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The blue economy is the sustainable use of ocean resources for economic

growth, improved livelihoods, and jobs while preserving the health of the ocean

ecosystem. In order to completely address the three dimensions of

development, social, economic, and environmental in an integrated manner

from 2015 to 2030, and to shift to a sustainable development path, the United

Nations has formulated 17 global Sustainable Development Goals (SDGs), of

which SDG14 is directly associated with the blue economy, which is also an

essential material foundation for achieving other SDGs. In particular, the blue

economy with the theme of sustainable and high-quality development of the

marine economy will provide the possibility and important material guarantees

for the eradication of poverty (SDG1), the eradication of hunger (SDG2), and the

reduction of inequalities within and among countries (SDG10). In this study,

CiteSpace and VOSviewer were used to visualize and analyze the global blue

economy sustainability research field from 2006 to 2021, obtaining institutions,

countries, cited authors, cited literature, journals, keywords, and clustered

knowledge graphs. The results show that most of the blue economy

sustainable development research is independent, with less cooperation

among institutions. The research focuses on four research themes:

fundamental theory and development direction, ecological and

environmental sustainabil ity, marine development methods, and

comprehensive benefits and functions; the dynamics of the blue economy

sustainable development research field is summarized.

KEYWORDS

blue economy, sustainable development, bibliometrics, CiteSpace, VOSviewer,
research trends
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Introduction

Marine and coastal economic activities have become major

drivers supporting the global economy (McKinley, 2019). The

scientific development of marine resources to achieve a

sustainable marine economy has become the focus of world

attention (Sarker et al., 2018). In order to comprehensively

address the social, economic, and environmental dimensions

of development in an integrated manner between 2015 and 2030

(United Nations, 2015) and shift to a sustainable development

path (Sharif et al., 2019), the United Nations has developed 17

global Sustainable Development Goals (SDGs), of which SDG14

is directly associated with the ocean, which is also an important

material basis for achieving other SDGs (Lee et al., 2020). In

particular, the blue economy with the theme of sustainable and

high-quality development of the marine economy will also

provide the possibility and important material guarantees for

the eradication of poverty (SDG1), the eradication of hunger

(SDG2), and the reduction of inequalities within and among

countries (SDG10) (Hernández-Delgado, 2015; Leslie et al.,

2015). Therefore, it is crucial and urgent to promote the

transformation of the marine development model, maintain

the health of the marine ecological environment, and achieve

high-quality and sustainable development of the blue economy

(Weiand et al., 2021; Singh et al., 2021).

The concept of the blue economy was first proposed at the

United Nations Conference on Sustainable Development in 2012

(Lee et al., 2020). Subsequently, the term “blue economy”

appears frequently in national government reports and

international conferences, but its exact meaning varies from

country to country. The World Bank defined it as “the

sustainable use of ocean resources for economic growth,

improved livelihoods, and jobs while preserving the health of

ocean ecosystem” (Lee et al., 2020). The blue economy is a

socioeconomic phenomenon that emerged at a certain stage in

the evolution of marine science and technology, marine

economy, and marine culture. It is a regional economy with

the theme of marine economy and the characteristics of the

resources complementarity of marine and land, the industries

correlation of marine and land, and the coordinated

development of land and sea, and it aims to achieve Goal 14

of the 2030 Agenda for Sustainable Development, which is “to

protect and sustainably use the oceans and marine resources for

sustainable development” (United Nations Environment

Programme, 2021).

The blue economy has an important supporting role for

sustainable global economic development and has been

recognized by human society (Choudhary et al., 2021). This

area has also become a research hotspot (Surıś-Regueiro et al.,

2013). As the United Nations supports the implementation of

SDG14 (United Nations, 2020), Estes et al. argued that

monitoring marine biodiversity was an integral part of the
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sustainable growth of the blue economy (Jr. et al., 2021). An

et al. pointed out that high-quality development of the blue

economy is a realistic option for stimulating the vitality of

regional economic growth and achieving the objective of

establishing a powerful nation in the marine economy (An

et al., 2022). Crona et al. proposed the integrated management

of marine resources through collaboration in the marine sector

to achieve sustainability and equity in the use of marine

resources (Crona et al., 2021). Depellegrin et al. mentioned

that the blue economy had the potential to promote the

balanced socioeconomic development of the world’s oceans

and coastal areas (Depellegrin et al., 2022). Cziesielski et al.

proposed the development of blue natural capital to maintain

the sustainable development of marine ecosystems (Cziesielski

et al., 2021). Zhang and Wang noted that the development and

utilization of marine resources had entered a new phase

characterized by “refinement, orderliness, and high quality,”

and it had become a top priority to coordinate the relationship

among marine economy, ecology, and society (Zhang and

Wang, 2022). The growth of blue capital value is closely

related to the sustainable development of the ocean and is

also a significant indicator of the efficient use of marine

resources, ecological environmental protection, and

coordinated socioeconomic development (Fondo and Ogutu,

2021). This research used the CiteSpace and VOSviewer

scientific knowledge mapping software to visualize and

analyze the literature pertaining to the sustainable

development of the blue economy from 2006 to 2021. By

invest igat ing the global blue economy sustainable

development research dynamics and research hotspots (Rey-

Martı ́ et al., 2016), the paper aims to gain insight into the

research trends of blue economy sustainable development in

order to provide references for future research.
Materials and methods

Source of data

The blue economy is a regional economy with the theme of

marine economy and the characteristics of the resources

complementarity of marine and land, the industries

correlation of marine and land, and the coordinated

development of land and sea. Consequently, the blue economy

places a premium on the coordinated growth of marine-related

industries. The “Industrial classification for marine industries

and their related activities” (GB/T 20794-2021, 2021) classifies

marine industries into 15 categories. In addition, marine blue

carbon is an integral part of the sustainable development of the

blue economy.

Therefore, based on the Web of Science database, this

research selected the topic search of “theme” in the advanced
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search of WOS according to the research content related to the

sustainable development of the blue economy. The search

conditions were “Search term 1,” “Search term 2,” and “Search

term 3.” The full-text data of “article” and “review” categories

from 2006 to 2021 were selected, and a total of 1,452 valid

sample documents were obtained (Table 1).
Research tools

CiteSpace 5.8.R3 (64-bit) and VOSviewer 1.6.16 were used as

the research tools in this study. CiteSpace was developed by Dr.

Chao-Mei Chen, a Chinese American, who wrote the visual

analysis software based on the Java programming language

(Chen, 2006). The software is widely used for data mining and

information visualization and can be used to represent

collaborations, hotspot analysis, and evolutionary trends in a

research field by drawing information visualization maps (Chen

et al., 2012). VOSviewer is a graphical analysis tool developed by

Ludo Waltman and Nees Jan van Eck at Leiden University in the

Netherlands for analyzing literature using visualization

approaches (Eck and Waltman, 2010). The function of this

software is the visual analysis of the literature, which analyzes

a large volume of sample data with superior graphical analysis

and presentation capabilities (Sandeep-Kumar et al., 2021).

CiteSpace and VOSviewer, as visualization software for

mapping scientific knowledge, have been utilized extensively in

scientific research worldwide (Wang and Lv, 2021; Zhu

et al., 2021).
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Results and analysis

Descriptive analysis

The sample for this study consisted of 1,452 papers

published by 466 authors from 422 institutions in 162

countries and 309 subject categories (Table 2).
Published volume changes and topic
category analysis

Figure 1 illustrates the annual number of publications on

the Web of Science for research literature related to the

sustainable development of the blue economy. There was an

upward trend in the number of articles published from 2006 to

2021. The study period can be divided into the following three

phases: phase I, covering the years 2006–2011; phase II,

covering the years 2012–2016; and phase III, covering the

years 2017–present. The number of publications in the first

phase of the study in question fluctuated between 2006 and

2011, with a low of 17 articles in 2006 and a high of 35 articles

in 2009, indicating a start-up phase; from 2012 to 2016,

publication output increased and the number of articles

nearly doubled that of the previous phase, indicating that it

was the beginning phase. The total number of publications in

the third phase (1,049) is significantly higher than in the

previous two phases (135 and 268 in the first and second

phases, respectively), which was the accelerated phase. These
TABLE 1 Search terms of the database in this study.

No. Search term 1 Search term 2 Search term 3

1 Sustainable development Economy Sea/marine/ocean fishery

2 Sea/marine/ocean forestry, sea/marine/ocean agriculture

3 Marine aquatic product

4 Sea/marine/ocean oil, sea/marine/ocean gas

5 Marine mining, oceanic mineral

6 Sea/marine/ocean salt

7 Marine shipbuilding

8 Marine manufacturing

9 Sea/marine/ocean chemistry

10 Marine drug, marine biotechnology

11 Sea/marine/ocean engineering construction

12 Sea/marine/ocean electric power, sea/marine/ocean electricity

13 Desalination of seawater, seawater desalination, seawater utilization

14 Sea/marine/ocean transport, sea/marine/ocean port, sea carriage

15 Sea/marine/ocean tourism

16 Blue/sea/marine/ocean economy

17 Blue/sea/marine/ocean carbon
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findings indicate that sustainable development of the blue

economy is receiving more and more attention from scholars

and that there are an increasing number of study findings on

the subject.

In order to further analyze the research themes involved in the

field of blue economy sustainability research over the last 15 years,

the top 10 research themes have been analyzed as shown in
Frontiers in Marine Science 04
Table 3. The results show that the top 2 research themes were

“Environmental Sciences & Ecology” and “Environmental

Sciences,” with frequencies of 683 and 288, respectively, and the

last two research themes were “Geology” and “Oceanography,”

with a frequency of 100 times. It can be demonstrated that

environmental science has become the leading direction in this

field of research, providing the basis for its development. Thus,

environmental disciplines form the basis of research on the

sustainable development of the blue economy.
Three of the top 10 research themes are related to

environmental science, namely, “Environmental Sciences &

Ecology,” “Environmental Sciences,” and “Environmental

Studies,” which serve as the foundation for research on the

sustainable development of the blue economy. Other research

themes in this field include “Sciences & Technology - Other

Topics,” “Green & Sustainable Science & Technology,”
TABLE 2 Descriptive statistics of the database in this study.

Criteria Centrality

Publications 1,452

Authors 466

Institutions 422

Subject category 309

Countries 162
FIGURE 1

Distribution map of literature on sustainable development of the blue economy.
TABLE 3 The top 10 topic categories based on frequency.

No. Subject Frequency Centrality

1 Environmental Sciences & Ecology 683 0.11

2 Environmental Sciences 288 0.13

3 Sciences & Technology - Other Topics 244 0.10

4 Green & Sustainable Science & Technology 193 0.04

5 Engineering 141 0.25

6 Environmental Studies 130 0.09

7 Water Resources 129 0.02

8 Marine & Freshwater Biology 106 0.03

9 Geology 100 0.06

9 Oceanography 100 0.02
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“Engineering,” “Environmental Studies,” “Water Resources,”

“Mar ine & Freshwate r B io logy ,” “Geo logy ,” and

“Oceanography.” It illustrates the close relationship between

the sustainable development of the blue economy and water

resources protection, geographic science, oceanography, and

green sustainable technology, as well as the fact that the field

has strengthened its cross-integration with disciplines such as

environmental science, ecology, geology, engineering, water

resources, marine and freshwater biology, and oceanography

due to the advancement of science and technology over the past

15 years. This demonstrates that multidisciplinary support is

necessary for the sustainable development of the blue economy.

Moreover, the field’s extensive research has indirectly

contributed to the development of other disciplines.
Country and institutional analysis

As of 2021, the search results of the Web of Science database

showed that 162 countries had published literature related to the

sustainable development of the blue economy in the past 15

years, among which China had published the most literature

with 250 articles, accounting for 17.2%, followed by the United

States with 228 articles, accounting for 15.7%; the other two

prominent nodes were the United Kingdom and Australia with

137 articles and 118 articles. The top 10 countries in terms of the

number of publications were mostly Europe and the United

States (Table 4).

By selecting Node types as Author, time range as 2006–2021,

and Years Per Slice as 1 year, the CiteSpace was run to get the co-

occurrence knowledge map of blue economy sustainable

development research countries (Figure 2). Each node in the

graph represents a country/region, the size of the node indicates

the number of articles issued, and the number and thickness of

the connecting lines show the cooperation relationship and

closeness between countries/regions. From Figure 2, we can

see that the number of connecting lines is 605, the number of
Frontiers in Marine Science 05
nodes is 162, and the density of the cooperation network is

0.0464, thus indicating that the countries/regions in the field of

sustainable development of blue economy cooperate less with

each other.

As shown by the frequency of publications related to the

sustainable development of the blue economy from 2006 to 2021

(Table 5), the top 3 institutions in terms of the number of

publications were the Chinese Academy of Sciences, Ocean

University of China, and University of British Columbia, with

39, 27, and 12 publications, respectively. Among the institutions

with publication frequency ≥7, seven were from Australia (e.g.,

University of Wollongong), four were from China (e.g., Chinese

Academy of Sciences), four were from the USA (e.g., Stanford

University), four were from the UK (University of Glasgow, etc.),

and the rest were from France (CNRS), Italy (University of

Bologna), Canada (Dalhousie University), Portugal (University

of Aveiro), and Sweden (Stockholm University). The top 2

institutions in terms of the number of publications were

from China.
Cited author analysis

The number of citations an author receives in a relevant field

is a direct reflection of his popularity in the field and his

historical position in the field. The highly cited author often

plays a foundational and pioneering role in his or her field of

study or has achieved groundbreaking research in the

development of the field.

As shown in Table 6, the author with the highest frequency

of citations in the field of sustainable development of the blue

economy is Costanza R, with a centrality of 0.12 and 76 citations,

with an increasing trend of citations. Moreover, his study

focused more on ecological economics and ecosystem services,

and the study would contribute to achieving a balance between

ecosystems and human wellbeing (Hernández-Blanco et al.,

2022). As an accomplished scientist in the field of ecosystem
TABLE 4 The top 10 countries based on frequency.

No. Country/region Frequency Centrality

1 People’s R China 250 0.03

2 USA 228 0.50

3 England 137 0.12

4 Australia 118 0.12

5 Italy 100 0.01

6 Spain 86 0.02

7 Canada 81 0.06

8 Germany 76 0.07

9 India 64 0.05

10 Sweden 57 0.06
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TABLE 6 The top 10 cited authors based on frequency.

No. Authors Frequency Year Centrality

1 Costanza R 76 2006 0.12

2 Pauly D 66 2010 0.11

3 Bennett NJ 59 2018 0.02

3 Halpern BS 59 2007 0.04

5 Ostrom E 57 2009 0.04

6 Silver JJ 45 2018 0.05

7 Sumaila UR 43 2008 0.02

8 Berkes F 39 2007 0.04

8 Voyer M 39 2020 0.02

10 Hoegh-Guldberg O 38 2017 0.04
Frontiers in Marine Science
 06
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FIGURE 2

National co-occurrence knowledge graph.
TABLE 5 List of institutions based on frequency ≥7.

No. Institution Frequency No. Institution Frequency

1 Chinese Academy of Sciences 39 9 Plymouth Marine Laboratory 9

2 Ocean University of China 27 15 James Cook University 8

3 University of British Columbia 12 15 Beijing Normal University 8

4 University of Wollongong 10 15 Dalhousie University 8

4 The University of Queensland 10 15 University of Tasmania 8

4 French National Centre for Scientific Research (CNRS) 10 15 University Of Washington 8

4 Australian National University 10 15 University Cal SB Research 8

4 Stanford University 10 20 Duke University 7

9 The University Of Western Australia 9 20 Universidade de Aveiro 7

9 National Oceanic and Atmospheric Administration (NOAA) 9 20 University of California San Diego 7

9 Liaoning Normal University 9 20 CSIRO Oceans and Atmosphere 7

9 University of Glasgow 9 20 Stockholm University 7

9 University of Bologna 9 20 University of Plymouth 7
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sustainability research, Costanza R proposed that ecosystem

services contribute substantially to the welfare economy,

contribute to the health and sustainability of the ecological

economy, and had been widely used in the field of marine blue

economy sustainability research (Costanza et al., 2017).

The second-ranked author is Pauly D with a centrality of 0.11

and 66 citations. He specialized in watershed ecosystems and

fisheries management research, with an emphasis on the analysis

of the economic benefits of fisheries and ecological benefits of

waters associated with fisheries management, and the study would

contribute to the sustainable use of fisheries resources (Pauly and

Zeller, 2017). Other scholars with outstanding contributions, such

as Bennett NJ, had proposed the theory that formulating and

implementing systematic management strategies could facilitate

the establishment of an equitable and sustainable blue economic

order by means of inclusive management (Bennett et al., 2019).

This research has been cited 59 times. He was interested in

providing a methodology for developing policies for sustainable

oceans, bridging the gaps in the existing system. Halpern BS

focused on marine ecology, marine biology conservation, and

other directions (Halpern et al., 2013), and the research has been

cited 59 times. In conclusion, the abovementioned scholars have

jointly promoted the research process of sustainable development

of the blue economy and expanded the research content in this

field, and the research methods serve as an important point of

reference for future scholars.
Cited journal analysis

The co-citation analysis of highly cited journals is useful for

quickly locating academic journals with high recognition in

related fields, thereby aiding scholars to quickly grasp the

research hotspots in the field. The higher citation frequency,

the higher authority of the academic journal in the field , and the

higher the academic recognition of the journal. Therefore, high-

quality academic journals contribute significantly to the
Frontiers in Marine Science 07
advancement of the discipline. As shown in Table 7, from

2006 to 2021, the highest ranked journal among the cited

journals was Marine Policy; the top 10 academic journals all

had more than 240 citations in the field of blue economy

sustainability; the lowest cited among the top 10 academic

journals is Sustainability with 242 citations. It also included

the world’s top academic journals, such as Science and Nature,

with 441 and 348 cited occurrences. It shows that the above

academic journals occupy an important position in the field of

blue economy sustainable development research. Scholars can

focus on the high-quality academic findings published in these

journals, gain insight into the analysis of research hotspots, and

investigate the development dynamics.
Cited reference analysis

Co-citation can be defined as the frequency with which two

papers are simultaneously cited by other papers and can be used

to measure the similarity of the literature. In this paper, we

analyze the literature co-citation to analyze the basic knowledge

structure in the field of blue economy sustainable development

research. Literature co-citation can be used to obtain the highly

cited papers with authority.

The top 10 most cited papers are listed in Table 8. Michelle

Voyer, Jennifer J. Silver, Nathan J. Bennett, and Gordon M

Winder authored the four most-cited papers with 18, 15, 13, and

13 citations, respectively. Michelle Voyer discussed the areas of

consensus and conflict in the development of marine industries

within the blue economy (Voyer et al., 2018). Jennifer J. Silver

analyzed the role of the blue economy in a discourse power of

global environmental governance (Silver et al., 2015). Mads

Barbesgaard studied the fundamental issues of control and

access to blue economy resources in ocean development and

proposed a “win–win” solution to address climate change issues

and ensure blue growth (Barbesgaard, 2017). Eikeset AM

explained and deepened the concept of blue growth based on
TABLE 7 The top 10 cited journals based on frequency from 2006 to 2021.

No. Journal Frequency

1 Marine Policy 479

2 Science 441

3 Ocean & Coastal Management 358

4 Nature 348

5 Journal of Cleaner Production 309

6 PLoS One 301

7 PNAS 291

8 Ecological Economics 271

8 Science of the Total Environment 260

10 Sustainability 242
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previous findings to aid future generations in comprehending

blue growth (Eikeset et al., 2018).
Keywords analysis

Keywords for the sustainable
development of the blue economy

Keywords are a high-level summary of the main content and

research topic of the paper. The frequency of a keyword reflects

the number of publications related to the keyword. The higher

the keyword frequency, the more relevant the research results,

which also reflects the research hotspots in the field.

By selecting Node types as keyword and setting other

parameters as the author co-occurrence knowledge graph

parameters, CiteSpace was run to generate the keyword co-

occurrence knowledge graph (Figure 3) and the list of keyword

frequencies and their centrality (Table 9). The size of the node

corresponding to one keyword represents the frequency of the

keyword. The larger the node, the higher the frequency and

attention of the keyword. The co-word clustering analysis was

performed by VOSviewer, and “Label View” was used to display

the co-word clustering (Figure 4). The keywords are a high-level

summary of the content of the paper, so the larger nodes in Figure 3

and the larger yellow areas in Figure 4 represent research hotspots

in the field of sustainable development of the blue economy.

The research on the sustainable development of the blue

economy mainly involves marine economy, climate change,

sustainable management, and fisheries. Among these, the
Frontiers in Marine Science 08
larger nodes are management, sustainable development,

climate change, blue economy, impact, ecosystem service, etc.,

indicating that these keywords appear more frequently. As

shown in Table 8, the centrality of the keywords such as

management, sustainability, impact, conservation, and fishery

is higher, indicating that these directions have received higher

attention in the field of sustainable development of the

blue economy.
Keyword clustering of sustainable
development of the blue economy

Based on the keyword co-occurrence knowledge map

(Figure 4), CiteSpace was run to obtain the keyword clustering

knowledge map (Figure 5) and the keyword co-occurrence

network clustering table (Table 10). The clusters in Figure 5

can reflect the current status of hot issues in the field of

sustainable development of the blue economy, including “life

cycle assessment,” “marine spatial planning,” “case study,”

“fisheries management,” “blue economy,” “climate change,”

“ecosystem services,” “waste management,” “water footprint,”

“marine economy,” “reverse osmosis,” and “bio electrochemical

system” (12 cluster labels).

Based on the analysis of the co-occurrence of keyword

clusters in Figure 5 and Table 10, the research contents of the

clusters are intersecting with each other. The research on the

sustainable development of the blue economy can be categorized

into four themes—”basic theory and development direction,”

“ecological and environmental sustainability,” “marine
TABLE 8 Based on the top 10 cited articles by frequency.

No. Author Reference Journal Frequency

1 Voyer M
et al.

Shades of blue: what do competing interpretations of the Blue Economy mean for oceans governance?
(Voyer et al., 2018)

Journal of Environmental
Policy & Planning

30

2 Silver JJ
et al.

Blue Economy and Competing Discourses in International Oceans Governance (Silver et al., 2015) The Journal of
Environment &
Development

27

3 Barbesgaard
M

Blue growth: savior or ocean grabbing? (Barbesgaard, 2017) The Journal of Peasant
Studies

26

4 Eikeset AM
et al.

What is blue growth? The semantics of “Sustainable Development” of marine environments (Eikeset
et al., 2018)

Marine Policy 25

5 Cohen PJ
et al.

Securing a Just Space for Small-Scale Fisheries in the Blue Economy (Cohen et al., 2019) Frontiers in Marine
Science

23

6 Keen MR
et al.

Towards defining the Blue Economy: Practical lessons from pacific ocean governance (Keen et al.,
2018)

Marine Policy 22

6 Bennett NJ
et al.

Towards a sustainable and equitable blue economy (Bennett et al., 2019) Nature Sustainability 20

6 Winder GM
et al.

Assembling a Blue Economy moment? Geographic engagement with globalizing biological-economic
relations in multi-use marine environments (Winder and Heron, 2017)

Dialogues in Human
Geography

19

9 Geyer R
et al.

Production, use, and fate of all plastics ever made (Geyer et al., 2017) Science Advances 18

10 Bennett NJ Navigating a just and inclusive path towards sustainable oceans (Bennett, 2018) Marine Policy 16
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development methods,” and “comprehensive benefits and

functions”—which are further discussed below.

1) Basic theory and development direction research: The

statistics show that some scholars place a greater emphasis on

the theoretical research on the sustainable development of the blue

economy, as well as the exploration and forecasting of the

development path of this field. N. J. Bennett summarized the

concept of “political ecology of the ocean and coastal

environment” by reviewing the theory of sustainable

development of the blue economy (Bennett, 2019); Robert

Costanza et al. developed a systematic dynamic prediction

model related to the UN SDGs and the Sustainable Health

Index (SWI) through a detailed list of the UN SDGs (Costanza

et al., 2016); Jean-Baptiste Jouffray et al. addressed the dilemma of

rapidly increasing human demand for ocean resources and
Frontiers in Marine Science 09
proposed responses and recommendations for The Blue

Acceleration-Sustainable use and fair competition for ocean

food, matter, and space (Jouffray, 2020); Poonam Choudhary

et al. proposed a more scientific and systematic optimization and

upgrading of blue industry sectors including shipping, fisheries,

and tourism for sustainable development of the blue economy

(Choudhary et al., 2021); Camilla Novaglio et al. envisioned the

technical feasibility of a future offshore blue economy and

identified measures to achieve a more sustainable and equitable

offshore blue economy (Novaglio et al., 2022); M. Andrés pointed

out that the marine sector must design and implement inclusive

and equitable policy measures in order to achieve sustainable

development of the blue economy and the benefits it brought

(Cisneros-Montemayor et al., 2019). According to the relevant

studies, a more complete basic theoretical system and a clear
FIGURE 3

Keyword co-occurrence knowledge graph.
TABLE 9 List of keyword frequencies and their centrality.

No. Keyword Frequency Centrality

1 Management 177 0.09

2 Sustainable development 128 0.06

3 Impact 114 0.07

4 Climate change 113 0.14

5 Blue economy 106 0.06

6 Circular economy 73 0.01

7 Ecosystem service 68 0.02

8 Conservation 64 0.07

9 Fishery 61 0.05

10 Sustainability 52 0.08
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development direction have been established in the field of blue

economy sustainable development research.

2) Research on marine ecological and environmental

protection: Statistically, researchers in the field of blue economy

sustainability focus on keywords such as “waste management,”

“circular economy,” “climate change,” and “seawater

desalination.” For example, M. Hong and E. Y. X. Chen

proposed the development of recyclable chemical polymers as a

more sustainable solution to the potential unpredictable
Frontiers in Marine Science 10
environmental problems associated with the degradation of

synthetic polymers in the ocean (Hong and Chen, 2017). By

analyzing the case of chitin extraction from shellfish waste,

Roberto Nisticò pointed out that the reuse of aquatic biological

waste is one of the effective measures to cope with sustainable

development (Nisticò, 2017); Cao et al. proposed the

establishment of a sustainable aquaculture industry with

scientific planning of the use of aquaculture waste so that

aquaculture stocking density and pollution load are below
FIGURE 4

Keyword hotspot analysis knowledge graph.
FIGURE 5

Knowledge graph of keyword clusters.
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environmental capacity, by analyzing the negative impact of

aquaculture waste on the environment and the traditional

methods of aquaculture waste treatment (Cao et al., 2007);

Argyris Panagopoulos proposed two zero liquid discharge

(ZLD) systems to effectively address the potential environmental

threat of brine discharge from desalination plants (Panagopoulos,

2021); Á. F. Gambıń and E. Angelats pointed out that the

assessment of water quality is key to the protection of marine

ecosystems and reviewed and classified the existing methods and

techniques for water quality monitoring (Gambıń et al., 2021); S.

Merlo and X. G. Durany discussed the progress of research and

application ofmicroalgae as a biofuel and analyzed the potential of

marine microalgae as an alternative to fossil fuels with the aim of

reducing greenhouse gas emissions (Merlo et al., 2021). From

relevant studies, it can be concluded that marine ecological and

environmental protection is an important part of the sustainable

development of the blue economy.

3) Research on marine development methods: Statistically,

researchers working on this topic have focused on the keywords

“ecosystem services,” “marine economy,” “marine resources,”

and “sustainable development” in order to establish a sustainable

and equitable approach to ocean development. In the course of

their research, H. Y. Tian, D. B. Lindenmayer, and G. T. W.

Wong developed a methodological framework for assessing the

level of coastal development and natural resource exploitation in

response to the difficulty of striking a balance between economic

growth and environmental protection when developing and

managing coastal waters (Tian et al., 2018); Huanhuan Rao

et al. established the marine ecological damage compensation

(MEDC) criteria related to ecosystem services by analyzing the

case of MEDC in Xiamen (Rao et al., 2014); K. Hassanali

investigated ways to achieve socioeconomic development of

islands and the sustainable use of coral reef biological

resources based on coral reef ecosystems using the case of the

Buku Reef Marine Park in Tobago, West Indies (Hassanali,

2013); Paula Satizábal et al. systematically analyzed the strategies
Frontiers in Marine Science 11
and results of resource management for development in the

Philippines, concluding that marine development must take into

account social justice and environmental sustainability

(Satizábal et al., 2020); W. H. Ren et al. proposed the

sustainable development of China’s blue economy with the

starting point of clean production in China’s oceans (Ren

et al., 2018); S. Sarker et al. assessed the blue economy

potential of Bangladesh and developed a regulatory framework

with a view to promoting sustainable growth of the blue

economy in Bangladesh (Sarker et al., 2018). In summary,

research in this area focuses on analyzing methods for

achieving sustainable development of the blue economy using

specific case studies.

4) Comprehensive benefits and functional studies: Marine

environmental protection, sustainable development of marine

resources, and coordinated socioeconomic development are

important features of the sustainable development of the blue

economy. In the study, scholars mostly used keywords such as

“marine tourism resources,” “blue growth,” “fisheries

management,” and “protected area.” Scholars such as A.

Phelan and Y. Okan proposed ecotourism as a way to develop

the marine economy through the use of marine natural and

cultural resources, which effectively resolves the incompatibility

of resources, environment, and socioeconomic development in

the process of marine development and utilization (Yilmaz et al.,

2013; Phelan, 2020); K. Hassanali argued that the development

of the marine park industry must be accompanied by

consideration of ecological conservation in order to facilitate

the movement of marine parks into sustainable tourism

(Cisneros-Montemayor et al., 2020). C. Hoerterer et al.

pointed out the functional role of shark resources in the

ecotourism industry, thereby promoting the social, economic,

and ecological sustainability of the industry (Hoerterer et al.,

2020); Ramiro Arcos-Aguilar et al. systematically analyzed the

economic value of the diving industry in Mexico and suggested

the development of a diving industry in marine protected areas
TABLE 10 Keyword cluster co-occurrence list.

No. Size Identify words (select the first 5) Year

0 57 Life cycle assessment, adsorption, seawater desalination, outlook, methylene blue 2016

1 51 Marine spatial planning, neoliberalism, circular economy, protected area, mixed fisheries 2014

2 50 Case study, sustainable tourism, willingness to pay, nature-based solutions, blue growth 2017

3 45 Fisheries management, Baltic sea, precautionary approach, Pakistan, North Sea 2013

4 44 Blue economy, blue growth, collective action, Pacific region, marine biotechnology 2015

5 28 Climate change, climate variability, coral reefs, vulnerability, erosion 2015

6 28 Ecosystem services, conservation, ecosystem-based management, environmental assessment, community-based conservation 2017

7 27 Waste management, microplastics, aquaculture, nanoplastics, sustainable development 2014

8 25 Water footprint, circular economy, marine protected area, deep sea mining, enforcement 2019

9 24 Marine economy, sustainable development, strategic environmental assessment, IUU fishing, marine tourism resource 2013

10 22 Reverse osmosis, challenges, resource recovery, marine litter, tropical regions 2014

12 15 Bio electrochemical system, sustainable green technology, high-pressure bioreactor, eutrophication, marine resources 2014
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where fishing is prohibited to promote the sustainable use of the

oceans (Arcos-Aguilar et al., 2021); C. M. Hall recommended

that recreational fisheries be publicized and promoted to exploit

their economic potential as well as their potential to cope with

climate and environmental change (Hall, 2021); T. Tong

proposed recommendations and countermeasures for the

marine cultural industry with a view to promoting sustainable

development of the marine economy (Tong, 2020). In summary,

on the basis of conserving the ecological environment, new

driving force for marine economic development must be

cultivated, adding “leisure,” “tourism,” and “vacation” as new

attributes. It can extend the marine industry chain, improve the

added value of the marine economy, and favorably promote the

high-quality development of the marine economy.
Analysis of research trends

Based on the change of keywords over time, we can

understand the dynamics of the blue economy sustainable

development research frontier and import the literature data

into CiteSpace to generate the knowledge map of the blue

economy sustainable development research frontier (Figure 6).

The nodes shown in the graph are all the newly appearing

keywords during the specified time period. The font size of the

keywords represents the frequency of the keywords, and the

keywords appearing before and after the keywords in the same

article will be linked by the connecting lines to generate

the graph.

As can be seen from Figure 6, from 2006 to 2009, the new

high-frequency keywords were sustainable ability, management,

conservation, sustainable development, climate change, etc.,

indicating that the sustainable development of the blue

economy at this stage has attracted the attention of scholars
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worldwide. From 2009 to 2014, the new keywords with high

frequency included impact, fishery, aquaculture, renewable

energy, environmental impact, consumption, biodiversity,

protected area, tourism, etc., indicating that the impact of

marine industry development on marine ecosystems (e.g.,

marine ecosystem, biodiversity) and the solutions to these

problems are hotspots for global scholars’ research during this

period. From 2015 to 2021, the new keywords with high

frequency were resilience, waste water, blue growth, marine

policy, carbon, CO2, variability, etc., indicating that the

sustainable development model of the blue economy (circular

economy, etc.) and its solutions (carbon neutrality, government

management, etc.) have become the focus of global scholars in

recent years.

Keywords with the strongest citation bursts are those that

appear multiple times or are used with high frequency in a short

period of time, and the change in burst frequency reflects the

evolutionary trend of research hotspots in the field. As can be

seen from Figure 7, the emergent term was “ecosystem” from

2008 to 2018. For instance, Glenn-Marie Lange and others

discussed research on marine biological resource conservation

and sustainable economic development, highlighting the marine

economy’s reliance on ecosystems (Lange and Jiddawi, 2009).

The emergent term for the period 2011–2012 was “sustainable

development,” such as W. M. Kaczynski who proposed that

human society should develop the ocean in a sustainable manner

(Kaczynski, 2011). The term “political economy” emerged

during 2012–2016, such as Paul Foley et al. who analyzed the

new politics of transnational sustainability governance in the

fisheries sector and the political economy of Marine Stewardship

Council certification using the case of the offshore shrimp

industry in Newfoundland and Labrador (Foley, 2012; Foley

and Havice, 2016). The emergent term for 2013–2019 was

“service”; for example, Marco Custódio argued the application
FIGURE 6

The research frontier time series knowledge graph.
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of ecosystem services to the aquaculture industry for sustainable

development (Custódio et al., 2019), and Helen Ross proposed

the maintenance of marine ecosystem services in Asia-Pacific

and Oceania, which required community and government

collaboration (HelenRoss et al., 2019). The emergent terms were

“economics” and “marine protected area” during 2014–2019, such

as Andrew Rylance who investigated the economic value of

tourism contributions to marine protected areas in Mozambique

(Rylance, 2016) and Niels Jobstvogt who assessed the value of

ecosystem cultural services at marine sites in the UK (Jobstvogt

et al., 2014). The emergent term for 2014–2017 was “climate

change,” such as E.A. Hernández-Delgado who pointed out that

climate change has become a new threat to tropical coastal

ecosystem services (Hernández-Delgado, 2015). The emergent

term for the period 2015–2016 was “environmental impact”; e.g.,

Wu Chin-Cheng analyzed the vulnerability of the southwest coast

of Taiwan to climate change impacts (Wu, 2016). Scholars such as

R. J. H. Herbert addressed the issue of the potential environmental

impacts of oyster farming and formulated guidelines to meet the

multiple interests of the parties involved with a view to promoting

sustainable development (Herbert et al., 2016). The emergent term

for the period 2015–2018 was “heavy metal”; e.g., Kayil Veedu

Ajayan et al. studied the ecological remediation potential of

microalgae to reduce the pollution load of heavy metals in the

environment (Ajayan et al., 2015). Francesco Todaro et al.

evaluated the effectiveness of two solutions as remediation

options for marine sediments subjected to heavy metals, etc.

(Todaro et al., 2018). The emergent word for the period 2016–

2019 was “resilience,” such as Shaikh Mohammad Kais et al. who

studied climate vulnerability and resilience in Bangladesh for the

case of shrimp aquaculture in the region (Kais and SaidulIslam,

2018). Jasper Hessel Heslinga et al. studied the potential
Frontiers in Marine Science 13
contribution of tourism to building socioecological resilience in

the Wadden region of the Netherlands (Heslinga et al., 2016). The

emergence rate of “optimization” and “methylene blue” has

continued until now, which can indicate that the two keywords

are the current research hotspots in the field of sustainable

development of the blue economy; for example, Chinglong Shao

et al. discussed the optimization of China’s marine industry and its

linkage with marine economic growth and technological

innovation (Shao et al., 2021) and Mukherjee et al. proposed

purification solutions for the degradation of methylene blue

solution in sewage and recycling of sewage after treatment with

the aim of reducing pollution emissions (Mukherjee et al., 2021).
Conclusion and outlook

With the deepening of human development of the ocean,

research on the sustainable development of the blue economy

has attracted great attention from human society. In order to

understand the research progress in the direction of sustainable

development of the blue economy, this paper uses bibliometric

software to organize and analyze the literature in this field, and

the conclusions are as follows.

First, in terms of the number of publications, the research

literature in the field of blue economy sustainable development is

increasing annually, and the research on blue economy

sustainable development is becoming more and more popular.

Second, from the theme of the publication, the field of

sustainable development of the blue economy is mainly based

on environmental science, and the disciplines involved include

geology, engineering, water resources, marine and freshwater

biology, oceanography, etc., indicating that sustainable
FIGURE 7

The knowledge graph of keywords with the strongest citation bursts.
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development of the blue economy is a system engineering and

requires multidisciplinary scientific and technological support,

while the research in this field also promotes the development of

related disciplinary fields.

Third, from the perspective of high-producing institutions,

there is a significant disparity in the volume of publications

between institutions, and the majority of institutions conduct

research independently, with little collaboration with other

institutions. This is mainly because each research institution

focuses solely on the professional field in which it excels, with a

high degree of specialization in research issues, but lacks research

on global and systematic issues. The development of the blue

economy involves marine aquaculture, marine ship engineering

and transportation, marine energy exploitation, marine tourism,

sea salt industry, etc., which requires multidisciplinary cross-

fertilization; consequently, we must encourage the cooperation

of research institutions in the future to promote the development

of the marine circular economy.

Fourth, in terms of research fields and the amount of

publications among countries, relevant research in the field of

blue economy sustainable development is mainly published in

journals in the fields of ocean, environment, and sustainable

development. There are more relevant scientific research results

from China, the United States, the United Kingdom, Australia, and

other European coastal countries, indicating that the

abovementioned countries have placed a premium on the research

on the sustainable development of the blue economy since 2006.

Fifth, from the development trend of research hotspots, the

research on the blue economy has shifted from attracting global

attention to the research on the impact of the development of

ocean-related industries on marine ecosystems, to the current

research on sustainable development models (circular economy,

etc.) and solutions (carbon neutrality, government management,

etc.) of the blue economy, indicating that achieving the goal of

sustainable development of the blue economy is the current

global consensus.

This study provides a preliminary analysis of the

development dynamics in the field of blue economy

sustainable development and also provides reference materials

for future research. However, since the sample data of this study

are only from the Web of Science core database, there is a risk of

insufficient literature inclusion, and in future studies, we will

consider combining relevant literature from other databases for

analysis, so as to better comprehend the development trend of

blue economy sustainable development research.
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Cruz, A. L., and Aburto‐Oropeza, O. (2021). Diving tourism in Mexico – economic
and conservation importance. Mar. Policy 126, 104410. doi: 10.1016/
j.marpol.2021.104410

Barbesgaard, M. (2017). Blue growth: savior or ocean grabbing? J. Peasant Stud.
45 (3), 1–20. doi: 10.1080/03066150.2017.1377186

Bennett, N. J. (2018). Navigating a just and inclusive path towards sustainable
oceans. Mar. Policy 97, 139–146. doi: 10.1016/j.marpol.2018.06.001

Bennett, N. J. (2019). In political seas: Engaging with political ecology in the
ocean and coastal environment. Coast. Manage. 47 (1), 1–21. doi: 10.1080/
08920753.2019.1540905

Bennett, N. J., Cisneros‐Montemayor, A. M., Blythe, J. L., Silver, J. J., Singh, G.
G., Andrews, N., et al. (2019). Towards a sustainable and equitable blue economy.
Nat. Sustain 2, 991–993. doi: 10.1038/s41893-019-0404-1

Cao, L., Wang, W., Yang, Y., Yang, C., Yuan, , Xiong, Z. S, et al. (2007).
Environmental impact of aquaculture and countermeasures to aquaculture
pollution in China. Environ. Sci. Pollut. Res. 14 (7), 452–462. doi: 10.1065/
espr2007.05.426

Chen, C. (2006). Citespace II: Detecting and visualizing emerging trends and
transient patterns in scientific literature. J. Am. Soc. Inf. Sci. Technol. 3 57, 359–377.
doi: 10.1002/asi.20317

Chen, C., Hu, Z., Liu, S., and Tseng, H. (2012). Emerging trends and new
developments in regenerative medicine: a scientometric update 2000 - 2014).
Expert Opin. Biol. Ther. 12 (5), 593–608. doi: 10.1517/14712598.2012.674507

Choudhary, P., Khade, M., Savant, S., Musale, A. S., Chelliah, M. S., Dasgupta, S.,
et al. (2021). Empowering blue economy: From underrated ecosystem to
sustainable industry. J. Environ. Manage. 291, 112697. doi: 10.1016/
j.jenvman.2021.112697

Cisneros-Montemayor, A. M., Becerril-Garcıá, E. E., Berdeja-Zavala, O., and
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Cisneros-Montemayor, A., Moreno-Báez, M., Voyer, M., Allison, E. H., Cheung,
W. W., Hessing‐Lewis, M., et al. (2019). Social equity and benefits as the nexus of a
transformative blue economy: A sectoral review of implications. Mar. Policy 109,
103702. doi: 10.1016/j.marpol.2019.103702

Cohen, P. J., Allison, E. H., Andrew, N. L., Cinner, J. E., Evans, L., Fabinyi, M.,
et al. (2019). Securing a just space for small-scale fisheries in the blue economy.
Front. Mar. Sci. 6, 171. doi: 10.3389/fmars.2019.00171

Costanza, R., Daly, L., Fioramonti, L., Giovannini, E., Kubiszewski, I.,
Mortensen, L. F., et al. (2016). Modelling and measuring sustainable wellbeing in
connection with the UN sustainable development goals. Ecol. Econom 130, 350–
355. doi: 10.1016/j.ecolecon.2016.07.009

Costanza, R., Groot, R. D., Braat, L. C., Kubiszewski, I., Fioramonti, L., Sutton, P.
C., et al. (2017). Twenty years of ecosystem services: How far have we come and
how far do we still need to go? Ecosystem Serv. 28, 1–16. doi: 10.1016/
j.ecoser.2017.09.008

Crona, B., Wassénius, E., Lillepold, K., Watson, R. A., Selig, E. R., Hicks, C. C.,
et al. (2021). Sharing the seas: a review and analysis of ocean sector interactions.
Environ. Res. Lett. 06 (16), 063005. doi: 10.1088/1748-9326/ac02ed
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