5549 % 552 W) ‘f’ A Vol. 49 No.2
2026 4F 4 H NAVIGATION OF CHINA Apr. 2026

XEHS :1000 —4653(2026)02 - 0042 - 09

£ F PCA-CCDM K3 i Q45
e BB S R AR

ﬂ #é] ’ 11\4%
(gl d R Zimis i # b, i 201306)

B BB S R A S A IR, e I S A B T = R SR i B R A O R B R
s VA B A P TR A, X8 7 ikl RS AT B2 D BE S L B oKk F g K o BEXTREAT IS b 24645
H RS RGEWA S ZME LAY (R R, 44 £ —Fh T 2 B3 20 BT AR 15 P 9 RS 284 ( PCA-CCDM) o %071 LA
2004—2023 4AFEFRIE 75 A~ HE F 64 TR Dy B 38 5 3 R o A 1 L ST T R SR e dE R AR A T
R AEAL B, SO T HE 4R E] (Y 2 L (AL AR 12 FAR S D BEAR Rt Al = R G I D[R] AP, R 45 4 il ad 46 4
AIRH S PR E 4 bR B 244 ( CRITIC) RAAUE 5 AR B LA T 253 TRAL SRS AR VA 6 . WFSE R I F 530 P9 3 [ s
H ﬁiﬁﬁ?Af#%1$%Lﬁﬁ*ﬁ o FUE R A2 1A AT 52 ) 2 BB B e 0 5 DX 3l ] 5 DX Il i BE 25 5
ERFEIR 4. 65 A B ASIT 7l R B AR MO DX P2 5 22 S 2 S B0 0 S R IR D I 3R H it
e B S PP )3 B ARSI 25 S A ™ M R SR S R U, DA TR 7 Ik R G M) i SR AR R SR AR Al

SRR < 15 Y I T s A DM RIS Y 5 3 0 T 5 TR 1 3R 5 I s AR

hE S U691 kAR ETS A DOI:10.3969/j. issn. 1000 —4653.2026. 02. 005

Research on the spatiotemporal evolution of port-industry-city
integration in China’s port cities based on PCA-CCDM

Zhao Nan”™ , Yu Hongwei
( College of Transport and Communications, Shanghai Maritime University,

Shanghai 201306, China)

Abstract: The port, industry and city are significantly related, and their integration degree reflects the coordinated
evolution relationship among the three in the spiral development. Against the backdrop of deepening reforms in China’s port
management system, there is a growing need to scientifically assess the state of port-industry-city integration and analyze its
underlying mechanisms. To address the issues of multidimensional indicator overlap and the difficulty in quantifying
systemic synergy in existing research, this study constructs a coupling coordination degree model based on principal
component analysis. Based on the panel data of 75 port cities in China from 2004 to 2023, the model applies principal
component analysis to reduce the dimensionality of high-dimensional indicators across the port, industry, and city
subsystems, thereby addressing multicollinearity issues among the indicators. Subsequently, a coupling coordination degree
model is employed to quantify the level of synergy among the three subsystems, while the criteria importance through
intercriteria correlation weighting method and panel entropy weight method are integrated for comprehensive weighting and
robustness testing. The research shows that the overall integration level of Chinese port cities showed an upward trend
during the study period, with its evolution exhibiting phased fluctuations influenced by the port management system.

Significant disparities in integration were observed both across and within regions, with a maximum range of 4. 65.
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Institutional changes in port management, path dependence in industrial development, and differences in regional

institutional flexibility were identified as the core drivers of this spatial-temporal differentiation. Accordingly, policy

recommendations such as establishing a cross-regional collaborative governance system and implementing differentiated

industrial development strategies are proposed to advance the coordinated development of the port-industry-city system and

provide a decision-making reference.

Key words: port; port-industry-city integration; coupled coordination model; principal component analysis; coastal port

city; spatiotemporal evolution
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Tab.3 Principal component loading matrix
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Fig.1 Evolution of the grouping of port-industry-city

integration degree in some port cities in China
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Tab.7 Cumulative size of GDP, industry added

value and port cargo throughput in 75 port cities
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Fig.2 Heat map of spatial divergence of integration

in some port cities in China
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Fig.3 Mechanism of integration of port-industry-city
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