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LI Wenqgian, LI Haiying, JIANG Xi, ZHANG Yifei
(School of Traffic and Transportation, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Against the background that urban rail transit has gradually become the main travel mode of
residents, and the risk of large passenger flow is increasingly prominent, it is urgent to improve system
resilience to guarantee operation efficiency and service quality. From the perspective of supply-demand
coordination, this paper constructed a quantitative and qualitative dual-dimensional resilience
assessment framework and proposed a collaborative optimization strategy of resource supplement at the
supply side and passenger flow regulation at the demand side. By taking system performance and
passenger travel benefit as core indicators, the system service level was comprehensively quantified by
combining the precise spatiotemporal distribution results of passenger flow obtained by the dynamic
simulation technology of network passenger flow. By taking the residual capacity of stations as the core,
the station risks were evaluated hierarchically by using TOPSIS scoring and K-means clustering
methods, and differentiated passenger flow control strategies were implemented. An emergency bus

feeder scheme was designed. Through the case verification based on the metro operation interruption
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event in City G, the results show that this method can significantly improve the resilience level of key

bottleneck stations and the overall system and provides a scientific basis for the refined management of

urban rail transit under disruptive events.

Keywords: Urban Rail Transit; Resilience Assessment and Optimization; Supply-Demand Coordination;

Passenger Flow Control; Network Passenger Flow Simulation
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Tab.2  Risk levels and passenger control measures of stations along Line 1
¥ KNP AU 254 By Eg st B 5 LA KU 52 By Eg Byt B
3 =uh 9 ,
1 XL 9 GY 3 =GRl 9—13
2 — Y 10—13 Q Wi
3 =l 9
2 KK 1 — 9—13 10 NJS
R ! ! Yt 10—13
2 - 9
3 HDW 1 gy 9—13 11 LSLY
At 1 — g 10—13
FC 2 s 9—I13 12 DSK 2 ks 9—13
5 HS 1 — Yl 9—13 13 YJ 2 B 9—13
2 TRIhE 9
6 CSL 1 gyl 9—13 14 TYXL
Hofida 1 — it 10—13
3 =Y 9
7 cJc 15 TYZX 1 e 9—13
! > — ks 10—13 Wi
2 QO 9
8 XMK 16 GZDZ I ks 9—13
| g 10—13 A
F3 1 S&EFMBETERERT
Tab.3  Comparison of benefit resilience index for stations along Line 1
0.40 o —
= 5 KR TR P
E 0% AR ormeden e TR
=025 XL 0.732 0.865 18.25
020 KK 0.716 0.875 2228
b 8‘}(5) HDW 0.804 0.857 6.58
0.05 FC 0.667 0.874 31.07
0.00 HS 0.752 0.941 25.08
T s D R ey
P E RS EICR P csL 0.840 0.968 1531
723 clc 0.795 0.945 18.82
E6 15& EbTHhEEEMmE NS5 2 XMK 0.724 0.876 20.98
Fig.6  Capacity resilience index of stations in upward direction of Line GYQ 0.735 0.879 19.65
1-Scenario 2 NJS 0.884 0914 3.40
N . LSLY 0.802 0.913 13.80
14 3% S K B X | P B 9—14(7:45—9: 14)ik%
‘/J‘l‘ +1 24 njc TR ( VL DSK 0.776 0.906 16.73
BN ENRILET T, A RERTE RS REA I TYXL 0.890 0.948 6.51
4.3 ZEBELSF TYZX 0.902 0.953 5.64
GZDZ 0.843 0.862 221

R B2 H 4 O Ak 3 W T il 22 & A T Tl s
e, AE 7 AL HE VL R AR M B AR A T A A A 4
W PRI 152 420 R e W e 8 2500t e an 3 3
i, RGUPEREITEFE %0 0.887 242+ 2 0.956 1,
AR 7.9% . 152 A 42 a8 as W1 +a 7 4
T+ 14.74%, Hrp CEF I 425540 CJC, GYQ, XL
I IR 20%, RN 23RN SE S = Haukfs
AP EIVE ] S R s e o e XU 4
FC, HS, DSKZAHIMEACERIZLEET, ARCCFET
X [l feE P . AR 423 4N GZDZ 35K R AL, |2
L S AT 10 il s . AR, AR N
T RAE R LRG3 R N RUE ST, 27T
R, W T SRS e XS T

5 HS5EIL

AT 1 TR Pl R Y B AE R
A S HETHELR , ARKFE R T B AR 6 o A i
A2l RGAE R K FAT T IR . Stk
B, EFXF Gk 1 SRz E IR, o gE s
I 0L S RN S A IR R IO P 2 2 1 A4
Wil )y, v rERE SR T I R, Bk 1O A RA
S SR . BIFFEAS R I T P S AR G SR
KA T BEE TRt T Be ST SEE

Syt PR TR T B Sl RGN



PN AF

P AT T LB S B S DT R A S e

W O 7 A 8 BORAE H 32 8 0 S
I, SRATHANEAE XS AL s @583 /0 P R 1Y
SASVHBEAILE] , 455 S I K S8 SRS e 1 5
QLA BB S LR T S TR SRR, 3
A STIE PR GE ST s @IRILZ T Bt otr,
S AR 5 R FAF B BRI A BRI SRS, LA T
ST BB S AR G R R PT I RE 1 VK R AR

575 30K -

[1] HOLLING. C. S. Resilience and Stability of Ecological Systems|[J].
Annual Review of Ecology & Systematics, 1973, 4(1):
1-23.

[2] ZANIN M, SUN X Q, WANDELT S. Studying the Topology
of Transportation Systems through Complex Networks: Handle
with CarelJ]. 2018,
2018(1): 3156137.

[3] ZHANG D M, DU F, HUANG H W,
Assessment of Urban Rail Transit Networks: Shanghai Metro
as an Example|J]. Safety Science, 2018, 106: 230-243.

[4] CANDELIERI A, GALUZZI B G, GIORDANI I,
Vulnerability of Public Transportation Networks Against Directed
Attacks and Cascading Failures|J]. Public Transport, 2019,
11(1): 27-49.

(5] 5 &, WM, &7 2, 5. Sl Pl A Mg kT
fili B MR IZ SR MG )], 75 AR 2 (T2, 2023, 53(2):
396-404.

MA Min, HU Dawei, SHU Lan, et al. Resilience Assessment
and Recovery Strategy on Urban Rail Transit Network[J]. Journal

Journal of Advanced Transportation,

et al. Resiliency

et al.

of Jilin University (Engineering and Technology Edition), 2023,
53(2): 396-404.

(6] M L, XU, EF. SEF T BRI K
PRIZSRERITA) ). RS S20%, 2025, 47(2): 161-171.
XIAO Hong, LIU Shujun, WANG Xiaokun.

Assessment and Recovery Strategy of Metro Network under

Resilience

Emergencies[J]. Railway Transport and Economy, 2025, 47(2):
161-171.

(7] BRERIE, sk WL, sZHON, 5%, RF W T WO HuE £c

S BIPEPEAL B D). A S IR, 2022, 22(6):
2994-3002.
CHEN Jinqu, ZHANG Fan, PENG Qiyuan, et al. Resilience
Assessment and Partition of an Urban Rail Transit Station under
Large Passenger Flow[J]. Journal of Safety and Environment,
2022, 22(6): 2994-3002.

(8] H/NE., KRBIE, x| W, 5. T E A0 4 R G0
PR RE A TR AR RBESEN]. 2Cil Siskm, 2024,
40(6): 20-26.

ZENG Xiaoqing, ZHU Mingchang, LIU Yuan, et al.
Evaluation Index System for the Resilience Capacity of Urban
Rail Transit Station Systems[J]. Traffic & Transportation, 2024,
40(6): 20-26.

[9] SKWEEE, (E W, g, 5. SETRIMETEAL R M 4%

BRI FIR I Rlisi RS TRSEFER, 2020,

20(4): 14-20.

ZHANG Jiefei, REN Gang, MA Jingfeng, et al. Decision-

Making Method of Repair Sequence for Metro Network Based

on Resilience Evaluation[J]. Journal of Transportation Systems

Engineering and Information Technology, 2020, 20(4): 14-20.

PRI, BEUIRE. HUERIMAS P S BIPE PG R B Sk,

Bz 520, 2024, 46(6): 198-206, 214.

XU Yuping, HOU Mingchao. Resilience Evaluation and

Restoration Strategy for Interrupted Metro Network[J]. Railway

Transport and Economy, 2024, 46(6): 198-206, 214.

[11] ZHENGM M, ZUOHZ, ZHOUZT, etal. Recovery Strategies
for Urban Rail Transit Network Based on Comprehensive
Resilience[J]. Sustainability, 2023, 15(20): 15018.

[12] SkFFH, BEIRF, IR . Sk B3 5 0 1) 25 kA Ak
W5l LA GEEAR, 2025, 25(2): 527-535.
ZHANG Kairan, YIN Suping, JIANG Mingjun. Research on
Optimizing the Resilience of Urban Rail Transit Networks[J].
Journal of Safety and Environment, 2025, 25(2): 527-535.

(131 & &, B, #Vals, 5. sEARALTAERE ESR
T ST T I A 0E 2% A P A i e T AR
e, 2023, 23(1): 208-221.

MA Fei, ZHAO Chengyong, SUN Qipeng, et al. Integrated

Resilience of Urban Rail Transit Network with Active Passenger

—
—
=}

=

Flow Restriction under Major Public Health Disasters[J]. Journal

of Traffic and Transportation Engineering, 2023, 23(1):
208-221.

[14] KEGE, BAGLL, MR, 5. 58RI ZE LRI T HuE

A FRIREATTEN]. T @R ek, 2023, 33(4):
179-186.
ZHANG Wenjie, HU Junhong, WEN Chengwei,
Research on Urban Rail Failure Recovery Considering Network
Resilience[J]. China Safety Science Journal, 2023, 33(4):
179-186.

[15] At . 30 T %00 30 5 3 ) 28 7% 97k b I 42 i A2 AR AF 5 [D].
A5 JEECE AR, 2021

[16] XNZGIE . KL T 42 0 75 Uit 75 . 2 200 s 47 M T 114 3 2k 2 0
FVURTERTTELI]. ST PUIESSGE BT, 2021, 24(7): 4-9.
LIU Jumei. Joint Control of Metro Network Passenger Flow Based

et al.

on Station Passenger Density Co-Efficient Monitoring and Early
Warning[J]. Urban Mass Transit, 2021, 24(7): 4-9.

(BULGE  TTIbE)



