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Abstract

This study integrates complex network theory with community-structure analysis to construct a
Northeast Asian freight port and shipping network, in which ports are represented as nodes and
inter-port connections are inferred from observed shipping linkages. By examining global topolog-
ical properties, node-level centrality metrics, and community partitions, we characterize the spatial
organization of the Northeast Asian maritime trade network and the distributional patterns of ports
along major shipping corridors. The resulting network exhibits a pronounced “core-feeder” hierar-
chical architecture. Its degree distribution is strongly right-skewed with a clear long tail; the tail is
more consistent with a capacity-limited heavy-tailed process than with a strict power-law, while still
displaying scale-free-like heterogeneity and a canonical small-world structure. Centrality analysis
further reveals marked regional clustering and functional differentiation among ports: Shanghai,
Ningbo-Zhoushan, Busan, Dalian, and Tianjin Xingang attain the highest centrality values and jointly
constitute a set of multifunctional core hubs. Community detection identifies a clear geo-functional
modular pattern, broadly separating the network into an East China coastal cluster, a Pearl River
Delta-South China coastal cluster, a Japan port cluster, and a Korea port cluster; inter-community
connectivity is highly concentrated in a small number of key cross-community connector nodes.
Building on these structural findings, efforts to enhance the performance and resilience of the North-
east Asian maritime trade network should prioritize a multi-core coordination configuration an-
chored by the East China coastal hub system (Shanghai-Ningbo-Zhoushan) and closely coupled with
Busan as well as the Kansai-Kanto port systems in Japan. At the same time, emphasis should be placed
on strengthening inter-module corridor redundancy and alternative routing capacity, and on improv-
ing hinterland access, collection-distribution systems, and service capabilities of small and medium-
sized ports, thereby sustaining efficient connectivity while reducing structural dependence on a lim-
ited set of critical hubs and connector nodes and ultimately enhancing network-wide robustness to
disruptions.
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Figure 1. Overview map of the Northeast Asia study area
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Figure 2. Degree distribution of the Northeast Asian shipping network
[E 2. RALIAE ML E 5376 E

BT HREE TEIN =96, E= 1642 MEAR W8N, AL TTIE#E 1R 2 BAT B0 (1 B A mT ik 1k
SRR IE RS ERACE . AR AR AR KN L =1.705, RUMEEMWE L 2 88 % LA
JETBREN TSR RIS L8 EATA 4. A8 2, Ul B RIS ZE SR AN R (K5 R 2 8], i B 52 3]
BRI, g HEAR IR B IR M o 2% 4 R CR (T EIRR) N Bglobal = 0.669, S H £ TE AL
RABARE SN, # I RGTRENS DU R RCR SCILES T R 8 55 A TUia (5 R AR AR M RIE 2 =
HRA Elocal = 0.860 U2 I, #E <RI A A7 AE RO N T AV 55 B AR A2, RIVR A8 1 S5 A E Y R psh
o34 TS O TSR B AR RE T DRI, U AR AR U SR AR R BRI R 1] AR
BT LR AE S SR TR “#5 XA PUEETR " 5 “ Rl Ra iR XKL,

DOI: 10.12677/sd.2026.163115 277 CIERE59/°4 2


https://doi.org/10.12677/sd.2026.163115

MiRT, KA

o SECCDF
— BiME (R !
24 - anineas a7 664, REBHES
!

TFATEARA | CCOFSERRIME TATEAEB © KSEB AR AMRE

—— KS_emp=0.151
p=0.3%

FATEHRIC © BFREL (Vuong)
=0.636

SHAUFALE LR

10t 005 010 015 020 025 0.30
Bk Kt
(a) (b)

Figure 3. Small-world validation of the Northeast Asian shipping network
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Figure 4. Scale-free assessment of the Northeast Asian shipping network
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Figure 5. Centrality profiles giant component): (a) Top nodes by degree centrality; (b) Top nodes by betweenness centrality;
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Figure 6. Community structure and port role identification results (Louvain communities and schematic role classification)
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Figure 7. Core-periphery and hierarchical structure diagnostics: k-core decomposition, the C(k)-k relationship, and the normalized
rich-club coefficient (p_norm)
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Figure 8. Robustness test results (giant component): (A) Connectivity S/S0S/S_0S/S0; (B) Efficiency E/EOE/E_OE/E0
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