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Table 2 Evaluation indicator system of coastal human-nature system resilience in the Bohai Rim region
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Figure 1 Box plot and kernel density estimates of coastal human-nature system resilience in the Bohai Rim region, 2005-2019
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Figure 2 Spatial differences of coastal human-nature system resilience in the Bohai Rim region, 2005-2019
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Figure 3 Spatial association network of coastal human-nature system resilience in the Bohai Rim region, 2005 and 2019
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Figure 4 Overall network characteristics of coastal human-nature

system resilience in the Bohai Rim region, 2005-2019
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Figure 5 Spatial pattern of spillover and benefit relationships of coastal human-nature system
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resilience in the Bohai Rim region, 2005 and 2019
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Table 3 Network centrality analysis of spatial association of coastal human-nature system resilience in the Bohai Rim region, 2005 and 2019

e 2005 4f 20194F

i BER e/ lina aNWNiS PG RN S BER G EE/Slina ANy PG RN S
K 14.000 84.211 30.764 15.000 88.889 28.628
L 11.000 72.727 13.878 12.000 76.190 12.739
ZEE 7.000 59.259 13.044 9.000 66.667 11.788
7 5.000 50.000 3.418 6.000 55.172 2.890
HiD 12.000 76.190 24.767 13.000 84.211 23.078
Jak 6.000 53.333 8.987 8.000 59.259 8.229
RS 11.000 76.190 27.271 12.000 80.000 29.996
i 7.000 61.538 3.060 7.000 61.538 5.871
TN 6.000 50.000 3.418 7.000 59.259 4.885
R 6.000 57.143 1.629 6.000 59.259 1.629
H i 4.000 48.485 5.023 7.000 57.143 2.087
Kift 9.000 69.565 23.332 11.000 66.667 28.860
M 7.000 53.333 2.861 6.000 57.143 2.455
TR 6.000 43.243 4203 8.000 51.613 4203
PR 7.000 47.059 0.629 6.000 48.485 0.629
HE 6.000 50.000 2.121 7.000 51.613 2.107
Wi 5.000 48.485 0.653 6.000 48.485 0.653
¥{E 7.588 58.868 9.945 8.588 63.035 10.043
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Table 4 Spillover effect of spatial association blocks of coastal human-nature system resilience in the Bohai Rim region

e T R EE A BB R A T4 HIER P SRR
B —5wwm o WA BOE KF L% KR L% B
M 1 7/14 1526 7/14 34/43 37.50/50.00 43.75/53.85 Uz
M I 2/2 18/20 2/2 13/16 6.25/6.25 11.11/10.00 “BaN”
M 7/6 11/10 7/6 15/13 25.00/12.50 63.63/60.00 R
MV 2/2 32/36 2/2 13/18 12.50/12.50 6.25/5.56 eI

o A4 R 2005 F112019 450

x5 MEHEEET ARG =6 XK R E M S5 IEME

Table 5 Density matrix and image matrix of spatial association of coastal human-nature system resilience in the Bohai Rim region

ST R B
B - A

Mk 1 Ml A Il BRIV Mk 1 Ml Bl BRIV
Mk 1 0.143/0.194  0.571/0.722 0.086/0.333 0.238/0.074 0/0 /1 0/0 0/0
e 0.929/0.889  0.000/1.000  0.200/0.333 0.667/0.333 /1 0/1 0/0 1/0
Hake I 0.057/0.074  0.200/0.176  0.350/0.778 0.467/1.000 0/0 0/0 171 /1
MRV 0.905/0.926  0.500/0.333 0.733/0.333 0.333/1.000 1/1 1/0 1/0 0/1

o T R4 53R 2005 F12019 AR50
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Figure 6 Transmission relationship among four blocks of spatial association network, 2005 and 2019
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Table 6 Quadratic assignment procedure (QAP) correlation
analysis results of spatial association matrix of coastal

human-nature system resilience

SES SLBRARC R EL WK
Dis 0.328%** 0.000
Res 0.177** 0.016
Eny 0.208** 0.014
Edu 0.204%%** 0.000
Eco 0.283%** 0.002
Market 0.082 0.140
Con 0.091 0.116
Indus 0.072 0.180
Gov 0.021 0.422
Tech 0.145%* 0.037
Open 0.223%* 0.022
Infor 0.343%** 0.001
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Table 7 Quadratic assignment procedure (QAP) regression results of spatial association factors of coastal human-nature system resilience, 2005-2019

Ap 2005 4F: 2007 4F 2009 4F: 20114F 20134F 20154F 20174F 20194F
Dis 0.339%** 0.342%%* 0.372%%+ 0.420%++ 0.332%%+ 0.325%++ 0.334%%* 0.389%**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Res 0.203%* 0.193%* 0.221%#* 0.167* 0.112% 0.085 0.095% 0.046
(0.015) (0.023) (0.005) (0.061) (0.052) (0.102) (0.058) (0.285)
Env 0.104* 0.065 0.100 0.138%* 0.107%* 0.163%* 0.145%* 0.195%%*
(0.062) (0.226) (0.157) (0.040) (0.050) (0.012) (0.015) (0.006)
Eco 0.268%** 0.253%%* 0.220%++ 0.208%++ 0.289%++ 0.297+++ 0.301%** 0.310%**
(0.001) (0.001) (0.005) (0.007) (0.001) (0.001) (0.001) (0.001)
Edu 0.306%** 0.287%%* 0.248%** 0.290%** 0.340%** 0.293%#* 0.287%%* 0.304%%*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Tech 0.151%* —0.170%* ~0.106* -0.062 ~0.098* -0.055 -0.110* -0.028
(0.039) (0.038) (0.100) (0.221) (0.096) (0.237) (0.091) (0.311)
Infor 0.326%** 0.334%%* 0.385%++ 0.403%++ 0.398%++ 0.415%++ 0.477%%* 0.435%%*
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Open 0.207%%* 0.202%* 0.155%* 0.197%** 0.139%* 0.062 0.089% 0.097
(0.006) (0.014) (0.031) (0.008) (0.047) (0.234) (0.094) (0.167)
R 0.375 0.324 0.342 0.285 0.368 0.302 0312 0.297
Adj-R? 0.358 0.308 0.327 0.272 0.353 0.291 0.299 0.285
P1Y 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Figure 7 Formation mechanism of the spatial association network of coastal human-nature system resilience
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Characteristics and formation mechanism of spatial
association network of coastal human—nature system
resilience in the Bohai Rim region

GAIl Mei"?, XU Jingjing"?, YUE Peng"?
(1. Key Research Base of Humanities and Social Sciences of the Ministry of Education, Institute of Marine Sustainable
Development, Liaoning Normal University, Dalian 116029, China; 2. University Collaborative Innovation

Center of Marine Economy High-Quality Development of Liaoning Province, Dalian 116029, China)

Abstract: [Objective] At the core of geographic research, the theory of regional human- nature
system is also an important theoretical basis for the study of sustainable development of the coastal
zone, where the interaction between land and sea is intense. It is of great significance to clarify the
characteristics of the spatial association network and the formation mechanism of coastal human-
nature system resilience, which will help to grasp the cross-regional synergistic development of the
resilience level and enrich the scientific research of the coastal zone. [Methods] Based on the panel
data of 17 cities in the coastal zone of the Bohai Rim region from 2005 to 2019, this study used the
variable fuzzy identification method to measure the level of coastal human- nature system
resilience, and applied the modified gravitational model and the social network analysis method to
study its spatial association network characteristics and formation mechanism. [Results] (1) There
was a significant spatial association between coastal human-nature system resilience in the Bohai
Rim region, but the network structure was relatively loose; (2) Tianjin, Qingdao, Yantai, and Dalian
dominated the association network, and Cangzhou, Rizhao, and Dandong were in the periphery of

“net

the spatial association network; (3) Jinzhou, Yingkou, and Huludao belonged to the
beneficiary” block, Weifang, Binzhou, and Dongying belonged to the “two-way spillover” block,
Qingdao, Tangshan, and Tianjin belonged to the “net spillover” block, and Yantai and Dalian
belonged to the “broker” block. (4) The QAP regression model revealed that geographic
proximity, differences in economic development levels, differences in environmental quality,
differences in human capital, and differences in informationization levels are the dominant factors
in the formation mechanism of spatial association network of coastal human- nature system
resilience. [Conclusion] To realize the development of a close-knit network of spatial linkages for
coastal human-nature system resilience, it is necessary to promote the orderly flow of resource
elements between regions and solve the problem of factor mismatch, so as to effectively enhance
the complementarity of strengths and the mechanism for cooperation and exchange.

Key words: coastal resilience; human- nature relationship areal system; spatial association network;

social network analysis; Bohai Rim region

hitp://www.resci.net



