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Study on centrality of subway network based on time-varying passenger

flow

WANG Jia', LIN Miaopeng', LI Pei’

(1. School of Transportation, Changsha University of Science & Technology, Changsha 410114, China;
2. Changsha Qianmo Traffic Planning and Design Co., Ltd., Changsha 410076, China)

Abstract: [Purposes] This paper aims to investigate the variation patterns of centrality of subway
networks under different spatiotemporal distributions of passenger flows. [ Methods] In this study, a
two-step clustering algorithm was employed to partition automatic fare collection (AFC) data of urban
rail transit into distinct time periods, and the corresponding passenger flows were incorporated into the
subway's topological network, which thereby generated a time-varying passenger flow weighted
network. From the perspective of passenger transportation, the centrality of subway networks was
examined using three indicators: station service intensity, station passenger flow betweenness, and
station externality. The Shanghai subway network was used as a case study, and three typical passenger
flow periods were identified: peak, transitional, and off-peak periods. [Findings] Subway stations
exhibit higher service intensity and externality during the peak period compared to the off-peak and
transitional periods. However, there is no significant difference in passenger flow betweenness among

different time periods. Stations with higher externality are found not only in the central area of the
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subway network but also along the peripheral branch lines. Moreover, the top ten stations in each

indicator for different time periods show a high degree of overlap, and all are concentrated on the three

carliest subway lines. [ Conclusions ] The findings of this research can provide valuable insights for the

daily organization of passenger flows for urban rail transit and the planning and implementation of

safety contingency plans for unforeseen events.
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Fig.1 Diagram of impact analysis due to station failure
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Fig.2 Division of passenger flow time periods
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sections during peak period
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Fig. 4 Distributions of centrality indicator values for standardized passenger flow in subway stations
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