
Frontiers in Marine Science

OPEN ACCESS

EDITED BY

Xuemei Li,
Ocean University of China, China

REVIEWED BY

Yen-Chiang Chang,
Dalian Maritime University, China
Chao Liu,
Ministry of Natural Resources, China
Yue Jin,
Ningbo University, China

*CORRESPONDENCE

Xianzhe Cai

20240097@zjou.edu.cn

RECEIVED 16 June 2025

ACCEPTED 11 September 2025
PUBLISHED 30 September 2025

CITATION

Li F, Gao H, Qi D, Qi P, He Y and Cai X (2025)
Spatiotemporal differentiation and prediction
analysis of China’s marine fishery scientific
and technological innovation level.
Front. Mar. Sci. 12:1647837.
doi: 10.3389/fmars.2025.1647837

COPYRIGHT

© 2025 Li, Gao, Qi, Qi, He and Cai. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 30 September 2025

DOI 10.3389/fmars.2025.1647837
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and Xianzhe Cai1*

1School of Economics and Management, Zhejiang Ocean University, Zhoushan, China, 2School of
Management, Ocean University of China, Qingdao, China, 3National Engineering Research Center For
Marine Aquaculture, Zhejiang Ocean University, Zhoushan, China
Marine fisheries scientific and technological innovation level (MFSTIL) drives the

modernization and sustainability of China’s fisheries. Based on the panel data of

11 coastal provinces and cities in China from 2011 to 2022, the article used the

entropy weight-TOPSIS method, spatial econometric model (Standard Deviation

Ellipse), Dagum Gini coefficient, Markov modified grey prediction model and

other methods to analyze the spatiotemporal differentiation of China’s MFSTIL

and its future development trend. The results show that: (1) China’s MFSTIL was

generally good and grew steadily year by year from 2011 to 2022, but regional

development was uneven; (2) The temporal evolution of MFSTIL has a sequence

of “slow rise-rapid rise-steady rise”, and the differentials between regions also

fluctuate upward; (3) The spatial pattern of MFSTIL is uneven in distribution, and

there are “lagging areas” in the three major marine economic zones; in terms of

evolution, it has the dynamic equilibrium characteristics of “northeast-

southwest”, and the center of gravity of the standard deviation ellipse moves

first to the northeast and then to the southwest; (4) The overall spatial variation in

MFSTIL has increased year by year in recent years, with hyper-variance density

contributing most significantly to regional differences; (5) The MFSTIL will

maintain the growth trend of the previous 12 years in 2023-2030, and the

ranking of provinces will change slightly. The gap between the northern and

eastern regions will narrow, while their disparity with the southern region will

widen, the absolute gap between regions cannot be ignored. In this regard, the

article proposed following suggestions: (1) Implement targeted support

strategies through special funds and the construction of industry-academia-

research integration platforms to identify and empower regions lagging behind in

innovation, thereby stimulating local scientific research and innovation

capabilities; (2) Optimize the spatial layout of the three major marine

economic zones, bui ld integrated industr ial chains, and achieve
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complementary regional development; (3) Establish a dynamic monitoring and

early warning system based on big data and the Internet of Things to achieve

real-time monitoring of resources, the environment, markets, and industries,

thereby promoting sustainable and balanced development.
KEYWORDS

marine fishery, scientific and technological innovation level, spatiotemporal
differentiation, standard deviation ellipse, Dagum Gini coefficient, grey
prediction model
1 Introduction

Marine fishery is a core pillar industry of China’s maritime

power strategy, ensuring food security through its “blue food

system” function and driving growth in related industries, such as

shipbuilding and biopharmaceuticals, through technology spillover

effects. In 2024, China’s total marine production value reached

10.54 trillion yuan, with the added value of marine fisheries

amounting to 488 billion yuan, accounting for 4.62%. This makes

it China’s third-largest marine industry, behind marine tourism

industry (15.3%) and maritime transport industry (7.77%)

(Ministry of Natural Resources- PRC, 2025). However, the global

COVID-19 pandemic that occurred in 2019 had a huge impact on

the import and export of aquatic products, it has also restricted

fishermen’s operations at sea (Chang et al., 2022). The stable growth

trend that had been established in the marine fishery economy over

many years has been disrupted. After the outbreak of the epidemic,

the Ministry of Agriculture and Rural Affairs issued the “Notice on

Doing a Proper Job in Fishery Ship Management and Other Related

Matters during the Period of Pandemic Prevention and Control”

and other related policies to mitigate the damage caused by the

pandemic. Besides the pandemic, the extensive growth model has

led to a series of resource and ecological issues in marine fisheries

(Han et al., 2022; Li et al., 2023), while deficiencies such as a low-

end industrial chain, insufficient innovation capacity, and

inadequate marine resource development capabilities have

become increasingly evident (Wang and Ning, 2017; Yang and

Wang, 2024), significantly hindering the long-term growth of

marine fisheries. Science and technology are important drivers of

productivity, especially for traditional industries such as marine

fisheries. Cutting-edge technology and advanced equipment can

greatly improve production capacity and efficiency, and also

promote the sustainable development of the marine fisheries

industry (Xiao et al., 2022). In 2021, the Ministry of Agriculture

and Rural Affairs of People’s Republic of China issued “the 14th

Five-Year National Fisheries Development Plan”, which clearly

stated that fisheries development should adhere to the following

guiding principles: “ensure stable production and supply, enhance

efficiency through innovation, promote green and low-carbon

development, strengthen regulation and safety, and increase
02
fishers’ prosperity”. It emphasized that China should focus on

strengthening its independent innovation capabilities in fisheries

science and technology. By leveraging advanced technologies and

equipment of the new era, the country can improve the production

conditions of marine fisheries, enhance resource utilization rates,

and boost labor productivity, thereby further facilitating the

sustainable development of China’s marine fisheries. Therefore,

under the backdrop of building a maritime powerhouse, it is

necessary to explore the evolutionary characteristics and future

development trends of China’s marine fisheries scientific and

technological innovation level (MFSTIL) to clarify the current

status, issues, and trends in marine fisheries development. This

holds significant guiding significance for achieving high-quality

development in marine fisheries.

As the importance of the marine economy continues to grow

within the national economy, an increasing number of scholars are

turning their attention to technological innovation in the marine

fisheries sector. Currently, academic research on technological

innovation in marine fisheries primarily focuses on the following

areas. First, studies evaluating the innovative driving capacity of

marine fisheries. For example, Shen and Yu (2014) measured the

innovation-driven ability of the marine fisheries industry from an

industrial perspective, using five dimensions: “innovation

foundation, industrial cluster environment, industrial research

collaboration, and inter-industrial technology spillover effects”,

providing valuable insights for industrial development. Wang and

Ning (2017) utilized the Diamond Model, constructed an indicator

system based on five dimensions: “production factors, market

demand, industrial linkages, industrial competition, and

government orientation”, and determined the comprehensive

indicators through principal component analysis. Fu et al.

(2022b) assessed the innovation capabilities of marine fisheries in

China’s coastal regions from static and dynamic perspectives. Fu

et al. (2022a) analyzed the spatiotemporal characteristics of

innovation capabilities in marine fisheries in China’s coastal

regions, summarizing the convergence patterns in the Bohai Rim,

Yangtze River Delta, and Pearl River Delta. Second, studies on the

influencing factors of marine fisheries scientific and technological

innovation efficiency, such as Liu et al. (2022), based on measuring

the efficiency of marine fishery science and technology innovation
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in Shandong Province, used the Tobit model to identify several

factors affecting efficiency. Third, strategies and pathways for the

development of marine fisheries scientific and technological

innovation, which were first studied by Ni and Han (2009),

primarily analyzing the status and issues of marine fisheries

development at that time and proposed countermeasures for

technological development in line with the policy background of

marine fisheries modernization. Subsequently, Dong and Gao

(2010) adopted Schumpeter’s innovation theory from the

perspective of marine fisheries products, emphasizing the need for

innovation in products, including fisheries technological

innovation, by enhancing the conversion of fisheries science and

technology achievements, extending the marine fisheries industry

chain, and expanding the product system. Wang and Wang (2017)

proposed three-pronged innovation pathways for Shandong

Province ’s marine fisheries from an ecological security

perspective: scientific, technological, and industrialization

dimensions. In addition to the above studies, relevant scholars

discussed the importance of scientific and technological

innovation in marine fisheries affairs: Gorospe et al. (2016)

verified that technological innovation promotes marine fisheries

management affair. Asche and Smith (2018) took fisheries and

aquaculture as examples to illustrate that it is possible to solve

various problems caused by resource scarcity through innovation in

technology, policy, and markets. Lin et al. (2019) has verified that

scientific and technological innovation is the major element behind

the growth of the marine fisheries industry. Cromwell et al. (2025)

point out the key role that digital technology plays in the traceability

and transparency of the global fish supply chain. Some scholars

have focused on policy hotspots, incorporating green elements into

indicator systems to calculate the green innovation efficiency of

marine fisheries (Fu et al., 2022c), and further validated the spatial

spillover effects of several variables. Liu et al. (2023) also conducted

similar measurement and evaluation studies. Based on the

measurement of the MFSTIL, Feng et al. (2024) further studied

the impact of scientific and technological innovation on the high-

quality development of marine fisheries, while also verifying the

mediating effect of marine green total factor productivity and

marine industrial structure between the two. Other scholars have

begun to focus on the integration of the marine fisheries industry

chain and innovation chain (Di et al., 2024), studying the

spatiotemporal differentiation of China’s marine fisheries industry

chain and innovation chain, as well as the spatiotemporal evolution

features of the integration and symbiosis of the “dual chains”, while

also discussing the integration models and differentiated pathways

of the marine “dual chains”.

In summary, current academic research on the theory of marine

fisheries scientific and technological innovation is limited, with

most studies focusing on the measurement and evaluation of the

overall level of marine fisheries scientific and technological

innovation. The subjects primarily target coastal regions of China

or major fishing provinces such as Shandong, Guangdong and so

on, with measurement methods including the entropy value

method, entropy weight-TOPSIS method, and DEA method,

among others. Evaluation methods include the Dagum Gini
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coefficient, Tiel index, and coupling coordination degree, among

others. While existing research provides an important foundation

for this study, there is still room for improvement: first, most

existing literature adopts a holistic perspective to explore the

development of scientific and technological innovation, but lacks

relevant research from a specific perspective; second, existing

studies primarily use historical data for empirical analysis, the

spatiotemporal dynamics of marine fisheries’ scientific and

technological innovation remain insufficiently studied, and

research predicting the future trends of China’s MFSTIL also

remains underdeveloped. To address these gaps, this paper draws

on industry characteristics and realities, takes 11 coastal provinces

(autonomous regions and municipalities) in China as the research

object (China’s provincial-level administrative divisions include

provinces, autonomous regions (ethnic minority autonomous

regions), and municipalities (large cities under direct central

government jurisdiction). All three have equal legal status but

different functions), and constructs an evaluation index system to

conduct a systematic evaluation of the spatiotemporal evolution

patterns of MFSTIL and predicts its future trends. The possible

contributions of this paper are mainly reflected in the following

three aspects: (1) A comprehensive evaluation indicator system has

been established to systematically assess the spatio-temporal

characteristics of MFSTIL and conduct an in-depth analysis of its

causes, providing decision-making support for promoting the

balanced development of MFSTIL in China and worldwide; (2)

Predictions of the future trends of MFSTIL reveal the pace and

effectiveness of development in different regions, offering insights

for the formulation of personalized policies; (3) An improved

prediction model based on traditional gray theory, combined with

Markov prediction methods, has been developed to correct

residuals. Compared to other basic models, this model

demonstrates higher accuracy and adaptability, providing

methodological references for other studies.
2 Methods and data

2.1 Constructing the evaluation indicator
system

Based on the unique characteristics and current development

status of the marine fisheries industry, and drawing on existing

evaluation indicator systems for scientific and technological

innovation levels (Fu et al., 2022b; Feng et al., 2024), the study

constructs an evaluation index system for the level of marine

fisheries scientific and technological innovation based on three

dimensions: scientific and technological innovation input, output,

and environment, selecting 19 tertiary indicators. The index system

were shown in Table 1.

First, scientific and technological innovation input. Referring to

the classic Cobb-Douglas production function theory (Cobb and

Douglas, 1928), all outputs originate from factor inputs, and

scientific and technological innovation activities are no exception.

This study defines investment in scientific and technological
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TABLE 1 Evaluation index system for the MFSTIL.
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innovation as the core elements, such as human, financial, and

material resources, that must be allocated to promote innovation

activities. These elements are not used to measure the broad scale of

an industry, but rather serve as the direct driving force and

fundamental guarantee for innovation activities. The scale and

efficiency of their allocation determine the upper limit of

innovation potential. In innovation theory, people are the carriers

of knowledge and skills and the core subjects of innovation

activities. The overall scale and structure of the employees

constitute the knowledge base and talent pool for innovation,

while R&D personnel represent the core force directly engaged in

creative activities. Marine fishery technology research and

development and promotion activities, especially basic and

cutting-edge research, are characterized by high risk and long

cycles. Therefore, substantial capital investment is necessary in

the early stages of scientific and technological innovation

activities to provide the material support needed to sustain these

activities. Marine fisheries constitute a vital sector within the

aquaculture industry, and their production technologies overlap

to some extent with those of conventional aquaculture industries.

Updates in aquaculture technologies play a significant role in

promoting technological innovation and research activities in

marine fisheries. So the promotion organazition of aquaculture

technologies substantially elevates the comprehensive innovation

ability in the marine fisheries sector. Therefore, this study selects

marine fisheries employees, the number of marine fisheries R&D

personnel, the number of fishermen trained in technical skills,

internal expenditure on marine fisheries R&D funding, aquatic

technology promotion funds, and the number of aquaculture

technology promotion agencies to measure the innovation

investment in marine fisheries.

Second, scientific and technological innovation outputs

represent direct results formed after a series of transformations of

innovation investments. It is the key to measuring the effectiveness

and capacity of innovation activities. According to Schumpeter’s

innovation theory, the essence of innovation is to introduce new

production factors and production conditions into the production

system. This study quantifies marine fisheries innovation outputs

using three key dimensions: economic output, intellectual output,

and material/technological output. Economic output refers to the

economic benefits achieved by the marine fisheries industry

through the empowerment of scientific and technological

innovation, and it is also the ultimate goal of scientific and

technological innovation activities. Intellectual output refers to

various types of knowledge outputs obtained by marine fisheries

research entities in scientific research, such as patents, research

projects. These achievements are distinct from the core

characteristics of general production activities. Material and

technical output refers to various types of related production

technologies and equipment developed by marine fisheries

research institutions and enterprises, which can improve

production efficiency and enhance industrial performance. These

achievements are a comprehensive reflection of the effectiveness of

technology application. Therefore, this paper selects marine

fisheries output value, per capita output value of marine fisheries,
Frontiers in Marine Science 05
the number of marine fishery patents granted, the number of

marine fisheries R&D projects, the degree of mechanization in

marine fisheries, and the intensification of marine aquaculture to

measure the output of marine fisheries scientific and

technological innovation.

Third, scientific and technological innovation environment

reflects the institutional and infrastructural support systems that

enable and sustain innovation activities in the studied regions,

functioning as a critical external driver that facilitates continuous

innovation and technological advancement in the industry. For an

industry, important environmental factors include the economic

environment, policy environment, industrial structure

environment, cultural environment, foreign trade environment

and green ecological environment. The economic environment is

measured by GDP across regions, which indicates a region’s

capacity to invest in R&D and absorb technological risks, as

higher GDP areas tend to have stronger industrial ecosystems

that nurture innovation. The policy environment is a crucial

support for scientific and technological innovation activities.

Specifically, for technological innovation in an industry, policies

such as preferential tax policies for technology introduction can

often greatly enhance the industry’s innovation capabilities (Wu

and Zhong, 2020). The industrial structure environment is

measured by the proportion of marine fisheries within the

broader fisheries sector. It reflects the importance of marine

fisheries in various regions, highlighting regional specialization

and potential for innovation clustering. The education

environment is assessed by the number of personnel with

bachelor’s degrees or higher in aquatic product promotion

institutions across regions, which can to some extent reflect the

quantity and cultural literacy level of marine fisheries talent. The

foreign trade environment can exposes regional industries to global

technological spillovers and effectively stimulate their competitive

vitality, explore market opportunities, facilitate the introduction,

transfer, and innovation of advanced technologies, and promote

industrial upgrading (Sheng, 2018; Wang et al., 2020). The green

ecological environment is measured by wastewater discharges and

the number of marine-type nature reserves. It reflects both the

ecological burden imposed by human activities and the institutional

efforts dedicated to environmental conservation. A sound ecological

environment not only safeguards the natural foundations of marine

fishery development, but also stimulates green technological

transformation by imposing stricter environmental constraints

and fostering demand for cleaner production, eco-friendly

aquaculture, and sustainable innovation pathways (Jiang and Sun,

2025). Regions with more comprehensive marine ecological

protections are more likely to support long-term innovation in

environmentally sustainable fisheries technologies. Therefore, this

paper selects regional GDP, government financial support, the

proportion of marine fisheries in total fishery output value, the

number of higher-educated personnel (bachelor’s degree or above)

in aquatic technology promotion institutions, foreign trade

competitiveness, wastewater discharge volume and the number of

marine-type nature reserves to measure the marine fisheries

scientific and technological innovation environment.
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2.2 Research methods

2.2.1 Entropy weight-TOPSIS method
The entropy weight-TOPSIS method is a multi-attribute decision-

making method that combines the entropy value method with the

TOPSIS method and is widely applied in the calculation of multi-

indicator evaluation systems (Gao et al., 2024; Erxin and Ying, 2025;

Sha et al., 2025). When an evaluation system consists of multiple

indicators, it is often challenging to integrate them due to differences in

units of measurement and magnitude (Jin et al., 2024). Therefore, this

paper first standardizes the original panel data, then uses the entropy

method to calculate the weights of each indicator based on the panel

data, and finally employs the euclidean distancemethod to calculate the

relative proximity of each evaluation object to the ideal state, thereby

determining the level of marine fisheries scientific and technological

innovation for each sample region. The detailed calculation process can

be seen as follows:

Step 1: Data standardization:

Let Xij denote a certain evaluated indicator for a province, and

its standardized value be Zij.

Zij =
Xij −min Xij

� �
max Xij

� �
−min Xij

� � (positive) (1)

Zij =
max Xij

� �
− Xij

max Xij

� �
−min Xij

� � (negative) (2)

In the Equations 1, 2, i and j represent the i-th province and the

j-th indicator.

Step 2: Calculate the proportion of the j-th indicator for the i-th

province:

Pij =
Z

ij

om

i=1
Zij

(3)

In the Equation 3, Pij represents the proportion of the j-th

indicator in province i.

Step 3: Calculate the information entropy of the j-th indicator:

Ej = −
1

lnmo
m
i=1Pij ln Pij (4)

In Equation 4, Ej represents the information entropy of the j-

th indicator.

Step 4: The information entropy redundancy Gj is calculated

based on the information entropy:

Gj = 1 − Ej (5)

In the Equation 5, Gj represents the information entropy

redundancy of the j-th indicator. The larger the information

entropy redundancy, the larger the weight of the indicator.

Step 5: Calculate the weight of the j-th indicator:

Wj =
Gj

on
j=1Gj

(6)

In the Equation 6, Wj is the weight of the j-th indicator.
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Step 6: Establish a weighted matrix V based on the weights:

V = (vij)mn,vij = Wj � Zij (7)

In the Equation 7, V is the weighting matrix.

Step 7: Calculate the positive and negative schemes based on the

weighting matrix:

F+
j = max (v1j, v2j,⋯, vmj) (positive ideal solutions) (8)

F−
j = min (v1j, v2j,⋯, vmj) (negative ideal solutions) (9)

In the Equations 8, 9, F+
j and F−

j are the positive and negative

schemes for each indicator.

Step 8: Calculate the Euclidean distance:

D+
i =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
on

j=1(F
+
j − vij)

2
q

(10)

D−
i =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
on

j=1(F
−
j − vij)

2
q

(11)

In the Equations 10, 11, D+
i and D−

i are the Euclidean distances

between the i-th province and the positive and negative

schemes, respectively.

Step 9: Calculate the relative proximity (MFSTIL):

Ci =
D−
i

D+
i + D−

i
(12)

In the Equation 12, Ci is the relative proximity. It is between 0

and 1, the higher Ci expresses the higher MFSTIL.

2.2.2 Standard deviational ellipse
Lefever first created the Standard Deviational Ellipse (SDE) in

1926. Utilizing geospatial analysis methods, this research examines the

spatial distribution features of both socioeconomic and environmental

factors. And this method is widely applied across sociology (Rogerson,

2021), economics (Razzaq et al., 2024), ecology (Cai et al., 2025; Wang

C. et al., 2025) and other fields. The basic components of the SDE

include the centroid, azimuth, major axis, andminor axis. The center of

gravity reflects the spatial distribution pattern of geographical elements,

the azimuth demonstrates their primary directional trend, and the

dispersion levels along dominant and subordinate directional trends

are measured by the major and minor axis. The detailed computational

steps are as follows (Wang et al., 2022):

Weighted average center : (x, y)

= ½(on
i=1wixi=on

i=1wi), (on
i=1wiyi=on

i=1wi)� (13)

Azimuth  : tan q =
(on

i = 1w
2
i ~x

2
i −on

i = 1w
2
i ~y

2
i ) +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
(on

i = 1w
2
i ~x

2
i −on

i = 1w
2
i ~y

2
i )

2 + 4on
i = 1w

2
i ~x

2
i ~y

2
i

q
2on

i = 1w
2
i ~xi~yi

(14)

X axis standard deviation :sx

=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
on

i=1(wiexi cos q − wieyi sin q)2
on

i=1w
2
i

s
(15)
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Y axis standard deviation :sy

=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
on

i=1(wiexi sin q − wieyi cos q)2
on

i=1w
2
i

s
(16)

In the Equations 13–16, (xi,  yi) represents the spatial location,

wi denotes the weight; (�x,�y) denotes the weighted mean center; the

parameter q denotes the SDE azimuth, it measured the clockwise

angle from geographic north to its major axis of the SDE; (~x,~y)

denote the coordinate deviations of each study object’s location

from the average center; sx and sy represent the standard

deviations along the x axis and y axis, respectively.

2.2.3 Dagum Gini coefficient
To analyze disparities in regional economic development levels,

Dagum introduced the Gini coefficient and its decompositionmethod

in 1997. This approach has been widely applied to measure the

primary sources of regional differences. Therefore, this paper employs

Dagum’s Gini coefficient method to conduct a differential analysis of

MFSTIL across China’s three major coastal marine economic zones.

The relevant calculation steps are as follows:

G =
o
k

j=1
o
k

h
o
nj

i=1
o
nh

r=1
yji  − yhr
�� ��
2n2�y

(17)

Gjj =
o
nj

i=1
o
nh

r=1
yji − yhr
�� ��
2�yn2 j

(18)

Gjh =
o
nj

i=1
o
nh

r=1
yji − yhr
�� ��

njnh�yj�yh
(19)

G w = o
k

j = 1
Gjjpjsj (20)

Gnb  =  o
k

j=2
o
j−1

h=1

Gjh(pjsh +  phsj) Djh (21)

Gt   =  o
k

j=2
 o
j−1

h=1

Gjj(pjsh +  phsj) (1 − Djh) (22)

In the Equations 17–22, G denotes the overall Gini coefficient, n

represents the number of provinces, k indicates the number of

regions, �y is the average MFSTIL for the coastal regions, yji is the

MFSTIL for the i-th province within region j; Gjj denotes the intra-

regional Gini coefficient for region j; Gjh denotes the inter-regional

Gini coefficient between regions j and h; pj =
nj
n , sj =

nj�yj
n�y , j =

1, 2, 3,…, k; Djh = (djh − qjh)=(djh + qjh), it assesses the degree of

mutual influence between MFSTIL across regions, djh represents the

difference in MFSTIL between region j and region h, qjh is defined as

the hyper-variable first moment; Gw denotes the contribution from
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within-region variation, Gnb denotes the contribution from

between-region variation, and Gt denotes the contribution from

hyper−variance density.

2.2.4 Grey prediction model
Julong Deng introduced Grey system theory and its associated

methods in 1982. Its model imposes no special restrictions on

modeling data and applies to situations characterized by “limited

data” and “poor information”. It focuses on partially known

information, utilizing effective information to achieve a

comprehensive understanding of future changes in system

operations. The grey theory and its affiliated methods have been

widely applied to various fields such as economics (Li et al., 2019;

Wang Z. et al., 2025), ecology (Song and Mei, 2022), medicine (Tu

et al., 2023) and so on. Due to limitations in sample size, this paper

introduces the GM(1,1) model to conduct time series forecasting of

the future trends in MFSTIL for 11 coastal provinces and cities in

China and performs post-hoc error tests to assess model accuracy.

Follows are the calculation steps related to the traditional model

(Deng, 2002):

In the Equation 23, original dataset was expressed as a non-

equidistant sequence related to time (t) as X(0):

X(0) = (X(0)(1),X(0)(2),⋯,X(0)(n)) (23)

In the Equation 24, cumulate X(0) to generate AGO X(1):

X(1) = (X(1)(1),X(1)(2),⋯⋯,X(1)(n)) (24)

Based on the AGO X(1), construct a first-order differential

equation:

dX(1)

dt
+ aX(1) = u (25)

In the Equation 25, a is the development coefficient,and m is the

grey action amount.

In the Equations 26, 27, construct the constant term vector YN

and the cumulative matrix B:

YN = (X(0)(2),X(0)(3);L L ;X(0)(N)) (26)

B =

−z(1)
t2

Dt2
M​ M​

−z(1)
tn

Dtn

2664
3775 (27)

In the Equation 27, Z(1)
t2 is the whitened background value in the

interval ½t1,  t2�; Z(1)
tn is the whitened background value in the interval

½tn−1,  tn�; Dt2,  Dt3,  …,  Dtn are the time intervals between two

consecutive dynamic inspections at times t2,  t3,  …,  tn, respectively.

n the Equation 28, solve for the grey parameters (a and m) by
using the least squares method:

½a m �T = (BTB )−1BTYN (28)
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In the Equation 29, substitute the grey parameters a and m into

the Equation 25 to obtain the discrete response function:

X̂ (1)(k + 1) = (X(1)(1) −
m
a
)e−ak +

m
a
   (k = 0, 1, 2,⋯ n) (29)

Since X(1)(k) obtained from the GM(1,1) model is a cumulative

value, the predicted value must be restored to X(0)(k):

X̂ (0)(k + 1) = X̂ (1)(k + 1) − X̂ (1)(k) (30)

In the Equation 30, X̂ (0)(k + 1)is the forecast value for period k,

it must be compared with the original value, then a residual test

must be performed on the model to determine its degree of

accuracy. If the model accuracy is low, the original model needs

to be improved.

To address the issue of insufficient model accuracy in some

provinces, this paper adopts a GM(1,1) model based on Markov

residual correction, whose core idea is to predict the residual

sequence in the traditional GM(1,1) model. Additionally, to

correctly predict the symbol of the residuals for future years, a

Markov prediction method is introduced. This ultimately corrects

and reduces the errors in the traditional model, thereby improving

the model’s accuracy. The relevant calculation steps are as follows

(Sun et al., 2005; Deng et al., 2024):

Based on the Equation 30, construct a sequence of residuals:

Residual sequence : e(0)(k) = X(0)(k) − X̂ (0)(k)
�� �� (31)

In the Equation 31, e(0)(k) is the residual sequence. Perform

traditional GM(1,1) forecasting on the residual sequence, obtain the

output value of the residual sequence e
(0)0(k), the final prediction

residual sequence can be expressed as:

ê (0)(ti) = dti ∗ e
(0)0(k) (32)

In the Equation 32, ê (0)(ti) is the prediction residual sequence,

and the d
ti
is the residual correction coefficient (Equation 33):

d
ti
=

1 e
ti
≥ 0

−1 e
ti
< 0

(
(33)

Since the symbol of the residual value for future time cannot be

determined, the Markov prediction method is introduced. The

residual state can only be positive or negative, if the residual is

positive at ti, the state is recorded as “1”; otherwise, it is recorded as

“0”. Then obtain the state transition matrix P:

P =
P11 P10

P01 P00

" #
(34)

In the Equation 34, P is the state transition matrix, P11 represents

the probability of state “1” transfer to state “1”, P10 represents the

probability of state “1” transfer to state “0”, P01 represents the probability

of state “0” transfer to state “1”, P00 represents the probability of state “0”

transfer to state “0”.
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In the Equation 35, confirm the original state vector p(0):

p(0) =
(1, 0) d

tn
= 1

(0, 1) d
tn
= 0

(
(35)

In the Equation 36, confirm the symbol for the t-th period:

p(t) = p(0) ∗ P (36)

Lastly, the Markov modified prediction value is as follow:

X̂ 0(ti) = X̂ (0)(ti) + d
ti
ê (0)(ti) (37)

In the Equation 37,   X̂ 0(ti) is the final prediction value of the

MFSTIL. The grey prediction model flowchart presented in

Figure 1. The model accuracy levels are referenced in Table 2.
2.3 Data sources

Given considerations of data accessibility, completeness, and

consistency, this research utilizes panel data from 11 Chinese

coastal provinces (autonomous regions, and municipalities)

covering 2011 to 2022. The original data is collected from the

“China Fishery Statistical Yearbook”, “China Ocean Statistical

Yearbook” , “China Statistical Yearbook” , and relevant

government websites. Some indicators were calculated from the

original data, and data for certain years and regions were missing,

which were supplemented using linear interpolation methods. For

data processing, this study followed the methods used in previous

research (Gao et al., 2018; Ji et al., 2022), the number of marine

fisheries R&D personnel, internal expenditure on marine fisheries

R&D funding, the number of marine fisheries patent granted, and

the number of marine fisheries R&D projects were estimated by

multiplying the respective figures by the proportion of marine

fisheries output in the total marine production value.
3 Spatiotemporal differentiation of
MFSTIL

3.1 Temporal evolution of MFSTIL in China

Using the aforementioned entropy-weighted TOPSIS method,

the MFSTIL in China’s 11 coastal provinces was calculated, with the

results shown in Table 3. Overall, the MFSTIL in China has been

steadily increasing, but the growth rate remains limited, rising from

0.2222 in 2011 to 0.2918 in 2022. The average annual level is 0.2492

and the average annual growth rate is 2.85%. This indicates that the

the MFSTIL has significantly improved under the support of

various policies benefiting the fisheries sector. From the aspection

of the three major marine economic zones (referred to as

“northern”, “eastern”, and “southern”), its overall pattern shows a
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gradient of “southern (0.3538) > northern (0.2656) > eastern

(0.2440)”. Among these, the southern MFSTIL has shown the

fastest growth rate, with a growth rate as high as 37.72% during

the study period, and it has a higher value than the average value

(0.2918) of coastal regions. However, the northern and eastern

regions are close to the average level, showing a weaker

growth trend.

The reasons are as follows: (1) In the southern region,

Guangdong Province and Fujian Province lead in marine fisheries

scientific and technological innovation, with Guangdong ranking
FIGURE 1

Flow chart of the Markov residual correction grey prediction model.
TABLE 2 Accuracy inspection grade reference table.

Accuracy class C P

Level 1 (Excellent) C ≤ 0.35 0.95<P ≤ 1

Level 2 (Good) 0.35<C ≤ 0.5 0.8<P ≤ 0.95

Level 3 (Qualified) 0.5<C ≤ 0.65 0.7<P ≤ 0.8

Level 4 (Unqualified) C>0.65 P ≤ 0.7
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first nationwide. This achievement is not only attributable to

relatively favorable natural endowments (e.g., the vast fishing

grounds in the South China Sea and suitable water temperature

conditions), but also closely linked to the high priority accorded to

southern coastal fishery technology by the national and local

governments. In recent years, the implementation and

enforcement of policy documents such as the “Notice of the

General Office of the People’s Government of Fujian Province on

Printing and Distributing the Action Plan for the Transformation

and Upgrading of Marine Aquaculture” and the “Opinions of the

General Office of the People’s Government of Guangdong Province

on Accelerating the High-Quality Development of Modern

Fisheries” have greatly improved the scientific and technological

innovation environment in southern area and provided strong

impetus for scientific and technological innovation and

development. In addition to domestic policy drivers, the southern

region faces more cross-border fishery disputes and international

pressure due to its proximity to the South China Sea. Several

international fisheries agreements that China adheres to (e.g.,

“United Nations Convention on the Law of the Sea” and “United

Nations Fish Stocks Agreement”) place higher demands on the

sustainability, safety, and monitoring transparency of marine

fishing activities. In this context, to address the increasingly

serious challenges of marine rights protection and resource

sustainability, the southern region has taken the lead in

promoting new smart fishery measures such as offshore

aquaculture equipment, shipborne electronic monitoring systems

(EMS), and satellite positioning fishing vessel management. These

institutional pressures have stimulated increased regional

investment in science and technology; (2) While the MFSTIL of

the northern region is slightly higher than average, it exhibits a
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pronounced polarization trend. Shandong has traditionally been a

major fishing province, boasting abundant marine fisheries

resources and significant policy support. In contrast, although

Liaoning also has a large marine fisheries scale, its marine

fisheries industry primarily relies on traditional marine fishing

and extensive aquaculture, with limited technological

empowerment and an incomplete policy guidance mechanism,

thereby restricting its potential for technological innovation

development. The technological innovation levels of Tianjin and

Hebei are the lowest along the coast. This is because Tianjin has a

limited maritime area and a small fisheries scale, while Hebei has

relatively poor marine ecology (Han et al., 2022) and scarce marine

resources.These factors are unfavorable for the growth and progress

of marine fisheries scientific and technological innovation in

Tianjin and Hebei, thereby exacerbating the developmental

inequalities of marine fisheries science and technology in the

northern region. It is worth noting that the central government

has gradually increased its policy investments in ecological

restoration of northern nearshore waters. For example, the

“Action Plan for Comprehensive Management of the Bohai Sea”

aims to address the long-standing ecological issues in the Bohai Sea

by implementing measures such as marine pollution control,

ecological protection and restoration, and increased financial

investments. These efforts have to some extent improved the

ecological foundation and created conditions for future scientific

and technological innovation and industrial development.

However, significant results have not yet been achieved in the

short term; (3) The eastern region ranks at the bottom in terms

of marine fisheries scientific and technological innovation

development, possibly because the marine and biological

resources in the eastern seas are relatively scarce compared to the
TABLE 3 The MFSTIL of 11 coastal provinces in China from 2011 to 2022.

Province 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Tianjin 0.1124 0.0941 0.1201 0.1405 0.1521 0.1382 0.1260 0.1299 0.1579 0.1340 0.1633 0.1333

Hebei 0.0879 0.0880 0.0954 0.0969 0.1054 0.1076 0.1065 0.1157 0.1179 0.1215 0.1316 0.1419

Liaoning 0.2290 0.2377 0.2561 0.2858 0.3760 0.2981 0.2790 0.2880 0.2568 0.2691 0.3041 0.2585

Shanghai 0.1229 0.1333 0.1292 0.1243 0.1119 0.1248 0.1429 0.1489 0.1526 0.1567 0.1580 0.1463

Jiangsu 0.3180 0.2760 0.2746 0.2832 0.2625 0.2622 0.2663 0.2972 0.2712 0.2939 0.2974 0.3027

Zhejiang 0.1931 0.1806 0.1822 0.1919 0.1905 0.2028 0.2282 0.2466 0.2417 0.2406 0.2584 0.2829

Fujian 0.3218 0.3268 0.3301 0.3310 0.3763 0.3979 0.3811 0.3959 0.3166 0.3286 0.3490 0.3661

Shandong 0.3535 0.4061 0.4207 0.4299 0.4170 0.4397 0.4408 0.4714 0.4220 0.4776 0.5027 0.5288

Guangdong 0.3015 0.3182 0.3198 0.3186 0.3418 0.3630 0.3773 0.4427 0.3737 0.3880 0.4320 0.5601

Guangxi 0.1575 0.1511 0.1641 0.1687 0.1691 0.1783 0.1853 0.2120 0.2219 0.2178 0.2118 0.2135

Hainan 0.2466 0.2350 0.2200 0.2138 0.1882 0.1839 0.1814 0.2121 0.1882 0.2349 0.2430 0.2758

Northern 0.1957 0.2065 0.2231 0.2383 0.2626 0.2459 0.2381 0.2512 0.2387 0.2505 0.2754 0.2656

Eastern 0.2113 0.1966 0.1953 0.1998 0.1883 0.1966 0.2124 0.2309 0.2219 0.2304 0.2379 0.2440

Southern 0.2569 0.2578 0.2585 0.2580 0.2689 0.2808 0.2813 0.3157 0.2751 0.2924 0.3089 0.3538
fron
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South China Sea region (Yin et al., 2011; Chang et al., 2021; Zhang

et al., 2025). Additionally, the region’s development priorities are

primarily focused on high-value-added manufacturing and the

digital economy, resulting in relatively limited technological

investment in marine fisheries, particularly traditional aquaculture

and fishing industries. Additionally, certain policies have indirectly

hindered the development of marine fisheries, such as China’s strict

“ecological red line controls” and international requirements for the

“sustainable use of fishery resources”. As a result, the eastern region

has gradually strengthened its management of fishing quotas and

fishing moratoriums. These internal and external factors have

objectively compressed the production capacity of traditional

fishing industries and collectively weakened the intrinsic

motivation for technological innovation in marine fisheries.

As shown in Figure 2, the average values of MFSTIL in 11

coastal provinces of China exhibit phased characteristics in their

temporal evolution. In summary, this development can be roughly

divided into three phases: a slow growth phase (2011–2015), a rapid

growth phase (2016–2018), and a stable growth phase (2019–2022).

During the 2011–2015 period, the MFSTIL in China grew slowly,

given that the policy during this stage prioritized conserving fishery

resources and maintaining marine ecosystem sustainability. For

example, “the National 12th Five-Year Plan” emphasized to

construct a “blue ocean”, which slowed down the pace of fisheries

industrial technology revolution to some extent. From 2016 to 2018,

China’s MFSTIL developed rapidly. In 2016, “the 13th Five-Year

National Fisheries Development Plan” was released, clearly

proposing to accelerate the modernization of fisheries, promote

fisheries industial technology innovation. What’s more, intensified

policy backing from local authorities has accelerated the

commercialization and practical deployment of fisheries-related
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technological innovations. From 2019 to 2022, the outbreak of

COVID-19 brought severe damage to the marine fisheries industry,

leading to a decline in the level of technological innovation in the

sector. After suffering a major impact from COVID-19, the Chinese

government quickly took measures and introduced various policies

on epidemic prevention and control, resumption of work and

production, to stabilize the marine fishery industry. During the

post-2019 period, the “14th Five-Year National Fisheries

Development Plan” proposed to promote the high-quality

development of fisheries and strengthen institutional backing for

marine fisheries innovation, with industries such as aquatic seed

industry, aquatic product processing industry, and deep-sea

aquaculture industry showing promising prospects.

The regional disparity in China’s MFSTIL has also shown a

trend of increasing fluctuations. During the study period, the

regional disparity expanded from 0.2656 in 2011 to 0.4268 in

2022. Among these, the disparity was smallest in 2011 at 0.2656,

exceeded 0.3 starting in 2012, and reached its peak in 2022, at

0.4268. Coastal regions in China exhibit significant chronological

differences in fisheries science and technology innovation, which is

highly correlated with the timing of each region’s emphasis on

marine fisheries and science and technology innovation.
3.2 Spatial differentiation of MFSTIL in
China

3.2.1 Spatial distribution characteristics
To better describe the spatial characteristics of MFSTIL across

coastal regions, this paper employed the natural breakpoint method

(Yang et al., 2023) to classify China’s MFSTIL into five categories:
FIGURE 2

MFSTIL of 3 major marine economy zone in China from 2011 to 2022.
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low, relatively low, moderate, relatively high, and high. The

corresponding interval ranges are (0.0879, 0.1429], (0.1429,

0.2028], (0.2028, 0.2880], (0.2880, 0.3880], and (0.3880, 0.5601],

respectively. As shown in Figure 3, MFSTIL for China’s 11 coastal

areas for four years was visualized using ArcMap 10.8 software.

Overall, the number of regions in China with medium MFSTIL,

relatively high MFSTIL, and high MFSTIL is gradually increasing,

while the number of regions with relatively low and low levels is

gradually decreasing. Specific characteristics are as follows:
Fron
1. From 2011 to 2022, some provinces exhibited a

solidification of their levels. Hebei maintained a

consistently low level throughout the study period. This

indicates a persistent weakness in technological input,

talent accumulation, and innovation capacity in the

marine fishery sector. Hebei’s inland-oriented economic

structure and limited coastline may have constrained the

development of marine fishery-related innovation.

2. Some provinces experienced significant fluctuations in their

levels. Tianjin fluctuated between low and relatively low

level 7 times during the study period, with the final level

remaining at low. This reflects deficiencies in policy

continuity and innovative resource allocation, which need

to be improved for greater stability. Liaoning fluctuated
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between moderate and relatively high levels, with the final

level remaining at moderate. Liaoning has a strong

traditional industrial base, which provides some support

for marine fisheries, but due to ecological and industrial

structure constraints, it is difficult to achieve breakthroughs

in the short term. Fujian moved between relatively high and

high levels, remained stable at a relatively high level since

2019, indicating consistently strong innovation

momentum, supported by a robust marine industry and

government backing in areas such as deep-sea aquaculture

and smart fisheries. Jiangsu fluctuated between moderate

and relatively high levels, with the final level remaining at

relatively high. Owing to its economic development level

and technological empowerment advantages, Jiangsu’s

MFSTIL is expected to reach even higher levels in the

future. Hainan fluctuated between relatively low levels and

moderate level, it started at the moderate level, ended at the

moderate level as well. Hainan fluctuated between

moderate and relatively low levels, with the final level

remaining at low level. Hainan is close to the South

China Sea and is rich in resources, but it has a relatively

weak foundation for innovation. It has been designated as a

national pilot region for marine economic development,

indicating significant potential for future growth.
FIGURE 3

Spatial pattern of the MFSTIL of 11 coastal provinces in China from 2011 to 2022. (A) represents 2011, (B) represents 2015, (C) represents 2019, (D)
represents 2022.
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Fron
3. Except for the aforementioned regions, the MFSTIL of all

other regions showed upward trends. Shandong showed the

most significant and stable upward movement trend. It

moved upward to a high level in 2012 and kept stable at a

high level. This is mainly due to its strong fisheries

foundation and continuous policy support. Guangdong

moved from an relatively high level in 2011 to a high

level in 2018. However, it was not until 2020 that

Guangdong stabilized at a high level. Similar to

Shandong, Guangdong also has rich fishery resources and

a strong economic foundation, and still has considerable

potential for future development. Zhejiang has steadily

moved upward from relatively low to moderate level,

stabilizing at a moderate level sicne 2016. Zhejiang is

located in the Yangtze River Delta region and enjoys

favorable policy support and a well-developed digital

economy system, which is conducive to the development

of a technology-enabled fishery system. Guangxi shows a

trend of upward transfer but at a slower pace, moving up to

the moderate level in 2018. Guangxi is China’s closest port

of call to ASEAN, with a long coastline. It should make full

use of its geographical advantages to accelerate the

development of a land-sea integrated marine economy

and thereby enhance its innovation capabilities. Shanghai

moved from low level in 2011 to relatively low level in 2017,

and ultimately remained at relatively low level. It needs to

leverage its leading national economic and financial

advantages, while empowering the marine fishery

industry with advanced technological products to

enhance MFSTIL.

4. The southern area has moved up one level from the

moderate level to the relatively high level, approaching

the high level. The northern area have moved up one level
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from the relatively low level to the moderate level. The

eastern region was at a moderate level in 2011, declined to a

lower level in 2012, returned to a medium level in 2017, and

steadily improved, finally reached to the moderate level.
3.2.2 Spatial evolution characteristics
The spatial distribution characteristics and dynamic trends of

MFSTIL across 11 China’s coastal areas were well captured by

standard deviation ellipse (SDE) analysis. This study utilized

ArcMap 10.8 software to investigate the spatial evolution

trajectory of MFSTIL in China from 2011 to 2022, based on the

SDE and center of gravity migration trajectories. The SDE was

generated using a standard deviation of 68% of the data. The

calculation results are shown in Table 4 and Table 5.

Overall, MFSTIL exhibits distinct spatial evolutionary

characteristics, with the center of gravity of the SDE consistently

located within the range of 116.45°E to 117.03°E and 30.07°N to

31.22°N, and is concentrated in Anqing in Anhui Province

(Figure 4), i.e., the Yangtze River Delta region. It first shifts

northeastward and then southwestward, exhibiting a distinct

“northeast-southwest” directional characteristic. The spatial

distribution is relatively stable and generally covers areas with

higher MFSTIL.

Based on parameters such as the shape, major and minor axis,

and area of the SDE, as well as the trajectory characteristics of the

center of gravity, the article divides the spatial evolution of marine

fisheries science and technology innovation into three stages: 2011–

2015, 2016–2018, and 2019–2022. Specifically:

(1) From 2011 to 2015, the perimeter and area of the SDE

slightly increased, the center of gravity moved northeastward at a

speed of 22.14 km/annual, covering a total distance of 110.71 km,

with the azimuth rotating counterclockwise from 15.56° to 14.21°,
TABLE 4 SDE parameters of the MFSTIL of 11 coastal provinces in China from 2011 to 2022.

Year
Circumference of the ellipse

(km)
Area
(km2)

Center of gravity
coordinates Azimuth

Minor axis
(km)

Major axis
(km)

Longitude Latitude

2011 5278.76 1337860.00 116.70 30.28 15.56 352.53 1208.27

2012 5266.61 1322670.00 116.73 30.36 15.35 348.91 1206.97

2013 5271.21 1335530.00 116.77 30.63 15.00 352.50 1206.29

2014 5280.47 1337170.00 116.85 30.87 14.77 352.17 1208.91

2015 5319.32 1338250.00 117.03 31.22 14.21 349.02 1220.82

2016 5208.38 1328010.00 116.89 30.81 14.28 355.95 1187.85

2017 5162.36 1325640.00 116.88 30.68 14.63 359.59 1173.70

2018 5187.73 1329970.00 116.73 30.45 15.07 358.54 1180.99

2019 5214.25 1375080.00 116.71 30.69 15.18 370.54 1181.50

2020 5254.52 1360940.00 116.66 30.55 15.42 362.05 1196.79

2021 5268.74 1353660.00 116.72 30.68 14.89 358.40 1202.51

2022 5225.27 1321830.00 116.45 30.07 15.13 352.41 1194.20
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and the major axis increased from 1208.27 km to 1220.82 km, the

short axis decreased from 352.53 km to 349.02 km. The SDE

exhibited a divergent expansion trend along the primary trend

(northeast-southwest) and a contraction trend along the secondary

trend (northwest-southeast). During this phase, the Bohai Rim

region was in the policy dividend period of the National 12th

Five-Year Plan. During this period, the government successively

proposed strategies such as the “Maritime Power” and “Belt and
Frontiers in Marine Science 14
Road” initiatives, which were conducive to the development of the

marine industry. Strategic plans such as the “Shandong Peninsula

Blue Economy Zone Development Plan” and the “Liaoning Coastal

Economic Belt Development Plan” in the north brought significant

fiscal investments, systematically guiding the flow of innovative

elements and promoting the development of high-tech industries in

the upstream sectors of the marine fisheries industry, such as

marine equipment manufacturing and biological breeding.

Meanwhile, the establishment of scientific and technological

platforms such as the Qingdao National Laboratory for Marine

Science and Technology created a strong “magnetic attraction

effect” drawing top-tier domestic and international talent and

projects to relocate northward, thereby reinforcing the

technological aggregation effect in the northeastern direction. As

a resu l t , the center o f grav i ty sh i f t ing toward the

northeastern direction.

(2) From 2016 to 2018, the perimeter of the SDE decreased

while its area increased, with the center of gravity moving

southwestward at a rate of 30.47 km/annual, slowing annually,

covering a total distance of 91.42 km, with the azimuth rotated

clockwise from 14.28° to 15.07°, and the major axis decreased from

1187.85 km to 1180.99 km, the short axis increased from 355.95 km

to 358.54 km. The SDE exhibited a contracting trend in the primary

direction and a divergent expansion trend in the secondary

direction. During this period, the “13th Five-Year Plan for

National Marine Economic Development Plan” emphasized

strengthening the protective development of South China Sea

resources, which generated significant demand for advanced
FIGURE 4

SDE and its center of gravity migration trajectory of the MFSTIL of 11 coastal provinces in China from 2011 to 2022.
TABLE 5 SDE center of gravity movement direction and speed.

Year Movement direction Distance traveled (km)

2011 – –

2012 Northeast 9.95

2013 Northeast 29.86

2014 Northeast 28.38

2015 Northeast 42.51

2016 Southwest 47.06

2017 Southwest 15.76

2018 Southwest 28.60

2019 northwest 26.25

2020 Southwest 15.81

2021 Northeast 15.51

2022 Southwest 73.45
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technologies such as marine ranching, deep-sea aquaculture, and

ecological restoration, thereby injecting demand-side momentum

into innovative activities in southern provinces. Hainan,

Guangdong, and other regions were included in the core zone of

the “Maritime Silk Road” bringing significant policy benefits in

infrastructure, international cooperation, and trade facilitation,

creating an open innovation environment, and promoting the

flow of technology, capital, and talent. Additionally, in 2018, the

construction of the Hainan Free Trade Port was in its initial

planning phase, with policy expectations attracting a large influx

of technological resources to the south, greatly stimulating southern

innovation vitality and shifting the focus toward the southwest.

(3) From 2019 to 2022, the perimeter of the SDE increased while

its area decreased. The center of gravity moved repeatedly toward

the north and south at a speed of 32.76 km/annual, covering a total

distance of 131.03 km, the azimuth rotated counterclockwise from

15.18° to 15.13°, and the major axis increased from 1181.50 km to

1194.20 km, the short axis decreased from 370.54 km to 352.41 km.

The SDE exhibited a divergent expansion trend in the primary

trend and a contraction trend in the secondary trend. This phase

was relatively complex due to its position at the intersection of the

closing phase of the National 13th Five-Year Plan and the opening

phase of the National 14th Five-Year Plan. During the 13th Five-

Year Plan period, the northern regions, especially the areas near the

Bohai Sea, faced strict ecological red line restrictions due to high

marine aquaculture density and poor environmental conditions, as

outlined in policies such as the “Several Opinions on Establishing

the Bohai Sea Marine Ecological Redline System”. However, this

also played a role in promoting industrial restructuring in the north,

prompting provinces with a traditional advantage in nearshore

aquaculture to shift the focus of their technological innovation

efforts from “scale expansion” to “quality improvement and

efficiency enhancement”, such as the industrial upgrading of

traditional fisheries and the intelligent transformation of

processing supply chains. As a result, the focus of technological

innovation initially shifted northwestward. During the National

14th Five-Year Plan period, the planning has placed greater

emphasis on “expanding blue economic space” “building modern

marine pastures” and “developing deep-sea aquaculture”.

Additionally, the “Marine Power” strategy emphasizes

differentiated development (Chang, 2022), making southern

provinces with vast South China Sea waters and suitable climates

the primary battleground for attracting capital and technology for

prospective layout. As a result, the focus has shifted overall toward

the southwest during this phase.

Additionally, changes in the shape of SDE, azimuth and center

of gravity migration also reflects the resilience of China’s marine

fisheries innovation elements to disturbances: (1) Short-term policy

incentives can only trigger minor adjustments in development

direction and cannot alter the fundamental orientation of the

axis. (2) The high-tech systems related to the marine fisheries

industry, such as aquaculture vessels, marine sensors, and

advanced research institutions, rely on existing port layouts. The

cost of relocation is too high, inhibiting the short-term transfer of

innovation elements.
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3.2.3 Spatial difference decomposition
To gain a deeper understanding of regional disparities in

China’s MFSTIL, this study employed the Dagum Gini coefficient

and its decomposition method. Using Stata software, this study

calculated and decomposed the Gini coefficients for China’s

MFSTIL and its three major marine economic zones from 2011

to 2022. Table 6 reveals that the overall Gini coefficient exhibits

fluctuating patterns but shows a pronounced upward trend toward

the end of the study period, indicating that regional disparities in

China’s MFSTIL have gradually widened in recent years.

Specifically: (1) Regarding intra-regional disparities, the southern

region exhibits the smallest intra-regional differences, the eastern

region shows moderate intra-regional disparities, and the northern

region displays the largest intra-regional gaps. Intra-regional

disparities in the northern region exhibited minor fluctuations,

consistently hovering around 0.29. The eastern region showed

greater variability, with an overall downward trend from 0.205 in

2011 to 0.142 in 2022. Conversely, the southern region demonstrated

an increasing trend, rising from 0.133 in 2011 to 0.200 in 2022. (2)

Regarding inter-regional disparities, the innovation gap between the

northern and eastern regions remained relatively stable, hovering

near an average of 0.261 with no discernible trend. The inter-regional

disparity between the north and south exhibits a fluctuating upward

trend, increasing from 0.232 in 2011 to 0.272 in 2022. The disparity

between the east and south follows a “U”-shaped pattern, reaching its

minimum in 2020 before rising rapidly. (3) The primary source of

regional disparities in China’s MFSTIL stems from hyper-variance

density (average value: 43.850%). This indicates that the intersecting

and overlapping distribution of MFSTIL across regions constitutes

the main driver of overall inequality. In other words, units with high

innovation levels and those with low innovation levels are not strictly

clustered within “high-level regions” and “low-level regions”,

respectively. Instead, there exists significant cross-regional

distribution and mutual penetration. As aforementioned, Shandong

—a leader in innovation—is located within the northern marine

economic zone, which has a relatively low average innovation level,

while Guangxi—a region with lower innovation levels—is situated in

the southernmarine economic zone, which boasts the highest average

innovation level. The average contribution rate of intra-regional

differences is 30.140% and has remained relatively stable over the

years, indicating its impact on MFSTIL should not be overlooked.

Urgent measures are needed to address imbalances within the three

major marine economic zones. Inter-regional differences exhibit the

lowest average contribution rate at 26.010%, yet show an overall

fluctuating upward trend, reaching 32.903% in 2022. This indicates

they also exert a certain influence on MFSTIL, with their impact

increasing annually in recent years.
4 Prediction of China’s MFSTIL

To successfully achieve the objectives outlined in “the National

14th Five-Year Plan” to “promote the modernization of marine

fisheries and enhance the quality and efficiency of the marine

fisheries economy”, and to establish a robust basis for further
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enhancing MFSTIL and cultivating marine new quality productive

forces for the upcoming “15th National Five-Year Plan”, it is

necessary to predict and analyze the development of MFSTIL in

China from 2023 to 2030. This study used the MFSTIL of 11 coastal

provinces in China as the original data, and employed the GM(1,1)

model to predict the MFSTIL of the study regions from 2023 to

2030. Additionally, the MFSTIL of the three major marine

economic zones and the overall level are calculated separately.

Table 7 reports the final calculation results. As shown in Table 7,
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the forecast results for all 11 regions passed the post-hoc error test. It

should be noted that this study adopted an improved Markov

residual modified GM(1,1) model to enhance the accuracy of

Tianjin, Liaoning, Shanghai, Jiangsu, Fujian, Shandong, Guangxi,

and Hainan. Therefore, the constructed forecast model has high

accuracy and can be used for future predictions.

As shown in Table 7, the overall level of marine fisheries

scientific and technological innovation in China’s coastal regions

will increase from 0.2973 in 2023 to 0.3552 in 2030, growing at an
TABLE 6 Gini coefficient and decomposition results for MFSTIL in China from 2011−2022.

Year Aggregate

Intra-regional
disparities

Inter-regional disparities Contribution

North East South
North-
east

North-
south

East-
south

Intra−
regional (%)

Inter−
regional (%)

Hyper− variance
density(%)

2011 0.230 0.292 0.205 0.133 0.265 0.232 0.176 29.935 27.693 42.372

2012 0.251 0.332 0.161 0.148 0.287 0.262 0.178 29.466 24.719 45.816

2013 0.241 0.311 0.165 0.145 0.273 0.249 0.178 30.008 24.881 45.111

2014 0.236 0.300 0.177 0.143 0.270 0.240 0.177 30.639 22.028 47.333

2015 0.250 0.276 0.178 0.180 0.278 0.240 0.211 30.147 26.417 43.435

2016 0.253 0.294 0.155 0.187 0.266 0.255 0.211 30.292 28.837 40.871

2017 0.246 0.303 0.129 0.176 0.257 0.259 0.193 29.879 24.842 45.279

2018 0.247 0.305 0.143 0.173 0.259 0.258 0.195 29.844 28.544 41.612

2019 0.206 0.265 0.119 0.148 0.220 0.221 0.157 30.819 23.093 46.087

2020 0.222 0.300 0.132 0.129 0.253 0.238 0.150 29.756 23.643 46.601

2021 0.223 0.285 0.130 0.155 0.242 0.236 0.169 30.680 24.517 44.802

2022 0.257 0.307 0.142 0.200 0.262 0.272 0.209 30.218 32.903 36.879
TABLE 7 Prediction results of the MFSTIL of 11 coastal provinces in China from 2023 to 2030.

Year 2023 2024 2025 2026 2027 2028 2029 2030 P C Rating

Tianjin 0.1713 0.1758 0.1803 0.1851 0.1487 0.1950 0.2001 0.2055 1.0000 0.2275 Excellent

Hebei 0.1431 0.1494 0.1559 0.1628 0.1699 0.1774 0.1851 0.1932 1.0000 0.1703 Excellent

Liaoning 0.2980 0.2680 0.2960 0.2950 0.2942 0.2933 0.2926 0.2919 0.8333 0.6012 Qualified

Shanghai 0.1533 0.1734 0.1777 0.1822 0.1868 0.1916 0.1964 0.2014 0.9167 0.2768 Good

Jiangsu 0.3030 0.3052 0.3076 0.3102 0.3129 0.3157 0.3186 0.3216 0.9167 0.3521 Good

Zhejiang 0.2893 0.3027 0.3169 0.3316 0.3471 0.3633 0.3802 0.3979 1.0000 0.2403 Excellent

Fujian 0.3845 0.3852 0.3859 0.3866 0.3874 0.3881 0.3889 0.3897 1.0000 0.3786 Good

Shandong 0.5324 0.5435 0.5550 0.5668 0.5789 0.5914 0.6043 0.6175 1.0000 0.2628 Excellent

Guangdong 0.5104 0.5362 0.5632 0.5916 0.6215 0.6528 0.6857 0.7203 0.8333 0.4860 Good

Guangxi 0.2192 0.2257 0.2320 0.2384 0.2446 0.2506 0.2564 0.2618 1.0000 0.1550 Excellent

Hainan 0.2661 0.2714 0.2769 0.2825 0.2882 0.2940 0.3000 0.3061 1.0000 0.3499 Excellent

Northern 0.2862 0.2842 0.2968 0.3024 0.2979 0.3143 0.3205 0.3270 – – –

Eastern 0.2485 0.2604 0.2674 0.2747 0.2823 0.2902 0.2984 0.3070 – – –

Southern 0.3451 0.3546 0.3645 0.3748 0.3854 0.3964 0.4078 0.4195 – – –
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annualized rate of 2.78% over the forecasting period. This is broadly

consistent with the growth rate observed between 2011 and 2022,

indicating that the overall trend remains steadily upward and

continues the evolutionary characteristics of the previous 12

years. By region, the three major marine economic zones

continue to maintain a gradient pattern of “southern (0.4195) >

northern (0.3270) > eastern (0.3070)”, with the gap between the

northern and eastern regions continuing to decrease (from 0.0377

to 0.0251), the gap between the southern region and the northern

region continuing to increase (from 0.0588 to 0.0773), the gap

between the southern region and the eastern region gradually

increasing as well (from 0.0966 to 0.1024).

From a regional perspective, southern region will maintain

leading position. However, Guangdong’s lead over Shandong is

growing larger and larger. Guangdong surpassed Shandong for the

first time in 2022, but its lead is not significant. Between 2023 and

2026, the gap between the two regions will not be significant, but in

subsequent years, Guangdong will gradually expand its lead. By

2030, Guangdong will have achieved an absolute leading position,

demonstrating that its marine fisheries independent scientific and

technological innovation capabilities will have reached an advanced

level. This is mainly due to Guangdong’s mature marine industry,

especially in marine equipment manufacturing and logistics, but it

is necessary to promote sustainable industrial development and

guard against over-exploitation of South China Sea resources.

Fujian will remain in a relatively high position, however, its

ranking has dropped one place to fourth. This indicates that

Fujian’s investment in scientific and technological innovation is

sustainable, but it is also necessary to focus on protecting marine

biodiversity and balancing economic growth needs with

environmental sustainability. Hainan is expected to maintain its

sixth place ranking. The province’s geographical advantages and its

status as a key pilot region for marine economic development offer

enormous growth potential. However, as an island province, it

needs to strengthen its investment in talent, attract innovative

capital, and consolidate its innovative achievements in a timely

manner. Guangxi’s ranking will remain unchanged at eighth place.

Although its development is stable, its growth rate is slow. It needs

to leverage its geographical advantage as an important hub along

the Belt and Road Initiative, capitalize on its strengths in port

infrastructure and maritime logistics, and further expand the scale

of its marine fisheries science and technology innovation.

The northern area will rank second, but lags significantly

behind the south. Shandong will rank second, owing to its rich

fishery resources and strong marine research institutions, which

continuously provide material and resource support and

technological empowerment to the industry chain. However, as

one of China’s largest fishery economies, it must also practice the

concept of green development and strengthen ecological protection.

Liaoning’s ranking will remain unchanged at seventh. It relies on

traditional fisheries and needs to accelerate the transition to more

efficient and cleaner smart fisheries, leverage the advantages of

Dalian’s marine processing and port R&D clusters, and promote

industry-academia-research cooperation. Tianjin’s ranking will

improve slightly, from eleventh to nineth. The narrow coastline
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and industrial-based economic structure have indeed limited the

development of marine fisheries. Tianjin needs clearer and more

consistent policy signals to guide science and technology innovation

activities related to marine fisheries in order to raise its level of

innovation more quickly. Hebei will drop from tenth to eleventh

place. With its limited coastline and industry-dominated economy,

coupled with poor marine ecology, it needs to focus on ensuring

green development of its industries while implementing policies to

promote technological innovation in the fisheries sector.

The eastern region will rank third, but not far behind the north.

Zhejiang will rank third in 2030, up two places. It has been highly

effective in the field of “digital fisheries”, adopting technologies such

as IoT-enabled monitoring, precision feeding systems, and AI-

assisted inventory assessment at an early stage, thereby improving

production efficiency and environmental performance. It has fully

leveraged the geographical advantages of the Yangtze River Delta

and converted basic scientific research results into actual

production capacity. Jiangsu will rank fifth, down one place. It

has a strong economic foundation and educational capabilities, as

well as large areas of wetlands and tidal flats. It should make full use

of its talent pool to develop environmentally friendly technologies

and protect ecosystems. Shanghai will rank tenth, down one place.

Its industrial structure is dominated by the secondary and tertiary

industries, and traditional marine fisheries account for a small

proportion of the marine economy, making it difficult to obtain

substantial policy and financial support. However, it should

leverage its own strengths in biotechnology, IT, and other fields

to empower the marine fisheries industry and direct technological

resources toward it.

Overall, the level of scientific and technological innovation will

increase in all provinces, but at different rates, and regional

disparities will widen. In order to promote balanced development

across regions, provinces need to take measures tailored to local

conditions to develop their potential, and the government also

needs to intervene in a timely manner to avoid serious imbalances.
5 Conclusion and policy
recommendations

The study focuses on 11 coastal provinces (autonomous regions

and municipalities) in China, establishing an evaluation index

system for the level of marine fisheries scientific and technological

innovation. First, to measure the MFSTIL in China from 2011 to

2022, the entropy weight-TOPSIS method was employed, and its

temporal variation characteristics were analyzed. Furthermore,

using ArcMap 10.8 software combined with the SDE method, the

spatial evolution characteristics were analyzed. Finally, a short-term

forecast (from 2023 to 2030) for China’s MFSTIL was conducted

using the GM(1,1) model based on Markov residual correction. The

results indicate: (1) Overall, China’s MFSTIL is good, manifesting a

steady upward trend from 2011 to 2022, though the growth rate is

limited. The development speeds and states among regions are

uneven, with the three major marine economic zones showing a

decreasing gradient pattern from south to north and east; (2) In
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terms of temporal evolution, the improvement in MFSTIL exhibits a

phased characteristic of “slow-rapid-stable”, while regional

differences also fluctuate and increase annually; (3) In terms of

spatial distribution, all three major marine economic zones have

regions with strong marine fisheries scientific and technological

innovation capabilities, but due to constraints such as policies,

ecological environment, marine resources, and innovation vitality,

there are obvious “lagging areas”. Overall, most regions have

potential for future development and a trend toward upgrading to

higher levels. In terms of spatial evolution, the shape of the SDE and

its parameters indicate that the MFSTIL has consistently followed a

“northeast-southwest” steady-state development pattern. The

center of the SDE has consistently moved within a small area in

Anqing City, exhibiting a distinct “first northeast, then southwest”

trajectory. Corresponding to the shape of the SDE, this indicates

that the evolution of the spatial pattern exhibits dynamic

equilibrium characteristics, which also serves as a spatial

annotation for China’s marine economy transitioning from

“nearshore extensive farming” to “offshore precision aquaculture”;

(4) In terms of spatial difference decomposition, the primary source

of spatial variation in MFSTIL is hyper-variance density, indicating

that the cross-regional distribution and overlap of units with

varying innovation levels constitute the main cause of inequality

among units. Intra-regional variation is a secondary yet stable and

significant contributing factor, with the northern region exhibiting

the largest and most stable internal variation, the eastern region

showing a continuous decline, and the southern region displaying

an increasing trend—revealing the issue of unbalanced

development within each marine economic zone. The inter-

regional disparities between the northern and eastern regions

remains relatively stable. Inter-regional disparities between the

north and south exhibit a fluctuating upward trend, while those

between the east and south display a distinct “U”-shaped pattern;

(5) In terms of predictive analysis, from 2023 to 2030, the

development of MFSTIL will generally continue the evolutionary

trend of the previous 12 years, exhibiting an annual upward trend.

A gradual reduction has been observed in the developmental

divergence separating northern and eastern regions, but the gap

with the south has become increasingly. Additionally, there have

been minor changes in the rankings among provinces, primarily

reflected in the significant progress will make in Tianjin and

Zhejiang, while Hebei, Shanghai, Jiangsu, and Fujian will have

seen slight declines. Although all regions have shown steady

improvement, there are evident differences in increasing speeds

between 11 coastal areas, with absolute gaps being particularly

pronounced. All regions need to adopt targeted measures to

continuously promote the improvement of scientific and

technological innovation levels.

According to the aforementioned findings, this paper put

forward 3 policy suggestions:
Fron
1. Implement a targeted support strategy to enhance the

intrinsic innovative capacity of “innovation laggards”.

China currently faces significant imbalances in the

development of marine fisheries science and technology
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innovation. Within each marine economic zone, there are

regions with shortcomings in terms of talent, technology,

and capital, which have become “innovation laggards”

constraining the nation’s overall innovative capabilities.

In response, we should abandon a “one-size-fits-all”

approach to support and instead adopt a “targeted”

strategy. The government should take the lead in

identifying and targeting these innovation “lagging areas”,

allocate special funds, and introduce preferential policies to

guide marine and fisheries research institutes, universities,

and leading enterprises to allocate resources to these

regions, jointly building “industry-academia-research”

integrated innovation platforms tailored to local

conditions. Through these measures, urgently needed

high-level professional marine fisheries talent and

cutting-edge marine fisheries technology can be

introduced to the region. Through project collaboration

and on-site research, the innovative vitality of local

enterprises and talent can be stimulated, enabling them to

transition from mere technology recipients to active

part ic ipants in innovation activit ies . This wil l

fundamentally bridge the innovation gap and lay a solid

foundation for the entire marine fisheries sector.

2. Optimize the spatial layout of the marine fisheries sector

and promote coordinated development among the three

major marine economic zones. The development of China’s

marine fisheries should not be confined by administrative

boundaries but should be based on national strategy, with a

coordinated layout within the macro framework of the

three major marine economic circles: the Bohai Rim, the

Yangtze River Delta, and the Pearl River Delta. The urgent

task is to break down regional barriers and promote the

formation of a new industrial landscape characterized by

complementary advantages and di ff e rent ia t ed

development. Specifically, regions with strong research

capabilities, such as Shandong and Fujian, can be guided

to focus on basic research such as germplasm innovation

and disease prevention and control; regions with superior

port conditions and developed transportation networks,

such as Zhejiang, can focus on developing industries like

deep processing and cold chain logistics; regions with

strong ecological carrying capacity, such as Guangdong,

can be encouraged to develop smart ecological aquaculture.

By constructing cross-regional industrial chains and supply

chains, with key fishing port economic zones and marine

industrial parks as nodes, the comparative advantages of

different regions can be leveraged to connect them,

ultimately forming a “point-to-area” linked development

pattern, maximizing the scale and synergy effects brought

by optimized spatial layout.

3. Establish a dynamic monitoring and early warning

mechanism to promote sustainable and balanced

development through targeted policies. The ultimate goal

of innovation-driven development is to achieve high-

quality and sustainable industrial development, which
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requires policy-making to possess high adaptability and

foresight. Therefore, it is crucial to establish a dynamic

monitoring and early warning system covering multiple

dimensions such as resources, environment, market, and

industry. This system should utilize modern information

technologies such as big data and the Internet of Things to

track key indicators in real time, including fishery resource

reserves, changes in the marine ecological environment,

fluctuations in the supply and demand of aquatic products,

and the operational status of enterprises. Based on this data

platform, decision-making departments in various regions

can identify potential risks, seize development

opportunities, and implement precise policies: when

resources are nearing depletion, decisively adjust fishing

intensity, reasonably implement marine ecological

restoration measures, and promptly improve fishing

moratorium and rest periods; effectively guide social

capital when the market shows signs of overheating;

promptly address weaknesses in the industrial chain. This

data-driven closed-loop management model will ensure

that China’s marine fisheries industry remains on the fast

track of innovation-driven development, achieving a

harmonious balance between economic, social, and

ecological benefits.
This paper uses comprehensive methods to measure, evaluate,

and predict the level of scientific and technological innovation in

China’s marine fisheries, there are still some shortcomings: (1) Due to

data availability, some R&D indicators were estimated by multiplying

the respective figures by the proportion of marine fisheries output in

the total marine production value. Although this method has a

certain degree of validity, it still contains errors. For instance, in

Tianjin, marine R&D focuses on high-tech sectors such as marine

engineering and logistics, with marine fisheries accounting for a

smaller proportion. Applying a proportional scaling approach may

overestimate certain indicators. In Shandong, fisheries constitute a

significant share of marine output, and its marine R&D leans toward

modern fishing technologies like marine biotechnology and

engineered seawater aquaculture. Consequently, using proportional

scaling may underestimate certain indicators. There is room for

expansion and improvement of the indicator system. (2) The grey

prediction models are widely used in various fields, and grey

prediction models based on Markov residual correction greatly

improve the accuracy of the model. However, this method assumes

that future trends will remain consistent with the past and overlooks

potential significant external changes, such as policy adjustments or

environmental shifts. In future research, it is essential to further

deepen and expand the analysis of MFSTIL. First, with advancements

in technology and the diversification of measurement methods, a

comprehensive and rational index system can be established,

incorporating metrics such as marine fisheries carbon sink, marine

fishery carbon emission and smart fishing equipment, to

comprehensively reflect the characteristics of scientific and
tiers in Marine Science 19
technological innovation. Future research may discuss how to

improve the MFSTIL under the dual carbon goals from the

perspective of enhancing environmental efficiency. Second, by

focusing on regional differences, the driving mechanisms of

scientific and technological innovation influenced by factors such

as policy, resource endowments, and industrial structure can be

explored and ver ified, enabl ing more precise pol icy

implementation. Additionally, expanding the temporal and spatial

scope of research, conducting horizontal comparisons of

international MFSTIL, and analyzing the trends and patterns of

marine fisheries development in various countries over time can

help summarize experiences, learn from others’ strengths, and

address weaknesses. This approach facilitates the integration of

internal and external dual circulation, thereby enhancing China’s

international competitiveness in marine fisheries. Lastly, with the

enrichment and advancement of forecasting methods, future

forecasting research should integrate external influencing factors,

such as policy, climate, and ecological indicators, to develop a

forecasting model capable of providing early warnings of external

signals, thereby addressing the limitations of most current models. In

summary, relevant research should focus on practical strategic needs,

closely align with China’s national conditions, and thoroughly

explore how to integrate marine industries, regional economies,

and technological elements to provide theoretical support for

further achieving the symbiotic integration of the marine fisheries

industry chain and innovation chain.
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