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Introduction

With the introduction of the strategy of a strong marine power and the “dual-carbon” goal, green, low-carbon and sustainable development has become an important requirement for the growth of the Ocean Economy. Green finance is a financial activity that promotes environmental improvement, climate change response and efficient resource utilization. The “dual-carbon” goal is a major national strategy proposed by the Chinese Government in 2020 to achieve carbon peaking and carbon neutrality, which is a two-stage carbon emission reduction strategic goal proposed by the Chinese Government. China is committed to achieving carbon peaking by 2030, i.e., no further growth in carbon dioxide emissions after peaking, and carbon neutrality by 2060, i.e., offsetting its own carbon dioxide emissions through afforestation, energy conservation and emission reduction. This goal is not only an important initiative for China to address climate change, but also has a profound impact on global climate governance. Through the support of green finance, China is promoting the green transformation and sustainable development of its ocean economy while realizing the “dual carbon” goal. As one of the world’s largest ocean economies, with more than 18,000 kilometers of coastline and an ocean GDP that accounts for 7.8% of the country’s GDP, the development of the ocean economy has a significant impact on the sustainable use of global ocean resources. Therefore, it is of great practical significance for this paper to explore the impact of green finance on China’s ocean economy growth under the “dual-carbon” goal based on the data of China’s coastal provinces and cities from 2008 to 2022.





Methods

This paper constructs green finance index comprehensive evaluation system, calculates green finance index of Chinese coastal provinces and cities, This paper uses a fixed-effects model to analyze the role of green finance in achieving the ‘dual-carbon’ goal and fostering the growth of China’s ocean economy, and combines with the threshold effect model to further study the nonlinear role of green finance on China’s ocean economy. The paper takes green finance as the core explanatory variable. In this paper, green finance is taken as the core explanatory variable, per capita gross domestic product (GDP) as the explanatory variable, income from marine scientific research and the scale of marine industry as the threshold variables, and the number of authorized patents, GDP index, stock market activity, energy consumption structure, the scale of the tertiary industry and the scale of the secondary industry as the other control variables.





Results

It is found that 1) Green finance has a positive effect on China’s ocean economic growth, with the strongest positive effect on the Southern Ocean Economic Zone. 2) The scale of the marine industry, the scale of the tertiary industry, and the scale of the secondary industry have a significant positive effect on the ocean economic growth in the Nouthern, Eastern, and Southern Ocean Economic Zones, as well as in China as a whole. In addition, the stock market activity has a positive contribution from a national perspective, but a negative hindering effect in the Northern Ocean Economic Zone. 3) The gross regional product index, stock market activity, and energy consumption structure in the Northern Ocean Economic Zone have a negative hindering effect, and the gross regional product index has the most negative hindering effect. The negative hindering effect of the number of authorized patents, GDP index and stock market activity is not significant in the Eastern Ocean Economic Zone, and the negative hindering effect of the income of marine scientific research institutions, GDP index and stock market activity is not significant in the Southern Ocean Economic Zone. From a national perspective, the number of authorized patents has a negative hindering effect, but it has a significant positive promoting effect in the Southern Ocean Economic Zone. 4) The intensity of the positive promoting effect of green finance on China’s ocean economic growth is non-linear, and when the index of the income from the funding of marine-based scientific research institutes reaches 11.249, the promoting effect of green finance on the growth of the ocean economy is slightly weakened. When the marine industry scale index reaches -1.9661, the promotion effect of green finance on ocean economic growth will be significantly weakened.





Discussion

This paper comprehensively evaluates the development of green finance in China’s coastal provinces and municipalities by constructing a comprehensive evaluation system of green finance indexes suitable for the ocean economic field, dividing the study area into the Northern Ocean Economic Zone, the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone, and investigating the role of green finance on China’s ocean economic growth under the goal of “dual-carbon” and its spatial variability. The study will examine the role of green finance on China’s ocean economic growth under the “dual-carbon” goal and the spatial variability, and combine with the threshold effect model to further clarify the nonlinear relationship of green finance on China’s Ocean Economy, so as to provide valuable countermeasure suggestions for policy makers.
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1 Introduction

Globally, many countries have committed to reducing carbon emissions from production systems (Huisingh et al., 2015; Huang et al., 2024; Abbas et al., 2021, 2022).On October 31, 2021, the World Meteorological Organization (WMO) released an interim report on “The State of the Global Climate in 2021” at the 26th United Nations Climate Change Conference According to the report’s statistical data, the global average temperature in 2021 has increased by about 1.09°C compared to 1850-1900, while the 2020 global greenhouse gas (GHG) concentration has reached a new peak. Global greenhouse gas concentrations have reached a new peak in 2020. Rapid depletion of natural resources and environmental pollution generated by economic development have brought great pressure on the ecological environment (Razzaq et al., 2021), and extreme events such as high-temperature heat waves, high temperature and high humidity, floods, and severe droughts and composite extreme events have increased significantly (Zhao et al., 2024), against this background, realizing the “win-win situation” between energy conservation and emission reduction and economic growth In this context, realizing a “win-win situation” between energy conservation and emission reduction and economic growth is the key to promoting high-quality economic development (Zhang YC et al., 2023). In 2019, at the United Nations Climate Action Summit, United Nations Secretary General Guterres proposed the concept of “carbon neutrality” for the first time. Carbon neutrality refers to the reduction of greenhouse gas emissions by adopting a series of environmental protection measures, so that carbon dioxide emissions are equal to or lower than the amount absorbed, thus realizing zero emissions. This is considered a turning point in the global response to climate change, and countries have subsequently made emission reduction commitments in response to the carbon neutrality goal (Wang and Gao, 2024).In September 2020, China’s President Xi Jinping declared at the 75th United Nations General Assembly that China would increase its nationally-owned contribution, adopt more vigorous policies and measures, and that carbon dioxide emissions would strive to peak by 2030, with an Efforts will be made to achieve carbon neutrality by 2060. Since then, the Chinese government has incorporated the “dual-carbon” goals of carbon peaking and carbon neutrality into its overall national development strategy and formulated a series of policies and measures to promote the realization of the “dual-carbon” goals (Sun and Huang, 2020).

In 2020, the Outline of the Fourteenth Five-Year Plan for the National Economic and Social Development of the People’s Republic of China and the Visionary Goals for 2035 proposes to “actively expand the space for the development of the Ocean Economy” (Shi, 2022). The ocean economy has become the blue engine of China’s economic development. In 2023, China’s gross marine product was 9909.7 billion yuan, an increase of 6.0% over the previous year, a growth rate of 0.8% higher than that of GDP, and accounted for 7.9% of GDP, an increase of 0.1% over the previous year (Liu, 2024). The development of the ocean economy is an important support for the implementation of China’s sustainable development strategy. The sustainable utilization of marine resources and the protection of the marine environment are the keys to achieving sustainable development of the ocean economy (Li et al., 2024). However, with the rapid development of the ocean economy and the increasing frequency and expansion of human activities, the marine environment has suffered a certain degree of pollution and damage, and environmental problems have become more and more prominent, and the concept of green development of the ocean economy has been put forward (Gai et al., 2021). Scholars believe that green finance is of great significance to the green development of ocean economy (Xu and Gao, 2022; Zheng et al., 2022). The “dual-carbon” goal creates new opportunities for marine environmental protection and sustainable resource use. Green finance serves as a key tool in achieving these objectives (Baştürk, 2024).

Green finance, also known as environmental financing, is a financial concept that optimizes financial business and achieves sustainable development from the perspective of environmental protection (Southwestern University of Finance and Economics et al., 2015). Green finance seeks economic development in environmental protection and realizes the balance between the economy and the environment (Salazar, 1998), and mainly studies the problem of green economic capital financing, which is an organic combination of sustainable economic development and financial issues (Cowan, 1998). By the end of June 2023, the balance of local and foreign currency green loans in China was RMB 27.05 trillion, an increase of 38.4% over the previous year, higher than the growth rate of all loans by 27.8%, and an increase of RMB 5.45 trillion over the beginning of 2023. China has formed a green financial product system with green credit as the main body and comprehensive green bonds, green insurance, green funds, green trusts, green leasing, carbon finance and other co-development (Zhou SJ. et al., 2024). While green finance significantly reduces the credit line of high-pollution industries, it diverts more funds to green industries, realizes the optimal allocation of resources, and thus effectively reduces carbon emissions (Zhang and Wu, 2024). Under the guidance of green financial policies, enterprises will independently carry out green technological innovation to improve the degree of enterprise specialization, socialization and energy-saving and emission reduction efficiency, thus promoting the process of enterprise decarbonization (Zhang and Jia, 2024).

Green finance can not only effectively promote the development of the ocean economy and boost the optimization and upgrading of the marine industrial structure, but also provide financial support and risk management services to help the ocean economy achieve low-carbon development (Liu and Yang, 2019). Through financing and investment support, the marine industry is able to expand the scale of development, issue blue bonds, provide financial support for the layout of the whole industry chain of clean energy, and respond to the national goals of carbon peaking and carbon neutrality (Hou et al., 2020; Ji et al., 2020). In addition, the financial support brought by green finance has provided assistance to the marine industry to carry out technological development and assume environmental social responsibility (Bian and Yang, 2023). However, some scholars question whether green finance can reduce carbon emissions and promote the sustainable development of the Ocean Economy. Some scholars argue that financial agglomeration has not served to promote the efficiency of marine technology to reduce carbon emissions (Sun et al., 2017), and that there is an inhibitory effect on the growth of the ocean economy (Zhao and Peng, 2017; Yu, 2013). This is due to the high risk nature of the ocean economy that makes it more difficult for commercial banks to lend money, making it difficult to produce a positive promotion effect (Zhuang, 2020).

In 2020, Chinese President Xi Jinping clearly put forward the “dual carbon” targets. Prior to that, the concept of “dual carbon,” along with the sustainable development and green finance ideas behind it, had already been deeply practiced in China. In 2008, China Industrial Bank announced its adoption of the “Equator Principles,” becoming the first “Equator Bank” in China, marking a milestone in the development of green finance in the country. In 2016, the People’s Bank of China, the Ministry of Finance, and seven other ministries and commissions jointly issued the “Guiding Opinions on Building a Green Financial System,” proposing to promote green finance to support environmental protection and sustainable development. In 2021, the Central People’s Government of the People’s Republic of China released the “14th Five-Year Plan for Marine Economic Development,” advocating for the green and low-carbon transformation of the ocean economy and facilitating the integration of green finance with the ocean economy. In recent years, China’s practices in green finance and the pursuit of the “dual carbon” targets have provided valuable experience for the global community. This paper selects China as the scope of study and sets the research time frame from 2008 to 2022. This period covers the entire journey of green finance, from its nascent stages to rapid development, and also witnesses the historical process of the “dual carbon” targets, from their proposal to their comprehensive implementation. It not only facilitates a deeper understanding of the impact of green finance on China’s marine economic growth but also offers useful insights for other countries and regions.

This paper constructs a comprehensive evaluation system of green finance index, adopts a fixed-effects model, to study the role of green finance on China’s ocean economic growth and spatial heterogeneity under the “dual-carbon” goal, and combines with the threshold effect model to further clarify the nonlinear role of green finance on China’s Ocean Economy. The purpose of this paper is to explore the role of green finance in promoting the transition of China’s ocean economy to a green and sustainable direction and realizing the “dual-carbon” goal in the marine sector, as well as the specific impacts of this transition on economic growth, so as to provide feasible countermeasures for the marine industry, financial institutions and other stakeholders, as well as for policy makers, which is of strong practical significance. It is of great practical significance.




2 Literature review



2.1 Green finance and the ocean economy

In the 1990s, the concept of green finance was formally proposed (White, 1996), and the early theoretical research focusing on the role of financial institutions in environmental protection and sustainable economic development (Jeucken and Bouma, 1999), since then, it has gradually shifted to quantitative research. At present, research mainly focuses on the economic and environmental effects of green financial development, and scholars generally believe that green finance can optimize resource allocation, promote ecological and resource protection (Eremia and Stancu, 2006), and promote economic structural change (Chen et al., 2019). However, scholars have not yet agreed on the nature of the impact of green financial development on economic growth. Some scholars believe that green financial development can significantly promote economic growth (Markandya et al., 2015; Ruiz et al., 2016; Zhou et al., 2020), and generate new kinetic energy by suppressing outdated production capacity and promoting industrial transformation to help economic development (Chu and Zong, 2018; Fang and Lin, 2019a); however, there are scholars who believe that green financial development will inhibit economic growth (Ning and She, 2014), the correlation between green finance and economic growth in five provinces in northwest China was tested, and it was found that the overall impact coefficient was positive, but the performance of each province was different (Liu and Liu, 2020), which indicates that green finance and economic development cannot be simply understood as a linear relationship.

Technological innovation, informationization level, green finance and environmental regulation are considered to have important impacts on the green development of the ocean economy (Xu and Gao, 2022; Li et al., 2020; Zheng et al., 2022), and scholars have also explored the impacts of the marine environment on the marine economies of different countries (Kildow and McIlgorm, 2010; Wang et al., 2021), using variable fuzzy identification model, set-pair analysis method and other methods to measure the level of green development of the Ocean Economy, as well as spatio-temporal evolution analysis, regional differences and dynamic change trend analysis (Liang, 2019). The expansion of the total scale of green financial funds has a significant role in promoting the green transformation of the ocean economy (Xu et al., 2019), and further research has found that environmental regulation plays a positive regulating role between the development of green finance and the upgrading of industrial structure, strengthens the role of upgrading of industrial structure in promoting the high-quality development of the Ocean Economy, and also shows a positive regulating effect in the direct effect of green finance on the high-quality development of the ocean economy effect (Xu and Dong, 2024), a view that has received more support (Liu et al., 2015; Wang and Yao, 2016; Hu and Zhao, 2018). In addition, some studies have shown that the coupling and coordination between green finance and high-quality development of the ocean economy is generally on a steady upward trend, but there are significant differences between provinces and cities, such as the coupling and coordination degree of Tianjin, China, which is significantly higher than that of other provinces (Wang et al., 2023). However, green finance faces challenges such as mismatch between the supply and demand of funds, difficulties in meeting the needs of financial service institutions, and the lack of financial instruments and products in supporting the development of the Ocean Economy, and its role in promoting the growth of the ocean economy is limited by the differences in the level of construction of relevant supporting facilities in different regions (Zhao et al., 2020).




2.2 “Dual carbon” and the ocean economy

China’s ocean economy has undergone a rapid transition from a “crude” model that relies on high inputs of labor, capital, energy and excessive CO2 emissions to a more “frugal and intensive” development model (Ding and Dong, 2024).In this transition process towards a “dual-carbon” goal, China’s shipping industry has taken measures such as accelerating the green transformation of the shipbuilding industry, which has significantly reduced carbon emissions and maintained a dominant position in the field of reducing carbon emissions in global shipping Hu and Dong, 2024). In the future, the decarbonization of the shipping industry will rely more on intelligent technologies (Xiao et al., 2025). In addition, there are significant differences in the carbon emission efficiency of ocean fisheries among regions in China. Except for Hebei and Guangxi, the carbon emission efficiency of marine fisheries in most regions is maintained at a high level, and these high-efficiency regions show a certain spatial dependence, especially the “high-high” clustering characteristics (Zhang, 2021). Scholars have deeply analyzed the factors affecting the efficiency of marine carbon emissions, and the level of science and technology is considered to be the most important factor, while the scale of marine fisheries, the scale of the Ocean Economy, the degree of opening up to the outside world, and the structure of the marine industry also play an important role (Di et al., 2024). Innovation is the core driving force to promote the high quality of the ocean economy and achieve the “dual carbon” goal (Pan et al., 2024). In addition, carbon trading policies, ownership structure, industrial structure, environmental regulations, and technological level all contribute significantly to the synergistic development of China’s marine industry agglomeration and carbon emission reduction. However, the facilitating effects of these factors are significantly heterogeneous across regions (Cheng et al., 2022; Xu et al., 2023). ocean economic activities to satisfy domestic demand are the main source of carbon emissions, while in terms of carbon transfer, the ocean economy is characterized by a two-way co-existence, which is generally manifested in the fact that carbon outflow is greater than carbon inflow. In the carbon transfer network, Tianjin, Shandong and Guangdong become the central nodes in the network by virtue of their strong centrality (Zhang Y. et al., 2023). The level of marine science and technology and innovation are the key factors driving the realization of the “dual-carbon” goal, and there is spatial heterogeneity in the contribution of these factors to carbon emission reduction in different regions (Lin and Teng, 2024).




2.3 “Dual carbon” and green finance

A high level of green finance plays a key role in promoting the realization of the “dual-carbon” goal, and this contribution is largely dependent on the effective guidance of the government (Wang JY et al., 2024). A number of studies have revealed that there are regional differences in the impact of green finance on carbon emissions. Green bonds can significantly reduce the intensity of urban carbon emissions, and this effect is more pronounced in regions with a higher degree of financial marketization and weaker environmental regulations (Zhang K. et al., 2023). Green finance is most effective in promoting carbon emission reduction in central China, followed by western and Eastern regions (Yan et al., 2024). The carbon emission reduction effect of green finance is more prominent in cities of large scale and above, as well as in cities with stronger innovation capacity. Green technology progress and industrial structure optimization is an important way for green finance to promote the realization of the “dual-carbon” goal, and there are obvious differences in the role of green finance development in carbon emission reduction in different regions (Tan, 2020; Chen et al., 2024). Green technology innovation plays an intermediary role in the carbon emission reduction effect of green finance, while environmental regulation and financial marketization further enhance the carbon emission reduction effect of green finance (Zhou WH. et al., 2024). Technological innovation is an important mechanism for green finance to exert emission reduction effects (Wen et al., 2022). Expanding the scale of the green finance market, providing enterprises with the financial support needed for low-carbon transformation, and guiding substantive technological innovation to optimize the domestic industrial structure are key ways to achieve the “dual-carbon” goal (Wang YL. et al., 2024). However, some studies have also pointed out that environmental investment and the increase in the level of economic development may have a negative moderating effect on the carbon emission reduction effect of green finance (Xu et al., 2024). In addition, the coupling and coordination degree of green finance and low carbon economy in China shows a fluctuating upward trend, but it has not yet reached the state of high-quality coupling and coordination, and the green financial system is relatively lagging behind (Liu and Xu, 2024). The impact of green finance on carbon emission efficiency also shows some lag and backward effects, indicating that green finance needs to be continuously focused and optimized in the process of achieving the goal of “double carbon” (Wu and Xu, 2023).

In summary, it is widely recognized in the current academic community that green finance has a driving effect on the growth of the Ocean Economy, but this relationship is not a simple linear link, but shows significant regional heterogeneity. China’s ocean economy is undergoing a transition from a “crude” mode to a “conservation and intensification” mode, during which the carbon emission efficiency of the marine industry is characterized by spatial aggregation (Tian et al., 2023). In terms of the impact of green finance on China’s carbon emissions, different regions show obvious differences, with the central region showing the most prominent role of green finance in carbon emission reduction, followed by the western and Eastern regions (Li and Lin, 2023).

However, although existing literature has extensively explored the relationship between green finance and China’s ocean economy and its regional variability, there are still many shortcomings. Most studies use qualitative analysis or simple statistical analysis methods, and lack in-depth and systematic quantitative research and modeling, which limits the in-depth understanding and accurate prediction of the relationship between green finance and China’s Ocean Economy. In addition, although the literature has noted the differences between green finance and ocean economy in different regions, there is still a lack of in-depth exploration of the deep-seated reasons and mechanisms behind these differences. Therefore, the purpose of this paper is to further explore the deep relationship between green finance and China’s ocean economy under the “dual-carbon” goal, and to explain the reasons for the differences between green finance and China’s ocean economy in different regions, with a view to providing a more accurate and scientific basis for the formulation and implementation of relevant policies.





3 Study area and evaluation system



3.1 Study area

The ocean economy has become an important engine of global economic growth. As the world’s second largest economy, China’s rapid growth in the ocean economy not only promotes domestic economic development, but also enhances China’s influence in the global economy. Coastal areas are an important part of the development of the Ocean Economy, and play an important role in China’s national strategy. There are 14 coastal provinces and cities in China, and considering the availability and completeness of the data, this paper excludes Hong Kong, Macao, and Taiwan, and the study area covers a total of 11 provinces and cities, including Liaoning, Hebei, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi, and Hainan. According to China’s “13th Five-Year Plan for the Development of the National Ocean Economy” (The 13th Five-Year Plan for the Development of the National Ocean Economy: the Northern Ocean Economic Zone consists of the Liaodong Peninsula, Bohai Bay and Shandong Peninsula coasts and sea areas; the Eastern Ocean Economic Zone consists of the Jiangsu, Shanghai and Zhejiang coasts and sea areas; and the Southern Ocean Economic Zone consists of the Fujian Province, the mouth of the Pearl River and its two flanks, the Beibu Gulf, and the coasts and sea areas of Hainan Island), the 11 provinces and cities in the study area are categorized into the Northern Ocean Economic Zone, the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone, of which the Northern Ocean Economic Zone includes Liaoning, Hebei, Tianjin, Shandong and Hainan; the Eastern Ocean Economic Zone includes Jiangsu, Shanghai and Zhejiang; and the Southern Ocean Economic Zone includes Fujian, Guangdong, Guangxi and Hainan (Table 1).


Table 1 | Scope of the study area.



Different regions have different natural resource endowment and ecological environment capacity due to their geographic location, climatic conditions, geological structure and other factors. The Northern Ocean Economic Zone is located in the north of China, covering Liaodong Peninsula, Bohai Bay and Shandong Peninsula, with rich marine fishery resources and port resources; the Eastern Ocean Economic Zone is located in the Yangtze River Delta region, with unique marine transportation conditions and rich marine mineral resources; the Southern Ocean Economic Zone involves Fujian, the Pearl River Estuary and its two flanks, the Beibu Gulf, and Hainan Island, whose tropical and subtropical climate conditions are suitable for the development and utilization of marine biological resources. China’s coastal provinces and cities have their own characteristics and advantages in the development of the Ocean Economy, and a categorized discussion is more conducive to clarifying the actual role of green finance on ocean economic growth in each region.

This paper uses Arcgis software to draw the distribution map of China’s Ocean Economic Zone, as shown in Figure 1 below, the Ocean Economic Zone presents the characteristics of the development of marine industry clusters, and the marine industries with similar industrial characteristics, technological level and market demand will form industrial clusters, so as to reduce the cost, improve the efficiency, and enhance the competitiveness.




Figure 1 | Distribution of China’s Ocean Economic Zones.






3.2 Comprehensive evaluation system of green finance index

During the G20 Hangzhou Summit, China and the United Kingdom jointly released the G20 Green Finance Synthesis Report, which provides an authoritative definition of green finance, which refers to investment and financing activities that generate environmental benefits in support of sustainable development (Hou and Guo, 2024). Most of the existing studies use green credit to characterize the level of green finance development, which is difficult to fully reflect the connotation of green finance. Green credit, green securities, green funds, green financial bonds, green insurance, eco-banking, etc. have become the “new normal” of the financial industry, and the main products of green finance include green credit, green securities, green insurance and carbon finance. Green credit is the largest component of green finance, directly reflecting the support of financial institutions for green projects; green investment, including equity investment, project investment and other forms of investment, can reflect the market’s long-term support for the green industry; green insurance for green projects to provide risk protection to reduce the impact of environmental risks on the project; green bonds are one of the most mature tools in the development of the global green finance market; green support includes government subsidies, tax incentives, special funds and other policy tools, which is an important force to promote the development of green finance; green rights and interests include carbon emission rights, sewage rights and other market-based environmental rights and interests trading tools; green fund focuses on green industry investment, which can effectively guide the flow of funds to green projects Li and Xia, 2014; Ma, 2016; He and Cheng, 2022).Most of the existing studies use green credit to characterize the level of green financial development, which is difficult to comprehensively reflect the connotation of green finance. On the basis of existing studies, this paper constructs a comprehensive evaluation system of green financial index applicable to the ocean economic field (Fang and Lin, 2019b; Yu and Fan, 2022), which consists of seven level 1 indicators, namely, green credit, green investment, green insurance, green bond, green support, green fund and green rights and interests, and the contribution of each indicator is positive. Among them, green credit is represented by the proportion of total credit for environmental protection projects to total credit; green investment is represented by the proportion of investment in environmental pollution control to GDP; green insurance is represented by the proportion of revenue from environmental pollution liability insurance to total premium income; green bonds are represented by the proportion of total green bond issuance to total issuance of all bonds; green support is represented by the proportion of fiscal environmental protection expenditure to fiscal general budgetary expenditure; green fund is represented by the proportion of total market value of green funds to total market value of all funds; and the contribution of each indicator is positive. Green funds are represented by the total market value of green funds as a percentage of the total market value of all funds; green equity is represented by the total amount of equity market transactions in carbon trading, energy use rights trading, and sewage rights trading (Table 2).


Table 2 | Green finance index comprehensive evaluation system.






3.3 Green finance index for China’s coastal provinces and municipalities

The green finance index is an important indicator for measuring the performance of financial institutions in environmental, social and governance aspects. According to the comprehensive evaluation system of the green finance index constructed above, the green finance index can reflect the proportion of credits for environmental protection projects, investment in environmental pollution control, the degree of promotion of environmental pollution liability insurance, the issuance of green bonds and other aspects. Calculating the green finance index of China’s coastal provinces and cities will help to understand the development status of coastal provinces and cities in the field of green finance, as well as the spatial characteristics of the level of green finance development, so as to formulate a more scientific and reasonable strategy of sustainable development and promote the realization of the “dual-carbon” goal for the marines.

The entropy method, which is used as the main method for determining the weights of criteria/structures, can assess data completeness more objectively, enhance the interpretability of the results, and mitigate the influence of subjective factors (Wang et al., 2013). In this paper, the entropy method is used to measure the green finance index of China’s coastal provinces and cities. There are six measurement steps, including data standardization, calculation of sample value weight, calculation of information entropy, calculation of redundancy, calculation of information weight and calculation of comprehensive score, as follows:

The first step is to standardize the data (Equation 1):

 

In the second step, the weight of each sample value in the total sample, P(ij), is calculated from the normalization matrix (Equation 2):

 

In the third step, the information entropy   for each indicator is calculated based on the weight (Equation 3):

 

In the fourth step, the redundancy dj of each metric is calculated based on the information entropy (Equation 4):

 

In the fifth step, the weight wj of each indicator is calculated based on the redundancy (Equation 5):

 

In the sixth step, the green finance index GFIi is calculated based on the weights and normalized indicator values (Equation 6):

 

This paper calculates the green finance index of China’s coastal provinces and cities based on the above methodology, and the related data are from the Statistical Yearbook and Environmental Status Bulletin of China and provinces and cities, as well as the China Science and Technology Statistical Yearbook, the China Energy Statistical Yearbook, the China Financial Yearbook, the China Agricultural Statistical Yearbook, the China Industrial Statistical Yearbook, and the China Tertiary Industry Statistical Yearbook.

Figures 2a, 3a, 4a show the green financial development status of China’s coastal provinces and cities in 2008, 2015 and 2022, respectively. To enhance the credibility of the study, this paper uses factor analysis to cross-validate the green financial development status of China’s coastal provinces and cities. Factor Analysis (FA) is a multivariate statistical method used to study the underlying structure between observed variables. It explains the correlation between variables by attributing multiple observed variables to a few potential factors. Its formula is expressed as Equation 7:




Figure 2 | (a) Green finance developments in 2008 (b) Green finance developments in 2008.






Figure 3 | (a) Green finance developments in 2015 (b) Green finance developments in 2015.






Figure 4 | (a) Green finance developments in 2022 (b) Green finance developments in 2022.



 

X denotes the matrix of observed variables. f denotes the matrix of factor scores, which are unobservable latent variables. a denotes the matrix of factor loadings, which reflect the correlation between the variables and the factors. ϵ denotes the error terms, which are a part of the information unique to each variable and are usually ignored in the actual analyses.

The factors were first extracted using principal component analysis and the number of factors was determined. Then the factor loading matrix was rotated to make the factor interpretation clearer. Finally, the performance of each sample on the public factors was obtained by calculating the scores of each public factor, and the factor scores were weighted and averaged according to the variance contribution ratio of each factor to finally obtain the composite score. It is found that the obtained comprehensive scores of green finance in China’s coastal provinces and cities in 2008, 2015 and 2022 (Figures 2b, 3b, 4b) are highly similar to the results of the previous study (Figures 2a, 3a, 4a), and the distribution of the level of green finance development in each coastal province and city is basically the same. The entropy value method and factor analysis method are objective assignment methods, and the two methods yield similar results, proving the reliability of the study.

From the viewpoint of the spatial characteristics of development, the green finance index of the Northern Ocean Economic Zone is always higher than that of the Eastern and Southern Ocean Economic Zones, but the gap is gradually narrowing, and there is an obvious difference in the development speed of green finance in different Ocean Economic Zones. The development speed of green finance in the Eastern Ocean Economic Zone is relatively fast, while Hainan in the Southern Ocean Economic Zone has a rapid development momentum, and the development of green finance in the Northern Ocean Economic Zone is relatively smooth.

From the perspective of development potential characteristics, the development of green finance in China’s Ocean Economic Zones still has a large potential, especially Hainan in the Southern Ocean Economic Zone and Liaoning in the Northern Ocean Economic Zone. Although Hainan started late, it is growing faster and is expected to become a new engine of green finance development in the future. Hainan’s green financial index was low in 2008, in order to accelerate the development of Hainan eight relevant departments jointly issued the “Hainan Provincial Green Financial Reform and Development Implementation Program”, the issuance of green bonds and green credit balance of the annual incremental rankings of the top five of the province’s enterprises and banks to give incentives to guide the financial resources tilted to the field of green, emission reduction, innovation of green financial products, support for the issuance of green and blue bonds, the establishment of green low-carbon investment funds, and enriching green insurance products, Hainan’s green financial index has improved significantly, and the speed of green financial development is the fastest among coastal provinces and cities. Liaoning’s green financial index in 2008, 2015 and 2022 has been at the leading level. Liaoning has established an advanced green financial service platform “Liao Green Pass”, continuously improved the green financial support project database, set up a carbon emission right pledge service center, and incorporated the green financial evaluation results into the rating system of financial institutions of the central bank. In addition, Liaoning has formulated evaluation standards for the identification of green enterprises and green finance, and standardized the development of green finance business.

As can be seen from the development of green finance in China’s coastal provinces and municipalities in 2008, 2015 and 2022, despite the overall increase in the index, there are still differences in the green finance index between different regions, reflecting the unevenness of green finance development. Second, the growth rate of the green finance index is not consistent across regions. The indexes of some regions grow faster, while the growth of other regions is relatively slow. Therefore, this paper investigates the heterogeneity of the development of green finance indexes in various regions, with a view to finding corresponding programs to promote the development of green finance in various regions and to promote the overall high-quality growth of China’s Ocean Economy.





4 Methodology and data

This paper firstly adopts a fixed-effect model to explore the relationship between green finance and China’s ocean economy under the “dual-carbon” goal. Fixed Effects Model (FEM) is able to control for individual characteristics (e.g., geographic location, ocean resource endowment, etc.) that do not vary over time, thus estimating more accurately the impact of green finance on ocean economy growth. In addition, the Fixed Effects Model is suitable for dealing with panel data and can alleviate the endogeneity problem. In order to verify the applicability of the fixed-effects model, this paper conducts a Hausman test, which shows that the fixed-effects model is superior to the random-effects model (see Table 3). Considering the differences in the level of economic development, resource endowment and policy environment of China’s coastal regions, this paper further conducts a heterogeneity test by dividing the sample into the Nouthern, Eastern and Southern Ocean Economic Zone and conducting fixed effects regressions separately. This sub-regional analysis can reveal the spatial heterogeneity of green finance on ocean economy growth and provide a scientific basis for the formulation of differentiated policies. Finally, through the threshold effect model, the non-linear relationship between green finance and ocean economic growth is further studied, the threshold value is identified, and countermeasures are proposed to promote the development of China’s ocean economy through green finance under the “dual-carbon” goal.


Table 3 | Results of Hausman test.





4.1 Fixed effects model

The development of the ocean economy is influenced by various factors, including geographic location, resource endowment, and the policy environment, and there are significant differences in ocean economic growth between different regions.

The fixed-effects model can capture this individual variability and more accurately analyze the impact of green finance on ocean economy growth. At the same time, the fixed-effects model can alleviate the endogeneity problem to a certain extent. Certain individual characteristics that do not change over time may affect green finance development and ocean economy growth at the same time. Through the Fixed Effects Model, the interference of these time-varying factors can be eliminated and the reliability of the conclusions can be improved. In this paper, we use the panel data of China’s coastal provinces and cities from 2008-2022, and the fixed-effects model is very suitable for analyzing this kind of data structure with both time and individual dimensions. It can take full advantage of the panel data to analyze the dynamic impact of green finance on ocean economy growth. Its formula can be expressed as Equation 8:

 

Where   denotes provinces and municipalities and   denotes time;   denotes the per capita gross marine product of province and municipality   at time  ;   denotes an individual fixed effect, which represents an individual-specific characteristic that does not change over time;   denotes the coefficient of the independent variable;   denotes the value taken by province and municipality   at time  ; and   is the error term.

Substituting the explanatory variables, core explanatory variables and other control variables selected in this paper to get Equation 9:

 

Where GMP denotes the per capita gross marine product of each province and city; GFI denotes the green finance index of each province and city; FMR denotes the funding income of marine scientific research institutions; NPG denotes the number of authorized patents of each province and city; GRI denotes the index of the gross regional product of each province and city; SMA denotes the stock market activeness of each province and city; SMI denotes the scale of the marine industry of each province and city; ECS denotes the energy consumption structure; STI denotes the scale of tertiary industry in each province and city; SSI indicates the scale of secondary industry in each province and city.




4.2 Fixed effects model test

In order to verify the reasonableness of the selected model, this paper used the Hausmann test for model testing. The results show that the statistic of the chi-square test reaches 34.67, and the significance level of this statistic is much lower than 0.01, which strongly rejects the original hypothesis, thus proving that the selection of the Fixed Effects Model to analyze in this paper is reasonable (Table 3).




4.3 Threshold model

Under the “dual-carbon goal”, the impact of the development of green finance on the growth of the ocean economy shows a complex non-linear relationship. With the continuous development of green finance, its role in promoting the ocean economy gradually increases, while it may also be limited by certain thresholds. Threshold Model is a kind of nonlinear regression model, which assumes that the relationship between the dependent variable and the independent variable has different manifestations in different intervals, and is able to capture the nonlinear relationship of the dependent variable when the independent variable reaches a certain threshold, which is suitable for studying the potential threshold effect of green finance on ocean economy growth. Traditional segmented regression models and high order term models, etc. can also simulate the nonlinear relationship, but segmented regression models often need to determine the segmentation point in advance, and there may be the case of multiple cut-off points, which is complicated to deal with and easy to interfere with the objectivity of the empirical results. Higher term models can also simulate nonlinear relationships by introducing higher terms for the independent variables, but they may be overfitted, especially when the true relationship is segmented and linear, the higher terms may not be accurate enough, and the coefficients are difficult to interpret. In contrast to traditional segmented regression models, high order terms, and other models that explore nonlinear relationships, Threshold Effect Models are able to automatically determine cut-off points based on the characteristics of the data itself, and deal with single or multiple thresholds while maintaining linearity within the segments, which makes it more straightforward to interpret the effects in each interval. In addition, the Threshold Model fits the data more accurately, especially when there is an obvious structural change in the relationship between the variables, rather than a smooth nonlinear change, and the use of the Threshold Model is more effective in exploring the nonlinear relationship between green finance and ocean economy growth. Therefore, this paper adopts the Threshold Model for analysis. The formula is as follows:

When the threshold variable qit is less than or equal to the threshold value γ, the model is Equation 10:

 

When the threshold variable qit is greater than the threshold value γ, the model is Equation 11:

 

Equations 10, 11 are combined to obtain Equation 12:

 

Where   denotes provinces and cities, and   denotes time;   denotes gross marine product per capita;   denotes green finance index;   denotes threshold variable;   denotes a specific threshold value;   is an indicator function that takes the value of 1 when the condition is established, and 0 otherwise;   denotes the individual effect; and   denotes a random disturbance term.




4.4 Variable selection and data sources



4.4.1 Selection of variables



4.4.1.1 Explained variables

Gross Maritime Product per capita (GMP). In this paper, the Gross Maritime Product per capita (GMP) of China’s coastal provinces and cities is selected as an explanatory variable, representing the development of the ocean economy of coastal provinces and cities in the current year, which is obtained by dividing the sum of the value added of the marine industry and marine-related industries by the resident population of each province and city (Xia et al., 2019).




4.4.1.2 Core explanatory variables

Green Finance Index (GFI). The GFI represents the level of green finance development in China’s coastal provinces and cities, and consists of seven level 1 indicators: green credit, green investment, green insurance, green bond, green support, green fund and green equity, and is calculated by the entropy method. Green finance supports low-carbon, environmentally friendly and sustainable economic activities through financial instruments, promotes environmental protection and actively responds to climate change, and the development of green finance is an important tool for realizing the goal of “double carbon” (An, 2021).




4.4.1.3 Threshold variables

Marine research funding revenue (FMR). FMR is obtained from the current year’s revenue of marine scientific research institutions plus the government’s input in capital construction funds. By providing financial support and preferential policies, green finance guides the flow of social capital to marine scientific research institutions, thus increasing the revenue from marine scientific research funding. This injection of funds helps to promote research and development and innovation in marine science and technology, improve the utilization efficiency of marine resources and reduce environmental pollution, in line with the “dual-carbon” goal of reducing carbon emissions and promoting green development (Lu and Yao, 2024).

Scale of Marine Industry (SMI). It is expressed by the proportion of regional gross marine product to GDP. Green finance support for the marine industry can promote the rapid development of the industry and thus expand the scale of the marine industry. As the scale of the marine industry expands, its contribution to the ocean economy will also increase, which will help optimize the industrial structure and reduce the dependence on traditional high-pollution industries, in line with the orientation of the “dual-carbon” goal (Cao et al., 2015).




4.4.1.4 Other control variables

Number of Granted Patents (NPG). It is expressed by the number of patents authorized in the current year. The number of authorized patents reflects the results of technological innovation and R&D activities. For the ocean economy, technological innovation is an important driving force to promote the development of ocean resources, the upgrading of ocean equipment, and the protection of the ocean environment, among other key aspects. Technological innovation is a key factor in enhancing the competitiveness of the ocean economy, and green finance, by supporting ocean science and technology R&D, can promote the authorization of more ocean-related patents, thus promoting the development of the ocean economy (Wu et al., 2020).

Gross Regional Index (GRI). Taking 2000 Gross Regional Product as the base period (Gross Regional Product Index 100), it is calculated based on the growth ratio of Gross Regional Product in that year. The Gross Regional Index is an important indicator for measuring the development of the regional economy, and for the ocean economy, the overall development of the regional economy will lead to the prosperity of the ocean industry. By supporting green industries and projects, green finance helps to improve the overall quality and efficiency of the regional economy, thus indirectly promoting the development of the ocean economy (Li et al., 2014).

Stock Market Activity (SMA). The total value of outstanding shares derived from the number of tradable shares outstanding in the year multiplied by the share price at that time indicates the stock market activity reflects the financing ability of the capital market and investor confidence, for the ocean economy, an active stock market can provide more financial support for the ocean industry. Green finance financing through the capital market can guide the flow of funds to the field of ocean environmental protection, ocean science and technology, and promote the sustainable development of the ocean industry (Ju et al., 2015).

Energy Consumption Structure (ECS). Derived from the share of coal in energy consumption in the current year. Energy consumption structure reflects the preference and efficiency of regional energy use. For the ocean economy, optimizing the energy consumption structure helps reduce energy consumption and environmental pollution in the ocean industry. By supporting the development of clean energy and renewable energy, green finance helps to optimize the energy consumption structure and reduce the dependence on traditional energy, thus reducing carbon emissions and environmental pollution in the ocean industry (Rui, 2025).

Scale of tertiary industry (STI). It is expressed by the proportion of the output value of the tertiary industry to the GDP in the current year. The scale of tertiary industry reflects the change of regional economic structure and the trend of industrial upgrading. For ocean economy, the rapid development of tertiary industry helps to improve the overall quality and efficiency of ocean economy. Green finance can promote the optimization and upgrading of the structure of ocean economy by supporting the development of tertiary industries such as ocean tourism and ocean information service (Ding et al., 2022).

Size of secondary industry (SSI). It is expressed by the proportion of the output value of the secondary industry to the GDP in the current year. The scale of the secondary industry reflects the level of regional industrialization and the strength of the manufacturing industry. For the ocean economy, the development of the secondary industry is an important force to promote the growth of the ocean economy. Although the secondary industry is often accompanied by higher energy consumption and environmental pollution, green finance can realize a win-win situation in terms of economic and environmental benefits by supporting its green transformation and upgrading (Li and Huang, 2022).

To avoid the problem of heteroskedasticity and multicollinearity, the variables are logarithmized in this paper, so there are cases where the variables are negative. Below are the descriptive statistics (Table 4) and the correlation test (Figure 5) for the variables selected in this paper.


Table 4 | Descriptive statistical analysis of variables.






Figure 5 | Correlation test.



As can be seen in Figure 5, the absolute value of the correlation test coefficients among the variables are all below 0.7, indicating that there is no multicollinearity problem. In addition, the results show that the correlation between Gross Maritime Product per capita (GMP) and other variables is significant.





4.4.2 Data sources

The data used in this paper come from the China Marine Statistical Yearbook, the China Ocean Economy Statistical Bulletin, the Statistical Yearbooks of China’s provinces and cities, the Bulletin on the State of the Environment, as well as the China Science and Technology Statistical Yearbook, the China Energy Statistical Yearbook, the China Financial Yearbook, the China Agricultural Statistical Yearbook, the China Industrial Statistical Yearbook, and the China Tertiary Industry Statistical Yearbook.





4.5 Unit root test

The data series adopted in this paper are time series, and smoothness is an important characteristic of time series data, which means that the statistical characteristics of the time series do not change over time, while the non-smooth series may show the characteristics of trend, seasonality or random fluctuations, which will make the empirical results produce “pseudo-regression” results. In addition, homogeneous panel data have similar statistical characteristics, while heterogeneous panel data have different characteristics, which may lead to biased estimation and erroneous statistical inference if heterogeneous panel data are mistakenly treated as homogeneous panel data. In order to avoid “pseudo-regression” and ensure the validity of the estimation results, it is necessary to analyze the smoothness of the time series data and panel data, i.e., to test whether the data process is smooth through the unit root test. In this paper, we use both the LLC test for the homogeneous panel hypothesis and the Fisher-ADF test for the heterogeneous panel hypothesis, and the results of both tests reject the original hypothesis of the existence of a unit root, indicating that the series is smooth (Table 5).


Table 5 | LLC test and Fisher-ADF test.







5 Empirical analysis



5.1 Analysis of fixed effects regression results

In this paper, based on the fixed-effect model, the Gross Maritime Product per capita (GMP), Green Finance Index (GFI), Marine research funding revenue (FMR), Scale of Marine Industry (SMI), Number of Granted Patents (NPG), Gross Regional Index (GRI), Stock Market Activity (SMA), Energy Consumption Structure (ECS), Scale of tertiary industry (STI), Size of secondary industry (SSI), and Size of secondary industry (SSI) 10 indicators to construct two models (1) and model (2). Among them, model (1) is the regression of Gross Maritime Product per capita (GMP) and all variables, and model (2) is the regression of Gross Maritime Product per capita (GMP) and green financial index (GFI), and the fixed effect regression results of models 1 and 2 are shown in Table 6.


Table 6 | Fixed effects regression results.



From the regression results of model (1) and model (2), it can be seen that the coefficients of Green Finance Index (GFI) are both significant and positive, which proves the stability of the positive promotion effect of green finance (GFI) on Gross Maritime Product per capita (GMP), and with the increase of Green Finance Index (GFI), the Gross Maritime Product per capita (GMP) grows as well. This positive relationship reflects the fact that green finance guides the flow of funds to environmentally friendly and low-carbon projects, which not only accelerates the green growth of the Ocean Economy, but also effectively promotes carbon emission reduction. Green finance-supported projects tend to use cleaner and more efficient technologies, reducing dependence on fossil fuels and directly lowering carbon emissions. In addition, the positive contribution of green finance (GFI) to Gross Maritime Product per capita (GMP) in model (2) emphasizes the robustness of the regression using fixed effects in this paper.

In the model (1), the variables with significant coefficients of are six variables: Green Finance Index (GFI),Number of Granted Patents (NPG),Stock Market Activity (SMA), Scale of Marine Industry (SMI), Scale of tertiary industry (STI) and Size of secondary industry (SSI); the variables with insignificant coefficients are three variables, namely, Marine research funding revenue (FMR), Gross Regional Index (GRI) and Energy Consumption Structure (ECS). The coefficients are not significant for three variables: Marine research funding revenue (FMR), Gross Regional Index (GRI) and Energy Consumption Structure (ECS).

The significant and negative coefficient on the Number of Granted Patents (NPG) suggests that, although there is a high number of patents granted, it is likely that the conversion of patents into actual productivity is inefficient in the marine industry sector. A large number of patents remain only on paper and are not effectively transformed into products or services to promote the growth of the Ocean Economy. Instead, the large amount of R&D resources invested in acquiring these patents takes away other resources that could have been used to promote the growth of the Ocean Economy, resulting in a negative correlation between the Gross Maritime Product per capita (GMP) and the Number of Granted Patents (NPG).

The coefficient of Stock Market Activity (SMA) is significant and positive, indicating the importance of the capital market in supporting the green transition and low-carbon development of the marine industry. An active capital market provides marine enterprises committed to green transformation and low-carbon development with the necessary financial support for research and development of new technologies, improvement of production processes, enhancement of energy efficiency, and facilitation of scale expansion and competitiveness enhancement, thus playing a key role in realizing the “dual-carbon” goal.

The coefficient of the Scale of Marine Industry (SMI) is significant and positive, reflecting that the growth of the gross marine product can further attract capital to the marine industry. As the Scale of Marine Industry (SMI) expands, more capital and resources are invested in environmentally friendly and low-carbon projects, promoting the green transformation of the whole industrial chain. At the same time, the growth of the marine industry also drives the economic prosperity of coastal areas, providing a broader space and more possibilities for carbon emission reduction.

The coefficient of the Scale of tertiary industry (STI) is significant and positive, indicating that the prosperity of the marine service industry can drive the development of related industries and provide more services and support for the Ocean Economy. Driven by the “dual-carbon” goal, the marine service industry needs to continuously innovate its service mode and improve its service quality to meet the growing green and low-carbon demand. For example, the marine tourism industry can develop more green tourism projects to attract tourists while reducing carbon emissions. The marine transportation industry can optimize shipping routes and improve the energy efficiency of ships to reduce carbon emissions during transportation.

The coefficient on the size of the Size of secondary industry (SSI) is significant and positive, indicating that the development of industry remains an important driver of ocean economic growth. Although the rise of the service sector has contributed more and more to the growth of the ocean economy in recent years, industry is still an indispensable part of the Ocean Economy. In the context of the “dual-carbon” goal, industry needs to pay more attention to energy conservation, emission reduction and green transformation, and contribute to carbon emission reduction while realizing economic growth.




5.2 Heterogeneity analysis

In order to explore the potential heterogeneity of green finance on China’s ocean economic growth, this paper firstly analyzes the level of green finance development in China’s coastal provinces and cities in a comparative manner (Figure 6).




Figure 6 | Level of green finance development in China’s coastal provinces and municipalities.



As can be seen in Figure 6, the Green Finance Index (GFI) of most cities shows an upward trend from 2008 to 2022, indicating that the development of these cities in the field of green finance has achieved positive results, in particular, the level of green finance development in Hainan and Liaoning has improved most rapidly. The growth of Shanghai, Shandong and Jiangsu is also more significant, indicating that the development of green finance in these regions is also more effective.

Next, this paper analyzes the spatial heterogeneity of China’s ocean economy from three regions: the Northern Ocean Economic Zone, the Eastern Ocean Economic Zone, and the Southern Ocean Economic Zone (Table 7).


Table 7 | Fixed effects regression results for each region of China’s Ocean Economy.



The empirical results in Table 7 show that:

In terms of green finance, both the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone show a significant positive contribution. Every 1% increase in the Green Finance Index (GFI) of the Eastern Ocean Economic Zone will lead to a 1.809% increase in Gross Maritime Product per capita (GMP), demonstrating the high level of green finance development in the region and its significant role in promoting the Ocean Economy. Although the Southern Ocean Economic Zone started later, every 1% increase in its Green Finance Index (GFI) will also lead to a 2.121% increase in Gross Maritime Product per capita (GMP), demonstrating the region’s rapid development and positive dynamics in green finance. However, the coefficient of the Green Finance Index (GFI) in the Northern Ocean Economic Zone is not significant, indicating that the development of green finance in the region has not yet fully revealed its role in promoting the Ocean Economy.

Despite the high green financial index (GFI) of the Northern Ocean Economic Zone, the role of green finance in promoting the ocean economy is not significant, which is essentially the result of the superposition of multiple factors such as lagging development of green financial infrastructure, lack of implementation of green financial policies, mismatch between the rigidity of the industrial structure and the demand for green finance, and differences in the market conditions for green finance: first of all, the development of green financial infrastructure is lagging behind. The financial system of the Northern Ocean Economic Zone is relatively closed, with a single green financial product, mainly traditional green credit, and a lack of specialized green financial institutions and talents. Unclear certification standards for green projects have led to banks being cautious about green credit, making it difficult for funds to be effectively injected into the ocean economy. The Eastern Ocean Economic Zone and the Southern Ocean Economic Zone have mature financial markets and internationalized financial centers, with abundant green financial products, such as green credits, blue bonds, carbon financial derivatives, etc., and financial institutions have stronger risk assessment and pricing capabilities for green projects. Secondly, the implementation of green financial policies and the implementation effect is poor. The Northern Ocean Economic Zone is relatively lagging behind in the synergistic planning of “dual-carbon” target and industrial transformation, and the development of ocean economy in some provinces still relies on petrochemical and other high-energy-consuming industries, so the green financial policies and industrial transformation policies have failed to form a synergy, resulting in the flow of funds to the traditional industries’ “pseudo-green” projects instead of the real green projects. Local governments in the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone are more active in the implementation of green financial policies, and the supporting measures are perfect. Zhejiang, Guangdong and other places through the construction of the “green financial reform pilot zone”, the policy objectives are closely integrated with the development of the local community, and promote the rapid implementation of green financial tools. Third, the rigidity of the industrial structure of the Northern Ocean Economic Zone does not match the demand for green finance. Green finance is more effective in supporting technology-intensive industries, while the Northern Ocean Economic Zone is dominated by heavy chemical industries and resource-based industries, with strong rigidity of industrial structure, high cost and long cycle of green transformation. Green finance funds may be used more for the environmental transformation of traditional industries than for emerging areas of the ocean economy such as marine renewable energy and marine eco-tourism, resulting in a limited pulling effect on the growth of the ocean economy. The Eastern Ocean Economic Zone and the Southern Ocean Economic Zone have formed modern ocean industry clusters, such as Zhejiang’s marine biopharmaceutical industry cluster and Fujian’s ocean engineering equipment industry cluster, with a lighter and more diversified industrial structure, and a high proportion of service and high-tech industries, which are more compatible with green finance, such as green bonds supporting offshore wind power projects and blue carbon sink trading, directly promoting ocean economy’s High value-added growth. In addition, the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone have more mature financial market conditions, with a large number of financial institutions, a perfect financial service system, and a wider range of innovation and application of green financial products and tools. This enables green finance to more effectively guide the flow of funds to ocean economy-related industries and promote ocean economy growth. In contrast, the development of the financial market in the Northern Ocean Economic Zone is relatively lagging behind, financial institutions and products are relatively single, and the penetration and influence of green finance is insufficient, resulting in the promotion of its role in the ocean economy not yet fully manifested.

In terms of research investment, the coefficient of Marine research funding revenue (FMR) in the Eastern Ocean Economic Zone is significant and positive, and every 1% increase will lead to a 0.04% increase in Gross Maritime Product per capita (GMP), which indicates that the increase in research investment effectively promotes technological innovation and industrial upgrading. In contrast, the coefficients of the Nouthern and Southern Ocean Economic Zones are not significant in this aspect. The Northern Ocean Economic Zone, such as Shandong and Liaoning, is dominated by traditional marine heavy industries like shipbuilding and marine chemicals. Research funding may flow more towards technological improvements in these traditional industries rather than emerging marine technology fields such as marine biomedicine and deep-sea exploration. The disconnection between scientific research projects and market demand has led to a low conversion rate of achievements. State-owned enterprises and large scientific research institutions dominate the Northern Ocean Economic Zone, with low participation from small and medium-sized enterprises, making it difficult for scientific research results to be realized through market-oriented mechanisms. The provinces within the Northern Ocean Economic Zone face homogenized competition in marine scientific research, resulting in dispersed funding and a challenge in forming a scale effect. In the Southern Ocean Economic Zone, provinces like Guangdong and Fujian are dominated by the private economy and export-oriented industries. Local governments tend to support manufacturing or service industries with short-term results and have limited budgets for long-term marine scientific research. The ocean economy in the Southern Ocean Economic Zone is centered around service industries such as port logistics and coastal tourism, with enterprises focusing their research and development needs on technology introduction or equipment upgrading rather than original technology innovation. As a result, the marginal contribution of local research funding to marine economic growth is relatively low. Additionally, the Southern Ocean Economic Zone is weak in research areas such as marine environment monitoring and deep-sea resource exploration, with scientific research institutions mostly focusing on short-term application projects, making it difficult to break through key technological bottlenecks. Furthermore, the migration of high-end marine research talents to core cities in the east, such as Shanghai and Hangzhou, further weakens local innovation capabilities.

In terms of authorized patents, the coefficient of the Number of Granted Patents (NPG) in the Southern Ocean Economic Zone is significant and positive, and every 1% increase in the number of authorized patents will lead to an increase in the Gross Maritime Product per capita (GMP) by 0.078%, which suggests that an increase in technological innovation capacity has a significant positive impact on the ocean economy of the region. The coefficients for the Nouthern and Eastern Ocean Economic Zone are not significant in this regard. The Northern Ocean Economic Zone relies more on ocean traditional industries such as ocean fishery, ocean transportation and ocean oil and gas development, and the demand for technological innovation in these industries is relatively low and the speed of technological updating is slow, resulting in the insignificant pulling effect of patents on economic growth. Although the Eastern ocean economic Zone is economically developed, its ocean economy may rely more on the service industry and high-end manufacturing industry, such as marine engineering equipment, marine biology and medicine, etc. The technological innovation in these fields relies more on external technology introduction or cooperation rather than local independent research and development, resulting in the direct impact of the number of local patents on the growth of the ocean economy is not significant. The market environment of the Northern Ocean Economic Zone and the Eastern Ocean Economic Zone is relatively closed or not competitive enough, and enterprises lack the motivation of technological innovation, resulting in the insignificant pulling effect of the number of patents on the growth of the ocean economy. The Southern Ocean Economic Zone has a strong advantage in technological innovation, especially in the field of ocean high-tech industry, the region has more scientific research institutions and high-tech enterprises, stronger technological innovation ability, and the transformation efficiency of patents is higher, so the number of patents has a significant role in promoting economic growth. At the same time, the market environment in the Southern Ocean Economic Zone is more open and active, and competition among enterprises is more intense, which prompts enterprises to pay more attention to technological innovation and patent protection and promotes the growth of the ocean economy.

In terms of regional production, the coefficient of the Gross Regional Product Index (GRI) of the Northern Ocean Economic Zone is significant and negative, and every 1% increase in the Gross Regional Product Index (GRI) will reduce the Gross Maritime Product per capita (GMP) by 4.054%, which suggests that the green finance in the Northern Ocean Economic Zone may be misallocated, and that the green financial resources have not been efficiently allocated to the ocean economy-related green industries or technological innovation areas, and funds flow more to traditional energy-intensive industries such as heavy industry and energy extraction rather than supporting the green transformation of the ocean economy. This misallocation has led to a shortage of funds in the ocean economy and inhibited its development potential, resulting in a negative effect as the growth of the Gross Regional Product Index (GRI) fails to drive the synchronized growth of the ocean economy. The Northern Ocean Economic Zone may suffer from an imperfect regulatory mechanism for green finance and a lack of tracking and evaluation of the use of green funds, leading to the diversion of funds or their failure to be used to support the development of green industries. This lack of regulation weakens the supportive role of green finance for the ocean economy, leading to the continued expansion of highly polluting and energy-intensive ocean industries and crowding out the resource space for the green transformation of the ocean economy. This regulatory failure further exacerbates the negative correlation between the Gross Regional Index (GRI) and ocean economy growth. The Northern Ocean Economic Zone may experience delays in policy implementation under the “dual-carbon” goal, with green financial support policies failing to materialize in a timely manner or insufficiently enforced, resulting in the ocean economy not receiving sufficient policy dividends. At the same time, green financial policies may lack coordination with other economic policies, such as ocean industry development policies and regional economic policies, resulting in offsetting policy effects. For example, the growth of the Gross Regional Index (GRI) may rely mainly on the expansion of traditional industries and fail to synergize with the green transformation of the ocean economy, resulting in a negative hindering effect on the ocean economy.

Meanwhile, in terms of stock market activity, the coefficient of Stock Market Activity (SMA) in the Northern Ocean Economic Zone is also significant and negative, with a 1 per cent increase in Stock Market Activity (SMA) reducing Gross Maritime Product per capita (GMP) by 0.098 per cent. Under the “double carbon” goal, uncertainties such as green financial policies, structural adjustment of the ocean economy and environmental protection requirements have increased, and investors are skeptical about the investment prospects in the ocean economy, leading to a decline in confidence. Investors are overly concerned about green financial policies and their actual impact on the ocean economy, resulting in capital not effectively flowing into the ocean economy when Stock Market Activity (SMA) increases, but rather flowing out due to risk aversion. In addition, an increase in Stock Market Activity (SMA) may be accompanied by an increase in capital market volatility, and this uncertainty may discourage companies from investing in the ocean economy sector over the long term, especially in green technology innovations and sustainable development projects.

The coefficients of Gross Regional Index (GRI) of the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone are not significant. The Eastern Ocean Economic Zone has a diversified industrial structure, with the ocean economy accounting for only a small portion of the overall economy, and the growth of the Gross Regional Product Index (GRI) is likely to be driven more by non-ocean sectors, such as the manufacturing and service industries, resulting in its insignificant impact on ocean economy growth. The ocean economy in the Southern Ocean Economic Zone is more dependent on technological innovation and external markets than on local GDP growth. As a result, the Gross Regional Product Index (GRI) has a weak direct impact on ocean economy growth. The ocean economy in the Southern region is more concentrated in ocean high-tech industries such as ocean biomedicine and ocean new energy, and these areas are less sensitive to traditional GDP growth. In addition, the Eastern and Southern Ocean Economic Zone may rely more on external technology importation than on local independent research and development. This technological dependence may lead to a weaker direct impact of Gross Regional Product Index (GRI) growth on ocean economy growth.

The coefficients on Stock Market Activity (SMA) are not significant for the Eastern and Southern Ocean Economic Zone. The Eastern Ocean Economic Zone has a more developed economy, a high degree of marketization, and diversified corporate financing channels, and the marginal contribution of stock market activity to economic growth has been saturated. The ocean economy in the Eastern region relies more on technological innovation and industrial upgrading, and the demand for capital in these areas comes more from venture capital or policy finance than from the stock market. Although the Southern Ocean Economic Zone has a faster economic growth rate, the stock market development is relatively lagging behind, the maturity of the capital market is low, and the conduction effect of stock market activity on the real economy is weak. The ocean industries in the Southern Ocean Economic Zone are more concentrated in traditional areas such as ocean fisheries and ocean tourism, which are less dependent on stock market financing. In addition, governments in the Eastern and Southern Ocean Economic Zone are more inclined to promote the development of the ocean economy through direct policy support, such as green finance policies and industry support funds, rather than relying purely on the stock market. This policy orientation may have weakened the direct impact of stock market activity on ocean economy growth.

With regard to the marine industry, the coefficients of the Scale of Marine Industry (SMI) in the Nouthern, Eastern and Southern Ocean Economic Zones are all significant and positive, indicating that the comprehensive strength and competitiveness of the ocean economy will continue to improve as the Scale of Marine Industry (SMI) expands, thus promoting the realization of higher-quality development in the Ocean Economic Zone. Among them, every 1% increase in the Scale of Marine Industry (SMI) in the Northern Ocean Economic Zone will lead to a 0.814% increase in Gross Maritime Product per capita (GMP); the Eastern Ocean Economic Zone has a stronger enhancement effect of 1.119%; and the Southern Ocean Economic Zone is 0.884%.

In addition, the expansion of the Scale of tertiary industry (STI) and the size of the Size of secondary industry (SSI) also has a significant positive promotion effect on the Ocean Economy, and shows different strengths of effect in different regions. Specifically, the Nouthern, Eastern and Southern marineic economic zones all show significant positive promotion effects in the Scale of tertiary industry (STI). Among them, every 1% increase in the Scale of tertiary industry (STI) in the Northern Ocean Economic Zone will lead to a 4.516% increase in Gross Maritime Product per capita (GMP); every 1% increase in the Eastern Ocean Economic Zone will lead to a 3.949% increase; and every 1% increase in the Southern Ocean Economic Zone will lead to a 2.689% increase. Similarly, all three Ocean Economic Zones also show significant positive contribution in terms of Size of secondary industry (SSI) improvement. For every 1% increase in Size of secondary industry (SSI) in the Northern Ocean Economic Zone, the Gross Maritime Product per capita (GMP) will be boosted by 5.381%, showing the strong driving force of the secondary industry on the ocean economy in the region. Although the lifting effect of the Eastern Ocean Economic Zone is relatively low, every 1% increase in the Size of secondary industry (SSI) can also lead to a 0.984% increase in Gross Maritime Product per capita (GMP). The Southern Ocean Economic Zone is in between, with every 1% increase in the Size of secondary industry (SSI) driving a 2.676% increase in Gross Maritime Product per capita (GMP). In the future, the synergistic development of the tertiary and secondary sectors should continue to be strengthened to promote sustainable, healthy and green growth of the Ocean Economy.

In terms of Energy Consumption Structure (ECS), different Ocean Economic Zones show very different effects. The negative and significant coefficient of the Nouthern marineic Economic Zone implies that the unreasonable Energy Consumption Structure (ECS) has a significant negative hindering effect on the Ocean Economy. A 1% increase in the Energy Consumption Structure (ECS) of the Northern Ocean Economic Zone reduces the Gross Maritime Product per capita (GMP) by 0.398%. Energy consumption in the Northern Ocean Economic Zone is dominated by high-carbon energy sources, such as coal and oil, and the irrational Energy Consumption Structure (ECS) has led to the exacerbation of environmental pollution problems, such as air pollution and ocean pollution. These environmental problems directly damage the ocean ecosystem, which in turn affects the sustainable development of the ocean economy. The over-reliance on high-carbon energy may limit the green transformation of the ocean economy, leading to a negative impact on the Gross Maritime Product per capita (GMP) as a result of the increase in the Energy Consumption Structure (ECS). Under the “dual carbon” target, the Northern Ocean Economic Zone is facing great pressure to save energy and reduce emissions. Due to the irrational Energy Consumption Structure (ECS), the region faces greater challenges in realizing the dual-carbon target, thus further inhibiting the growth of the ocean economy. In contrast, the coefficient of the Eastern Ocean Economic Zone is positive and significant. A 1% increase in the Energy Consumption Structure (ECS) of the Eastern Ocean Economic Zone is associated with a 0.109% increase in Gross Maritime Product per capita (GMP). This indicates that the region has made positive progress in energy conservation and emission reduction, and the optimization of the Energy Consumption Structure (ECS) provides strong support for the sustainable development of the Ocean Economy. However, the coefficient on the Energy Consumption Structure (ECS) is not significant in the Southern Ocean Economic Zone, which has a relatively diverse ECS, making the impact of changes in ECS on economic growth complex and difficult to capture. For example, traditional energy sources such as coal and oil play a fundamental role in supporting economic growth, but their increased consumption may lead to problems of environmental pollution and carbon emissions, which is contrary to the “dual-carbon” goal, while clean energy sources such as natural gas and renewable energy can help to promote green economic growth, but the level of development and cost-effectiveness of such energy sources also affect their role in the Energy Consumption Structure (ECS). The level of development and cost-effectiveness of clean energy sources, such as natural gas and renewable energy, also affect their share of the Energy Consumption Structure (ECS).

The “dual-carbon” goal is an important guideline for promoting the green and high-quality development of China’s Ocean Economy. The rapid development of green finance in the Eastern Ocean Economic Zone has not only significantly reduced the carbon emission intensity of the marine industry, but also accelerated the widespread application of clean energy and environmental protection technologies, laying a solid foundation for the sustainable development of the Ocean Economy. Compared with the Eastern part of the region, the Southern Ocean Economic Zone is lagging behind in the development of green finance, but it has also shown a positive trend in recent years. In response to the “double carbon” goal, the regional government has introduced a series of policies and measures aimed at encouraging financial institutions to increase green financial support for the marine industry, and has effectively promoted the green transformation and upgrading of the marine industry, improved the green competitiveness of the Ocean Economy, and also provided more investment opportunities and market demand for green finance, forming a virtuous zone. At the same time, it also provides more investment opportunities and market demand for green finance, forming a virtuous zone. Driven by the “dual-carbon” goal, green finance and the ocean economy in the Southern Ocean Economic Zone have shown a good trend of synergistic development. However, in the Northern Ocean Economic Zone, the interaction between green finance and the ocean economy has not yet fully emerged. On the one hand, the development of green finance has not yet fully met the financing needs of the marine industry, especially in the context of the “dual-carbon” goal, the marine industry’s demand for green finance is more urgent; on the other hand, the development of the ocean economy has not been able to provide more investment opportunities and market demand for green finance, resulting in the development of green finance in the region relatively lagging behind. On the other hand, the development of ocean economy fails to provide more investment opportunities and market demand for green finance, leading to the relatively lagging development of green finance in the region. In view of the problems in the development of green finance in the Northern Ocean Economic Zone, the government should introduce more policies and measures to support the development of green finance, especially in the context of the “dual-carbon” goal, and pay more attention to the important role of green finance in promoting the green and low-carbon development of the Ocean Economy. For example, special funds for green finance can be set up to provide financial support for the green transformation and upgrading of the marine industry; preferential policies such as tax breaks and loan subsidies can be provided to reduce the cost of financial institutions in supporting the green transformation of the marine industry; and at the same time, attempts should be made to set up a green financial risk compensation mechanism to compensate financial institutions for loan losses incurred due to the support of the green transformation of the marine industry, so as to further promote the development of green finance and the greening of the ocean economy in the Nouthern part of the country. At the same time, try to establish a green financial risk compensation mechanism to compensate financial institutions for loan losses arising from supporting the green transformation of the marine industry, so as to further promote the synergistic development of green finance and the ocean economy in the Northern Ocean Economic Zone, and jointly move towards the goal of “double carbon”.




5.3 Endogeneity test

In order to solve the endogeneity problem of the model, this paper uses the instrumental variable method to test the core explanatory variable lagged 1 period (GFIt-1) as an instrumental variable through the existing research (Yu and Fan, 2022), and the regression results are shown in Table 8.


Table 8 | Endogeneity test results.



The results of the first-stage regression indicate that the instrumental variable is significantly and positively related to the Green Finance Index (GFI), and the coefficient of the green finance index with 1-period lag (GFIt-1) is 0.590, and it is significant at the 99% confidence level. The two-stage regression results show that the Green Finance Index (GFI) is significantly and positively correlated with the Gross Maritime Product per capita (GMP), and the coefficient of the Green Finance Index (GFI) is 3.838 and is significant at 99% confidence level, which is basically the same as the previous results. In addition, this paper also carried out the unidentifiable test and weak instrumental variable test for instrumental variables. Among them, Kleibergen-Paap rk LM statistic significantly rejects the hypothesis of “insufficient identification of instrumental variables” at 99% confidence level, and the value of Kleibergen-Paap Wald rk F statistic is 57.973, which is larger than the critical value at 10% bias. The Kleibergen-Paap Wald rk F statistic obtained a value of 57.973, which is greater than the critical value of 16.38 at 10% bias, significantly rejecting the original hypothesis of “weak instrumental variables”. This shows that green finance has a lagged positive effect on ocean economy and excludes potential endogenous effects.




5.4 Analysis of regression results for threshold effects



5.4.1 Threshold effect test

It has been shown that the Threshold Model has significant advantages in analyzing the nonlinear relationship between financial policy and economic growth (Li, 2023). In this paper, we choose the Green Finance Index (GFI) as the core explanatory variable, which can comprehensively reflect the development level of green finance in each region; we choose the Marine research funding revenue (FMR) and the Scale of Marine Industry (SMI) as the threshold variables. It has been shown that ocean scientific research investment and the Scale of Marine Industry (SMI) are key influencing factors of green finance, and there is a threshold effect on the growth of the ocean economy (Gong et al., 2019; Qiao et al., 2021).

Ocean-based Marine research funding revenue (FMR) is a key indicator of research investment in the ocean sector. Higher FMR means more resources for ocean technology innovation. Under the “dual-carbon” goal, green finance tends to support ocean projects with innovative capacity and environmental potential. The level of investment in scientific research directly affects the technological innovation ability and green transformation speed of ocean industry, which in turn affects the effect of green finance and the growth potential of ocean economy. The relationship between Green Finance Index (GFI) and Gross Maritime Product per capita (GMP) may change depending on the level of scientific research investment; the Scale of Marine Industry (SMI) reflects the overall strength and development potential of the ocean economy. With the expansion of Scale of Marine Industry (SMI), its economy of scale effect and green synergistic effect gradually appear, which in turn attracts more green financial investment. Different Scale of Marine Industry (SMI) will lead to different ways and effects of green finance in it. When the Scale of Marine Industry (SMI) is small, it may not be able to fully utilize green financial funds to carry out large-scale production expansion or technological upgrading, while when the Scale of Marine Industry (SMI) reaches a certain degree, it will produce economies of scale, thus making the Gross Maritime Product per capita (GMP) grow rapidly. The choice of ocean-based research Marine research funding revenue (FMR) and Scale of Marine Industry (SMI) as threshold variables can more accurately capture the stage characteristics and threshold effects of the impact of green finance on China’s ocean economy growth. This paper analyzes the nonlinear relationship between Green Finance Index (GFI) and Gross Maritime Product per capita (GMP) by taking two variables as threshold variables, i.e., Marine research funding revenue (FMR) and Scale of Marine Industry (SMI), respectively, and uses the “300-time Bootstrap Sampling Method,” 300 sub-samples were randomly drawn with replacement from the original sample, and the threshold value was re-estimated for each sub-sample. Through multiple sampling and estimation, the distribution of threshold values was obtained, allowing for an assessment of its stability and confidence interval. Further tests were conducted to examine the significance of the existence of a single, double, or triple threshold for each threshold variable. The test results indicate (see Table 9) that when ocean-based Marine research funding revenue (FMR) is used as the threshold variable, there is a single threshold with a value of 11.2497, and a 95% confidence interval ranging from 11.1389 to 11.2674. When the Scale of Marine Industry (SMI) is used as the threshold variable, there is also a single threshold with a value of -1.9661, and a 95% confidence interval ranging from -2.2830 to -1.9661.


Table 9 | Threshold effect test results.






5.4.2 Analysis of regression results for threshold effects

Threshold regression results show that the Green Finance Index (GFI) has a positive effect on Gross Maritime Product per capita (GMP) (Table 10).


Table 10 | Threshold effect regression results.



When the index of Marine research funding revenue (FMR) of the ocean category is less than or equal to 11.2497, every 1% increase in the Green Finance Index (GFI) will lead to an increase of 2.579% in the Gross Maritime Product per capita (GMP). This indicates that the development of green finance promotes ocean economy growth more significantly at the stage of relatively low research funding. In the case of limited scientific research funding, the financial support of green finance can more effectively promote the green transformation and technological innovation of the ocean industry, and provide strong support for the realization of the “dual-carbon” goal; when the index of ocean scientific Marine research funding revenue (FMR) is greater than 11.2497, each 1% increase in the Green Finance Index (GFI) will lead to an increase of 2.225% in the Gross Maritime Product per capita (GMP). Although green finance still has a facilitating effect on ocean economic growth, the ocean economy may face structural bottlenecks, such as low efficiency of technological transformation, imperfect industrial chain, insufficient market demand, etc. With the increase of the income of Marine research funding revenue (FMR) in the ocean category, the absorptive capacity of the main body of the ocean economy for the technology and funds supported by green finance may be saturated, resulting in the weakening of the marginal effect of green finance. With the increase of scientific research funding, ocean research institutions may face more research directions and project choices, leading to a decrease in the proportion of green finance’s financial support in the overall scientific research funding, thus weakening its promotion effect. The existence of the ocean-based Marine research funding revenue (FMR) threshold, in terms of policy implications, for regions with lower ocean-based Marine research funding revenue (FMR), priority should be given to increasing green financial inputs and green financial support to promote technological innovation and industrial upgrading, to make up for the lack of scientific research funding, and to promote the green transformation and high-quality development of the ocean economy; for regions with higher ocean-based Marine research funding revenue (FMR) areas, while maintaining green financial support, it should focus on optimizing the structure of ocean industries, enhancing the efficiency of technology transformation and avoiding the waste of resources. In addition, the government should also increase investment in ocean economy infrastructure and promote the synergistic development of the industrial chain, in order to enhance the utilization efficiency of green financial funds and break through structural bottlenecks.

When the Scale of Marine Industry (SMI) index is less than or equal to -1.9661, every 1% increase in the Green Finance Index (GFI) will lead to a 3.188% increase in the Gross Maritime Product per capita (GMP). This indicates that the marginal effect of green finance is higher when the Scale of Marine Industry (SMI) is small. Small-scale ocean industries usually face capital shortages and technological bottlenecks, and the injection of green finance can significantly improve their financing environment and technological level, thus generating a stronger pulling effect on economic growth; when the Scale of Marine Industry (SMI) index is greater than -1.9661, every 1% increase in the Green Finance Index (GFI) will lead to an increase in the per capita gross domestic product (GDP) of ocean by 1.858%. Similarly, green finance still contributes to ocean economy growth, but this effect is relatively weaker. When the Scale of Marine Industry (SMI) is large, the efficiency of resource utilization has been relatively high, the further input of green finance has limited space to enhance the efficiency of resource utilization, the marginal effect of green finance is relatively weakened, and the growth of ocean economy relies more on the optimization of the existing industrial structure and efficiency enhancement instead of relying on the capital input alone. The existence of the Scale of Marine Industry (SMI) threshold indicates that for regions with smaller Scale of Marine Industry (SMI), priority should be given to promoting the rapid development of the ocean economy through green finance; for regions with larger Scale of Marine Industry (SMI), attention should be paid to the synergistic effect of green finance and industrial upgrading, and while maintaining green financial support, it should be focused on improving the efficiency of capital utilization and promoting the structure of the ocean industry optimization and green transformation to achieve high-quality development of the ocean economy. The results of the study show that green finance has a more significant role in promoting small-scale ocean industries. Policymakers should prioritize the investment of green financial resources in smaller-scale ocean industries to maximize their economic pulling effect; design differentiated green financial support policies for ocean industries of different scales, and provide more favorable financing conditions and more flexible policy support for small-scale ocean industries. Green financial policies should be coordinated with other economic policies (e.g. industrial policies, regional development policies) to avoid policy conflicts and enhance policy effects. The marketization level of green finance should be enhanced through the improvement of the carbon trading market and the green finance regulatory mechanism, so as to strengthen its role in promoting the growth of the ocean economy.

The above results show that the impact of Green Finance Index (GFI) on Gross Maritime Product per capita (GMP) is affected by the thresholds of the Marine research funding revenue (FMR) and the Scale of Marine Industry (SMI). Within different threshold intervals, there are significant differences in the contribution of green finance to ocean economic growth (Figures 7, 8). Therefore, when formulating green financial policies, full consideration should be given to the Marine research funding revenue (FMR) of marine scientific research institutions and the Scale of Marine Industry (SMI) in different regions, in order to maximize the contribution of green finance to the growth of the Ocean Economy, and to promote the realization of the goal of “double carbon”.




Figure 7 | Income from the funding of marine scientific research institutions as a threshold.






Figure 8 | Marine industry size as a threshold.








6 Conclusions and policy recommendations



6.1 Conclusions of the study

This paper aims to investigate the relationship between green finance and China’s ocean economic growth under the “dual-carbon” goal, and draws the following conclusions based on 15 years of data from 11 provinces and cities along the coast of China from 2008 to 2022:

(1) Green finance has positively contributed to the growth of China’s Ocean Economy. As a whole, every 1% increase in the green finance index will lead to a 2.394% increase in per capita gross marine product. The results show that green finance has a significant positive effect in both the Eastern and Southern Ocean Economic Zones, but has an insignificant positive effect in the Northern Ocean Economic Zone. Specifically, every 1% increase in the green finance index of the Eastern Ocean Economic Zone will lead to a 1.809% increase in GDP per capita, while every 1% increase in the green finance index of the Southern Ocean Economic Zone will lead to a 2.121% increase in GDP per capita. Compared with the Eastern Ocean Economic Zone, the Southern Ocean Economic Zone’s green finance has a stronger role in promoting ocean economic growth. For the Eastern Ocean Economic Zone with stronger financial development, the marine industry in the Southern Ocean Economic Zone is more lacking in financing channels, and green finance provides important financial support for the development of the local marine industry, while the Eastern Ocean Economic Zone already has a relatively perfect financial system and financing channels, which makes the promotion role of green finance to a certain extent limited. This conclusion is essentially the result of the superposition of multiple factors, such as the lagging development of green financial infrastructure, the lack of implementation of green financial policies, the mismatch between the rigidity of the industrial structure and the demand for green finance, and the variability of green financial market conditions. The financial system of the Northern Ocean Economic Zone is relatively closed, with a single green financial product, mainly traditional green credit, and a lack of specialized green financial institutions and talents. The Eastern and Southern Ocean Economic Zone have mature financial markets and internationalized financial centers, with abundant green financial products and strong risk assessment and pricing capabilities of financial institutions for green projects. The Northern Ocean Economic Zone is relatively lagging behind in the synergistic planning of “dual-carbon” target and industrial transformation, and the green financial policies and industrial transformation policies have failed to form a synergy, resulting in the flow of funds to the “pseudo-green” projects of traditional industries instead of truly supporting the low-carbon transformation of the ocean economy. Local governments in the Eastern Ocean Economic Zone and the Southern Ocean Economic Zone are more active in the implementation of green financial policies, and have perfect supporting measures. Zhejiang and Guangdong, through the construction of the “Green Financial Reform Pilot Zone”, have closely integrated the policy objectives with the development of their localities, and have promoted the rapid implementation of green financial tools. The Northern Ocean Economic Zone is dominated by heavy chemical industries and resource-based industries, with strong rigidity in industrial structure, high cost and long cycle of green transformation. Green financial funds may be used more for the environmental transformation of traditional ocean industries than for emerging areas of the ocean economy such as ocean renewable energy and ocean eco-tourism, resulting in a limited pulling effect on the growth of the ocean economy. The Eastern Ocean Economic Zone and the Southern Ocean Economic Zone have formed modern ocean industry clusters, with a lighter and more diversified industrial structure, and a high proportion of service and high-technology industries, which are more compatible with green finance. In addition, the Eastern and Southern Ocean Economic Zone have more mature financial markets, with a large number of financial institutions, a sound financial service system, and a wider range of innovation and application of green financial products and tools, while the development of the financial market in the Northern Ocean Economic Zone is relatively lagging behind, with a single financial institution and product, and insufficient penetration and influence of green finance.

In addition, one of the core objectives of green finance is to promote environmentally sustainable development through financial guidance, which can be used to reduce ocean pollution and improve the health of marine ecosystems by supporting clean energy, pollution management and ecological protection projects, and green credits and green bonds can provide financial support for the restoration of marine ecosystems, the construction of wastewater treatment facilities, as well as sustainable fisheries projects, thereby directly or indirectly reducing pollution of the ocean environment. Attention should also be paid to the fact that green finance aims to promote sustainable development, but in practice, due to reasons such as insufficient implementation of green finance policies, some funds may still flow to high-environmental-risk projects, leading to a disconnect between economic growth and environmental protection. Therefore, future policy design should pay more attention to the ‘green’ attributes of green finance, ensure that funds flow to truly sustainable projects, and avoid ‘greenwashing’ through strict regulation and assessment mechanisms.

(2) In the Northern Ocean Economic Zone, the scale of the marine industry, the scale of the tertiary industry, and the scale of the secondary industry have a positive effect on the growth of the Ocean Economy, of which the scale of the secondary industry has the most obvious positive effect, and for every 1% increase in the scale of the secondary industry, the per capita gross domestic product (GDP) of the marine rises by 5.381%. In the Eastern Ocean Economic Zone, green finance index, marine scientific research expenditure income, marine industry scale, energy consumption structure, tertiary industry scale, secondary industry scale have significant positive promotion effect on ocean economic growth, among which the positive promotion effect of tertiary industry scale is the most obvious, and for every 1% increase in the scale of tertiary industry, the GDP per capita is increased by 3.949%. In the Southern Ocean Economic Zone, the green financial index, the number of authorized patents, the scale of the marine industry, the scale of the tertiary industry, and the scale of the secondary industry have a significant positive contribution to the ocean economic growth, in which the positive contribution of the scale of the tertiary industry is the most obvious, and the gross domestic product of the marines is increased by 2.689% for every 1% enhancement of the scale of the tertiary industry. The scale of the marine industry, the scale of the tertiary industry and the scale of the secondary industry in the Nouthern, Eastern and Southern Ocean Economic Zone as well as the whole country play a significant positive role in promoting the growth of the ocean economy, and the diversified development of the industry not only promotes the sustained growth of the Ocean Economy, but also mitigates the problem of environmental pollution in the process of economic development. Nationally, stock market activity has a positive effect on ocean economic growth, while in the Northern Ocean Economic Zone, stock market activity has a negative effect on ocean economic growth, indicating that the over-activity of the stock market has attracted a large amount of capital and resources, but has not been able to effectively channel them to the marine industry, thus affecting the healthy growth and sustainable development of the ocean economy in the Northern Ocean Economic Zone.

(3) In the Nouthern marineic economic zone, the GDP index, stock market activity and energy consumption structure have typical negative impediments to the growth of the marineic economy, among which the GDP index has the greatest negative impediment to per capita GDP, with per capita GDP decreasing by 4.054% for every 1% increase in the GDP index, which reveals the potential risk of diminishing marginal benefits, and suggests that there is a need to This indicates the need to focus on the optimization of economic structure, quality improvement and green transformation in order to meet the requirements of sustainable development under the “dual-carbon” goal. In the Eastern Ocean Economic Zone, the number of authorized patents, GDP index, stock market activity on the growth of the ocean economy is a negative impediment to the role of the negative but not significant, the reason is that the patent authorization although the scale of the lack of an effective transformation platform and mechanism; the second is in the transition of the industrial structure, the alternation of new and old industries so that the negative effect of the GDP index does not stand out; the third is that investors in the Southern Ocean Economic Zone of the marine industry, high-risk, Thirdly, investors are concerned about the high risk and long return cycle of the marine industry in the Southern Ocean Economic Zone and have expectations for its development potential, which makes it difficult to significantly present the hindering effect of stock market activity. In the Southern Ocean Economic Zone, the income of marine scientific research institutions, GDP index and stock market activity also have a negative but not significant hindering effect on the growth of the Ocean Economy, because scientific research funding tends to the theoretical research projects, which is difficult to promote the upgrading of the marine industry in the short term, however, the potential value of the theoretical research in the long term has weakened the negative hindering effect. In terms of GDP index and stock market activity, the problem is similar to that of the Nouthern marineic Economic Zone. In China as a whole, the number of granted patents has a negative impediment to ocean economic growth, suggesting that a large amount of resources may be used for inefficient patent development or conversion, resulting in resources not being used in more efficient and promising areas, whereas in the Southern Ocean Economic Zone, the increase in the number of granted patents has a significant positive impact on the growth of the Ocean Economy. The increase in the number of patents not only reflects the degree of activity in technological innovation, but is also an important impetus for industrial upgrading and the promotion of low-carbon technologies.

(4) From the perspective of China’s ocean economy as a whole, the intensity of the promotion effect of green finance on the growth of the ocean economy does not remain unchanged when the income of marine scientific research institutions and the size of the marine industry are taken as the thresholds, and the promotion effect of green finance on the growth of the ocean economy will be slightly weakened when the index of income of marine scientific research institutions reaches 11.249; and the promotion effect of green finance on the growth of the ocean economy will be obviously weakened when the index of the size of the marine industry reaches -1.9661. After the index of marine industry scale reaches -1.9661, the promotion effect of green finance on ocean economic growth will be significantly weakened. Therefore, the Nouthern, Eastern and Southern marineic economic zones need to formulate relevant development countermeasures tailored to the regional development situation.




6.2 Policy recommendations

Based on the findings of this paper, the following policy recommendations exist:



6.2.1 Developing green finance to drive the green transformation of the ocean economy

In the implementation of green finance policies, complex approval processes and inefficient decision-making by government departments may lead to delays in the allocation of funds and affect the implementation of green finance projects. Green finance funds may be misappropriated or inefficiently utilized due to mismanagement, resulting in the funds not being truly used to support the green transformation of the ocean economy. Private sector participation in green finance projects is low, possibly due to insufficient policy incentives, higher risks or longer return cycles. In order to give full play to the positive role of green finance in realizing “dual carbon” in the ocean and promoting ocean economy growth, in the Northern Ocean Economic Zone, the government should increase its support for marine scientific research institutes, but it should pay attention to the appropriateness of funding, optimize the structure of the use of funds, and strengthen the supervision of the use of funds by marine scientific research institutes to ensure that the funds are used for key scientific research projects and the transformation of results. Introduce a third-party auditing organization to conduct regular financial audits of scientific research projects to prevent misuse of funds. Encourage cooperation between scientific research institutions and enterprises, simplify the approval process of scientific research projects, reduce unnecessary administrative interventions and improve decision-making efficiency. At the same time, establish a performance evaluation mechanism for scientific research projects to ensure the effective utilization of scientific research funds. In the Eastern Ocean Economic Zone, its geographical location and resource advantages should be fully utilized to promote the clustering and upgrading of ocean industries. Encourage the private sector to participate in the investment and operation of ocean industry projects, and promote the clustering and upgrading of ocean industries through the public-private partnership (PPP) model. While expanding the scale of the ocean industry, focus on improving the quality and efficiency of the ocean industry, clarify the planning objectives of ocean industry agglomeration and upgrading, and avoid excessive intervention in market operation and waste of resources caused by blind expansion. In the Southern Ocean Economic Zone, ocean industries with local characteristics should be developed based on its rich biological resources and unique geographical location. On the premise of protecting the ecological environment, it should rationally develop marine resources and promote the sustainable development of the ocean economy. At the same time, cooperation and exchanges between the private sector and scientific research institutions should be promoted through policy guidance and market mechanisms, and the private sector should be encouraged to invest in marine scientific research projects, promote the commercial application of scientific research results, and enhance the scientific and technological content and innovation capacity of the ocean industry.




6.2.2 Promoting the deep integration of industry, academia and research and upgrading the level of ocean science and technology

The key to enhancing the innovation capacity of ocean science and technology lies in strengthening cooperation between ocean scientific research institutions and enterprises, promoting the in-depth integration of industry, academia and research, reinforcing intellectual property protection mechanisms, and fully stimulating the innovation vitality and enthusiasm of enterprises and scientific research institutions. In the Northern Ocean Economic Zone, the government should increase the funding for ocean research institutions in the key technology field of “double carbon”, encourage cooperation between research institutions and enterprises, establish innovation alliance for the deep integration of industry, academia and research, and accelerate the transformation and application of scientific and technological achievements. At the same time, strengthen the intellectual property protection mechanism, provide solid legal protection for ocean science and technology innovation, and ensure that green financial funds can be accurately invested and effectively promote the growth of the ocean economy. In the Eastern ocean economy, it is necessary to further deepen the cooperation among industries, universities and research institutes, establish an ocean science and technology innovation platform, and promote the research, development and application of technologies in the fields of ocean carbon sink technology and green low-carbon transformation of ocean energy. The government should guide financial institutions to provide long-term and stable financial support for ocean science and technology innovation projects, build a modern ocean industry system, and ensure that green finance can continue to play a positive role in promoting ocean economy growth. In the Southern Ocean Economic Zone, it should make full use of its regional resource advantages to focus on “dual-carbon” technology areas such as ocean ecological protection and restoration, renewable energy, and carbon capture and sequestration, and to promote ocean science and technology innovations and results transformation. The Government should introduce preferential policies to attract domestic and foreign high-end ocean science and technology talents and enterprises to settle in the area, form competitive ocean industry clusters, and improve the overall scientific and technological level of the Southern ocean economic Zone, so as to provide a strong impetus for the green development of the ocean economy and the realization of the “dual-carbon” goal.




6.2.3 Optimizing the stock market environment for the coordinated development of the ocean economy

In the context of the “dual-carbon” goal, the impact of stock market activity on China’s ocean economy growth shows significant regional differences in different ocean economic zones. In the Northern Ocean Economic Zone, stock market activity has a negative impact on ocean economic growth. In the Northern Ocean Economic Zone, the first task is to establish a sound stock market risk prevention and control system. The government should take the lead in setting up an investor education platform, organizing regular investment knowledge lectures and green investment seminars, and guiding investors to form rational investment concepts through case studies and expert interpretations. At the same time, it should formulate and publish a green investment guide to clarify the standards and scope of green investment and encourage investors to invest their funds in ocean green and low-carbon projects. In the Eastern Ocean Economic Zone, deepening financial reform is the core. The government should actively promote financial innovation, create a financial innovation demonstration zone, and encourage financial institutions to explore new financial products and service models. At the same time, it should strengthen the regional financial synergy mechanism, enhance information sharing and cooperation among financial institutions, and improve the efficiency and coverage of financial services. In terms of credit support and risk investment, the government should increase support for ocean high-tech enterprises, reduce the cost of enterprise financing, and promote the development of the ocean economy towards high-end and intelligentization. In the Southern Ocean Economic Zone, accelerating the construction of financial infrastructure is key. The government should increase investment in payment and settlement systems to improve system efficiency and reduce transaction costs. At the same time, it should establish an internationalized financial service platform to provide more convenient financial services for the ocean industry. In terms of credit tilting, the government should increase support for green ocean industries, stimulate financial market vitality through preferential loan policies and loan interest subsidies, and help new ocean industries flourish.




6.2.4 Adjusting the energy structure to reduce ocean pollution emissions

Energy consumption is a source of pollution from carbon emissions. In the Northern Ocean Economic Zone, energy transition policies have been formulated and implemented to optimize the energy consumption structure and accelerate the development and use of clean energy. A clean energy development fund has been set up to provide financial support and policy guarantees, a sound energy management system has been established, energy audits and energy efficiency assessments have been promoted, and enterprises have been encouraged to save energy and reduce consumption. At the same time, it has formulated energy industrial policies, promoted the optimization and upgrading of the energy industrial structure, and given preferential policies such as tax reductions, exemptions and capital subsidies to enterprises adopting advanced environmental protection technologies and equipment. In addition, environmental education and publicity should be strengthened to raise public awareness and support for environmental protection and energy transformation, and to jointly promote green development. In the Eastern ocean economy, the government should introduce policies to encourage clean petrochemical energy such as natural gas to replace highly polluting energy such as coal, and provide tax breaks and capital subsidies to incentivize enterprises to adopt energy-efficient equipment. Increase research and development on coal deep-processing and conversion technologies, promote advanced energy-saving technologies, and improve the efficiency of energy utilization. In addition, establish a strict system of environmental regulations, strengthen environmental supervision, and promote the implementation of environmentally friendly technological reforms by coal-consuming enterprises to reduce carbon emissions. In the Southern Ocean Economic Zone, its geographical location and resource advantages should be fully utilized to develop renewable energy, such as solar energy and wind energy. The Government should provide policy support and financial guidance to encourage enterprises to invest in renewable energy projects, and at the same time strengthen technological research and development and innovation to improve the efficiency and stability of renewable energy utilization.




6.2.5 Promoting the structural adjustment of the ocean industry and changing the mode of development of the ocean economy

Promoting the structural adjustment of the marine industry is the key to promoting the high-quality development of China’s ocean economy and realizing the goal of “double carbon”, and guiding the transformation and upgrading of the marine industry in the direction of high-end, intelligent and greening. In the Northern Ocean Economic Zone, the powerful driving force of tertiary and secondary industries on the growth of the ocean economy should be fully utilized, and the technological transformation and upgrading of traditional industries should be strengthened to enhance their added value and competitiveness. At the same time, it should actively cultivate and develop emerging industries, especially green and low-carbon industries, such as marine high-end equipment manufacturing industry, marine hydrogen energy industry, marine carbon sink fishery, etc., so as to inject new growth momentum into the ocean economy and help realize the goal of “double carbon”. The Eastern Ocean Economic Zone should focus on the agglomeration and development of marine industries, promote the formation of internationally competitive marine low-carbon industry clusters through the construction of a perfect industrial chain and upstream and downstream synergistic mechanisms, and pay special attention to technological innovation and industrial upgrading while enhancing the scale and efficiency of marine industries, promoting green and low-carbon technologies, and facilitating the coordinated development of the ocean economy and environmental protection. The Southern Ocean Economic Zone should closely integrate with regional characteristic resources to develop marine industries with unique competitiveness. The Southern marine is rich in biological resources, and many marine organisms have unique medicinal value. While protecting marine organisms, new types of drugs and biological products can be extracted and developed from marine organisms through biotechnological means, such as genetic engineering and cellular engineering, to meet the health needs of mankind while reducing carbon emission pollution through the carbon sink function of marine organisms.






7 Limitations of the study

This study constructs a comprehensive evaluation system of green finance index, calculates the green finance index of China’s coastal provinces and municipalities, adopts a fixed-effect model to study the role of green finance in realizing the “dual-carbon” goal and promoting the growth of China’s ocean economy, and combines with the Threshold Model to further study the nonlinear role of green finance in China’s ocean economy, which provides a reference for policy makers. Despite the contributions of this study, there are limitations. First, the construction of the green finance index relies on the selection and weighting of multiple sub-indicators, which may be somewhat subjective. Second, the study focuses on China’s coastal provinces and cities, with a limited sample size, and does not adequately consider the impact of external environmental factors (e.g., global economic fluctuations, climate change) on the ocean economy, which limits the generalizability of the findings. Third, although this study provides empirical support for the impact of green finance on ocean economy growth, the environmental benefits of green finance and its role in sustainable development require further in-depth research. Future research could incorporate environmental indicators and construct a more comprehensive assessment framework to reveal the multiple roles of green finance in achieving the ‘dual-carbon’ goal and further enhance the validity and applicability of the conclusions.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Author contributions

YL: Conceptualization, Funding acquisition, Methodology, Project administration, Supervision, Writing – original draft, Writing – review & editing. YH: Data curation, Formal Analysis, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Key Research Base of Humanities and Social Sciences of Universities in Guangxi Zhuang Autonomous Region “Beibu Gulf Ocean Development Research Center”; 2024 Guangxi Philosophy and Social Science Research Annual Project (24GJB003); 2024 Innovation Project of GuangXi Graduate Education (YCSW2024547).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

 Abbas, A., Waseem, M., Ahmad, R., Ahamed khan, K., Zhao, C., Zhu, J., et al. (2022). Sensitivity analysis of greenhouse gas emissions at farm level: case study of grain and cash crops. Environ. Sci. pollut. Res. 29 (09), 82559–82573. doi: 10.1007/s11356-022-21560-9

 Abbas, A., Zhao, C. Y., Waseem, M., Ahmed, K. K., and Ahmad, R. (2021). Analysis of energy input–output of farms and assessment of greenhouse gas emissions: A case study of cotton growers. Front. Environ. Sci. 9 (29). doi: 10.3389/fenvs.2021.826838

 An, G. J. (2021). Discussion on the innovative path of green finance under the carbon neutrality goal. South China Finance (02), 3–12.

 Baştürk, M. F. (2024). Does green finance reduce carbon emissions? Global evidence based on system generalized method of moments. Sustainability 16 (16), 8210. doi: 10.3390/su16188210

 Bian, P., and Yang, L. (2023). The business dilemma and cracking path of blue finance. Int. Finance (02), 54–60. doi: 10.16474/j.cnki.1673-8489.2023.03.002

 Cao, W., Wei, X. H., and Zhuang, J. X. (2015). Research on the influencing factors of marine economic development based on panel model. J. Guangdong Ocean Univ. 35 (35), 7–12.

 Chen, J. W., Jiang, N. P., and Li, X. (2019). The basic logic, optimal boundary and orientation choice of “Green finance. Reform (07), 119–131.

 Chen, Z. G., Chen, Z. X., and Gui, L. (2024). Impact of green finance development on carbon emissions in 253 prefecture-level cities in China - Based on spatial econometric modeling test. Res. Sci. Technol. Manage. (11), 218–226.

 Cheng, N., Zhu, J. R., and Zhang, L. F. (2022). Research on the synergistic development of marine industry agglomeration and carbon emission reduction in China. Learn. Explor. 12) (12), 132–141.

 Chu, M., and Zong, J. F. (2018). Government intervention, financial deepening and economic structural transformation - an examination based on the “New northeast phenomenon. China Soft Sci. (01), 63–76.

 Cowan, E. W. (1998). Topical Issues in Environmental Finance. Economy and Environment Program for Southeast Asia (EEPSEA).

 Di, Q. B., Chen, X. L., Su, Z. X., and Sun, K. (2024). Spatial and temporal evolution of carbon emission efficiency of marine fisheries and the factors affecting it - A case study of the Northern Ocean Economic Zone. Ecol. Economy (02), 109–116.

 Ding, S. W., and Dong, Y. (2024). A study on the spatio-temporal evolution of China’s ocean economic efficiency under carbon emission constraints. ocean economics (04), 34–41. doi: 10.19426/j.cnki.cn12-1424/p.2024.04.002

 Ding, G., Huang, B. H., and Chen, X. Y. (2022). Research on the influencing factors, path differences, and carbon reduction effects of China’s carbon trading policy diffusion: an empirical analysis based on provincial data. Northwest Population J. 43 (43), 1–13. doi: 10.15884/j.cnki.issn.1007-0672.2022.01.001

 Eremia, A. D., and Stancu, I. (2006). Banking activity for sustainable development. Theor. Appl. Economics, 23–32.

 Fang, J. G., and Lin, F. L. (2019a). Research on the relationship between green finance and sustainable economic development–an empirical analysis based on 30 inter-provincial panel data in China. J. China Univ. Petroleum (Social Sci. Edition) (01), 14–20. doi: 10.13216/j.cnki.upcjess.2019.01.0003

 Fang, J. G., and Lin, F. L. (2019b). Research on regional differences in China’s green finance development and its influencing factors. Wuhan Finance (07), 69–74.

 Gai, M., Zhu, Y. Y., and Zheng, X. X. (2021). Measurement and influence mechanism of marine green development in China’s coastal provinces and regions. J. Ecol. (23), 9266–9281.

 Gong, S. W., Zhao, G. D., and Ma, X. M. (2019). The development logic and evolution path of green finance–Based on the perspective of factor deconstruction. Explor. Economic Issues (10), 184–190.

 He, D. X., and Cheng, G. (2022). Green finance. Economic Res. 57 (57), 10–17.

 Hou, L. L., and Guo, Y. (2024). Research and empirical analysis on the impact of green finance on the optimisation of industrial structure in Anhui Province. J. Changchun Univ. 34 (34), 12–19.

 Hou, Q. H., Li, W. M., Wang, Q. M., and Liu, S. B. (2020). Current situation, challenges and countermeasures of grassroots insurance industry in support of marine ranch construction–taking Yantai city, Shandong province as an example. Hainan Finance (12), 48–52.

 Hu, M., and Dong, Y. (2024). China’s shipping emissions governance: status and prospects under the dual carbon goal. Front. Mar. Sci. 11 (11). doi: 10.3389/fmars.2024.1405312

 Hu, J. Y., and Zhao, J. (2018). Strategic significance and basic path of financial support for ocean economyin the new era. Economic Manage. Rev. (05), 12–17. doi: 10.13962/j.cnki.37-1486/f.2018.05.002

 Huang, Y., Elahi, E., You, J. S., Sheng, Y. H., and Li, J. W. (2024). Anchan Meng.Land use policy implications of demographic shifts: Analyzing the impact of aging rural populations on agricultural carbon emissions in China. Land Use Policy 147 (147), 107340. doi: 10.1016/j.landusepol.2024.107340

 Huisingh, D., Zhang, Z. H., Moore, J. C., Qiao, Q., and Li, Q. (2015). Recent advances in carbon emissions reduction: policies, technologies, monitoring, assessment and modeling. J. Cleaner Production 103 (103), 1–12. doi: 10.1016/j.jclepro.2015.04.098

 Jeucken, M. H., and Bouma, J. J. (1999). The changing environment of banks. greener Manage. Int. 1999 (), 20–35. doi: 10.9774/GLEAF.3062.1999.au.00005

 Ji, J. Y., Guo, H. W., and Lin, Z. C. (2020). Marine science and education, venture capital and the upgrading of marine industry structure. Res. Manage. (03), 23–30. doi: 10.19571/j.cnki.1000-2995.2020.03.003

 Ju, X. S., Lu, D., Huang, C. F., and Guan, R. L. (2015). Reforms of the formal financial system, internal fund multiplier effect, and the growth of total assets of chinese enterprises: evidence from listed companies in China from 1994 to 2011. China Economic Q. 14 (14), 507–534. doi: 10.13821/j.cnki.ceq.2015.02.005

 Kildow, J. T., and McIlgorm, A. (2010). The importance of estimating the contribution of the marines to national economies. Mar. Policy 34 (34), 367–374. doi: 10.1016/j.marpol.2009.08.006

 Li, C. G. (2023). The impact of green finance on high-quality economic development. J. Zhongnan Univ. Economics Law (02), 65–77. doi: 10.19639/j.cnki.issn1003-5230.2023.0014

 Li, S. L., Chu, S. B., and Shen, C. (2014). Local government competition, environmental regulation, and regional ecological efficiency. J. World Economy 37 (37), 88–110. doi: 10.19985/j.cnki.cassjwe.2014.04.006

 Li, T., Hab, D., Ding, Y., and Shi, Z. (2020). How does the development of the internet affect green total factor productivity? Evidence From China 8 (08), 216477–216490. doi: 10.1109/ACCESS.2020.3041511

 Li, J. T., and Huang, H. Y. (2022). The ecological and environmental effects of green finance: A practical test in the Guangdong-Hong Kong-Macao greater bay area under the dual carbon goals. J. Guangdong Univ. Finance Economics 37 (37), 87–95.

 Li, J. P., Lei, C., and Zhang, R. Z. (2024). Marine industrial policy and high-quality development of ocean economy- Multi-dimensional evaluation and non-linear effect analysis. Ind. Economics Rev. (03), 67–85. doi: 10.14007/j.cnki.cjpl.2024.03.005

 Li, T. R., and Lin, H. (2023). Regional green finance, spatial spillovers and high-quality economic development. Economic Problems Explor. (04), 157–174.

 Li, X. X., and Xia, G. (2014). Strengthening Research on Green Finance. In (eds.) Collected Theoretical Research on Socialist Economy (2014) – China's Economy under the New Normal. Southwestern University of Finance and Economics Development Research Institute; Beijing Normal University; Ministry of Environmental Protection, pp. 53–58.

 Liang, H. G. (2019). Research on the comprehensive measurement and spatio-temporal evolution of the green development level of China’s Ocean Economy. Mar. Dev. Manage. (05), 73–83. doi: 10.20016/j.cnki.hykfygl.2019.05.014

 Lin, B. Q., and Teng, Y. Q. (2024). Linkages and challenges between new quality productivity and the “Dual carbon” Goal - based on the perspective of low-carbon energy transition. J. Sichuan Univ. (Philosophy Soc. Sci. Edition) (05), 35–46 + 208-209.

 Liu, S. Y. (2024). China’s ocean economyrises in quantity and quality. People’s Daily, 008. doi: 10.28655/n.cnki.nrmrb.2024.006501

 Liu, D. M., He, F., Zhang, C. Y., Wu, G., and Feng, W. J. (2015). Marine financial development and China’s ocean economic strategy. Int. Economic Rev. (05), 43–56 + 5.

 Liu, S., and Liu, M. (2020). Green finance, economic growth and environmental change: Is it possible for the environmental index of Northwest China to realize the “Paris Commitment”? Contemp. Economic Sci. (01), 71–84.

 Liu, T., and Xu, Z. Y. (2024). Coupled coordination and spatial and temporal characteristics of green finance and low carbon economy in China. Stat Decision Making (08), 144–149. doi: 10.13546/j.cnki.tjyjc.2024.08.026

 Liu, Y., and Yang, X. (2019). Financial Support, ocean economic Development and Marine Industry Structure Optimization–Taking Fujian Province as an Example. Fujian Forum (Humanities Soc. Sci. Edition) (05), 189–196.

 Lu, Y. Y., and Yao, Q. (2024). Research on the spatio-temporal characteristics of high-quality development of China’s marine economy. Resource Dev. Market 40 (40), 687–697.

 Ma, J. (2016). Development and prospects of green finance in China. Comparison economic Soc. Syst. (06), 25–32.

 Markandya, A., Antimiani, A., Costantini, V., Martini, C., Palma, A., and Tommasino, M. C. (2015). Analyzing trade-offs in international climate policy options: the case of the green climate fund. World Dev. 74 (74), 93–107. doi: 10.1016/j.worlddev.2015.04.013

 Ning, W., and She, J. H. (2014). Empirical study on the dynamic relationship between green finance and macroeconomic growth. Seeking (08), 62–66. doi: 10.16059/j.cnki.cn43-1008/c.2014.08.050

 Pan, L., Meng, Q. W., Wang, Z. W., Wu, J. L., and Yu, J. (2024). Coordinated measurement of Ocean Economy: high-quality and low-carbon development in China. Mar. Coast. Manage. 257 (257), 107342. doi: 10.1016/j.ocecoaman.2024.107342

 Qiao, Q., Fan, J., Sun, Y., and Song, Q. H. (2021). Research on green finance measurement and influencing factors in provinces along the ‘Belt and Road’. Ind. Technol. Economics 40 (40), 120–126.

 Razzaq, A., Sharif, A., Najmi, A., Tseng, M. L., and Lim, M. K. (2021). Dynamic and causality interrelationships from municipal solid waste recycling to economic growth, carbon emissions and energy efficiency using a novel bootstrapping autoregressive distributed lag. Resources Conserv. Recycling 166 (166), 105372. doi: 10.1016/j.resconrec.2020.105372

 Rui, L. L. (2025). Green financial innovation, resource allocation efficiency, and China’s economic modernization. Stat Decision 41 (41), 110–115. doi: 10.13546/j.cnki.tjyjc.2025.01.019

 Ruiz, G., Arboleda, C. A., and Botero, S. A. (2016). A proposal for green financing as a mechanism to increase private participation in sustainable water infrastructure systems: the Colombian case. Proc. Eng. 145 (145), 180–187. doi: 10.1016/j.proeng.2016.04.058

 Salazar, J. (1998). Environmental finance: linking two worlds. In: A Workshop on Finance Innovations for Biodiversity Bratislava pp. 2–18.

 Shi, L. (2022). Building an marine power, utilizing strategic land for high-quality development. People’s Daily, 005. doi: 10.28655/n.cnki.nrmrb.2022.010980

 Southwestern University of Finance and Economics, Institute of Development Studies, Ministry of Environmental Protection, Center for Environmental and Economic Policy Research Group, Li, X. X., Xia, G., and Cai, N. (2015). Green finance and sustainable development. Finance Forum (10), 30–40. doi: 10.16529/j.cnki.11-4613/f.2015.10.009

 Sun, J. L., and Huang, R. Q. (2020). Resolutely implement the important declaration of General Secretary Xi Jinping to promote the work on climate change with greater efforts. China Ecol. Civilization (05), 14–16.

 Sun, K., Zhang, C., and Liu, J. F. (2017). Does Financial Agglomeration Enhance the Technical Efficiency of Ocean Economy? –an empirical study based on IV-2SLS and threshold regression. Resource Dev. Markets (05), 584–590.

 Tan, M. (2020). Research on the impact of green finance on China’s carbon dioxide emissions. Chongqin, China: Southwest University. doi: 10.27684/d.cnki.gxndx.2020.002117

 Tian, P., Wang, H. H., Li, G. L., Liu, Y. C., Zhang, H. T., Zhong, J., et al. (2023). Characterization of spatial and temporal changes in carbon emissions from China’s marine fisheries and simulation of system dynamics. Resource Sci. (05), 1074–1090.

 Wang, J. Y., Feng, T. W., and Tao, K. T. (2024). Antecedent groupings of green finance development and their low-carbon effects: a new structural economics perspective. Sci. Sci. Technol. Manage. (10), 88–102. doi: 10.20201/j.cnki.ssstm.2024.10.001

 Wang, S. J., and Gao, S. (2024). Carbon-neutral spatial optimization of China’s national territory and practical paths for emission reduction and sink enhancement. Economic Geogr. (09), 163–173. doi: 10.15957/j.cnki.jjdl.2024.09.017

 Wang, Y. M., Li, Y. N., and Chang, Y. (2023). Research on the coupling coordination of green finance and high-quality development of ocean economy–taking Bohai rim region as an example. Ind. Innovation Res. (21), 13–16.

 Wang, F. X., Mao, A. H., Li, H. L., and Jia, M. L. (2013). Measurement of urbanization quality and analysis of spatial differences in Shandong Province based on entropy method. Geoscience (11), 1323–1329. doi: 10.13249/j.cnki.sgs.2013.11.006

 Wang, Y., Sun, C., and Zou, W. (2021). Study on the interactive relationship between ocean economic Growth and Marine Environmental Pressure in China. Environ. Resource Econ 79 (79), 117–133. doi: 10.1007/s10640-021-00555-z

 Wang, H., and Yao, X. (2016). Technical support and financial support in the development of Ocean Economy: an empirical study based on panel data of coastal areas. Shanghai Finance (09), 20–26 + 37. doi: 10.13910/j.cnki.shjr.2016.09.004

 Wang, Y. L., Zhang, Z. X., and Liu, Y. H. (2024). Research on the impact and mechanism of green finance on regional carbon emission reduction. Friends Accounting (05), 79–86.

 Wen, S. Y., Shi, H. M., and Guo, J. (2022). Emission reduction effect of green finance from the perspective of general equilibrium theory: from model construction to empirical test. China Manage. Sci. (12), 173–184. doi: 10.16381/j.cnki.issn1003-207x.2021.2630

 White, M. A. (1996). Environmental finance: value and risk in an age of ecology. Business Strategy Environ. 5 (05), 198–206. doi: 10.1002/(SICI)1099-0836(199609)5:3<198::AID-BSE66>3.0.CO;2-4

 Wu, C. L., Wang, D., and Su, Y. T. (2020). Spatial-temporal differentiation characteristics and influencing factors of carbon emissions at the prefectural level in Guangdong province: an analysis based on EDGAR data. Areal Res. Dev. 39 (39), 127–132 + 151.

 Wu, H. H., and Xu, J. P. (2023). Analysis of the effect of green finance on regional carbon emission efficiency in China - An empirical study based on a dynamic spatial panel model. Soc. Sci. Res. (06), 84–92.

 Xia, F., Chen, X. Q., and Tang, H. X. (2019). The dynamic mechanism and improvement path of inland-sea economic development. China Soft Sci., 139–152.

 Xiao, G. N., Pan, L., and Lai, F. B. (2025). Application, opportunities, and challenges of digital technologies in the decarbonizing shipping industry: a bibliometric analysi. Front. Mar. Sci. 12 (12). doi: 10.3389/fmars.2025.1523267

 Xu, S., Chen, J., and Wen, D. (2023). Research on the impact of carbon trading policy on the structural upgrading of marine industry. Sustainability 15 (06), 7029. doi: 10.3390/su15097029

 Xu, S., and Dong, H. N. (2024). Green finance, industrial structure upgrading and high-quality development of ocean economy- A mediation model based on the regulation of environmental regulation. Ecol. Economy, 46–53.

 Xu, S., and Gao, K. (2022). Green finance and high-quality development of Ocean Economy. ocean economics Manage. 5 (), 213–227. doi: 10.1108/MAEM-01-2022-0001

 Xu, S., Liu, T. Z., and Liu, Y. H. (2024). Study on the spillover effect of green finance on CO2 emissions from a spatial perspective–The Yangtze River Economic Belt as an example. Yangtze River Basin Resour. Environ., 1313–1324.

 Xu, S., Zhang, S., Tang, J. J., Zhang, N., and Sun, P. J. (2019). Research on the driving effect of green finance to promote the green transformation of Ocean Economy. J. Mar. Univ. China (Social Sci. Edition), 25–39. doi: 10.16497/j.cnki.1672-335X.201906003

 Yan, H. B., Gul, P. S., and Gulistan, K. (2024). Research on the impact of green finance on carbon emission in China - an empirical test based on provincial panel data. J. Yunnan Univ. Nationalities (Natural Sci. Edition) (05), 653–660.

 Yu, L. P. (2013). An empirical study on the interaction between finance and ocean economy in China. Stat Decision Making (10), 121–124. doi: 10.13546/j.cnki.tjyjc.2013.10.013

 Yu, B., and Fan, C. L. (2022). Green finance, technological innovation and high-quality economic development. Nanjing Soc. Sci. (09), 31–43. doi: 10.15937/j.cnki.issn1001-8263.2022.09.004

 Zhang, Y. N. (2021). Impact of optimization of marine fishery industry structure on carbon emission efficiency - A spatial econometric analysis based on China’s coastal area. Mar. Dev. Manage., 3–15. doi: 10.20016/j.cnki.hykfygl.2021.04.001

 Zhang, Y., and Jia, J. W. (2024). A study on the green innovation effect of corporate green credit - Evidence from green credit measured by textual analysis method. Finance Forum (08), 59–69 + 80. doi: 10.16529/j.cnki.11-4613/f.2024.08.002

 Zhang, Y. C., Li, T. T., and Yao, F. B. (2023). Characterization of inter-provincial implied carbon transfer and network structure of Ocean Economy. Economic Manage. Rev. (04), 30–42. doi: 10.13962/j.cnki.37-1486/f.2023.04.003

 Zhang, F., and Wu, R. (2024). Research on the mechanisms and paths of green finance to support the “Dual carbon” Target. Cooperative Economics Technol. (16), 63–67. doi: 10.13665/j.cnki.hzjjykj.2024.16.014

 Zhang, K., Xiong, Z. Y., and Huang, H. J. (2023). Green bonds, carbon emission reduction effect and high quality economic development. Financial Stud. (04), 64–78. doi: 10.16538/j.cnki.jfe.20230316.401

 Zhao, Z. C., Luo, Y., and Huang, J. B. (2024). Global warming and China’s warming. Prog. Climate Change Res. (01), 808–812.

 Zhao, X., and Peng, Y. (2017). Research on the influence mechanism of regional financial development on ocean economic growth - based on spatial econometrics perspective. China Fishery Economy, 105–112.

 Zhao, X., Zhang, Q., and Ding, L. L. (2020). Research on the guarantee system of green finance to support the high-quality development of Ocean Economy. Ocean Economy, 1–7. doi: 10.19426/j.cnki.cn12-1424/p.2020.03.001

 Zheng, H., Zhang, L., and Zhao, X. (2022). How does environmental regulation moderate the relationship between foreign direct investment and marine green economy efficiency: An empirical evidence from China’s coastal areas. Mar. Coast. Manage. 219 (), 106077. doi: 10.1016/j.ocecoaman.2022.106077

 Zhou, S. J., Hu, D. O., Fan, B. L., Liu, X. Z., and Jiang, P. (2024). Study on green finance to help central enterprises’ carbon peak action. Petroleum Sci. Technol. Forum (02), 22–29.

 Zhou, X., Tang, X., and Zhang, R. (2020). Impact of green finance on economic development and environmental quality: a study based on provincial panel data from China. Environ. Sci. pollut. Res. Int. 27, 19915–19932. doi: 10.1007/s11356-020-08383-2

 Zhou, W. H., Wu, X. M., and Zhao, G. (2024). Empirical study on the carbon emission reduction effect of green finance under the dual-carbon target. J. Hebei Univ. Economics Trade (01), 47–58. doi: 10.14178/j.cnki.issn1007-2101.20231108.005

 Zhuang, T. T. (2020). Financial deepening, technological progress and industrial structure - A PVAR analysis based on the Ocean Economy. Ocean Economics, 1–12. doi: 10.19426/j.cnki.cn12-1424/p.2020.04.001




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Li and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/table9.jpg
VEIEIES

Single 13.39* 0.0167 33.830 0.0000
Double 4.59 0.6833 14.85 0.1267
Result Existence of a single threshold Existence of a single threshold
Threshold 11.2497 -1.9661
95% Conf. Interval 11.1389 11.2674 -2.2830 -1.9661

***indicates 1% significant, ** indicates 5% significant.





OEBPS/Images/im19.jpg
i)





OEBPS/Images/M11.jpg
W + DX + (g > Y)





OEBPS/Images/M10.jpg
U + Py X + Eu(qi =





OEBPS/Images/M6.jpg
(6)





OEBPS/Images/im7.jpg





OEBPS/Images/im10.jpg





OEBPS/Images/fmars-12-1552567-g008.jpg
LR Statistics

30

20

10

T
3

First Threshold

2





OEBPS/Images/table8.jpg
Instrumental variables

GFI 3.838%44(0.395)
GFIt-1 0.59044(0.077)
Kleibergen-Paap rk LM statistic Chi-sq(1)=8.331 P-val=0.0039
Kleibergen-Paap Wald rk F statistic 57.973
Hansen ] statistic 2.000

**indicates 1% significant.





OEBPS/Images/im18.jpg





OEBPS/Images/M12.jpg
W+ P X g, = 7))+ DX Igy > 7))+ &





OEBPS/Images/table7.jpg
Northern Eastern Southern

Ocean Ocean Ocean
Economic Economic Economic
Zone Zone Zone
0.461 1.809*%% 2.121%%
GFI
(0.357) (0.333) (0.429)
0.016 0.040%* -0.003
FMR
(0.019) (0.011) (0.019)
0.026 -0.039 0.078**
NPG
(0.032) (0.026) (0.028)
4,054 -0.086 -0.601
GRI
(0.855) (0.729) (1.041)
-0.098** -0.021 -0.002
SMA
(0.040) (0.024) (0.043)
0.814%+ 11194 0.884%%+
SMI |
(0.051) (0.132) (0.199)
-0.398** 0.109%* 0.054
ECS
(0.174) (0.056) (0.107)
45164+ 3.949%%¢ 2,689
STI
(0.659) (0.678) (0.791)
53810 0.984*%¢ 2.676%%%
SSI |
(0.707) (0.331) (0.548)
28.4270* 6.538"* 9.298*
_cons
(4.809) (3233) (4.885)

***indicates 1% significant, ** indicates 5% significant, and * indicates 10% significant.





OEBPS/Images/im8.jpg





OEBPS/Images/M5.jpg
®





OEBPS/Images/im9.jpg
A





OEBPS/Images/im17.jpg
! I





OEBPS/Images/M4.jpg
(4)





OEBPS/Images/im21.jpg





OEBPS/Images/fmars.2025.1552567_cover.jpg
& frontiers | Frontiers in Marine Science

Research on the impact of green finance on
China’s ocean economic growth under the
“dual carbon” goal





OEBPS/Images/fmars-12-1552567-g007.jpg
LR Statistics

15

10
1

10

T
12
First Threshold

14

16





OEBPS/Images/table2.jpg
First-

Methodology for measuring

: Secondary indicators i Attributes Weights
level index y secondary indicators 9
Green Credit Percentage of credits for environmental projects Total credit/total credit for environmental projects + 13.903%
Gi I tment i i tal polluti trol
reen i e e Investment in environmental pollution control/GDP + 12.36%
Investment as a share of GDP
Extent of promotion of environmental pollution Environmental pollution liability insurance income/total
Green Insurance AR o + 18.474%
liability insurance premium income
Green Bond Extent of green bond development Total green bond issuance/total all bond issuance + 13.202%
Gireen Suppoee Percenta.ge of fiscal expend?lure on Financial environmental protection e)fpendilureslﬁnancial 4 1672%
environmental protection general budget expenditures
Total market capitalization of funds/total market
Green Fund Percentage of green funds ot marke cap‘.alz.a u?n ©! green fundsftotal marke + 14.317%
capitalization of all funds
Green Benefits Green equity development depth Carbon trading, energy rights trading, emissions trading/total . 11.025%

equity market transactions





OEBPS/Images/im16.jpg
A





OEBPS/Images/M3.jpg
)_p,, Inp;

©





OEBPS/Images/table10.jpg
FMR single threshold SMI single threshold

FMR

2.579**(0.331
< 11.2497 saaee o]

FMR

2.225%* (0.284)
> 11.2497

SMI<-1.9661 3.188%** (0.526)

SMI>-1.9661 1.858%%* (0.329)

*ohoks

indicates 1% significant.





OEBPS/Images/im1.jpg





OEBPS/Images/im15.jpg





OEBPS/Images/im20.jpg





OEBPS/Images/table1.jpg
Study area

Name of region,
province and city

Number of provinces
and cities

Northern Ocean

Liaoning, Hebei,

4
Economic Zone Tianjin, Shandong
Eastern Ocean Jiangsu, 3
Economic Zone Shanghai, Zhejiang
Southern Ocean Fujian, Guangdong, i

Economic Zone

Guangxi, Hainan






OEBPS/Images/fmars-12-1552567-g006.jpg
GIL

1.0

0.8

0.6

0.4

0.2

0.0
2008

2010

2012

2014

2016
Year

2018

2020

2022

/
[lainan
l/

! 1' Guangxi
L Guangdong

/

} " Jiangshu

Fujian

Zhejiang

=]
Shanghai &
—

" Shandong
Tianjin
Hebei

Liaoning





OEBPS/Images/im2.jpg





OEBPS/Images/M2.jpg
@






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Research on the impact of green finance on China’s ocean economic growth under the “dual carbon” goal

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Discussion

        



        		

          1 Introduction

        



        		

          2 Literature review

        

          		

            2.1 Green finance and the ocean economy

          



          		

            2.2 “Dual carbon” and the ocean economy

          



          		

            2.3 “Dual carbon” and green finance

          



        



        



        		

          3 Study area and evaluation system

        

          		

            3.1 Study area

          



          		

            3.2 Comprehensive evaluation system of green finance index

          



          		

            3.3 Green finance index for China’s coastal provinces and municipalities

          



        



        



        		

          4 Methodology and data

        

          		

            4.1 Fixed effects model

          



          		

            4.2 Fixed effects model test

          



          		

            4.3 Threshold model

          



          		

            4.4 Variable selection and data sources

          

            		

              4.4.1 Selection of variables

            

              		

                4.4.1.1 Explained variables

              



              		

                4.4.1.2 Core explanatory variables

              



              		

                4.4.1.3 Threshold variables

              



              		

                4.4.1.4 Other control variables

              



            



            



            		

              4.4.2 Data sources

            



          



          



          		

            4.5 Unit root test

          



        



        



        		

          5 Empirical analysis

        

          		

            5.1 Analysis of fixed effects regression results

          



          		

            5.2 Heterogeneity analysis

          



          		

            5.3 Endogeneity test

          



          		

            5.4 Analysis of regression results for threshold effects

          

            		

              5.4.1 Threshold effect test

            



            		

              5.4.2 Analysis of regression results for threshold effects

            



          



          



        



        



        		

          6 Conclusions and policy recommendations

        

          		

            6.1 Conclusions of the study

          



          		

            6.2 Policy recommendations

          

            		

              6.2.1 Developing green finance to drive the green transformation of the ocean economy

            



            		

              6.2.2 Promoting the deep integration of industry, academia and research and upgrading the level of ocean science and technology

            



            		

              6.2.3 Optimizing the stock market environment for the coordinated development of the ocean economy

            



            		

              6.2.4 Adjusting the energy structure to reduce ocean pollution emissions

            



            		

              6.2.5 Promoting the structural adjustment of the ocean industry and changing the mode of development of the ocean economy

            



          



          



        



        



        		

          7 Limitations of the study

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/im14.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars-12-1552567-g005.jpg
GMP

GFI °e

0.6
FMR

0.4
NPG

0.2
GRI

0
SMA

-0.2
SMI | 062

-0.4
ECS | -0.46

06
STl | 050 @ 0.46
SSi -0.46

* p<=0.05 ** p<=0.01 *** p<=0.001





OEBPS/Images/table4.jpg
Variable Obs Mean Std. De Min Max.

GMP 165 -0978179 8762697 -2.752002 1.806894
GFI 165 -3143129 131507 -5764243 -0348523
FMR 165 122171 1.455464 8304 1499342
NPG 165 4.39989 1.773788 0 7.159292
GRI 165 4.683119 032786 4.579852 4.765587
SMA 165 8997614 1162214 6915723 1147077
SMI 165 -1.884524 5899212 3912723 -5621189
ECS 165 -1.28128 5822702 -3.491037 -3227622
STI 165 -.7416248 -1833772 -1.10262 -.2997547
SSI 165 -.8656963 .2441876 -1.655482 -.5091603






OEBPS/Images/table3.jpg
Hausman test Value

chi2(9) 34.67

Prob>chi2 0.0001






OEBPS/Images/fmars-12-1552567-g003.jpg
0.703430 - 0.706580
0.706581 - 0.726110
0.726111 - 0.736750
0.736751 - 0.748300

0.748301 - 0.763350

0 2375 475 950 Miles 278
T TR R R N S T B | '

-0.996000

-0.995999 - -0.726000
-0.725999 - -0.084000
-0.083999 - 0.353000

0.353001 - 1.475000

0 2375 475 950 Miles
N TN TN NN (Y TR S |






OEBPS/Images/im3.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Marine Science





OEBPS/Images/M1.jpg
Xy = nanty)
I = max (x,) - min (x)

@





OEBPS/Images/fmars-12-1552567-g004.jpg
GF1
- 0.809256 - 0.832444
0.832445 - 0.861232

0.861233 - 0.874776

-1.334000 - -1.134000
-1.133999 - -0.667000
-0.666999 - -0.271000
0.874777 - 0.917340 -0.270999 - 0.709000

0.917341 - 0.965748 0.709001 - 1.549000

0 2375 475 950 Miles S g 0 2375 475 950 Miles
I T Y TR N T N N | : | N O J— T —






OEBPS/Images/im13.jpg





OEBPS/Images/M9.jpg
GMFy = 04 + PyGFly + [,FMRy, + PyNPGy, + QyGRIjy + PJsSMAy+ ©
BSMI, + BECS, + BySTI, + BoSSI, + &,





OEBPS/Images/fmars-12-1552567-g002.jpg
GF1
0.561904
0.561905 - 0.565376
0.565377 - 0.590128
0.590129 - 0.600768

0.600769 - 0.613424

o 2375 475 950 Miles
S N S [N TR T T

-1.075000 - -1.030000
-1.029999 - -0.793000
-0.792999 - -0.313000
-0.312999 - 0.834000

0.834001 - 1.470000

0 2375 475 950 Miles
I TR TN N A TR T





OEBPS/Images/im4.jpg





OEBPS/Images/table6.jpg
GFI

Model (1)

2.39400¢

Model (2)

2.155%%

(0.244)

(0.154)

FMR

NPG

-0.002

(0.013)
-0.052**

(0.020)

GRI

-0.553

(0.614)

SMA

SMI

0.049**

(0.023)
0.853

(0.059)

ECS

0.064

(0.074)

STI

SSI

0.734**
(0.369)

1,172%%*

(0.294)

_cons

5.856**

0.580**

(2.886)

(0.052)

ks

indicates 1% significant, ** indicates 5% significant.






OEBPS/Images/fmars-12-1552567-g001.jpg
425

850

Northern Ocean Economic Zone

Easthern Ocean Economic Zone

Southern Ocean Economic Zone






OEBPS/Images/im5.jpg





OEBPS/Images/M8.jpg
o+ PX; + &





OEBPS/Images/im12.jpg





OEBPS/Images/im6.jpg





OEBPS/Images/table5.jpg
Fisher-ADF

Variables Inverse Inverse Inverse Modified inv.

chi-squared normal logit chi-squared
GMP 53.9448* 25157 -3.1289** 4.8159** -3.8087** Reject
GFI 89.2720"* -5.5049*** -6.8288** 10.1416** -7.1908** Reject
FMR 47.0065** -2.9042%% -3.0034** 3.7699%* -1.6864* Reject
NPG 54.0054%* 30673 -3.5418%% 4.8250% -2.0516% Reject
GRI 64.5952%* -3.8772%% -4.6803*** 6.4215%* -4.7078%% Reject
SMA 47.9987%* -1.5964* -1.6753" 3.9194%* -8.0028** Reject
SMI 43.8804%* -1.8625% -2.2715% 3.2986%* -3.2208 Reject
ECS 87.7141%* -55109%* -6.9204%*% 9.9068** -4.9923** Reject
STI 352320 -1.6795% -1.7443* 1.9948** -4.3581% Reject
SSI 47.3317% -3.0767* -3.1517%% 3.8189%* -3.0084** Reject

*** indicates 1% significant, ** indicates 5% significant, and * indicates 10% significant.





OEBPS/Images/im11.jpg





OEBPS/Images/M7.jpg





