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Identifying critical segments of an inland waterway network
based on Community Bridges

Lu Wenya, Liao Peng”, Yan Muhua
(School of Transportation, Southeast University, Nanjing 211189, China)

Abstract: With inland waterways transitioning from linear to networked operation, accurately identifying critical segments is
essential for optimizing resource allocation and enhancing system resilience. Existing methods have limitations in effectively
identifying segments that play a decisive role in maintaining global connectivity. To address this issue, a community bridge-
based method is proposed. Firstly, a weighted topological network is constructed using waterway class and length. Then,
the Louvain algorithm is applied to divide the inland waterway network into multiple communities with strong internal
connectivity, and edges connecting different communities are identified as critical segments. Finally, attack simulation
experiments are conducted to evaluate the effectiveness of the proposed method. Taking the Jiangsu inland waterway network
as a case study, the results show a maximum modularity of 0. 901, indicating a pronounced community structure
characteristics, and the network can be divided into 18 communities. Currently, 46 critical segments are identified in the
network. If all critical segments fail simultaneously, both relative network efficiency and the relative size of the largest
connected component decrease by nearly 80% , validating the effectiveness of the identification method. After implementing
the 2017—2035 and 2023—2035 waterway network upgrades, the community structure becomes more compact, and the
number of identified critical segments decreases while the results remain consistent. The identified critical segments provide
theoretical support for routine maintenance and safety supervision of inland waterways, strengthening navigational assurance
to enhance network resilience.
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Fig. 1 Identification of community bridges
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Tab.1 Inland waterway classes and lengths in Jiangsu Province ( partial)
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network under different attack strategies

R, LG HH TR - PR 47 33k 26 5 B A B Xt T 4E 47 o 2%
T ST R A T, D ARk R 45 AL 5 By
RIS %
2.3 TUMETXEMETE

SEPRATIE A ) 28 254 — AN 2 By U (B
FUIE S5 g n] A AUE G S T . WFTORTT IR AT
A A P93 AL S5 2 i) R 2017—2035 4F K 2023 —
2035 AFRLRI (WL 1) $271, fig b 2y 10, iH53 50
AT UL 1o 45 3 28 3ok A v S BT BE TR B9 28 A D
2017—2035 4 ,2023—2035 AERLKI T P ] A T8 199 1)
FEEMBARBIZE RN 8 & 9 i,

23 R EE T ILIR T ALIE P FEAS A B B B



B ICHE, 45  HE T AL AR 9 A AT S SR BN 7 15 75

- ST 050 100km
ﬂp¥

\‘””\»x oK __o &9

[S17)
o Wr

SR B CHE AR S
<100

== 100~200
= 200~300
w—300~400
—4()()

— HAMB
-y TR

B8 2017—2035 4 AiLIal A Tl i 8 93 5 FEE A B
Fig.8 Critical segments in the 2017—2035 planned

inland waterway network

Pl

RELALBCHE TR
<100

— 100~200

— 200~300

— 300~400

—400~500

Fig.9 Critical segments in the 2023—2035 planned

inland waterway network

FH AT 43 FOCEE AL B AR S O o 45 AR Wow , )
P 245 (R RS R B B DR e A5, BRI I 2 15 B I
EAEVRRIE , 35Tt AT 19 AR A B i ) A 4R
W #E— 20U B, Bl A S T A AL
i 5 T BOBOR N 98D, Fe B AR A 25 4 i n R s
A 245 235 ) 1 W 2 R M R 80 L SRR Ay A, SRR
SRR RT3 10— 3L

10 253 T3R5 2023—2035 4R LK 9 2% |
2017—2035 5 2023—2035 4F H K] %0 4% 56 5 i B 1)
I Ol o IO B 18 A2 Sk 5, 34 T4 i i
A AT ) S R Bl . DR R DGR B i
BB E B, PR R 4 5 2017—2035 4F 2023—
2035 AERRI 2 A 25 21 SR B— 2, 305
B 50% L | 52017—2035 4F fil 2023—2035 4F

AL 25RO A ) S BT BE S A 33 4%, o Lo o
80% o FEHIRIA 2 MLIE L $TF TILIR N T £&
FULIE AFITIE S22, o AR AT AR AR 0 R, AL AT R
I3 B LA K A A8 o (B H T R 28 254 S AR E
WO BN 45 RARFEE DT
®3 MBEETHHEAR S R XBMRIRAERL
Tab.3 Community partitioning and critical segment

identification under network evolution

pinal | CTEE S /B TS
SR FURMZ  (2017—  (2023—
2035 4E) 2035 4E)
Fei b g 0.901 0. 899 0. 880
ANk ey 18 18 17
TR S B A B AL 46 44 40
50 IOOKIHA
-
o
L
)
o W
e ] 7] SRR B
BRI
— 2023~203 54E R P 4%
— HARNB
[mpiwix

217

o Wi
] F XA B
— 2017-20354F LRI R 4%
== 2023~20354F R P 4%

(b) 2017—2035 5 2023—2035 4EH14] %
B 10 2R A4 T ST B R LA
Fig. 10 Comparison of critical segment identification

across evolving networks



76 B M R

55 49 55 2 1)

IEAN, Ay 48 TG PR T A P 2 1 R TR
PRAFE R S B B, A 5t iz 1) 95 1 B M Tl
B AU IR B BB AR E g BB
LB BEPF X BEAE , 5 BLAMAr B R A f e, B
PR S e R AT 2R 0 S O A 5 A Bt R K
TR Rk S UL L 98 A, it 4 U3V i L
i, FL g A F I I RPRAR T AT S5 2 , DAL R i S
FUL B 1 2% 30 1 A

3 HRiE

1) Z54 PITILE R 52 B i 00, DLHPUIE 55 2% |
A AT B AL AU F R 45, 32 ] Louvain 533
Ay ATTLE AL TR o S5 R R, VL5 AT LE
W HAT 25 AL AT EE R R AL, mT ) o0 T 18 L
HRIIr 45 R S TLIR K ZR o0 A AR — B, XI5
ACIE A5 PR A BB A A dl

2) DAVLS5 PRRTACIE P DA 491, 3 g fige A o0 6 4 A
GERL R AN TR AL A 12 (R LB ) U D SR
Bro AP S G S T 4% PR RE A PRiELR AL,
FEPRRE IR IET 80% , KWW T ik 75 14 REA i
(L 4E AR 2R i ) G BT B

3) VLR IE M BRI AT 46 25 G HETBE,
P2 1R 2017—2035 4E 711 2023—2035 4EHL I LH 42
THe  #E AR 5 ST BRSO I 8 b, A+ 4544
INE %, HOGSATBOF N A R IR 14 BT

4) ASHIFFERT§ 0 OB B U O 12 Ol T
PO 28 910 [l S N A AL, R A AT ik — 28 2% SR
Tt GEATRE T SF S Pris B N R I M T 2
K= A1, 0 Ktz — b & 4R Ak .

£ £ x #

[1] Chen J, Zhang Y, Liu L. Vulnerability analysis of
multimodal transport networks based on complex network
theory [ J ]. Journal of Southeast University ( English
Edition) , 2021, 37(2) : 209-215.

(2] EERL, e, B, 45, LRl )= M T Rt
g3 28 B HE 1 T R [T ] Sz g R 48 LA
558, 2021, 21(4) : 256-262.

Ge ] W, Yuan K B, Yin M, et al. Identifying important
ports in container liner shipping network: A perspective
theory [ J ].

Engineering and Information

from spreading dynamic Journal ~ of
Transportation  Systems
Technology, 2021, 21(4) : 256-262. (in Chinese)

(3] 23, HIRME, ARTTUN, 45, s TKIOR AN I 25 5
ZRBE[J]. WP, 2015, 38(3) : 94-98.

Li H, Gan L X, Zheng Y Z, et al. Complexity of

[7]

[9]

[10]

(11]

(12]

waterway networks in port waters [ J ]. Navigation of
China, 2015, 38(3) : 94-98. (in Chinese)

BUHE, R, O, AR BT A M A e R
AL 10 26 e s v [T . b I i, 2014, 37 (4)
44-49.

Huang C H, Gao D Y, Xiao Y J, et al. Vulnerability of
inland waterway network from the perspective of complex
network theory[ J]. Navigation of China, 2014, 37(4) .
44-49. (in Chinese)

S, EFMG RIS 2. 21 ALl bz g T AR
PAFHFIS P28 I s AR A [ )] 32 3R, 2022,
77(8) : 2067-2082.

Wu D, Wang Y P, Sheng S J, et al. Vulnerability
changes of the maritime silk road container shipping
network under intentional attacks[J]. Acta Geographica
Sinica, 2022, 77(8) : 2067-2082. (in Chinese)
T, BRI, R HL, A NI IE 19 28 BT S8 o
Frafete ki se ()] EfLE, 2021, 44 (4) .
63-70.

Lou N Y, Huang C H, Chen Y L, et al. Invulnerability
of inland waterway network and its optimization [ J ].
Navigation of China, 2021, 44 (4). 63-70. (in
Chinese)

A0, R, R, A K A R S SUTIE 9 Y
ROZRAEYE S G R M A [T ]. K& i 3 K27 2 4l
2021, 47(1) : 28-36.

Lou N Y, Huang C H, Chen Y L, et al. Network
characteristics and robustness analysis of the Yangtze
River Delta high-grade waterway network[ J]. Journal of
Dalian Maritime University, 2021, 47 (1) : 28-36. (in
Chinese)

Mou N X, Sun S Y, Yang T F, et al. Assessment of the
resilience of a complex network for crude oil
transportation on the Maritime Silk Road [ J]. IEEE
Access, 2020, 8. 181311-181325.

Feng J] R, Zhao M K, Yu G H, et al. Dynamic risk
analysis of accidents chain and system protection strategy
based on complex network and node structure importance
[J]. Reliability Engineering & System Safety, 2023,
238 109413.

Ahmad W, Wang B. A neural diffusion model for
identifying influential nodes in complex networks [ J].
Chaos, Solitons & Fractals, 2024, 189, 115682.
Girvan M, Newman M E J. Community structure in
social and biological networks [ J].
National Academy of Sciences, 2002, 99 (12) . 7821-
7826.

Proceedings of the

De M P, Ferrara E, Fiumara G, et al. A novel measure

of edge centrality in social networks [ J]. Knowledge-



S, 45 < BET AL AT A AT AT T 000 SRR BRI 7 vk 77

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

(21]

[22]

Based Systems, 2012, 30. 136-150.

Barrat A, Barthelemy M, Pastor-satorras R, et al. The
architecture of complex weighted networks [ J ].
Proceedings of the National Academy of Sciences, 2004,
101(11); 3747-3752.

Onnela J P, Saramaki J, Hyvonen J, et al. Structure
and tie strengths in mobile communication networks[ J].
Proceedings of the National Academy of Sciences, 2007,
104(18) ; 7332-7336.

TR, BT Mz, 55 BT 1] & AU 2% I 2% 1)
Sl Ty S g o O B gk BRI [T ] 3L TR S
2019, 36 (12): 3709-3712.

Yin X Q, Mo Y D, Lin Y, et al. Critical road sections
identification of urban traffic road network based on
[J1]
Application Research of Computers, 2019, 36 (12):
3709-3712. (in Chinese)

BWE, A, 7. BT k-shell fy 368 1T B 00 O B i B
L] RE TR, 2014, 32(5) ; 105-110.
Zhao Y, Li H, Wang F. Identifying key sections in

weighted and directed complex networks

urban road network based on k-shell [ J ].
Engineering, 2014, 32(5) : 105-110. (in Chinese)

Wu A K, Tian L, Liu Y Y. Bridges in complex
Physical Review E, 2018, 97 (1)

Systems

networks [ J .
012307.
Siebert B A, Hall C L, Gleeson J P, et al. Role of
modularity in self-organization dynamics in biological
networks[ J ]. Physical Review E, 2020, 102 (5):
052306.

Zhang H, Wang J, Shi B, et al. Exploring significant
edges of public transport network under targeted attacks
[J]. Modern , 2019, 33
(10) : 1950114.

Yu E Y, Chen D B, Zhao J Y. Identifying critical edges
Scientific Reports, 2018, 8

Physics  Letters B

in complex networks [ J].
(1) 14469.

Wang Y F, Hua M Z, Chen X W, et al. Sustainable
response strategy for COVID-19: Pandemic zoning with

urban multimodal transport data [ J ]. Journal of

Transport Geography, 2023, 110. 103605.
XL, Eo s UL, S5 T R AR A Vs 1 2% 41 4]
ZitmtsE)]. gilis ki RS TS5 S, 2019, 19
(6): 231-236.

Ge J W, Wang X F, Wan Z, et al. Community structure
of world container shipping network [ J]. Journal of

Transportation Systems Engineering and Information

[23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

Technology, 2019, 19(6) ; 231-236. (in Chinese)

Isa I D, Mark L, Yannis K. A multilevel clustering
technique for detection [ J .
Neurocomputing, 2021, 441, 64-78.

Xiao J, Zou Y C, Xu X K. A metaheuristic-based

community

edge
IEEE

modularity optimization algorithm driven by

directionality for directed networks [ J ].
Transactions on Network Science and Engineering,
2023, 10(6) . 3804-3817.

Hu F, Liu J, Li L H, et al. Community detection in
networks with  spectral

complex using Node2vec

clustering[ J]. Physica A Statistical Mechanics and its
Applications, 2020, 545, 123633.

Luo X, Liu Z G, Jin L, et al. Symmetric nonnegative
matrix factorization-based community detection models
and their convergence analysis[J]. TEEE Transactions
on Neural Networks and Learning Systems, 2021, 33
(3): 1203-1215.

Jin D, YuZ Z, Jiao P F, et al. A survey of community
detection approaches: From statistical modelling to deep
learning[ J]. TEEE Transactions on Knowledge and Data
Engineering, 2021, 35(2) : 1149-1170.

Blondel V D, Guillaume J L, Lambiotte R, et al. Fast
unfolding of communities in large networks[ J]. Journal
of Statistical Mechanics: Theory and Experiment, 2008,
2008(10) ; 10008.

Lambiotte R. Multi-scale modularity and dynamics in
complex networks [ M]. New York: Springer, 2013
125-141.

DuZ Y, Tang J J, Qi Y, et al. Identifying critical
nodes in metro network considering topological potential ;
A case study in Shenzhen city—China[ J]. Physica A
Statistical Mechanics and its Applications, 2020, 539.
122926.

Newman M E J. Modularity and community structure in
networks[ J ]. Proceedings of the National Academy of
Sciences, 2006, 103(23) : 8577-8582.

FRUIE, B0, i A A BIET SR T T B A 1 2%
ipFE 2 AT ik giik [T]. R TR HLE 5 58
#,2024,44(11) :3626-3638.

Guo M X, Zhao T T, Gao Z Y. Review of optimization
methodologies for road transportation network protection
and restoration to enhance system resilience [ J ].
Systems Engineering-Theory & Practice, 2024 ,44(11) :
3626-3638. (in Chinese)



