financial risks in the industrial chain and ensure the stable operation of the industrial chain.
At present, scholars have conducted relevant research on the relationship between digital finance and industrial chain development, but there are some shortcomings in the research process of these studies. Firstly, the different impacts of different dimensions of digital finance on the modernization of the industrial chain were ignored. Secondly, the study did not consider the spatial spillover impact of digital finance on the development of the industrial chain, nor did it further consider whether digital finance has a long-term impact on the modernization of the industrial chain. Therefore, this article attempts to make up for the shortcomings of previous research by using provincial-level panel data from China to construct indicators for the modernization of China’s industrial chain and applying relevant empirical models to analyze the relationship between digital finance and modernization of the industrial chain from both theoretical and empirical perspectives, thereupon expanding the research scope of digital finance and adding specific paths to enhance the modernization of the industrial chain. The innovation of this article lies in: Firstly, industrial agglomeration, industrial structure upgrading, and innovation achievements transform as mechanism variables, fully reflect the internal mechanism of digital finance’s impact on industrial chain modernization, and enrich the theoretical connotation of existing research; Secondly, measure the indicators of various dimensions of digital finance, and study how these dimensions affect industrial agglomeration, industrial structure upgrading, and innovation achievement transformation; Thirdly, delve into the spatial and temporal effects of digital finance on the modernization of the industrial chain by considering spatial and temporal factors.
2 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESES
As an innovative product generated from the integration of finance and digital technology (Ren et al., 2023b; Yu et al., 2023), the impact of digital finance on the modernization of industrial chains is not only limited to the financial sector but also manifests in the positive externality of digital technology (Xiao et al., 2023a). These two facets play a crucial role in how digital finance influences the development of industrial chains. Digital technology alters the geographical limitations of financial services, breaks the industry barriers for capital utilization, fully demonstrates the efficiency of capital allocation (Lei et al., 2023), and paves new pathways and models for the financing needs of modernizing industrial chains. With the support of digital technology, digital finance can mitigate the financing pressures of businesses in a timely manner (Qiu et al., 2023), increase capital sources, thereby directly affecting the development, spatial layout, and technological advancement of businesses. Simultaneously, digital finance can leverage its digital technology to enhance efficiency of resource allocation and communication efficiency, and reduce transaction costs, profoundly influencing the development of businesses and even entire industries. However, the development of digital finance has generated a digital divide, which has led to digital inequality between regions, reduced regional financial efficiency and is not conducive to the modernization and balanced development of the industrial chain (Heeks, 2022; Wang et al., 2020). In conclusion, the article proposes Hypothesis 1a and Hypothesis 1b.
H1a. The development of digital finance can contribute to the improvement of the modernization of the industry chain.
H1b. The development of digital finance cannot contribute to the improvement of the modernization of the industry chain.
2.1 Digital finance, industrial agglomeration, and modernization of industrial chain
Industrial agglomeration, crucial to industrial chain modernization, boosts production factors’ circulation, fosters good inter-industrial relationships, constructs complementary models and reduces costs via joint economies of scale (Gamidullaeva Leyla, 2023). Digital finance, leveraging digitization, influences industrial agglomeration and bolsters modernization of the industrial chain. It expedites factor flow and knowledge spillover via technologies like mobile internet, big data, and cloud computing and reshapes resource allocation and aggregation methods through data acquisition, processing, and utilization (Wang et al., 2023). As China’s industrial development aligns with the second stage of Weber’s theory (An et al., 2015), digital finance strengthens interenterprise connectivity, influences aggregation and creates new geographical spatial structures (Forman and Van Zeebroeck, 2019; Hu W et al., 2021). Furthermore, digital finance utilizes its resource allocation prowess to impact industrial agglomeration. Digital inclusive finance directs high concentration of capital and talent and forms industrial clusters while mitigating enterprise financing constraints (Yang and Zhou, 2021). Financially intensive regions often create entrepreneur clusters and embody a talent agglomeration-driven development model. In conclusion, the article proposes Hypothesis 2.
H2. Digital finance promotes industry chain modernization through industrial agglomeration.
2.2 Digital finance, industrial structure upgrading, and industrial chain modernization
Industrial structure transformation is the root cause of the evolution and upgrading of the entire industrial chain (Chen et al., 2021). Through the effective combination of digital technology and financial innovation, digital finance can not only improve the industry’s production efficiency, but also promote the transformation and the industrial structure upgrading by driving emerging industries development (Li C et al., 2020). On the one hand, digital technology is an important feature of digital finance and an important way for information transmission between enterprises. The digitization degree has accelerated the flow of data and information between product and factor markets, shortened the dissemination cycle of innovative resources between projects, enterprises, and industries, accelerated professional division of labor (Li M.C et al., 2020), and accelerated the transformation and upgrading of enterprises and even the entire industry. When digital technology replaces enterprises’ basic work, the human capital allocation’s efficiency will also be significantly improved, thereby increasing the possibility of enterprise upgrading (World Bank, 2016). In short, the intelligent products application can improve enterprises’ business efficiency, and the newly emerged formats and models have played a crucial role in upgrading the industrial structure (Guo, 2019). On the other hand, financial innovation can improve the efficiency of capital allocation from the supply and demand level and realize the industrial structure upgrading (Zhou et al., 2022). Digital finance enables finance to better serve the real economy development by reducing enterprises’ financing costs, expanding their financing scale, and improving capital allocation efficiency (Feng et al., 2022). At the same time, financial activity is directly related to the utilization efficiency of financial resources. And by leveraging the advantages and disadvantages of finance itself, it accelerates its agglomeration towards emerging industries, leading to gradual elimination or even replacement of backward industries (Zhao and Wei, 2016). In conclusion, the article proposes Hypothesis 3.
H3. Digital finance promotes industry chain modernization through industrial structure upgrading.
2.3 Digital finance, innovation achievements transformation, and industrial chain’s modernization
Innovation Achievements Transformation, the cornerstone of enhancing the industrial chain’s modernization, necessitate efficient transformation for modernization (Zhang, 2021). Traditional financial institutions often manifest risk aversion when supporting innovation-centric firms. However, digital finance’s technology can more accurately assess risks, mitigating uneven financial resource distribution among enterprises (Rudenko et al., 2016). In the digital finance milieu, market entities enjoy more precise innovative financing services. Potential firms are readily identifiable, gaining financial support for early-stage research and development, which facilitates better implementation of innovative achievements (Teece, 2010). The introduction of digital elements invigorates the market’s innovation environment and enhances resource allocation and innovation efficiency (Xu and Li, 2022) and creates favourable external conditions for successful Innovation Achievements Transformation, Reduced external risk and improved firms ESG performance (Chen et al., 2023). Digital technology can also effectively discern consumer needs, drive product research and development innovation based on demand, hence foster successful Innovation Achievements Transformation (Charnley et al., 2022). Digital finance provides ample funding for enterprises’ innovative research and development, as well as implementation of innovative achievements. Concurrently, as an advanced financial technology, digital finance lures talent. With substantial corporate funds and talent reserves, enterprises’ innovation capabilities are inevitably enhanced, creating the conditions necessary for successful Innovation Achievements Transformation (Zhuang et al., 2021). In conclusion, the article proposes Hypothesis 4.
H4. Digital finance promotes industry chain modernization through Innovation Achievements Transformation.
3 INDICATOR DESCRIPTION AND MODEL CONSTRUCTION
3.1 Model settings
To verify the direct impact of digital finance on the industrial chain modernization, this article constructs the following benchmark model:
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In model (1), [image: image] represents the province, [image: image], t represents the year, and the corresponding interval is 2012–2020. [image: image] and [image: image] represent the regional effect and time effect respectively, and are random error terms; [image: image] represents industrial chain modernization and [image: image] is the core explanatory variable of this article, which is the digital finance corresponding to the i province during the t period; [image: image] is a set of control variables that affect the modernization of industrial chain; [image: image] is the regression coefficient of the corresponding explanatory variable. The main coefficient in model (1) of this article is [image: image]. If it is significantly positive, it indicates that the higher the level of digital finance, the higher the level of modernization of the industrial chain.
In order to further characterize the inherent correlation between digital finance and the industrial chain modernization, this article will examine its core impact mechanisms - industrial agglomeration, industrial structure upgrading, and the Innovation Achievements Transformation. Drawing on the research methods of Xu Hongwei, Zhong Yuejun (2022), we respectively observe the impact of digital finance [image: image] on industrial agglomeration [image: image], industrial structure upgrading [image: image] and the innovation achievements transformation [image: image]. The corresponding model settings are as follows:
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In Eq. 2, if digital finance can affect the industrial chain modernization through industrial agglomeration, industrial structure upgrading, and Innovation Achievements Transformation, it is expected to be significantly positive. Compared to existing research, the biggest highlight of this study is to divide digital finance into three dimensions and examine the impact of different dimensions of digital finance on the modernization of the industrial chain. At the same time, we will deeply explore the differences in the impact mechanisms of different dimensions of digital finance on the modernization of the industrial chain. This is conducive to better analyzing the path of digital finance and promoting the development of digital finance in depth, breadth, and digitization.
3.2 Indicator selection and calculation
3.2.1 The dependent variable
The dependent variable is industrial chain modernization (ICM). Referring to Mao, (2022) research, based on the principles of scientificity, comprehensiveness, and practicality, this study uses the spatiotemporal range entropy weight method to measure the modernization of China’s industrial chain. The indicator system is shown in Table 1.
TABLE 1 | Index system for industrial chain modernization.
[image: Table 1]3.2.2 Explanatory variable
The explanatory variable is digital finance. This article mainly uses data compiled by the Digital Finance Research Center of Peking University, which measures the depth, breadth, and coverage of digital finance.
3.2.3 Mechanism variables
Industrial agglomeration (Miao et al., 2023): Using location entropy to calculate industrial agglomeration, which is the ratio of the proportion of industrial added value in each province to the total domestic industrial added value to the proportion of GDP in each province to the domestic GDP; Industrial structure upgrading (Ren et al., 2023c): the ratio of the output value of the tertiary industry to the output value of the secondary industry; Achievements of industrial innovation: adopt the natural logarithm of regional new product sales revenue.
3.2.4 Control variables
Economic development (Eco): natural logarithm of regional GDP. With the improvement of the economic development level, the modernization of industrial chain is getting better and better (Qunhui, 2020); Talent support (Ts): natural logarithm of the number of college students. Talents provide the necessary human capital for the modernization construction of the industrial chain (Tien et al., 2021); Education development (Edu): natural logarithm of the number of ordinary colleges and universities. The higher the education level of areas, the higher the quality of the population, the more conducive to the development of advanced industries (Berry and Glaeser, 2005); Infrastructure (St): natural logarithm of per capita road area. Infrastructure is a prerequisite for industrial development (Malah kuete and Asongu, 2022); Government support (Gs): ratio of general public budget expenditure to GDP. The role of the government in the development process of this industry cannot be underestimated (Li et al., 2023).
3.3 Data source
The research sample for this article is 30 provinces in China from 2011 to 2020 (based on data availability, excluding Hong Kong, Macao, Taiwan, and Tibet). The digital finance data comes from the “The Peking University Digital Financial Inclusion Index of China (PKU_DFIIC)” released by Institute of Digital Finance Peking University, and other related research data is obtained through China EPS database.
3.4 Descriptive statistics
The descriptive statistics for the main variables are shown in Table 2.
TABLE 2 | Descriptive statistics of variables.
[image: Table 2]4 QUANTITATIVE REGRESSION ANALYSIS
4.1 Benchmark regression
The fixed effects model is used in columns (1)–(4) of Table 3, and the results in column (1) indicate that digital finance has improved the industrial chain modernization at a significance level of 1%, which is in line with the H1a of this article. Columns (2)–(4) represent the impact of coverage breadth, depth of use, and degree of digitization on the industrial chain modernization. It can be found that digital finance’s coverage significantly affects the industrial chain modernization level at a level of 5%. The depth of use and digitization both improve the industrial chain modernization at a significance level of 1%, indicating that digital finance can mainly influence the development of the industrial chain modernization through its financial essence (coverage breadth, service depth) and digitization, which means that the coverage, depth of use, and digitalization degree of digital finance rely on the digital financial services provided by digital technology, which can increase industrial credit capital availability, stimulate the industrial entities’s vitality, and ensure investment’s completeness in industrial development funds by expanding financing channels, alleviating the opacity of information between credit parties, and improving financial services’ efficiency. This lays the foundation for promoting of the industrial chain modernization.
TABLE 3 | Regression results of digital finance and various indicators on the industrial chain modernization.
[image: Table 3]In columns (1)–(4) of Table 4, the 2SLS instrumental variable method was used to eliminate endogeneity and test the impact of the digital finance index and its subdimensions on the industrial chain modernization. Regarding the selection of instrumental variables, we draw on the research of Zhang et al. (2020) and use the spherical distance from the sample province to Hangzhou as instrumental variables. On the one hand, the distance objectively exists and is not necessarily related to the level of industrial chain development in the region, thus conforming to the exogenous characteristics of instrumental variables. On the other hand, Hangzhou is digital finance’s birthplace, and the distance from Hangzhou is related to digital finance’s development in the region to a certain extent. Therefore, it’s consistent with the correlation premise of instrumental variables. On this basis, considering that the single dimension of distance does not change over time, and drawing on the research of Li Muchen and Feng Sixian (2021), the interaction term between various indices of digital finance and spherical distance is added as instrumental variables to the regression equation. The results show that after eliminating endogeneity, digital finance still significantly affects the industrial chain modernization. The sub-dimension results show that the coverage, depth of use, and digitization degree of digital finance are significant, consistent with the regression results of the fixed effects model in columns (2)–(4) of Table 3.
TABLE 4 | Instrumental variable regression results.
[image: Table 4]4.2 Heterogeneity analysis
4.2.1 Regional heterogeneity
Due to geographical differences and differences in economic resource endowments, there will also be significant differences in the development of digital finance. Due to regional differences, there is a significant differentiation in financing psychology and financial infrastructure. The puzzle in theory and practice is that digital finance will fully leverage its inclusive nature, inject funds and technical support into the modernization of industrial chain in the central and western regions, or become another sharp tool for extracting funds. Therefore, digital finance has geographical heterogeneity in the modernization of industrial chains in different regions.
In view of this, the samples from each province were divided into eastern and central western regions for heterogeneity analysis by region. The regression results are shown in columns (1)–(2) of Table 5. The results indicate that digital finance has significantly improved the modernization of industrial chain in the eastern region, but its effect on the central and western regions is not significant. The reason may be that the eastern region has an inherent advantage in being the birthplace and is better able to seize the opportunities brought by digital finance. However, the “inclusive” effect of digital finance on the development of the industrial chain in the central and western regions has not yet been fully realized. Compared to the eastern region, the central and western regions are relatively lacking in new infrastructure, talent, and technology, and have not yet formed an external environment that is compatible with digital finance, which cannot fully play the role of digital finance.
TABLE 5 | Heterogeneity analysis regression results.
[image: Table 5]4.2.2 Temporal heterogeneity
Digital finance was first proposed at the 2016 Hangzhou G20 Summit, which can be called the first year of digital finance, and may present a watershed effect here. That is, before 2016, digital finance had just started, and its effectiveness was significantly smaller than that after 2016. Based on this assumption, this article divides the samples into different time periods, and the regression results are shown in columns (3)–(4) of Table 5. Column (3) is based on the results of sample regression before 2016, and the promotion effect of digital finance on the modernization of industrial chain is not significant. Column (4) is based on regression results after 2016. Digital finance has significantly promoted the modernization of industrial chain. After 2016, digital finance has played a significant role in reducing investment and financing costs, enhancing financing efficiency, and providing capital support for small and micro industries. The regression results show that digital finance has a more significant promoting effect on the modernization of industrial chain.
4.3 Mechanism analysis
In this section, we will establish a model to verify the impact of digital finance and its subindicators (coverage breadth, depth of use, and degree of digitization) on industrial agglomeration, industrial structure upgrading, and successful transformation of industrial innovation.
Table 6 shows the regression results of digital finance and its subindicators on industrial agglomeration. Column (1) indicates that digital finance significantly improves regional industrial agglomeration, the subdimensions of columns (2)–(3) indicate that the coverage of digital finance increases industrial agglomeration, while the use depth of digital finance has no significant effect on industrial agglomeration. This indicates that the concentration of industrial formation spatial scope is mainly related to digital finance’s coverage. Digital finance’s coverage determines beneficiary enterprises number, leading to agglomeration within a certain range of enterprises. Column (4) shows that the degree of digitalization has significantly increased the industrial agglomeration, which is the positive effect of the spatial externality of digital technology, consistent with the H2.
TABLE 6 | Regression results of digital finance and various indicators on industrial agglomeration.
[image: Table 6]Table 7 shows the regression structure of digital finance and its subindicators on the industrial structure upgrading. Column (1) shows that digital finance has improved the industrial chain modernization at a significance level of 1%. Columns (2)–(3) represent the regression of financial coverage and usage depth to the industrial chain modernization. The results indicate that the digital finance’s coverage and depth can effectively promote the industrial structure upgrading. Column (4) indicates that digitization significantly enhances the industrial structure upgrading, accelerates the information flow in product and factor markets, and accelerates enterprise transformation and upgrading, consistent with the H3 of this article.
TABLE 7 | Regression results of digital finance and various indicators on industrial structure optimization.
[image: Table 7]Table 8 shows the regression results of digital finance and its subindicators on the industrial Innovation Achievements Transformation. Column (1) indicates that digital finance promotes the Innovation Achievements Transformation and promotes it at a significance level of 1%. Columns (2)–(3) show the impact of financial coverage and usage depth on the industrial chain modernization. The results show that the coverage of digital finance has no significant impact on the Innovation Achievements Transformation, while the depth of use helps to promote the Innovation Achievements Transformation. The possible reason is that industrial innovation achievements require deep financial support, so compared to the breadth of coverage, the depth of use of digital finance can play a more effective role in promoting the Innovation Achievements Transformation. The digitization of column (4) promotes the Innovation Achievements Transformation at a level of 1%, while digital technology promotes innovation activity, accurately identifies user needs, and promotes the implementation of achievements, consistent with the H4.
TABLE 8 | Regression results of digital finance and various indicators on the innovation achievements transformation.
[image: Table 8]5 EXTENDED ANALYSIS
The issue of information asymmetry is a key issue that restricts the modernization of the industrial chain in obtaining credit funds. In the process of allocating credit funds, traditional financial markets mainly rely on mortgaged assets as the measurement criteria for issuing corporate credit funds. However, items that can be mortgaged cannot accurately identify the needs of the fund demand side. Digital finance avoids information asymmetry between credit parties and increases the availability of industrial financial services. It should be noted that the digital economy has real-time characteristics in solving information asymmetry, so the modernization of industrial chain has dynamic spatial spillover effects. Therefore, this section introduces a spatial econometric model that includes spatial lag term, time lag term, and spatiotemporal lag term to detect the dynamic spatial spillover effects of digital finance and industrial chain modernization, which can effectively avoid endogeneity issues in the model. The model is as follows:
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In Formula 3, [image: image] is N × N-dimensional normalized non-negative spatial weight matrix. [image: image] represents the lag coefficient of the spatial dependent variable, ∑ [image: image] represents the interaction effect of the endogenous dependent variable, [image: image] represent the spatial individual effect and time effect respectively, [image: image] is an independent and identically distributed random disturbance term, and the other variables are the same as Eq. 1.
The spatial weight matrix W adopts the geographical distance matrix based on the distance function, as follows:
[image: image]
In Formula 4, [image: image] represents the spatial dependency relationship between regions, and the larger the value, the greater the spatial dependency. [image: image] represents the spherical distance between region [image: image] and region [image: image] and it’s calculated based on the longitude and latitude data provided by the national basic geographic information system.
Columns (1)–(3) in Table 9 show the time lag term, spatial lag term, and time and spatial lag term of the spatial Durbin model (SDM). The results show that in the Spatial Durbin Model (SDM), the lag coefficient of the dependent variable ρ is significantly positive at 1%. This indicates that there is a spatial spillover effect in the modernization of industrial chain, and the coefficient of digital finance is significantly positive, indicating that digital finance can significantly improve the modernization of industrial chain. Under the real-time nature of digital technology, the modernization of industrial chain has significant spatial dynamic effects. The implementation of digital finance provides strength for a new round of financial supply in the entire financial market, increases the types of financial services, and increases the probability and scope of industrial entities obtaining credit capital. As a strong supplement to traditional financial services, digital finance also relies on a series of digital technology advantages to broaden financing channels, increase the scale of financial coverage in the industrial chain, and provide capital support to the main body of industrial development. With the support of digital finance, the modernization of the previous industrial chain can significantly have a positive effect on the modernization of the next industrial chain.
TABLE 9 | The spatial measurement results of digital finance on the modernization of industrial chain.
[image: Table 9]The model I, model II, and model III in Table 10 respectively correspond to the model decomposition effect of adding time lag term, space lag term, time lag term, and space lag term. The regression results of the three models are consistent and can be used as robustness tests for each other. In the short term, the direct impact of digital finance on the modernization of industrial chain is significantly positive, while the indirect impact is not significant. The overall effect is significantly positive. In the long run, the direct impact of digital finance on the modernization of industrial chain is also significantly positive, while the indirect impact is not significant. The overall effect is significantly positive. That is to say, digital finance has a significant positive impact on the modernization of local industrial chains in both the short-term and long-term, but has no significant impact on the modernization of adjacent regional industrial chains. The long-term direct effect is greater than the short-term direct effect, indicating that in the short term, digital finance may influence the modernization development of the industrial chain through its own role, while in the long term, it is through the joint action of itself and technological changes on the modernization of the industrial chain. In other words, digital finance can not only support the modernization of the industrial chain itself, but also make this boosting effect more apparent through technological changes in the long term.
TABLE 10 | The direct, indirect, and total effects of digital finance on the modernization of industrial chain.
[image: Table 10]6 DISCUSSION
The empirical results show that digital finance has a positive and positive impact on the modernization of the Chinese industrial chain, which is consistent with the research findings Lei et al., 2023; Xiao et al., 2023b). Our findings underscore the fact that digital finance has a significant and positive impact on this process, primarily by breaking down traditional time-space constraints between capital demand and supply.
Notably, the influence of digital finance is heterogeneous across different regions of China. The eastern region, which is typically more developed and has more mature digital infrastructure, benefits more significantly from digital finance compared to the central and western regions. This implies that digital finance might be more effective in regions with a certain level of economic and digital development, suggesting that digital infrastructure could be a prerequisite for maximizing the benefits of digital finance. Therefore, the existence of differences in financial endowments across regions may account for the differences with the findings of scholars (Heeks, 2022; Wang et al., 2020).
Our results also highlight that the impact of digital finance has been more pronounced after 2016. This might be attributed to the rapid advancements in digital technologies and financial innovations that have occurred in recent years. Furthermore, we found that digital finance contributes positively to industrial agglomeration, industrial structure optimization, and Innovation Achievements Transformation. The varying effectiveness across these subindicators suggests the multifaceted nature of digital finance’s influence on industrial modernization.
Finally, our research reveals positive spatial spillovers of digital finance and industrial chain modernization. However, the impact of digital finance on adjacent regions was found to be negligible. This could be due to the localized nature of digital finance, where its benefits are primarily reaped within the region where it is implemented.
7 CONCLUSION AND POLICY RECOMMENDATIONS
The research concludes that digital finance has a positive and significant impact on the modernization of industrial chain. Digital finance uses high-end and cutting-edge digital technology to break the objective time-space constraints between the demand side of financial capital and the supplier of financial resources, and can obtain credit capital more quickly, which provides a basis for promoting the industrial structure upgrading, industrial agglomeration and Innovation Achievements Transformation.
Therefore, this paper puts forward the following policies and suggestions: firstly, improve the quality of financial services, form a large-scale digital financial market system, further expand the depth and breadth of financial services, and transform digital finance from capital allocation function to capital allocation; Give full play to the leading role of the capital market, provide operational capital for the industrial chain development, increase the direct financing’s proportion by enterprises, inject new momentum into industrial development, and promote the high-end trend of the industrial chain. Secondly, promote a high degree of integration between digital finance business and the industrial chain, create and set up digital finance products that are in line with the industrial chain development, guide funds to flow into high-end industries, strengthen the role of digital finance in fund allocation in the industrial chain, actively promote the allocation of capital elements from low-end industries to high-end industries in the value chain, and assist in industrial agglomeration, industrial upgrading, and innovation transformation.
8 LIMITATIONS
Despite the significant findings, our research is not without limitations. First, our study focused on the provincial level, potentially overlooking variations at the city or district level. Digital finance development and its impacts could be more nuanced and vary significantly within provinces, which our study does not capture. Finally, our study did not examine the potential negative impacts or risks associated with digital finance, such as increased cybersecurity threats or financial instability. Future research could aim to provide a more balanced perspective by investigating both the advantages and potential risks of digital finance.
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