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As an important part of the national economy, the marine economy will be subject to various internal and external disturbances in the process of development. Different regions will show different resilience. Based on four dimensions of “resistance–recovery–reorientation–renewal,” this paper measures the marine economic resilience of the four provinces covered within the China’s Southern Marine Economy Circle from 2008 to 2018 by establishing an evaluation index system. The results show that 1) the overall resilience of economy in the Southern Marine Economy Circle showed a fluctuating upward trend from 2008 to 2018. Although there was a decline in 2011–2012 due to natural disasters, the value quickly resumed its increasing trend. 2) At present, there are obvious relative differences in the resilience of marine economy in each region of China’s Southern Marine Economy Circle, and the polarization phenomenon is serious. Among them, Guangdong belongs to the high-value region and Fujian is in the middle, while Hainan and Guangxi are temporarily in the low-value area.
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Introduction

With the development of the global economy, the pressure on the development space caused by the scarcity of land resources is increasingly obvious. The vast marine has become a new field where the world’s maritime powers can enhance their comprehensive strength. The output of the global marine economy has rapidly increased, mainly because the world’s major marine countries, especially the European and American marine economic powers, have turned their attention to the blue ocean field for economic development. These countries analyze and plan the development of the marine economy from the perspective of national strategy. It was found that in 2007, the relevant departments of Ireland’s marine economy contributed €1.44 billion in gross value added (GVA) to the Irish economy (Morrissey et al., 2011). Moreover, Stebbings et al. (2020) found through an empirical research that the contribution of the marine economy to the UK economy is twice as much as previously estimated.

The 21st century is the era of the marine economy (Dong, 2020). As a maritime power, China clearly put forward the development goal of building a powerful maritime economy in the report of the 19th National Congress of the Communist Party, confirming the important position and role of the maritime economy in China’s future economic development. Since 2011, the added value of China’s major marine industries has surpassed that of the United States, becoming the world’s largest marine economy (Zhang et al., 2016). China divided the Bohai Rim, Yangtze River Delta, and Pearl River Delta into three marine economy circles: North, East, and South. The research area chosen for this paper is the Southern Marine Economy Circle, which is the forefront of China’s foreign trade exchanges, including the four provinces of Guangxi, Guangdong, Hainan, and Fujian. The marine Gross Domestic Product (GDP) or gross ocean product (GOP) of China in 2010 was nearly CNY4 trillion, which is around 9.7% of the total GDP. In 2014, the GOP reached CNY6 trillion, accounting for 9.4% of the China’s GDP in that year (Ebarvia, 2016). Moreover, from 2008 to 2018, the GOP of the Southern Marine Economy Circle climbed from 582.5 billion yuan to 329.34 billion yuan, and its contribution to the total value of China’s GOP increased from 19.6% to 39.5%. This indicates that the southern circle plays a pivotal role in China’s marine economy.

At the same time, the growing development of the marine economy is also facing a variety of unpredictable contingencies and risk shocks. The intersection of an economic crisis and an environmental crisis has enhanced the perceived sense of vulnerability and, hence, stimulated the search for new paths to “resilience” (Hudson, 2010). The GOP of numerous countries, including China, decreased because of the outbreak of the pandemic in 2020. However, the development of the marine economy in the China’s Southern Marine Economy Circle showed a stable performance, with the GOP reaching 309.25 billion yuan, accounting for 38.65% of the country. This figure is basically the same as the proportion of previous years, indicating a strong economic resilience. On this basis, this study measures the resilience of China’s Southern Marine Economy Circle and identifies the factors that affect it by creating an index system.

The innovation of this paper is to combine the concept of “resilience” with the marine economy. On the theoretical basis of defining the resilience of the marine economy, we construct an index system from four perspectives (resistance, recovery, reorientation, and renewal) and then introduce a comprehensive assessment model to carry out a quantitative analysis of the changes in the resilience of the Southern Marine Economy Circle in China. This study provides a basis for coastal regions and countries to make decisions, evaluate changes in marine economic resilience, identify factors that affect it, and develop effective strategies and policies.



Literature Review


Conception of Resilience

In the last decade since the global economic crisis, the concept of economic resilience has gained prominence in both scholarly and policy circles; it is being used in economy, psychology, agriculture, environmental, physical, political sciences, and so on. Up to date, resilience is included in most policy discussions on global sustainability, disaster management, and international development (Burnard and Bhamra, 2011). According to the characteristics of resilience diversification, it is divided into “engineering resilience,” “ecological resilience,” and “evolutionary resilience” (Evenhuis, 2017). Holling (1973) first proposed the notion of “engineering resilience,” emphasizing its equilibrium stability. At the same time, Holling (1973) introduced resilience into the ecological literature, considering it as a protection against the possible transformation of a system into an undesirable state. Holling (1996) then compared the two, which concerns whether the system will enter into another stable mode of development after disturbance and shock. Ecological resilience emphasizes the capacity of a site to adjust to external shocks and changes in controlling interactions, while engineering resilience emphasizes its ability to return to a state that existed before perturbation (Pickett et al., 2014). “Evolution resilience” refers to the ability of a region to “rebound forward,” that is, to respond to shocks by adjusting and changing its functions. In this case, resilience does not necessarily mean returning to the original status, but it is possible to reach a new equilibrium (Pendall et al., 2010; Pike et al., 2010).

In 2002, Reggiani et al. (2002) introduced the concept of “resilience” into the research category of spatial economics, which was later established as an analytical concept in the field of economics. Dhawan and Jeske (2006) considered the concept of “resilience” as an attribute of the economy. Later, Foster (2007), in his study of regional economies, defined regional economic resilience as the ability of a region to cope and recover from drastic changes in the external environment. On this basis, Martin (2012) developed the concept of economic resilience and emphasizes its usefulness in exploring the responses of regional economies to recessionary shocks. Martin also identified four processes of economic resilience: resistance, recovery, reorientation, and renewal. In 2015, he further proposed that resilience consists of five main dimensions necessary to fully understand its complexity in any given spatial and temporal context: shock (the origin of disturbance), system vulnerability (sensitivity to shock), resistance (the initial economic impact of a shock), robustness (adaptability to shocks), and recoverability (ability to return to initial conditions). Furthermore, Hallegatte (2014) believed that economic resilience can be classified into two components: instantaneous resilience and dynamic resilience. The former refers to the ability to limit the scale of current production losses in the case of a given asset loss, and the latter refers to the ability of reconstruction and restoration. (Woods, 2015) grouped the different uses of the “resilient” label around four basic concepts: (1) resilience as rebound from trauma and return to equilibrium; (2) resilience as a synonym for robustness; (3) resilience as the opposite of brittleness, that is, as graceful extensibility when surprise challenges boundaries; and (4) resilience as network architectures that can sustain the ability to adapt to future surprises as conditions evolve. Compared with European and American countries, the research on resilience in China started relatively late. From the perspective of evolution, He (2018) defined regional economic resilience as the ability of a region to continually reconstruct its economic structure or the ability to continuously form new economic growth paths.

All in all, there is currently no firm definition of resilience as the concept can refer to different characteristics and lack of a clear way to study it (Boschma, 2015; Martin and Sunley, 2015). The identification of its determinants remains an unexplored issue in the literature (Di Caro and Fratesi, 2018). Undoubtedly, economic resilience is of interest in the current era of globalization, regional democratization, instability, and uncertainty, where small or extreme shocks can induce new unpredictable dynamics in economic systems because of the high level of network connectivity among all their subsystems. The equilibrium or stability notions, as well as the uncertainty and unpredictability of current economic phenomena in an economy, not only reinforce the importance of the concept of economic resilience but also call for a greater emphasis on the investigation of economic resilience in economics, especially in the marine economy.



Measurement of Economic Resilience

At the beginning of the present century, many researchers began to understand the importance of measuring the contribution of the marine economy to the national economy (Smith, 2000; Kildow and McIlgorm, 2010). Due to the complexity of the economic system, there is currently no unified method for measuring the resilience of the regional economy. In this paper, we present a brief summary of the existing literature in Table 1.


Table 1 | The summary of the existing method for assessing resilience.



Two of the various approaches are the most common. The first is the sensitivity algorithm proposed by Martin and Gardiner (2019), which constructs a regional economic resilience index and selects one or two representative core variables, such as the GDP, GDP growth rate, proportion of unemployed population, and industrial added value. Similarly, Faggian et al. (2018) assessed the regional economic resilience by calculating the sensitivity coefficient, using the Italian region as an example. Rangel-Buitrago et al. (2020) outlined the Coastal Vulnerability Index (CVI) as a tool for coastal and marine hazard management. The advantage of this approach is that it can detect the trend of the resilience in the region over the study period as well as the resilience at a specific point in time. The difficulty of this method lies in the need to accurately identify the core variables, determine their weight, and update them over time. Another drawback is that the method cannot be used to identify factors that decrease (or increase) resilience.

Another common method for assessing resilience is to construct an indicator system. For example, Zhao et al. (2021) established a multi-dimensional resilience assessment index system based on the analytic network hierarchy process (ANP) to consider multi-energy coordination. Volkov et al. (2021) chose to assess the resilience of the agricultural economy by developing a system of indices composed of variables reflecting the core functions of the agricultural sector, with Lithuania as a case study. To ensure the accuracy of their conclusions, Sherrieb et al. (2010) systematically tests the intercorrelations between theoretical elements and between internal indicators to identify a parsimonious set of indicators. In 2018, Rus et al. tried to extend the discussion to some indicators that are not commonly considered, to quantitatively analyze the assessment of resilience exhibited by complex urban systems in response to natural hazards. The method compensates for the shortcomings of the sensitivity algorithm by revealing factors that affect economic elasticity and the intensity of their effects. It can also be used to identify changes in these factors and factors that require modification. The disadvantage of this method is that the indicator selection and weighting processes are subjective. Hence, the considered indicators are either incomplete or irrelevant (Rose and Krausmann, 2013), which required extensive literature reading and actual research for confirmation.

In addition to the two common approaches mentioned above, some scholars have new ideas to explore for resilience assessment. For example, Tepes and Neumann (2020) used the FCM tool to elicit people’s subjective assessment of regional economic resilience. Bates et al. (2014) used the Tarjan algorithm, while Angeon and Bates (2015) used a Net Vulnerability Resilience Index (NVRI) to assess resilience. Sdrolias et al. (2022) measures the resilience of the agricultural sector in response to the 2008 economic crisis by using a multilevel methodological framework with three dimensions: time (recovery and resilience), space (regional resilience), and sector (industrial resilience).




Methods


Marine Economy Resilience Index Construction

There is a growing recognition that the development of marine resources requires a coherent set of indicators (Strategy, 2007). As the resilience of the marine economy is influenced by both internal and external factors, its assessment result is largely dependent on the indicator chosen for the analysis. A single variable measuring resilience is not appropriate (Irwin et al., 2016). Brakman et al. (2014) examined the resilience of the EU regions to the 2008 economic crisis (period under consideration: 2008–2012) and found that the degree and nature of regional urbanization and specialization are important drivers of the resilience of EU regions. Martin et al. (2016) put forward a comprehensive analysis framework for the influencing factors of regional economic resilience from the aspects of the industrial structure, labor force, finance, and system. After that, some scholars conducted empirical research from the aspects of regional vulnerability, adaptability, resource abundance, the specialization level of industries such as manufacturing, and policy systems (Di Caro, 2015; Lagravinese, 2015). Furthermore, the impact of location conditions and high-growth companies on economic resilience had also begun to attract the attention of scholars (Brakman et al., 2015; Mason et al., 2015). Drawing on the four capabilities included in economic resilience proposed by Martin (2012), namely, resistance, recovery, reorientation, and renewal, this paper constructs an index system of marine economic resilience (Table 2), with 15 indicators, including 14 positive and 1 negative.


Table 2 | Marine economic resilience indicator system.



Resistance capacity refers to the ability of the marine economic system to cope in the face of external shocks or changes in internal factors. The strength and foundation of economic or macroeconomic conditions greatly influence a country’s confrontational response to unexpected adverse factors (Chacon-Hurtado et al., 2020). A pre-crisis economic performance can be representative of pre-crisis economic fundamentals or conditions, which may affect the ability of regional economies to resist shocks (Giannakis and Bruggeman, 2017). Schwarz et al. (2011) examined the vulnerability and resilience of three coastal communities in the Solomon Islands, between January and May 2009, and found that social processes were critical in influencing the perception that people had about their community’s ability to build resilience and cope with change. The ocean economy contributes to the GDP of the EAS countries (East Asian Seas region) in varying degrees: 3% in RO Korea, 4.5% in the Philippines, 9% in China, and 13% in Indonesia (Ebarvia, 2016). The contribution rate of the GOP (X1) and the optimization degree of the marine industrial structure (X2) can reflect the current situation of the marine economic development level of a specific region in a certain period of time, moreover, predicting the prospect of its economic situation. The amount of GOP can not only reflect the activity of marine economy in a certain coastal area but also judge the efficiency of the marine economy in that area. Apart from this, industrial diversity contributes to better development of the marine economy. (Malizia and Ke, 1993) proposed that the industrial diversity is associated with innovation because industrial diversity can facilitate the spillover effects of knowledge, thereby promoting high-quality economic development. In China, the marine industry is divided into three industries on the basis of their attributes. The primary marine industry is the product of a combination of natural resources (i.e., marine fisheries and marine aquaculture), the ecological environment, and human labor, which is limited by natural conditions. The secondary marine industry includes the marine oil, gas, sea salt, and marine medicine industries. The tertiary marine industry generally provides social services for ocean productivity and circulation. Zheng et al. (2020) concluded that increasing the proportion of the tertiary industry in the marine economy will be conducive to the development of the marine economy. At present, the quality of marine economic development in China’s Southern Marine Economy Circle mainly depends on the proportion of its secondary and tertiary industries. Inherent natural resource advantages are equally as important as the level of acquired marine economic development in influencing the ability of the region’s marine economic system to maintain its structure and function while facing uncertainty shocks. The capacity of industrial wastewater treatment facilities (X3) and per capita marine fishing production (X4) demonstrate the advantages of natural resources brought about by the unique geographical location and the ability to protect and utilize the resources. The higher the daily tonnage of industrial wastewater treatment facilities, the stronger the awareness and ability to protect resources in the southern economic circle. The per capita marine fishing production not only reflects the richness of marine resources in the southern coastal area but also shows the quality of the living standard of the residents in the area from the side. Therefore, this paper selects indicators X1~X4 to reflect the ability of the Southern Marine Economy Circle to resist shocks.

Recovery capacity is the ability and potential of the marine economic system to quickly take positive steps, for recovering to the original stable state of normal operation, but on the premise of maintaining the internal overall structure unchanged after being disturbed and out of the stable state by factors. Marine infrastructure (such as seaports, docks, offshore platforms, and offshore wind power facilities) and ecological construction are important support for the rapid recovery of a marine economic system. The higher the level of regional marine infrastructure construction, the better the stable development of a marine economic system. An adequate number of marine observatories can effectively predict the impact and probability of natural disasters (X5), which is conducive to expanding the development scale and space of marine transportation, coastal tourism, and other industries. Second, the superior ecological environment is a critical element for the rapid recovery of the marine economic system. Once weakened, it will bring a great blow to economic development. The first key factor in economic development is the level of resources, i.e., the economic wealth available to a country or region for the welfare of its citizens (Horn, 1993). Marine aquaculture is seen as an important part of the Blue Economy, but the current discourse overlooks evidence that straightforward trickle-down effects—from aggregate economic growth at the national level to holistic benefits at the community level—rarely exist for marine aquaculture. Using the case of marine aquaculture in the United States, we argue that a shift in focus to community wellbeing is necessary to realize the potential benefits of marine aquaculture expansion (Campbell et al., 2021). By calculating the energy consumption resilience index and the per capita tidal flat aquaculture area, the consumption of marine energy in the southern region (X6) and its marine ecological utilization basis (X7) can be objectively shown. More importantly, marine economic growth cannot be achieved without the cultivation of human resources, especially marine professional talent resources (X8), which plays a critical role in making full use of resources to promote stable growth in scale. If an economy is characterized by unemployment and the lack of professional talent, the economy is very vulnerable to adverse shocks (Briguglio et al., 2009). The higher the quantity and quality of human resources, the stronger the regional economic system and its ability to recover. Thus, this paper selects indicators X5~X8 to reflect the ability of the Southern Marine Economy Circle to restore the stable state.

Reorientation capacity is the ability to adapt to new environments by integrating resources and reorganizing and optimizing internal and external factors in response to internal and external shock. Fixed asset investment is a crucial driving force for the marine economic system to function, which demonstrates the level of investment and the regenerative capacity of the marine economy to a certain extent (X9). The higher the amount of fixed asset investment, the stronger the regional economy and financial foundation for economic development. Foreign trade protectionism has gradually deepened in recent years, which will inevitably have an impact on China’s imports and exports and bring about trade shocks. The degree of the dependence of a particular region on foreign trade (X10), that is, foreign trade dependence, is negatively correlated with economic resilience. The higher the foreign trade dependence, the weaker the ability of region to develop itself, which goes against the stable and independent development of the marine economic system. Finally, a highly sustainable ecological environment can keep the marine economic system balanced and stable under different degrees of external shocks. Some scholars attach great importance to the study of the impact of the marine ecological environment on the resilience of the marine economy. The resilience and flexibility of the marine economic system can be maintained by taking measures such as establishing nature reserves and protecting marine ecosystems and marine biodiversity (Micheli et al., 2012; Levin and Lubchenco, 2008; Cheung William et al., 2017). The Southern Marine Economy Circle is rich in resources, and each coastal city should pay more attention to the marine ecological protection capacity (X11), as the marine economic system will lose its solid backing once the marine environment is irreversibly damaged. The denser the marine-type nature reserves in the region, the more secure the marine ecological environment they involve. Hence, this paper selects indicators X9~X11 to reflect the reorientation capacity of the Southern Marine Economy Circle.

Renewal capacity is the ability to explore and realize new and stable development models and paths for the marine economy through constant learning and innovation. Taking the South East and North East of England as examples, Simmie and Martin (2010) found that the former, with its focus on product and service innovation, showed a better ability to cope in the face of the same financial crisis. Bristow and Healy (2018) also discovered that the regions identified as innovation leaders at the time of the crisis were significantly more likely to have either resisted the crisis or recovered quickly from it. Technology is considered a primary productive force, and technological innovation is a key driving force for the regional marine economy. Innovation can mitigate labor shortages and ecological damage and increase marginal productivity and the efficiency of the value chain and industrial upgrading. Navarro-Espigares et al. (2012) empirically found that each unit increase in innovation investment can increase the economic resilience value of the region by 0.12. The number and patents (X12) and publications (X13) in regional marine research institutions reflect the progress of research and technological innovation; more patents and publications indicate active regional technological innovation and a strong capacity to handle risks and challenges. Generally speaking, talents with a master’s degree or above are more innovative to have a higher output rate and can bring better quality improvement solutions. The proportion of talents with a master’s degree or above (X14) can indicate the quality of personnel in research institutions to some extent. General higher education schools provide an influential platform for cultivating professional marine research talents. The number of its marine majors (X15) can demonstrate the region’s emphasis on marine economy. The more majors there are, the more extensive the fields of marine talents cultivated, which greatly improves the regional marine science and technology innovation ability. Therefore, this paper selects X12~X15 to reflect the renewal ability of the Southern Marine Economy Circle.



Data Sources

Since the 1980s, China’s marine economy has expanded, and the coastal regions’ marine resources have been developed vigorously (Jiang et al., 2014). Following the impact of the financial crisis in 2008, China has accelerated the pace of promoting the development of the marine economy. In 2013, China formally proposed the strategic goal of becoming a maritime power. Since the great majority of the indicators involved in this paper whose official data are still published until 2018, this paper chooses the 11 years from 2008 to 2018 as the time series of the study to conduct a more comprehensive study. The geographical unit of the study includes four provinces and regions in the Southern Marine Economy Circle: Guangdong, Guangxi, Hainan, and Fujian. The research data are obtained from the 2009–2019 China Marine Statistical Yearbook, China Marine Statistical Bulletin, China Statistical Yearbook, National Bureau of Statistics database, and so on. Owing to the inconsistency of the amount units, some officially obtained data were processed at the average exchange rate of the year for the raw data.



Research Methods


Weight Measurement—Entropy Weight Method

This study adopts the entropy method, an objective value assignment method, to determine the dispersion of indicators by calculating their information entropy. The entropy weight method (EWM) is a commonly used weighting method that measures value dispersion in decision-making. Shannon (1948) introduced the concept of entropy into the information theory for the first time and used it to measure the uncertainty of information. Since then, the concept of entropy has been widely used in the information theory. According to the concept of information entropy, information entropy can be used to determine the degree of variation in the amount of information: generally speaking, the more orderly an information system, the lower its information entropy value; if an information system is more chaotic, the higher the information entropy value. The entropy weight method is based on this characteristic of information entropy and uses the degree of change of the evaluation index to determine the weight of the index in the entire evaluation system. If the degree of change of an evaluation index is greater, the index has a greater amount of information, that is to say, the weight of the index in the evaluation system is greater and vice versa (Wang and Liu, 2019).

Since the concept of entropy is well suited to measure the relative intensities of contrast criteria in order to represent the average intrinsic information transmitted for decision-making (Zeleny, 1975), it is an appropriate and convenient choice for our purpose. The EWM has contributed to the resolution of a range of problems in areas. To be specific, Lahav and Gull (1989) applied the maximum entropy technique to distances to clusters of galaxies. Tran and Wagner (2000) initiated the concept of fuzzy entropy through a weight exponent on each fuzzy membership and applied it to Butterfly and Iris data sets. Zhu et al. (2020) assessed the effectiveness of EWM in decision-making and referred to the water resource selection problem. Fagbote et al. (2014) analyzed water quality indicators through the information entropy method. Additionally, the EWM was adopted to assign weights to each resilience dimension to define the marine economy–associated resilience value (Wu and Bo, 2022).

Such measurement is helpful to avoid the bias caused by subjective factors, making the research results more objective and convincing. However, the traditional entropy method generally makes a comprehensive evaluation only for cross-sectional data, that is, n regions with m indicators in a certain year. In order to better compare the marine economic resilience of each region in each year, this paper adds time variables, which is more in line with the three-dimensional characteristics of the research data so that the obtained results have high reliability and accuracy. The specific method is as follows.

	Step 1: Construct an index data matrix




In this paper, we assume that there are r years, n regions, and m indicators; then, xqij refers to the j-th indicator of the i-th province in year q.

	Step 2: Dimensionless processing




Different indicators have different levels and units, so the relevant data should be standardized first.

If the evaluation index is positive,



If the evaluation index is negative,



where xqij is the original data, x’qij is the standardized value of the j-th indicator of the i-th region in year q after dimensionless processing, max xj is the maximum value of the indicator, and min xj is the minimum value of the indicator. Since the zero value appears after the standardization of the extreme value, which makes it difficult to calculate, we unified the data with a non-negative translation. In this paper, the translation size is selected as 0.0001, which is represented by H here. The calculation formula is as follows:



Step 3: Weight calculation

• Calculate the weight of the j-th indicator of the i-th region in the q-th year pqij



• Calculate the entropy value of the j-th indicator ej



• Calculate the coefficient of variation gj for the j-th indicator



• Calculate the weight Wj of the j-th indicator



where k>0, k=ln(rn)



Resilience Value Measurement—Comprehensive Evaluation Method

• Calculate the comprehensive evaluation value of marine economic resilience for each province each year







Results


Overall Analysis

Entropy weighting is used in the index system, and the weights are summed to the mean, maximum, minimum, and median values for the four provinces (Guangdong, Guangxi, Hainan, and Fujian) in the Southern Marine Economy Circle between 2008 and 2018; Table 3 presents the results.


Table 3 | Assessed values, mean, extreme, and median of marine economic resilience for provinces covered by the Southern Marine Economy Circle (2008–2018).



From Table 3, it can be found that the marine economic resilience of the Southern Marine Economy Circle showed a fluctuating upward trend during the 11 years from 2008 to 2018. In the years 2011 and 2012, the marine economic resilience of each province declined to different degrees, with the average value plummeting from 0.4367 in 2010 to 0.3997 in 2012, while the overall marine economic resilience of the four provinces showed a rapid and steady recovery after 2013. The reason for this transformation is that China suffered serious marine disasters in 2011–2012, especially the direct loss of red tide disaster in 2012 was as high as 2.015 billion yuan, which is the most serious in the past 20 years. Unfortunately, the Southern Marine Economy Circle happened to be a high incidence area of this marine disasters, where the marine resources and environmental systems had been severely damaged, slowing down the overall process of high-quality marine development. From 2010 to 2018, the mean value of marine economic resilience is constantly smaller than the median and the gap is expanding, indicating that there are more small numbers within this database, that is, the phenomenon that the resilience value generally exists in the low-value area is widespread and the development is unbalanced within the region.

Starting from the four dimensions of resilience, we conclude that the strong resilience of the marine economy of the Southern Marine Economy Circle is mainly a result of its excellent resistance capacity. As seen in Figure 1, the resistance capacity of the Southern Marine Economy Circle has not increased significantly but always remained in the high zone, until it successfully broke through 0.7 in 2018, which indicates that the overall marine economy of the Southern Marine Economy Circle is strong and can maintain the stability of the marine economic system as a priority in the face of external uncertainty shocks. On the recovery side, the Southern Marine Economy Circle was affected by tsunamis, typhoons, and other natural disasters in 2011–2012. As a result, its marine economy experienced a significant decline. Between the year 2014 and 2017, marine sustainability was negatively impacted to some extent and the growth rate of resilience slowed down as marine resources continued to be exploited. After the government continued to promote policies to protect the marine environment, the recovery capacity rebounded to 0.514 in 2018. Compared to the first two, the reorientation capacity and innovation capacity of the Southern Marine Economy Circle lagged relatively behind, mainly because the government did not pay enough attention to the marine economy in the previous period. To compensate for this deficiency, the Southern Marine Economy Circle has expedited the development of marine technology and enlisted marine professionals.




Figure 1 | Four-dimensional analysis of the resilience of the marine economy in China’s Southern Marine Economy Circle.





Comparative Analysis of Provinces

Different regions in the Southern Marine Economy Circle have varying levels of high-quality development of the marine economy, presenting a layout with Guangdong as the center and spreading outward spatially. The marine economy resilience of Guangdong, a Tier 1 member, increased from 0.5058 in 2008 to 0.6455 in 2018, with an average annual growth of 2.56%. Guangxi’s marine economy resilience increased from 0.2875 in 2008 to 0.3567 in 2018, with an average annual growth of 2.44%. Hainan exhibited a similar change, with an average annual growth of 3.31%; its resilience increased from 0.3400 in 2008 to 0.4420 in 2018. For Fujian, resilience increased from 0.4404 in 2008 to 0.6091 in 2018, with an average annual growth of 3.29% (Figure 2). Analyzed from a horizontal perspective, the phenomenon of the polarization of marine economic resilience among provinces covered by the Southern Marine Economy Circle is obvious. This is evident in the case of renewal capacity; Guangdong far exceeds the other three regions, with the proportion of marine research theses in Guangdong accounting for 21% of all research theses in the region in 2018, compared to no more than 10% in Fujian, Hainan, and Guangxi. In the 2008–2018 interval, Guangdong ranked first in marine economic resilience for 10 consecutive years, followed by Fujian, while Hainan and Guangxi were perennially ranked third and fourth, especially Guangxi with a more obvious gap relative to the other three provinces. For example, in 2017, the marine economy resilience of Guangdong, Hainan, and Fujian was higher than 0.4; the resilience of Guangdong and Fujian was 0.6, whereas the resilience of Hainan was only 0.355. In 2008, the difference between the maximum and minimum marine economy resilience in the Southern Marine Economy Circle was 0.2183, and in 2018, this difference was 0.2888. This indicates that marine economy resilience in the Southern Marine Economy Circle is polarized, and the gap between extreme values continues to widen.




Figure 2 | Comparison of marine economic resilience by region in China’s Southern Marine Economy Circle (2008–2018).



According to the above analysis, Guangdong undoubtedly belongs to the region of high-quality development of the marine economy, with favorable development prospects, gathering ecology, science and technology, economy, and other multi-dimensional advantages. Although Fujian’s marine economy is not fully developed, it has several comparative advantages. A considerable increase in marine nature reserves since 2015 facilitated upward development, enabling the region to overtake Guangdong in 2016 and become the strongest marine economy in the Southern Marine Economy Circle. In contrast, Hainan and Guangxi are also both improving year by year but still lag behind most other coastal regions, with huge potential for development. Hainan, in particular, developed rapidly in 2018, mainly due to its local marine-related departments giving full play to the region’s outstanding natural resource advantages as well as China’s strong support for the construction of the Pilot Free Trade Zone.




Conclusions

This study creates an evaluation system for marine economy resilience based on four dimensions: resistance, recovery, reorientation, and renewal. We employ an enhanced entropy method to quantitatively measure and empirically analyze the maritime economy resilience of four provinces in China’s Southern Marine Economy Circle (Guangdong, Guangxi, Hainan, and Fujian) between 2008 and 2018. The main conclusions are as follows:

The marine economic resilience of the Southern Marine Economy Circle from 2008 to 2018 is perturbed by internal and external factors and showed fluctuating changes. Although there was a small decline in 2011, 2012, and 2016, the overall trend is still on the rise. The mean marine economy resilience of the Southern Marine Economy Circle increased from 0.3934 in 2008 to 0.5155 in 2018, and the median increased from 0.3902 in 2008 to 0.5299 in 2018. Among the four provinces covered, Guangdong, which is in the leading position, is a high-resilience area. Fujian is a medium-resilience area that urgently needs to strengthen its innovation capability, while Guangxi and Hainan are low-resilience areas with a lot of potential and development room.

Each of the four provinces in the Southern Marine Economy Circle has improved its marine economic resilience at a different rate, but the horizontal inequalities between cities remain large. Guangdong is far ahead of the other three cities mainly attributed to its superior renewal capacity. The difference between the minimum and maximum marine economy resilience in the Southern Marine Economy Circle was 0.2183 in 2008 and 0.2888 in 2018. This indicates that although low-resilience areas expedited development in accordance with governmental regulations to increase resilience, they still differ considerably from high-resilience areas.



Discussion


Innovation

At present, global research on the resilience of the marine economy is still at an emerging stage, with basic theoretical definitions and measurement methods still being explored. There is a lack of quantitative analysis and empirical studies related to it. While pinpointing the beginning of an economic crisis is not an easy task (Sensier et al., 2016), it is important to constantly attempt to outline the type and duration of shocks in resilience studies as clearly as possible (Han and Goetz, 2015). In terms of theoretical significance, this paper enriches the theoretical basis for the assessment of marine economic resilience. By reviewing large amounts of literature, this study systematically organizes research processes and comprehensively analyzes marine economy resilience in terms of resistance, recovery, repositioning, and renewal. The indicator system has made a breakthrough in the assessment of marine economic resilience and explores its influencing factors upon this basis, providing a reference for future scholars to enrich and improve the research in this field. In a practical sense, this study provides useful ideas and reference for the high-quality and strong resilience development of China’s marine economy. This study reveals how resilience in China’s Southern Marine Economy changed over a 10-year period and identifies the internal and external factors affecting it.



Limitation

This paper enriches the research perspectives of the marine economy resilience assessment, and its conclusions have a certain reference value for realizing the high-quality development of China’s marine economy, but the following deficiencies still exist:

A limitation of this study (empirical evidence based only on the Southern China Marine Economic Circle) suggests expanding this research to a broader range of countries. This would allow revealing if the trend of rising economic resilience prevails across the China and even globally, or it is characteristic to the Southern China Marine Economic Circle only. Taking into account the diversity of regions, whether the resilience indicator system in this study is applicable to other countries still needs to be verified.

The index system for assessing the resilience of the marine economy needs to be further improved. Future studies could further investigate the reorientation and renewal ability and could emphasize the long-term process of realizing the adjustment and path orientation of marine economic systems. In the future, researchers could expand the data and optimize the index selection by different means to deeply analyze the long-term evolution and influencing factors of marine economic resilience. Most of the existing data come from the statistical yearbook, which do not involve marine ecological value services, marine-related enterprises, and so on. In the future, it is expected to combine remote sensing data inversion and an enterprise database to broaden the data source channels, improving the evaluation index system by optimizing the index selection, so as to deeply analyze the long-term evolution of marine economic resilience and its influencing factors. Moreover, the impact of marine development policies on regional resilience should not be ignored. Future resilience evaluation frameworks should include policy factors, and innovative research should be conducted with diversified research perspectives and emerging research data and research methods. More importantly, it is necessary to interview some marine professionals to explore more factors that may affect the changes in the resilience of the ocean economy, so as to make the assessment results more accurate.
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