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Carbon emission reduction is critical to realizing China’s “Carbon Peak” and “Carbon Neutrality” goals. Green finance plays an essential role in accomplishing carbon emission reduction. Given the importance, this study builds and tests a causal model that specifies the direct and indirect interconnection of green finance and carbon emission reduction of the Yangtze River Economic Belt in China from 2006 to 2019. The received data reports are from national and local statistical offices. The unit root test and multicollinearity test proves the data are stationary and free from multicollinearity, which builds a foundation for constructing a regression model. The Hausman test provides the evidence for the selection of time and individuals double fixed effects. The stepwise regression model explains the mediation role of technological innovation in the green finance and carbon emission relationship which confirms the rationality of the theoretical assumptions. The spatial Durbin model (SDM) is applied using Stata version 16 for analysis purposes to measure the strength of the relationships which exist among the studied variables. Through the endogeneity test, the reliability of the model results has been demonstrated. The empirical outcomes indicate that it is the Yangtze River Economic Belt that has existed a significant spatial effect of reducing carbon emission, and the various provinces have shown mutual restraint effects of carbon emission. The findings show that green finance has a prominent adverse direct impact on carbon emission, but the spillover effect of green finance on neighboring provinces are seemingly insignificant. A green finance development alliance, green financial reform, and innovation pilot zone should be promoted. The generalizability of the study offers valuable insights for imminent researchers. The research findings could be beneficial for policymakers.
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INTRODUCTION
With the rapid development of global industrialization, the environmental problems brought by fossil energy consumption have gradually threatened the sustainable development of human society. In the recent past, global carbon dioxide emissions have far exceeded the self-purification capacity of the earth. A series of abnormal climate change phenomenon caused by global warming has had a far-reaching impact on the steady progression of human society as the financial sector ignores the ecosystem (Saeed Meo and Karim, 2022). Whereas due to the importance of carbon dioxide emissions on sustainable development, it is imperative to create policies to reduce carbon emissions and discourage energy consumption from sources with high carbon emissions to ensure the carbon dioxide emission is reduced to the possible level (Abbasi et al., 2021a). UNEP has been working with countries, financial regulators, and the finance sector to align financial systems to the 2030 sustainable development agenda—to direct financial flows to support the delivery of the sustainable development goals (UNEP, 2015). Enabling bold action to reduce carbon emissions and build resilience against the impacts of climate change will require mobilizing and aligning finance at scale. The UK launched the green finance strategy on 2 July 2019 (HM Treasury and Department for Business and Energy and Industrial Strategy, 2019). The strategy supports the UK’s domestic and international commitments on climate change, the environment and sustainable development. President Biden’s executive order on tackling the climate crisis at home and abroad (E.O. 14008, signed 27 January 2021) called for the preparation of a Climate Finance Plan (herein “Plan”). This Plan—the first of its kind in the U.S. government—focuses specifically on international climate finance (THE WHITE HOUSE, 2021).
What is Green Finance? The American Heritage Dictionary (Houghton Mifflin Company, 2012) defines green finance as an activity that uses a variety of financial instruments for financing to protect the ecological environment and achieve sustainable development. An (An, 2008) has designated green finance as business operations in which the financial sector promotes environmental resource protection and coordinates economic growth. The “Guiding Opinions on Building a Green Financial System” (herein “Opinions”) (People’s Bank of China, 2016) issued by Chinese officials have emphasized that green finance is an economic activity that supports environmental improvement, and addresses climate change and resource conservation. It is an institutional arrangement to use financial derivatives such as green credit and green bonds to help transform the economy to green. The above three viewpoints illustrate the essence of green finance from different perspectives. Adapting the above report, this article describes the primary connotation of green finance is to take Xi Jinping’s ecological civilization thought and new development concept as a guide to realizing the “dual carbon” vision. It needs to follow the laws of the market economy and use green credit, green securities, and other financial derivatives to support economic activities for environmental improvement, climate change, and resource allocation.
Unlike traditional financial activities, green finance is the expansion and extension of energy conservation and emission reduction on the basis of traditional finance. It is the future development trend of the financial industry and an inevitable choice to realize China’s “dual carbon” vision. In essence, green finance is no different from traditional finance. Both are a form of financing which relies on market mechanisms to allocate funds reasonably to where they are needed. The most significant difference between them is that traditional finance is based on the assumption of rational economical people. It pursues the maximization of interests and puts benefits and risks first in the decision-making process. Resource and environmental issues are less considered. Green finance takes energy conservation and environmental protection as its basic requirements. Besides considering benefits and risk factors in the decision-making process, it also entirely feels environmental issues and seeks to balance the three. The aim is to achieve sustainable development between the financial industry and the social economy.
In China, the carbon dioxide emissions account for one-third of the world’s carbon dioxide emissions and have created a severe ecological crisis. Promoting the reduction of greenhouse gas emissions, mainly carbon dioxide, has gradually become the core point of China’s green development. In China’s “14th Five-Year Plan,” green and low-carbon growth has been listed as a long-term development goal. However, there is a mismatch between China’s existing financial system and low-carbon development. Since the financial crisis, the capital of the Chinese government’s 4 trillion investment flowed to housing and infrastructure construction has reached 3.25 trillion yuan, accounting for 81%, and 70% of the funds have come from bank loans (Development Research Center of the State Council and World Wide Fund for Nature or World Wildlife Fund, 2011). A lot of steel, cement, and coal need to be consumed. Based on the high income and low-risk, steel and other industries have become high-quality customers of financial institutions such as banks (Chen, 2020). Due to the profit-seeking nature of capital, the current financial system has severely squeezed the clean industry’s financing needs and industrial development. As a new development model that resolves the contradiction between economic growth and carbon emissions, green finance has gradually been received more and more attention. In 2016, seven departments of China, including the People’s Bank of China, have jointly issued the “Guiding Opinions on Building a Green Financial System” (People’s Bank of China, 2016). The “Opinions” has become a programmatic document to guide the development of green finance. The report of the 19th session of the national congress of the communist party of China has identified green finance as an essential starting point for implementing the strategic layout of ecological civilization construction and realizing the concept of green development. Until June 2020, the green credit balance has reached 11 trillion yuan, and the stock of green bonds is 1.2 trillion yuan in China, ranking first and second in the world in scale (Yi, 2020). The development of green finance has made significant progress.
The reasons for choosing the Yangtze River Economic Belt as the research object are as follows: first, many studies revealed green finance’s impact on carbon emissions (Li et al., 2017; Chen, 2019; Ding, 2019; Xie and Liu, 2019; Jiang et al., 2020; Niu et al., 2020). After various literature reviews, we have found the importance of green finance, which is ignored in the case of the Yangtze River Economic Belt. Second, as one of the three major support belts for China’s economic development, the Yangtze River Economic Belt is the vanguard of China’s economic development. However, the carbon emissions caused by economic growth are severe. In 2019, its total GDP has accounted for about 46% of China’s total economic output, while its energy consumption and carbon emissions have accounted for about 57% and 56% of China’s totals (Zhang, 2021). Third, realizing goals of green finance to promote carbon emission reduction in the Yangtze River Economic Belt will play a significant role in promoting the realization of China’s “dual carbon” vision. In addition, it will play an essential role in demonstrating green development and carbon emission reduction in other provinces. So, we include the green finance variable to differentiate our study endeavors to fulfil the gap according to a meaningful way.
Green finance is a new trend in China’s future financial development, which has far-reaching significance for carbon emission. So what and how green finance impacts on carbon emissions reduction is a valuable research question. The current study empirically examines the mechanism, explores the intermediary effect, and analyzes the spillover effect of green finance on carbon dioxide emission in the provinces along the Yangtze River Economic Belt. This research investigates the multiple factors which are meaningful that helps policymakers for making decisions regarding sustainable policy. Our research has many decent inferences, both theoretically and practically.
The description of the study is patterned as follows. Literature Review Section deals with the literature review related to connotation of green finance and the influencing factors of carbon emissions reduction. Theoretical and Mechanism Analysis Section provides an analysis of theoretical and mechanism. Research Method Section illustrates the methodology employed in this study. Research Method Section provides the empirical results, and Empirical Results and Discussion Section presents the conclusion and recommendation.
LITERATURE REVIEW
Research on Green Finance in China
Green finance is no doubt the focus of most countries, including China. Presently, green finance is a well-established and recognized field of study. It is worthy to note that academic research on green finance has gradually deepened. In the earlier studies, the functional effects of green finance (Su et al., 2019), the mechanism of action (Cao and Chen, 2018), and development path (An et al., 2017) have aroused general interest. The research level mainly focuses on the national perspective (Zeng et al., 2014; Fang and Lin, 2019), the regional perspective (Yang and Wang, 2017) and, the perspective of the “Belt and Road” (Zhao and Liu, 2020; Qiao et al., 2021). Also, limited by the availability of green finance data, most empirical studies on green finance just show solicitude for green credit. From the macro level, the research explores the implementation path of green credit (Chen et al., 2016) and the obstacles to implementation (Zuo et al., 2017); from the micro-level, the study mainly identifies the impact of green credit on the business performance of commercial banks (Liao et al., 2019). Regarding the measurement of the development level of green finance, the previous literature can be roughly divided into two categories. The first is to measure the development level of green finance from the perspective of capital investment entities. Li and Xia (Li and Xia, 2014) analyzed five aspects, including green credit, green securities, green insurance, green investment, carbon finance, to build an indicator system for green finance, which has been recognized and applied by scholars (Shao and Fang, 2021). The second is to measure the development level of green finance from the perspective of fund recipients. Zhang (Zhang et al., 2018) uses the operation data of listed companies to measure the development level of green finance.
The Linkage Between Green Finance and Carbon Emission in China
The relevant scholars conducts most of the studies to examine the impact of carbon emissions, taking into account the views of economic growth (Xu and Song, 2011), technological innovation (Sun et al., 2020), urbanization rate (Yuan et al., 2015; Wang et al., 2019a), industrial structure (Yang and Yang, 2018; Li et al., 2019), financial development (Katircioğlu and Taşpinar, 2017), etc. However, The outcomes of the current literature about the impact of financial development on carbon emissions are inconclusive, ranging from positive to negative. In view of Shahbazet (Shahbaz et al., 2013), “financial development could effectively promote technological innovation and raise environmental protection awareness to reduce carbon emissions significantly.” Numerous studies have conducted empirical studies on different countries through different methods, all of which have confirmed that financial development can curb carbon emissions (Jalil and Feridun, 2011; Gu and He, 2012). However, some scholars (Charfeddine and Ben Khediri, 2016; Hu and Wang, 2018) hold different opinions. They have opined that financial development can rapidly promote economic growth, which consumes a large amount of fossil energy that is a pivotal factor to increase carbon emissions. Wu (Wu, 2018) has recorded in their research work that bank credit has an effect on the scale and technological aspect of carbon emissions, affecting carbon emissions by acting on economic growth and technological progress. A study has conducted by Yan (Yan et al., 2016) narrates that both the credit scale and the FDI scale shows a “U”-shaped relationship with carbon dioxide intensity. The scale of financing, financial industry competition, and credit fund allocation have a significant inhibitory effect on carbon emission intensity.
The link between green finance and carbon emission reduction cannot be overemphasized. Li (Li et al., 2017) has constructed a financial CGE model and found that green finance policies can effectively inhibit the investment behavior of intensive industries that is a vital role in achieving carbon emission reduction. Chen (Chen, 2019) has used the double-difference model to provide evidence that green financial policies hurt the investment and financing of high-polluting enterprises, mainly in the aspects of financing punishment and investment inhibition. Further research (Ding, 2019) has specified that when heavily polluting enterprises face the constraints of green credit financing, their response to capital allocation adjustment is insufficient, and total factor productivity tends to decline. Niu (Niu et al., 2020) has stated that green financial policies positively impact green enterprise, mainly in terms of improving financing convenience and enhancing the credit support. However, the impact of the green credit policy on the financing cost has not yet fully manifested, indicating that the differentiated green finance policy should be carried out between green enterprises and “two high” enterprises. Jiang (Jiang et al., 2020) has shown that green credit has a significant carbon emission reduction effect. Funds should be guided to flow into the green finance sector. In terms of transmission mechanism, scholars (Xie and Liu, 2019) have found that green credit promotes green growth mainly by improving technological progress.
It is limited that the research emphasized on the relationships between carbon emission and green finance in the Yangtze River Economic Belt. Existing research mainly address green finance efficiency and the relationship between green finance and ecological environment. Zeng (Zeng et al., 2021) has researched the efficiency of green finance in the Yangtze River Economic Belt using the Malmquist index model, from the perspectives of technical efficiency, technological progress, pure technical efficiency, scale efficiency, and total factor production change index. Zhou (Zhou and Zhu, 2018) has investigated the relationship between financial development and green total factor productivity growth in the Yangtze River Economic Belt from the financial depth and financial efficiency based on the directional distance function and the Global-Malmquist-Luenberger exponent. Qian (Qian and Lű, 2020) has studied the coordinated development of green finance, economy, society, and ecological environment in the Yangtze River Economic Belt based on the coupling effect theory. Finally, According to Qu (Qu et al., 2019), green credit has a significant role in promoting green economic growth in the Yangtze River Economic Belt based on a differential GMM model. Green credit policies should be continuously implemented to build a multi-level green financial system.
To the best of our understanding, it can be observed that there are no corresponding empirical studies that address the extent to which green finance impacts on carbon emissions, particularly in the Yangtze River Economic Belt. Additionally, there is a lack of literature on the empirical analysis of the spatial spillover effects of green finance on carbon emissions from a spatial perspective. Therefore, this paper selects the Yangtze River Economic Belt, a central national strategic development area, as the research object. This forms the major contribution of the present study to the existing body of knowledge as it attempts to fill this gap in the study of the spatial autocorrelation characteristics of carbon emission and spillover effects of green finance on carbon emissions.
THEORETICAL AND MECHANISM ANALYSIS
Spatial Theoretical Analysis
According to the literature review, green finance uses financial instruments to control carbon emissions by rationally deploying resources. Green finance can directly and indirectly affect carbon emissions. First, It can promote the environmental protection industries development and the transformation and upgrading of traditional industries through transmission. The direct impact of green finance on carbon emission reduction is reflected in the different treatment of financing constraints on environmental protection companies and high-carbon companies. The development of enterprises requires financial support. Green finance strictly controls the flow of credit funds to high-carbon industries through banks, other financial intermediaries, and various financial markets. Green finance forces high-carbon enterprises to transform the existing extensive development model and develop in the direction of resource conservation and green and low-carbon. Lin et al. (Lin et al., 2018) have considered that green finance provides financial support to environmental protection companies and related companies, which is essential for improving the improvement of ecological environment quality. Green finance supports the flow of credit funds to the environmental protection industry and environmentally- friendly industries, broadens the financing channels of the environmental protection industry, and removes obstacles to the development of the environmental protection industry, thereby directly affecting carbon dioxide emissions. Wang et al. (Wang et al., 2019b) have believed that the development of green finance can intensify the financing constraints of environmental pollution-related enterprises. It has a significant inhibitory effect on the progress and development of ecological pollution-related enterprises.
H1: Green finance has a direct role in reducing carbon dioxide emissions.
Due to financing restrictions, high-carbon industries must seek ways to transform the path of development. Technological innovation has become a driving force leading the transformation and development of enterprises supported by the theory of endogenous growth. First, high-carbon enterprises apply the technological innovation to treat pollutants discharged into the atmosphere, such as (carbon decomposition, carbon capture). Then, clean industry can develop through technical cooperation to achieve the goal of reducing carbon dioxide emissions. Sun et al. (Sun et al., 2020) have carried out a systematic or formal inquiry to discover that green technological innovation is the fundamental driving force for energy conservation, emission reduction, and green development.
H2: Green finance can affect the level of technological innovation to reduce carbon emissions.
Space Mechanism Analysis
In China, policies among different regions are not individually formulated and acted. Spillover effects of policy formulation and implementation are gradually emerging in geographic space. In addition to providing substantial support to local green enterprises, green financial policies will also have a certain degree of influence on adjacent areas. Green finance maintains the development momentum of green resources in high-value agglomerated provinces. It promotes the spread of financial capital to neighboring low-value resource provinces to obtain comprehensive and systematic development. With the help of a big data platform, a financial service system has been built, which can lead neighbors to develop green finance jointly. But at the same time, the strict implementation of the green finance policy has suppressed the development of high-carbon companies. High-carbon companies may move to neighboring provinces with a looser approach, which will also aggravate the carbon dioxide emission of neighboring regions to a certain extent.
This article believes that while the development of green finance in this region promotes local carbon dioxide emissions reduction, it may reduce carbon dioxide emissions in neighboring regions through a policy attraction mechanism. But it also may cause carbon dioxide production in the neighboring areas due to the transfer of local heavily polluting companies. Therefore, a more reasonable explanation is that the development of green finance in local regions may have both a positive boost and a harmful restraint on the carbon dioxide emission of neighboring areas. But which effect is more effective that requires further testing through empirical testing analysis.
RESEARCH MATERIAL
Proposed Research Study
The study scrutinizes the relationship between green finance and carbon emissions from the perspective of mediation and spillover effects. Technological innovation is identified as a mediating variable. Besides, the control variables of the industrial structure, urbanization rate, the opening up level are also taken into account. Considering the availability of data, this paper takes 11 provinces or cities in the Yangtze River Economic Belt as the research object. Multivariate annual time series data spanning from 2006 to 2019 is employed in the current study. The annual data has the advantage that it eliminates seasonal variability.
Sample and Data Collection
The required sample data are sourced from the China Statistical Yearbook (2007–2020) (National Bureau of Statis, 2007-2020) and the Statistical Yearbooks of various provinces and cities. Especially, the data about independent variables selected in this paper come from the database of CSMAR. As the social responsibility report of the five state-owned banks in China only discloses the total amount of green credit in the country, the green credit data of the five central banks in the 11 provinces or cities of the Yangtze River Economic Belt do not have accurate statistical calibers and statistical data. The ratio of the credit line of 11 provinces or cities to the total credit of the five major banks in the country is applied to calculate green credit data. Furthermore, the article eliminates the first-level indicators of carbon finance for research owing to unavailable data. The missing values involved in the sample data are filled with mean value interpolation.
Variable Measurement
Dependent Variable
The intention of the carbon emission reduction target is to pursue the coordinated development of the environment and the economy. Compared to a single indicator of carbon dioxide emissions, both economic and environmental benefits is considered to measure carbon emission effect best, which GDP emphasizes economic benefits and carbon dioxide emission relates to the environmental condition. The ratio of them is carbon intensity (CI). Among them, the calculation method of carbon dioxide emissions adopts the second method announced by the IPCC, which calculates the amount of carbon dioxide released by the consumption of seven energy sources such as coal. The calculation formula is shown in Eq. 1:
[image: image]
In the formula, the characters of [image: image] and [image: image] respectively represent the final consumption of seven types of energy and the carbon dioxide emission coefficient. The characters of [image: image], [image: image], and [image: image] after further decomposition of [image: image] respectively represent the average low calorific value of the seven types of energy, the default carbon content, and the carbon oxidation factor of each type of energy. This article refers to the IPCC research and sets the carbon oxidation coefficient of different kinds of energy to 1, 44/12 represents the conversion ratio of carbon molecules to carbon dioxide. The data is shown in columns of Table 1.
TABLE 1 | Carbon emission calculation factor.
[image: Table 1]Independent Variable
According to the research topic, green finance is selected as the primary independent variable. Scholars critically measure the performance of green finance, but previous studies have found no evidence of any inimitable methods to evaluate green finance output. Studies have predominantly employed existing tools, such as DEA and entropy weight method. This article measures green finance index construct with five item developed by Li (Li and Xia, 2014), Yin (Yin et al., 2021), and He (He et al., 2019). The indicator system from the perspective of five green financial products uses the entropy method to measure the green finance composite index to illustrate the development level of green finance. The index is shown in columns of Table 2.
TABLE 2 | Green finance index system.
[image: Table 2]Intermediary Variable
In view of theoretical assumptions, this paper selects technological innovation as an intermediary variable to examine the mediating role in the association between green finance and carbon emission. The earlier studies use one-sided indicators to indicate the level of development of technological innovation, such as the number of invention patents granted (Xu and Zhang, 2021). Still, the index ignores the consideration of the application stage of technological innovation. This article refers to the research results of scholars such as Huang (Huang et al., 2019), establishes a scientific, technical innovation index system from four dimensions of scientific and technological innovation environment, scientific and technological innovation input, scientific and technological innovation output, and scientific and technological innovation diffusion. The index is shown in columns of Table 3.
TABLE 3 | Scientific and technological innovation index system.
[image: Table 3]Control Variables
As known from the literature review, a vast amount of research (Zhao and Liu, 2020; Yin et al., 2021) consists of industrial structure, urbanization rate, and the level of opening up as control variables. This article selects the variables mentioned from previous studies as control variables to demonstrate the effect on carbon emissions drawing on existing research results. The industrial structure can change the industrial development model and energy consumption to reduce carbon emissions (Yang and Yang, 2018; Li et al., 2019). Furthermore, the urbanization rate is reflected in the role of changing people’s living standards which causes changes in consumer demand and behavior (Yuan et al., 2015; Wang et al., 2019a). Finally, the level of the opening up can impact on carbon emissions through cooperation and exchanges with developed countries.
For the control variables, the research results of Zhao (Zhao and Liu, 2020) and Chen (Chen et al., 2018) are worth referring to in this article to measure the variables. The indexes of industrial structure, the urbanization rate, and the opening up level are calculated, separately, by the proportion of the added value of the secondary industry in the national accounts, the ratio of urban population to permanent population, the balance of imports and exports in GDP. The variable names and metrics are shown in Table 4.
TABLE 4 | Variable names and metrics.
[image: Table 4]RESEARCH METHOD
Considering the mediating mechanisms of technological innovation and the spillover effect of green finance on the knowledge and skills of surrounding areas, the mediation effect model is applied to explain how green finance influences carbon emission through technological innovation. Moreover, the spatial correlation between decision-making units is added in the model to avoid empirical bias caused by not considering spatial connections. We therefore incorporate a panel dataset to examine the strength of the spacing relationships between green finance and carbon emission by the spatial Durbin model.
Unit Root Test
The unit root test is a test of the stationarity of the series. Using OLS directly without checking the stationarity of the series will easily lead to spurious regression. Unit root tests are the primary step to move into regression models. The study adopts two following tests that widely used Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) to detect the stationarity of an entire series, which is specified in Eq. 2:
[image: image]
Where [image: image] expresses a series, [image: image] denotes error term, and [image: image] represents promising lag which is incorporated for the whiten the errors (Abbasi et al., 2021b; Raza Abbasi et al., 2021). The lag length is selected according to a Schwarz Bayesian criterion, the aim of which is to test for 1st and higher-order serial correlation in residuals. The stationarity of [image: image] would not be rejected if [image: image] result outcomes are significantly adverse evidenced by the null hypothesis to be evaluated in Equation 2. Modeling associations among non-stationary features necessarily need their differencing to make stationarity. If the variable behaves as a 1st and higher-order serial flat, the cointegration method will be applied for the long-run relation.
Multicollinearity Test
The model estimates are distorted or difficult to estimate accurately due to the existence of precise or highly correlated relationships between explanatory variables. For regression models, one of the basic assumptions is that there is no strict linear relationship between the independent variables. Otherwise, it will have a serious impact on the regression parameter estimation. With a high degree of multicollinearity, the OLS estimator still has good statistical properties such as linearity. However, the OLS method cannot give really useful information in statistical inference. In general, VIF(Variance Inflation Factor) is used to test for multicollinearity. The larger the value, the stronger the collinearity.
Model
Mediation Effect Model
Based on the theory of endogenous growth, technological innovation has become a driving force leading the transformation and development of enterprises. That is, this variable may play an intermediary role in the process of green finance affecting carbon emission. According to Jaffar Abbas (Abbas et al., 2019; Abbas et al., 2020) to test whether the mediation effect exists, this paper uses the mediation effect test method proposed by Hayes (Hayes, 2009) to construct a panel mediation effect model.
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Equation 3 shows the direct relationship of green finance and carbon emission achievement; here, CI shows carbon emission achievement. If the parameter [image: image] of GF is significant, then the direct connection of green financial on carbon emission exists and the next step can be tested, Otherwise, the intermediary effect test is terminated. Equation 4 is used to interpret the effect of the tested independent variable on the mediator variable. Equation 5 is developed for the direct and mediating role of green finance and carbon emission achievement. The mediating effect is significant if both [image: image] and [image: image] are significant.
The current research empirically scrutinizes the multivariate time series approach. The data of independent variables are converted into a natural logarithmic form to eliminate the heteroscedasticity problem and make the model have a better fitting effect. By drawing a scatter plot between each dependent variable and the independent variable, it is found that industrial structure and carbon intensity present an inverted U-shaped distribution feature, and the first and second terms of the logarithmic value of the industrial structure are introduced into the model.
Spatial Durbin Model
The first laws of geography developed by Waldo Tobler (Tobler, 1970) clarify that everything in the world is related to geographical space. The closer the distance is, the stronger the connection is. It is essential to consider two-way spatial relations when analyzing statistical data relating to regions. The main reasons are: 1) If the spatial correlation is present, several OLS assumptions might not be satisfied. 2) Spatial dependencies in a dependent variable which is a weighted spatial average, can make OLS biased and inconsistent. 3) Spatial dependencies in the error term, a weighted spatial average yield inefficient regression coefficients by OLS. The spatial Durbin model (SDM) extends traditional the linear regression model by adding both spatially endogenous interactions and spatial interactions in the error term as well as exogenous interactions. Compared to SAR or SEM model, the advantage of SDM is that its spillover effects are flexible (Baumont et al., 2004). In this paper, an SDM model is established as shown in the Eq. 6:
[image: image]
In the model, [image: image] represents a spatial autoregressive parameter. [image: image] represents the spatial weight matrix. W*CI is the spatially lagged accounting for various spatial dependencies with W defined as (n x n) spatial weight matrix. [image: image] shows the endogenous interaction effect. α W*X explains the exogenous interaction effect.
Empirical Approach
Spatial Weight Matrix
The introduction of the spatial weight matrix quantifies the geographical laws between spatial entities and spatial entities with numerical values. More importantly, it builds a bridge for related research based on geographic space by integrating the spatial weight matrix into the measurement model. The critical element of constructing the spatial econometric model is to select the appropriate spatial weight matrix (LeSage and Pace, 2009). At present, spatial adjacency weight matrix, spatial geographic distance weight matrix, and spatial economic distance weight matrix are widely used. Given the nature of carbon emission reduction, this article applies the adjacency weight matrix and the inverse distance weight matrix in the model. Given the following spatial weight matrix, [image: image] symbol the spatial linkage between observation i and j.
[image: image]
Spatial Autocorrelation
In general, it can infer regional structural dependencies from observing a correlation between data points and if this correlation follows a specific spatial pattern (Anselin et al., 2008). The development of an object can be influenced by the events in all other objects of the same total space. The statistical concept for measuring spatial autocorrelation has widely used the global Moran index (Moran, 1948). The article also uses this method to measure the spatial correlation of the research object. The specific expression is shown in the Eq. 8:
[image: image]
The value of the global Moran index is distributed between -1 and 1. The positive and negative values represent the distribution of spatial autocorrelation respectively. If the value tends to zero, the spatial correlation is weaker, and there is no spatial autocorrelation.
Direct, Indirect and Total Effect
Direct, indirect, and total effects express spatial correlation from different perspectives. The direct effects effectively explain the influence of the independent variables on the dependent variable in the local space. Indirect effects illustrate the spillover effects of independent variables on dependent variables of individuals with geographic proximity areas. That is the degree of mutual influence between neighboring spatial individuals. Finally, the total effects show the complete result of the independent variables on the dependent variable in internal and external.
EMPIRICAL RESULTS AND DISCUSSION
Table 5 reveals the descriptive statistics of the data with a total of 154 observations. Statistical techniques are processes used to describe the features of determinants. Table 5 shows the mean, standard deviation, minimum, maximum, sum, and count values for the variables chosen. The average value of carbon intensity is 1.6287, with a standard deviation value of 0.774. Green finance and technological innovation have average values of 19.25 and 994.87.
TABLE 5 | Descriptive statistics of the main variables.
[image: Table 5]Results of the Unit Root Test and Multicollinearity Test
Table 6 demonstrates the results of the unit root test and multicollinearity test. In panel A, ADF and PP are used to verify the stationarity of the series. The [image: image] is considered as non-stationary series (has unit root). All variables should be stationery earlier contained in the model. Across all variables, the ADF and PP tests suggest no unit root at a 1% significance level, indicating that any statistical inferences in levels from the series would be valid. In panel B, the VIF is used to check for the absence of multicollinearity. VIF values higher than 10 indicate that some variables suffer from multicollinearity, and VIF values lower than 10 confirm that the data are free from multicollinearity (Mubeen et al., 2020). All of the variables in this study show an average VIF value of 3.47, indicating that the data are free from multicollinearity.
TABLE 6 | Results of unit root test and multicollinearity test.
[image: Table 6]Results of the Hausman Test
Previous studies have specified that these endogeneity problems typically exist in panel datasets and produce biased and unreliable results (Tien et al., 2013). According to econometrics, if a variable has endogenous issues in the proposed model, scholars will suggest helpful ways to deal with them (Javeed et al., 2020; Mubeen et al., 2021). Several econometric procedures are available to manage endogeneity issues-for instance, fixed-effect models, instrumental and lagged dependent variables. We use the Hausman test to provide criteria for selecting random effects and fixed effects, according to Chen (Chen, 2014). The test results confirm the rationality of the fixed effects, which is significant at the test level of 1%. The spatial measurement model involves two dimensions of time and individuals. Significantly, the fixed effects test determines whether different time points and individuals in different spaces affect the model’s intercept. The test results show that the individuals and time fixed effect are significant at the 1% test level. They indicate that different time points and spatial individuals will cause differences in the model intercept shown in Table 7.
TABLE 7 | The results of the Hausman test.
[image: Table 7]Besides, taking into account the value of Sigma2_e, log-likelihood, and R2 shown in Table 8, the time and individuals double fixed effects is the most minor and most significant at the 1% test level, and the value of log-likelihood is the largest. So the double fixed effects at time and individuals are used.
TABLE 8 | The results of the fixed effects test.
[image: Table 8]Results of LM, Wald and LR Test
Before applying the spatial Durbin model, Table 9 shows some tests to check the model to determine whether they are suitable for analysis. We apply the Lagrange Multiplier test (LM), Wald test, and LR test to verify model selection from different perspectives refers to Anselin (Anselin, 1988; Anselin and Bera, 1998). The former is used to confirm whether the spatial lag term and the spatial error term can be included in the spatial measurement model. On the contrary, the latter is be manipulated to verify whether the spatial Durbin model (SDM) can be simplified into SAR and SEM models. The test results are both significant at the test level of 5%. This provide statistical evidence that choosing the spatial Durbin model (SDM) is scientific.
TABLE 9 | The results of the test.
[image: Table 9]Analysis of Hypothesis 1
To determine how green finance influences carbon emission through technological innovation, we use the stepwise regression model with double fixed effects at time and individuals. Table 10 indicates the results related to the stated hypotheses (H1 and H2) of this study and the coefficient estimates of variables to explore the direct relationship between green finance and carbon emission with the moderating role of technological innovation in this relationship. Models 1 and 2 examine the impact of green finance on carbon emission. Model 1 shows that the green finance impact is negative on carbon emission at a significance level of 1% and a coefficient value of−0.889 without control variables. Model 2 also shows a negative coefficient value of green finance (−0.497) for the carbon emission added control variables. Therefore, Hypothesis 1 is accepted according to the results no matter whether the control variable is added or not. This arrives at the same conclusion reached previously by Xie et al. (Xie and Liu, 2019). Furthermore, green finance can intensify the financing constraints of the progress and development of ecological pollution-related enterprises.
TABLE 10 | The regression results of mediation model.
[image: Table 10]Analysis of Hypothesis 2
Models 3, 4, and 5 explain the mediation role of technological innovation in the green finance and carbon emission relationship. In order to test the mediation hypothesis, we first regressed the green finance on carbon emission for the mediation effect in models 3 and 4. The green finance coefficient in Model 3 was highly significant and positive (1% level) without control variables. Model 4 also shows a positive coefficient value of green finance (0.589) for the technological innovation with added control variables. The regression results show that green finance can significantly promote technological innovation, and the influence effect remains significant after adding control variables. Second, we develop Model 5 to investigate the technological innovation-mediating effect on the relationship between green finance and carbon. In Model 5, we regress green finance, technological innovation, and carbon emission together to investigate the mediating role in the relationship between green finance and carbon emission. The coefficient of green finance in both models is negative and highly significant at 1% when we regress green finance, technological innovation, and carbon emission together. The green finance coefficient indicates that leverage negatively mediates this relationship, which supports Hypothesis 2. The same conclusion exists in Qi et al. (Qi et al., 2015). In line with previous findings, we provide the support that the mediating effect of technological innovation on the green finance and carbon emission relationship is negative. Overall, the analysis confirms the mediating effect of technological innovation exists. This verifies the validity of Hypothesis 2 to some extent.
Spatial Autocorrelation Analysis
Table 11 displays the autocorrelation results, the calculation result shows a positive spatial autocorrelation between the carbon emission reduction of the 11 provinces or cities in the Yangtze River Economic Belt. At the same time, the global Moran index values calculated by the two spatial weight matrices are all positive and significant at the 10% inspection level. From the time dimension, it becomes a critical year for dividing the development trend of carbon emission in 2009, when the value of the Moran index reaches the highest point. After 2009, its value changes alternately in each year. Numerically, the global Moran index calculated by the inverse distance weight matrix floats around 0.1, while the global Moran index calculated by the adjacency weight matrix floats around 0.3. Therefore, the adjacent weights matrix can help carry out research.
TABLE 11 | The calculation results of the global Moran index.
[image: Table 11]For the convenience of display, the article adopts the natural breakpoint method to draw a map of the spatial distribution of carbon emission in each province in the Yangtze River Economic Belt in 2006 and 2019 through ArcGIS software. The geographical location of the Yangtze River Economic Belt in China can be seen in Figure 1A. From Figure 1B (2006), it can find that Shanghai has the lowest carbon intensity, neighboring provinces involving Zhejiang, Jiangsu, and Anhui are in the middle. In contrast, Guizhou and Yunnan have the highest carbon intensity. Compared to 2006, Figure 1C (2019) shows that Shanghai has the lowest carbon intensity. This is mainly attributable to developed finance and trade. The carbon emission reduction of Chongqing has declined. This can originate from its extensive economic development model. Although Guizhou’s carbon emission reduction effect has improved, there is still a gap between cities with better development. The main reason is a relatively high proportion of “three high” industries. On the whole, there is a positive spatial autocorrelation of carbon intensity, and the provinces and cities in the Yangtze River Economic Belt show high-high accumulation and low-low accumulation.
[image: Figure 1]FIGURE 1 | (A) Geographical location of the Yangtze River Economic Belt in China. (B) (2006) Carbon intensity spatial correlation. (C) (2019) Carbon intensity spatial correlation.
Spatial Effect Analysis
Since the spatial Durbin model contains the spatial lag term of independent variable and dependent variable, the spatial lag term of the independent variable will have an impact on the feedback effect. Therefore, the parameter estimates of each spatial lag term in the model cannot accurately reflect the influence of the independent variable on the dependent variable, and the direct and indirect effects need to be measured by means of partial differential methods due to spatial dependence. The results of the spatial effect are shown in Table 12.
TABLE 12 | The results of the spatial effect.
[image: Table 12]The decomposition results of the model show that, except for green finance, the total effects of other influencing factors on carbon emission are significant at the 10% test level, and the direct effects of all factors on carbon emission are significant at the 5% test level. The indirect effects of green finance are not effective.
1) The direct effect of green finance on carbon emission is significantly negative at the 5% test level, indicating that green finance has an inhibitory effect on carbon emission. We have the same conclusion as He (He et al., 2019) and Chen (Chen and Chen, 2021). The main reason is as follows: on the one hand, guided by the “outline of the development plan for the Yangtze River Economic Belt,” many provinces have successively issued green finance development plans, such as Chongqing. On the other hand, the China development bank and agricultural development bank have provided green credit, sustainable development thematic green financial bonds, and PSL funds in the field of ecological and environmental protection to support the green development of the Yangtze River Economic Belt. In summary, the effect of green finance development has been highlighted, and the impact of curbing carbon emissions has initially appeared. However, the indirect effect and the total effect coefficient are negative but not significant. It shows that the improvement of the level of green finance in the local region has a noticeable limiting effect on carbon intensity. Still, the spillover effect on neighboring areas is not apparent. The main reason is that the green financial system is fragmented. Each province still formulates their own green finance development plan, and there is no unified green finance development plan for the Yangtze River Economic Belt. Besides, there are lacking information-sharing mechanisms to share and disseminate green finance development, train green finance talent, and guide green credit.
2) The direct and indirect effects of technological innovation and carbon emission is significantly negative at the 5% test level. This means that technological innovation has an inhibitory effect on carbon emission. The main reasons are: On the one hand, Scientific and technological innovation is the main driving force for the economic transformation and upgrading of the Yangtze River Economic Belt. Comprehensive innovation and reform experiments in Shanghai, Anhui, Wuhan, and Sichuan have been launched. As a result, the effects of scientific and technological innovation on carbon emission have gradually emerged. On the other hand, in the context of China’s “carbon peak” and “carbon neutrality,” the transformation results of technological innovation, such as carbon capture, carbon decomposition, and carbon conversion, have begun to be applied to the process. Besides, The Yangtze River Belt has considerable advantages in scientific and technological resources and innovation capabilities, sufficient industrial connection in the entire Yangtze River Economic Belt leads to the extension of the regional innovation chain. The spillover effect on neighboring areas is significant.
3) The direct, indirect and total effects of industrial structure on carbon emission are all significant at the 5% test level and show an inverted U-shaped distribution, indicating that the industrial structure has a synergistic promotion effect on carbon emission in the early stage and a synergistic inhibitory effect later. The main reason is that each province has clarified the strategic positioning and implementation goals of self-examination under the “Yangtze River Economic Belt innovation-driven industrial transformation and upgrading plan.” Each province has seen the Yangtze River Economic Belt as a whole to promote industrial upgrading and transformation. Therefore, the spillover effect is pronounced.
4) The direct, indirect, and total effects of the level of opening-up on carbon emission are all significant at the 5% test level, indicating that the level of opening-up has a significant inhibitory impact on carbon emission in space. This phenomenon is mainly benefited from Shanghai’s agglomeration advantages in the field of international intermediary services. Shanghai can provide international professional intermediary services for enterprises in the Yangtze River Economic Belt and drive enterprises to join up.
5) The direct, indirect and total effects of urbanization on carbon emission is significantly harmful indicating that effect of urbanization on carbon emission is substantial. Theoretically, the impact of urbanization on carbon dioxide emissions is uncertain. On the one hand, urbanization makes people pursue a higher standard of living, there is an increase in energy consumption and energy demand, which leads to a rise in carbon dioxide emissions. On the other hand, urbanization helps people improve their education and environmental awareness, pursue a low-carbon life, and reduce carbon dioxide emissions. Now, the latter effect is greater than the former. We have the same conclusion as Hu et al. (Hu and Wang, 2018). In this case, the spillover effect between spaces is also obvious.
Robustness Analysis
In order to ensure the reliability of the research conclusions, This paper conducts a robust analysis of the main results from the following three aspects: 1) In order to eliminate endogenous problems such as regional scale and variable omission, this paper uses proportional index and comprehensive index calculated by entropy method. 2) A fixed-effect model is selected to solve the time-invariant and unobservable endogeneity problem by the Hausman test. 3) The model is re-estimated based on W1 by using the Second-order spatial lag term of carbon intensity as the instrumental variable in the generalized spatial least squares (GS2SLS) model. Compared with the traditional static spatial panel model, the dynamic spatial panel model not only takes into account the dynamic changes of environmental pollution, but also avoids reverse causality, especially it has incomparable advantages in solving the endogeneity problem caused by the spatial econometric model (Yuan et al., 2019).
The spatial lag term of carbon intensity is still significant, and the core explanatory variable is still significantly negative to carbon emission reduction. It could be inferred that the benchmark regression results have strong robustness. The results of GS2SLS are shown in Table 13.
TABLE 13 | The results of the GS2SLS.
[image: Table 13]CONCLUSIONS AND RECOMMENDATIONS
This research emphasized examining the association between green finance and carbon emission in the Yangtze River Economic Belt from the perspective of intermediary effect and spillover effect. The study results are in line and consistent with the body of past scientific literature. The unit root test and multicollinearity test proves the data are stationary and free from multicollinearity, which builds a foundation for constructing a regression model. The Hausman test provides evidence for the selection of time and individuals double fixed effects. This paper uses the mediation effect test method to confirm the mediating role of technological innovation between green finance and carbon emission. The analysis confirms the mediating effect of technological innovation exists. The validity of the theoretical hypothesis is verified. Additionally, the paper selects the spatial Durbin model based on the adjacency weight matrix to clarify the spillover effects. Through the endogeneity test, the reliability of the model results has been demonstrated. The spatial effect of carbon emission reduction in the Yangtze River Economic Belt has been formed. The carbon emission reduction has shown a downward trend year by year and a mutually inhibiting effect on various provinces. The outcomes of this study describe that green finance has shown a specific inhibitory effect on carbon emission and the direct effect is significantly negative. However, the indirect effect is not significant. The main reason is the green financial system is fragmented. The research findings stated that institutional mechanisms play an indispensable role in achieving healthier carbon emissions performance.
This Paper’s Recommendations Are as Follows.
Firstly, the provincial governments of the Yangtze River Economic Belt should establish a green finance development alliance of the Yangtze River Economic Belt, which should research and issue a “green finance development plan of the Yangtze River Economic Belt” to clarify the functional positioning of green finance. The provincial governments should try to build a green financial reform and innovation pilot zone which can form a batch of replicable, popularized experiences to promote the joint development of the Yangtze River Economic Belt from point to area. Commercial banks could enrich and implement green financial products, encourage the coordinated allocation of funds and credit resources and encourage institutions and the public to participate in the green fund and bond market.
Secondly, the Yangtze River Delta innovation cooperation alliance should further expand to the important node cities in the Yangtze River Economic Belt (such as Chongqing, Chengdu, Wuhan, Kunming, Guiyang, etc.) to promote innovation cooperation network between Shanghai and important node cities in the Yangtze River Economic Belt. Besides, the provincial governments must create a good atmosphere for scientific and technological innovation, set up special challenge bonuses for major technological innovation breakthroughs, encourage scientific and technological personnel to continuously climb towards better technology, and strive to break through the technical problems existing in the field of carbon emissions.
LIMITATIONS OF THE STUDY AND AGENDA FOR FUTURE RESEARCH
Like any empirical research, this study suffers from some limitations. Studies from the impact of the epidemic on carbon emission are relatively rare. This research does not consider the impact of COVID-19 on corporate performance and green finance policies. The epidemic has challenged the operation of enterprises (Mamirkulova1 et al., 2022; Zhou et al., 2022). It is very important to discuss the challenges of the pandemic on various sectors and discuss how the challenges of COVID-19 have affected companies’ performance. So, the limitations suggest a potential for future studies and might help understand the connection of COVID-19 challenges and carbon emission. Hence, future studies can test these strategies and add some variables to explore compelling results for carbon emission.
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