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As a complex system involving intra- and interrelevance among multiple economic entities, the core of blue economic development consists of identifying key entities and their relevance structures that play a significant role in resource allocation within the system. The structural adjustment of blue industries, the enrichment of blue product baskets, the management decisions of blue firms, and the export positioning of blue provinces will make the system drive dynamic changes. Therefore, from the perspective of relevance theory, this paper first analyzes the key factors affecting the stability of the national blue economic system based on blue industry relevance, blue product relevance, blue firm relevance, blue province relevance, and cross-agent relevance. Second, the development mechanism of the national blue economic system is qualitatively explored based on the intra-agent relevance at a single level and the interagent relevance at a cross level. Finally, an example from China is used to guide its blue economy in practice. This example can serve as the premise and foundation for a country to achieve blue growth, promote the common development of key agents in the blue economy, and provide a scientific basis for a country to systematically formulate blue economic development policies.
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1 Introduction

The blue ocean is considered the “blood” of the blue planet, and the “nutrient resources” in the “blood” are the “cornucopia” of human civilization. As an increasing number of countries regard the ocean as a new source of economic growth, marine economic growth will become a new area of global economic growth (Halpern et al., 2008; Morrissey and O’Donoghue, 2013; Voyer and Leeuwen, 2019; Jouffray et al., 2020; Midlen, 2023). However, In the context of the current global COVID-19 pandemic, sea-level rise and challenges to extreme weather and food security, the ecosystems on which many marine economic activities depend are changing at an unprecedented rate (OECD, 2016; Belton et al., 2020; Xu et al., 2021a, 2021b; Rangel-Buitrago and Gracia, 2024) which have direct and indirect impacts on marine-related industries, such as fisheries, shipping industry and marine minerals (Chen et al., 2021, 2022a, 2022c; Nham et al., 2023), and cause a profound impact on international trade and the development prospects of coastal developing countries (Qi et al., 2020a, 2020b). “To optimize co-benefits for the well-being of people and the planet, it’s vital that we pursue the blue economy in a sustainable manner.” (Amon et al., 2022) The concept of the blue economy aims at promoting economic growth, social inclusion, maintaining or improving human livelihoods, and achieving sustainable development of the marine environment (United Nations, 2015; Voyer and Leeuwen, 2019; Graziano et al., 2022). Its core is to decouple social and economic development from environmental and ecosystem degradation through ocean-related sectors and activities for achieving Goal 14 of the 2030 Agenda for Sustainable Development (UNDESA, 2014; Graziano et al., 2022). For a series of ocean-related economic activities, sustainable development of the blue planet ecosystem and natural assets can be achieved (Butlin, 1976; Bennett et al., 2019; Kim and Yoo, 2020; Chen et al., 2022b; Graziano et al., 2022). However, there are still some challenges for countries in the sustainable use of ocean resources (Yin et al., 2018; Ding et al., 2020; Qi et al., 2020a, 2020b; Melvin et al., 2023). For example, the primary challenge faced by a country’s policy-makers is to choose which blue provinces, blue industries and blue firms to support to better manage the sustainability of the ocean (Qi, 2024). The literature on blue economic policy shows that this selection process usually involves traditional and emerging industries (Klinger et al., 2018; Kontovas et al., 2022), such as fisheries and aquaculture, marine salt industry, marine agroforestry, seabed mining, marine energy, marine chemical industry, shipping and transport, coastal manufacturing, marine tourism, and coastal environmental services. Policy-makers of various countries formulate policies for blue industry and related firms based on monetary economic indicators, such as GDP and GVA (Morrissey and O’Donoghue, 2012; Colgan, 2013; Morrissey, 2014; Graziano et al., 2022), however, “using GDP to measure the ocean economy only captures the annual economic output, but does not account for changes to the underlying natural capital assets in this economy and the future benefit streams that they can provide” (Patil et al., 2016). In addition, “a focus on GDP biases metrics of success toward aggregate economic benefits rather than more holistic measures, such as societal well-being, wealth distribution, or environmental dependence” (Bennett et al., 2022). These policies do not provide reasonable guidance for decision-makers in this process (Dierickx et al., 1991; Qi et al., 2020a, 2020b).

To better address these challenges, the UN Decade of Ocean Science for Sustainable Development (i.e., the Ocean Decade) has an actionable answer: “there needs to be nothing short of a revolution in ocean science” (IOC-UNESCO, 2021). This means that the Ocean Decade will create a paradigm shift in the qualitative and quantitative assessment of blue economic development. That is, “The Decade, both in terms of action and outcomes, needs to move beyond business as usual to a true revolution in ocean science” (IOC-UNESCO, 2021). To achieve the transition from the “ocean we have” to the “ocean we want”, it is necessary to first realize that as a complex system for sustainable development, the blue economy exists in the production activities of developing marine-related resources and activities that directly or indirectly provide related services for the development of marine resources and space (Morrissey et al., 2011, 2014; IOC-UNESCO, 2021; Qi, 2022a, 2022b; Graziano et al., 2022; Karakara and Dasmani, 2022; Melvin et al., 2023). The development level of the blue economy of different countries depends not only on the natural resource endowments that they have but also on the relevance structure between their blue industries, blue products, blue firms and blue provinces (Lin, 2012; Qi, 2024). This relevance structure can be regarded as a structural form that connects the upper-level-related blue firms with blue provinces and other heterogeneous agents based on the association of blue industries and their products (Qi et al., 2020a).

Although these literatures have analyzed the multi-agent resource elements in the blue economy, there is still a lack of in-depth thinking on the following issues: (1) What are the key elements and development mechanisms of the national blue economic system? (2) How do we identify the relevance structures among the multiple agents of the national blue economic system? (3) What does the analysis framework of the national blue economic system mean for each country to inform the development of the blue economy in practice? This paper first uses the relevance theory to study blue economic development in a country, and it attempts to answer the above questions based on the analytical framework of the national blue economic system, and decomposes the problem of blue economic development into the development problem of blue industries, blue products, blue firms and blue provinces. Second, it verifies that the national blue economic system is scientific and effective as an auxiliary analysis tool for macro policy through the application of examples, confirming that it can play an important role in assisting a country in systematically evaluating blue growth.

The contributions of this paper are mainly reflected in the following three aspects. First, this paper clarifies the logical relationship between the multi-agent resource elements in the national blue economic system, that is, the blue industry is the industrial decomposition of a country’s blue economic development, the relevance between blue industries is an important aspect of blue economic activities, and the relevance between blue products under the subdivided blue industry is the core component of the interrelevance of the blue industry, which affects blue firm development activities at the mesolevel and the blue interprovince trade flow at the macrolevel. Blue products are the microlevel entities of blue firm value creation and the key factor in the formation and development of the blue industry. Blue firms are the mesolevel entities that develop blue products, and they are the core elements that affect the economic development of blue provinces. Blue provinces are economic hubs that gather elements such as human flow, logistics, capital flow, and information flow, and they are the macrolevel entities of blue economic activities. Therefore, this relevance structure also determines the efficiency and benefits of blue economic development for countries from the perspective of output and capacity. Second, this paper provides a multi-dimensional data-driven analytical approach to help assess the extent of a country’s blue economic development. Finally, the findings of this paper also provide broader understandings for the formulation of blue economic policies in other countries and regions. For example, in terms of international cooperation, the blue economy often involves the development and management of marine resources across borders, so the legal framework of international cooperation mechanisms is essential to promote the growth of the global blue economy; in terms of regional synergy mechanism, due to the different stages of blue economy in different countries and regions, it is necessary to adopt adaptive development paths to form multi-agent resource elements coordinated development mechanism according to their own characteristics; in terms of market-oriented operation, the interaction between the government and the market plays an important role, especially in promoting the development of the blue economy through firms participation and market-oriented operation, and attracting private firms to enter the blue sectors through the formulation of incentive policies, especially emerging industries such as marine energy and marine equipment.

The structure of this paper is as follows. Section 2 introduces the key elements of the national blue economic system. Section 3 presents the development mechanisms of the national blue economic system. Section 4 takes China as an example of a country to guide its blue economy in practice. Section 5 presents the conclusions and limitations of this study.




2 The key elements of the national blue economic system

The blue economy includes not only a collection of marine-related industries but also a series of environmentally and socially sustainable business activities (e.g., products, services, and investment), which are interdependent and affect the development of marine resources and sea-related areas. However, if the development of these areas uses only macroscale policies to restrict society’s development of marine-related resources to protect the ecological environment (Rangel-Buitrago and Gracia, 2024), this development is neither sustainable nor “blue” (Voyer and Leeuwen, 2019; Qi, 2022a, 2022b; Graziano et al., 2022). In 2015, the “Blue Economy for Business in East Asia” report published by Partnerships in Environmental Management for the Seas of East Asia identified four attributes of blue economic development in terms of coastal and marine economic activities: blue economic development “① protects, restores and sustains healthy coastal and marine ecosystem services; ② generates sustainable, equitable economic benefit and inclusive growth; ③ integrates approaches between multiple industries and government; ④ innovates, informed by the best available science” (Whisnant and Reyes, 2015). However, these elements focus on the environmental protection, industrial policy, and technological innovation of the blue economy only in terms of a single dimension and do not involve an analysis of the key elements and micromechanisms that affect the multiagent system in this complex system. Next, the paper analyzes the five key elements that affect a country’s blue economic system: blue industry relevance, blue product relevance, blue firm relevance, blue province relevance, and cross-agent relevance.



2.1 Blue industry relevance

The linkages between blue industries not only affect the degree of development of a country’s blue economic system but also profoundly affect new patterns of coordinated development between regions (Qi, 2022a, 2022b; Graziano et al., 2022; Karakara and Dasmani, 2022). Blue industry relevance is formed on the basis of the upstream and downstream relationships of the blue industry and its technical and economic linkages (Qi et al., 2020a; Graziano et al., 2022). That is, in the product development process, the upstream blue industry provides the downstream blue industry with raw materials or services based on specific technical standards and processes (Qi, 2024). This represents an important relationship of a country’s economic activities, and it is also the basis for the formation of an orderly structure of the country’s blue economic system. At the same time, the relevance evolution between blue industries is the key to explaining the diversification of blue economic development in different countries and the differentiation of the blue industry structure (Qi, 2022a, 2022b; Karakara and Dasmani, 2022).




2.2 Blue product relevance

The linkages between blue products constitute the most important basic relationships of blue economic activities (Qi, 2022a, 2022b; Karakara and Dasmani, 2022; Qi, 2024). The linkages between blue products generally refer to the relevance between blue products at the level of market supply and demand (Graziano et al., 2022; Karakara and Dasmani, 2022). The linkage at the market supply level denotes that firms need to input similar production factors such as infrastructure, resource endowments, and technological knowledge (Arvanitoyannis and Kassaveti, 2008; Albertos et al., 2019; Melvin et al., 2023). The linkage at the market demand level means that consumers have similar demand preferences, demand structures, and demand volumes for blue products (Magnier et al., 2019; Qi et al., 2020a; Graziano et al., 2022; Karakara and Dasmani, 2022). In other words, if a country exports or imports blue products with similar inputs (e.g., manpower, technology), the linkages between these blue products are relatively strong (Graziano et al., 2022; Karakara and Dasmani, 2022). Moreover, the linkages between blue products of different categories are usually weaker than those between similar blue products (Graziano et al., 2022; Karakara and Dasmani, 2022; Qi, 2024).




2.3 Blue firm relevance

Broadly speaking, the linkages between blue firms can be divided into the supply and demand relationships between upstream and downstream firms as well as the competition and cooperation relevance between homogeneous firms (Qi et al., 2020a; Qi, 2024). The blue firm relevance explored in this paper mainly refers to the coopetition between firms producing and exporting similar blue products due to the scarcity of blue resources. It involves mesolevel relationships between blue firms in blue economic activities (Virdin et al., 2021; Graziano et al., 2022; Karakara and Dasmani, 2022). As the main actors in market value creation, blue firms play a decisive role in the process of market resource allocation (Virdin et al., 2021; Ma and Li, 2021). As a result, blue firms are the most important agents in the national blue economic system, which absorbs various production factors and conducts product development activities more efficiently.




2.4 Blue province relevance

As geographic agglomerations and carriers of industry and firm factors, provinces are macrolevel agents that promote the processes of interprovincial and international trade flows (Qi, 2022b; Karakara and Dasmani, 2022; Qi, 2024). The linkages between blue provinces entail the transfer of various blue economic development factors in geographic space and the optimal allocation of resources across regions (Kong et al., 2021; Graziano et al., 2022). With the in-depth development of economic globalization, the economic ties between countries have become stronger, cooperation has become deeper, the space for development has become broader, and the scale of international trade has continued to expand (Sundaram and Arnim, 2009; Graziano et al., 2022). These trends have caused the flow of factors between provinces to gradually increase, fundamentally changing a country’s previous division of labor or the transition from a production and export method based mainly on production factors within a province to a dynamic flow of production factors between provinces designed to continuously optimize the export structure (Karakara and Dasmani, 2022). This accelerates the flow of elements in the blue industrial clusters between provinces (Kong et al., 2021; Karakara and Dasmani, 2022; Qi, 2024), which in turn promotes the interprovincial flow of marine-related talent, technology, and capital and further promotes the coordinated development of various agents in the national blue economic system (Qi, 2024).




2.5 Cross-agent relevance

As the most important actors involved in the allocation of marine-related resources, blue firms conduct blue product development activities with comparative advantages through the input of production factors (Virdin et al., 2021; Qi, 2022b). Through this process, blue firms in the upstream blue industry provide these manufacturers with the products or services required for production, and these manufacturers act as suppliers who provide products or services to the blue firms in the downstream blue industry (Qi, 2022a, 2022b). Notably, the manufacturers and blue firms in the upstream and downstream blue industries are located in different provinces (Graziano et al., 2022). This kind of multiagent relevance that transcends geographic space has become an effective means of analyzing the flow of factors between the main bodies of the national blue economic system. As a result, a cross-agent relevance structure covering blue industries, blue products, blue firms, and blue provinces has been constructed. This relevance structure determines the level of “blueness” of the national blue economic system (Qi, 2022b, 2024).

From the perspective of the evolutionary theory of comparative advantage, this relevance structure is also contained in the blue industry upgrading process (Qi et al., 2020a, 2020b; Graziano et al., 2022). Specifically, blue firms maximize their profits in the process of making product upgrades. When a blue firm involves a new blue industry, the new industry will have more opportunities for further upgrades in the future. This means that the industrial structure of the blue province where the firm is located may be upgraded to a new structure. In turn, this new structure will promote the upgrading of some relatively low-level blue industries and further promote the upgrading of the product development activities of firms in the blue industry (Qi, 2022b). In general, through this process, the decision-makers of each province need to consider the constraints of actual conditions, and the policies formulated must meet their actual industrial upgrading goals. Otherwise, a “disconnection” risk of industrial upgrading may emerge (Zhang, 2008).





3 The development mechanisms of the national blue economic system

From the analysis provided in the previous section, the key elements of the national blue economic system include blue industry relevance, blue product relevance, blue firm relevance, blue province relevance, and cross-agent relevance. These five factors promote each other and involve an endogenous operating mechanism. This mechanism exists not only within the single-level agent relevance structure but also in the cross-level multiagent relevance structure. The following is an analysis of the development mechanism of single- and cross-level national blue economic systems.



3.1 Single-level development mechanism of the national blue economic system



3.1.1 Development mechanism at the blue industry level

In the national blue economic system, each blue industry undergoes a dynamic adjustment movement through interindustry linkages such that the entire blue industry forms an orderly structure. Of course, there are many positive and negative industrial connections within this structure (Zhang, 2008; Qi, 2022b). For example, in the blue industry subsystem shown in Figure 1, fisheries and aquaculture can benefit from fishing and promote the development of shipping and transport, marine (blue) energy, and coastal manufacturing. Subsequently, the development of these industries will further enhance the development of fisheries and aquaculture. However, if fisheries and aquaculture do not operate in the prescribed areas, they may compete with these blue industries for marine development space, resulting in certain marine environmental problems. It is the interconnections between these blue industries that make the blue industry subsystem a key element of the national blue economic system.




Figure 1 | Schematic diagram of the associations of the blue industry subsystem.






3.1.2 Development mechanism at the blue product level

The diversification of blue products is the source of blue growth (Qi et al., 2020a, 2020b; Graziano et al., 2022). Contrary to Aghion and Howitt’s (1992) argument that products are completely independent, blue products are related in part due to the similarities of input elements. This relevance is particularly reflected in the national trade export basket (Qi et al., 2020b). That is, the more a country exports a certain blue product (e.g., frozen fish fillets), the more the export volume of products similar to this blue product (e.g., salted or smoked fish) will also increase (Qi, 2022a). The main reason for this phenomenon is explained in Section 3.1 from the perspective of supply and demand and the associations between blue products. This explanation is based on the “forest and monkey” relationship proposed by Hidalgo et al. (2007): a certain area of forest is likened to a country’s export basket, where each product in the export basket is represented by a tree and monkeys are represented by a series of firms. For geographic reasons, the distribution of trees will include sparse and dense forms. Groups of monkeys often jump to different trees in the forest to forage, and for each monkey, the difficulty of jumping between two trees depends on the distance between the trees and the distribution of the forest around the jumping site. In the context of this paper, if the input elements between the blue products are more similar, trees are positioned closer together, the forest is denser, the monkeys have more paths to jump through, and a country can effectively realize the optimization and upgrading of the blue industry. This judgment can be extended to different countries and regions in the world. Due to the differences in factor endowments, countries have formed different export structures through the development of the blue industry, which also determines the differences in the development of the blue economies in different countries (Qi, 2022b).




3.1.3 Development mechanism at the blue firm level

Blue firms are the main actors in resource allocation and value creation in the national blue economic system. This kind of agent is reflected in the dynamic allocation of economic factors by blue firms in pursuit of profit maximization, cooperation between upstream and downstream blue firms to reduce costs, and competition and cooperation with different blue firms to improve the distribution efficiency of production factors (Graziano et al., 2022; Qi, 2024). Here, the paper continues to use the “forest and monkey” relationship to explain the following: to forage as much and as fast as possible, monkeys form a group. The monkeys in a monkey group work together to find food in the forests of different regions. Monkeys with excellent jumping ability find food from trees located far away, while monkeys with limited jumping ability find food from trees located closer. The monkeys eventually share the food found with the group. In the context of this paper, to achieve their respective profit maximization goals, blue firms will form coopetition relationships and choose products with a suitable distance based on their own resource endowments to jump. There are more jumping paths in dense forests and fewer jumping paths in sparse forests. Therefore, blue firms can realize the diversification and homogenization of blue product development. Here, the diversification and similarity of production capacities mean that the development of the blue industry in different countries will be different (Qi et al., 2020a, 2020b).




3.1.4 Development mechanism at the blue province level

A blue province is the spatial carrier of blue firms in the blue industry and provides tangible and intangible production factors for blue firms in blue product development activities (Qi et al., 2020a, 2020b; Kong et al., 2021; Graziano et al., 2022; Qi, 2024). Every province in the national blue economic system forms a blue province relevance network through the blue industry and blue firm relevance networks. Here, the paper continues to use the “forest and monkey” relationship to explain why a certain area in a forest can be compared to a province. Monkeys look for as much food as possible, or the food in a certain area will run out. The monkeys in a group with excellent jumping ability will look for food in areas that are far away, while those with limited jumping ability can only look for food in the same area or within a relatively close range. In the context of this paper, as resource providers, blue provinces often form province relevance due to the product development activities of the blue firms to which they belong. The strength of the relevance between blue provinces depends on the number of blue firms with strong jumping ability (Qi, 2022b; Graziano et al., 2022). That is, the higher the number of blue firms with strong jumping ability is, the stronger the relevance between blue provinces and the higher the supply efficiency of resource elements. As a result, the blue province subsystem gradually evolves from disorderly to orderly in space, and the strong driving ability of the core provinces with regard to related blue firms and blue industries affects the overall development of the blue province subsystem.





3.2 Cross-level development mechanism of the national blue economic system

Hidalgo et al. (2007) posit that industries are drawn in a single-level product space through different colors of product nodes. That is, products and industries belong to the same level of a network structure. Therefore, the interactions between blue products (blue industries), blue firms, and blue provinces can be refined into logical relationships between layers to explain the development mechanism involved.



3.2.1 Development mechanism at the blue product-blue firm level

As the main actors in blue product development, blue firms determine the form and efficiency of resource allocation (Qi et al., 2020a; Qi, 2024). The development mechanism between the two involves finding the blue products with the most export potential and enabling blue firms to obtain certain economic benefits (Qi et al., 2020a; Qi, 2022b; Graziano et al., 2022). At the same time, the product structure transformation process of blue firms involves switching from simple to complex blue products, and Hidalgo et al. (2007) believe that this process will be affected by the product spatial network structure. To verify the influence of the structure on products, a product density index has been proposed.1 It is believed that firms are more inclined to produce products with high levels of similarity and density (Hidalgo et al., 2007). Therefore, the essence of the development mechanism at the blue product-blue firm level is to find the interlayer relevance between the blue product subsystem and blue firm subsystem while achieving these goals.




3.2.2 Development mechanism at the blue firm-blue province level

As a geographic spatial carrier that provides blue firms with production factors and ecological measures, a blue province improves the efficiency of the flow of natural resources, labor, knowledge and technology among blue firms to a certain extent. In turn, this flow efficiency enhances the economic vitality among blue provinces (Qi, 2024). Admittedly, this kind of mobility may cause blue firms in multiple blue provinces to overlap to different degrees, causing competition and cooperation among blue firms (Gnyawali et al., 2016) This behavior has a certain interaction relevance with the development level of the blue economy in each province. Although it is very important to shape and gain the competitive advantage of provinces, to avoid vicious competition among blue provinces, a country can play an active role in resource integration in the competition among blue provinces (Qi et al., 2020a; Qi, 2022b). Therefore, the development mechanism at the blue firm-blue province level determines the interlayer relevance between the blue firm subsystem and blue province subsystem, which have obvious interactions, have their own economic characteristics, and bring strong factor agglomeration, all revitalizing the economic vitality of related provinces.




3.2.3 Development mechanism at the blue industry-blue province level

As a basic element of the operation of the blue economy in each province, the blue industry is related to the blue product development behavior of blue firms at the mesolevel and the supply behavior of production factors of blue provinces at the macrolevel (Qi, 2022b, 2024). The blue provinces are the regional spatial carriers of blue economic activities in various countries. This kind of province-related structure is also a reflection of the export trade structure of blue industries and their products in different countries at the regional level (Bronnmann et al., 2020; Qi, 2022b; Graziano et al., 2022). Notably, due to the constraints of objective conditions, blue firms are limited in their ability to promote the upgrading of blue industries (Qi et al., 2020a). Specifically, at the industrial level, the policy or market environment may prompt a number of firms to unite to jointly promote industrial upgrading; while at the firm level, a single firm is often subject to its own resources, technology and market constraints, and it is difficult to achieve the upgrading of the entire industry alone. According to the evolutionary theory of comparative advantage, the direction of blue industry upgrading involves a leap from the existing blue industry to the blue industry at the optimal distance (Qi et al., 2020a, 2020b). Therefore, through this process, provincial policy-makers need to formulate realistic blue industry upgrading targets based on objective conditions; otherwise, the “disconnection” risk of industrial upgrading will result. For example,  ,  ,   and   represent the price, cost, profit and extent, respectively, of industrial upgrading from industry i to industry j in Figure 2. If a firm can only jump optimal distance   in industry i but the province where the firm is located requires the firm to jump to  , a disconnection in industrial upgrading will result (Zhang, 2008).




Figure 2 | Disconnection in industrial upgrading. Source: Zhang (2008).








4 Informing the development of the blue economy in practice

To make our framework more convincing, the paper takes China as an example. As the world’s second largest economy, with more than 6,500 maritime islands and a coastline of 32,000 kilometers, China shares maritime borders with Japan, South Korea, North Korea, Malaysia, the Philippines, Brunei, Indonesia, and Vietnam (Wang and Wang, 2019). Such a long coastline and advantageous geographic location make it the fastest growing economy in the world with abundant marine resources and vast marine territories (Wang et al., 2018). China attaches great importance to blue economic development. With the continuous improvement in China’s public transportation infrastructure, its blue economic hinterland has gradually expanded, and its influence has expanded to more inland areas, forming a kind of “sea-land synergy” for blue economic development (Ren et al., 2018).



4.1 Single-level practical guidance of China’s blue economic system



4.1.1 Practical guidance at the blue industry level

Figure 3 enables us to conduct an industry-level analysis to identify blue industries with good export potential. Figure 3 shows that from 2001 to 2017, the top three industries with the most blue industry exports in China were coastal manufacturing, shipping and transport, and the marine chemical industry, while the bottom three with the least exports were seabed mining, the marine salt industry, and marine agroforestry. Thus, coastal manufacturing is a pillar industry at the blue industry level in China. Due to the existence of the industry relevance effect, coastal manufacturing invests more production factors in shipping and transport and the marine chemical industry. Additionally, the degree of relevance between the two is high  (Abouarghoub and Haider, 2019), which makes the coastal manufacturing of both industries have a strong driving effect, brings more growth space for China’s blue economy, and enables China to formulate blue industrial policies in a targeted manner. However, due to the limitations of resources, technologies and capabilities (Qi et al., 2020a, 2020b), the development of seabed mining, the marine salt industry, and marine agroforestry cannot provide sufficient impetus for the growth of China’s blue economy. In the future, China can formulate policies to adjust the investment in these industries.




Figure 3 | Exports of eight blue industries from 2001 to 2017.






4.1.2 Practical guidance at the blue product level

To better illustrate our point of view, four product categories are selected from fisheries and aquaculture, including “fish, prepared or preserved, nes” (0371), “crustaceans and mollusks, prepared or prepared, nes” (0372), “bones, ivory, horns, coral, shells and similar products” (2919), and “pearls, not mounted, set or strung” (6671). In Figure 4, “fish, prepared or preserved, nes” (0371), “crustaceans and mollusks, prepared or prepared, nes” (0372), and “bones, ivory, horns, coral, shells and similar products” (2919) have always had a comparative advantage in the international market (i.e., the value of revealed comparative advantage (RCA) is above 1),2 while “pearls, not mounted, set or strung” (6671) had a comparative advantage only in the 2004-2012 period. Moreover, as the development trend of blue products, their comparative advantages in the international market are gradually reduced, which indicates that China needs to invest resources to improve the international competitive advantage of some products and enhance their competitiveness and resilience against risks. At the same time, these measures are bound to increase the comparative advantage of related products, including “fish, fresh or chilled, excluding fillet” (0341), “fish, frozen, excluding fillets” (0342), “fish fillets, fresh or chilled” (0343), “fish fillets, frozen” (0344), and “fish, dried, salted or in brine; smoked fish” (0350). However, due to the weak comparative advantage of “pearls, not mounted, set or strung” (6671), China can devote relevant resources to supporting the production and export activities of the other three blue product categories. That is, if Chinese policy-makers and stakeholders formulate reasonable policies to promote the reallocation of these blue product resources and exert technological spillover effects on the industry, it is very possible that the country will realize the transformation and upgrading of fisheries and aquaculture (Qi et al., 2020b).




Figure 4 | Changes in the RCA of 4 selected blue product categories in China from 2001 to 2017.






4.1.3 Practical guidance at the blue firm level

To illustrate our point of view, based on the 23 firms shown in Table 1, based on the “National Enterprise Credit Information Publicity System of China” and the operation information obtained from some firms’ websites, the affiliation of 116 blue products and these blue firms was determined.3 Then, the paper associated firms that export two or more blue products at the same time to form a network, as shown in Figure 5.4 In this network, “Penglai Huiyang Foodstuff Co., Ltd.” (SD13) is located at the core of the network, the rest of the firms are distributed around it, and there is a strong connection between these blue firms. These firms are located in different provinces, indicating that the same blue product market in a region is large, the blue economy is highly active, and the level of blue resource dependence is high. The relevance between different blue products is connected by a small number of blue firms with diversified operations, which also makes the resources of different blue firms more complementary (Qi, 2024). Chinese policy-makers can appropriately allocate resources to blue firms in fisheries and aquaculture based on this related information to revitalize the business vitality of these firms.


Table 1 | The correspondence between firm codes and their details.






Figure 5 | The network formed by 23 selected blue firms in China’s fisheries and aquaculture in 2017.






4.1.4 Practical guidance at the blue province level

Figure 6 is the provincial-level network constructed based on Figure 5. It clearly shows that Shandong and Guangdong are at the core of the network and have the strongest ability to drive industries in other provinces, while Shanghai, Liaoning, Jiangsu, Anhui, Tianjin, Hainan, and Sichuan are located around the network and support the development of core nodes. In terms of the spatial structure, this “core-periphery” structure demonstrates China’s “sea-land synergy” development model. That is, most of the coastal provinces are located at the core of the network, and most of the inland provinces are located at the periphery of the network. In terms of geographic space, from the original single-core development model to a multicore joint development structure, the relevant blue provinces and their surrounding blue provinces have risen to become regions with relatively developed blue economies (Liu et al., 2022). In other words, as a result of the network relevance between blue provinces, each provincial node is no longer limited to obtaining resources from a few key provinces. Rather, it can obtain the required resources from all associated nodes in the network as a whole. The complementarity among the nodes in the provincial network enables their related urban agglomerations to avoid the instability of local association (Zhao, 2011).




Figure 6 | The network of China’s blue provinces in 2017 based on Figure 5.







4.2 Cross-level practical guidance of China’s blue economic system



4.2.1 Practical guidance at the blue product-blue firm level

Figure 7, which was constructed by Qi et al. (2020a), shows that among all blue products exported by a firm, those with the greatest growth potential are those closest to products with RCA>1 in the product space. This finding provides more information for the further analysis of the development of Chinese blue firms, that is, which blue firms have the most advanced production capacity for blue products (Qi et al., 2020a). This improved product space map shows that China has RCAs in the exporting of products from only 84 firms (e.g., “Ningbo Today Food Co., Ltd.”, “Tianjin Products & Energy Resources Development Co., Ltd.”, “China Shipbuilding & Offshore International Co., Ltd.”) and for only 22 blue products (e.g., “fish fillets, frozen”, “lifting, handling, loading machinery, telphers and conveyors”, “ships, boats and other vessels”). China can formulate relevant policies to support these firms in producing and exporting blue products with high similarity. This two-tier network of blue product-blue firms can map the improved blue product space of a country and multiple firms and be used to analyze how to maximize the blue product development diversity of a country and its firms, improve the potential blue product production capacity, and further study the geographic distribution characteristics of blue product development.




Figure 7 | The improved product space map of China and its firms in 2012. Source: Qi et al. (2020a).






4.2.2 Practical guidance at the blue firm-blue province level

Table 2 shows the regional affiliation based on the information of 84 blue firms with competitive advantages in China in 2012 in Figure 7 and further elevates the relevance from the firm level to the provincial level. To further study the relationship between the number of blue firms belonging to blue provinces and their GDP, Figure 8 analyzes the correlation between the GDP of 17 provinces in China and the number of blue firms in 2012. There is a positive correlation between the two, indicating that richer blue provinces in China are more likely to have more blue firms with international competitiveness. This relationship also explains the differences in the development direction of the blue economy among provinces. That is, compared with inland blue provinces, coastal blue provinces have excellent economic development capabilities, and correspondingly, they may have a higher production capacity for complex products. For example, the existing production capacity of coastal provinces with high GDP (e.g., Guangdong, Shandong, Shanghai, Zhejiang) means they are more inclined to develop a complex product export-led economy than other provinces. In contrast, the GDP of inland provinces (e.g., Xinjiang, Chongqing, Yunnan, Qinghai) is highly dependent on the export of raw material processing products, and these provinces are more likely to develop a raw material export-led economy.


Table 2 | Information on 84 firms with comparative advantages.






Figure 8 | Relationship between provincial GDP and the number of blue firms in 2012. Note: The figure shows that the p value is less than 1%.






4.2.3 Practical guidance at the blue industry-blue province level

Table 3 calculates the average RCA values between the 17 blue provinces and the five major blue industries in China in 2012 on the basis of Table 2, and it further elevates the relevance from the firm level to the industry level. Hainan, Qinghai, Xinjiang, and Yunnan have comparative advantages in the marine chemical industry; Anhui, Guangxi, Jiangsu, Liaoning, and Shanghai have comparative advantages in shipping and transport; and Beijing, Guangxi, Jiangsu, and Jiangxi have comparative advantages in coastal manufacturing. These findings suggest that policy-makers in relevant blue provinces can formulate policies and measures that are conducive to the development of blue industries with comparative advantages. The more complex the blue industry is, the more blue provinces with specific complex capabilities are needed to develop blue products with a certain level of complexity that can be traded in the international market (Qi, 2024). That is, blue industries and their products are usually developed by a few blue provinces with different capacity endowments that can optimize the combination of resources. Additionally, “the higher the technological complexity of interprovincial exports, the more conducive to promoting the industrial structure to evolve toward rationalization and sophistication” (Liu and Chen, 2016). Therefore, Chinese policy-makers can reform the current blue industry structure at the provincial level, further assess the export potential of blue products in the export basket, formulate targeted blue industry policies to guide technology and social investment to support the production and export of relevant blue firms, enhance their competitiveness in the international market and their ability to bear risks, and further realize the transformation and upgrading of the blue industrial structure.


Table 3 | Average RCA between the blue provinces and blue industries of China in 2012.








5 Conclusions and limitations

Which blue industries, blue products, blue firms and blue provinces should policy-makers and stakeholders in each country support through polices to actively achieve the goal of “moving from the ocean we have to the ocean we want” (IOC-UNESCO, 2021)? The analytical framework of the national blue economic system seems to be a feasible solution. It places multiple agents within a unified analytical framework for systematic research, which will help policy-makers formulate scientific and rational policy recommendations. That is, the development potential of the blue economy in different countries depends not only on their own related resources and their ability endowments but also on the interagent and cross-agent relevance structures that affect the development of the blue economy (Graziano et al., 2022). This framework enriches the connotation of comparative advantage from the perspective of multiagent relevance and expands the analytical range of current research on the blue economy. The main conclusions of this paper are as follows.

First, the paper analyzes the influence mechanism of the relevance structure between multiattribute agents of the blue economy in the national blue economic system. The national blue economic system is the main carrier of a country’s blue economic development. The blue industries, blue products, blue firms and blue provinces in the system and the relevance structure between them are the key elements that affect the development of the blue economy. The essence of its association is to form different levels of relevance structure on the basis that the blue industry and its products are close to similar industries and its products. The degree of diversification and similarity within an agent and the degree of complexity between agents characterize the allocation of blue resources and the degree of the geographic division of labor (Qi et al., 2020a; Graziano et al., 2022; Qi, 2024). The driving ability between multiple agents affects the efficiency and benefits of blue economic development.

Second, the agents in the national blue economic system will continue to change dynamically over time. Correspondingly, the single-level and cross-level relevance structure constructed by blue industries, blue products, blue firms and blue provinces will also change dynamically. This dynamic evolution is the key to explaining the differences in the achievement of blue growth performance between countries (Graziano et al., 2022). Therefore, studying the evolution of blue products, blue firms, and blue provinces in the national blue economic system and the multilayer structure evolutionary trend of their coupling make it possible to further analyze whether a country’s blue industry has been realizing industrial upgrading over time or encountering a certain “disconnection” risk in the process of industrial upgrading (Zhang, 2008). Whether blue firms maximize their production capacity over time or are limited to their existing capabilities and whether they optimize their export structure over time or are trapped in the existing structure are open questions (Qi et al., 2020a, 2020b; Qi, 2024).

Third, the paper conducts applied research on the development status of China’s blue economy. China is in an important period of building a “dual circulation” development pattern, and it is also in a critical period of realizing the transformation and upgrading of the blue economy. During this period, the high-end blue equipment manufacturing industry was taken as the development direction of industrial transformation and upgrading in the new development pattern of “dual circulation”. Although China currently does not have a comparative advantage in this field, as an important node in the production and manufacturing links of the global value chain, China currently has an excellent window of opportunity for the transformation and upgrading of its blue industry. The evolutionary theory of comparative advantage tells us that policy-makers want to take advantage of this window of opportunity. They must realize that the upgrading range and direction of blue industries are not only affected by the existing blue industrial structure but also limited by the production capacity of blue firms and the resource endowment of blue provinces. As stated by Hidalgo et al. (2007), there is an optimal distance for the industrial upgrading path, which varies from country to country. Therefore, China cannot completely rely on the blue economic development experience of other countries. Policy-makers must find the upgrading distance of the blue industry that is unique to China and determined by the technical distance between blue products in the “dual circulation” development pattern.

Fourth, there are still some limitations in the analytical framework of the national blue economic system based on the perspective of relevance theory. (i) The analytical framework of the national blue economic system is limited to export analysis and does not reflect other information on national imports or domestic production and business activities. (ii) The categories of blue industries and their products are not limited to the classifications used in this paper, and countries can choose industries and their product categories that reflect the development of their blue economy. They can then conduct a relevance analysis based on the methods presented in this paper to evaluate the extent to which selected blue industries and their products contribute to the blue economy. (iii) The network model and its index evaluation system reflecting the national blue economic system have not yet been constructed based on the theories of network science and economic complexity (Hidalgo et al., 2007; Tacchella et al., 2012; Cristelli et al., 2015; Qi, 2022a). (iv) How to capture changes in external conditions beyond products, firms, industries, and provinces through this multi-agent correlation analysis, especially given climate impacts that can alter comparative advantage, is another issue that deserves attention. Future research needs to further quantitatively analyze the diversity and similarity of interagent structures and the complexity of cross-agent structures. These limitations need to be further overcome in future studies.
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Footnotes

1Product density refers to the density of a country’s export products, which reflects the capacity endowment of products that do not yet have obvious comparative advantages. If the product density in a country’s export basket is higher, the country has more paths for product development and industrial upgrading, and the distance taken to leap to more complex products and industries is greater.

2Balassa (1965) defined RCA to evaluate the competitiveness of different products.

3The product and firm classifications of Qi (2024)  are used here.

4The situation of the joint export of one blue product between blue firms is not considered here because firms often focus on their own main products and occasionally export such product in reality, so the correlation between blue firms in this case is relatively low.
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