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This research adopts a two-stage network DEA model to measure marine green economy efficiency from 2006 to 2018 and employs the panel Tobit model to analyze the influencing factors. The results indicate that total efficiency and production efficiency of China’s marine green economy generally show a fluctuating downward trend. Further investigation of influencing factors shows that foreign direct investment and opening up have a significantly positive effect on total efficiency of the marine green economy, while industrial development level and marine economy development level have a negative effect on it. Additionally, these variables have varying impacts on different stages of the marine green economy. Our findings help identify the operational characteristics of the marine green economy at different stages and can assist policymakers in optimizing the development pattern of the marine economy. 
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1 Introduction

The marine economy as a new economic form has gradually become a driving force for the sustainable development of China’s economy since the start of the 21st century. In 2018 its total marine output value was 8.34 trillion yuan, 1.8 times greater compared to 2008. However, the extensive development pattern of the marine economy has also led to serious ecological and environmental problems. Overexploitation of marine resources, increased discharge of marine pollutants, and extensive damage to the marine environment continue to emerge (Ren et al., 2018). According to the Bulletin on the State of China’s Marine Ecological Environment, the average area percentage of the four inferior types of water quality in China’s coastal waters from 2018 to 2021 is more than 9.5%. In 2021, among 44 bays with a monitored area of over 100 square kilometers, 11 bays (25%) have inferior water quality. Some studies have pointed out that about 10% of China’s bays are seriously polluted, more than 17% of shorelines suffer from erosion, and about 42% of the coastal zones are overloaded with resource and environmental carrying capacity (Yao et al., 2020). Compared to the 1950s, the coastal wetland area in China has shrunken by over 60%, and the loss rate is higher than the global average (Yao et al., 2020). It can be seen that China’s marine environmental pollution is increasing, and the construction of ecological civilization is facing great challenges. Therefore, how to effectively coordinate the relationship between marine economy development and environmental protection and to promote this economy’s sustainable development have become major practical issues that need to be solved.

The China government in recent years has attached great importance to the sustainable development of the marine economy. In 2016, the government issued the National Plan for Prosperity by Science and Technology (2016-2020), which is committed to forming a long-term mechanism for innovation-driven marine development. Subsequently, the 13th Five-Year Plan for National Marine Economic Development released in 2017 took green development and ecological priority as important principles for marine economy development. Since then, the report of the 19th National Congress of the Communist Party of China stressed the importance of protecting the marine ecological environment, indicating that the development of marine resources and the protection of the marine environment are equally important.

To improve the quality of marine economy development, China has issued and implemented a series of policies and regulations. Despite this, problems such as marine pollution and ecosystem degradation are still relatively prominent, threatening the sustainable development of the marine economy (Ye et al., 2021). Moreover, with the proposal of the concept of green development, the marine green economy has also become the focus of policy makers and academia (Chen et al., 2020a; Chen et al., 2022a; Chen et al., 2022b). The development of this conomy targets the organic combination of economic development and environmental protection and is committed to the maximum utilization of marine resources under the premise of protecting the marine environment, so as to achieve its sustainable development.

The efficiency of the marine green economy is an important indicator to measure its sustainable development (Wei et al., 2021; Ye et al., 2021). At present, scholars mainly have used stochastic frontier method (SFA) and data envelopment analysis (DEA) to evaluate marine green economy efficiency and technical efficiency (Wu, 2018; Zheng et al., 2019; Wang et al., 2021a; Chen et al., 2020b; Chi et al., 2022). By incorporating undesired output indicators such as marine pollutants into the evaluation system, the overall efficiency of the marine economy in the context of environmental constraints is examined (Ding et al., 2020; Zhao et al., 2021).

Most existing studies, however, have regarded the development of the marine green economy as an independent process and failed to consider the stage characteristics of the operation of the marine green economy, thus making it difficult for a comprehensive estimation of the marine green economy efficiency (Ding et al., 2018). In the development process of the marine economy, there is a sequence of pollutant generation and treatment, and the marine pollution treatment stage must occur after the production process. Therefore, it is necessary to conduct in-depth discussions on the different stages of marine green economy development. Based on the two-stage network DEA model, this study evaluates the marine green economy efficiency of 11 coastal provinces and cities in China from 2006 to 2018 and further examines the efficiency changes and influencing factors in different stages.

The rest of the paper runs as follows. Sn2 ectio presents the literature review. Sn3 ectio describes the research model, variable measurement, and data. Sn4 ectio reports and explores the research results. Sn5 ectio summarizes the empirical results and puts forward suggestions.



2 Literature review

The strategic position of the ocean in the world has become increasingly prominent in recent years and has helped to gradually enrich research on the marine economy. By combing the relevant literature, we find that existing research on the marine green economy mainly focuses on efficiency evaluation and analysis of the influencing factors.

First, most studies have focused on evaluating marine industry efficiency from the perspective of input and output. At present, the assessment of marine industry efficiency involves marine fishery and marine transportation. On the one hand, from the perspective of efficiency evaluation of marine fisheries, Jamnia et al. (2015) took 300 fishing boats in their study area as samples and analyzed the technical efficiency of fisheries in the Chabahar region of southern Iran by using the stochastic production frontier method. Li et al. (2020) investigated fishery production efficiency in China’s coastal areas based on the DEA-Malmquist index, showing results that fishery output efficiency has improved to a certain extent. Similarly, the Malmquist index method has also been used to calculate the total factor productivity and its decomposition index of marine fisheries (Song, 2020). In addition, some scholars have applied more complex DEA models to explore the efficiency of marine fisheries (Ton Nu Hai et al., 2018; Liu et al., 2021a). For example, Ton Nu Hai et al. (2018) employed two-stage bootstrap DEA to study the cost efficiency of marine cage lobster farms in Vietnam and its influencing factors. There is also a large amount of literature on marine port transportation efficiency. Bray et al. (2015) constructed a DEA model based on the fuzzy theory to evaluate the efficiency of international container ports and compared the results with the traditional DEA model. Pham et al. (2020) combined a two-stage uncertainty DEA and fuzzy C-means clustering method to comprehensively measure the operational efficiency of the world’s top 40 container ports for five consecutive years. A large strand of studies has analyzed efficiency of the port industry from an environmental perspective (Sun et al., 2017; Wang et al., 2019; Chi et al., 2022). For example, Qi et al. (2020) used the RAM-DEA model to assess the unified efficiency of a port from the two aspects of operational performance and environmental balance and combined the types of scale gains and scale losses to select the direction suitable for a port’s sustainable development.

Second, research on marine green economy efficiency has received extensive attention. As the extensive growth pattern of the marine economy leads to the continuous deterioration of the ecosystem, scholars have incorporated undesired outputs into the measurement model to explore the development level of the marine green economy under environmental constraints. Wu (2018) applied the methods of the stochastic frontier model, coefficient of variation, Gini coefficient, and entropy to explore the spatiotemporal evolution trend of green production efficiency of the marine economy in China’s coastal areas. Ren et al. (2018) introduced undesirable output into the evaluation system of total factor productivity and utilized the global Malmquist-Luenberger index model to estimate and decompose green efficiency of the marine economy. Ding et al. (2020) considered the connection between economic production and environmental treatment in the marine circular economy and proposed a new cooperative game network DEA model for evaluating marine environmental performance. Wei et al. (2021) combined the super-efficiency slack-based measure model and the global Malmquist index model to calculate the green total factor productivity of the marine economy. Zhu et al. (2021) respectively estimated the elasticity and efficiency of China’s marine economy based on the core variable method and the slacks-based measure of super-efficiency method. In addition, there are numerous studies examining marine green economy efficiency from the perspective of policy measures, including Maritime Silk Road and Belt and Road Initiative (Zhao et al., 2021; Wang et al., 2021a).

Finally, scholars have also focused their research on the influencing factors of marine green economy efficiency. The research content mainly involves industrial structure, environmental regulation, technological innovation, and foreign direct investment. Wu (2018) pointed out that the level of marine economy development, marine industrial structure, marine human capital, marine material capital, opening up, and marine environmental governance all affect the green total factor productivity of the marine economy in coastal areas. Sun (2020) confirmed the positive effect of digital finance on marine ecological efficiency. Wei et al. (2021) discussed the impact of the evolution of marine industrial structure on the green total factor productivity of the marine economy and found that the relationship between the two exhibits an inverted U-shape trend of promotion first and then inhibition. Ye et al. (2021) used the differential Gaussian Mixture model to empirically test the impact of government preference and environmental regulation on green development of the marine economy and noted that both government environmental preference and environmental regulation promote such green development, while industrial preference has a negative effect on this green development. In addition, some scholars have discussed the influencing factors of marine green economy efficiency from the perspective of spatial correlation. For example, Guo et al. (2022) constructed a spatial Durbin model to investigate the influence mechanism of marine economy efficiency from the aspects of economic development level, openness, marine industrial structure, and marine R&D investment.

Based on the literature review, we find that the existing literature provides a relatively in-depth analysis of the marine green economy and offers many useful insights, but there are still some deficiencies in existing studies. Most of them applied single-stage input-output indicators to assess marine green economy efficiency and treated the development of this type of economy as an independent operational process, while ignoring the operational laws and differential characteristics within its system. Moreover, the existing literature has failed to examine the influencing factors of marine green economy efficiency at different stages, thus not revealing the differential effects of external factors on marine green economy development. Therefore, our study focuses on the phased characteristics of marine green economy efficiency, which helps to analyze the operation law of this type of economy and its mechanism of action more comprehensively.

The main contributions of this study include the following. First, we divide the operation process of the marine green economy into the marine production stage and the pollution control stage and employ the two-stage network DEA model to calculate the total efficiency, production efficiency, and governance efficiency of this economy, which is conducive to more comprehensively revealing its operation in different stages. Second, this study explores the convergence characteristics of marine green economy efficiency in China’s coastal areas and investigates the regional gaps in total efficiency, production efficiency, and governance efficiency of the marine green economy, thereby providing useful supplements to the existing literature. Finally, based on the efficiency measurement results, we apply the Tobit model suitable for the data characteristics to examine the influencing factors of marine green economy efficiency at different stages. Our findings should assist policy makers in optimizing the marine economy development pattern and building a high-quality marine economy development system.



3 Methods



3.1 Two-stage network DEA model

Since the traditional DEA model fails to consider the internal operation process of the system, the efficiency measurement may be biased (Kao and Hwang, 2008; Wang et al., 2020a). The two-stage network DEA model can analyze the specific structure within the system and help obtain more abundant information (Kao and Hwang, 2008; Kao, 2014). The two-stage network DEA model assumes that the whole production system is composed of two sub-stages, and there is a certain correlation between the two stages, that is - the input of the second stage involves all or part of the output of the first stage.

Because the traditional two-stage network DEA model cannot link the whole process with different stages, the measurement results do not have integrity. Therefore, referring to the results of Kao and Hwang (2008), we integrate the traditional two-stage DEA model and then obtain a research model that more comprehensively measures the efficiency value of different stages and the overall process.

Suppose there are n decision-making units (DMUs) in the study, where X represents the input of DMU, Y represents the output of DMU, and Z represents the intermediate output of DMU, denoted by Xj=(x1j, x2j,…, xmj)T, Yj=(y1j, y2j,…, ysj)T, and Zj=(z1j, z2j,…, zqj)T, respectively. Details are as follows:

 

On this basis, formula (1) is converted into a linear equivalent model as follows:

 

where v is the coefficient vector of the initial input X; u is the coefficient vector of the final output Y; and w is the coefficient vector of the intermediate output Z; ϵ is a small non-Archimedean number; Ek = 1 means that DEA is valid; and Ek< 1 means that DEA is invalid. At this time,  . However, Kao and Hwang (2008) believed that the optimal solution of the DMU obtained by Equation (2) may not be unique, which also makes the decomposition of the total efficiency value not unique. Therefore, they proposed to find a set of subsets that produce the maximum efficiency value and found the total efficiency of the DMU according to Equation (2). The research model is organized as follows.

 

We can solve the efficiency value   of the first stage through Equation (3) and solve the efficiency value of the second stage according to  . Similarly, using the same method, we can obtain the efficiency value of the second stage and then solve the efficiency value of the first stage.



3.2 Convergence model

Common convergence models present σ convergence and β convergence. In order to further investigate the evolution trend of regional differences in China’s marine green economy efficiency, we mainly test it from the two levels of σ convergence and absolute β convergence.

We interpret σ convergence as the discrete degree of marine green economy efficiency in different regions that shows a continuous downward trend over time. Based on the research of Lin et al. (2006), the present study adopts the standard deviation method to analyze the σ convergence of marine green economy efficiency. The specific model is as follows:

 

where N represents the number of provinces;   represents the mean value, that is - the mean value of marine green economy efficiency; and σt is the standard deviation. If the standard deviation shows a downward trend over time, then there is σ convergence in marine green economy efficiency. Conversely, there is no σ convergence.

The proposition of β convergence stems from the idea of economic convergence in the neoclassical economic theory and was initially used to explore whether inter-regional economic growth tends to be stable over time. We can divide β convergence into absolute β convergence and conditional β convergence. Absolute β convergence means that the growth rate of marine green economy efficiency in all regions will eventually reach the same steady-state level. Referring to the study of Miller and Upadhyay (2002), we use the following model to calculate the absolute β convergence index.

 

where i represents each province; t represents the year; α is the constant term; efficiency is the efficiency value of the marine green economy; β is the estimated coefficient value; μi represents the regional effect; ηt represents the time effect; and ϵit represents the stochastic error. If β< 0, then it indicates absolute β convergence, that is - regions with low marine green economy efficiency have higher growth rates and will eventually catch up with regions exhibiting high marine green economy efficiency, and the gap between regions will gradually narrow.



3.3 Tobit regression model

Marine green economy efficiency measured by the above research methods ranges from 0 to 1. It can be seen that the measurement results have the characteristics of being cut. If the OLS method is used for estimation, then a consistent estimator may not be obtained. In contrast, the Tobit model is able to effectively handle data with such characteristics (Chen, 2014). Therefore, this study constructs a panel Tobit model to explore the influencing factors of marine green economy efficiency. The specific model is set as follows:

 

On this basis, the regression model is:

 

where λ is the constant term; ω is the estimated coefficient; Xit is each influencing factor; and ρit is the stochastic error.




4 Empirical Analysis



4.1 Variable selection and data source



4.1.1 Input-output indicators

Due to the multi-stage characteristics of marine economy development, the research that regards such development as a “black box” is flawed. Ding et al. (2018) analyzed the operation process of the marine economy and pointed out that its development includes the two stages of production and environmental governance.

At the stage of marine production, most scholars point out that the input factors of the marine economy development system mainly include capital, labor, energy, and land (Song et al., 2019; Xu and Yan, 2022). Therefore, we draw on the study of Song et al. (2019) to select initial input indicators from four aspects, labor, capital, energy, and land, and measure them using the amount of marine employment, marine economy capital stock, total energy consumption of the marine economy, and the mariculture area, respectively. Considering data availability, capital stock and total energy consumption of the marine economy are revised by the ratio of the gross marine product to the gross regional product.

In terms of intermediate output indicators, marine factor inputs aim to improve the level of marine economy development (Ding et al., 2015; Liu et al., 2021b). On the one hand, gross marine product, as an aggregate indicator to measure the development status of a country’s or region’s marine economy, often reflects the level of regional marine economy development (Wang, 2021). Therefore, actual gross marine product is selected to represent the desired intermediate output indicator. On the other hand, in the context of considering environmental factors, the output of the production stage also involves undesired output indicators - namely, the generation of marine environmental pollutants (Ding et al., 2015). Hu (2018) and Wang (2021) pointed out that continuous exploitation of marine resources, while improving regional marine economy benefits, also brings about undesired outputs that affect the marine environment such as wastewater and industrial solid waste. Therefore, based on the content of their study, we select the amount of wastewater directly discharged into the sea and the amount of solid waste produced by the marine industry to measure the undesired intermediate output indicators. Similarly, in the absence of direct indicators of marine industrial solid waste production, we apply the above method to adjust the amount of industrial solid waste production.

In the stage of environmental governance, as the level of marine pollution increases, the government will inevitably invest in the management of marine environmental pollution. Ding et al. (2017) noted during marine economy development that the China government attaches importance to the marine environmental pollution problem and is continuously increasing investment in marine environmental governance. Therefore, this study regards the amount of wastewater directly discharged into the sea and the amount of marine industrial solid waste in the previous stage as the input indicators of this stage. Drawing on the study of Ding (2017), we select total investment in marine industrial pollution treatment as the additional input of the second stage.

With regard to the final output indicators, the purpose of environmental pollution treatment is to reduce marine pollutants such as wastewater and industrial solid waste and improve the quality of marine environment. Considering the unique characteristics of the marine economy, offshore water quality and the amount of marine industrial solid waste utilization in coastal areas are important indicators to reflect the effectiveness of environmental treatment. Therefore, we choose the proportion of excellent water quality in offshore waters and the comprehensive utilization of marine industrial solid waste as the final output indicators. Table 1 lists the specific input-output indicators involved in marine green economy efficiency.


Table 1 | Input-output indicators of marine green economy efficiency.





4.1.2 Influencing factors

Existing studies have pointed out that the marine green economy, as an environmentally dependent regional economy, not only has locational advantages of the marine economy, but also is influenced by many factors such as the coastal areas’ economy (Ding et al., 2018). Combined with the related literature, we examine the factors influencing marine green economy efficincy from the level of marine technology, the state of the marine economy, and the development of coastal areas, respectively.

From the perspective of marine technology, scientific and technological progress and innovation are powerful driving forces for marine economy development. Technological innovation is conducive to reducing the production cost of enterprises, enhancing the competitiveness of the marine industry, and promoting the upgrading of marine industrial structure (Wang et al., 2021b; Yang and Wen, 2021; Liu et al., 2022; Zhang et al., 2022; Zou et al., 2022). Many studies have confirmed a close relationship between marine technological innovation and the level of marine green economy development (Wang et al., 2020b; Liu et al., 2021b), meaning that marine technological innovation needs to be factored into regression models. We measure marine technology innovation (innovation) using the number of scientific and technological projects of marine scientific research institutions in each region.

From the perspective of marine economy status, some scholars argue that regions with higher levels of marine economy development can provide substantial financial and infrastructural support for the development of marine industries, which in turn improve the efficiency of marine resource utilization (Ji and Wang, 2018; Chen, 2022c; Wang et al., 2023). However, some scholars also stated that a higher level of marine economy development can bring about a significant increase in resource consumption and pollutant emissions, which may seriously destroy the balance of marine resources and ecological environment and is not conducive to the improvement of marine green economy efficiency (Shi et al., 2022; Zhao et al., 2022a; Zhao et al., 2022b; Nogué-Algueró, 2020; Peng et al., 2020; Wang, 2021). It can be seen that the level of marine economy development is an important factor affecting the efficiency of marine green development and must be added to the model. We use the ratio of the gross marine product of each region to the gross regional product to assess the level of marine economy development (egop).

From the perspective of coastal areas’ development, it has been well documented that foreign direct investment (FDI), the level of terrestrial industry, and opening up play important roles in marine total factor productivity (Zheng et al., 2022; Wang et al., 2021a; Zhao et al., 2021). In recent years, the impact of FDI on the green economy has shown a more complex manifestation (Qiu et al., 2021; Gao et al., 2022). The view of existing studies can be summarized in that FDI may improve marine green economy efficiency through technology spillover effects or may have negative effects on the marine environment through pollution transfer (Zheng et al., 2022). It can be seen that it is important to focus on the role of FDI on marine green economy efficiency. We use the proportion of actually utilized foreign direct investment in regional GDP to characterize foreign direct investment (fdi).

Industry is an important source of environmental pollution in coastal areas, and most pollution sources of nearshore water quality come from industrial pollution discharges in coastal inland areas (Ding et al., 2018). Therefore, we include the development level of terrestrial industry (industry) in our analytical model and measure it using the proportion of the actual industrial added value to the region’s actual GDP. In addition, opening up is a key factor affecting the allocation of marine resources and the level of marine industry development (Ji and Wang, 2018; Lu et al., 2019). With the deepening of China’s opening up to the outside world, international cooperation in the field of the marine economy is becoming more frequent, which will undoubtedly have a certain degree of effect on marine green economy development. In this study we use the proportion of total imports and exports to GDP to assess opening up (open).



4.1.3 Data sources

Considering data availability, this study selects panel data of 11 coastal areas in China from 2006 to 2018. The data of each index come from China Statistics Yearbook, China Marine Economic Statistics Yearbook, China Offshore Water Environmental Quality Bulletin, China Ecological Environment Bulletin, China Environmental Statistics Yearbook, China Energy Statistics Yearbook, China Urban Statistics Yearbook, and statistical yearbooks of each province. Table 2 presents the descriptive statistics of the regression variables involved in this paper.


Table 2 | Descriptive statistics of the regression variables.






4.2 Change trend of marine green economy efficiency in coastal areas of China



4.2.1 Measurement results of marine green economy efficiency

Based on the above research methods, we obtain marine green economy efficiency of different stages in China’s coastal regions from 2006 to 2018. In order to compare marine green economy efficiency in different regions, we calculate the mean value of marine green economy efficiency in coastal regions of China. The results appear in Table 3. In terms of total efficiency, Liaoning’s marine green economy level is the lowest, with an average efficiency value of less than 0.6. This is because most of Liaoning’s marine economy development relies on traditional marine industries, and emerging marine industries account for a relatively small share, which limits the ability of high-quality development of the marine economy (Du et al., 2020; Liu and Xie, 2021). Moreover, Liaoning is a heavy industrial base in China, and most raw materials are for high energy-consuming and high-polluting products, resulting in a large discharge of industrial pollutants. Most industrial pollutants in coastal areas are directly discharged into the adjacent sea area, which makes the deterioration of Liaoning’s marine environment increasingly prominent and reduces marine green economy efficiency. We further analyze the efficiency of different stages and find that the low level of governance is the main reason to explain the low total efficiency of marine green economy in Liaoning.


Table 3 | Mean values of marine green economy efficiency at different stages in each province.



Although the marine economy output values of Fujian, Zhejiang and Guangdong rank at the front in China, their marine green economy efficiency values are not high. The reason may be that, on the one hand, these regions overly pursue the rapid transformation of the marine economy, which makes the regional marine industry layout unreasonable (Du et al., 2020). Moreover, the higher level of marine economy development in these regions will also attract a large influx of foreign capital and labor, whereas some of the low levels of foreign capital inflow and industrial transfer will also reduce the marine green production efficiency (Zhao et al., 2018; Ding et al., 2018). On the other hand, rapid development of the marine economy is also accompanied by a large consumption of resources and energy, which may inhibit improvement of marine green economy efficiency. Moreover, a higher level of marine economy implies rapid development of the port economy, and the process of cargo transportation is bound to produce a large amount of pollutants, which pose a threat to marine ecology environment. By further analyzing the efficiency of different stages, we find that the lower total efficiency of the marine green economy in Fujian mainly stems from the lack of marine governance capacity, while those for Zhejiang and Guangdong are mainly caused by low production efficiency.

Tianjin, Shanghai, Jiangsu, and Hebei rank high in terms of marine green economy efficiency, which is due to their better geographical location and higher level of economic development. Among them, Shanghai and Tianjin have a strong economic foundation and superior geographical location and have invested heavily in marine education and marine science and technology with high utilization rates. Coupled with the rapid development of marine emerging industries, marine green economy development in Shanghai and Tianjin has achieved remarkable results.

The phenomenon of high efficiency of the marine green economy in Hebei is different from the results of some studies. This may be due to the fact that Hebei is close to Beijing and Tianjin, and so it is susceptible to the spillover effects of advanced regional technologies. The Beijing-Tianjin-Hebei Integration policy has greatly contributed to the improvement of the level of marine technological progress in Hebei (Wang et al., 2020c). Most scholars have shown that Hebei’s marine technology efficiency is high (Kang et al., 2020; Ning et al., 2020; Wang et al., 2020d). Moreover, according to the China Offshore Water Environment Quality Bulletin, the percentage of excellent water quality in Hebei’s offshore waters exceeded 75% from 2006 to 2018, and the percentage of excellent water quality reached 100% in 2018. It can be seen that the water quality situation of Hebei’s near-shore sea is relatively good and stable, which is one of the reasons to explain the high efficiency of its marine green economy.

The relatively high efficiency of the marine green economy in Hainan and Guangxi is mainly a result of the high efficiency of environmental governance. The industrial scale of the land area of Hainan and Guangxi is small as is industrial pollution emission, making indicators of the marine ecology environment at the forefront of the country. Among them, Hainan has abundant marine resources, and the marine tertiary industry accounts for a high proportion, which in turn effectively promotes improvement of marine production efficiency (Wang et al., 2021c). In recent years, Guangxi has also been actively promoting the level of marine industry structure, carrying out a blue bay improvement action (Ding et al., 2015), which can be taken as a reason to explain the high efficiency of marine governance in Guangxi. In addition, coastal tourism is the advantageous industry of Hainan and Guangxi, which determines their emphasis on environmental governance and environmental protection.

To sum up, the provinces that rank high in overall efficiency of the marine green economy are more efficient at different stages, implying that the marine production process is as important as the governance process. The common feature of these provinces is that they are not only committed to improving the efficiency of marine production process, but they also pay attention to the management of marine pollutants. On the one hand, these provinces combine their development advantages to continuously optimize the marine industry structure. Among them, Tianjin, Shanghai, Jiangsu, and Hebei have a high level of marine technology and are committed to actively developing new marine industries. Hainan and Guangxi vigorously promote the development of marine tertiary industries mainly in coastal tourism. On the other hand, these provinces may pay more attention to marine environmental protection and continue to step up efforts to regulate offshore waters. This has led to efficient management of marine pollutants, thus promoting marine green economy efficiency.



4.2.2 Trends in the evolution of marine green economy efficiency

In order to analyze marine green economy efficiency in different periods, we plot the changing trend of this efficiency in different stages from 2006 to 2018. The results appear in Figure 1. The figure illustrates that total efficiency and production efficiency of the marine green economy have a fluctuating downward trend in general. The total efficiency of China’s marine green economy decreased from 0.9249 in 2006 to 0.8763 in 2018, which indicates that the level of its marine green development still has much room for improvement. Among them, the change trends of total efficiency and production efficiency are roughly the same, but differ from that of governance efficiency. Specifically, production efficiency showed a relatively large decline in 2008, which is mainly due to the impact of the global financial crisis in 2008. The import and export trade in China’s coastal areas and investment in the marine industry decreased significantly, and the production process of the marine economy was restricted, which in turn hindered improvement of marine green production capacity. However, governance efficiency did not show a downward trend in 2008, and only began to decline in 2009. This is because there is a lag effect in pollution governance efficiency, and pollution governance behavior and effect are generally based on previous policy measures. Moreover, the impact of a financial crisis first acts directly on the marine production process, making the marine economy output drop significantly. On this basis, it may lead to a reduction of pollution control investment, which in turn affects marine environmental governance efficiency.




Figure 1 | Trends of marine green economy efficiency in different stages from 2006 to 2018.



In 2012, marine governance efficiency changed from a downward trend to an upward trend. This may be due to the introduction of the 12th Five-Year Plan, making local governments pay more attention to marine economy development and comprehensive marine management, increasing the protection and restoration of marine ecosystems, and ultimately improving the efficiency of marine environmental governance. Subsequently, during 2013-2015, marine production efficiency declined, largely due to frequent marine disasters, especially the severe marine disaster in 2013. Its subsequent effects caused huge losses to China’s marine green economy. Since 2016, the marine production efficiency has been rising, because 2016 is the first year of the 13th Five-Year plan. The China government attaches great importance to the marine economy and has formulated a series of measures to accelerate the development of both marine science and technology and the marine industry. For example, the National Science and Technology Plan for Marine Development (2016-2020) was introduced in 2016, which is conducive to the formation of a long-term mechanism for innovation-driven development to improve marine green economy efficiency.




4.3 Convergence analysis of marine green economy efficiency

Figure 2 portrays the σ convergence results of marine green economy efficiency at different stages. From the overall stage, the σ coefficient of China’s marine green economy efficiency shows a fluctuating trend. It shows a gradual increasing trend during 2008-2011 and 2013-2016, indicating that there is no σ convergence in marine green economy efficiency at this stage, that is - regional differences in marine green economy efficiency keep expanding. In other time periods, σ coefficients show a decreasing trend, indicating that marine green economy efficiency has σ convergence characteristics, that is - regional differences of marine green economy efficiency are gradually narrowing. From the perspective of the production stage, the σ coefficient of China’s marine production efficiency shows a process of rising first and then falling. The rising stage mainly occurred in 2006-2014, and the σ coefficient increased by 0.1671 in 2014 compared with 2006. This is an increase of about 7 times, indicating dispersion characteristics of marine production efficiency, that is - regional differences in production efficiency are expanding. The downward trend of the σ coefficient from 2014 to 2018 is obvious. Compared with 2014, the coefficient value in 2018 decreased by 0.0328 or 17.17%, which means that marine production efficiency tended to converge in 2014-2018. The σ coefficients of ocean governance efficiency show an increasing trend during 2009-2011 and 2013-2015, which suggests no σ convergence characteristic of governance efficiency, that is - the regional disparity of marine governance efficiency increases. Other than that, the σ coefficients of other time periods show a decreasing trend, which implies σ convergence in governance efficiency, that is - the regional disparity in governance efficiency is significantly reduced.




Figure 2 | Trends of σ convergence coefficients of marine green economy efficiency at different stages.



Table 4 reports the results of absolute β convergence for the marine green economy efficiency at different stages. In terms of total efficiency, the estimation results of both fixed-effect and random-effect models indicate that the absolute β convergence coefficient is negative, and both pass the significance level test. The results mean absolute β convergence in the total efficiency of the marine green economy, and changes in marine green economy efficiency in each coastal region converge to the same steady-state level over time. In other words, provinces with low levels of marine green economy have faster growth rates compared to those with high levels, and the regional gap will gradually narrow. The estimated coefficients of absolute β convergence for both marine production efficiency and governance efficiency are significantly negative at least at the 10% statistical level, which indicates that both efficiencies have absolute β convergence characteristics, and that regional disparity will keep narrowing and eventually reach the steady-state level. The results also reflect the catch-up effect of the lagging regions to the advanced regions, that is - provinces and cities with low levels of marine green production and governance have a high convergence rate.


Table 4 | Absolute β convergence results of marine green economy efficiency at different stages.





4.4 Analysis of the influencing factors of marine green economy efficiency

Based on the above analysis, this study uses the Tobit model to conduct regression tests on the influencing factors of marine green economy efficiency. The Tobit model with fixed effects cannot find sufficient statistics of individual heterogeneity for conditional maximum likelihood estimation, and the estimates obtained are inconsistent if dummy variables of panel units are added directly to the mixed Tobit regression (Chen, 2014). We find that the LR test results strongly reject the original hypothesis by using the panel Tobit model of random effects, which shows that there an individual effect and a random effects panel Tobit model should be used for regression analysis. The estimation results are in Tables 5 and 6.


Table 5 | Tobit regression results of marine green economy efficiency.




Table 6 | Tobit regression results of marine green economy efficiency at different stages.




4.4.1 Total efficiency

Table 5 reports the regression results of the influencing factors of marine green economy efficiency. As seen from the table, the coefficient of marine technology innovation on marine green economy efficiency is positive, but the result is not significant. This is consistent with the findings of Guo et al. (2022). This may be due to the fact that China’s marine technology innovation is still in the exploration stage, and the number of marine scientific research institutions is small, resulting in insufficient technological R&D capacity. Moreover, the transformation rate of China’s marine scientific research results is not high, and many marine patents are difficult to be put into practical application. Thus, the positive impact of technological innovation on marine green economy efficiency fails to be highlighted. China still needs to further strengthen R&D in marine technology and continuously improve its marine green innovation capability, which is a key factor to support sustainable development of the marine economy (Wei et al., 2021).

The regression coefficient of foreign direct investment (FDI) is significantly positive at the 5% statistical level, indicating that FDI improves the efficiency of regional marine green development. The reason for this is that, on the one hand, the inflow of foreign investment accompanied by the transfer of advanced technology can improve the production process of enterprises, which in turn continuously optimize the marine ecological environment in coastal areas (Zhao et al., 2018; Zheng et al., 2022). In particular, the introduction of FDI related to marine industries brings advanced marine technology and marine management concepts to coastal areas and helps improve the degree of development and utilization of marine resources. On the other hand, foreign capital inflow provides conditions for the development of emerging marine industries in coastal areas, transforming the industrial structure to be more rationalized and high-end (Zheng et al., 2022). The transformation and upgrading of marine industrial structure help reduce resource consumption and marine environmental pollution and promote continuous improvement of marine green development efficiency (Ye et al., 2021; Wei et al., 2021).

The regression coefficient of the level of marine economy development is significantly negative at the 1% statistical level. This result differs from the general findings, which is probably due to the fact that the port economy is an important component of the marine economy, and the process of marine cargo transportation inevitably generates a large amount of pollutants that pose a threat to the marine ecological environment (Ding et al., 2018; Nogué-Algueró, 2020). In addition, even with the rapid development of China’s marine tertiary industry in recent years, the output value of the secondary industry, mainly marine equipment manufacturing and sea salt chemical industry, still accounts for a large proportion. This brings about a significant increase in resource consumption and pollutant emissions, and the balance between marine resources and ecological environment has been seriously damaged, thus inhibiting the improvement of marine green economy efficiency (Wang, 2021). The regression coefficient of terrestrial industrial development level is significantly negative at the 10% statistical level, which means that growth of the terrestrial industrial scale reduces marine green economy efficiency, because coastal industrial pollution is the major source of marine environmental pollution (Naser, 2013; Anbuselvan and Sridharan, 2018). Industrial production in coastal areas produces a large amount of industrial wastewater and solid waste, and the vast majority of these pollutants are discharged into the ocean (Sheppard et al., 2010; Fu and Wang, 2011), which seriously impact water quality of the near coast and harm the development of the marine green economy (Ding et al., 2018).

The regression coefficient of opening up is significantly positive at the 1% statistical level, indicating that improvement of external openness helps promote marine green economy development. The possible explanations for this result are as follows. First, since the east coast is the pioneer area of China’s opening up, regional governments have promulgated a series of policies and measures to encourage economic development, pushing a large amount of capital and labor at home and abroad to gather in the marine industry, thus effectively enhancing marine economy development (Zhao et al., 2016). Second, as the marine economy is export-oriented, further expansion of opening up is also conducive to the rapid development of marine tourism in coastal areas, which is an important measure to achieve marine economy growth (Bob et al., 2018; Rogerson and Rogerson, 2019). Moreover, the development of the marine tertiary industry, mainly tourism and other service industries, helps promote the upgrading of marine industries and improvement of the marine green development efficiency.



4.4.2 Production efficiency

Table 6 reports the regression results of marine green economy efficiency at different stages. In the production stage the regression coefficients of FDI and opening up are significantly positive, the coefficients of marine economy development level and terrestrial industrial development level are significantly negative, while the coefficient of marine technological innovation is not significant. This suggests that the improvement of FDI and opening up has a positive effect on marine production efficiency, while marine economy development and terrestrial industrial development inhibit the improvement of marine production efficiency. The results are consistent with the estimation of total efficiency.



4.4.3 Governance efficiency

In the governance stage the regression results of governance efficiency differ significantly from total efficiency and production efficiency. Among them, the regression coefficient of marine technological innovation is significantly positive at the 5% statistical level, implying that marine technological innovation effectively promotes the improvement of marine governance efficiency. Although marine technological innovation has failed to improve marine production stage efficiency, it has an important role in the governance of marine pollutants (Mintenig et al., 2017; Alpizar et al., 2020). This may be due to the fact that China’s currrent marine technology innovation is more biased towards the application of environmental management technologies. Compared with the application of technology of reducing pollution in the production process, the application of the technology of direct treatment of pollutant emissions produces a faster and more obvious effect. Moreover, in recent years the China government has attached great importance to marine ecological issues that has led to certain breakthroughs in technological research focusing on water quality improvement and marine function enhancement.

The regression coefficient of FDI is significantly positive at the 10% statistical level, indicating that an increase of it has a positive contribution to pollution control efficiency. The reason is that the inflow of high-quality FDI brings advanced marine management concepts and pollution management standards and enhances marine governance technology through technology spillover effects (Zheng et al., 2022). Moreover, the introduction of FDI is bound to enhance regional economic development and increase funds for marine environment management and technology R&D in coastal areas, which can continuously improve marine pollution management efficiency (Zhao et al., 2018). In addition, to attract more FDI in the marine industry, local governments may strengthen the efforts of marine pollution management to provide a high-quality marine development environment for foreign-capitalized industries.

The level of marine economy development fails to pass the significance test. One possible explanation is that although the rapid development of the marine economy promotes the increase of marine governance funds, the environmental problems brought about by the process of such development cannot be ignored and also makes the pollution governance effect not obvious. The impacts of industrial development level and opening up on governance efficiency are also not significant. This is due to the fact that the impacts of an increase of industrial development level and opening up on marine economy development reflect more in the production stage and little in the governance stage.





5 Conclusions and policy recommendations

Based on panel data of 11 coastal provinces and cities in China from 2006 to 2018, we use a two-stage network DEA model to measure marine green economy efficiency. On this basis, the panel Tobit model allows us to examine the influencing factors of such efficiency.

The conclusions of this paper can be summarized as follows. First, there are great differences in total efficiency, production efficiency and governance efficiency of the marine green economy in different provinces and cities, and total efficiency and production efficiency of the marine green economy generally show a fluctuating downward trend. Second, the σ coefficient of marine production efficiency has a rising trend in general, that is - marine production efficiency has the characteristics of σ convergence, while total efficiency and governance efficiency do not have σ convergence. There is also an absolute β convergence phenomenon in total efficiency, production efficiency, and governance efficiency. Third, from the perspective of the overall stage and production stage, FDI and opening up are conducive to promoting total efficiency and production efficiency, while improvement of the marine economy development level and terrestrial industry development level reduces total efficiency and production efficiency. Moreover, the effect of marine technological innovation on total efficiency and production efficiency is not significant. From the perspective of the governance stage, marine technological innovation and FDI have a significantly positive role in promoting environmental governance efficiency.

According to the above conclusions, we put forward the following policy recommendations.

First, the government should accurately identify the gap between regional production efficiency and governance efficiency and take measures according to local conditions to promote high-quality development of the marine economy. For example, Liaoning should reduce industries with high pollution and energy consumption, lower the discharge of marine pollutants, and adopt strict marine supervision measures. At the same time, it can increase investment in marine pollution control and improve marine environmental governance efficiency. Some areas with high gross marine product should constantly optimize the marine industry layout, promote the transformation and upgrading of the marine economy in a rational and orderly manner, and avoid neglecting the protection of the ecological environment due to excessive pursuit of marine economy growth.

Second, the local government needs to further raise investment in marine science and technology research and development to improve the ability of marine technology innovation. The government should vigorously support marine frontier technology research, especially technology research and development in the process of marine production. At the same time, more funds are encouraged to stay in areas such as marine green technology and clean technology.

Third, it is necessary to optimize the structure of land and sea industries. All regions should vigorously develop the marine tertiary industry and marine emerging industries to reduce pollutant emissions and excessive consumption of marine resources. At the same time, industrial pollution discharge standards for land areas should be formulated to help authorities strictly supervise and control the discharge of industrial pollutants from land areas into the sea. In addition, the central government should implement a target responsibility system for energy conservation and emission reduction, increase the proportion of marine ecological environment in the assessment of local governments, and promote local governments to continuously improve laws and regulations, so as to provide impetus for marine green economy development.

Fourth, local governments should further introduce high-quality marine foreign investment and expand the degree of opening up. Local governments should continue to relax the restrictions on foreign investment access, expand the opening of marine industries with high technology and added value, actively guide foreign investment to marine emerging industries, and promote the rapid development of the marine green economy. At the same time, tax incentives and financial subsidies are also important ways to introduce high-level marine foreign-invested industries, which can help promote the transformation and upgrading of the marine industrial structure.



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

Conceptualization: YY and HC. Methodology: HC. Software: YY. Validation: WZ, YY and HC. Formal analysis: XZ. Investigation: MY. Resources: SL. Data curation: YY, HC and WZ. Writing—original draft preparation: YY and HC. Writing—review and editing: WZ and YY. Visualization: YY and HC. Supervision: WZ. Project administration: WZ. Funding acquisition: WZ. All authors contributed to the article and approved the submitted version.




Funding

This research was funded by the Innovation Strategy Research Project of Fujian Province (No. 2022R0030); GF Securities Social Welfare Foundation Teaching and Research Fund for National Finance and Mesoeconomics.



Acknowledgments

The authors are grateful to the editor and the reviewers of this paper.



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.



References

 Alpizar, F., Carlsson, F., Lanza, G., Carney, B., Daniels, R. C., Jaime, M., et al. (2020). A framework for selecting and designing policies to reduce marine plastic pollution in developing countries. Environ. Sci. Policy 109, 25–35. doi: 10.1016/j.envsci.2020.04.007

 Anbuselvan, N. D. S. N., and Sridharan, M. (2018). Heavy metal assessment in surface sediments off coromandel coast of India: Implication on marine pollution. Mar. Pollut. Bull. 131, 712–726. doi: 10.1016/j.marpolbul.2018.04.074

 Bob, U., Swart, K., Ngalawa, H., and Nzimande, N. (2018). Methodological challenges in assessing the economic impacts of coastal and marine tourism in south Africa: Reflections from a piloting project. EuroEconomica 37 (2), 202–217.

 Bray, S., Caggiani, L., and Ottomanelli, M. (2015). Measuring transport systems efficiency under uncertainty by fuzzy sets theory based data envelopment analysis: theoretical and practical comparison with traditional DEA model. Transportation Res. Proc. 5, 186–200. doi: 10.1016/j.trpro.2015.01.005

 Chen, Q. (2014). Advanced econometrics and stata application. 2nd ed. (Beijing: Higher Education Press).

 Chen, H., Zhang, L., and Zou, W. (2020a). Regional differences of air pollution in China: comparison of clustering analysis and systematic clustering methods of panel data based on gray relational analysis. Air Qual Atmos Health 13, 1257–1269. doi: 10.1007/s11869-020-00880-0

 Chen, H., Lin, H., and Zou, W. (2020b). Research on the regional differences and influencing factors of the innovation efficiency of china’s high-tech industries: based on a shared inputs two-stage network DEA. Sustainability 12, 3284. doi: 10.3390/su12083284

 Chen, H., Shi, Y., Xu, M., Xu, Z., and Zou, W. (2022a). China’s industrial green development and its influencing factors under the background of carbon neutrality. Environ. Sci. Pollut. Res. Int. doi: 10.1007/s11356-022-23636-y

 Chen, H., Yang, Y., Yang, M., and Huang, H. (2022b). The impact of environmental regulation on china’s industrial green development and its heterogeneity. Front. Ecol. Evol. 10. doi: 10.3389/fevo.2022.967550

 Chen, H., Shi, Y., and Zhao, X. (2022c). Investment in renewable energy resources, sustainable financial inclusion and energy efficiency: A case of us economy. Resources Policy 77, 102680. doi: 10.1016/j.resourpol.2022.102680

 Chi, E., Jiang, B., Peng, L., and Zhong, Y. (2022). Uncertain network DEA models with imprecise data for sustainable efficiency evaluation of decentralized marine supply chain. Energies 15 (15), 5313. doi: 10.3390/en15155313

 Ding, L. L., Lei, L., Wang, L., Zhang, L. F., and Calin, A. C. (2020). A novel cooperative game network DEA model for marine circular economy performance evaluation of China. J. Cleaner Production 253, 120071. doi: 10.1016/j.jclepro.2020.120071

 Ding, L., Zheng, H., and Liu, X. (2018). Production efficiency, environmental governance efficiency and comprehensive efficiency of marine economy in China. Forum Sci. Technol. China 3), 48–57. doi: 10.13580/j.cnki.fstc.2018.03.006

 Ding, L., Zheng, H., and Wang, W. (2017). Measurement and analysis of marine economic productivity in China based on improved RAM-undesirable model. J. Cent. Univ. Finance Economics 09), 119–128.

 Ding, L., Zhu, L., and He, G. (2015). Measurement and influencing factors of green total factor productivity of marine economy in China. Forum Sci. Technol. China 2), 72–78. doi: 10.13580/j.cnki.fstc.2015.02.014

 Du, J., Kou, J., and Zhao, P. (2020). Marine environmental regulation, marine science and technology innovation and marine economic green total factor productivity: An analysis based on DEAMalmquist index and PVAR model. Ecol. Economy 36 (1), 144–153+197.

 Fu, F., and Wang, Q. (2011). Removal of heavy metal ions from wastewaters: a review. J. Environ. Manage. 92 (3), 407–418. doi: 10.1016/j.jenvman.2010.11.011

 Gao, D., Li, G., Li, Y., and Gao, K. (2022). Does FDI improve green total factor energy efficiency under heterogeneous environmental regulation? Evidence from China. Environ. Sci. Pollut. Res. 29 (17), 25665–25678. doi: 10.1007/s11356-021-17771-1

 Guo, J., Yuan, X., and Song, W. (2022). Driving forces on the development of china's marine economy: Efficiency and spatial perspective. Ocean Coast Manag. 244, 106192. doi: 10.1016/j.ocecoaman.2022.106192

 Hu, X. (2018). Analysis on regional growth difference and convergence of green total factor productivity of china's marine economy. Stat Decision 34 (17), 137–140. doi: 10.13546/j.cnki.tjyjc.2018.17.034

 Jamnia, A. R., Mazloumzadeh, S. M., and Keikha, A. A. (2015). Estimate the technical efficiency of fishing vessels operating in chabahar region, southern Iran. J. Saudi Soc. Agric. Sci. 14 (1), 26–32. doi: 10.1016/j.jssas.2013.04.005

 Ji, J., and Wang, Q. (2018). A study on the marine economic efficiency and its influencing factors in China based on stochastic frontier analysis model. J. Ocean Univ. China (Social Sciences) 01), 43–49. doi: 10.16497/j.cnki.1672-335x.2018.01.006

 Kang, W., Zou, Y., and Wang, L. (2020). Research on the innovation efficiency of marine science and technology in china’s provinces. Stat Decision 36 (4), 100–103. doi: 10.13546/j.cnki.tjyjc.2020.04.022

 Kao, C. (2014). Network data envelopment analysis: A review. Eur. J. operational Res. 239 (1), 1–16. doi: 10.1016/j.ejor.2014.02.039

 Kao, C., and Hwang, S. N. (2008). Efficiency decomposition in two-stage data envelopment analysis: An application to non-life insurance companies in Taiwan. Eur. J. operational Res. 185 (1), 418–429. doi: 10.1016/j.ejor.2006.11.041

 Li, C. J., Jeon, J. W., and Kim, H. H. (2020). An efficiency analysis of fishery output in coastal areas of china. Int. J. advanced smart convergence 9 (3), 127–136. doi: 10.7236/IJASC.2020.9.3.127

 Lin, G., Long, Z., and Wu, M. (2006). A spatial investigation of σ-convergence in china’s regional economy. J. Quantitative Tech. 4), 14–21+69.

 Liu, S., Sun, J. X., Lyu, C., Chu, T. J., and Zhang, H. X. (2021a). Evaluating fishing capacity based on DEA and regression analysis of china’s offshore fishery. J. Mar. Sci. Eng. 9 (12), 1402. doi: 10.3390/jmse9121402

 Liu, G., and Xie, P. (2021). A study on the spatio-temporal differences in the high-quality development capacity of china’s marine economy. Mar. Economy 11 (1), 68–79. doi: 10.19426/j.cnki.cn12-1424/p.2021.01.007

 Liu, P., Zhu, B., and Yang, M. (2021b). Has marine technology innovation promoted the high-quality development of the marine economy?–—Evidence from coastal regions in China. Ocean Coast. Manag. 209, 105695. doi: 10.1016/j.ocecoaman.2021.105695

 Liu, P., Zhang, L., Tarbert, H., and Yan, Z. (2022). Analysis on spatio-temporal characteristics and influencing factors of in-dustrial green innovation efficiency—from the perspective of innovation value chain. Sustainability 14, 342. doi: 10.3390/su14010342

 Lu, Y., Zhang, Y., Cao, X., Wang, C., Wang, Y., Zhang, M., et al. (2019). Forty years of reform and opening up: China’s progress toward a sustainable path. Sci. Adv. 5 (8), eaau9413. doi: 10.1126/sciadv.aau9413

 Miller, S. M., and Upadhyay, M. P. (2002). Total factor productivity and the convergence hypothesis. J. Macroeconomics 24 (2), 267–286. doi: 10.1016/S0164-0704(02)00022-8

 Mintenig, S. M., Int-Veen, I., Löder, M. G., Primpke, S., and Gerdts, G. (2017). Identification of microplastic in effluents of waste water treatment plants using focal plane array-based micro-fourier-transform infrared imaging. Water Res. 108, 365–372. doi: 10.1016/j.watres.2016.11.015

 Naser, H. A. (2013). Assessment and management of heavy metal pollution in the marine environment of the Arabian gulf: A review. Mar. Pollut. Bull. 72 (1), 6–13. doi: 10.1016/j.marpolbul.2013.04.030

 Ning, L., Hu, Q., Wang, L., and Sun, J. (2020). On the allocation efficiency of green marine technology resources in the bohai rim area in the perspective of marine ecology. J. Yunnan Normal Univ. (Humanities Soc. Sci. Edition) 52 (2), 123–132.

 Nogué-Algueró, B. (2020). Growth in the docks: Ports, metabolic flows and socio-environmental impacts. Sustainability Sci. 15 (1), 11–30. doi: 10.1007/s11625-019-00764-y

 Peng, D., Yang, Q., Yang, H. J., Liu, H., Zhu, Y., and Mu, Y. (2020). Analysis on the relationship between fisheries economic growth and marine environmental pollution in china's coastal regions. Sci. Total Environ. 713, 136641. doi: 10.1016/j.scitotenv.2020.136641

 Pham, T. Q. M., Park, G. K., and Choi, K. H. (2020). The efficiency analysis of world top container ports using two-stage uncertainty DEA model and FCM. Maritime Business Rev. 6 (1), 2–21. doi: 10.1108/MABR-11-2019-0052

 Qi, Q., Jiang, Y., and Wang, D. (2020). Evaluation of port unified efficiency based on RAM-DEA model for port sustainable development. J. Coast. Res. 104 (SI), 724–729. doi: 10.2112/JCR-SI104-125.1

 Qiu, S., Wang, Z., and Geng, S. (2021). How do environmental regulation and foreign investment behavior affect green productivity growth in the industrial sector? an empirical test based on Chinese provincial panel data. J. Environ. Manage. 287, 112282. doi: 10.1016/j.jenvman.2021.112282

 Ren, W., Ji, J., Chen, L., and Zhang, Y. (2018). Evaluation of china's marine economic efficiency under environmental constraints–an empirical analysis of china's eleven coastal regions. J. Cleaner Production 184, 806–814. doi: 10.1016/j.jclepro.2018.02.300

 Rogerson, C. M., and Rogerson, J. M. (2019). Emergent planning for south africa's blue economy. Urbani izziv 30, 24–36. doi: 10.5379/urbani-izziv-en-2019-30-supplement-002

 Sheppard, C., Al-Husiani, M., Al-Jamali, F., Al-Yamani, F., Baldwin, R., Bishop, J., et al. (2010). The gulf: a young sea in decline. Mar. pollut. Bull. 60 (1), 13–38. doi: 10.1016/j.marpolbul.2009.10.017

 Shi, Y., Xie, Y., Chen, H., and Zou, W. (2022). Spatial and Temporal Differences in the Health Expenditure Efficiency of China: Reflections Based on the Background of the COVID-19 Pandemic. Front. Public Health 10, 879698. doi: 10.3389/fpubh.2022.879698

 Song, X. (2020). Analysis on output efficiency of marine fishery in china's coastal provinces and cities. J. Coast. Res. 115 (SI), 81–83. doi: 10.2112/JCR-SI115-024.1

 Song, Q., Sun, C., and Gai, M. (2019). Calculation of marine ecological efficiency and analysis of influencing factors in coastal areas of liaoning based on unexpected super efficiency model. Mar. Sci. Bull. 38 (05), 508–518. doi: 10.11840/j.issn.1001-6392.2019.05.004

 Sun, C. (2020). Digital finance, technology innovation, and marine ecological efficiency. J. Coast. Res. 108 (SI), 109–112. doi: 10.2112/JCR-SI108-022.1

 Sun, J., Yuan, Y., Yang, R., Ji, X., and Wu, J. (2017). Performance evaluation of Chinese port enterprises under significant environmental concerns: An extended DEA-based analysis. Transport Policy 60, 75–86. doi: 10.1016/j.tranpol.2017.09.001

 Ton Nu Hai, A., Bui Dung, T., and Speelman, S. (2018). Analyzing the variations in cost-efficiency of marine cage lobster aquaculture in Vietnam: A two-stage bootstrap DEA approach. Aquaculture Economics Manage. 22 (4), 458–473. doi: 10.1080/13657305.2018.1429032

 Wang, Y. (2021). Spatiotemporal evolution and convergence analysis of green marine economic efficiency: Based on the panel data of 53 coastal cities. J. Business Economics 11), 78–89. doi: 10.14134/j.cnki.cn33-1336/f.2021.11.006

 Wang, Z., Chen, H., and Teng, Y. (2023). Role of greener energies, high tech-industries and financial expansion for ecological footprints: implications from sustainable development perspective. Renew. Energy 202, 1424–1435. doi: 10.1016/j.renene.2022.12.039

 Wang, Y., Deng, Q., and Zhang, Y. (2020b). Research on the coupling and coordinated development of marine technological innovation and marine ecological economic development. J. Coast. Res. 99 (SI), 419–427. doi: 10.2112/SI99-057.1

 Wang, Y., Li, Y., Ji, X., Li, Y., Li, G., and Wang, W. (2020d). Coupling between marine technology, economy and environment systems in China. China Population Resour. Environ. 30 (8), 168–176. doi: 10.12062/cpre.20200312

 Wang, G., Li, K. X., and Xiao, Y. (2019). Measuring marine environmental efficiency of a cruise shipping company considering corporate social responsibility. Mar. Policy 99, 140–147. doi: 10.1016/j.marpol.2018.10.028

 Wang, Y., Pan, J. F., Pei, R. M., Yi, B. W., and Yang, G. L. (2020a). Assessing the technological innovation efficiency of china's high-tech industries with a two-stage network DEA approach. Socioecon. Plann. Sci. 71, 100810. doi: 10.1016/j.seps.2020.100810

 Wang, L., Su, M., Kong, H., and Ma, Y. (2021b). The impact of marine technological innovation on the upgrade of china's marine industrial structure. Ocean Coast. Manage. 211, 105792. doi: 10.1016/j.ocecoaman.2021.105792

 Wang, Y., Xue, C., Li, H., and Yu, K. (2021a). Efficiency measurement and determinant factors of marine economy in China: Based on the belt and road perspective. Discrete Dyn. Nat. Soc. 2021, 1–14. doi: 10.1155/2021/5546200

 Wang, Y., Yang, J., and Kai, Y. (2021c). Spatial and temporal changes and convergence evolution of marine economic density in china’s coastal cities. On Economic Problems 1), 87–96. doi: 10.16011/j.cnki.jjwt.2021.01.012

 Wang, Z., Zhang, M., Wang, Y., and Fan, Y. (2020c). Temporal and spatial evolution of the economic efficiency of china’s marine three industries and its influencing factors. Economic Geogr. 40 (11), 121–130. doi: 10.15957/j.cnki.jjdl.2020.11.014

 Wei, X., Hu, Q., Shen, W., and Ma, J. (2021). Influence of the evolution of marine industry structure on the green total factor productivity of marine economy. Water 13 (8), 1108. doi: 10.3390/w13081108

 Wu, D. (2018). Impact of green total factor productivity in marine economy based on entropy method. Polish Maritime Res. 25, 141–146. doi: 10.2478/pomr-2018-0123

 Xu, S., and Yan, S. (2022). Research on the influence of marine science and technology innovation capability on green total factor productivity of marine economy: Empirical analysis based on china’s coastal areas. Ocean Dev. Manage. 39 (05), 23–31. doi: 10.20016/j.cnki.hykfygl.20220609.008

 Yang, L., and Wen, X. (2021). Does environmental regulation improve transformation and upgrading of marine industrial structure: Based on selection of Marin environmental regulation tools. Rev. Economy Manage. 37 (01), 38–49. doi: 10.13962/j.cnki.37-1486/f.2021.01.004

 Yao, R., Zhang, X., Liu, J., and Yan, D. (2020). Study on promoting marine eco-environmental protection through land and marine development in a coordinated way. Environ. Prot. 48 (07), 14–17. doi: 10.14026/j.cnki.0253-9705.2020.07.003

 Ye, F., Quan, Y., He, Y., and Lin, X. (2021). The impact of government preferences and environmental regulations on green development of china's marine economy. Environ. Impact Assess. Rev. 87, 106522. doi: 10.1016/j.eiar.2020.106522

 Zhang, L., Ma, X., Ock, Y., and Qing, L. (2022). Research on regional differences and influencing factors of chinese industrial green technology innovation efficiency based on dagum gini coefficient decomposition. Land 11. doi: 10.3390/land11010122

 Zhao, X., Peng, Y., and Ding, L. (2016). An analysis of the spatial patterns of marine economic efficiency and its influencing factors in coastal provinces of China. Journal of Yunnan Normal University (Humanities and Social Sciences Edition) 48 (5), 112–120.

 Zhao, L., Hu, R., and Sun, C. (2021). Analyzing the spatial-temporal characteristics of the marine economic efficiency of countries along the maritime silk road and the influencing factors. Ocean Coast. Manage. 204, 105517. doi: 10.1016/j.ocecoaman.2021.105517

 Zhao, X., Li, S., and Ding, L. (2018). Has FDI spatiality improved the marine green economy efficiency in China? Mar. Economy 8 (02), 7–16. doi: 10.19426/j.cnki.cn12-1424/p.2018.02.002

 Zhao, X., Ma, X., Shang, Y., Yang, Z., and Shahzad, U. (2022a). Green economic growth and its inherent driving factors in chinese cities: based on the metafrontier-global-sbm super-efficiency dea model. Gondwana Research 106, 315–328. doi: 10.1016/j.gr.2022.01.013

 Zhao, X., Nakonieczny, J., Jabeen, F., Shahzad, U., and Jia, W. (2022b). Does green innovation induce green total factor productivity? Novel findings from chinese city level data. Technol. Forecast. Soc. Change 185, 122021. doi: 10.1016/j.techfore.2022.122021

 Zheng, L., Wang, H., and Lv, F. (2019). Study on the measurement and influencing factors of fishery economic efficiency in China–environmental perspective. J. Coast. Res. 94 (SI), 701–706. doi: 10.2112/SI94-139.1

 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. Ocean Coast. Manage. 219, 106077. doi: 10.1016/j.ocecoaman.2022.106077

 Zhu, W., Li, B., and Han, Z. (2021). Synergistic analysis of the resilience and efficiency of china’s marine economy and the role of resilience policy. Mar. Policy 132, 104703. doi: 10.1016/j.marpol.2021.104703

 Zou, W., Shi, Y., Xu, Z., Ouyang, F., Zhang, L., Chen, H., et al (2022). The Green Innovative Power of Carbon Neutrality in China: A Perspective of Innovation Efficiency in China’s High-Tech Industry Based on Meta-Frontier DEA. Front. Environ. Sci. 10, 857516. doi: 10.3389/fenvs.2022.857516



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 © 2023 Zou, Yang, Yang, Zhang, Lai and Chen. 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/im2.jpg





OEBPS/Images/M2.jpg
Ee=max Yy

o S

ilu,v,, 3 )'f\v;(. <o

@

o =
Sy - Suxy<0j=1,
haa

Suty- Sty
2

0.j=1.2

o Vo Wy 2 6 P = 1,2l §






OEBPS/Images/fmars.2023.1020373_cover.jpg
& frontiers | Frontiers in Marine Science

Analyzing efficiency measurement and
influencing factors of China’s marine green
economy: Based on a two-stage network
DEA model





OEBPS/Images/fmars-10-1020373-g001.jpg
etficiency

—@— Total efficiency —X- - Production efficiency ~ 7~ (Governance efficiency

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

year





OEBPS/Images/M6.jpg
efficiencyy, if efficiency; >0
eficiency, = i ©
0, if efficiency, <0





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Analyzing efficiency measurement and influencing factors of China’s marine green economy: Based on a two-stage network DEA model

      

        		

          1 Introduction

        



        		

          2 Literature review

        



        		

          3 Methods

        

          		

            3.1 Two-stage network DEA model

          



          		

            3.2 Convergence model

          



          		

            3.3 Tobit regression model

          



        



        



        		

          4 Empirical Analysis

        

          		

            4.1 Variable selection and data source

          

            		

              4.1.1 Input-output indicators

            



            		

              4.1.2 Influencing factors

            



            		

              4.1.3 Data sources

            



          



          



          		

            4.2 Change trend of marine green economy efficiency in coastal areas of China

          

            		

              4.2.1 Measurement results of marine green economy efficiency

            



            		

              4.2.2 Trends in the evolution of marine green economy efficiency

            



          



          



          		

            4.3 Convergence analysis of marine green economy efficiency

          



          		

            4.4 Analysis of the influencing factors of marine green economy efficiency

          

            		

              4.4.1 Total efficiency

            



            		

              4.4.2 Production efficiency

            



            		

              4.4.3 Governance efficiency

            



          



          



        



        



        		

          5 Conclusions and policy recommendations

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table4.jpg
Variable

Time effect
Individual effect

R

Total efficiency

FE

-0.0759***
(-5.41)

-0.6211%**
(-5.21)

Yes
Yes

04113

Production
RE FE
0.0273* -0.0288
(-219) (-1.59)
-0.1020* -0.4079*
(-1.89) (-4.13)
Yes ‘ Yes
Yes Yes
02376 03513

efficiency
RE FE
-0.0246* -0.1695***
(-1.67) (-6.65)
-0.1068" -0.8487**
(-1.95) (-29.71)
Yes | Yes
Yes Yes
02719 05063

**%, *, and * indicate that the variables are significant at 1%, 5%, and 10% levels, respectively. The values in parentheses are t-statistics.

Governance efficiency

RE

-0.0350
(-1.55)

-0.1311*
(-2.58)

Yes
Yes

0.2467





OEBPS/Images/table3.jpg
Province Governance efficiency
Tianjin 1.0000 1.0000
Hebei 1.0000 1.0000 1.0000
Liaoning 0.5530 0.8335 03562
Shanghai 0.9986 1.0000 09972
Jiangsu 0.9822 0.9661 1.0000
Zhejiang 0.7947 0.6921 09174
Fujian 0.7522 0.8216 06971
Shandong 0.8166 0.7123 09394
Guangdong 0.7975 0.7758 08269
Guangxi 0.9527 0.9102 1.0000
Hainan 0.9665 0.9367 1.0000

Mean 0.8740 0.8771 0.8849






OEBPS/Images/im3.jpg





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





OEBPS/Images/M1.jpg
'

Ey=max Su, Yo/ SviX

gu,r,,/’z"’v,x., <

z,,/';"lv,x,, <1,

Ve Wy 26 =1,

4
eV w2y S 1j =
=

Lj=120n

L= 12n

12,

3 adu b

s p=1,2,

[0





OEBPS/Images/M5.jpg
0 (GO r) GPARDS).
2

o+ Bln (efficiency,) + b, + N + €y, )





OEBPS/Images/im4.jpg





OEBPS/Images/M4.jpg
@





OEBPS/Images/table6.jpg
Production efficiency Governance efficiency

Variable
Coefficient Standard error Coefficient Standard error

Ininnovation -0.0327 0.0205 i 0111 0.0519** 0.0263 1.97 0.049 ‘
Infdi 0.0488" 00258 : 0.058 00525 0.0280 1.87 0.061 ‘
Inegop 0.2252*% 00611 ¥ 0.000 -0.1092 0.0877 124 0213 ‘
Inindustry 0.3940%* 0.1446 | 2 0.006 0.0341 02215 0.15 0878 \
Inopen 01682+ 00415 y 0.000 00001 0.0520 0.00 0998 \
Cons -0.4138 02550 . 0.105 -0.5172 03136 -1.65 0.099 ‘

**%, *, and * indicate the variables are significant at the 1%, 5%, and 10% levels, respectively.





OEBPS/Images/table2.jpg
Variable
efficiency
efficiencyl
efficiency2
innovation
fdi

egop
industry

open

Ob:
143
143
143
143
143
143
143

143

0.0325

0.1800

0.3998

0.5328

0.0208

0.0883

0.0910

0.3961

Min
0.4769
0.5640
02187

10.00
0.0016
0.0524
0.1967

0.0967

Max
1.0000
1.0000
1.0000
4889.00
0.0819
03772
0.5262

17215





OEBPS/Images/M3.jpg
Suni-awr -0

1 2,00m

s

4 -
Sy - Sy $0,j=1,2
= E

Sury

s Vo Wy 2 6 P = 1,2 i = 1,2,

3
Sz <0.j=1.
A

o p

[©





OEBPS/Images/fmars-10-1020373-g002.jpg
—@— Total efficiency —X- - Production etficiency - A~ Governance efticiency
0.3

0.25
0.2

o 0.15
0.1

0.05

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

year





OEBPS/Images/im1.jpg





OEBPS/Images/table1.jpg
Marine production stage

Environmental governance stage

Category

Initial input

Intermediate output

Intermediate input

Final output

Specific indicator

Number of sea-related employees
Marine economy capital stock
Total energy consumption of marine economy
Mariculture area
Actual gross marine product
Amount of wastewater directly discharged into the sea
Amount of marine industrial solid waste
Amount of wastewater directly discharged into the sea
Amount of marine industrial solid waste
Total investment in marine industrial pollution control

Proportion of Class I and Class II offshore water quality

Comprehensive utilization of marine industrial solid waste





OEBPS/Images/table5.jpg
Variable Total efficiency

Coefficient Standard error
Ininnovation 0.0045 00165 027 0.784 ‘
Infdi | ooms 00184 | 209 0.036 ‘
Inegop -0.2004** 00546 e 0.000 ‘
Inindustry 02579* 0.1469 176 0079
Inopen 0.0950*** 0.0331 287 0004
Cons -0.5695%+* 01989 286 0.004 ‘

,and * indicate the variables are significant at the 1%, 5%, and 10% levels, respectively.





OEBPS/Images/M7.jpg
ficiency;, = A+ WXy, + Py,





