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China’s fisheries economy has long faced multiple external shocks, and enhancing its
resilience is crucial to achieving sustainable development. Based on panel data from 27
provincial-level administrative regions in China from 2013 to 2023 (Tibet, Qinghai,
Gansu, and Ningxia were excluded due to missing data), this paper constructs a fishery
economic resilience (FER) evaluation system, and comprehensively employs the
entropy-weight TOPSIS method, the modified gravity model, social network analysis, and
QAP regression to examine the structural evolution and driving factors of the resilience
spatial network. The findings are as follows: (1) The resilience level shows a steady
upward trend, but the “high in the east and low in the west” gradient pattern has long
been solidified, with the eastern regional mean approximately 1.8 times that of the
western regions, and the regional disparity shows no significant sign of convergence (it
should be noted that the exclusion of the four western provinces may render the actual
disparity more pronounced). (2) The spatial association network has always remained
fully connected, with the network hierarchy degree fluctuating from 0.207 down to 0.143.
Although the network density and the number of relationships have slightly decreased,
the overall evolution exhibits a trend of “hierarchy weakening and structure optimizing,
and a dominant pattern with eastern provinces as the core and central and western
regions as the periphery has taken shape; the block model further reveals a clear
direction of resilience factor flows converging from the central and western regions
toward the east. (3) QAP regression shows that the adjusted R? of the model ranges from
0.056 to 0.092 (all passing the 1% significance test), among which geographic distance is
the most stable spatial inhibiting factor (p<0.01), and the influence of the proportion of
feed and seedling costs has increased from marginally significant to highly significant
(p-value decreasing from 0.073 to 0.007); the influence of aquatic technology promotion
has gradually strengthened (p-value decreasing from 0.245 to 0.087); the intensity of
fiscal support for agriculture shows a trend of gradual withdrawal (p-value increasing
from 0.065 to 0.435); per capita GDP is only significant in the medium term, exhibiting a
phased pattern (p-value decreasing from 0.175 to 0.009 and then rising to 0.160). The
above findings indicate that enhancing national FER requires moving beyond localized
governance and building a regional coordination mechanism anchored in the spatial
association network to systematically narrow the spatial resilience gap by strengthening
technology spillovers, smoothing factor linkages, and improving data monitoring.

»

1. INTRODUCTION mation profoundly affect food security and ecological bal-
ance. As the world’s largest fishery producer, China has
long faced pressures from resources, the environment, and
the market,! and its resilience-building is not only relevant
to national development but also provides a reference for
the sustainable governance of global fisheries.

The resilience theory has evolved from engineering re-
silience to ecological resilience to evolutionary resilience.

Amid multiple challenges, including global climate change,
resource overexploitation, and trade fluctuations, enhanc-
ing the resilience of economic systems has become an im-
portant issue for sustainable development. Fisheries pro-
vide food and livelihood security for billions of people, and
their robustness, adaptability, and capacity for transfor-
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Engineering resilience emphasizes the capacity of a system
to return to its original equilibrium state after being dis-
turbed; ecological resilience focuses on the capacity of a
system to absorb disturbances without altering its basic
functional structure; evolutionary resilience further posits
that a system should not only possess the capacities for
resistance and recovery, but also the adaptive capacities
for reorganization, renewal, and transformation, in order
to cope with uncertain environments.2-5 This paper adopts
the theoretical stance of evolutionary resilience and defines
FER as the comprehensive attribute of a regional fishery
economic system to maintain system stability, effectively
respond to crises, and achieve sustainable development
through the coordinated operation of three core capaci-
ties—risk resistance, adaptive adjustment, and innovative
transformation—when facing internal and external shocks
such as resource depletion, market fluctuations, and cli-
mate change. From the perspective of evolutionary re-
silience, resilience across regions is not an isolated at-
tribute; rather, it forms spatial associations through factor
flows, technological diffusion, and policy coordination,
with regions influencing and shaping each other. Therefore,
introducing social network analysis to examine the spatial
association structure and its dynamic evolution of FER at
the inter-provincial level is a natural extension of evolu-
tionary resilience theory in the spatial dimension.

Fishery resilience research has gradually exhibited
multi-scale characteristics, with the micro-level focusing
on the livelihood resilience of fishing households,® and the
macro-level mostly measuring coastal or marine fishery re-
silience through comprehensive evaluation systems and
analyzing its spatiotemporal differentiation.”"13 In terms
of methodological advances, tools such as social network
analysis and QAP regression have been applied to fields in-
cluding ecological resilience, agricultural resilience, marine
resilience, and tourism resilience,4-19 initially achieving a
methodological shift from attribute analysis to relational
analysis and from static snapshots to dynamic evolution.
However, the systematic application of the above methods
in FER research remains rare, not merely a matter of do-
main transplantation but rather determined by the unique
characteristics of the fishery system. First, the rigid con-
straints of resource dependence. The absolute dependence
of fishery production on natural aquatic conditions creates
non-negligible resource-sharing and competition relation-
ships among provinces, and the mandatory nature of this
spatial interaction is far higher than in agriculture or man-
ufacturing. Second, the temporal sensitivity of product at-
tributes. The high perishability of aquatic products makes
their circulation network highly dependent on cold-chain
logistics and market accessibility, giving the flow of re-
silience factors across regions a distinct rhythm and di-
rection from those in other industries. Third, the spatial
spillover of risk transmission. Fishery disasters exhibit
strong spatial diffusion characteristics, and resource de-
pletion or environmental degradation in one region often
affects adjacent or even trans-regional fishing grounds
through ecological connectivity—this “spatially mandatory
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association” implies that the spatial analysis of fishery re-
silience must be conducted within a network framework.

At the level of driving factors, the formation of spatial
association networks is driven by multiple factors, includ-
ing geographical distance, economic development level, in-
dustrial structure, technological innovation, policy regu-
lation, and infrastructure.20-24 In fishery-related studies,
some scholars have examined the effects of aquaculture
structure, technology, and economic level on the network
of fishery carbon emission efficiency,2> and have identified
the economic development level, industrial structure, and
scientific and technological input as key drivers of the ma-
rine economic resilience network.26 However, most of these
studies still employ traditional econometric models based
on attribute data, failing to fully account for the character-
istics of relational data structures, and lacking exploration
of the dynamic effects of driving factors’ influence over
time. Specifically, the following question remains unan-
swered: Is there an identifiable spatial association network
among provincial FERs? How does the structure of this net-
work evolve over different periods? Does the intensity of
driving factors’ effects undergo phased changes over time?

In summary, existing studies have three core limitations
that progress. First, at the analytical perspective level, most
studies focus on measuring resilience levels and spatiotem-
poral differentiation, without treating provincial resilience
as an interconnected network system. Second, at the an-
alytical depth level, most studies provide structural snap-
shots at specific time points, failing to track the coordi-
nated evolution of network structure, node status, and
block functions. Third, at the analytical method level, most
studies employ attribute data regression, which cannot ef-
fectively handle the characteristics of relational data struc-
tures, and also pay insufficient attention to the temporal
changes in the influence of driving factors. To address these
issues, this study, from the perspective of evolutionary re-
silience, achieves breakthroughs at three levels: shifting
from attribute analysis to network association, employing
social network analysis to parse overall structure, node sta-
tus, and block differentiation; shifting from static snap-
shots to dynamic evolution, analyzing the temporal evo-
lution of network structure and individual indicators from
2013 to 2023; shifting from traditional econometrics to re-
lational data modeling, employing QAP regression to test
driving factors and examine their dynamic changes, in or-
der to reveal the formation and evolution mechanisms of
China’s FER spatial network.

2. RESEARCH METHODS

2.1. ENTROPY WEIGHT-TOPSIS METHOD

The entropy weight method objectively determines weights
based on the degree of variation among indicators, effec-
tively avoiding subjective bias; the TOPSIS method ranks
the evaluation objects according to their closeness to the
ideal solution.2”-28 The combination of the two can not
only rely on the entropy weight method to determine the
objective weights of indicators but also perform relative
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ranking among provinces using TOPSIS. For specific steps,
refer to Ji et al.2%

2.2. MODIFIED GRAVITY MODEL AND FER SPATIAL
CORRELATION MATRIX

Drawing on relevant studies,30-37 a modified gravity model
is constructed to measure the inter-provincial spatial corre-
lation strength of FER, thereby forming the FER spatial cor-
relation matrix. The model is as follows (Equation 1):
%‘%xNQP;XNQPJ-
Q= (1)
(erss)”

In the formula: Qi]- represents the spatial correlation
strength of FER between provinces i and j; NQP;, NQPj,
g;, and g; are the FER and per capita fishery GDP of the
two provinces, respectively; D?j is the square of the ge-
ographical distance between the capital cities of the two
provinces. Based on this model, the gravitational values be-
tween provinces are calculated, and the average gravita-
tional value per row is computed. Each province’s gravita-
tional value is compared with its corresponding average; if
greater than the average, it is recorded as 1; otherwise, it is
recorded as 0.

The introduction of the per capita fishery GDP difference
term in this paper is not intended to measure regional de-
velopment disparities per se, but rather to capture the po-
tential linkage dynamics generated by economic gradients
across regions. In the process of fishery economic develop-
ment, regions at different development levels may exhibit
technology diffusion, industrial collaboration, and resource
complementarity relationships, and economic gradients
can facilitate cross-regional factor mobility. Therefore, the
squared per-capita difference in fishery GDP is used to
characterize the effects of economic gradients across re-
gions. Moreover, the per capita fishery GDP differences
among the provinces covered in the sample are pro-
nounced, and the economic disparity term (gi—g]-)2 is signif-
icantly greater than zero in all empirical analyses, so the
model denominator does not carry the risk of approaching
zero or being undefined. In the model, the geographical dis-
tance term primarily reflects the spatial barrier effect, while
the economic disparity term reflects the potential linkage
dynamics across regions; together, they jointly influence
the intensity of inter-provincial FER associations from the
two dimensions of spatial constraints and economic link-
ages, and there is no issue of the economic disparity term
substituting for the distance term.

2.3. ANALYTICAL METHODS FOR SPATIAL
CORRELATION NETWORK STRUCTURE

This paper systematically analyzes the structural charac-
teristics of the FER network from three dimensions: the
overall network, individual networks, and the spatial block
model. The overall network utilizes indicators such as net-
work correlation degree, number of network relations, net-
work density, network hierarchy, and network efficiency to
comprehensively measure the network’s accessibility, con-
nectivity, and stability.2 Individual networks employ cen-
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trality indicators like in-degree centrality, in-closeness
centrality, and betweenness centrality to depict the influ-
ence and locational advantages of each province within the
network. The spatial block model divides the network into
several internally closely connected blocks to identify func-
tional differentiation among different blocks and the inter-
active relationships of spillover and benefit.3839

2.4. QAP REGRESSION ANALYSIS METHOD

Network data belong to relational matrices, where variables
are prone to multicollinearity. QAP regression does not re-
quire data to meet the assumptions of independence and
normal distribution and can effectively address the multi-
collinearity issues in such relational data.40 Therefore, this
paper adopts the QAP regression model to examine the dri-
ving factors of the spatial network of FER. The specific vari-
ables are described as follows:

1) Difference in Fiscal Support for Agriculture (Gov-Sup):
The basic indicator is characterized by per capita fiscal ex-
penditure on agriculture. Differences in government sup-
port levels may affect the coordination and allocation of
anti-risk resources between regions, thereby regulating the
strength of resilience spatial correlations. 2) Difference in
Geographical Distance (Distance): The basic indicator is
represented by the inter-provincial geographical distance
matrix. Geographical proximity can reduce the costs of fac-
tor mobility and information transmission, serving as an
important foundation for forming resilience spatial corre-
lations. 3) Difference in Per Capita GDP (PGDP): The ba-
sic indicator is represented by regional per capita GDP. Dif-
ferences in economic development levels often correspond
to disparities in resource allocation and market linkage ca-
pabilities, thereby influencing inter-regional resilience syn-
ergy and network connectivity. 4) Difference in the Number
of Demonstration Bases of Aquatic Technology Extension
Institutions (Tech-Base): The basic indicator is represented
by the number of demonstration bases in each province.
Technologically advanced regions can enhance their re-
silience connections with other areas through knowledge
spillovers and technology diffusion. 5) Difference in the
Proportion of Feed and Fry Expenses in Household Ex-
penditure (Feed-Seed): This proportion reflects the degree
of regional dependence on key production inputs. Differ-
ences in input structures may drive the formation of supply
chain-based regional resilience linkages.

The following regression model is established (Equation
2):

GL = f(Gov-Sup, Distance, PGDP, Tech-Base, Feed-Seed) (2)
In the equation, GL represents the spatial correlation net-
work matrix of FER, while the others are the difference re-
lationship matrices of the corresponding variables.

2.5. FER EVALUATION INDEX SYSTEM

Based on the definition of FER, and closely adhering to the
fundamental constraints faced by the fishery system—such
as resource dependence, product perishability, and risk
spillover—this paper follows the principles of scientific
rigor, data availability, and representativeness. Drawing on
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relevant literature,41-46 a comprehensive evaluation system
for FER comprising 28 specific indicators is constructed
from the aforementioned three dimensions (Table 1).
Among them, risk resistance capacity covers aspects such
as resource support, production security, and ecological
regulation. Adjustment and adaptation capacity focus on
market response, industrial upgrading, and production op-
timization. Innovation and transformation capacity is char-
acterized from the perspectives of technological support,
technological application, and innovation conversion.

2.6. DATA SOURCES AND DESCRIPTION

To ensure data continuity and comparability, this study se-
lects 27 provincial-level administrative regions in China
from 2013 to 2023 as the sample (Tibet, Qinghai, Gansu,
and Ningxia are excluded due to systematic missingness
of key indicators). To eliminate the impact of price fluc-
tuations, five value-based indicators, including the output
value of aquatic fry and the total output value of the fishery
economy, are deflated using the consumer price index of
each province, with 2012 as the base period, and uniformly
adjusted to constant 2012 prices. The data are sourced from
the China Fishery Statistical Yearbook and the China Statis-
tical Yearbook from 2014 to 2024. Missing values are sup-
plemented using linear interpolation.

3. RESULTS

3.1. OVERVIEW OF FER

From 2013 to 2023, China’s FER exhibited a significant re-
gional differentiation pattern of “high in the east and low
in the west” (Figure 1). The mean values for the eastern,
central, western, and national levels were 0.2177, 0.1704,
0.1211, and 0.1751, respectively, reflecting a clear gradient
difference in resilience levels among regions. In terms of
temporal evolution, the resilience of the eastern, central,
and western regions all showed a continuous upward trend,
with average annual growth rates of 0.99%, 4.08%, and
4.16%, respectively. Although the western region had the
fastest growth rate, its resilience still lagged significantly
behind that of the eastern and central regions due to its rel-
atively weak foundation. The national FER as a whole main-
tained steady growth, with an average annual growth rate
of approximately 2.54%. The eastern region, relying on ma-
rine resources and scientific and technological support, re-
mained leading and stable; the central region steadily im-
proved through freshwater resources and policy support;
and the western region demonstrated strong potential for
late development.

The spatial distribution of FER across provinces further
confirms the overall pattern of “high in the east and low in
the west” (Figure 2). High-resilience provinces are mainly
concentrated along the eastern coast, including Guang-
dong, Zhejiang, Fujian, Shandong, and Jiangsu. These re-
gions, with favorable resource endowments, well-developed
infrastructure, strong industrial agglomeration, and inno-
vation capacity, have built relatively robust fishery-based
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economic systems. In contrast, inland and western regions
such as Xinjiang, Shaanxi, and Inner Mongolia are con-
strained by limited water resources, weak industrial foun-
dations, and short industrial chains, resulting in generally
low resilience levels.

Regional disparities in internal resilience are also quite
pronounced. The eastern region shows particularly promi-
nent internal differences, with the highest-resilience
province (Shandong, 0.4032) and the lowest-resilience
province (Shanghai, 0.0737) differing by more than fivefold.
Within the central region, Hubei(0.3058) is significantly
higher than Henan (0.0970), reflecting obvious structural
differences. Although the western region as a whole has a
relatively low level, provinces such as Sichuan and Yunnan
perform relatively well in resilience due to better aquacul-
ture conditions and regional market support.

3.2. STRUCTURAL CHARACTERISTICS OF THE OVERALL,
INDIVIDUAL, AND BLOCK MODEL OF THE SPATIAL
CORRELATION NETWORK OF FER

Based on the modified gravity model, this study calculates
the spatial correlation strength of FER among provinces
and constructs the spatial correlation matrix for 2013-2023
accordingly. Network topology diagrams are plotted using
Ucinet software (selected years are shown in Figure 3). The
results indicate that complex spatial network structures
spanning regions were formed each year, demonstrating
that resilience development exhibits significant spatial in-
teraction and dependence.

3.2.1. ANALYSIS OF THE OVERALL STRUCTURAL
CHARACTERISTICS OF THE SPATIAL CORRELATION
NETWORK

The spatial correlation network of China’s FER exhibited
systematic structural evolution characteristics during
2013-2023 (Table 2). The network correlation degree was
consistently 1, indicating that all provinces were incorpo-
rated into a unified system with no isolated nodes. The net-
work hierarchy decreased from 0.2069 to 0.1429, reaching
its lowest value of 0.0741 in 2022, indicating a weaken-
ing of the core—periphery structure and enhanced regional
synergy. The network efficiency increased from 0.7323 to
0.7477, suggesting more refined factor flow paths. The net-
work density adjusted from 0.2137 to 0.2023, and the num-
ber of network relations decreased from 150 to 142, in-
dicating that the network structure became increasingly
compact.

3.2.2. ANALYSIS OF INDIVIDUAL STRUCTURAL
CHARACTERISTICS OF THE SPATIAL CORRELATION
NETWORK

To reveal the relative status and functions of each province
within the network, this paper analyzes the structural char-
acteristics of the FER spatial association network using
three indicators: in-degree centrality, in-closeness central-
ity, and betweenness centrality (Tables 3, 4, 5). On the
whole, eastern coastal provinces remain at the core of the
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Table 1. FER evaluation indicator system
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extension

extension in each region

Primar: Secondar Direction
rimary L M Tertiary indicator Description of
indicator indicator .
indicators
Aquaculture area Aquaculture area of each region +
Total number of fishery Fishery practitioners of each
Resource o . +
practitioners region
support
Output value of aquatic fry Output value of aguatlcfry of +
eachregion
Total aquatic product output Total aquatic prodgct output of +
eachregion
Total fishing vessel power Total fishing vesgel power of +
Production each region
) ) guarantee Number of aquatic product cold Number of aquatic product cold .
Risk resistance storages storages of each region
capacity
Total output value of fishery Total output value of fishery +
economy economy of each region
Direct economic loss from fishery Direct economic loss from .
disasters fishery disasters of each region
2.493 * (Total power of fishing
. . . vessels *0.1129) /0.7(The
Ecological Fishery carbon emissions . -
lati calculation method refers to
regulation references 47-50)
Annual change rate of total
Fishing intensity control rate fishing vessel power of each -
region
Fishermen's net income per capita Flsherrpen. s net Income per +
capita in each region
Aquatic product processing
Aquatic product processing rate volume / Total aquatic product +
Market
output
response
Total output value of fishery
Aquatic product self-sufficiency economy / (Total output value of +
rate fishery economy + Import value
- Export value)
Proportion of secondary and Secongiary_mdustry output value
U + Tertiary industry output value
tertiary industry output value to +
/ Total output value of fishery
total fishery economy output value
economy
AdJustmeqt Industrial Proportion of recreational fishery Recreational fishery output
and adaptation .
. upgrading output value to total fishery value / Total output value of +
capacity
economy output value fishery economy
Proportion of tertiary |nQustry Tertiary industry output value /
output value to secondary industry . +
Secondary industry output value
output value
Ratio of aquaculture output to Aquaculture output / Capture +
capture output output
Proportion of freshwater . Freshwater aquaculture output /
. aquaculture output to total aquatic . +
Production Total aquatic product output
S product output
optimization
Proportion of output of high- Total output of high-quality
quality varieties (Large Yellow varieties (Large Yellow Croaker, +
Croaker, Perch, Sturgeon) to total Perch, Sturgeon) / Total aquatic
aquatic product output product output
Number of aquatic technology Numbe.r of'aqu.atlc. technology
Innovation and . AR extension institutions in each +
! Technical extension institutions .
transformation region
. support
capacity Funding for aquatic technology Funding for aquatic technology +
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Primar Secondar Direction
rimary L M Tertiary indicator Description of
indicator indicator -
indicators
Actual personnel number of aquatic ACtL.JaI personnel numbe'r Of.
R aquatic technology extension in +
technology extension .
eachregion
. L Number of national-level
National-level aquatic original and L .
. aquatic original and improved +
improved seed farms . R
seed farms in each region
Technology Mechanical output per unit of Total aquatic product output / +
application aquatic product Total fishing vessel power
Proportion of factory farming .
output to total aquatic product Factory fgrmmg output/Total +
aquatic product output
output
. . Guidance area of aquatic
Guidance area of aquatic L
X technology extension in each +
technology extension .
region
Innovation i
conversion Fishery labor productivity Total aquatlg product outpu.t / +
Fishery practitioner population
Number of fishermen receiving Number of fishermen receiving +
technical training technical training in each region
central region is approximately 17.66, with Hubei per-
—e—Eastern Central Western Natisivide forming exceptionally well at a level significantly
035 above the regional mean, reflecting its hub status in
W the region. The mean value of the western region is
- only 3.98, generally low and situated at the periphery
0.15 of the network.
2. Analysis of in-closeness centrality
010 In-closeness centrality measures the ease with which
0.05 associations initiated by other provinces can reach
a given province; a higher value indicates that the
G rovince is more likely to be rapidly associated b
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 p y pudly y
other nodes in the network. The national mean fluc-
. - . . . tuates between 42.21 and 45.14. The in-closeness
Figure 1. Resilience Levels of Fisheries Economic . L )
. . centrality of the eastern region is generally leading,
Development Across Three Major Regions and . .. ) .. )
. . with Fujian, Jiangsu, Zhejiang, and Shandong ranking
Nationwide S )
among the top, indicating that other provinces can
transmit resilience factors to these provinces through
network by virtue of their comprehensive advantages; cen- relatively short paths, and that their attractiveness as
tral provinces, represented by Hubei, have continuously en- destinations within the network is relatively strong.
hanced their hub status by virtue of their locational and Hubei in the central region is comparable to the core
circulation advantages; while western provinces are gener- eastern provinces; while the western region is gener-
ally at the periphery, though the connectivity role of certain ally low and situated at an extremely peripheral posi-
provinces within the network has been strengthened. tion, making it difficult for other provinces to trans-
1. Analysis of in-degree centrality mit associations to it through effective paths.
In-degree centrality reflects the number of associa- 3. Analysis of betweenness centrality

tions a node receives, indicating its convergence and
capacity for influence within the network. The na-
tional overall mean fluctuates slightly between 20.23
and 22.08, showing no monotonic trend. The mean
value for the eastern region is approximately 36.40,
with Fujian, Jiangsu, Zhejiang, and Shandong consis-
tently leading, indicating that these provinces exhibit
relatively strong factor convergence and absorption
capacity within the network, mainly due to their com-
plete industrial chains, developed market systems,
and technological advantages. The mean value of the
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Betweenness centrality characterizes a node’s capac-
ity to serve as a bridge between other nodes; a higher
value indicates a stronger capacity of the province to
regulate resource flows within the network. The na-
tional overall mean fluctuates between 4.23 and 5.58.
The mean value of the eastern region is significantly
higher than those of the central and western regions.
Within the eastern region, betweenness centrality ex-
hibits pronounced differentiation: Shandong, Fujian,
and Hainan rank among the top, while provinces such
as Beijing, Tianjin, Shanghai, and Hebei have rel-
atively low betweenness centrality, indicating that
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South China Sea Islands|

South China Sea Tslands|

Figure 2. Spatial Distribution of Fisheries Economic Resilience Development Levels

Note: This standard map was produced based on the map downloaded from the Ministry of Natural Resources’ Standard Map Service website, bearing the review number GS
(2020)4619. The base map has not been modified.

Figure 3. Spatial Correlation Network Topology Diagram of Fisheries Economic Resilience for Selected Years

functional differentiation also exists within the east- the east and the west; Henan and Anhui also serve
ern region—some provinces assume core hub func- certain intermediary functions. The betweenness
tions, whereas others, despite being widely con- centrality of the western region is generally low, in-
nected, play only a limited intermediary role in dicating limited capacity to control network resource
resource allocation. In the central region, Hubei’s be- flows.

tweenness centrality has been steadily increasing,
making it a key bridge for connecting flows between
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Table 2. Overall structural characteristics of the FER spatial correlation network, 2013-2023

Network correlation Network Network Network Number of network
degree hierarchy efficiency density relations
1 0.2069 0.7323 0.2137 150
1 0.2069 0.7292 0.2151 151
1 0.2069 0.7262 0.2151 151
1 0.2667 0.7262 0.2151 151
1 0.2667 0.7169 0.2183 153
1 0.1429 0.7200 0.2168 152
1 0.1429 0.7200 0.2208 155
1 0.1429 0.7354 0.2108 148
1 0.1429 0.7477 0.2066 145
1 0.0741 0.7538 0.2023 142
1 0.1429 0.7477 0.2023 142

3.3. ANALYSIS OF BLOCK MODEL CHARACTERISTICS OF
THE SPATIAL CORRELATION NETWORK

To further reveal the structural differentiation and func-
tional coordination within the network, this paper employs
the CONCOR module in UCINET with the criteria of depth
set to 2 and convergence set to 0.2 to divide the FER spatial
association network from 2013 to 2023 into blocks. The re-
sults show that the network has formed four major blocks
with relatively clear functions and relatively stable struc-
tures (Table 6). The spillover-benefit relationships among
blocks constitute the main body of network connections,
reflecting pronounced functional differentiation and spa-
tial imbalance in factor flows. The net benefit block is
mainly composed of strong fishery provinces in the eastern
coastal region, maintaining a high scale of factor reception
over the long term, serving as the primary net inflow area
within the network and reflecting its leading and agglom-
eration role. The net spillover block covers Beijing, Tianjin,
Hebei, and most central and western provinces, with its
scale continuously expanding; its outward spillover rela-
tionships significantly exceed inward reception, and its
function as a factor exporter has been continuously
strengthened, reflecting the supportive role of the central
and western regions in the national fishery resilience sys-
tem. The two-way spillover block exhibits notable changes
in membership, expanding from its initial members (Liaon-
ing and Shandong) to include Guangdong, Jiangxi, Guangxi,
Hunan, Zhejiang, and others; while factors flow in both
directions, internal connections remain weak, exhibiting
transitional attributes. The broker block assumes the role of
an intermediary bridge, with its membership dynamically
adjusting from multiple provinces to Shandong and Liaon-
ing, maintaining a balance between reception and spillover,
and serving as an important hub for preserving network
structural integrity. The changes in block membership re-
flect the dynamic adjustment of functional structures, and
the network presents a clear factor allocation pattern of
“eastern regions benefiting, central and western regions
spilling over.” The eastern coastal region relies on its in-
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dustrial and technological advantages to assume a leading
role, while the central and western regions rely on their re-
source endowments to play output- and support-role func-
tions. The dynamic evolution of functional differentiation
promotes the deepening of the FER system’s development
toward collaborative integration.

3.4. ANALYSIS OF DRIVING FACTORS

Based on QAP regression analysis, with the number of ran-
dom permutations set to 2000, this paper examines the dri-
ving mechanism of the spatial correlation network of FER
from five dimensions: differences in fiscal support for agri-
culture, differences in geographic distance, differences in
per capita GDP, differences in the level of aquatic technol-
ogy extension, and differences in the proportion of feed and
seedling input costs. The results are shown in Table 7.

1. The overall influence of fiscal support for agriculture
(Gov-Sup) is relatively weak. During the study period,
the coefficients of this variable were negative in most
years and ceased to be significant after 2019, indicat-
ing that the impact of fiscal support differences on
the FER spatial association network is not stable, and
that it is difficult to form a sustained network driving
effect solely by relying on differences in fiscal input.

2. Geographical distance (Distance) exerts a consis-
tently stable negative influence. Across all 11 years,
the coefficients are negative and all pass the 1% sig-
nificance test, indicating that geographical proximity
has always been a fundamental factor promoting in-
ter-provincial FER associations, which is consistent
with the First Law of Geography. The inhibiting effect
of geographical distance shows no significant atten-
uation over the sample period, reflecting that the
cross-regional flow of fishery factors remains subject
to the rigid constraints of transportation costs and
spatial distance.

3. The influence of per capita GDP (PGDP) exhibits an
inverted U-shaped pattern. From 2015 to 2021, the
effect is significantly positive, indicating that the
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Table 3. In-degree centrality of FER, 2013-2023

Structural evolution of fishery economic resilience in China

year
Region Province 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Beijing 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54
Tianjin 11.54 11.54 11.54 11.54 7.69 7.69 7.69 11.54 11.54 7.69 7.69
Hebei 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85
Liaoning 38.46 38.46 30.77 30.77 26.92 23.08 23.08 23.08 23.08 23.08 23.08
Shanghai 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54
Eastern region Jiangsu 69.23 69.23 69.23 73.08 73.08 73.08 69.23 69.23 73.08 69.23 61.54
Zhejiang 65.39 65.39 69.23 61.54 73.08 65.39 69.23 42.31 38.46 34.62 34.62
Fujian 88.46 88.46 88.46 88.46 88.46 92.31 92.31 88.46 88.46 88.46 88.46
Shandong 61.54 61.54 61.54 57.69 53.85 53.85 57.69 53.85 50.00 53.85 53.85
Guangdong 23.08 23.08 23.08 26.92 34.62 34.62 30.77 26.92 26.92 26.92 26.92
Hainan 34.62 38.46 38.46 38.46 38.46 38.46 38.46 38.46 34.62 30.77 34.62
Mean 38.11 38.46 38.11 37.76 38.46 37.76 37.76 34.62 33.92 32.87 32.52
Shanxi 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 11.54
Jilin 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85
Heilongjiang 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85
Anhui 19.23 19.23 19.23 19.23 19.23 19.23 19.23 19.23 15.39 15.39 15.39
Central region Jiangxi 11.54 11.54 11.54 11.54 11.54 11.54 11.54 11.54 7.69 7.69 7.69
Henan 11.54 11.54 11.54 11.54 15.39 11.54 11.54 11.54 11.54 11.54 11.54
Hubei 57.69 57.69 65.39 69.23 65.39 69.23 69.23 76.92 76.92 76.92 80.77
Hunan 23.08 23.08 19.23 19.23 19.23 19.23 19.23 19.23 15.39 15.39 15.39
Mean 16.83 16.83 17.31 17.79 17.79 17.79 17.79 18.75 17.31 17.31 18.75
Inner Mongolia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00
Guangxi 7.69 7.69 3.85 7.69 7.69 7.69 11.54 11.54 11.54 11.54 11.54
Chongging 3.85 0.00 0.00 0.00 0.00 3.85 3.85 3.85 7.69 3.85 3.85
Sichuan 3.85 3.85 3.85 0.00 0.00 0.00 3.85 3.85 3.85 3.85 3.85
Western region Guizhou 3.85 3.85 7.69 7.69 7.69 7.69 11.54 11.54 11.54 11.54 11.54
Yunnan 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 7.69 7.69 3.85
Shaanxi 0.00 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85 3.85
Xinjiang 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mean 2.88 2.88 2.88 2.88 2.88 3.37 481 481 577 577 481
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year
Region Province
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
National Total Mean 21.37 21.51 21.51 21.51 21.79 21.65 22.08 21.08 20.66 20.23 20.23
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Table 4. In-closeness centrality of FER, 2013-2023

Structural evolution of fishery economic resilience in China

year
Region Province 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Beijing 43.33 43.33 43.33 41.27 39.39 38.24 41.94 38.81 37.14 38.81 39.39

Tianjin 43.33 43.33 43.33 41.27 38.81 37.68 41.27 38.81 37.14 38.24 38.81

Hebei 4127 4127 41.27 39.39 37.68 36.62 40.00 37.14 35.62 37.14 37.68

Liaoning 41.27 4483 36.11 34.67 32.50 30.95 33.33 31.33 30.23 31.33 3171

Shanghai 50.00 50.00 50.00 50.00 50.00 50.98 50.98 50.00 50.00 50.00 50.00

Eastern region Jiangsu 76.47 76.47 76.47 78.79 78.79 78.79 76.47 76.47 78.79 76.47 68.42
Zhejiang 74.29 74.29 76.47 72.22 78.79 74.29 76.47 63.42 61.91 59.09 59.09

Fujian 89.66 89.66 89.66 89.66 89.66 92.86 92.86 89.66 89.66 89.66 89.66

Shandong 68.42 68.42 68.42 63.42 59.09 56.52 65.00 57.78 54.17 57.78 59.09

Guangdong 54.17 54.17 54.17 55.32 57.78 59.09 57.78 55.32 56.52 55.32 55.32

Hainan 44.83 46.43 45.61 45.61 45.61 46.43 46.43 46.43 44.07 42.62 44.07

Mean 57.00 57.47 56.80 55.60 55.28 54.77 56.59 53.20 52.29 52.40 52.11

Shanxi 41.27 41.27 41.27 39.39 37.68 36.62 40.00 37.14 35.62 37.14 50.00

Jilin 29.55 31.33 26.80 26.00 24.76 23.85 25.24 24.07 23.42 24.07 24.30

Heilongjiang 29.55 31.33 26.80 26.00 24.76 23.85 25.24 24.07 23.42 24.07 24.30

Anhui 53.06 53.06 53.06 53.06 53.06 54.17 54.17 54.17 52.00 52.00 52.00

Central region Jiangxi 50.98 50.98 50.98 50.98 50.98 52.00 52.00 52.00 50.00 50.00 50.00
Henan 48.15 48.15 49.06 49.06 50.98 49.06 48.15 49.06 50.00 50.00 50.00

Hubei 70.27 70.27 70.27 74.29 70.27 74.29 76.47 81.25 81.25 81.25 83.87

Hunan 54.17 54.17 53.06 53.06 53.06 54.17 54.17 54.17 53.06 53.06 53.06

Mean 47.12 47.57 46.41 46.48 45.69 46.00 46.93 46.99 46.10 46.45 48.44

Inner Mongolia 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 37.14 3.70

Guangxi 3171 32.50 3171 38.81 38.81 39.39 3291 3291 3171 30.95 3171

Chongging 31.33 3.70 3.70 3.70 3.70 32.10 32.10 32.10 47.27 30.23 30.95

Sichuan 31.33 32.10 3171 3.70 3.70 3.70 32.10 32.10 30.95 30.23 30.95

Western region Guizhou 31.33 32.10 38.81 38.81 38.81 39.39 40.00 40.00 39.39 38.81 39.39
Yunnan 31.33 32.10 3171 3171 3171 32.10 32.10 32.10 31.33 30.59 30.95

Shaanxi 3.70 41.94 41.94 43.33 41.94 43.33 44.07 45.61 45.61 45.61 46.43

Xinjiang 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70 3.70

Mean 21.01 22.73 23.37 20.93 20.76 24.68 27.59 27.78 29.21 30.91 27.22

National Total Mean 4341 44.24 43.82 42.63 4221 43.25 45.14 43.83 43.62 44.27 43.65
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Table 5. Betweenness centrality of FER, 2013-2023

year
Region Province 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Beijing 2.97 2.64 3.32 3.33 4.04 5.36 5.29 524 5.37 3.75 5.25

Tianjin 2.10 147 3.32 3.11 4.04 5.20 5.29 5.24 5.37 3.75 5.25

Hebei 172 116 2.46 2.44 0.35 0.37 0.39 0.35 0.45 0.38 0.45

Liaoning 9.01 9.09 8.69 8.67 8.60 8.39 8.39 831 831 8.39 8.69

Shanghai 0.09 0.09 0.12 0.51 0.08 0.33 0.47 111 1.17 0.99 0.50

Eastern region Jiangsu 3.39 3.25 3.49 4.23 4.53 6.69 3.38 4.88 6.52 5.89 3.39
Zhejiang 4.98 3.99 1.83 1.64 4.53 143 173 0.85 0.81 0.72 0.81

Fujian 19.67 18.64 18.18 17.06 15.93 18.13 18.46 18.94 18.27 2251 20.81

Shandong 20.02 17.71 2347 23.20 23.58 24.23 24.35 24.18 23.62 27.60 20.85

Guangdong 4.66 3.42 5.66 7.00 8.18 9.26 6.82 8.08 8.46 12.58 11.92

Hainan 21.84 17.73 13.95 7.33 6.97 11.12 16.27 16.84 13.10 14.82 15.42

Mean 8.22 7.20 7.68 7.14 7.35 8.23 8.26 8.55 8.31 9.21 8.49

Shanxi 172 116 2.46 2.44 3.28 0.37 0.39 0.42 0.55 0.45 2.97

Jilin 0.47 0.43 041 0.48 0.54 0.30 0.29 0.27 0.30 0.30 0.19

Heilongjiang 0.78 0.72 0.86 0.82 0.76 0.30 0.29 0.35 0.37 0.37 0.24

Anhui 3.55 3.02 5.12 6.66 1.08 1.92 6.16 1.70 1.30 1.17 0.71

Central region Jiangxi 0.06 0.05 0.23 0.12 0.22 0.18 0.08 0.24 0.16 0.13 0.16
Henan 175 149 1.97 281 8.66 7.38 2.48 6.09 7.41 7.87 4.57
Hubei 4.76 10.98 11.14 11.88 11.11 12.98 13.55 15.98 2242 18.79 21.74

Hunan 16.76 12.33 10.10 3.90 4.15 5.45 7.66 7.14 0.40 0.44 0.32

Mean 3.73 3.77 4.04 3.64 3.72 3.61 3.86 4.02 4.11 3.69 3.86

Inner Mongolia 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.52 0.00

Guangxi 0.04 0.04 0.12 0.28 0.27 0.25 0.09 0.15 0.41 0.28 0.22

Chongging 0.45 0.00 0.00 0.00 0.00 1.06 0.65 0.75 6.18 0.57 0.53

Sichuan 2.62 2.42 0.70 0.00 0.00 0.00 0.65 0.75 1.14 0.57 0.53

Western region Guizhou 0.45 0.58 1.64 2.95 3.72 3.77 476 5.40 1.17 4.70 5.09
Yunnan 0.45 0.58 0.70 1.28 1.39 1.06 0.65 0.66 244 1.35 0.53

Shaanxi 0.00 4.23 2.20 2.18 2.62 3.43 3.33 4.87 5.07 8.92 7.80

Xinjiang 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean 0.50 0.98 0.67 0.84 1.00 1.20 126 157 2.05 2.49 1.84

National Total Mean 4.60 4.34 4.52 4.23 4.39 478 4.88 5.14 521 5.58 5.15
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Table 6. Inter-block spatial associations of FER, 2013-2023

Number of received Number of spillover . . . . . .
Year Block Number of members relationships relationships Expected internal relationship Actual internal relationship Block type
(units) proportion % proportion %
Internal External Internal External
First block 10 2 9 2 58 34.6 3.3 Net spillover block
Second 10 16 32 16 el 346 281 Broker block
block
2013 — -
Third block 2 0 26 0 10 38 00 Bidirectional spillover
block
Fourth 5 2 63 2 21 154 87 Net beneficiary block
block
First block 11 2 12 2 61 38.5 32 Net spillover block
Second 9 14 31 14 el 308 255 Broker block
block
2014 I :
Third block 2 0 26 0 10 38 00 Bidirectional spillover
block
Fourth 5 2 64 2 21 154 87 Net beneficiary block
block
First block 11 2 19 2 60 385 32 Bidirectional spillover
block
Second 8 2 12 2 47 269 41 Net spillover block
2015 block
Third block 2 0 24 0 10 3.8 0.0 Net beneficiary block
Fourth 6 9 83 9 21 192 300 Broker block
block
First block 11 2 19 2 61 385 32 Bidirectional spillover
block
Second 8 2 12 2 46 269 42 Net spillover block
2016 block
Third block 3 2 23 2 12 7.7 14.3 Net beneficiary block
Fourth 5 5 86 5 21 154 192 Broker block
block
First block 11 1 23 1 58 385 17 Bidirectional spillover
block
Second 8 0 1 0 53 269 00 Net spillover block
2017 block
Third block 3 2 24 2 12 7.7 14.3 Net beneficiary block
Fourth 5 5 87 5 22 154 185 Broker block
block
First block 11 1 22 1 56 38.5 1.8 Broker block
2018 Sgrond 8 0 12 0 53 269 00 Net spillover block
Third block 6 6 92 6 25 19.2 19.4 Net beneficiary block
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Number of received Number of spillover . . . . . .
Year Block Number of members relationships relationships Expected internal relationship Actual internal relationship Block type
(units) proportion % proportion %
Internal External Internal External
Fourth 2 9 17 P 9 38 182 Bidirectional spillover
block block
First block 11 1 22 1 58 38.5 1.7 Net spillover block
Sslcoocrl‘(d 7 0 12 0 51 23.1 0.0 Net beneficiary block
2019
Third block 6 6 93 6 25 19.2 19.4 Broker block
Fourth 3 4 17 4 10 77 2846 Bidirectional spillover
block block
First block 14 2 22 2 78 50.0 25 Net spillover block
Second 6 9 13 9 23 192 281 Bidirectional spillover
block block
2020
Third block 4 0 49 0 18 11.5 0.0 Net beneficiary block
Fourth 3 0 53 0 18 7.7 00 Broker block
block
First block 15 2 26 2 77 53.8 25 Net spillover block
Second 5 8 9 8 21 154 276 Bidirectional spillover
block block
2021
Third block 2 0 19 0 10 3.8 0.0 Net beneficiary block
Fourth 5 4 77 4 23 15.4 148 Broker block
block
First block 14 1 26 1 68 50.0 14 Net spillover block
Second 6 9 8 9 27 192 250 Bidirectional spillover
block block
2022
Third block 2 0 20 0 11 3.8 0.0 Net beneficiary block
Fourth 5 4 74 4 22 15.4 154 Broker block
block
First block 16 1 27 1 90 57.7 1.1 Net spillover block
Second 5 1 24 1 16 154 59 Bidirectional spillover
block block
2023
Third block 2 0 20 0 11 38 0.0 Broker block
Fourth 4 1 68 1 22 115 43 Net beneficiary block
block
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promoting effect of economic development disparity
on network associations is subject to a threshold ef-
fect; once a certain level is exceeded, the driving role
of growth poles tends to weaken.

4. The role of the number of aquatic technology pro-
motion institution demonstration bases (Tech-Base)
exhibits a phased strengthening trend. It shifts from
non-significant to significantly positive, and al-
though it fluctuates thereafter, it remains positive
overall, indicating that technologically advanced re-
gions have gradually become an important force in
promoting regional resilience associations through
knowledge spillovers.

5. The driving role of the proportion of feed and
seedling costs (Feed-Seed) has been continuously
strengthening. This variable shows a significantly
positive influence in all years, with the coefficient
gradually increasing from 0.099 in 2013 to 0.173 in
2023, indicating that differences in upstream indus-
trial chain input capacity are a stable and increasingly
critical factor shaping the FER spatial network. As
core inputs in fishery production, feed and seedlings
determine that their inter-provincial differences di-
rectly affect the depth and breadth of inter-regional
industrial chain collaboration.

Overall, the formation of the FER spatial network is dri-
ven by the dual stable forces of geographical proximity and
industrial chain dependence, with technology spillovers
gradually becoming more prominent since 2018, while the
influences of fiscal support and economic development
level tend to weaken over time. This result indicates that
the driving mechanism is gradually shifting from policy and
growth-pole pulling toward a multi-dimensional collabora-
tive stage co-dominated by technology, supply chains, and
markets.

3.5. ROBUSTNESS TEST

To ensure the reliability of the QAP regression results and
avoid the influence of subjectivity in the selection of the
binarization cutoff for the gravity matrix on the research
conclusions, this paper, following the approach of Wang et
al.,5! further selects 90% and 110% of the mean gravity
values of inter-provincial FER as alternative cutoffs, and
reconstructs the binarized spatial association matrices for
2013, 2018, and 2023 as dependent variables for separate
QAP regression analyses, in order to test the robustness of
the original empirical results (Table 8). The results indicate
that, whether using 90% or 110% of the mean gravity value
as the cutoff, only the regression coefficient for fiscal sup-
port for agriculture in 2023 changes, and the significance
results do not change substantially compared with the orig-
inal results. Although the adjusted R2 varies slightly across
cutoffs, it remains within a reasonable range overall, fur-
ther validating the robustness of the benchmark regression
results.
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4. DISCUSSION

4.1. THE DEEP LOGIC OF THE COEXISTENCE OF
REGIONAL RESILIENCE LEVEL DIFFERENTIATION AND
HIGH NETWORK CONNECTIVITY

This study reveals that FER exhibits a gradient of “high in
the east and low in the west,” while all provinces are incor-
porated into a fully connected spatial network, forming a
distinctive pattern of long-term coexistence between hori-
zontal differentiation and high connectivity. Its deep logic
can be understood from two dimensions: resource depen-
dence and product attributes. In the resource dimension,
the absolute dependence of fisheries on natural aquatic
conditions determines the basic contours of the pat-
tern—the eastern coastal region, relying on natural fishing
grounds, mature aquaculture waters, and long-accumu-
lated industrial capital and cold-chain facilities, has formed
risk resistance advantages that the central and western re-
gions cannot replicate in the short term; the spatial lock-
in of resource endowments explains why regional dispar-
ities have not converged. In the product dimension, the
high perishability of aquatic products constitutes a rigid
constraint on cross-regional coordination: the freshness
preservation window of live products is measured in hours,
compelling provinces to form high-density spatial associa-
tions in cold-chain logistics, emergency reserves, and pro-
duction-marketing coordination, so that functional con-
nectivity must be maintained even when resilience levels
differ greatly.

Boundary conditions also merit attention. Eastern mu-
nicipalities directly under the central government, such as
Shanghai and Tianjin, are constrained by water area and in-
dustrial scale, and their resilience levels are instead lower
than those of some central provinces such as Hubei and Hu-
nan, indicating that the “high in the east and low in the
west” pattern is not absolute geographical determinism,
with industrial scale and resource carrying capacity consti-
tuting important moderating variables. At the same time,
western provinces such as Sichuan and Yunnan, by virtue
of their relatively good freshwater aquaculture foundations
and regional market support, perform better than the re-
gional mean, suggesting that local institutional arrange-
ments can, to a certain extent, offset geographical disad-
vantages.

4.2. STRUCTURAL LOGIC AND COUNTEREXAMPLES OF
NETWORK STRUCTURE FROM EFFICIENCY
OPTIMIZATION TO RISK SHARING

The network structure exhibits sustained optimization fea-
tures of declining hierarchy degree and increasing effi-
ciency, which shares similarities with observations in ma-
rine economic resilience networks,26 but the driving paths
differ. The decline in hierarchy degree can be attributed to
the synergistic effects of three mechanisms: the national
fishery industry transfer policy promotes the extension of
processing links to inland areas; the popularization of cold-
chain logistics technology reduces cross-regional circula-
tion barriers; and e-commerce and new business formats
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Table 7. Regression results of driving factors of the FER spatial association network, 2013-2023

Structural evolution of fishery economic resilience in China

Year 2013 Year 2014 Year 2015 Year 2016 Year 2017 Year 2018
Standardized Significance Standardized Significance Standardized Significance Standardized Significance Standardized Significance Standardized Significance
coefficient level coefficient level coefficient level coefficient level coefficient level coefficient level
Gov-Sup -0.089544 0.065 -0.054993 0.174 -0.092279 0.046 -0.039655 0.252 -0.122098 0.008 -0.087646 0.050
Distance -0.205985 0.000 -0.196215 0.000 -0.204659 0.000 -0.201914 0.000 -0.176744 0.000 -0.148976 0.001
PGDP 0.055395 0.175 0.060488 0.139 0.081748 0.077 0.084306 0.094 0.168601 0.009 0.150411 0.013
Eacst 0.044979 0.245 0.041966 0.238 -0.019559 0.393 0.049858 0.218 0.059237 0.157 0.115326 0.032
FSZ‘:Z_ 0.099460 0.073 0.168067 0.007 0.115343 0.038 0.14502 0.008 0.131123 0.015 0.102377 0.045
R2 0.062 0.074 0.070 0.075 0.097 0.084
AdjR2 0.056 0.069 0.065 0.070 0.092 0.079
P-value 0.000 0.000 0.000 0.000 0.000 0.000
Year 2019 Year 2020 Year 2021 Year 2022 Year 2023
Standardized Significance Standardized Significance Standardized Significance Standardized Significance Standardized Significance
coefficient level coefficient level coefficient level coefficient level coefficient level
Gov-Sup -0.04449 0.170 -0.054826 0.133 -0.03513 0.261 -0.036675 0.239 0.006480 0.435
Distance -0.16148 0.000 -0.159482 0.000 -0.163917 0.000 -0.180329 0.000 -0.175508 0.000
PGDP 0.103342 0.067 0.092623 0.079 0.093003 0.098 0.073656 0.127 0.059075 0.160
'I;zacsfg 0.136458 0.022 0.035764 0.25 0.078895 0.095 0.074206 0.093 0.072817 0.087
Fseezc(ij- 0.114221 0.019 0.171427 0.009 0.162109 0.01 0.189515 0.004 0.172966 0.007
R2 0.085 0.076 0.074 0.082 0.070
AdjR2 0.080 0.070 0.069 0.077 0.064
P-value 0.000 0.000 0.000 0.000 0.000
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Table 8. Robustness test of regression results for driving factors of FER spatial associations in selected years

2013 2018 2023

90% 110% 90% 110% 90% 110%

Significance Significance Significance Significance Significance Significance
level level level level level level
Gov-Sup 0.076 0.037 0.089 0.04 0.518 0.321
Distance 0.000 0.000 0.000 0.001 0.001 0.000
PGDP 0.132 0.157 0.044 0.027 0.18 0.182
o 0232 0.298 003 0.048 0.088 0.113
Feet 0.088 0.078 0.036 0.035 0.009 0.007
R2 0.070 0.061 0.085 0.083 0.075 0.069
AdjR2 0.065 0.055 0.080 0.078 0.070 0.063
P-value 0.000 0.000 0.000 0.000 0.000 0.000

enable western specialty products to bypass traditional hi-
erarchical levels and directly connect to consumer markets,
thereby increasing the connectivity channels of peripheral
nodes.

However, the overall trend does not automatically ben-
efit all nodes. The in-degree centrality of some central
provinces, such as Jiangxi and Anhui, actually declined dur-
ing the sample period (Jiangxi from 11.54 to 7.69, Anhui
from 19.23 to 15.39), which may stem from the “siphoning
effect” generated by neighboring Hubei and Hunan through
policy agglomeration and technological upgrading, leading
to the concentration of factors such as capital and talent
toward regional cores. This counterexample suggests that
the overall de-hierarchization of the network is accompa-
nied by intensified competitive differentiation within re-
gions, which warrants differentiated attention in policy de-
sign.

4.3. THE DYNAMIC SHIFT OF DRIVING MECHANISMS
FROM EXOGENOUS POLICY DOMINANCE TO
ENDOGENOUS COLLABORATIVE DOMINANCE

The driving mechanisms exhibit a phased transition: geo-
graphical proximity consistently serves as a stable funda-
mental factor, while the remaining variables show temporal
differentiation. In the early stage of the study (2013-2018),
equalized fiscal support for agriculture was an important
instrument for promoting regional coordination, with the
number of network relationships peaking at 155 in 2019;
however, diminishing marginal returns rendered it non-sig-
nificant by 2023 (p = 0.435). In the later stage of the study
(2018-2023), the influence of the proportion of feed and
seedling costs (p decreasing from 0.045 to 0.007) contin-
ued to strengthen. From 2013 to 2023, the influence of
aquatic technology promotion (p) decreased from 0.245 to
0.087, indicating that network associations are increasingly
shaped by vertical industrial-chain division of labor and the
input-supply network. The significance of per capita GDP
was confined to the middle of the study period, displaying
an episodic rather than sustained pattern. This implies that
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disparities in economic aggregate do not constitute a con-
sistently stable driver of the network structure.

From the perspective of boundary conditions, the above-
mentioned transformation is not synchronized across re-
gions. Western provinces, due to their weak industrial chain
support facilities and technological absorption capacity,
may face the dilemma of insufficient continuity of endoge-
nous momentum after the withdrawal of fiscal support for
agriculture. Therefore, differentiated strategies are particu-
larly necessary. The eastern region should strengthen tech-
nology spillovers and industrial chain integration; the cen-
tral region should consolidate its hub function for the flow
of factors between the east and the west; and the western
region still needs external policy support for a relatively
long period, and should gradually shift to an endogenous-
driven track after its industrial base is strengthened.

4.4. RESEARCH LIMITATIONS

1. The adjusted R2 of the QAP regression model ranges
from 0.056 to 0.092. Although the model passes the
significance test at the 1% level in all years, its overall
explanatory power is relatively low. This is to some
extent common in relational data regression, as the
gravity matrix itself contains substantial structural
noise, and network formation is influenced by multi-
level interacting factors that are difficult to be fully
explained by a limited set of variables; nevertheless,
it also indicates that important driving factors remain
to be explored.

2. Tibet, Qinghai, Gansu, and Ningxia were excluded
due to systematic missingness of key indicators. Since
one of the core findings of this study is the spatial
gradient pattern of “high in the east and low in the
west,” and all four excluded provinces are less-devel-
oped western regions, their exclusion may lead to an
underestimation of the regional resilience gap, thus
exerting a certain impact on the accuracy of judgment
regarding the overall national pattern.
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3. The spatial association intensity is calculated based
on the modified gravity model, which relies on the
specified form of squared geographical distance and
per capita fishery GDP differences. Although this
specification references existing literature, different
parameter choices may lead to variations in the as-
sociation matrix, thereby affecting the robustness of
network characteristics and regression results.

4. QAP regression reveals statistical associations among
variables rather than causal relationships. Although
the selection of driving factors references a theoret-
ical framework, in the absence of strict exogenous
shocks or instrumental variables, it is inappropriate
to overinterpret the regression results as causal infer-
ence.

5. CONCLUSIONS AND PROSPECTS

By constructing an integrated framework of “horizontal
measurement—network analysis—driving factors,” this
study systematically examines the spatiotemporal evolu-
tion, spatial correlation network structure, and driving fac-
tors of China’s FER from 2013 to 2023. The main con-
clusions are as follows: (1) FER presents a special pattern
of coexistence of horizontal differentiation and high net-
work connectivity, with all provinces being incorporated
into a fully connected spatial correlation network, forming
a mandatory pan-regional collaborative architecture. (2)
The network structure continues to be optimized on the ba-
sis of maintaining full connectivity, manifested as declin-
ing hierarchy and improving efficiency, while prioritizing
the guarantee of the system’s capacity for joint prevention
and control of risks. (3) The driving mechanism has shifted
from exogenous policy- and growth-pole-driven to endoge-
nous synergy of industrial chain and technologys; fiscal sup-
port played a significant role in the early stage, while the
influence of industrial chain dependence and technologi-
cal spillover has become increasingly prominent in the later
stage.

Based on the above conclusions, future research could
be further expanded in the following directions: First, to
deeply dissect the specific collaborative channels and cross-
domain governance mechanisms underlying the high net-
work connectivity. Second, to simulate the dynamic re-
sponse and reconstruction processes of resilience networks
by incorporating external shock scenarios such as climate
change and trade friction. Third, to extend the analytical
framework constructed in this study to other resource-
based industries with similar systemic risks, conducting

comparisons and validations to enhance the universality
and explanatory power of this framework.
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