ZIBAX | 129

Al T B 25 185X 2 3 U &5 0 2 o B R DR AL SRS E o
DI Bk & A8 B R B

Research on Resilience Analysis and Optimization Strategies of Multi-modall

Transportation Network in Metropolitan Region: A Case Study of Changsha-
Zhuzhou-Xiangtan Metropolitan Region
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Abstract The multi-modal transportation network (MTN) in metropolitan areas has become an important part of urbanization development,
which is more complex than a single transportation network. To evaluate the resilience change of metropolitan MTN under
attacks, a modeling method for the metropolitan MTN is established based on complex network theory. Taking network
characteristics such as operational efficiency, the largest connected component, and structural entropy as the connotation,
a comprehensive resilience evaluation index system for MTN is constructed from three dimensions: absorptive capacity,
connectivity capacity, and recovery capacity. Based on index values obtained through single-point attack methods, the entropy
weight method is used to analyze the weights of each index in the calculation of comprehensive indicators. By integrating the
data of railways, subways, and intercity bus passenger transport in the Changsha-Zhuzhou-Xiangtan Metropolitan Region,
a topological model of the Changsha-Zhuzhou-Xiangtan Metropolitan Region MTN is constructed based on the NetworkX
framework. Based on the calculation results, focusing on enhancing the resilience of the Changsha-Zhuzhou-Xiangtan
Metropolitan Region MTN, optimization strategies are proposed from aspects of optimizing transfer node layout, improving
transportation network distribution, strengthening node protection, and adding backup lines. These strategies provide a scientific

basis and decision-making support for the planning and construction of the Changsha-Zhuzhou-Xiangtan Metropolitan Region MTN.
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Fig.1 The measurement process of the structural

resilience of the MTN in the metropolitan region
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Fig.2 The distribution of node degree values of the
MTN in the Changsha-Zhuzhou-Xiangtan Metro-
politan Region
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Fig.3 The distribution of node betweenness centrality
of the MTN in the Changsha-Zhuzhou-Xiangtan
Metropolitan Region

HHFR: EH L.

[— AR

1.24
114
1.04
0.94
0.84
0.74
0.64
0.54
0.4
0.34
0.24
0.1+
0.04
-0.1

HEmiR

0 20 40 &0 B0 100 120 140 160 B0 200 220

ST

— AR

1.24
114
1.04
0.94
0.84
0.74
0.64
0.54
0.4
0.34
0.24
0.1+
0.04

-0.1

HEWPMHR

0 20 40 &0 B0 100 120 140 160 1B0 200 220

ST A

B4 BENKETEAMEENRE
Fig.4 The changes in comprehensive resilience under

random attacks

HHKE: £ A%,

https://www.shplanning.com.cn/. All rights reserved.

B5 ETEEMNEERGHTSRATMETLRE
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Fig.7 The changes in resilience of the Changsha-Zhuzhou-Xiangtan Metropolitan Region MTN under multiple
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