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Abstract: Finance is the core of modern economy, and a strong country cannot do without the support of financial system. With the rapid development of economy and society, the traditional financial services can not support the increasingly large and complex economic system. As a brand-new format, financial technology can help the financial industry to restructure and upgrade. At the same time, as an international consensus, green development is the only way for China to achieve sustainable development. Therefore, it is of great practical significance to study the impact of finance on the regional development of green finance. Based on the essence of green finance development, fuzzy principal component analysis is used to build the green finance evaluation index system in this paper. Taking the data of three provinces and cities in the Yangtze River Delta from 2015 to 2019 as an example, QAP analysis is used to study the impact of financial technology on the regional development of green finance. Research shows that explanatory variables are highly significant, that is, financial technology has a significant role in promoting green finance. Finally, based on the research conclusions, this paper puts forward suggestions on how green technology can better promote the development of green finance from three aspects of top-level design, technical research and supervision.
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1  Introduction

Destruction of the environment has been accompanied by the rapid development of the global economy. Many countries are paying more attention to achieving “green economic growth” while vigorously developing their economies [1]. Making traditional industries and strategic emerging industries environmentally friendly requires empowering the financial industry. The supply of captial to the green economy is an important manifestation of green finance. To promote economic development, it is necessary to develop high-quality finance to avoid economic uncertainty. Within China’s current development, green finance is a way to avoid economic uncertainty and it is an important driving force for advancing supply-side structural reforms. The level of green development reflected in the Green Finance Index and the evaluation of the degree of green development in a region have important practical effects for economic transformation, reducing investment risks, and helping traditional enterprises to improve their sustainable development capabilities.In recent years, China has implemented a policy of supporting the green economy. The People’s Bank of China Seven ministries including the Ministry of Finance, and the National Development and Reform Commission jointly issued the “Guiding Opinions on Building a Green Financial System.” As a result, China is becoming the first country in the world where the government explicitly supports the establishment of a green financial system in the form of a policy document. The design of the top-level system of China’s green finance is the first step of China’s green finance system.

Fintech refers to the financial innovation brought about by new technologies, which can create new business models, applications, processes, or products. These can have a significant impact on financial markets, financial institutions, or how financial services are provided. The business scenarios that combine technology and finance primarily include financial supervision, payment and settlement, financing products and services, insurance, Robo-advisors, and energy transactions. The underlying technologies mainly include artificial intelligence, blockchain, cloud computing, big data, and the internet of things, and some scholars use these technologies to study the construction of smart city such as smart transportation [2,3]. As a new business form, financial technology will promote the development of China’s financial industry. At the same time, the development of green economy is the only way to realize sustainable development. Therefore, it is of great practical significance to study the application of financial technology in green finance.

2  Literature Review and Comments

As a method and means to promote sustainable development, green financial services have become the mainstream trend of financial development. An international understanding of green finance can be roughly divided into two categories: The first category regards green finance as investment and financing activities that are meant to improve the environment, namely green investment. The starting point of this understanding comes from “filling the investment gap.” [4]. Another type of understanding directly incorporates environmental factors into the field of financial investment, including changes in environmental costs, changes in risk coefficients, and changes in the rate of a return. It is believed that the development of green finance is based on the mutual restriction between finance and the environment [5]. Most scholars define financial technology as a technological solution that can realize the transformation of the financial service industry. Scholars believe that financial technology is a new industry that uses technological innovation to improve the quality of financial services. Financial technology is a disruptive emerging financial industry that uses digital and information technology to achieve the innovation of the existing economic model [6,7]. Generally speaking, financial technology refers to financial innovation driven by technological innovation. Deep integration of finance and technology, with big data, blockchain, artificial intelligence, and cloud computing as the main technical support, has changed business. Fintech provides impetus to various industries by expanding service boundaries of financial institutions and improving service methods while improving financial efficiency and minimizing risks [8–11].

At present, scholars have not presented research on the application of financial technology in green finance. Jin et al. [12] studied the solutions to the problems existing in the development of green finance with the help of blockchain technology. Shen [13] pointed out effective integration of technology and finance provides favorable conditions for promoting integration of industrial finance and seeks more and better opportunities for development of green finance. Service system and service platforms for financial technology are achieving a high degree of integration and promoting the development of green finance in China. Liu [14] proposed that Chinese green finance still has shortcomings at the micro-foundation level, and financial technology can consolidate the micro-foundation of green finance by improving the ability to identify green projects, ensuring flows of funds to green project and promoting the accelerated development of green finance. Some scholars have noted the representativeness of blockchain technology in financial technology, and focused on blockchain technology to explore its application in green finance scenarios. He [15] explored the issue of financial technology promoting the innovation and development of green finance. Liu [16] noted that finance was the first field where blockchain was applied. Blockchain can weaken green financial risks through supply chain finance, improve green financial efficiency by reducing intermediate links, and strengthen supervision through information sharing. Zhang et al. [17] proposed that blockchain can promote development of green finance through four perspectives: promoting a valuable experience of the pilot zone, improving the green financial infrastructure, enriching green financial products, and reducing risk in green finance. From the green financial system perspective of construction, Yang [18] proposed that blockchain can improve the green financial credit information system, innovate and enrich the green financial product system, use smart contracts to improve efficiency and reduce risks, and optimize the green financial payment and settlement system. Yuan et al. [19] believed that blockchain was a disruptive technological innovation, and listed six application scenarios of financial technology in green finance, including digital currency and financial transaction. Arner et al. [20] believed that the application of financial technology was conducive to improving the efficiency of financial services and reducing the cost of financial services.

Few studies have focused on the relationship between green finance and financial technology, although separate research on green finance and financial technology can be found in the literature. However, under the environment of rapid development of financial technology, fintech will bring green finance the new development of the financial technology itself is based on “technology”. The purpose is to promote the transformation and upgrading of finance. Under this circumstance, how fintech can help the development of green finance is a place worth pondering.

From an innovation-driven perspective, this research explores and analyzes the important role on the impact of financial technology on green finance. Also committed to exploring the impact of financial technology on the evaluation system of green finance and clarifying financial technology, then provide countermeasures and suggestions on the mechanism of green finance.

3  Construction of Green Finance Evaluation System

As a financial system dominated by the banking industry in China, green credit accounts for a relatively high proportion of green finance, among which large state-owned commercial banks and policy banks are the main suppliers of green credit. At present, the evaluation system in green finance at home and abroad has formed a common logical foundation, and the literature mostly focuses on commercial banks and other financial institutions as the main research objects to construct a green finance evaluation index system. Therefore, this article summarizes the differences on the basis of existing research. From the perspective of the commonality of green finance evaluation research, combined with the characteristics of green finance reform and innovation under the background of financial technology, we try to incorporate diversified evaluation methods to evaluate green finance in a three-dimensional manner.

3.1 Selection of Green Finance Evaluation Index

To ensure the credibility of the evaluation results, it is necessary to select indicators with a scientific attitude and strict and standardized methods based on the basic principles of the aforementioned indicator selection, and take their essence to eliminate the dross, and finally reflect the essence of green finance development in the evaluation research. Reflecting the true status of the development of green finance, in the large number of existing studies on the construction of the index system, it is not difficult to find that there are two obvious problems in the selection of an index. One is that the integrity of the index is too important, which leads to the bloated index system and the low feasibility of data collection; The second is impractical and unrealistic, as the data lacks authority. Indicators from the literature were screened in this study. First, relevant documents, including books, papers and conference reports were collected, and a series of high-frequency indicators were screened, such as the proportion of green credit, the expenditure of energy-intensive interest industries, and the proportion of carbon emissions. Then, referring to the existing official statistical caliber, comprehensively consider the above indicator selection principles, and according to the nature of each specific indicator, including green credit, green bonds, green development funds, green insurance, green stocks, carbon finance, green investment in seven dimensions.

Theoretically, research on green financial indicators falls into two areas: macro and micro. The micro perspective is often focused on operation and management of financial institutions themselves, and the performance of financial institutions in green financial services is evaluated. An evaluation of green finance from a macro perspective is focused on the relationship between financial and environmental development. Either target the status of green financial services provided by financial institutions or target the status of environmental investment in a specific region.Indicators are selected based on a macro perspective while accounting for the objective background of the integrated development of the Yangtze River Delta region. The relevant indicators are filtered and summarized in Tab. 1.
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3.2 Green Finance Index Evaluation Method

Principal component analysis is a statistical analysis method that converts multiple variables into a few principal components through dimensionality reduction. A simplified principal component index is used for more evaluation indicators. However, comprehensive indicators retain most of the information of the original variables and are unrelated to each other, which can simplify complex issues. But principal component analysis is very sensitive to incomplete value and extreme value, so it is easy to lead to incomplete data or extreme data to bring deviation of analysis results. Therefore, this paper applies the theory of fuzzy mathematics to principal component analysis, and applies fuzzy set to decision analysis, so as to minimize the possibility of human factors leading to the result deviation. Fuzzy principal component analysis is based on the contribution of principal components to variance combined with fuzzy theory to obtain reasonable correction weights.

After standardizing the secondary indicators of the original data, a weighted average is used to obtain an evaluation metric for the primary indicators.

ηij=aij/∑i=1n(aij)2,  in which  i=1,2,...,n;  j=1,2,...,k
(1)

where aij
is the evaluation value of the j
-th secondary index in the i
-th region, and ηij
is the evaluation value of the i
-th secondary index in the j
-th region after normalization. The comprehensive weighting of the secondary indicators yields xij∗=wijηij
, where wij
is the weight of the secondary indicators in the corresponding indicators. The initial sample matrix X∗=(xij∗)n×p
, where i=1,2,...,n;j=1,2,...,p
.

The index is standardized using the xij=xij∗−xj∗¯sj∗
to obtain a standardized evaluation matrix X=(xij)n×p
. In the formula, xj∗¯
and sj∗
are the sample mean and sample standard deviation for index j
respectively.

The correlation matrix Rp×p
, eigenvalues λ1≥...≥λp≥0
and normalized eigenvector Eij
between indicators were calculated.

Using the unit feature vector corresponding to the previous eigenvalue of p
, the principal component of p
can be expressed as a linear combination of the original indicators, thereby obtaining the principal component equation:

Fij=XijEij(i=1,2,...,n;j=1,2,...,p)
(2)

The variance contribution rate of principal component j
is μj=λj/∑j=1pλj
. When the cumulative variance contribution rate μ=∑j=1mμj
reaches a certain value (generally not less than 85%), the first m
principal components Fi1,Fi2...Fim(i=1,2,...,n)
are taken, that is, the m
principal components are considered to reflect the information of the original p
evaluation indicators with fewer indicators.

The variance contribution rate for each principal component is used as the initial weight, and the initial weight is modified to obtain the final weight. This is because each expert gives the number of weight intervals of each indicator and the optimism of the collaborative innovation ability of each candidate area according to the needs of the enterprise when evaluating the original indicators. For this purpose, it is necessary to calculate the weight Wi={wij}
, i=1,2,...,n; j=1,2,...,m
that corrects the weight of the principal component. The specific correction process is defined as follows:

B([pj,qj])=(1−aj)pj−pminpmax−pmin+ajqj−qminqmax−qmin
(3)

The weight fuzzy set B{[p1,q1],[p2,q2]...[pn,qn]}
is the value of the weight interval of the evaluation index, and B([pn,qn])
indicates the relative importance of the index. In the formula, pmin=min1<j<n⁡pj
, pmax=max1<j<n⁡pj
, qmin=min1<j<n⁡qj
, and qmax=max1<j<n⁡qj
, and aj
is the optimistic coefficient for the region, 0<aj<1
. The membership degree can get the index weight:

wij=B([pj,qj])∑j=1mB([pj,qj]),i=1,2,...,n
(4)

The preliminary is used to weight to obtain the final weight of the regional innovation capability evaluation index:

βi=wijμj/∑j=1mwijμj,i=1,2,...,n
(5)

Fuzzy principal component analysis yields the indicators in Tab. 2.
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4  Empirical Analysis

4.1 Sample Selection and Data

After consulting a large amount of statistical data, three provinces and cities in the Yangtze River Delta were selected for analysis, with annual data ranging from 2015 to 2019 as the overall sample to empirically analyze the driving role of financial technology in green finance. Data sources include the Yangtze River Delta Statistical Yearbook, the website of China Banking and Insurance Regulatory Commission, annual reports and social responsibility reports of various banks, and wind databases. Interpolation was used to determine any missing data.

4.2 Explanatory Variable-financial Technology Index

Although financial technology is in a stage of rapid development, it has not yet been widely used in China, and there are relatively few indicators available for reference. As a result, there is no unified measurement indicator for financial technology in China. The more authoritative indices are mainly the Financial Technology Center Index (FHI) issued by the Internet Finance Research Institute of Zhejiang University; the Zhejiang Internet Finance Federation/Alliance issued by the Shenzhen Futian District Financial Development Agency, and the Xiangmihu Financial Technology Index (index code 399699.SZ), issued by Shenzhen Securities Information Co., Ltd. Year-end data from the Xiangmihu Financial Technology Index was used in this study. The index base date is May 26, 2017, and the point basis is 3000 points. The financial technology development status from January 6, 2012 is measured by selecting stocks from the financial technology industry such as distributed technology and interconnection technology in the A-share market.

4.3 Empirical Process and Result Analysis

The QAP analysis method includes three steps: First, the correlation between independent variables and dependent variables is determined followed by relationship list analysis. This involves a permutation test, which can be further refined into three steps: calculate and analyze the correlation coefficient between the long vectors formed by the known matrix; randomly replace rows and columns in the matrix, then calculate the correlation between the matrix after replacement to get a correlation matrix; and analyze the matrix of correlation coefficients to observe whether the result is within an acceptable range, and compare with the null hypothesis. The last step is regression analysis. The purpose is to study the relationship between the independent variable matrix and the dependent variable matrix. This is achieved with regular regression analysis on multiple independent variables and one dependent variable, followed by using multiple random permutations of ranks to determine a regression result.

4.3.1 QAP Correlation Analysis

Tab. 3 shows that the correlation coefficient between regional evaluation and financial technology is 0.682, and the relationship is statistically significant.
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4.3.2 QAP Association List

Tab. 4 shows the relationship between green finance and financial technology in the Yangtze River Delta.
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Tab. 5 shows that the results obtained after 2000 random permutations between the chi-square value and the correlation coefficient are all significant.
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4.3.3 QAP Regression Analysis

According to the model fitting results of QAP regression analysis, seen in Tab. 6, both the R-square and the adjusted R-square meet the requirements of regression analysis and meet the significance condition. Regression analysis was then performed.
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From the Tab. 7, regression results show that the standard coefficients and non-standard coefficients related to development of financial technology and regional green finance are positively correlated; this correlation also reached the requirement of significance, i.e., that financial technology will affect regional green finance. Development plays a catalytic role.
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5  Research Conclusions and Countermeasures

5.1 Research Conclusions

Data from three provinces and cities in the Yangtze River Delta from 2015 to 2019 were analysis, and the driving role of financial technology on green finance was studied by using QAP analysis.

The empirical results show that the explanatory variables are highly significant, and financial technology has a significant role in promoting green finance. The results show that the Yangtze River Delta wants to promote the development of green finance and realize the optimization and upgrading of the industrial structure. Fintech will become an important starting point, use financial technology to improve the construction of a green finance series and green economy evaluation index systems to monitor the process and results to ensure the continuous development and improvement of green finance.

5.2 Countermeasures

Through the demonstration of the logical basis of the combination of financial technology and green finance, we find that financial technology has a significant role in promoting the development of green finance. Based on the challenges of green finance in the financial technology model, this paper puts forward some suggestions for the better application of financial technology in green finance.

5.2.1 Improve Top-level Design and Strengthen International Cooperation

In the integration process of the Yangtze River Delta, the development of financial integration is inseparable from government support, and the continuous advancement of green finance also needs government encouragement. The government should actively promote financial technology, as well as formulate various financial technology technical standards and industry standards, so that the financial technology system can be applied to green finance under a unified framework. Clear policy signals should guide orderly development of financial technology such that it can gradually penetrate the field of green finance. The vast majority of China’s financial technology applications are still in the development stage, so we can learn from relevant foreign experience, track and summarize the latest developments in foreign financial technology applications, and refer to the case of foreign financial technology and green finance. In summary, it will comprehensively evaluate the impact of financial technology on green finance in China based on actual domestic conditions. Meanwhile development and application of China’s financial technology cannot be separated from the rest of the world. Therefore, international cooperation needs to be strengthened. For example, financial institutions can be encouraged to join the Global Financial Innovation Network Alliance (GFIN) and other international financial technology organizations to strengthen their voice in the international arena and participate in the formulation of international financial technology standards. In order for China’s financial technology development to be in line with international standards, it is necessary to comprehensively consider different legal systems and institutional differences at home and abroad, and design financial technology on this basis.

5.2.2 Develop Financial Technology Research, Seek Advantages and Avoid Disadvantages

At present, some Internet companies in China are exploring practical applications of financial technology, such as Ant Financial and Tencent. The government should actively guide and create good external conditions instead of engaging in excessive intervention. The government should step up efforts to create a financial technology infrastructure, and popularize the concept of financial technology in green finance in areas with irrational industrial structure, high energy consumption, and serious pollution, and create a good external environment for financial technology to promote the development of green finance. Appropriate preferential policies can be given to financial technology research, and state-owned banks can be encouraged to cooperate with financial technology companies to combine the financial advantages of commercial banks with financial technology companies; Foreign countries provide some examples where specialized financial technology research institutions have been established. The result is a deeper theoretical exploration of financial technology. Based on the continuous in-depth theoretical research, the government can encourage the development of financial technology and green finance experiments in areas where conditions permit, gradually accumulate experience, and extend the experience to the whole country under conditions of controllable risks.

5.2.3 Treat Rationally and Supervise Flexibly

Although financial technology has great prospects, it has become a popular topic of discussion in the financial industry, as if reform of the financial industry is imminent. However, one must realize that more than ten years, or even decades, might pass before a new technology experiences wide application. The underlying technologies of financial technology are still far from mature. Chinese green finance is also immature, and these two areas still need more theoretical research and extensive practical testing.

For regulators, it is necessary to look at the enthusiasm of fintech rationally. Regulators cannot interfere too much lest they hamper development of fintech, but lax regulation could allow fintech to create unacceptable risk in the financial system.
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Table 1: Regional green finance evaluation indicators

First level indicator ~ Secondary indicators Code
Green credit Green loan balance X1
Percentage of green loans X2
Green loan non-performing rate X3
Proportion of loans to enterprises with major risks such as environment X4
and safety
Proportion of interest expenditure in energy-intensive industries X5
Green bond Green bond balance X6
Percentage of green bond balance X7
Green asset securitization scale X8
Green bond default rate X9
Green Development  Green industry fund scale X10
Fund Proportion of green industry funds X11
Green investment fund balance X12
Percentage of green investment funds X13
Green insurance Green insurance premium income X14
Percentage of green insurance scale X15
Green insurance payout ratio X16
Green stock Market value of green listed companies X17
Percentage of green listed companies X18
Percentage of green IPOs and equity refinancing X19
Green Stock Index X20
Carbon finance Number of carbon finance transactions X21
Carbon finance transaction amount X22
Percentage of greenhouse gas emission reduction X23
Percentage of carbon emission allowance trading X24
Percentage of carbon emission rights projects X25
Green investment Proportion of green projects X26
Percentage of green investment quota X27
Energy saving and environmental protection fiscal expenditure X28
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Table 3: QAP correlation analysis results

Index Correlation coefficient Significance level Mean Standard Deviation

Correlation test 0.682 0.001 0.569 0.103
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Table 6: Model fitting
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Table 4: Interaction table analysis ot QAP association list
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Table 7: Model fitting results

Independent variable  Unstandardized  Standardized  Significance = Proportion  Proportion
Coefficient Coefficient as Large as Small

Constant term 15.32 0.00
Fintech 11.26 0.032 0.000 1.000 0.000
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Table 2: Regional green finance evaluation index system

First level indicator Secondary indicators Code
Green credit Green loan balance X1
Percentage of green loans X2
Green loan non-performing rate X3
Proportion of interest expenditure in energy-intensive industries X4
Green bond Percentage of green bond balance X5
Green asset securitization scale X6
Green bond default rate X7
Green Development Fund ~ Green industry fund scale X8
Proportion of green industry funds X9
Green insurance Percentage of green insurance scale X10
Green insurance payout ratio X11
Green stock Market value of green listed companies X12
Green Stock Index X13
Carbon finance Percentage of greenhouse gas emission reduction X14
Percentage of carbon emission allowance trading X15
Green investment Percentage of green investment quota X16
Energy saving and environmental protection fiscal expenditure X17
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Table 5: Association list analysis of QAP

Index Correlation coefficient ~ Significance level Mean  Standard Deviation

Chi square 23.000 0.000 0.792 1.230
Correlation coefficient  0.652 0.005 0.003 0.614
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