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Assessment of Bus-Metro Transfer Behavior Based on Card-Swiping Data:

A Case Study of Beijing

HUANG Kai, ZHANG Jianqin, CHENG Xinyue, HU Chaonan, WEN Zheng, HUANG Xinyi

(School of Geomatics and Urban Spatial informatics, Beijing University of Civil Engineering and
Architecture, Beijing 102616)

Abstract: This study evaluates the coordination efficiency of urban public transportation systems by analyzing bus-subway

transfer behavior characteristics, developing a bidirectional “subway-bus” transfer analysis framework based on Beijing’s smart
card data, which systematically defines subway-to-bus (STB) and bus-to-subway (BTS) transfer modes. An evaluation system

encompassing 10 indicators—including transfer bus service area, competition intensity, and spatiotemporal distribution

patterns—was constructed, with K-means clustering applied to classify subway stations. Key findings revealed that BTS

transfers predominantly occurred during morning peaks while STB transfers concentrated in evening peaks, with both modes

exhibiting a consistent 1:2 ratio in travel time and distance between bus and subway segments, alongside an average 6-minute
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bus waiting time for STB; spatially, high-demand bus transfers clustered around railway stations and sub-centers, with intense
competition observed along the Tongzhou-Chaoyang corridor of Subway Line 1; clustering analysis categorized stations into five
distinct types for each transfer mode, demonstrating tidal passenger flow-driven differentiation. The research provides theoretical

and practical insights for optimizing transfer services and enhancing network coupling efficiency in megacities.
Keywords: public transit travel; transfer connection; transportation big data; travel evaluation indicators; spatiotemporal

distribution; card swiping data
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Figure 1 Probability density estimation function for the
distance between bus stops and subway stations
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9) FEFIRAL . AT AL SR IUIR, T
N LR & P VI K (R k7 SR Ny L]
W, AREA AT I AU 2 SR AE AR R B IR 551
1A, P R] LG $E e A i R e X X AT dl i
B N P/A R B o NMTIDAE I R e i
DIRAFAE A AL A0 B i 55 IR 55 AN R DL e AR SCAE
FH 35458 & (intensity of competition, IC)ME# K AL
BITEFRAR.

TR RN IR RGP B A ST RGP R
el e ONAE—E N VB RN, AESE— skl i
PR SSARTE I, BEAAE AT BN %G [ A & i
HH n, ASCHEATR VS R AN ny: R,
PRI ) H ot AN S B n, IIZ R
SRR N~ (10), BB RE LA 3.

o=t (10)
n
........ e N e
) g ‘_: :‘. @ .
Q n, Q -
Bk A Higk ¥ B Hugkstic

K3 e iR e
Figure 3 Explanation diagram of competition intensity
2 ik
2.1 BZIERHATHIE
Fe AT S5 20 I EL STB A1 BTS 1 AT 44 .
M 4 W51, STB (2 U  UER A 2, e Bt

56 URBAN RAPID RAIL TRANSIT

SRR 18 I, RS AL, S TR B T8 S m] K (1)
P4 )50 BTS K m gL h /e 6~8 I, FFLLmfn)
2y 2 h, T HRARIE 8 25 A W (KR4 Jr 3o KB Al
17772\ OD AT REAT AL (LI 5). HhBkAafe 20
AZ(STBYHATHT,  LABHBH X XU Aoy, SEURERIR,
B I MN X IURBETE ; BRICLAAL, e X KA
S EPPIX DR R B AT SRR s s AR
e b (BTS)H, AL I o il kv e [ 1] 22 ) Fr) 2 3
TR, MANEE TR RER K, WALEN
MEERZ . BRILLIAL, SCHidx) STB #1 BTS Hf
BRI AT B BRI R o LEREA T oM, WAk s A
AE R AT s 1) S B 8 B2 o0 1 2R 2),

4~
——5H1H
——5f8H
gL ——5f120

1 1
0o 2 4 6 8 10 12 14 16 18 20 22
s 2]
(a) STB
——5H1H
4T — 5A8H
——5A12H
4+
.5
e
B 3T
=
ES
B2
1._
0 1 1 1 1 1L 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
B2
(b) BTS

K4 BRI R Al
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