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Coastal fishery systems are vital for both the environment and the economy, and at present, they face heightened vulnerability due to global climate change and natural disasters. A clearer understanding of the challenges that the system presents can be obtained by examining the vulnerabilities of fishery systems. This study employed a vulnerability scoping diagram framework and a multi-indicator approach combined with the entropy weight method for assigning weights to systematically evaluate the vulnerabilities of fishery systems in China’s coastal provinces. The spatiotemporal variation characteristics of vulnerability were analyzed and characterized, and the primary obstacles that affect vulnerability are discussed. The findings suggest that China’s coastal provinces’ fishery systems display vulnerability in terms of both time and space. From a temporal perspective, Liaoning, Hebei, and Shandong provinces exhibited an increasing trend in vulnerability, while Tianjin, Jiangsu, Zhejiang, Shanghai, Fujian, Guangdong, Guangxi, and Hainan showed decreasing trends. From a spatial perspective, Hainan and Liaoning’s fishery systems exhibited extremely high vulnerability in most years. In contrast, Tianjin consistently experienced extremely low vulnerability in most years. From the perspective of obstacles, the main factor was the funding for the extension of aquaculture technology, and this remained the primary obstacle factor across all years. The findings are significant for enhancing our understanding of vulnerability in fishery systems and for strengthening disaster prevention and mitigation measures. The results provide robust support for the improvement of management and the protection of fishery systems.
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1 Introduction

Fisheries constitute one of humanity’s earliest production endeavors, and thus boast a rich historical legacy. Coastal fishery systems, as a vital convergence of the ecological environment and economic development, have increasingly revealed their vulnerability under the influence of well-known factors such as global climate change and natural disasters (Drury O’Neill et al., 2019; Ho et al., 2020). Affected fisheries could pose a challenge to meeting the demand for food in developing countries, while developed countries could encounter economic setbacks. As global climate change and natural disasters continue to intensify, their impacts on fish inhabiting natural or man-made environments will become more critical (Ficke et al., 2007). Therefore, conducting an in-depth assessment of these vulnerabilities not only will enhance our understanding of the threats fisheries face, but can also guide effective mitigation and management strategies.

In China, the rapid expansion of the fisheries industry commenced during the late 1970s. With a focus on attaining food self-sufficiency, the government placed increasing emphasis on augmenting the availability of animal protein. As a pivotal component of agriculture, fisheries have catalyzed the emergence of various ancillary sectors, including construction, logistics, and services (Zhao and Jia, 2020). The advancement of fisheries has not only substantially elevated rural income, but also has had a significant impact on both local and national economies. After years of continuous development, in 2022 the overall economic production value of China’s fisheries amounted to 3.0873 trillion Chinese yuan (CNY), constituting 21% of the agricultural sector (14.7 trillion CNY), and the workforce engaged in fishery-related activities numbered 16.1945 million (China Fishery Statistical Yearbook, 2023). Globally, China remains the dominant force in global aquaculture production, contributing more than 60% of the total output. This continued preeminence extends to both the inland and marine aquaculture sectors (Hu et al., 2021). China possesses a coastline that is 32,000 km in length, and various types of marine disasters occur along it frequently (Wang et al., 2023). Therefore, there is a pressing need for a thorough understanding of the vulnerability of the fishery system in China.

Geographically, the entire Chinese mainland encompasses 11 coastal provincial-level administrative divisions. In the year 2022, the total fishery production value of these coastal provinces amounted to 2.2047 trillion CNY, constituting 71.4% of the overall fishery production value across China (3.0873 trillion CNY) (China Fishery Statistical Yearbook, 2023). Hence, in coastal provinces where freshwater and marine aquaculture coexist, the vulnerability of the fishing systems deserves greater attention.

To comprehensively assess the vulnerability of coastal provinces’ fishery systems and thereby gain a deeper understanding of the vulnerabilities and challenges that fishery systems face, this study employed a vulnerability scoping diagram (VSD) framework along with a multi-indicator comprehensive assessment method to systematically analyze the vulnerability of coastal provinces’ fishery systems. We separately considered the exposure, sensitivity, and adaptability of the systems and characterized their vulnerability features through both quantitative and qualitative means. Through the vulnerability assessment conducted in this study, we anticipate providing scientific support for the management and decision-making of coastal provinces’ fishery systems. The research findings will shed light on the vulnerabilities present, thereby serving as a reference for governmental bodies and stakeholders in formulating sustainable development strategies. Furthermore, this study will contribute insights and experiences for vulnerability assessments in similar regions, promoting sustainable development and the ecological conservation of fishery systems.

The remainder of this paper is organized as follows: the data and methods used in this study are described in the second section, while the third section provides the analysis results, the fourth section analyzes the obstacle degree, the fifth section discusses the implications of the results, and the sixth section summarizes the study’s major conclusions.




2 Data and methods



2.1 Study area

The dataset furnishes crucial information concerning fishery system variables and is thus instrumental for conducting a thorough vulnerability analysis. This research specifically centered on the coastal provinces of mainland China; these provinces are strategically situated, including several important municipalities from the northernmost to the southernmost regions. To aid in comprehension, all the locations included in the study have been visually depicted using a map (Figure 1).




Figure 1 | The study area.



The research area for this study only includes the coastal provinces of mainland China, and so does not encompass the Hong Kong, Macau, and Taiwan regions. From north to south, the included provinces are Liaoning Province, Hebei Province, Tianjin Municipality, Shandong Province, Jiangsu Province, Shanghai Municipality, Zhejiang Province, Fujian Province, Guangdong Province, the Guangxi Autonomous Region, and Hainan Province. Of these, Tianjin and Shanghai are municipalities that also function as provincial-level administrative regions.

Geographically, the offshore waters of China are segmented into the Bohai Sea, the Yellow Sea, the East China Sea, and the South China Sea, progressing from the northernmost to the southernmost regions.




2.2 Vulnerability assessment framework

When conducting vulnerability assessments, the VSD stands out as a widely utilized framework, being especially renowned for its application in the analysis of the vulnerabilities of coupled systems (Gong et al., 2022). Originally developed by Polsky, the VSD framework dissects vulnerability into three distinct dimensions: exposure, sensitivity, and adaptability (Polsky et al., 2007). Its primary utility lies in providing a foundation for comparing outcomes across various independent vulnerability assessments. Leveraging the VSD approach, the vulnerability assessment indicators for fishery systems will be methodically broken down into the components of exposure, sensitivity, and adaptability.




2.3 Data sources and indicators

To assess the vulnerability of the fishery system in China, this study gathered official statistical data from credible governmental sources, including the China Statistical Yearbook (CSY) (2000–2020), the Statistical Bulletin of China’s Marine Economy (SBCME) (2000–2020), and the China Fishery Statistics Yearbooks (2000–2020). To ensure the comprehensiveness and representativeness of the vulnerability analysis, this study referred to previous research (Li et al., 2019a; Li and Jin, 2019b) when selecting indicators; we chose 18 representative indicators (Table 1). The selected indicators may have either positive or negative impacts on vulnerability. A positive effect (+) suggests that vulnerability increases with higher values of the assessment index, while a negative effect (-) suggests that vulnerability intensifies as the assessment index value decreases.


Table 1 | Exposure, sensitivity, and adaptive capacity indicators.






2.4 Data processing



2.4.1 Recalculating GDP

To account for the effects of inflation and enable a comparison of economic data across different years, a consumer price index (CPI) adjustment was applied to the economic data starting from the year 2000. This adjustment converted the economic data to recalculated values using the following formula [(Equation 1)]:



In the above formula, “Recalculated GDP for year (i-2022)” represents the GDP values adjusted to reflect the year i based on the prices of 2022, GDPi represents the published GDP value for year i according to the CSY, CPI₂₀₂₂ represents the CPI index based on the year 2022, and CPIi represents the published CPI value for year i according to the CSY. This CPI adjustment helps eliminate the differences in economic statistical data caused by inflation, thus allowing for a more meaningful comparison of economic data across different years.




2.4.2 Constructing an evaluation matrix and preprocessing

We constructed a decision matrix for the data of each year from 2000 to 2020. The matrix contained m rows (the number of coastal provinces) and n columns (the number of indicators).

We first determined whether an indicator was positive. The negative indicators were converted to positive indicators by the following equation [(Equation 2)]:

 

where Max represents the maximum value for the indicator and  is the value in the matrix that needs to be transformed into a positive indicator. The converted decision matrix is represented as follows [(Equation 3)]:

 

where m represents the number of coastal provinces (m = 11, in this study), and n represents the number of indicators (n = 18 in this study). The elements in the initial decision matrix, denoted as  , represent the values of the j-th indicator for the i-th province.

Second, to eliminate the influence of different units of measurement for the indicators, it was necessary to normalize the evaluation matrix that had already been transformed into positive indicators. Each indicator j for each province i is normalized to be between 0 and 1.

 





2.5 Weight determination

Each indicator’s importance in determining the comprehensive vulnerability was determined by its weight. The entropy weight method (EWM) is a commonly used weighting technique that utilizes information entropy to calculate the entropy weight for each index based on its degree of variation. When compared with methods such as the analytic hierarchy process (AHP), the primary advantage of EWM lies in its objective empowerment process and ability to quantitatively measure uncertainty. In this study, we employed EWM to objectively assign weights to various oil spill source indicators, as they contained a substantial amount of information. The steps involved in the process were as follows, as described by Lu et al. (2017) and Bao et al. (2020):

	Data standardization for matrix A [(Equation 5)]:



 

	Calculating the standardized value of the jth indicator of the ith provinces [(Equation 6)]:



 

	Calculating the information entropy of each indicator [(Equation 7)]:



 

	After obtaining the information entropy for each indicator, the weights of the jth indicator can be calculated using the following formula [(Equation 8)]:



 




2.6 Calculation of the vulnerability index

In a specific year, for the ith province, its vulnerability index was calculated as follows [(Equation 9)]:

 

where VI represents the vulnerability index.




2.6 Calculation of obstacle degree

 

 

Obstacle degree was calculated based on (Equation 10) and (Equation 11), where  represents the degree of deviation and  represents obstacle degree of a certain indicator.





3 Results



3.1 Temporal evolution characteristics

By calculating the vulnerability indices of the fishery system for the 11 coastal provinces in China, the change trends of vulnerability for each province during the period of 2000–2020 were obtained separately. Overall, the vulnerability of each province has fluctuated over a 20-year time series, without showing a clear upward or downward trend (Figure 2A). To distinctly illustrate the specific trends of each province, the vulnerability change trends were plotted separately for each province (Figure 2B-L). From the graphs, it can be observed that among all 11 provinces, Liaoning, Hebei, and Shandong exhibited increasing trends in the vulnerability index, while the vulnerability indices of the other eight provinces (Tianjin, Jiangsu, Zhejiang, Shanghai, Fujian, Guangdong, Guangxi, and Hainan) showed decreasing trends.




Figure 2 | Vulnerability change trends from 2000 to 2020.






3.2 Spatial evolution characteristics

From Figure 2A, it can be observed that there was significant variation in vulnerability among different provinces from 2000 to 2020. To accurately describe these differences, this study selected vulnerability for the years 2000, 2005, 2010, 2015, and 2020 for analysis (Table 2). These vulnerability indices were categorized into five classes using the quantile method (extremely low, relatively low, medium, relatively high, and extremely high). These categories were then mapped onto a spatial diagram (Figure 3) to visually represent the degree of spatial heterogeneity.


Table 2 | Calculated vulnerability index (retaining three decimal places).






Figure 3 | Space differentiation of vulnerability in 2000 (A), 2005 (B), 2010 (C), 2015 (D), and 2020 (E).



From the map, in 2000, Hainan and Liaoning were in the “extremely high” vulnerability category, while Guangxi, Jiangsu, and Tianjin were in the “extremely low” vulnerability class. In 2005, Hainan and Zhejiang were in the “extremely high” vulnerability class, while Hebei, Shanghai, and Tianjin were in the “extremely low” vulnerability class. In 2010, Hainan and Liaoning were in the “extremely high” vulnerability class, while Shanghai, Guangxi, and Jiangsu were in the “extremely low” vulnerability class. In 2015, Hainan and Shandong were in the “extremely high” vulnerability class, while Jiangsu, Tianjin, and Shanghai were in the “extremely low” vulnerability class. In 2020, Liaoning and Zhejiang were in the “extremely high” vulnerability class; Hainan was in the “relatively high” vulnerability category, and Jiangsu, Shanghai, and Tianjin were in the “extremely low” vulnerability class.

Except for 2020, where it was categorized as “relatively high,” Hainan’s fishery system exhibited “extremely high” vulnerability in most years, as did Liaoning. In contrast, Tianjin consistently experienced “extremely low” vulnerability in most years.





4 Obstacle degree analysis

This study considered the years 2000, 2005, 2010, 2015, and 2020 as representatives to analyze the obstacle degree affecting the vulnerability of the fishery system. As shown in Figure 4D, E for 2015 and 2020, overall, the indicators that had significant impacts on the vulnerability index (higher obstacle degree) were the total yield of marine aquatic products (S6), year-end inventory of motorized fishing vessels (A1), funding for aquaculture technology extension (A4), and per capita coastline length (S4). These factors served as indicators of the degree of severity of obstacles for most provinces. The main obstacles for Hebei, Tianjin, Shandong, Jiangsu, Zhejiang, Fujian, and Guangdong were the total yield of marine aquatic products (S6). The main obstacle for Liaoning was per capita coastline length (S4), while for Guangxi and Hainan, this was funding for aquaculture technology extension (A4). The main obstacles arise from sensitivity and adaptability indicators. By contrast, there were no obstacle indicators belonging to the exposure indicators (E1–E5), and thus their impact on vulnerability was relatively minor. In comparison, the indicators in 2000, 2005, and 2010 were more concentrated (Figure 4A-C), and funding for aquaculture technology extension (A4) was the main indicator. From 2000 to 2020, the obstacle degree indicators showed diverse trends.




Figure 4 | Obstacle degree for each province in 2000 (A), 2005 (B), 2010 (C), 2015 (D), and 2020 (E).






5 Discussion



5.1 The spatiotemporal characteristics of the vulnerability of the fishery system

Researchers have previously recognized that the fishery system in specific coastal regions of China exhibits significant spatiotemporal variation (Li and Jin, 2019b). This study similarly confirmed this observation. The findings suggest that China’s coastal fishery system displays vulnerability in terms of both time and space. Examining temporal vulnerability sheds light on the system’s difficulties and fluctuations experienced across various periods. In addition, scrutinizing spatial vulnerability emphasizes disparities in vulnerability across different geographic areas. Certain regions may prove to be more susceptible to human interventions, marine pollution, and ecological shifts, potentially leading to more pronounced adverse effects on local fisheries.

From a temporal perspective (Figure 2), the vulnerability of the fishery system in eight provinces, namely Tianjin, Jiangsu, Zhejiang, Shanghai, Fujian, Guangdong, Guangxi, and Hainan, has exhibited a decreasing trend over time. Conversely, the vulnerability of the fishery system in three provinces, namely Liaoning, Hebei, and Shandong, has shown an increasing trend over time. Therefore, the overall vulnerability index of the fishery system across the entire country has exhibited a noticeable downward trend since the beginning of the 21st century.

From a spatial perspective, based on the data from the 2021 China Fishery Statistical Yearbook, the total economic output of the fishery system in Tianjin, Jiangsu, Zhejiang, Shanghai, Fujian, Guangdong, Guangxi, and Hainan in 2020 was 1,459 billion RMB, while the total economic output of the fishery system in Liaoning, Hebei, and Shandong in 2020 was 575.5 billion RMB. The provinces where the vulnerability index was increasing accounted for 72% of the national total economic output of the fishery system, while the provinces where the vulnerability index was decreasing accounted for 28% of the national total output. Overall, there is clear spatial variation in vulnerability.

The differences among provinces are quite pronounced, with certain specific provinces such as Hainan and Liaoning consistently showing very high vulnerability in their fishery systems, while others, such as Tianjin, consistently exhibited very low vulnerability. Although the indicators used in this study overlap with those used in previous research to some extent (Li et al., 2019(a); Li and Jin, 2019b), and the technical approach is generally similar, these results do not completely align with published findings. For example, a study in 2018 suggested that Liaoning, Hebei, Fujian, and Hainan provinces appeared to be the most vulnerable, with Shanghai showing lower vulnerability (Chen et al., 2018). In 2020, another study indicated that Hainan, Guangxi, Zhejiang, and Fujian provinces had high or very high vulnerability, while Shanghai and Tianjin had low vulnerability (Ding et al., 2020).




5.2 Analysis of key obstacles

China is projected to experience a scenario in which seafood consumption exceeds domestic production by 2030. To address this seafood deficit, China is likely to pursue strategies such as expanding domestic freshwater and offshore aquaculture, boosting seafood imports, and potentially expanding the distant water fishing system (Crona et al., 2020). No matter what measures are taken, it is essential to first identify the factors that affect the vulnerability of the fishery system and then implement corresponding measures to reduce the impact of these factors on vulnerability. This can be done with the ultimate goal of decreasing vulnerability. In this study, the obstacle analysis assisted in identifying the critical factors influencing the vulnerability of the fisheries. We found that the total yield of marine aquatic products (S6), year-end inventory of motorized fishing vessels (A1), funding for aquaculture technology extension (A4), and per capita coastline length (S4) were the primary obstacles leading to the vulnerability of the fishery system. From this, it can be concluded that apart from funding for aquaculture technology extension (A4), there is limited space for improvement in other factors affecting vulnerability. Therefore, there is a need to focus efforts on funding for aquaculture technology extension to reduce vulnerability. Furthermore, external factors such as climate change and natural disasters were identified as significant factors affecting vulnerability, thus warranting increased attention and mitigation in fishery management (Seara et al., 2016).




5.3 Management and policy recommendations

The exposure indicators (all types of losses) used in this study are primarily due to various natural or man-made disasters, and climate change undoubtedly exacerbates the occurrence of events such as storm surges (Trenberth, 2018). Therefore, climate change is expected to cause changes in marine biota and ecosystems, thereby directly affecting fishery systems (Kim et al., 2023). Against the backdrop of frequent disasters triggered by climate change, the vulnerability of marine fisheries should logically increase. However, the results of this study indicate that the vulnerability of the Chinese fishery system is decreasing. One possible reason for this is that humans have altered the process of increasing vulnerability by enhancing adaptability.

For example, China formulates Five-Year Plans targeting economic development. In the fishery sector, there are corresponding Five-Year Development Plans. Each province also formulates its own Five-Year Plan that aligns with national policies and suits the specific characteristics of the region (Yu et al., 2023). While the plans and policies implemented by each province aim to facilitate the healthy development of the fishery system, quantifying and assessing their effectiveness is challenging. As a result, the vulnerability trends in different provinces manifest unique characteristics.

Based on the findings of this study, we propose the following management and policy recommendations to enhance the resilience of China’s coastal fishery system. First, reducing exposure is a crucial aspect of reducing vulnerability. Through measures such as disaster prevention and control, the impact of climate change-induced disasters on the fishery can be mitigated. Second, reducing sensitivity is also a key strategy. However, regarding the indicators used in this study, reducing sensitivity is a relatively challenging process. Finally, enhancing adaptability is another critical factor. Increasing investment in administrative resources and formulating more flexible policies and regulations that can adapt to change help enhance the fishery system’s ability to respond to uncertainty, thus reducing overall vulnerability. These measures collectively contribute to reducing the vulnerability of the fishery system, providing a solid foundation for the sustainable development of the coastal provinces’ fishery in China.




5.4 Limitations and future directions

(1) The concept of marine fisheries vulnerability should be made more explicit. Since the concept of vulnerability was first introduced, its definition and content have continued to evolve, with different fields offering different definitions and emphasizing different aspects (Beroya-Eitner, 2016). At present, some consensus on the content of vulnerability has been reached, and some common terms related to vulnerability elements have emerged in the conceptualization, including exposure, sensitivity, and adaptability. In the field of fisheries, some have borrowed from this framework for vulnerability assessment (Johnson and Welch, 2009). However, an exact definition of vulnerability in the fishery system has not yet been determined. This has also led to a lack of standardized criteria for assessing vulnerability in the fishery system.

(2) The methods for marine fishery vulnerability assessment require improvement. Although multi-indicator methods have been applied in the assessment of vulnerability in the fisheries ecosystems (Mamauag et al., 2013), the results of this study suggest that various factors, including indicator selection and different weighting methods, will collectively influence the research results. This directly indicates that vulnerability assessment involves a certain degree of subjectivity, which is also an issue that needs to be carefully addressed in future research. The current method generally involves the type of multi-indicator assessment that has been used in this study. Due to varying interpretations of the concept of marine fisheries vulnerability and differences in analytical frameworks, the assessment indicators tend to be diverse. The indicator dimensions, the number of indicators, and the proportions of socio-economic and ecological indicators can vary among studies. First, the assessment and analysis of fishery system vulnerability are constrained by data availability. In addition, determining the weights of factors in the obstacle analysis presents a challenge, and employing diverse methods to validate the stability of results is recommended. In Section 5.1, the fact that the results of this study are not entirely consistent with those of previous research is discussed. The further discussion above may provide an explanation for the reasons behind this inconsistency.

(3) There is insufficient research on the driving factors and mechanisms of marine fishery vulnerability. Most research on the vulnerability of marine fisheries is based on case studies, and the research outcomes generally focus on explaining the characteristics of vulnerability and vulnerability assessments, with a notable lack of research on driving factors and their mechanisms. Therefore, particular consideration of system dynamics is required in future work (Islam et al., 2014). In general, research on driving factors still predominantly consists of qualitative studies, lacking quantitative analyses of the extent, manner, and interaction of each driving factor’s impact on vulnerability.





6 Conclusion

In this study, an in-depth analysis of the vulnerability of China’s coastal fishery system was conducted, focusing on both temporal and spatial dimensions. Our findings suggest that Hainan and Liaoning’s fishery systems were extremely vulnerable in most years, and Tianjin consistently experienced extremely low vulnerability in most years. Otherwise, funding for aquaculture technology extension (A4) was identified as the main indicator of the severity of obstacles facing China’s fishery system. Further work is needed to move toward more objective methods for assessing vulnerability.

The findings of this research provide significant insights into the challenges and dynamics of the fishery system in the coastal provinces. By analyzing temporal and spatial vulnerabilities and identifying key obstacles, this study provides valuable insights for policymakers, researchers, and stakeholders.
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