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The “14th Five-Year Plan” represents a crucial phase in enhancing financial inclusivity in China and addressing the challenge of “peak carbon emissions.” Given the digital economy’s rapid growth, China must urgently devise a model for high-quality development that combines digital finance with eco-friendly and low-carbon strategies. Uniquely focusing on the intersection of digital finance and sustainable growth, this paper fills a critical gap in the existing literature. To examine the impact of digital inclusive financing on carbon emissions from the vantage point of enhancing consumption structures, this study uses panel data covering the years 2014–2020 from 30 Chinese provinces. This research underscores the novel finding that digital inclusive finance can play a significant role in lowering carbon emissions by encouraging individuals to alter their consumption patterns. Variations across regions are evident in the impact, with the central and western areas experiencing a more pronounced decline in carbon emissions in comparison to the eastern region. Moreover, the influence of consumption structure upgrading varies across regions. Additionally, the study identifies a positive spatial spillover relationship between digital inclusive finance and carbon emissions. Through its pioneering exploration, this study offers fresh insights for boosting digital finance’s carbon-reduction impacts through consumption structure upgrades, strengthening the spatial interconnectedness of digital finance and consumption trends, and eventually supporting a path toward low-carbon, high-quality development.
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1 INTRODUCTION
The transition to low-carbon and emission-reduction is a crucial strategic path for China’s future growth, and green and low-carbon development has emerged as a major strategic direction for China’s future development. In the context of industrial development and innovation, the balance between economic progress and environmental conservation has become critical. A recent study has shown an inverted U-shape relationship between economic growth and environmental degradation in 10 emerging countries, emphasizing the role of renewable energy, urbanization, and foreign direct investment in this dynamic (Awan et al., 2022). The Intergovernmental Panel on Climate Change (IPCC) predicts an increase of at least 1.5 °C in the average global surface temperature over the next two decades. Given the significance of this context, our research seeks to elucidate the interrelationship between digital inclusive finance and its ramifications on carbon emissions in China.
The transition to low-carbon and emission-reduction is a crucial strategic path for China’s future growth, and green and low-carbon development has emerged as a major strategic direction for China’s future development. Over the next two decades, the average global surface temperature is projected to increase by at least 1.5°C, according to the Intergovernmental Panel on Climate Change (IPCC). Even while other greenhouse gases and pollutants contribute to global warming, carbon dioxide is still the most important factor (Zhong et al., 2022). While previous studies have touched upon these subjects in isolation, our work’s novelty stems from intertwining the dynamics of digital inclusive finance, consumption structures, and their collective influence on carbon emissions.
In 2022, China’s carbon dioxide emissions are projected to be 11.477 billion tons, according to data from the International Energy Agency. This massive output accounts for about 31.19 percent of total global emissions, firmly establishing China as the world’s largest emitter of carbon dioxide (Cai and Song, 2022). The need to limit carbon emissions is now widely acknowledged by governments worldwide. The “30–60”dual-carbon targets were proposed by General Secretary Xi Jinping at his address to the 75th United Nations General Assembly in September of 2020. China aims to peak its carbon dioxide emissions by 2030 and achieve carbon neutrality by 2060. The State Council issued “Guiding Opinions on Accelerating the Establishment of a Green, Low-Carbon, and Circular Development Economic System” in 2021. This document underscores the importance of balancing economic growth with the effective management of greenhouse gas emissions. It highlights the imperative of steering economic and social development towards greener practices. Consequently, curbing the rise in carbon emissions has emerged as a pivotal concern within China’s pursuit of high-quality economic advancement.
As digital technology has become increasingly pervasive in the financial sector, digital inclusive finance (DIF) has emerged as a key driver of innovation in the sector. By 2021, the median value of China’s digital inclusive finance index across provinces is expected to be 363.61, a huge increase from 2011’s 33.58. In contrast to conventional finance, digital inclusive finance does away with the restrictions brought on by information asymmetry. It extends the reach of conventional banking by catering to the financing requirements of small and medium-sized businesses, an audience that conventional banks have historically struggled to reach (Sun et al., 2021). It plays a pivotal role in accelerating the green transformation of the economy and reducing carbon emissions, while also vastly improving the efficiency with which financial resources are allocated. As a result, does digital inclusive finance reduce carbon emissions? If this phenomenon is proven, what processes are at work? How do the unique characteristics and regional distributions of digital inclusive financing affect its carbon footprint? To address these inquiries, it becomes imperative to delve into the context of China’s modernization and undertake empirical investigations grounded in a comprehensive survey of pertinent literature. This approach not only allows for a thorough analysis but also opens avenues for incremental contributions within this paper.
Theoretical studies conducted in the present day suggest that the impact of the evolution of digital inclusive finance on reducing carbon emissions is complex. At the micro level, digital inclusive finance can affect carbon emissions through enterprise technological innovation (Zhang and Liu, 2022; Ma et al., 2022; Chu et al., 2023) and energy consumption reduction (Dong F. et al., 2022). Furthermore, through our comprehensive investigation, we aim to bridge the existing gap in understanding the potential spatial spillover effects, thereby enriching the discourse on the broader environmental implications of financial innovations.
At the meso level, through industrial structure adjustment (Wang Y. et al., 2022), industrial digital empowerment (Zhang L. et al., 2022), and regional innovation level (Zhang W. et al., 2022), Digital inclusive finance has the potential to improve energy resource accessibility while also increasing carbon emission efficiency, resulting in a reduction in the region’s overall carbon footprint. At the macro level, digital inclusive finance can enhance regional carbon emission reduction capacity through rural revitalization (Xue et al., 2022)], economic growth effects (Li et al., 2020), and population structure adjustment (Dong J. et al., 2022). There is a lack of in-depth theoretical analysis and empirical findings concerning the effects of digital inclusive finance on carbon emissions through the lens of improving the consumption structure, despite the fact that the prior research provides a valuable theoretical foundation and methodological perspectives.
Consumption, as one of the “Three Engines,” has progressively transformed into a driving force propelling China’s economic growth (Li et al., 2020), but it has also contributed to carbon emissions (Li et al., 2021). According to data from the Ministry of Ecology and Environment’s Publicity and Education Center in 2020, home consumption accounts for around 47.5 percent of all carbon emissions in China. Globally, household consumption accounts for as high as 72% of total carbon emissions. This underscores the substantial intervention possibilities within the consumption domain, with a pivotal role assigned to fostering environmentally-friendly shifts on the consumption front. Hence, Theoretically, Through the viewpoint of improving consumption patterns, we must learn how digitally inclusive finance affects carbon emissions. This approach aids in evaluating the societal and economic value engendered by digital inclusive finance’s advancement and enhancing comprehension of factors shaping carbon emission mitigation. Furthermore, unraveling the driving mechanisms underlying digital inclusive finance’s impact on carbon emissions carries tangible practical value. It aids in curbing carbon emissions from the consumption angle, facilitating ecological transitions in the economy, and fostering the growth of a low-carbon economic model.
As laws, technologies, and knowledge are shared, there is also a spillover effect of carbon emissions from one province to another (Yi et al., 2022). According to the theory of agglomeration economies, the spatial concentration of resources allows the reduction of transaction costs and increases the efficiency of resource usage. As a result, this arrangement leads to lower carbon emissions. Some scholars have engaged in both theoretical analysis and empirical research concerning this subject, such as Zhang and Liu (Zhang L. et al., 2022), and Yu and Zhu (Yu and Zhu, 2023), These professionals have all said on multiple occasions that the development of digital inclusive finance has a major adverse effect on local and regional carbon emissions. This observation underscores the existence of positive spatial spillover effects. However, there are also a few scholars who hold opposing views (Chen et al., 2023), suggesting that digital inclusive finance inhibits carbon emissions efficiency in neighboring regions. It is clear that a consensus on the spatial implications of digital inclusive financing on carbon emissions has not yet emerged. The interconnectivity of carbon emissions across areas will undoubtedly impact each province’s development of specialized emission reduction programs. As a result, investigating the impact of digital inclusive finance on carbon emissions within China’s provincial domains from a spatial standpoint becomes critical.
Unlike previous research, this work has the potential to make the following contributions: 1) It offers a unique approach by looking at the relationship between digital inclusive finance and carbon emissions reduction via the lens of consumption structure upgrading. While prior studies have separately delved into the relationships among digital inclusive finance, consumption structure improvement, and carbon emissions reduction, this paper uniquely amalgamates all three elements within a unified framework. 2) By employing a spatial Durbin model, this research uncovers a noteworthy pattern. It demonstrates that the advancement of digital inclusive finance facilitates the reduction of carbon emissions within a province, yet it simultaneously exhibits positive spillover effects. This means that as digital inclusive finance grows within a local area, it might inadvertently contribute to increased carbon emissions in neighboring regions. These distinctive contributions distinguish this paper’s significance within the existing scholarly landscape.
The paper’s structure unfolds as follows: In the second section, a theoretical analysis is presented alongside research hypotheses. The third section delineates the empirical design. The fourth section encompasses empirical result analysis, encompassing endogeneity tests, robustness assessments, and heterogeneity analysis. In the fifth section, special attention is given to spatial spillover effects. Ultimately, the paper concludes with recommendations.
2 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESES
2.1 Carbon emission effects of digital inclusive finance
Scholars from both the domestic and international arenas have recently actively participated in extensive theoretical discussions and empirical studies on the effects of digital inclusive finance development on carbon emissions (Ding R. et al., 2022; Wang et al., 2023a). Two main points of view have evolved from this discussion. According to the first point of view, digital inclusive finance has the ability to reduce carbon emissions. Shahbaz et al. and Boutabba suggest that financial development reduces energy-related emissions by facilitating trade openness, thereby achieving a reduction in CO2 emissions (Shahbaz et al., 2013; Boutabba, 2014). Dong et al. argue that digital inclusive finance primarily enhances carbon emissions efficiency by improving regional innovation levels and entrepreneurial activities (Dong. et al., 2022). Zhang et al. also support this viewpoint (Zhang W. et al., 2022).
The other perspective contends that digital inclusive finance inhibits carbon emissions reduction. For instance, Sadorsky highlights from a consumer perspective that financial development increases energy demand by boosting consumer credit demand, leading to higher carbon emissions (Pu and Fei, 2022). Perry Sadorsky reach similar conclusions (Sadorsky, 2010). Furthermore, Muhammad and Fatima and Sun and Chen find that bank-dominated financial institutions significantly increase carbon emissions and even impede technological progress in enterprises to a certain extent (Javid and Sharif, 2016; Sun and Chen, 2023). Within this study, we undertake an analysis of the influence of digital inclusive finance on carbon emissions, considering the following three distinct levels.
On the one hand, digital inclusive finance is based on digital platforms that digitize offline enterprises. According to transaction cost theory, online financial services significantly reduce high transaction costs and resource consumption resulting from transaction uncertainty and high transaction frequency (Yang et al., 2022), thereby promoting carbon emissions reduction. On the other hand, environmental service platforms in digital finance, such as “Ant Forest,” have increased public engagement in environmental activities, motivating individuals to adopt low-carbon lifestyles (Sun et al., 2021).
From the perspective of businesses, digital inclusive finance effectively reduces search costs and the number of interactions with financial institutions by conveying information to enterprises in need of loans through digital platforms. As a result, it lowers financing costs for companies and alleviates unnecessary resource consumption (Li et al., 2023). Furthermore, digital inclusive finance harnesses advanced digital technologies like big data and blockchain to delve into company-specific information, thereby amplifying information transparency (Li J. and Wang Q., 2022; Li Z. and Wang J., 2022; Fan and Feng, 2022). This reduces financing failures caused by information asymmetry, ultimately achieving emission reduction goals.
From the industrial level, first, as an emerging service sector, digital inclusive finance possesses attributes of minimal energy consumption, reduced pollution, and heightened efficiency. Consequently, its progression proves more favorable for advancing the reduction of carbon emissions in comparison to conventional industries (Qin et al., 2022; Wang et al., 2023b). Second, Through the availability of alternative funding routes, digital inclusive finance broadens the purview of financial services, shattering the financing barriers encountered by small and medium-sized firms. This facilitates optimal resource allocation, guides funds towards high-efficiency industries, promotes industrial upgrading, and supports green transformation (Zhang et al., 2023).
Based on the above analysis, we propose Hypothesis 1.
H1. The advancement of digital inclusive finance contributes greatly to the reduction of carbon emissions.
2.2 Mediating effect of consumption structure upgrading on carbon emission reduction through digital inclusive finance
Digital inclusive finance facilitates major consumption structure upgrading (Yu et al., 2022; Yan et al., 2023). Considering the “price effect,” digital inclusive finance’s impact is two-fold. Firstly, it mitigates financial limitations for businesses, facilitating access to funds for technological advancements and heightened production efficiency. This generates a consistent demand that leads to a decline in market equilibrium prices. Secondly, digital inclusive finance diminishes information disparities and trims consumer search expenses, further influencing a reduction in market equilibrium prices. This tandem effect fosters an increase in non-material consumption, thereby propelling the upgrading of consumption structure (Tian, 2022).
From the standpoint of the “income effect,” digital inclusive finance broadens the channels via which financial services are available and increases people’ potential for income growth. According to the theory of the consumption function, consumption is dependent on income. When the basic material needs of the public are met, they shift towards non-material consumption, achieving consumption structure upgrading (Yu et al., 2022).
Consumption structure upgrading significantly promotes carbon emission reduction (Dong J. et al., 2022; Xing and Ye, 2022; Hu et al., 2023). Upgrading the consumption structure leads to a shift from basic material consumption to non-material consumption, resulting in increased market share for the development and enjoyment-oriented sectors, primarily in the tertiary industry. Moreover, consumption structure upgrading often shapes new consumption concepts and high-quality consumption structure, such as advocating for green transportation and embracing low-carbon consumption (Dong F. et al., 2022). Therefore, consumption structure upgrading has a negative impact on carbon emissions.
Based on this, we propose Hypothesis 2.
H2. The effect of digital inclusive financing on carbon emission reduction is mediated by consumption structure upgrading.
2.3 Spillover effects
New economic geography suggests that everything has a certain spatial connection, and each region’s factors will have spillover effects on neighboring areas. Numerous research have confirmed the spatial consequences of digital inclusive finance in terms of carbon emission reduction (Wang X. et al., 2022; Chang and Li, 2022). Ding contends that digital inclusive finance adeptly transcends geographical constraints, amplifies the scope and depth of economic interactions among regions, and generates adverse spatial spillover consequences on regional economic growth (Ding X. et al., 2022). Similarly, due to the existence of technology spillovers and learning effects, a region can further improve its carbon emission efficiency by learning advanced emission reduction technologies and policies from nearby areas while improving its own carbon emission efficiency (Du et al., 2022). As a result, the impact of digital inclusive finance progress on carbon emission reduction should have similar spillover consequences.
Based on this, we propose Hypothesis 3.
H3. The growth of digital inclusive finance has an impact on carbon emission reduction.
This study combines the “dual-carbon” objectives with relevant theories to investigate the impact of digital inclusive finance on carbon emissions and the low-carbon development trajectory of digital inclusive finance. It investigates the methods through which digital inclusive finance influences changes in carbon emissions, as seen through the lens of improving consumption structure. (refer to Figure 1; Figure 2).
[image: Figure 1]FIGURE 1 | The theoretical mechanism of digital inclusive Finance’s impact on carbon emissions.
[image: Figure 2]FIGURE 2 | Moran’s I scatter plot of the digital inclusive finance index in 2014.
3 RESEARCH DESIGN
3.1 Model specification
3.1.1 Baseline regression model
To investigate the empirical relationship between digital inclusive finance and carbon emissions, we developed the following baseline regression model:
[image: image]
where [image: image] and [image: image] represent the province and year, respectively. [image: image] represents the logarithm of carbon emissions in province [image: image] at year t, [image: image] represents the digital inclusive finance coefficient in province [image: image] at year [image: image], and [image: image] denotes the control variable set including per capita GDP (rgdp), squared per capita GDP (rgdp2), industrial structure (is), technological progress (lntec), energy consumption structure (es), urbanization level (urb), population density (lnpop), foreign direct investment (lnfdi), and environmental regulations (reg). [image: image] and [image: image] are time fixed effect and province fixed effect, respectively, the error term is denoted by [image: image], and [image: image] represents the constant term.
3.1.2 Mediation effect model
To investigate whether consumption structure upgrading acts as an intermediary variable in the relationship between digital inclusive finance and carbon emissions, we developed the following mediation effect model:
[image: image]
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where [image: image] represents the consumption structure upgrading coefficient in province [image: image] at year [image: image]. The terms [image: image] and [image: image] represent random disturbance terms, while [image: image] and [image: image] are constant terms.
Eq. 1 represents the mechanism of how digital inclusive finance affects carbon emissions, where [image: image] represents the overall effect level. Eq. 2 represents the mechanism of how digital inclusive finance affects consumption structure upgrading, with [image: image] representing the direct effect level between the two variables. Eq. 3 introduces consumption structure upgrading as a mediating variable to examine its impact mechanism, where [image: image] represents the direct effect level of digital inclusive finance on carbon emissions, and [image: image] represents the direct effect level of consumption structure upgrading on carbon emissions.
The mediation effects are examined using the following methods: First, the total effect exists in Eq. 1 (i.e., [image: image] is significant). Second, in Eq. 2, digital inclusive finance significantly influences consumption structure upgrading (i.e., [image: image] is significant). Third, consumption structure upgrading significantly affects carbon emissions (i.e., [image: image] is significant). Under the premise that all three conditions are simultaneously satisfied, if [image: image] in Eq. 3 is significant, it indicates the presence of partial mediation. If [image: image] is not significant, it indicates the presence of complete mediation.
3.1.3 Spatial econometric model
Given the volume of evidence available, it is clear that digital inclusive finance, consumption structure upgrades, and carbon emissions can have spatial implications. This study incorporates a spatial econometric model to more completely analyze the geographical spillover effects within these variables. The spatial econometric model that was developed is as follows:
[image: image]
In Eq. 4, [image: image] represents the spatial weight matrix, which captures the interdependence among provinces. In this study, the economic geographic distance matrix and adjacency matrix are utilized to reflect the degree of interdependence between provinces. The parameter [image: image] is the coefficient to be estimated, [image: image] represents time effects, and [image: image] represents individual effects.
3.2 Variable selection
3.2.1 Dependent variable
In this study, the dependent variable is carbon emissions (lnC). The carbon emissions dataset, which spans each province and year, is obtained from the China Energy Statistical Yearbook. The natural logarithm of carbon emissions is used as the dependent variable to assist the regression analysis. It is important to note that, as of now, authoritative statistical data on carbon emissions in China has not been officially provided. Therefore, many scholars convert energy consumption data into carbon emissions. In this study, the calculation method proposed by Zhang and Zhang (Zhang and Zhang, 2015), as well as Dong et al. (Dong J. et al., 2022), is adopted, which uses the consumption of eight fossil energy sources: raw coal, coke, crude oil, fuel oil, gasoline, kerosene, diesel, and natural gas, to estimate carbon emissions.
[image: image]
Where [image: image] represents the total carbon emissions, [image: image] represents the consumption of the ith type of energy, [image: image] represents the standard coal conversion coefficient for the ith type of energy, and [image: image] represents the carbon emission factor for the ith type of energy.
3.2.2 Core explanatory variable
The core independent variable under scrutiny in this study is inclusive digital finance (FIN). The degree of digitalization is considered as a proxy for inclusive digital finance. The Inclusive Digital Finance Index, produced by Peking University’s Digital Finance Research Center, emerges as the most comprehensive data source for tracking the advancement of digital finance across China’s provinces. This index factors in both the extensiveness and depth of digital financial services.
3.2.3 Mediating variable
The mediating variable in this study is consumption structure upgrading (CS). Following the method employed by Xing and Ye (Xing and Ye, 2022), this study utilizes the relative proportion of non-material consumption (comprising healthcare, transportation, communication, education, and entertainment) concerning total household consumption as a proxy variable for quantifying consumption structure upgrading.
3.2.4 Control variables
The following variables are included in the control variables: 1) GDP per capita (rgdp). Each province’s economic development level is reflected here. 2) GDP per capita quadratic term (rgdp2). Investigated in order to evaluate the Environmental Kuznets Curve. 3) Business framework (is). The ratio of secondary (including manufacturing and mining) to tertiary industry (services). 4) Technological advancement (lntec). The logarithm of patent applications and grants is included. 5) Structure of energy consumption (es). The fraction of coal usage in relation to overall energy consumption. 6) Level of urbanization (urb). The proportion of the urban population in relation to the overall population. 7) Density of population (lnpop). The logarithm of the ratio of resident population to provincial area is included. 8) Direct foreign investment (lnfdi). The logarithm of the amount of foreign direct investment is used. 9) Environmental laws and regulations (reg). The ratio of investment in industrial pollution control to secondary industry value added is used.
3.3 Data sources
This study gathered panel data from 30 Chinese provinces from 2014 to 2020, excluding Tibet, Hong Kong, Macau, and Taiwan. The China Energy Statistical Yearbook was used to obtain carbon emissions data for each province. The Peking University Inclusive Digital Finance Index was used to calculate inclusive digital finance data for each province. The China Statistical Yearbook was used to obtain consumption structure upgrading statistics for each province. The CSMAR and Wind databases were used to acquire control variable data. Instances of missing data were supplemented using respective provincial statistical yearbooks. Some variables underwent logarithmic transformation to alleviate heteroscedasticity. Table 1 showcases the descriptive statistics.
TABLE 1 | Descriptive statistics of variables.
[image: Table 1]According to the findings in Table 1, there are considerable disparities in the minimum, standard deviation, and maximum values of carbon emissions (C) across provinces. Indicating distinct regional variations in carbon emissions. The inclusive digital finance coefficient (fin) and the consumption structure upgrading index (cs), as well as control variables such as foreign direct investment (fdi), technological innovation (tec), population density (pop), and urbanization level (urb), exhibit large differences between the maximum and minimum values, indicating imbalances in development among provinces.
4 EMPIRICAL ANALYSIS
4.1 Total effects of digital inclusive finance on carbon emissions
The overall impacts of digitally inclusive finance on carbon emissions are displayed in Table 2. With the help of the Hausman test, we can be confident that the fixed effects model is the best choice for this type of regression study. Notably, the coefficients in columns 1) and 2) related to digitally inclusive finance have negative signs and achieve statistical significance at the 1% and 5% levels, respectively. This indicates the positive effect that digitally inclusive finance has on decreasing carbon emissions. Hence, the first hypothesis is confirmed.
TABLE 2 | Total effects of digital inclusive finance on carbon emissions.
[image: Table 2]As digital inclusive finance continues to evolve, it innovates products and services, reduces service costs, and improves service efficiency, thereby influencing various stages of production and consumption and ultimately achieving carbon emission reduction. The median value of China’s digital inclusive finance index rose from 173.82 in 2014 (Sichuan Province) to 334.82 in 2020, an increase of 92.62 percent (Sichuan Province). During this period, China’s unit GDP energy consumption has decreased by about 20%. The average annual energy consumption growth of approximately 2.9% has driven a 6.2% growth in the national economy. This indicates that the advancement of digital inclusive finance contributes to improved energy use efficiency and, as a result, a reduction in carbon emissions.
Contrary to the inverted-U-shaped notion of the environmental Kuznets curve, the coefficients of per capita GDP (pgdp) and the squared term of per capita GDP (rgdp2) have opposing signs for the control variables. This discrepancy may be due to the data period used in this study, which covers the years 2014–2020 and does not include earlier data, thereby influencing the empirical results. Negative effects can be caused by factors such as industrial structure, population density, FDI, and environmental regulation. However, there are beneficial benefits from developments in technology, the structure of energy consumption, and the degree of urbanization.
4.2 The impact of digital inclusive finance on carbon emissions through consumer structure improvement
Through the viewpoint of consumer structure enhancement, Table 3 analyzes the impact of digital inclusive financing on carbon emissions. Data in column 1) indicates a positive and statistically significant (p.01) coefficient related to digital inclusive finance in relation to consumer structure upgrading. That’s why the expansion of consumer structure is boosted considerably by the advent of digitally inclusive finance. In short, as digital inclusive finance develops, a larger share of citizens’ spending goes toward experiences rather than things. Payment options are expanded, credit limits are eased, and non-materialistic consumption is promoted with the help of digitally inclusive finance.
TABLE 3 | Effects of digital inclusive finance on carbon emissions through consumer structure upgrading.
[image: Table 3]Column 2) investigates the mediating influence of consumer structure upgrading. The findings show that consumer structure upgrading is significantly and negatively correlated at the 1% level, indicating that it plays an important role in reducing carbon emissions. Simultaneously, the direct impact of digital inclusive finance on carbon emissions is insignificant, showing that this direct effect has little sway. As a result, consumer structure improvement emerges as a comprehensive intermediary bridging the gap between digital inclusive finance and carbon emissions.
4.3 Endogeneity test
A potential reverse causal relationship between digital inclusive finance and carbon emissions may exist, raising endogeneity concerns. On one hand, the growth of digital inclusive finance could impact consumer structure upgrading, adjustments in industrial composition, and enterprise innovation—factors that could subsequently influence carbon emissions. On the other hand, rising environmental consciousness among the public coupled with government-backed environmental policies might fuel innovation within businesses, producing an “innovation compensation” effect that drives digital inclusive finance development. To enhance result reliability, this study employs instrumental variable (IV) techniques to tackle this intricacy.
There are limited existing studies that discuss instrumental variables related to digital inclusive finance. For example, Fan et al. used internet penetration rate as an instrumental variable (Fan and Feng, 2022), while Yi et al. used mobile phone penetration rate and the number of mobile phone base stations (Yi and Zhou, 2018). In this study, the instrumental variable used for digital inclusive finance is mobile phone penetration rate, considering the following two perspectives. Firstly, digital inclusive finance relies heavily on information technology, and mobile phones serve as a medium through which consumers benefit from digitization. Moreover, if the mobile phone penetration rate is low in a certain province, it hinders the promotion of digital inclusive finance, indicating a strong correlation between the two variables that meets the relevance requirement. Secondly, the influence of mobile phone adoption on digital inclusive finance has no effect on carbon emissions intensity, satisfying the exogeneity criteria.
The outcomes of the two-stage instrumental variable regression are shown in Table 4. According to the results of the preliminary stage of regression, the coefficient associated with the mobile phone penetration rate is 0.0021 (first column). This suggests that an elevated mobile phone penetration rate corresponds to heightened digital inclusive finance development, and this coefficient holds statistical significance. In the subsequent column, the second-stage regression showcases that “phone” and “lnc” are negatively linked, reaching a 5% significance level. This demonstrates the carbon emission reduction effect of digital inclusive financing.
TABLE 4 | Empirical results using instrumental variable.
[image: Table 4]4.4 Robustness test
Robustness tests are integral to gauging the model’s resilience and its capability to offer plausible interpretations of real-world phenomena. A commonly employed approach to assess model stability is to modify key variables. The comprehensive digital inclusive finance index includes three sub-indices that, to some extent, represent the extent of digital inclusive finance development. Nevertheless, when considering the mediating factor of consumption structure upgrading, using the ratio of transportation, healthcare, education, and cultural expenditures in total consumption might not provide an accurate depiction of consumption structure upgrading. Thus, this study undertakes robustness tests by altering the measurement methodologies for both the explanatory and mediating variables.
4.4.1 Changing the explanatory variable
Broadness of coverage, depth of usage, and degree of digitalization are the three components that make up the digital inclusive finance index. Multiple indices—mobile, affordability, credit, and convenience—comprise the degree of digitalization. For the purpose of performing robustness tests, the degree to which inclusive finance has been digitalized has been substituted for the whole digital inclusive finance index. The outcomes are shown in Table 5.
TABLE 5 | Empirical results with changed explanatory variable.
[image: Table 5]There is a highly significant inverse relationship between the degree of digitalization of inclusive finance and the amount of financial inclusion, as shown by the data in the first column. This suggests an inverse association between digitization and carbon emissions, suggesting that carbon emissions can be lowered with the help of digitally inclusive financing. There is a positive correlation between the degree to which inclusive finance is digitized and the upgrading of the consumption structure, as shown in column (2), at the 5% level of statistical significance. Carbon emissions are greatly reduced when an improved consumption structure is introduced into the model, as indicated in column (3). At the same time, the more the use of digital tools in inclusive finance, the lower the resulting carbon emissions. Thus, the past empirical findings coincide with the mediating effect of upgrading consumption structure in the context of the link between digital inclusive finance and carbon emissions.
4.4.2 Changing the mediating variable
In the previous analysis, the level of consumption structure upgrading was measured using the proportion of non-material consumption, which is the proportion of transportation, healthcare, education, and cultural expenses in total consumption. To assess the robustness of the outcomes, this study employs two alternative methods as substitutes for the proxy variable denoting consumption structure upgrading.
First, referring to Tian for measuring consumption structure upgrading, expenditures are classified into three categories: subsistence consumption, development-oriented consumption, and enjoyment-oriented consumption, based on the classification of household consumption by the National Bureau of Statistics (Tian, 2022). These three categories are given weighted values, resulting in a composite consumption upgrading index. The following is how the consumption structure upgrading index is calculated: Consumption Structure Upgrading Index = 1 Proportion of Subsistence Consumption + 2 Development-Oriented Consumption + 3 Enjoyment-Oriented Consumption.
Second, referring to Liu and Hu (Liu and Hu, 2021), subsistence consumption is defined as expenditures on food, clothing, and housing. The consumption structure is measured by the proportion of total expenditures spent on food, clothes, and shelter (proportion of subsistence consumption). A decrease in this proportion indicates an upgrading of the consumption structure.
To sum up, through the lens of modified measurement methodologies for the mediating variable, it is evident that the impact of digital inclusive finance on carbon emissions maintains a mediating influence by way of consumption structure upgrading. This further bolsters the credibility of the prior empirical findings (Table 6).
TABLE 6 | Empirical results with changed mediating variable.
[image: Table 6]4.5 Heterogeneity analysis
Given that China encompasses vast regional disparities in culture, development, geography, and other aspects—owing to its position as the third-largest country by land area—a deeper exploration of the effects and mechanisms of digital inclusive finance on carbon emissions within diverse regions becomes pertinent. To facilitate this analysis, the sampled provinces are categorized into three regions: East, Central, and West, based on the classification criteria of the National Bureau of Statistics. This division allows for distinct empirical investigations for each region. For the sake of comparative analysis, Table 7 integrates the findings for the entire sample, encompassing both the national and Eastern region perspectives, while Table 8 delves into the outcomes for the Central and Western regions.
TABLE 7 | Presents the empirical results for the whole country and the Eastern region.
[image: Table 7]TABLE 8 | Empirical results for the central and western regions.
[image: Table 8]The East, Central, and Western coefficients all share the national perspective of pessimism on the impact of digital inclusive finance on greenhouse gas emissions. Evidence that digitally inclusive finance can successfully curb greenhouse gas production. Specifically, at the 1 percent level, this effect is highly substantial in the Central and Western areas. When looking at the impact of digital inclusive finance on lowering carbon emissions, it appears that the Central and Western regions benefit more than the rest of the country as a whole. The Eastern region, in comparison, tends to yield insignificant findings. The quick economic growth, early adoption of green economy practices, and aggressive execution of low-carbon regulations that have been seen in the Eastern area may be to blame, since they may mitigate the benefits of digital inclusive finance in terms of lowering emissions and carbon intensity.
Consistent with the national trend, all three areas (the East, the Central, and the West) display positive outcomes when it comes to the impact of digital inclusive finance on upgrading the consumption structure. This suggests that digitally inclusive finance may help optimize the structure of consumer spending. The Central region feels the effects of this more than the Eastern region. The lack of economic and financial development in the Central Provinces has been mitigated, demonstrating the efficacy of digitally inclusive finance. Making available financial services in the Central Region boosts spending patterns that prioritize experiences over things. In the West, where inclusive digital money is still in its infancy, the impact has been minimal.
The overall effect of digital inclusive finance in the Central area is significantly unfavorable in terms of the mediating effect of improving the consumption structure. There is a negative correlation between improved consumption structure and carbon emissions, but digitally inclusive financing does promote consumption structure. The negative impact of digitally inclusive finance on greenhouse gas emissions is minimal. Instead, this effect is totally mediated by consumption structure, which in turn encourages lower carbon emissions. The influence of digital inclusive finance on carbon emissions is considerably negative in the Western region, demonstrating that upgrading consumption structures partially mediates the relationship between digital inclusive finance and carbon emissions.
4.6 Spatial spillover effects
Before estimating the parameters of the spatial econometric model, an apt model form needs to be selected, involving several sequential steps. To initiate, a Hausman test is administered to decide between fixed effects and random effects models. Following this, a LR (likelihood ratio) test is executed to ascertain the precise form of the fixed effects model. The LR test results indicate that the spatial Durbin model with both individual and time fixed effects is the best option. Furthermore, the spatial Durbin fixed effects model is better suitable than the spatial lag and spatial error fixed effects models. In the subsequent step, a Wald test is leveraged to assess the potential transformation of the model into a spatial lag or spatial error model. The Wald test results indicate a substantial dismissal of the null hypothesis for all models. In culmination, based on the course of these sequential steps, It is concluded that the spatial Durbin model with individual and time fixed effects is the best fit for the following investigation.
4.6.1 Results of spatial correlation test
An initial step in determining the presence of spatial correlation is to run a global spatial autocorrelation test using Moran’s I index. This indicator has values ranging from −1 to 1, with values closer to 1 indicating greater geographical connection. The positive or negative sign denotes positive or negative spatial correlation. Table 9 shows the results of the geographical correlation test for carbon emissions. The Moran’s I index, calculated using the economic distance weighting matrix, has a noticeably positive value at the 10% significance level for the period 2014–2020. This identifies the presence of a positive spatial connection in carbon emissions between provinces. Notably, the spatial correlation of digital inclusive finance shows incremental strengthening over time, whereas the spatial correlation of carbon emissions shows minor variations (Figure 3; Figure 4; Figure 5).
TABLE 9 | Moran’s I index for the years 2014–2020.
[image: Table 9][image: Figure 3]FIGURE 3 | Moran’s I scatter plot of carbon emissions in 2014.
[image: Figure 4]FIGURE 4 | Moran’s I scatter plot of digital inclusive finance index in 2020.
[image: Figure 5]FIGURE 5 | Moran’s I scatter plot of carbon emissions in 2020.
4.6.2 The total effect of digital inclusive finance on carbon emissions
Table 10 summarizes the overall impact of digital inclusive financing on carbon emissions. Columns 1 and 2 employ an economic-geographic matrix, whereas columns 3 and 4 employ an adjacency matrix. As demonstrated in Table 10, the coefficient of digital inclusive finance is negative at a 1% significance level when using the economic-geographic matrix and negative at a 5% significance level when using the adjacency matrix. This suggests that the province’s growth of digital inclusive finance contributes to lower carbon emissions. In essence, the progression of digital inclusive finance undeniably exerts a noteworthy restraining influence on carbon emissions, consequently corroborating the hypothesized relationship. This may be due to the fact that the development of digital inclusive finance can provide opportunities for reducing carbon emissions for low-income populations and underdeveloped regions through supporting energy efficiency, renewable energy, carbon reduction projects, and promoting a circular economy. By enacting these strategies, digital inclusive finance assumes a favorable role in curtailing carbon emissions and advancing sustainable development. The utilization of diverse matrices further substantiates the reliability and consistency of the empirical outcomes.
TABLE 10 | Total effect of digital inclusive finance on carbon emissions.
[image: Table 10]The coefficient associated with the lagging part of digitally inclusive finance is significantly positive at the 1% level when evaluated spatially and when other variables are held constant. Based on these findings, it is clear that digitally inclusive finance has far-reaching, beneficial spatial spillover effects. Geographical spillover effects from digital inclusive finance on carbon emissions can be understood as an uptick in emissions in neighboring provinces as a result of developments in digital inclusive finance within the original province.
Further investigation into the geographical effect mechanism of digital inclusive finance on carbon emissions reveals substantial direct, indirect, and total effects, as shown in Table 11. The direct effect is negative at the 5% significance level, proving that expanding access to digitally-enabled financial services leads to less pollution in the province as a whole. Provincial carbon emissions can be lowered by the introduction of a digitally inclusive funding structure. However, if the coefficient of the indirect effect is positive, then means that digital inclusive finance is having a beneficial spatial spillover effect. Carbon emissions from neighboring provinces rise when digital inclusive finance develops inside a jurisdiction.
TABLE 11 | Direct effect, indirect effect, and total effect of the SDM model.
[image: Table 11]Digital inclusive finance, when viewed through the lens of the mediating influence of consumption structure upgrading, has the ability to reduce time expenditures, support the sharing economy paradigm, and promote financial support for green energy consumption. These factors collectively guide the transition from traditional consumption structure towards a more sustainable structure. As consumption structure upgrading transpires within a province, a “siphon effect” ensues, driving consumption transference between regions. Consequently, digital inclusive finance exerts a restraining influence on the spatial spillover of consumption structure upgrading in neighboring provinces. Notably, while consumption structure upgrading contributes to carbon emission reduction, the consequence materializes in elevated carbon emissions in neighboring provinces.
5 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
Using panel data from Chinese provinces from 2014 to 2020, this study combines fixed effects models and spatial Durbin models to thoroughly investigate the mechanisms and spatial spillover effects of digital inclusive finance on carbon emissions. The following are the conclusions:
Efficacious Carbon Emission Restraint: Digital inclusive finance has a tangible impact on carbon emissions. The advancement of digital inclusive finance coincides to the achievement of China’s twin carbon goals. Even after multiple rounds of thorough robustness testing, this assumption retains its robustness.
Consumption Structure Upgrading Mediation: The increased consumption structure intricately mediates the impact of digital inclusive finance on carbon emissions. Within this framework, digital inclusive finance acts as a catalyst for upgrading consumption structures, so contributing to carbon emission reductions.
Regional Heterogeneity Impact: An examination of regional disparities reveals that the carbon emission reduction impact of digital inclusive finance is significantly greater in the central and western regions when compared to the eastern region. Furthermore, in the context of the interaction between digital inclusive finance and carbon emissions, the mediating effect of consumption structure reveals full mediation in the central region, whereas partial mediation is observed in the western region.
Spatial Dynamics: With a geographical lens, it is clear that while the advancement of digital inclusive finance reduces carbon emissions inside the bounds of the originating province, it also has positive spatial spillover effects. This suggests that progress in digital inclusive finance in one province contributes to increased carbon emissions in other regions.
5.2 Recommendations
Based on the research findings, this study proposes the following policy recommendations.
(1) Local authorities must capitalize on the digital transformation trend, reinforce digital economic infrastructure development, and elevate digital inclusive finance in their regions to foster energy preservation and emissions reduction. With its broad reach embracing micro, small, and medium-sized firms (MSMEs), as well as low-income individuals formerly underserved by traditional financial intermediaries, digital inclusive finance provides services such as small-scale inclusive financing. This effectively mitigates the conventional credit’s risks and expenses, promoting a greener economic landscape. This helps local businesses improve their operational performance and enables individuals to improve their income status, thus reducing carbon emissions.
(2) China should aggressively develop digital inclusive finance to boost consumption levels and optimize consumption structure, ultimately injecting endogenous motivation to reduce carbon emissions. To encourage inhabitants to adopt low-carbon consumption habits, digital inclusive finance can offer services like as small-scale loans, payment settlements, insurance, and so on, leveraging digital financial tools to promote the upgrading and optimization of consumption levels and structure. Additionally, digital inclusive finance can provide advocacy and education on carbon emission reduction to residents through digital technology and information dissemination channels. Through mobile applications, online platforms, and other forms, residents can access information and guidance on energy conservation, carbon reduction techniques, and green lifestyles, motivating them to actively adopt environmentally friendly measures and reduce carbon emissions.
(3) Differentiated policy combinations or supplementary strategies need to be employed to propel both the advancement of digital inclusive finance and the execution of carbon emission management. Given the variance in digital inclusive finance’s growth stage and promotion degree across regions, it is vital to select appropriate policy blends and flexibly calibrate implementation intensity based on local developmental nuances and requisites. Region-specific policies can be shaped in accordance with distinct developmental characteristics and necessities. Factoring in the regional disparities in digital inclusive finance’s progress and promotion level, policy emphasis and focal points can be ascertained in line with particular circumstances.
(4) Achieve spatially balanced growth of inclusive finance. The government should adopt suitable policies and prioritize the development of digital inclusive finance in underdeveloped and disadvantaged areas, as well as provide more support and resources to achieve balanced development. Infrastructure such as digital payment systems and electronic banking outlets should be constructed in less developed areas to improve financial service accessibility and convenience. Additionally, efforts should be made to improve network coverage and communication infrastructure to guarantee that digital financial services are accessible. Promoting green finance and sustainable development, guiding financial institutions and users to choose green financial products, supporting financing for renewable energy and low-carbon projects, reducing reliance on high-carbon industries, and lowering carbon emissions should be prioritized in the development of digital inclusive finance.
6 LIMITATIONS AND FUTURE RESEARCH
First, while this study delves deeply into the impact of digital inclusive finance on carbon emissions from a consumption structure perspective, it overlooks the direct environmental costs associated with the growth of the digital economy itself. As digital technologies become more ubiquitous, so too does the consumption of energy to power them, especially in data centers and networking infrastructure. Future research should factor in the direct environmental footprint of the digital economy to provide a more holistic perspective on its impact on carbon emissions.
Second, our study’s regional focus, especially on Chinese provinces, might limit its generalizability to other nations or broader contexts. Different nations have unique socio-economic conditions, technological adoption rates, and regulatory environments which can significantly influence the interplay between digital finance, consumption structures, and carbon emissions. It would be intriguing to see a comparative study across various nations, especially juxtaposing developing and developed countries, to understand the broader dynamics of these variables.
Third, our study, while using an extensive dataset from 2014 to 2020, might not account for more recent technological innovations, regulatory changes, or shifts in consumption patterns. The digital landscape evolves rapidly, and what may have been relevant in 2020 could be outdated just a few years later. Moreover, the aftermath of the COVID-19 pandemic, which drastically accelerated digital adoption and altered consumption patterns, could introduce new variables into the equation. Future studies should consider an updated dataset, factor in post-pandemic behaviors, and assess the long-term sustainability and impact of pandemic-induced changes on the relationship between digital finance and carbon emissions.
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The outcomes are displayed in Table 6. Columns (1) to (3) employ the consumption structure upgrade index as a gauge of consumption structure, while columns (4) to (6) utilize the
consumption structure upgrade ratio. Column (c) showsa significantly positive coefficient for the digital inclusive finance index (2). Column (5) on the other hand shows a sharp negative value
for this coefficient, This indicates that digitally inclusive financing can in fact drive upgrading of consumption structures. The digital inclusive finance index s not sttistially significant, but the
proxies for the consumption structure in columns 3 and 6 are. This indicates that there is a moderating influence associated with improvements to consumption structures when considering the
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