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In the context of global concerns about climate change and environmental pollution, green economy is a key path to sustainable development. This study focuses on the impact of FinTech (FI) on China’s green economic growth (GEG) and regional differences to support green economic development. The panel data of 30 provinces in China from 2011 to 2021 are selected to analyse the relationship between fintech innovation and green economic growth with the help of spatial Durbin model, and spatial factors are taken into account to ensure that the study is scientific and reliable. Fintech innovation significantly promotes green economic growth, with positive spatial spillover effects. However, there are obvious regional differences, as the eastern part of China has developed its economy and financial technology, and its financial technology promotes green economic growth much more than that of the central and western parts of China, showing a transitional situation between the east and the west, and the central part of China. Fintech promotes China’s green economic growth, but regional development is uneven. While the eastern part of the country makes good use of fintech, the central and western parts of the country need to improve financial infrastructure and cultivate talents. This study provides empirical evidence on the development of green economy in Chinese cities, which will help coordinate the development of science and technology with economic development, formulate differentiated policies, and contribute Chinese experience to global green development.
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1 INTRODUCTION
The escalating urgency of the climate crisis has prompted global economies to adopt sustainable, low-carbon growth models. As the concept of a green economy gains wider acceptance, the demand for robust financial mechanisms to facilitate this transition has become increasingly evident. However, traditional financial systems often exhibit limitations in providing adequate funding and support for green initiatives, primarily due to their risk-averse nature and the inherent complexities involved in evaluating and financing environmentally sustainable projects. Within this context, financial technology (FinTech) has emerged as a pivotal instrument to bridge the gap between sustainable development objectives and the financial resources required to achieve them (Khoshnava et al., 2020).
As the global economy transitions towards greener models, it is essential to investigate innovative financial tools that can support sustainable development (Wang et al., 2021). FinTech offers a unique opportunity to address many of the conventional challenges associated with green finance, including enhancing accessibility, improving efficiency, and promoting transparency and innovation (Ding et al., 2022). A systematic study of FinTech’s impact on green economic development is both timely and necessary to ensure that the financial sector can effectively facilitate the transition to a sustainable, low-carbon future. Such research is critical to unlocking the full potential of financial technology as a catalyst for both economic growth and environmental sustainability.
In this research endeavour, we endeavour to illuminate the intricate interplay between fintech and the progression of green economic growth (GEG). Our investigation delves into the question of whether the augmentation of information technology (IT) resources allocated to financial institutions fosters or impedes the proliferation of regional green economic development. Our study aligns closely with the pioneering works of Zhou et al. (2022a) and Nenavath and Mishra (2023), which have collectively underscored the salutary effects of fintech on fostering green economy development, employing green finance as a pivotal mediating mechanism.
Based on the transition of global climate governance and the practice of China’s “dual-carbon” strategy, this study focuses on the spatial and temporal effect mechanism of fintech-driven green economic growth. Through the spatial Durbin model, it is found that there is a significant spatial spillover effect of fintech innovation on green total factor productivity, with a gradient difference of east > central > west, revealing the ternary synergy law of technology-finance-environment in the era of digital economy. At the practical level, it provides differentiated paths for deepening the integration of science and technology industries in the east and breaking through the bottleneck of digital infrastructure in the central and western parts of China, and at the same time builds a synergistic framework of “technological spillover in the east, industrial undertaking in the central part of China, and ecological compensation in the western part of the country”.
Due to the availability and completeness of the data, this paper selects the panel data of 30 provinces in China from 2011-2021 and uses the SDM model to explore the impact of fintech on the development of the green economy. It further divides the regions into East, Central, and West and conducts heterogeneity analyses to explore the differences in the impacts between different regions. Through empirical evidence, it is found that: 1. The green economy development and green finance level of the 30 provinces in China show an upward trend and present a situation of strong in the east, weak in the west, and transition in the centre; 2. Fintech promotes the development of the local green economy, and at the same time there is a spatial spillover effect on the neighbouring regions; 3. There is a regional heterogeneity of the impact of fintech on the development of the green economy.
The sections of the study are arranged accordingly: Section 2 comprehends the existing literature, Section 3 analyses the influencing mechanism, and Section 4 presents the data and models. Section 5 carries out the empirical research. Section 6 summarizes the empirical results and puts forward the relevant policy recommendations.
2 LITERATURE REVIEW
2.1 Research on green economic growth
The concept of a green economy emerges as a guiding principle, encapsulating the core objective of elevating human wellbeing and promoting social justice to pursue a sustainable future (Lin and Zhou, 2022). Technological innovation has a key role in driving the transition to a green economy (Cheng et al., 2024). The innovation and optimization of green technologies are identified as crucial factors in fostering sustainable development and mitigating adverse externalities. This confirms that the convergence of digital technologies with green innovation empowers businesses to enhance competitiveness. The convergence of digital technologies and green innovation can help businesses become more competitive (Yin and Zhao, 2024). Manufacturing enterprises can further promote their digital green innovation performance through external knowledge cooperation (Yin and Yu, 2022). China’s green economy is booming, and innovation is a key driver of economic growth (Zhao et al., 2022b). Yu et al. argue that there is an inverted U-shape relationship between green technological innovation and economic growth pressures (Yu et al., 2023).
The Environmental Kuznets Curve (EKC) depicts an inverted U-shaped relationship between environmental pollution and economic growth. Scholars have extensively explored the factors influencing carbon emissions within this theoretical framework. Some research indicates a diminishing impact of economic growth on carbon emissions (Li et al., 2024). Yu et al. discovered that Foreign Direct Investment (FDI) positively impacts green economic development in Chinese urban areas through technology transfer and agglomeration effects (Yu and Liu, 2024). As economies allow foreign investment and adopt advanced technologies, a positive spillover effect occurs. Furthermore, advanced technologies tend to mitigate the inhibitory effect on GEG (Yu et al., 2021). However, trade exhibits heterogeneity in its impact on carbon emissions. While trade openness may promote carbon emissions, diversification of trade can serve to inhibit carbon emissions (Wang, Zhang and Li, 2024). Moreover, human capital (EDU) exerts a positive and enduring influence on economic growth (Doré and Teixeira, 2023). The level of human capital also influences environmental quality. An increase in green human capital initially leads to a deterioration in environmental quality, but in the long run, it results in an improvement in the environment (Ahakwa et al., 2023). Wang et al. (2023) concluded that the effect of human capital on carbon emissions varies before and after the EKC turning point, with a more pronounced inhibitory effect observed after the turning point (Wang et al., 2023).
The policies of green economy and globalization have had a combined effect on the economic value of natural resources, specifically the decrease in the form of resource rent (Xuan et al., 2023). This result underscores the importance of developing green growth policies. It acknowledges that natural resources are finite and cannot be exploited or substituted without limit. The study further points out that policies to promote green growth have a crucial role to play in achieving sustainable, inclusive and robust economic growth. In terms of environmental benefits, green economy policies can significantly increase the efficiency of resource use and play an important role in significantly reducing environmental pollution (Ma et al., 2023).
2.2 Research on fintech
Fintech, the fusion of financial services with technological innovation, is a pivotal force propelling the global digital economy forward. Green technology innovation (GTI) is characterized by external economics, high investment, and high risk. Fintech can empower traditional financial institutions to tackle green identification, reduce the cost of green credit and guarantee GTI activities (Liu et al., 2023). Some studies assert that fintech not only facilitates technological innovation but also accelerates the growth of the digital economy. It diminishes the role of local governments in fiscal decentralization (Chen et al., 2022). Fintech reduces financial risk and promotes sustainable development. It also carries out investment activities in digital green innovation projects and selects co-investment partners which will help companies avoid financial risks and achieve sustainable economic development (Yin et al., 2022).
The transformative potential of fintech extends to reshaping industry structures and redirecting capital flows (Dong et al., 2024). Regional economies also have the potential to significantly benefit as they foster growth and prosperity in the area. According to financial geography, distance increases transaction costs, and information asymmetry hinders risk control. Fintech makes use of information technology to overcome geographic restrictions, and “information asymmetry”. This eases the contradiction between demand and supply, enterprises and banks, and reduces transaction costs and financing constraints (Guo et al., 2023). It completes the process of reducing costs and controls risks through technical identification. Moreover, it aids in the reduction of geographical barriers in financial services which often lead to disparities and inequalities. Since geographical distance affects the accessibility of financial resources, human capital, and other factors, fintech hubs tend to be established in already existing financial centers. FinTech companies tend to cluster in central cities, where higher salary levels and employment environments attract talent inflows. It intensifies competition within the industry and also eases financing constraints and other issues. This accelerates corporate innovation and increases total factor productivity, thereby promoting green urban developmen (Huang, 2022). Fintech companies in central cities are more likely to play a radiation-driven role in geographically neighboring cities. Geographical proximity ensures a reduced transactional cost, transport costs and control risks. It also facilitates the fintech in the central city to play a “technological spillover effect” to reduce the green credit constraints faced by enterprises and thus promote cities’ green development (Liao and Li, 2022). Therefore, fintech can have a beneficial impact on the local economy.
2.3 Fintech for green economic growth
As finance and technology become more integrated, understanding the impact of financial investment on GEG is crucial for promoting China’s sustainable development. The role of FinTech in driving regional economic growth has been widely recognized (Zhou and Wang, 2024). Studies have shown that China’s GEG shows a fluctuating trend and further found that financial development and TI promote green economy fluctuations (Cao et al., 2021).
In fintech innovations, traditional financial service constraints are breached to promote sustainable regional development by reducing pressure on resources (Teng and Shen, 2023). Moreover, energy efficiency improvements can curb carbon emissions in the transport sector (Li et al., 2022). Fintech uses artificial intelligence (AI) to provide smarter and more personalized means of service. This brings financial services closer to user needs and market changes (Almansour, 2023). In the context of trade openness, AI can effectively curb carbon emissions as trade openness increases (Wang et al., 2024). Fintech has the effect of governing the environment and promoting the traditional financial services industry to move from emptiness to reality. It further alleviates the problem of enterprise financing constraints by assisting the enterprise’s innovation, production and business activities. This ensures high-quality and sustainable development (Guo et al., 2023). Fintech enables online and digital payment and withdrawal. The electronic service model directly reduces the consumption of physical resources in the process of financial business, thus reducing carbon emissions and environmental pollutant emissions (Wang et al., 2024). Concurrently, it has brought about an information revolution in the financial sector, reduced the degree of informational asymmetry, and promoted the optimization of resource allocation efficiency. The introduction of big data technology directly promotes the collection, collation, and analysis of information on green projects by financial institutions and assists in decision-making and management (Liu et al., 2024). Therefore, this paper makes the case that fintech can influence the GEG. According to neoclassical growth theory, the marginal returns to production inputs diminish, and because of resource constraints, sustainable economic growth cannot rely solely on inputs of factors of production. However, technological innovation is also required to achieve this. Green technology innovation (GTI) can advance the study and creation of environmentally friendly products. It can also help reduce waste and pollutants and improve the efficiency of resource utilization (Dabbous and Aoun Barakat, 2023; Zhang et al., 2023). The innovation of green technology can help the government or institutions to complete green strategic planning and effectively improve the quality of the environment (Ni et al., 2023).
3 MECHANISM ANALYSIS AND RESEARCH HYPOTHESIS
3.1 Fintech for green economic growth
The Environmental Kuznets Curve (EKC) theory posits an inverted U-shaped relationship between economic growth and environmental degradation, suggesting an eventual shift towards environmental protection as economies mature. With the pursuit of high-quality economic development, balancing growth with environmental sustainability has become paramount.
Fintech, especially the application of artificial intelligence (AI) and big data, has brought significant changes to energy management, strongly promoting energy conservation and emission reduction. Through real-time collection and analysis of massive data on energy production, transmission, distribution, and consumption, AI algorithms can accurately predict energy demand and optimize scheduling programs (Liu et al., 2022). The smart grid analyses the user’s power consumption habits with big data, reasonably distributes power resources, and effectively reduces energy loss; in industrial production, AI monitors the operating conditions of equipment in real time, predicts failures in advance, and dramatically improves the efficiency of energy use, providing a solid energy guarantee for the development of the green economy.
In terms of green investment decision-making, financial and technological innovation provides a more scientific basis. Big data widely integrates corporate environmental performance data, sustainable development reports and market dynamics and other sources of information to build a comprehensive green investment assessment system. Artificial intelligence machine learning algorithms conduct in-depth mining and analysis of these data to accurately assess the investment value and risk level of green projects. Taking the investment evaluation of new energy projects as an example, with the help of AI models for comprehensive consideration, it can help investors screen out more potential projects, guide the flow of social capital to the green industry, and provide sufficient financial support for the development of the green economy (Huang et al., 2024).
Financial and technological innovation has also injected a strong impetus for the development of the green industry. Big data and artificial intelligence help enterprises gain precise insight into market demand, optimise product design by analysing consumers' environmental preferences, enhance the green attributes of products and strengthen market competitiveness (Yu and Liu, 2024). Meanwhile, the rise of fintech platforms has effectively lowered the financing threshold of green enterprises, and crowdfunding platforms have opened up financing channels for small-scale green entrepreneurial projects, which has greatly promoted the R&D and application of green technologies and facilitated the flourishing development of the green industry in a diversified direction.
3.2 Spatial spillover effects
Fintech promotes interregional financial cooperation through cross-border payments and international crowdfunding. This accelerates the flow of funds to a wide range of regions, opens up more financing channels for green projects and enhances capital efficiency. This model directly promotes the green development of the project area and attracts the attention of other regions. It also stimulates imitation and competition and creates a spatial spillover effect of green economic growth. Fintech tools such as crowdfunding platforms act as knowledge dissemination channels, facilitating the widespread sharing of green technologies and encouraging innovators from all over the world to participate in the green economy. The emergence of Fintech has eased the transfer of technology across borders. For instance, sustainable agricultural technology can now be spread to other regions via the internet to promote green transformation. In addition, the regional dissemination of fintech success stories and policy innovations promotes the harmonization of policies and regulations. This also provides a favourable policy environment for the green economy and further stimulates positive interregional spillover effects.
Figure 1 illustrates the mechanism of fintech’s impact on GEG. In this view, the following hypotheses of this research are proposed.
[image: Figure 1]FIGURE 1 | Impact mechanisms.
H1. Fintech innovation is crucial to promoting green growth.
H2. Fintech innovation has obvious regional heterogeneity in terms of green economic growth.
4 DATA EXPLANATORY AND MODEL DESCRIPTION
4.1 Data Explanatory
4.1.1 Explanatory variable: Green economic growth index
One crucial metric for assessing how well the green development model is working is the Green Economic Growth Index (GEG). This paper empirically analyzes the connection between FI and GEG based on relevant research on green economic growth by Lin and Zhou (2022). In addition to economic development, GEG needs to be studied in terms of ecological protection, social progress, and technological innovation. As such, based on Hu and Lin (Hu and Zheng, 2023; Lin and Zhou, 2022), this study constructs a green development indicator system that is more comprehensive and more in line with China’s national conditions. The indicators include the four secondary indicators mentioned above and 21 tertiary indicators (Table 1). The GEG indicators were constructed using the entropy weight method. The data were logarithmically processed for accuracy. The study presents the measured green economic growth indices of 30 provinces and cities in China from 2011 to 2021 in Figure 2.
TABLE 1 | Green economic growth indicator system.
[image: Table 1][image: Figure 2]FIGURE 2 | 2011–2021 GE G in China.
The data results (Figure 2) show that the overall GEG of China’s provinces shows a year-on-year increasing trend from 2011 to 2021, with Beijing, Shanghai, Jiangsu, Zhejiang and Guangdong having higher overall levels. This means that economically developed regions also have greater options for transforming their economic growth patterns. They can more effectively promote high-quality, low-pollution development patterns. The development mode of high quality and low pollution can be promoted more effectively.
From a regional perspective, GEG is high in the eastern seaboard region with its superior economic and financial ecological advantages. It has also demonstrated excellent performance for the green economy in terms of demand and financial support. Along with the promotion of green financial policies, the Eastern Seaboard is rapidly becoming a national and international meeting point for high-quality capital, advanced green technologies and professional talents. The underdevelopment of central and western regions can be attributed to several factors. Firstly, these regions exhibit a lower level of economic development, which hinders the achievement of a balance between economic growth and environmental sustainability, thus impeding the transition to a green economy. Secondly, the central and western regions are characterized by a higher concentration of resource-based industries. These industries, which were historically associated with high pollution and energy consumption, have not undergone comprehensive upgrades. This results in continued adverse impacts on ecological and environmental protection efforts. Consequently, GEG in these regions remains relatively low. This regional disparity highlights the existence of variations in green economic growth (GEG) across different geographical areas.
4.1.2 Explanatory variable: fintech innovation (FI)
Financial technology (FinTech) is still in its infancy and there is no standardized definition of it in academia. The Financial Stability Board noted that FinTech (FI) is the term for new financial innovation brought about by blockchain and big data, creating new products, applications, business models, and processes in the financial industry.
Fintech innovation (FI) was replaced by the Digital Finance Indicator (DFI), which was selected to reflect the development of inclusive digital finance in China’s 30 inter-provincial regions (Guo et al., 2020). Underneath the DFI, there are three auxiliary indicators. The first is the discussion on the coverage of DFI, which largely reflects the breadth of coverage of FI. The second indicator is the depth of use. The interpenetration of finance and technology is not only reflected in the breadth of application but also in the depth of consideration, which is measured specifically through credit and payments. The third is the degree of digitalization. Financial services are characterized by multi-level and diversified development. The mutual integration of finance and technology has greatly improved the convenience and mobility of financial services. There are also 33 tertiary indicators under the secondary indicators.
4.1.3 Control variables
This paper combines the existing relevant studies and takes other relevant variables affecting GEG as control variables. These are as follows: Urbanization rate (UR) is measured by the proportion of urban residents to the total population of the degree of urbanization in China’s provincial administrative regions. Total foreign investment as a proportion of regional GDP is used to represent the indicator of FDI. The structure is the tertiary industry’s added value divided by the secondary industries. Human capital level (Edu) is replaced by the university students’ number per 10,000 population in persons. The ratio of the entire postal and telecommunications industry to the regional GDP is used to indicate the amount of information (Tech).
4.2 Data sources
The 2011–2021 period marks China’s economic transition from high-speed to high-quality growth, encompassing the 12th and 13th Five-Year Plans. Green economy trends flourished during this time. China has a vast territory, and there are significant differences among provinces in terms of economic development, resource endowment and ecological environment. Choosing 30 provinces as the study object can cover different types of regions and improve the representativeness and universality of the study. Special administrative regions differ from other provinces in terms of systems, policies and management regimes; at the same time, there are differences in the calibers and sources of data statistics, which affect the comparability and quality of data. Therefore, this paper selects annual panel data for 30 Chinese provinces (excluding Tibet) from 2011 to 2021. Data were obtained from the National Bureau of Statistics, provincial statistical yearbooks, the China Statistical Yearbook and the Environmental Statistics Yearbook (Table 2).
TABLE 2 | Data descriptive statistics.
[image: Table 2]4.3 Model construction
In real economic societies, geographically adjacent countries or regions strengthen their economic ties and cooperation. They coordinate their regional economic policies to safeguard their common economic interests, which means that regional economic activities cannot exist independently. Green economic growth has obvious spatial spillover (Song et al., 2019). The spatial econometric model relaxes the assumption that spatial units are independent of each other. This means the model considers an interrelationship between the region and its neighbours. Thus, changes in variables in the region directly affect the region and its neighbours. Therefore, this paper uses spatial econometric modelling in its study.
4.3.1 Spatial autocorrelation test
In the field of spatial economics, spatial autocorrelation analysis is used to explore the extent to which the same variables in different regions are spatially dependent. It is also implemented to reflect more comprehensively and realistically the direction and degree of influence among the studied variables. Before conducting the baseline regression, the spatial autocorrelation of GEG and financial technology innovation is tested using the Moran index to determine the spatial econometric model. The equation for calculating the Global Moran Index (Equation 1) is as follows:
[image: image]
Where: [image: image] is the sample variance; [image: image] is the mean of real GDP per capita for all provinces.
The spatial weight matrix forms the basis for constructing spatial models which can be divided into adjacency matrices and distance matrices according to type. The 0–1 matrix has been chosen as the matrix of choice when analyzing spatial spillovers. As shown in Equation 2, 0–1 matrices assign a value of 1 to adjacent areas and 0 to non-adjacent areas. This means that the correlation between spatial units depends on whether the two areas are adjacent or not, with certain regional restrictions. Therefore, the economic distance matrix Equation 3 was chosen for comparative analysis, taking into account the spillover range.
Adjacency weight matrix [image: image]:
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Economic distance weighting matrix [image: image]:
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As seen from Table 3, under the weight matrix of adjacency weight and weight matrix of economic distance, the Moran index of China’s GEG during 2011–2021 is positive and significant at the 1% statistical level.
TABLE 3 | Global moran index results.
[image: Table 3]To observe the contribution of provinces to spatial autocorrelation, we used Moran scatter plots to describe spatial agglomeration. The study takes 30 provinces and selects the green economic growth index data for 3 years, 2011, 2016 and 2021, in the form of cross-sectional data and demonstrates the spatial autocorrelation using a Moran scatter plot. As shown in Figure 3, the 2021 green index of economic growth of the local Moran scatter diagram, we can find that the local Moran Green Growth Index is mainly located in quadrants 1 and 3. Moreover, most provinces share the same characteristics in terms of their level of GEG. A province with a weaker green economic growth level has a weaker GEG in its neighbouring provinces. The above indicates that the regional GEG has spatial correlation and severe geographical spatial imbalance, corroborating the findings of Zhao et al. (Zhao et al., 2022a).
[image: Figure 3]FIGURE 3 | Moran scatterplot 2011, 2016 and 2021.
Further identification of the patterns of spatial econometric models is required. Without considering any spatial correlation, the LM test was used to determine whether to choose the SAR or SEM model and if both were possible, the SDM model was chosen. The Wald and LR tests were then used to determine whether the SDM model could be reduced to a SAR or SEM model (Table 4). The Housman test was used to select either a fixed effects model or a random effects model. Immediately following this, the joint significant test was used to further determine which fixed model (time fixed, spatial fixed and double fixed) to choose.
TABLE 4 | Spatial econometric model testing.
[image: Table 4]Referring to Elhorst’s test idea (Elhorst, 2012), the Wald test, LM test and LR test pass the 1% significance test, indicating that the SDM is more suitable for the analysis in this paper.
4.3.2 Spatial econometric model
With the above tests, this paper constructs the SDM model for empirical analysis. The general expressions (4) for the models are as follows:
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where [image: image] represents the spatial autocorrelation coefficient of the explanatory variable; [image: image] stands for the spatial autocorrelation coefficient of each explanatory variable, [image: image] represents the element of the spatial weight matrix for regions i and j; [image: image] shown in Equation 5 represents the spatial error term; [image: image] represents the spatial autocorrelation coefficient of each perturbation term.
5 EMPIRICAL ANALYSIS
5.1 Baseline regression results
In the adjacency matrix (Table 5 (1)) and economic distance matrix (Table 5 (2)), the regression coefficients of the level of fintech are both positive. This indicates that the development of local FinTech has a significant contribution to the local GEG. Innovative developments in financial technology have broken cost barriers to financial services. It has also expanded the audience of financial services and enabled more people to use financial products conveniently through digital technologies. In this way, it will raise consumption levels in the region and promote GEG. In the meantime, it can be observed that fintech innovation in this region has a positive contribution to GEG in neighbouring regions. However, in regions with close economic ties, Fintech has a negative spatial spillover effect on GEG. Innovation in financial technology mainly refers to the use of advanced, sophisticated, and cutting-edge technologies, such as big data analysis, to achieve inter-regional linkage and dissemination of TI. FI is caused by the spread effect of internet technology, which has the basic characteristics of technical knowledge in essence. In addition, with the help of remote communication and interaction of the Internet, it can effectively break the regional limitations of inter-regional technology exchange, information transmission, and knowledge transmission. This will help to realize the spread and linkage of remote knowledge. Regions with close economic ties can also strengthen the learning and imitation of advanced technologies. This will help promote cooperation and competition between enterprises so that technological progress can be reflected in improving work efficiency and the effective control of unknown risks.
TABLE 5 | Spatial Durbin model regression results.
[image: Table 5]Under the two spatial weighting matrices, FDI, Tech and Urban all contribute significantly to GEG. FDI spreads through technology and advanced management experience, which in turn affects resource allocation. Observing the Wx term, with the higher local urbanization rate, there is a significant positive spatial spillover effect on the GEG of neighbouring regions. This may be related to the population movement between neighbouring regions. From the accelerating effects of technology and finance upon the movement of human resources, FI will inevitably promote the spatial movement of talent across regions. In a conventional sense, human capital is the basic power source that ensures the normal economic operation and healthy operation of enterprises. Scientific and technological development, as well as the steady advancement of the economy, lies in human resources. It is necessary to allocate human resources management technology reasonably since it is an important hub to accelerate the inter-regional realization of information exchange and technology interaction. Moreover,it considers the spatial spillover effect for invisible knowledge, thus promoting the regional economy to achieve rapid growth. Previous studies have shown that FDI can bring managerial skills and advanced production technologies to the Chinese economy (Pan et al., 2017). The “bottom-up competition” hypothesis suggests that to attract more FDI inflows, countries or regions will attempt to use reduced environmental protection to gain more market share by relaxing relevant environmental regulations (Luo et al., 2021). Such behaviour can boost economic growth in the short term as FDI increases but also degrade the environment due to the investment construction with the lack of corresponding environmental constraints. Overall, it can hinder green economic growth (Feng et al., 2019). A possible explanation for the significantly positive regression coefficient for industrial structure in neighbouring regions is that the differentiation and complementarity of industrial structure between regions could provide potential conditions for cross-regional industrial specialization and regional specialization. The industrial structure differences drive the green economy, “fluid factor resources ”, spatial aggregation and diffusion effect.
5.2 Decomposition of spatial spillovers
The spillover effects of the spatial Durbin model are decomposed and analyzed specifically (Table 6). From the perspective of direct effect, under both spatial weight matrices, fintech innovation is significantly positively related to green economic growth. This suggests that both can aid in the local province’s GEG. Tech, Structure and Urban play a significant role in GEG in both weighting matrices, while Edu and FDI only play a significant role in GEG in the neighbourhood matrix.
TABLE 6 | Spillover decomposition results of spatial Durbin model.
[image: Table 6]In terms of indirect effects, the level of FI is significantly negative under the economic distance weighting matrix. This suggests that local FinTech have a negative spillover effect on the GEG of provinces with close economic ties. Fintech has the characteristics of technological knowledge. Edu possesses positive spatial spillover effects and promotes GEG in surrounding provinces. In terms of the overall effect, under both spatial weight matrices, FI possesses a positive spatial spillover effect on the GEG within both local and surrounding provinces. Economic expansion and social advancement are driven primarily by breakthroughs in technology.
Based on the results of the analyses of the spatial Durbin model mentioned above, the potential drivers of regional differences can be analysed in depth from multiple dimensions. Differences in the foundation of fintech development is one of the important factors leading to regional divergence. With their strong economic strength and advanced technological infrastructure, developed regions are able to invest a lot of resources in fintech R&D, attract high-end technical talents and innovative enterprises to cluster, and build a perfect fintech ecosystem. This first-mover advantage allows developed regions to take the lead in the use of financial technology to promote green economic growth, and the development of green economy has been effective. In contrast, due to the obvious shortcomings in the investment in technology research and development, talent reserves and the construction of financial technology infrastructure, less developed regions face many obstacles in the use of financial technology to help the development of the green economy, resulting in the development of the green economy is relatively lagging behind, and thus widening the gap between the development of the green economy between the regions.
The suitability of the industrial structure of each region to the green economy also has a key impact on regional differences. Regions dominated by traditional industries and with a high proportion of heavily polluting industries face great challenges in the transition to a green economy. Although the demand for fintech in such regions is urgent, the transition is difficult due to the complex technical, financial and employment issues involved in industrial restructuring. Fintech is constrained by industrial structure in promoting green economic growth in such regions, making it difficult to give full play to its effectiveness. On the other hand, those regions with mainly service and high-tech industries, whose industrial structure is more in line with the concept of green economy development, can quickly and deeply integrate with fintech and accelerate the development of green industries with the help of the power of fintech to realise the rapid growth of green economy. This difference in industrial structure makes different regions show obvious regional heterogeneity in the process of fintech-driven green economic growth.
Policy support and orientation are also potential driving factors that cannot be ignored. Some regions have actively formulated and implemented a series of targeted policies and measures, such as tax incentives, financial subsidies and special development plans, to encourage financial institutions to carry out green fintech business and guide social capital investment in green industries. These policies have created a favourable policy environment for the integration and development of fintech and green economy, stimulated the enthusiasm and creativity of market players, and strongly promoted the development of green economy. However, in some regions, due to insufficient policy support or unclear guidance, financial institutions and enterprises cannot be effectively mobilised to participate in the development of the green economy, limiting the application and innovation of fintech in the field of the green economy, leading to the slow development of the green economy and further aggravating the imbalance of development between regions.
5.3 Robustness test
5.3.1 Replacing explanatory variables
The fintech-related keyword search index can reflect the fintech (Ripberger, 2011). Therefore, we refer to Lyons to construct the fintech index (Lyons et al., 2022), replace the original explanatory variables, and conduct robustness tests (Table 7). Under both weighting matrices, local FinTech still significantly promotes local GEG. The results are stable. Observing the spatial spillover effect of fintech on GEG, under both matrices, the development of fintech shows negative spatial spillover to neighbouring regions and regions with close economic ties. This is because the fintech indicators used in the robustness test are statistically quantified for keywords on the Internet, and digital finance attracts talent to the local area, thus dampening the GEG of the neighbouring region.
TABLE 7 | Robustness regression 1.
[image: Table 7]5.3.2 Constructing dynamic spatial panel models.
Add the time lag term GEG lagged by one period to construct a dynamic spatial Durbin model (DSDM) to test the long-term dynamic effects and spatial spillover persistence of fintech innovation. The results (Table 8) show that the first-order lag term of green economic development will promote the local GEG, reflecting the dynamic and continuous characteristics of China’s provincial GEG. The estimation results of the dynamic spatial panel model also further support the reliability of the previous regression analyses; that is, there is indeed a facilitating effect of fintech on the green economy.
TABLE 8 | Robustness regression 2.
[image: Table 8]5.4 Regional heterogeneity analysis
Different regions have diverse mechanisms of linking and influencing technological innovation and ecosystem resources due to differences in economic development. Therefore, a ‘unilateral' effort to build a green economy may not achieve the desired results (Liu and Dong, 2021). As such, this paper analyses regional heterogeneity by categorizing the employed provinces into three regions: central, eastern and western. Under the neighbourhood matrix, except for the western region, which fails the significance test, the Fintech innovations in the other two regions contribute significantly to the regional GEG (Table 9). Combining the aforementioned findings, it may be concluded that the influence of FI on GEG is significantly regionally heterogeneous, meaning that hypothesis H2 holds. Regional heterogeneity is caused by variations in the three regions' economic standing. Geographically, the eastern region has a distinct resource endowment, a faster economic growth rate and a higher degree of fintech innovation. In addition, urban agglomerations such as the Yangtze River Delta have laid the groundwork for regional development, putting them ahead of other regions in terms of FI and GEG. The contribution of fintech in promoting GEG is not evident in the Western region. These factors include a lack of resources, a low level of economic development, a lack of municipal support in promoting financial innovation and green economy development, a lack of motivation, and inefficiency.
TABLE 9 | Regional heterogeneity analysis.
[image: Table 9]In addition, the study of the eastern region shows that fintech innovation has a positive spatial spillover effect on the GEG of neighbouring regions. The eastern region has an inherent advantage in fintech, and the policy measures formulated by the eastern regional governments have a certain demonstration effect on the neighbouring regions, thus generating a positive spillover effect.
In terms of specific provinces, Beijing, Shanghai, Jiangsu and Zhejiang, as one of the most economically developed regions in China, have abundant capital resources and advanced financial service systems. The application of fintech has made it easier for green economy projects in these regions to obtain financial support. Fintech has helped to develop new types of financial instruments, such as carbon trading and green insurance, to further promote the GEG. The governments of Shanghai, Guangdong, Beijing and Zhejiang have provided policy support for the development of green economy and fintech, including tax incentives, capital subsidies and policy guidance. These policies have encouraged the integration and development of fintech and green economy. Concurrently, residents in these regions are more aware of environmental protection and have a growing demand for green products and services, providing a favourable market environment for the green economy.
Western provinces, such as Sichuan, are dominated by agriculture and heavy industry, with relatively weak green economy industries. Although Sichuan Province has been more active in the development of fintech, it has mainly focused on traditional finance, with less support for the green economy. Yunnan Province is dominated by agriculture and tourism, and GEG is relatively lagging. Environmental awareness in Yunnan Province is relatively low, and there is limited market demand for green consumption and green industry development, which also affects the role of fintech in GEG.
To reduce regional inequalities in green economy opportunities, innovation in financial technology can be leveraged in a number of ways. In terms of strengthening financial infrastructure, the Government, in conjunction with financial institutions, should set up a special fund for regions with weak financial infrastructure, such as the central and western regions, and increase investment in key areas such as network communications and payment and clearing systems, so as to improve the coverage and quality of financial technology services, reduce the difficulty of accessing services for green economy projects, and narrow the gap with the east in terms of the accessibility of financial services. In terms of enhancing the application capacity of fintech, fintech knowledge popularisation activities have been carried out online and offline in the central and western regions, and special training has been conducted for green enterprises and entrepreneurs to enhance their knowledge and application capacity of fintech products and services. At the same time, colleges and vocational schools are encouraged to set up relevant majors to cultivate local talents, and to attract talents from the eastern region for exchange or attachment to enrich the talent pool. In terms of promoting regional fintech cooperation, establish a fintech cooperation mechanism between developed regions in the east and less developed regions in the central and western parts of the country, whereby fintech enterprises in the east can set up branches in the central and western parts of the country or export their technologies to achieve technological sharing, set up a cross-regional green fintech service platform, integrate regional resources, and help green projects in the central and western parts of the country to dock with the national and even global funds and technologies, so as to promote the synergistic development of the green economy.
5.5 Discussion
The spatial econometric model shows that there is a significant spatial spillover effect of fintech on the development of green economy. Positive spillovers are evident in economically developed regions with a good foundation in fintech, such as Guangdong, which provides low-interest loans to neighbouring green enterprises and promotes the development of green industries by virtue of its many fintech firms and big-data risk-control technology; whereas in economically weak regions with lagging fintechs, such as some of China’s western regions, the spillovers are insignificant or even negative, due to the scarcity of professional financial talents and the difficulty in transforming scientific and technological achievements.
Policy-wise, green finance subsidies interact with tax incentives to reduce business costs, stimulate green financial service participation, and promote innovative product R&D. Subsidies incentivize fintech firms to develop financing products for green enterprises (Zhou et al., 2022b). Fintech firms use technology to accurately identify compliant projects, enhancing policy effectiveness and achieving synergistic development. Industrial structure also affects regional differences. Regions with high pollution industries face transformation difficulties, limiting fintech’s role. Service and high-tech-dominated regions integrate quickly with fintech, promoting green growth (Guan et al., 2022). Policy support and orientation are crucial; regions with active policies create favorable environments (Wu et al., 2020), while those with insufficient support face fintech application and innovation limitations, slowing green economy development and exacerbating imbalances.
Less developed regions show greater inclusivity in leveraging financial and tech innovation for green finance. Governments introduce preferential policies like tax breaks and subsidies to encourage green financial tech innovation, creating a supportive environment. Market demand for green industry is rising, with a capital-tech gap. Fintech innovation meets this demand by accurately matching green enterprises' financing needs via big data and developing supply chain finance (Gao et al., 2023). Eager to narrow gaps with developed regions, less developed areas actively collaborate with fintech firms and research institutions. Despite challenges, concerted efforts are expected to enhance fintech innovation tolerance and achieve high-quality green finance development.
In terms of data acquisition, although data from multiple sources such as statistical yearbooks and financial databases were used, there is still the problem of incomplete data. It is difficult to obtain data for some fintech segments, such as the missing data for some emerging green fintech application scenarios, which affects the comprehensiveness of the study. In terms of model setting, although the commonly used spatial econometric models are chosen, they may fail to fully consider the impact of some complex economic and social factors, such as cultural differences and social networks, on the spatial spillover effect of fintech. The scope of the study mainly focuses on the domestic regional level, and there are fewer studies on the spatial spillover effect of FinTech on the green economy among international countries, which limits the universality of the research results.
China’s unique green finance policies, such as green bonds and carbon trading schemes, may reshape the spatial spillover effects of financial and technological innovations on green economic growth (GEG) and the mechanism of regional heterogeneity through multidimensional pathways. Green bonds strengthen the “demonstration effect” of cleantech innovation in the eastern region through targeted capital injection, and their cross-regional industrial chain synergy and technological diffusion under the economic distance matrix make up for the underestimation of the spillover effect of the western region by the traditional adjacency matrix. The national carbon market, on the other hand, through the reconstruction of price signals, has given rise to the innovation of carbon financial instruments, and promoted the transfer of low-carbon technologies in the east to the central and western regions through the quota trading network, thus forming a dual spillover corridor of market-technology. In addition, policy instruments structurally reshape the path of control variable impacts: green certification standards guide FDI to cluster high-tech clean industries in the east, while the carbon account system accelerates the cross-regional replication of low-carbon models in smart cities. However, policy implementation may trigger parameter shifts in spatial econometric models. Future research can quantify the non-linear effect of carbon price threshold on the marginal contribution of central technology through dynamic spatial Durbin models, so as to more precisely analyse the spatio-temporal evolution of GEG driving mechanism under policy intervention.
6 CONCLUSION AND POLICY IMPLICATIONS
6.1 Conclusion
This paper develops a comprehensive framework to assess GEG in each province and applies the SDM to empirically investigate financial innovation and its spatial spillover effect on GEG in China. It also utilizes the DFI compiled by Peking University to examine the heterogeneity of the impact of FI on GEG in terms of regional heterogeneity. This paper finds that: (1) According to the adjacency matrix and the economic distance matrix, fintech innovation has made a significant contribution to GEG with spatial spillovers. The result remains robust after robustness testing. (2) Regarding the regional impacts of the control variables, both FDI, Tech and Urban significantly contribute to the GEG. (3) The influence of FI on GEG varies significantly by area. Under the adjacency matrix, fintech innovation in all three regions significantly contributes to the regional GEG, except the Western region. Financial technology innovation in neighbouring regions, specifically the eastern region, has a positive spatial spillover effect on the regional GEG, with an obvious “demonstration effect”.
6.2 Policy implications
6.2.1 Strengthening the financial science and technology innovation support
The Government should establish a special fund for green financial science and technology innovation to support financial technology enterprises in their green technology research and development projects. This fund could provide financial support in the form of venture capital and research grants to incentivize enterprises to engage in innovative practices in the field of green finance.
6.2.2 Enhancing the capacity of fintech applications in the field of green finance
The government can promote the establishment of a green financial data-sharing platform to integrate various types of green economic and financial data. It can also provide data support and decision-making references for financial institutions and enterprises and improve the operational efficiency of green financial businesses. The government should enhance the development of unified technical standards for green financial technology applications. It should also improve the interoperability and compatibility of various financial technology products, reduce the cost of enterprise applications, and encourage the rapid development of green financial technology.
6.2.3 Improving the green financial policy system
The Government can formulate a series of green finance subsidy policies to provide certain financial incentives or tax concessions to financial institutions and enterprises involved in green economy projects. This will encourage them to invest more in the field of green finance. It can create a green finance development fund to support the development of green financial products and projects, including green bonds and green credit, to provide a stable source of funding for the green economy.
6.2.4 Strengthening fintech talent training
By establishing a training system for fintech talents, the government can cooperate with universities, research institutes and other institutions to establish a comprehensive training system for fintech talent. The training system will offer relevant professional courses and training programs and cultivate more composite talents who are familiar with finance and technology. The government can encourage enterprises to increase their investment in employee training in the field of fintech by giving them tax incentives for talent training, etc. This will improve the technical level and professional ability of their employees.
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