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Introduction

The marine economy has played an important role in stabilizing national economic growth and ensuring economic security. Achieving high-quality and sustainable development of the marine economy is a strategic task for China to build a maritime power. Confronting various risk factors such as financial crises, natural disasters, geopolitical conflicts, industrial transformation, and public health security, etc., marine economic resilience (MER) has received widespread attention in recent years and is considered to be crucial for high-quality and sustainable development of the marine economy. 





Methods

This study takes 11 coastal provinces in China as cases, integrates 6 condition variables by building a Resistance capability-Recovery capability-Renewal capability (3R) configuration model, and uses the fuzzy-set qualitative comparative analysis (fsQCA) approach to empirically explore the configuration effect between multiple land factors and MER. 





Results and discussion

(1) None of the 6 conditions in the three dimensions of resistance capability, recovery capability, and renewal capability alone constitute the necessary conditions for strong or weak MER, indicating that a single condition has weak explanatory power for MER; (2) There are two configurations for strong MER: Strong Resistance-Recovery Type and Comprehensive Strong Type. Industrial structure, governmental capability, and digital economy are the core conditions for strong MER configurations; (3) There are four weak MER configurations: Comprehensive Weak Type, Weak Recovery-Renewal Type, Weak Resistance-Recovery Type I, and Weak Resistance-Recovery Type II. This study may expand the research scope of MER influencing factors and enriching the research perspective of land-sea integration, as well as providing decision-makers with practical policy implications.
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1 Introduction

The development and utilization of the ocean has become one of the important activities of human beings, and the marine economy has also become an important growth point of the global economy (Sarwar, 2022; Wang et al., 2023). China is a maritime power with 11 coastal provinces and dozens of port cities located along a coastline of over 18,000 kilometers. From 2012 to 2022, the total output of China’s marine economy increased from 5 trillion yuan to 9.5 trillion-yuan, accounting for about 9% of the gross domestic product (GDP) and playing an important role in stabilizing national economic growth and ensuring economic security (Wang, 2023a). Therefore, achieving high-quality and sustainable development of the marine economy is a strategic task for China.

Research on sustainable development of marine economy mostly focuses on resource carrying capacity (Sun et al., 2022; Ren et al., 2024), economic efficiency (Xu et al., 2023; Zhou et al., 2023), and industrial structure (Li, 2023; Zhang et al., 2024), etc., with a focus on strengthening the system’s capability to eliminate the impact of uncertain factors. However, the capability of marine economy to cope with external shocks still need to be further studied. The marine economy is a highly outward oriented economic form that is more open and complex than the land economy, making it more susceptible to risk factors such as financial crises, natural disasters, geopolitical conflicts, industrial transformation, and public health security (Mele et al., 2019; Sun et al., 2020; Pablo et al., 2022; Yan et al., 2022). For example, in 2020, under the impact of the COVID-19, China’s gross ocean product (GOP) decreased by 5.3% compared with 2019. Confronting various risk factors, the marine economic resilience (MER) has received widespread attention in recent years, and it is considered the key to promoting sustainable and high-quality development of the marine economy (Wang Y., 2023).

The concept of MER originates from economic resilience. Resilience was first applied in the fields of engineering and ecology, representing the system’s capability to resist and recover from external shocks (Holling, 1973). Reggiani et al. (2002) firstly introduced the concept of resilience into the field of economics to describe the capability of an economic system to recover to its original equilibrium state after being subjected to external shocks. Martin’s definition of the concept of economic resilience is one of the widely used mainstream views. He believes that economic resilience includes the capabilities of resistance, recovery, renewal, and reorientation (Martin, 2012). On the basis of economic resilience research, MER has been proposed. Although there is no unified definition, received literature have mainly understood MER from Martin’s definition, believing that it is the capability of marine economic systems to resist disasters, recover from shocks, and renewal development models from various shocks or disturbances (Hu et al., 2022; Guo and Gong, 2023; Yu et al., 2023). The current MER research mainly focuses on the following two aspects:

(1) MER evaluation or specific marine economic industry resilience evaluation. Overall, whether it is MER evaluation or specific marine economic industry resilience evaluation, researchers mainly construct an indicator system based on adjusting Martin’s economic resilience framework for resilience evaluation and analysis (Liu and Shen, 2022; Wang Y. et al., 2022; Han et al., 2022). For example, Guan et al. (2024) calculated the comprehensive evaluation index based on the CRITIC combination weight model, determined the weights of each indicator using the coefficient of variation method and entropy weight method, and explored the spatio-temporal differentiation characteristics of the resilience of marine fishery economy using GIS spatial analysis technology. Chen and Wang (2023) built a comprehensive evaluation index system from the dimensions of resistance, recovery, and renewal, and used the entropy TOPSIS model to evaluate the economic resilience of coastal tourism industry from 2010 to 2019. Wang Z. et al. (2022) used a dynamic evaluation model based on virtual worst solution TOPSIS and grey correlation degree to measure resilience of the marine shipbuilding industry chain, and explored the spatio-temporal differentiation characteristics of the resilience using kernel density estimation and GIS spatial analysis techniques.

(2) The coupling relationship between MER and one specific ocean or land factor. The received literature mainly explores the coupling relationship between MER and marine technological innovation capability or economic efficiency (Doloreux and Shearmur, 2018; Xu and Yang, 2018; Liu et al., 2023). For example, Liu and Chen (2023a) used a grey correlation model and geographic detector to analyze the overall marine innovation capability of 11 coastal provinces in China, as well as the impact of various marine innovation driving factors on MER, finding that the correlation coefficient between marine innovation capability and MER showed an inverted U-shaped trend. Zhao L. et al. (2021) explored the relationship between MER and marine economic efficiency and found that the growth trend of marine economic efficiency is positively correlated with MER. In recent years, the coupling relationship between MER and one specific land factor, such as regional innovation capability or digital economy, has also received attention (Nham et al., 2023). Liu and Chen (2023b) used a convergence model to test the convergence of MER in coastal areas of China, as well as the impact of regional in-novation capability on its convergence, finding that regional innovation capability accelerated the convergence of MER. Li and Yu (2023) used a fixed effects model to empirically analyze the impact of digital finance development on MER, and found that digital finance development can enhance MER. Shen and Guo (2024) conducted an empirical analysis using panel models and found that digital inclusive finance has a significant enhancing effect on the economic resilience of marine cities, and financial regulation has a positive moderating effect on enhancing the economic resilience of marine cities through digital inclusive finance. Liu and Zhang (2024) analyzed the relationship between institutional innovation in China’s coastal areas and the MER, revealing that institutional innovation can enhance the local MER.

However, there are two issues worth further exploration in existing research:

	(1) MER evaluation is currently mainstream research, which is difficulty to explain the synergistic effect among multiple factors. By building an indicator system to score MER, it is possible to form an intuitive understanding of the strength of MER in different regions. However, MER is the result of multiple factors in a complex synergistic process, and the comprehensive scoring method fails to explain which combination of factors that make up the indicator system will lead to the emergence of strong or weak resilience.

	(2) The impact of land factors on MER has not been fully studied. On the one hand, received literature mainly considers marine factors (such as marine industry structure, marine economic scale, marine innovation capability, marine resources, etc.) when building MER evaluation indicators. However, as a holistic system, land and sea have a profound impact on the ecological and economic environment of the ocean (Tang et al., 2020; Gai et al., 2022), which makes the impact of land factors on MER cannot be ignored. On the other hand, received literature mainly explores the coupling relationship between MER and some specific land factors. However, related research is not only limited, but also mostly analyzes the impact of one single land factor (such as regional innovation capability or digital finance) on MER. However, MER is the result of a complex combination of multiple factors, which can be either ocean or land factors.



This study attempts to apply theoretical insights from the perspective of configuration and use fuzzy-set qualitative comparative analysis (fsQCA) approach to address the two issues. On the one hand, the configuration perspective is widely used to understand the causal complexity of the outcomes, which points out that multiple influencing factors are interdependent and can achieve a common goal of influencing outcomes through differentiated permutations and combinations (Du and Jia, 2017). In this regard, this study will use the multidimensional MER framework from received literature to build a configuration model, and incorporate multiple land factors into the model for analysis. On the other hand, the fsQCA approach adopts a systematic analysis approach, focusing on configuration issues, and can directly analyze the interdependence relationships among variables (Fiss, 2007), being able to explain complex systemic problems. Thus, this study uses the fsQCA approach to empirically analyze the configuration relationship between multiple land factors and MER. We attempt to answer the following research questions: In China, what are the specific configurations of the synergistic effects of multiple land factors on MER? What are the core and peripheral conditions that constitute strong MER configurations? What implications can the findings bring to improvement of China’s MER? The possible contributions of this study are: (1) building a Resistance Capability-Recovery Capability-Renewal Capability (3R) configuration model of MER, and incorporating multiple land factors into the model, expanding the research scope of MER influencing factors; (2) By using the fsQCA approach, the study investigates the configuration of land factors that are beneficial for strengthening MER, providing decision-makers with beneficial implications.

The remainder of this study is organized as follows: Section 2 is an introduction to methods and materials, as well as the building of configuration model; Section 3 presents the results of fsQCA analysis; Section 4 further discusses the results, and bring out the implications; Section 5 is the conclusions.




2 Materials and methods



2.1 The fsQCA approach

This study uses the fsQCA approach to analyze the causal complexity mechanism of land factors affecting MER. The QCA approach was developed in the 1980s, which has been widely applied in research fields such as sociology, political science, management, corporate governance, and corporate strategy (Du et al., 2021). The QCA approach combines the advantages of two mainstream research methods, quantitative and qualitative, and achieves cross case comparative analysis through Boolean algebra and set relationships. The QCA approach considers that the case is a whole composed of causal conditions, and therefore focuses on the complex causal relationship and causal asymmetry between conditions and outcomes (Zhang and Du, 2019). In addition, based on the characteristics of variable types, QCA approaches can be divided into three basic categories: clear-set qualitative comparative analysis (csQCA), multivalve-set qualitative comparative analysis (mvQCA), and fuzzy-set qualitative comparative analysis (fsQCA). The csQCA and mvQCA are only suitable for handling categorical data, while fsQCA can further address the problem of continuous data (Du and Jia, 2017). The fsQCA approach is not only suitable for large sample exceeding 100 cases, but also for small sample with cases less than 15 (Fiss, 2011).

The fsQCA approach is applicable to this study, because the relationship between multiple land factors and MER that this study focuses on is a configuration issue. On the one hand, the received literature shows that MER is influenced by multiple factors. However, different regions have their own characteristics in factor composition and utilization, and focusing only on one factor is difficult to explain the differences in MER in different regions; On the other hand, the 3R configuration model reveals that the three dimensions of resistance, recovery, and renewal, as well as the land factors involved, are interdependent and mutually influential, and may act on specific outcomes through differentiated configuration matching. In addition, fsQCA has flexible requirements for data sample, and the 11 coastal provinces analyzed in this study meet the small-scale sample requirements (Fiss, 2011).




2.2 3R configuration model

The fsQCA approach requires a balance between the number of conditions and the number of cases (Zhang and Du, 2019). According to references (Feng et al., 2022; Huang et al., 2023), for sample of less than 50 cases, the number of conditions is generally around 6. Based on the literature review and research objectives, this study builds a 3R configuration model with six condition variables and MER as the outcome variable (see Figure 1).




Figure 1 | 3R Configuration model.



The 3R Configuration Model is a three-dimensional configuration model, building on the MER evaluation index system in received literature, composed of resistance capability, recovery capability, and renewal capability (Guo and Gong, 2023; Liu and Chen, 2023b; Li et al., 2024): Resistance capability refers to the capability of the marine economic system to cope with internal and external changes before being impacted and maintain normal functioning and structure; Recovery capability refers to the capability of the marine economic system to recover to its original state or reach a new equilibrium state when impacted; Renewal capability refers to the evolutionary capability of the marine economic system to learn from past shocks, to actively adapt and readjust its internal structure and functions to develop new growth paths.

(1) Resistance capability includes two condition variables: regional economy and industrial structure. In resilience research literature that only considers ocean factors, the GOP reflecting the overall strength of the ocean economy is considered an important factor affecting the strength of resistance capability (Song et al., 2022; Zhai et al., 2023). We extend this logic to land factors and believe that regional economic scale has a similar function, that is, the larger the regional economic scale, the stronger the resilience of the marine economic system. Received literature suggest that industrial structure is closely related to regional economic resilience, which can be promoted and improved by upgrading the industrial structure (Li and Qu, 2023; Yin et al., 2023). In the research literature of MER, the structure of the marine industry is an important indicator of resistance capability (Jiang and Wen, 2022). When there is a risk of impact in the marine economic system, the more advance of the regional industrial structure, the more quickly the region can adjust its industrial structure to resist the impact risks brought by internal and external changes.

(2) Recovery capability includes two condition variables: governmental capability and business environment. In China, governmental capability has a profound impact on regional economic development, and the government participation in competition reflects the governmental capability (Tang, 2016). When facing the pressure brought by common superior tasks, there will be competitive behavior among governments at the same administrative level, and the winners will receive additional incentives, thereby promoting local governments to improve their work performance on corresponding tasks (Yu et al., 2016; Zhao C. et al., 2021). Therefore, driven by China’s implementation of the strategy of becoming a maritime power, the 11 coastal provinces will inevitably compete around the high-quality development of the marine economy. When the marine economic system is impacted, local governments will strive to restore the marine areas under their jurisdiction to their original state or reach a new equilibrium state under competitive pressure. At this point, the governmental capability is closely related to the recovery capability of the marine economic system. The business environment reflects the operational level of market mechanisms, and a good business environment can achieve efficient allocation of various resources and effectively remove institutional obstacles that affect innovation driven development (Xu, 2018; Du et al., 2022). Thus, for the marine economy, a high-quality business environment can not only attract domestic and foreign maritime enterprises to settle in, but also facilitate the cultivation, development, and growth of local maritime enterprises, thereby strengthening the recovery capability of the marine economic system.

(3) Renewal capability includes two condition variables: innovation capability and digital economy. Regional innovation capability is the key to achieving competitive advantage, which affects regional economic resilience through factors such as strengthening ecological environment protection, promoting industrial structure upgrading, and optimizing factor allocation efficiency (Muštra et al., 2020; Chen and Ye, 2021; Cheng and Jin, 2022). For the marine economy, innovation capability can support the efficient development and transformation of the marine industry (Ji et al., 2021; Sun et al., 2024). More importantly, innovation capability can promote the development of the marine economy to break through path dependence constraints (Wang et al., 2021). Therefore, regional innovation capability is closely related to the renewal capability of the marine economic system. In the wave of a new global technological revolution, the digital economy with data as the core element has become the leading force driving economic development, promoting the transformation and upgrading of traditional industries, and giving birth to a series of new technologies, products, and models such as e-commerce, big data platforms, and cloud computing (Li et al., 2022; Liu and Lu, 2023). The digital economy has also brought new opportunities for the development of the marine economy, such as driving the transformation and development of the marine industry, and optimizing the green efficiency of the marine economy (Wang and Chang, 2023; Yang et al., 2023). Thus, the development of the digital economy is believed to be able to enhance MER by providing support for the search for new growth paths (Mabon and Kawabe, 2023).




2.3 Variables and data source



2.3.1 Research area

This study selected 11 coastal provinces (not including Hong Kong, Macao and Taiwan) in China Mainland as the research area, including Liaoning, Hebei, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi and Hainan, as well as Bohai, Yellow Sea, East China Sea and South China Sea (see Figure 2).




Figure 2 | 11 coastal provinces in China Mainland.






2.3.2 Outcome and conditions

The data of 2019 are used in this study for the following reasons: (1) From 2020 to 2022, in order to deal with the COVID-19, governments all over China have adopted extremely strict prevention and control measures, and the data generated during this period is too particular to study. (2) Up to the completion of this manuscript, the China Marine Economic Statistical Yearbook has only been updated until 2020, and the 2023 statistical report for other types of data has not been released yet. The variable settings, measurement, and data sources of this study are shown in Table 1.


Table 1 | Outcome and condition variables with measurement methods and data sources.



(1) Outcome. According to Martin and Sunley (2015) and Hua and Chen (2022), this study used the GOP change rate to measure MER (y), which can be measured by Equation 1.

	

GOPi, t is the GOP of region i in year t, GOPi, t-1 is the GOP of region i in year t-1, GOPt is China’s GOP in year t, and GOPt-1 is China’s GOP in year t-1. The data is sourced from the China Marine Economic Statistical Yearbook (See Table 2).


Table 2 | Raw data of GOP in the years 2018 and 2019.



For example, in order to obtain MER of Tianjin, we substitute the corresponding data from Table 2 into Equation 1 as follows:

	

(2) Resistance capability. According to Wang Y. et al. (2022), regional economy (x1) is measured by per capita GDP, and industrial structure (x2) is measured by the proportion of added value of the tertiary industry to GDP. The data is sourced from the China Statistical Yearbook (See Table 3).


Table 3 | Raw data of GDP, tertiary industry and population.



Taking Tianjin as an example: regional economy (x1) =14104.3/1562 ≈ 9.03, industrial structure (x2) = 8949.9/14104.3 ≈ 0.64.

(3) Recovery capability. According to Yin and Yang (2022) and Yang and Yuan (2023), governmental capability (x3) can be measured by Equation 2.

 

FEj and GDPj represent the fiscal expenditure and regional GDP of region j in 2019, while FE and GDP represent the total national fiscal expenditure and GDP of China in 2019. The data is sourced from the China Statistical Yearbook (See Table 4).


Table 4 | Raw data of FE and GDP.



Let’s still take Tianjin as an example:

	

The business environment (x4) directly used the evaluation scores of the business environment in provinces of China Mainland in reference (Zhang et al., 2020). This study, which has had a relatively broad social impact, has built an evaluation index system for the business environment in Chinese provinces, and calculated the business environment scores of each province.

(4) Renewal capability. The innovation capability (x5) was measured by using the comprehensive utility value of regional innovation capability, which is sourced from the Evaluation Report on Regional Innovation Capability in China directly, and has been released for 23 consecutive years as an authoritative evaluation report on regional development in China. As a series of reports on the national innovation investigation system, this report was prepared by the China Science and Technology Development Strategy Research Group and the China Innovation and Entrepreneurship Management Research Center of the University of Chinese Academy of Sciences with the support of the Ministry of Science and Technology.

The digital economy (x6) is measured by using the digital economy development index of various provinces in China, which is sourced from the White Paper on China’s Digital Economy Development Index directly. This report is released by the China Institute of Electronic Information Industry Development, which is an affiliated institution of the Ministry of Industry and Information Technology of China. Up to the completion of this manuscript, the index report has been continuously released for 9 years and has important reference value for China’s digital economy.

We have integrated the scores of x4, x5, and x6 that can be directly obtained from existing authoritative reports, and presented them in Table 5.


Table 5 | Raw data of x4, x5 and x6.







2.4 Calibration

By processing the raw data, we obtained the initial data for this study (see Table 6).


Table 6 | Initial data for calibration.



The initial conditions and outcome data in Table 6 are sourced from authoritative reports, which have high reliability and wide applicability. However, the data is lack of external basis and theoretical standards for calibration. In order to determine the set membership of the cases, according to Zhang et al. (2020), the direct calibration method is used to calibrate the initial data. The calibration points of Fully-in, Crossover, and Fully-out of the variables were set to 95%, 50%, and 5% of the descriptive statistical values, respectively. The initial data was then transformed into set membership values ranging from 0 to 1. The software Microsoft Excel is used to calculate calibration points using the function PERCENTILE.INC (array, k). For example, we select the array where y is located in Microsoft Excel and substitute k=0.95, k=0.50, and k=0.05 respectively into the function to calculating the calibration points for y. The calibration points for each variable are shown in Table 7.


Table 7 | Calibration points.



Based on the calibration points in Table 7, this study used software fsQCA4.0 to process the data in Table 6, and used the software’s compute function module’s function Calibrate (x, n1, n2, n3) to calibrate the variables. Due to the existence of a situation where the value of the Crossover is exactly 0.5 after calibration, this study adjusts 0.5 to 0.501 by plus 0.001 (Xie et al., 2021). Take Fujian as an example, if the calibrated y is sorted from largest to smallest and it is found that the value of Fujian is more biased towards larger numbers, then 0.5 is adjusted to 0.501 to avoid being unable to classify due to the value being centered in the final calculation. Table 8 shows the results of calibration.


Table 8 | Results of calibration.







3 Results



3.1 Necessity analysis

According to the analysis steps of fsQCA, before conducting sufficiency analysis, it is necessary to first test whether a single condition variable constitutes a necessary condition for strong or weak MER. The consistency is an important indicator for testing whether a single condition variable is a necessary condition. When the consistency is less than 0.9, it can be considered that the condition variable is not a necessary condition of the outcome (Zhang and Du, 2019). As shown in Table 9, the consistency of all conditions of the strong MER (y) and weak MER (~y) is less than 0.9, indicating that none of the conditions can be a necessary condition. The results of necessity analysis indicates that the synergistic effects of resistance capability, recovery capability, and renewal capability on MER require comprehensive consideration.


Table 9 | Results of necessity analysis.






3.2 Sufficiency analysis



3.2.1 Standard analyses

Sufficiency analysis, also known as configuration analysis, aims to obtain different configurations composed of multiple conditions that lead to the outcome. In software fsQCA4.0, the sufficiency analysis is conducted by standard analyses programs. According to the related references (Du and Jia, 2017; Zhang and Du, 2019; Du et al., 2021), the standard analyses are operated as follows:

	(1) Parameter settings. To distinguish whether the configuration has passed the consistency test of fuzzy set theory, the consistency threshold is set to 0.8. Considering that the total number of cases in this study is 11, the frequency threshold is set to 1. To reduce potential conflicting configurations, the value of PRI (proportional reduction in inconsistency) is set to 0.75. Then, we obtained the truth table for y (see Figure 3) and the truth table for ~y (see Figure 4), respectively.

	(2) Option settings for standard analyses of y. When conducting the standard analyses of y, as shown in Figure 5, on the one hand, the program generated 3 prime implicants. Considering that the digital economy and governmental capability are two important variables of this study, one prime implicants “x2~x5” was selected; On the other hand, according to the results of necessity analysis, the “present or absent” option is selected in the intermediate solution program.

	(3) Option settings for standard analyses of ~y. When conducting the standard analyses of ~y, as shown in Figure 6, on the one hand, the program generated 6 prime implicants. Similarly, considering that the digital economy and governmental capability are two important variables of this study, two prime implicants “~x2 ~x3” and “~x1 ~x3” were selected for this study; On the other hand, according to the results of necessity analysis, the “present or absent” option is selected in the intermediate solution program.

	(4) Complex solutions, parsimonious solutions, and intermediate solutions for y and ~y. According to the solutions shown in Table 10, the condition that appears simultaneously in the intermediate solution and the parsimonious solution is the core condition, and the condition that only appears in the intermediate solution but does not appear in the parsimonious solution is the peripheral condition.






Figure 3 | Truth table for y.






Figure 4 | Truth table for ~y.






Figure 5 | Prime implicant and intermediate solution for y.






Figure 6 | Prime implicant and intermediate solution for ~y.




Table 10 | Results of sufficiency analysis.



The interpretation of the sufficiency analysis results mainly depends on the parsimonious solution and the intermediate solution (Zhang and Du, 2019). As a convention, this study presented the results in the form invented by Ragin and Fiss (2008) (see Table 11).


Table 11 | Results of sufficiency analysis.






3.2.2 Configurations of y

Table 7 showcases two configurations of strong MER (y). The Solution Consistency is 0.926, meaning that among all sample cases meeting these two configurations, 92.6% of provinces have strong MER. The Solution Coverage is 0.531, meaning that the two configurations can explain 53.1% of the cases of strong MER.

(1) Configuration H1: Strong Resistance - Recovery Type. Configuration H1 indicates that strong industrial structure (x2), strong governmental capability (x3), and weak innovation capability (~x5) are the core conditions, while weak regional economy (~x1) and weak digital economy (~x6) are the peripheral conditions. The combination of these conditions can generate strong MER (y). According to the combination features, configuration H1 can be named as “Strong Resistance - Recovery Type” (see Figure 7). H1 can explain about 42.9% of strong MER cases, of which about 33.6% can only be explained by this configuration. A typical case explained by this configuration is Hainan and Liaoning.




Figure 7 | Strong Resistance - Recovery Type. In the box, color blue indicates the existence of conditions (strong), for example, x2 indicates the existence of a strong industrial structure; Color white indicates weak or non-existent conditions, such as~x1 indicating weak regional economy.



(2) Configuration H2: Comprehensive Strong Type. Configuration H2 indicates that strong industrial structure (x2), strong governmental capability (x3), and strong digital economy (x6) are the core conditions, while strong regional economy (x1), strong business environment (x4), and strong innovation capability (x5) are the peripheral conditions. The combination of these conditions can generate strong MER (y). According to the combination features, configuration H2 can be named as “Comprehensive Strong Type” (see Figure 8). H2 can explain about 19.5% of strong MER cases, of which about 10.2% can only be explained by this configuration. A typical case explained by this configuration is Shanghai.




Figure 8 | Comprehensive Strong Type.






3.2.3 Configurations of ~y

Table 7 showcases four configurations of weak MER (~y). The Solution Consistency is 0.921, meaning that among all sample cases meeting these four configurations, 92.1% of provinces have weak MER. The Solution Coverage is 0.584, meaning that the two configurations can explain 58.4% of the cases of weak MER.

(1) Configuration L1: Comprehensive Weak Type. Configuration L1 indicates that strong regional economy (x1), weak industrial structure (~x2), weak governmental capability (~x3), and weak business environment (~x4) are core conditions, while weak innovation capability (~x5) and strong digital economy (x6) are peripheral conditions. The combination of these conditions can lead to weak MER (~y). According to the combination features, configuration L1 can be named as “Comprehensive Weak Type” (see Figure 9). L1 can explain about 24.4% of weak MER cases, of which about 4.4% can only be explained by this configuration. Fujian is a typical case explained by con-figuration L1.




Figure 9 | Comprehensive Weak Type.



(2) Configuration L2: Weak Recovery-Renewal Type. Configuration L2 indicates that strong regional economy (x1) and weak business environment (~x4) are core conditions, while strong industrial structure (x2), strong governmental capability (x3), strong innovation capability (x5), and weak digital economy (~x6) are peripheral conditions. The combination of these conditions can lead to weak MER (~y). According to the combination features, configuration L2 can be named as “Weak Recovery-Renewal Type” (see Figure 10). L2 can explain about 20.4% of weak MER cases, of which about 9.1% can only be explained by this configuration. Tianjin is a typical case of configuring L2.




Figure 10 | Weak Recovery-Renewal Type.



(3) Configuration L3: Weak Resistance-Recovery Type I. Configuration L3 indicates that strong regional economy (x1), weak industrial structure (~x2), and weak governmental capability (~x3) are core conditions, while strong business environment (x4), strong innovation capability (x5), and strong digital economy (~x6) are peripheral conditions. The combination of these conditions can lead to weak MER (~y). According to the combination features, configuration L3 can be named as “Weak Resistance-Recovery Type I” (see Figure 11). L3 can explain about 38.0% of weak MER cases, of which about 11.1% can only be explained by this configuration. Jiangsu is a typical case of configuration L3.




Figure 11 | Weak Resistance-Recovery Type I.



(4) Configuration L4: Weak Resistance-Recovery Type II. Configuration L4 indicates that weak regional economy (~x1) and weak governmental capability (~x3) are core conditions, while strong industrial structure (x2), strong business environment (x4), strong innovation capability (x5), and strong digital economy (x6) are peripheral conditions. The combination of these conditions can lead to weak MER (~y). According to the combination features, the difference between configurations L4 and L3 lies in their resistance capability. To demonstrate the connection between the two configurations, configuration L4 can be named as “Weak Resistance-Recovery Type II” (see Figure 12). L4 can explain about 28.4% of low MER cases, of which about 6.5% can only be explained by this configuration. Shandong is a typical case of configuring L4.




Figure 12 | Weak Resistance-Recovery Type II.







3.3 Robustness Test

According to Fiss (2007), this study uses the method of increasing the consistency threshold for robustness testing. Specifically, increasing the consistency threshold from 0.8 to 0.9 resulted in the configuration shown in Table 12. Comparing Tables 11, 12, it can be found that the core conditions of both have not undergone substantial changes, and the configurations in Table 12 are a subset of the configurations in Table 11, indicating that the results have passed the robustness test.


Table 12 | Results of robustness test.







4 Discussions



4.1 The core and peripheral conditions of strong MER configurations

The results of sufficiency analysis indicate that from the overall perspective of strong MER configurations, strong industrial structure, strong governmental capability, and strong digital economy are the core conditions, while strong regional economy, strong business environment, and strong innovation capability are the peripheral conditions. Therefore, from a univariate perspective, the results of sufficiency analysis are consistent with the received literature, that is, each variable can have a positive effect on MER to a certain extent.

For core conditions: (1) Same as the function of the marine industrial structure (Li and Qu, 2023; Yin et al., 2023), the more advanced of land industrial structure, the stronger the resistance capability of the marine economic system; (2) In the policy context of China, the stronger the governmental capability, the more capable it is to implement effective intervention and improve the recovery capability of the marine economic system; (3) The digital economy not only brings new opportunities for the development of the marine economy (Wang and Chang, 2023; Yang et al., 2023), but also supports the transformation of the development model and path of the marine economy (Li and Yu, 2023), thereby strengthening the renewal capability of the marine economic system.

For peripheral conditions: (1) similar to that of GOP (Zhai et al., 2023), the larger the regional economic scale, the stronger the resistance capability of the marine economic system; (2) A good business environment can achieve efficient allocation of various resources and overcome development barriers (Xu, 2018; Du et al., 2022), which is conducive to the entry and development of regional maritime enterprises and strengthens the recovery capability of the marine economic system; (3) Strengthening regional innovation capability is not only beneficial for strengthening regional economic resilience, but also for strengthening the renewal capability of the marine economic system, thereby strengthening MER (Liu and Chen, 2023b).

In addition, the weak MER configurations to some extent support the importance of three core conditions, such as the weak industrial structure and weak governmental capability in L1, L3, and L4 acting as the condition variables of weak MER configuration, and the weak digital economy in L2 also acting as the condition variables of weak MER configuration. However, according to the logic of received literature, it is difficult to explain why the same variable in different configurations (such as digital economy) can simultaneously act as a condition variable for strong MER and act as a condition variable for weak MER? Why are the combination forms of condition variables vastly different for the same strong (or weak) MER configurations? This requires further discussions.




4.2 The configuration mechanism of MER

For the relationship between land factors and MER, received literature has mostly conducted research under the premise of linear hypothesis, focusing on the net effects of one specific variable (such as industrial structure (Yin et al., 2023), innovation capability (Liu and Chen, 2023b), digital economy (Li and Yu, 2023), etc.) on MER, which leads to a lack of in-depth analysis of the synergistic effects among different land factors. The fsQCA approach is suitable for configuration problems and can directly analyze the interdependence among variables (Du and Jia, 2017; Zhang and Du, 2019), thereby helping researchers identify the causal complexity between different combinations of condition variables and the outcome, as well as the equivalent substitution effects among variables. With the perspective of configuration, this study found that different combinations of land factors impact differently on MER.

(1) Horizontal comparison and causal asymmetry. By comparing the six configurations horizontally, it can be found that, unlike linear hypothesis studies, the land factors that lead to strong MER (y) or weak MER (~y) are not necessarily the same variable. For example, in configurations H1 and H2, the upgrading of industrial structure (x2) is beneficial for strengthening MER; In configurations L2 and L4, the upgrading of industrial structure (x2) may possibly weaken MER. Similarly, in configuration H1, the presence of the digital economy (x6) does not result in strong MER; However, in configuration H2, the digital economy (x6) is the core condition for strong MER. This situation is called causal asymmetry (Armenia et al., 2023; Gao et al., 2023), and Figure 13 shows the causal asymmetry relationship between multiple land factors and MER. In the perspective of set theory, causal asymmetry is considered to be the normal state, as the interdependence and synergistic effects among different factors are commonly present in reality (Fiss, 2011), which leads to the complexity of causal relationships. In other words, how one specific factor impact on MER depends on its configuration relationship with other factors.




Figure 13 | The causal asymmetry relationship between multiple land factors and MER.



(2) Vertical comparison and equivalent substitution effects. By comparing the six configurations vertically, it can be found that different combinations of the six condition variables constitute two strong MER configurations and four weak MER configurations, which reveals the existence of equivalent substitution effects between different configurations (see Figure 14). On the one hand, comparing the similarities and differences between equivalent configurations H1 and H2, it can be found that, given the same condition combination “x2 * x3”, “~x1 *~x4 *~x5 *~x6” and “x1 * x4 * x5 * x6” can be substituted by each other (the symbol *, generated from the software fsQCA 4.0, means the interdependence and synergistic effect among variables). On the other hand, comparing the similarities and differences of equivalent configurations L1, L2, L3, and L4, it can be found that for L1 and L2, given the same condition combination “x1 *~x4”, “~x2 *~x3 *~x5 * x6” and “x2 * x3 * x5 *~x6” can be substituted by each other; For L3 and L4, given the same condition combination of “~x3 * x4 * x5 * x6”, “x1 *~x2” and “~x1 * x2” can be substituted by each other. The existence of equivalent configurations and substitution effects indicates that the combination of conditions that lead to strong (or weak) MER is not unique, which may provide practical policy implications for the regions with weak MER.




Figure 14 | Equivalent substitution effect of land factors.






4.3 Policy implications

As the development of the marine economy penetrating into various fields such as economy, society, culture, etc., the marine economy is closely related to the rise and fall of a country or region. As a maritime power, the marine economy is crucial to the overall stability and development for China. Confronting various risk and unstable factors, strengthening MER is an important way for China to achieve sustainable and high-quality development of its marine economy. The main policy implications of this study are as follows:

	(1) The upgrading of industrial structure, the enhancement of governmental capabilities, and the prosperity of the digital economy are the core conditions for strengthening MER, while the increasing of regional economy, the optimization of business environment, and the enhancement of innovation capability are peripheral conditions. However, it is worth noting that government decision-makers cannot simply allocate attention to one specific condition, but must strategically enhance the synergy among different conditions to form configurational effect that is conducive to strengthening MER.

	(2) For regions with weak MER, government decision-makers need to evaluate the local conditions and shape strong MER configurations that are suitable for this region. For instance, to the regions similar to Hainan or Liaoning, efforts should be made to shape a Strong Resistance-Recovery Type configuration by upgrading the industrial structure and enhance the governmental capability; as to the regions similar to Shanghai, efforts should be made to shape a Comprehensive Strong Type configuration by filling in the missing conditions on the one hand, and formulate land-sea integration policies that are conducive to the comprehensive improvement of various conditions on the other hand.

	(3) The decision-makers related to these conditions come from different government departments, and the essence of achieving conditional synergy is to achieve decision-making collaboration among different departments. That is to say, the overall effect of strengthening MER at the system level is achieved through decision-making collaboration. Therefore, it is necessary to introduce the logic of collaborative governance into the decision-making process, which requires decision-makers from various regulatory departments to participate in discussions, jointly identify problems, and develop collaborative action, supervision, and evaluation plans.







5 Conclusions

This study takes 11 coastal provinces of China as cases, integrates 6 condition variables by building a 3R configuration model, and uses the fsQCA approach to empirically explore the configuration effect of multiple land factors on MER. The main findings are as follows:

	(1) None of the 6 conditions in the three dimensions of resistance capability, recovery capability, and renewal capability alone constitute the necessary conditions for strong or weak MER, indicating that a single condition has weak explanatory power for MER.

	(2) There are two configurations for strong MER: Strong Resistance-Recovery Type and Comprehensive Strong Type. Industrial structure, governmental capability, and digital economy are the core conditions for strong MER configurations.

	(3) There are four weak MER configurations: Comprehensive Weak Type, Weak Recovery-Renewal Type, Weak Resistance-Recovery Type I, and Weak Resistance-Recovery Type II.



The main contributions of this study may be as follows:

	(1) Incorporating land factors into the 3R configuration model, expanding the research scope of MER influencing factors and enriching the research perspective of land-sea integration.

	(2) By shifting from studying the relationship between certain specific variable and MER to studying the configuration mechanisms between land factors and MER, this study showcases the strong MER configurations and weak MER configurations, and provides decision-makers with practical policy implications.



There are still some research limitations in this study: On the one hand, considering the number of cases and characteristics of the QCA approach, the configuration model built in this study mainly includes 6 condition variables in three dimensions. Our future research will try to expand the number of cases by conducting a comparative study of global coastal countries, and increase the information capacity of individual condition variables through methods such as principal component analysis and TOPSIS to enrich the understanding of MER. On the other hand, this study mainly used the fsQCA approach for static analysis. Currently, there is an increasing number of studies combining the dynamic fsQCA approach (He et al., 2024) and other statistical analysis methods (e.g., NCA, PLS-SEM, DID) (Wang, 2023b; Acquah, 2024; Navarro-García et al., 2024). We plan to adopt appropriate combination methods in future research to enhance the predictive and explanatory power of the study.
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