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INTRODUCTION
Green finance is a set of innovative solutions in the financial sector of the economy, which have become widespread due to the adoption by the United Nations (UN) of the Sustainable Development Goals (SDGs) in 2015, which is expected to reach its peak in the Decade of Action (Tong A et al., 2022; Zhou and Tang, 2022). Green finance refers to the totality of financial transactions (including public subsidies, private investment, lending, charitable contributions, and payment for goods and services by consumers) that comply with ESG principles and are carried out with corporate environmental responsibility by all subjects of financial relations (Dong et al., 2022; Ronaldo and Suryanto, 2022; Tang M et al., 2022; Wang K et al., 2022).
There are currently all necessary institutional conditions and prerequisites for the development of green finance. Governments worldwide have ratified the SDGs and adopted national strategies to decarbonize their economies (Feng et al., 2022; Li J et al., 2022). Businesses actively publish corporate sustainability and environmental responsibility reports, following ESG principles in their operations and building green business practices to their competitive advantage (Jiang et al., 2022; Li S et al., 2022). In civil society and consumer society, environmentally responsible communities are being created and developed; entire areas (cities and regions) become environmentally sustainable, for example, by practising recycling and clean energy (Desalegn and Tangl, 2022; Guo H et al., 2022; Popkova, 2022; Sun and Chen, 2022; Wu G, 2022).
Nevertheless, green finance continues to have a limited impact on the environmental economy and management (Yang and Masron, 2022; Zhang and Liu, 2022). The causal relationships between the spread and use of green finance remain largely undefined, which is a gap in the literature. This raises the research question (RQ) of what importance green finance has for the economy and environmental management and the prospects for increasing this importance.
In seeking an answer to the posed RQ, this research considers the special context of the Decade of Action because it takes place in the era of the economy of artificial intelligence (AI). The essence of the AI economy consists in the automatization of economic processes and dissemination of smart technologies, which are based on AI. As such, green finance is undergoing a digital upgrade, in which it is becoming increasingly smart. Consideration of the context of the AI era ensures the originality of this research. This research aims to explore the importance of green finance in the AI era for economics and environmental management.
LITERATURE REVIEW
The theoretical basis of this research is the concept of green finance. The scientific provisions of this concept are detailed and described in detail in existing publications (Guang-Wen and Siddik, 2022; Guo C Q et al., 2022; Kaginalkar et al., 2022; Li Q et al., 2022; Ma et al., 2022; Wu H, 2022), which allows us to determine the degree of elaboration of the problem of this research as a high. The conducted literature review and content analysis of existing works on the given topic showed that the existing literature notes a fragmented contribution of green finance to the economy and environmental management.
We understand the environmental economy as a sphere of the economy in which green innovations are actively implemented and sustainable economic growth is achieved. Environmental management is a process of business management with the implementation of environmentally responsible organisational models and circular business practices. Environmental economy and management facilitate the achievement of the Sustainable Development Goals (SDGs), which are connected with environment protection (development of clean energy, protection of ecosystems, fight against climate change, etc.) (Huang et al., 2022; Li X et al., 2022; Li Z et al., 2022; Liu and Tang, 2022; Pang et al., 2022; Tong J et al., 2022; Zhang et al., 2022).
Chang et al. (2022), Chen et al. (2022), Tang (2022), and Wang Y et al. (2022) note that the contribution of green finance to the development of the economy and environmental management is achieved through its particularity of supporting ESG principles and the dissemination of corporate environmental responsibility. However, the existing literature leaves the RQ open and does not sufficiently reveal the specifics of green finance development in the AI era. The lack of elaboration on the causal relationships between the development of green finance in the AI era and its importance to economics and environmental management is a gap in the literature that this research seeks to fill.
Based on the works of Chen and Zhou (2021), Chen (2021), and Natanelov et al. (2022), which noted the benefits of smart finance, the research hypothesizes that the development of green finance in the AI era is constrained by the lack of use of advanced smart technology capabilities; the prospects for the development of green finance are related to the increased use of these capabilities. To fill the gap, this research systemically examines the implications of green finance for the entire set of SDGs shaping the green economy and management and considers the advantages of smart green finance as a new kind of finance that has emerged in the AI era.
MATERIALS AND METHODOLOGY
To solve the first research problem, the authors model the contribution of green finance to economic development and environmental management using the structural equation modelling method (SEM). For this purpose, using the methods of correlation and regression analysis, the authors determine the impact of green finance factors allocated to the Green Finance Platform, (2021) [“policy and strategy” (ps), “market and product” (mp), and “international cooperation” (ic)] in 2021 on the results of environmental economy and management from a sustainable development perspective, i.e., scores of SDGs 2–3, 6–7, and 11–15 (UNDP, 2021) in 2022.
To solve the second research problem, the authors studied the international case studies of the development of smart green finance in the AI era. The sources of information, evidence, and case studies are IDOM (2020), Vinogradova (2021), and Damianova et al. (2018). This allows specifying the role of smart technologies in the development of green finance in the age of AI and identifying the consequences of their development for traditional finance.
RESULTS
Modelling the contribution of green finance to economic development and environmental management
In the first task of this research, the authors performed economic and mathematical modelling of the contribution of green finance to the development of the economy and environmental management (Supplementary Material).As a result, nine multiple linear regression equations were obtained, each of which was tested for reliability using Fisher’s F-test. Detailedregression statistics are given along with the Data Table in the Microsoft Excel file that accompanies this research. To systemically reflect and comprehensively demonstrate the impact of green finance on the economy and environmental management in 2022, the authors present the results using the SEM model in Figure 1, with correlation coefficients in italics and regression coefficients in regular font.
[image: Figure 1]FIGURE 1 | SEM model of the impact of green finance on the economy and environmental managementin 2022.
The SEM model in Figure 1 reflects the following results: the SDG 2 Score = 73.91–0.23*ps-0.08*mp+0.01*ic. According to this equation, the SDG 2 Score increases by 0.23 points when policy and strategy increase by 1. The SDG 2 Score increases by 0.08 points if the market and product increase by 1. Correlation is high: the SDG 2 Score is influenced by green finance factors by 62.34%. The significance is F = 1.7*10–0.5; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 10.59, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The SDG 3 Score = 96.06–0.03*ps-0.62*mp+0.15*ic. According to this equation, the SDG 3 Score increases by 0.03 points when the policy and strategy increase by 1. The SDG 3 Score increases by 0.62 points if the market and product increase by 1. Correlation is high: the SDG 3 Score is influenced by green finance factors by 60.67%. The significance is F = 3.7*10–0.5; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 9.71, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The SDG 3 Score = 92.71–0.07*ps-0.41*mp-0.06*ic. According to this equation, the SDG 3 Score increases by 0.07 points when the policy and strategy increase by 1. The SDG 6 Score increases by 0.41 points if the market and product increase by 1. The SDG 6 Score increases by 0.06 points if international cooperation increases by 1. Correlation is high: the SDG six Score is influenced by green finance factors by 69.37%. The significance is F = 3*10–0.7; therefore, the equation corresponds to the highest level of significance 0.01; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 15.46, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The SDG 7 Score = 81.85–0.02*ps-0.17*mp-0.12*ic. According to this equation, the SDG 7 Score increases by 0.02 points when the policy and strategy increase by 1. The SDG 7 Score increases by 0.17 points if the market and product increase by 1. The SDG 7 Score increases by 0.12 points if international cooperation increases by 1. Correlation is moderate: the SDG 7 Score is influenced by green finance factors by 50.73%. The significance is F = 0.002; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 5.77, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The SDG 11 Score = 97.28–0.18*ps-0.61*mp+0.18*ic. According to this equation, the SDG 11 Score increases by 0.18 points when the policy and strategy increase by 1. The SDG 11 Score increases by 0.61 points if the market and product increase by 1. Correlation is high: the SDG 11 Score is influenced by green finance factors by 67.85%. The significance is F = 8*10–0.7; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 14.22, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The SDG 12 Score = 63.18–0.16*ps+0.84*mp-0.19*ic. According to this equation, the SDG 12 Score increases by 0.16 points when the policy and strategy increase by 1. The SDG 12 Score increases by 0.19 points if the market and product increase by 1. Correlation is high: the SDG 12 Score is influenced by green finance factors by 66.75%. The significance is F = 1.5*10–0.6; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 13.40, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable. The SDG 13 Score = 63.17–0.52*ps+1.04*mp-0.25*ic. According to this equation, the SDG 13 Score increases by 0.52 points when the policy and strategy increase by 1. The SDG 13 Score increases by 0.25 points if the market and product increase by 1. Correlation is moderate: the SDG 13 Score is influenced by green finance factors by 66.75%. The significance is F = 0.009; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 14.22, exceeding the tabulated F. In this regard, the F-test is passed, and the equationis reliable.
The SDG 14 Score = 55.75 + 0.34*ps+0.43*mp-0.73*ic. According to this equation, the SDG 14 Score increases by 0.73 points when the policy and strategy increase by 1. Correlation is moderate: The SDG 14 Score is influenced by green finance factors by 35.06%. The significance is F = 0.08; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 2.23. The observed F is 2.34, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The SDG 15 Score = 73.13–0.22*ps-0.50*mp+0.43*ic. According to this equation, the SDG 15 Score increases by 0.22 points when the policy and strategy increase by 1. The SDG 15 Score increases by 0.50 points if the market and product increase by 1. Correlation is moderate: The SDG 14 Score is influenced by green finance factors by 47.51%. The significance is F = 0.005; therefore, the equation corresponds to the highest level of significance 0.01. At a given significance level with three factor variables (k1 = 3) and 54 observations (k2 = 54-3-1 = 50), the tabulated F is 4.126. The observed F is 4.85, exceeding the tabulated F. In this regard, the F-test is passed, and the equation is reliable.
The cumulative contribution of each factor of green finance (separately) to the development of ecological economy and management is defined as follows:
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The results indicate that green finance significantly contributes to the development of the economy and environmental management, supporting the implementation of the entire set of environmental SDGs. The discovered systemic contribution of green finance to the achievement of environmental Sustainable Development Goals allows for a wider (than before) use of green finance in the interests of the development of the economy and management of the environment.
Case study of smart green finance development in the AI era
In the second task of this research, let us look at international case studies of the development of smart green finance in the AI era. In Russia, green finance is actively used to develop alternative energy and waste recycling. ROSATOM has been issuing green bonds since 2021 as an ESG tool for green financing of wind energy facilities. In the North of Russia, in the Republic of Yakutia, a comprehensive program for the development of solar energy based on green financing is being implemented. The Yakutsk solar power plant was built based on a green loan provided by “Otkritie” Bank to the “Enelt” Group for the implementation of the project of “RusHydro” Corporation. Both projects represent the Smart Grid. In the Yegoryevsk district (Moscow Region), thanks to green investments, the group of companies “Ecoline” will build the largest in Eastern Europe automated waste recycling complex on the territory of ecotechnopark “Vostok” in 2019–2020 (Vinogradova, 2021).
In 2014, China created a green finance task force to support the decarbonization of the economy. First, information systems and big data, which store information about credit histories in the field of green finance, play an essential role in this process. Second, an important role is played by smart green finance (Damianova et al., 2018). According to case studies, the development of the environmental economy and management in the AI era must be based on smart green finance.
DISCUSSION
The research contributes to the literature by developing scientific provisions of the concept of green finance, clarifying the causal relationships of their distribution and use based on international experience. In contrast to Huang et al. (2022), Li Z et al. (2022), Liu and Tang (2022), Pang et al. (2022), Tong J et al. (2022), and Zhang et al. (2022), this research justifies that green finance makes a holistic and integrated contribution to economic and environmental management, rather than a stand-alone contribution.
In contrast to Chang et al. (2022), Chen et al. (2022), Tang (2022), and Wang Y et al. (2022), it has been proven that the spread of green finance is significantly affected by its accessibility, which is enhanced by the use of advanced automation tools. This means that the importance of green finance for the economy and environmental management in the AI era is determined not by institutions (ESG principles and attractiveness to market actors) but by technology. Due to its high-tech nature, smart green finance has become massively available and could supplant traditional finance.
CONCLUSION
The main contribution of this paper to the literature is the discovery and description of a complex chain of cause-and-effect relationships of the development of green finance in the age of AI. The case study of the international experience of developed and developing countries substantiates that the development of green finance in the AI era is constrained by insufficient use of advanced capabilities of smart technologies. The prospects for the development of smart technologies are associated with the expansion of the use of these capabilities.
The scientific novelty and originality of the research results lie in the fact that the composed econometric model SEM, for the first time, reflected the systemic relationship of green finance with the economy and environmental management through the prism of the set of environmental SDGs. The theoretical significance of the research is that it reveals the peculiarity of green finance in the AI era, namely that green finance can reach its full development potential only by relying on smart technology.
The practical significance of the research lies in the fact that the conclusion made about the increased use of smart technologies will increase the competitiveness of green finance and accelerate its spread in the economy and environmental management. The case studies discussed will be useful for other countries in the world. The results of this research will contribute to the ongoing discussions in the sphere of environmental science on the topic of environmental economics and management by a discovery of a new tool of the management of environmental economy and business. This tool is green finance.
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