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Robustness evaluation for high-speed railway network with

spatiotemporal dynamic characteristics
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Abstract; In order to effectively evaluate the transportation service performance of HSRN and ensure the
reliability of HSRN in the face of emergencies, based on complex network theory, a robustness evaluation
method considering temporal and spatial dynamic characteristics was proposed. The dynamic changes of
HSRSN was considered, and time information was incorporated into the modeling of HSRSN. Based on
empirical operation data of high-speed railways in China, the necessity of considering spatiotemporal
dynamic characteristics to evaluate network performance was verified, and the distribution characteristics of
HSRN robustness in China were explored from the spatiotemporal dimension. The experimental results
show that the train flow passing through different stations is different, and the network robustness exhibits a

significant spatial distribution difference. Moreover, the disturbance scenarios are different, and the
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contribution of train frequency and spatial position of stations to the importance of stations is also different.
In addition, the occurrence time and duration of disturbances are two key time factors that affect network
robustness. Their different combinations result in significant time distribution differences in network

robustness. The impact of disturbances on network performance varies at different time periods, resulting

in obvious fluctuations in station importance ranking at different time periods.
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Fig.7 Correlation of station importance with train frequency and spatial location
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Fig.8 Changes in temporal dimension of robustness of high-speed rail networks
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Fig.9 Boxplots of importance-ranking for top 20 key stations

P20 TF Uy BsF [ 3R 5 B[] 2 552 i W) 4% 2 R 1)
2ANEERT R E R A W E RGBT W 4P AR X
BT AR () A SR 8] 1 R AU

AN TR B 1 s (1) R L ) (1] T B IO 28 580%
= anE 10 fros . B 10a W (1) HEZE R 4T,
25N BB A B 2R RO LR I A] 43 A T 8:00—16: 00,
B 10b (1) HEBEHR >, 0026 1 R 5 1K 14 BT T L sl
[ 534 7E 9:00—20.00, 7E 2 FMiLzshig =T, %
PN FFLE I R8I | X6T 19 4% P T 5 i) 55 K i 4 2
FEUR ISR 1) J5 HE 8%, ANl 10a AL 10b H = f b

45 X
4
@ X
5 3.5 TH
§ “ I\
L3 \ T\ N\
E X0, AN
5 W75
NS
1.5 SIS
0

10
AT

10, 2k R AL B W ) R S ) )43 000 16,8 .4
1 h, %5 ) 4% 52 i B K Y 2% 280 4R BF TE] 2 8 00,
12:00,14:00 .16 ;00 , X ¥ 28 5 1 f5 K 1 H W7 FF ey
64 9.00.13.00.15.:00.20.00, 7] L& i, by -
GF ] 1) S HE RS T AT

25 L AlAL e h K A A RREE R RIS TR] X Do 2% 1
RESZ M fe K A 5 IF Ui B TRl B =2 A8 4k, X2 i T
P25 e T R B AN AN S PR 3 1 () 3] 4 31 R oA
K IR T Al B AR B A5 IR 55 5 G Y S 225 4

w
(9

: N
[V RN
T

I I 4 3 R A

0 5 10 15 20 25

i ! . &
[V STV R VR VN R Y
T T T T T |

i Y 4 R A

(39
wn

e

s 10 15 20 25
RELFESEIT [8]/h

(=}

(a) B RINRERRL



1) HSRSN N 454, M4 B A7 4k FIFO J&

55 4 1) ZE RLAF 2 R 25 SIS R A e K I 0 4 5 R R T A - 119 -
4sr (1) ()
o ‘NN
) % s
£ 3 ' st 1!
! gzs !
§3.5 VO [ 2 |
\ )
g 3 < SRe%e s
E NI 0 5 10 15 20 25
B §W“e\\““ ST
€2 NSNS
N7 ol
’ s 2
13 N—s ®ast
0 NS
X s X3
&
M 25F
',
Yy, ' S5y O o oS 1§ T
"0 5 10 15 20 25
TR SRR [ /h
(b) 3 B
10 AEHEHFIART B FNFEEIRT B TR 7 MR R = 4E
Fig. 10 Three-dimensional surface plot of time series network efficiency under different disruption start
time and duration
4 B B 3) 1E2 TR ARl G A ) — i e &
A HAJE Sl 45 10 82 AN [, ] — 3l A A [ i)

A=A Bl 9 2% B 52 0 B AN ], HSRIN. 9 4 3 B

P, vt 5 B B 25 A (B B T R B B R AL AL, 36
TE T 75 23 Zh SRR T AL HSRN PERE R A ZEHE

2) WP RCR AL T i N R 25 B A
IR 0 SRATTER R B | RE A5 B VB 1 41l 412 0 45 1Y
PR G T 4 R AT & PR

H U] A B P 25 2 SRR

4) vl EE S P AR R A
K, ZATEARIYEE S50 T X kS Y R
FEATR], LA, 3l x5 A Bl OXT P00 28 1 B A 2 Wil P [ 45
SRl A7 W IS BT il R A

& £ x o

(1) BF, s HITABER TPRBMISRKBMEMMERINI]. SRERE&T, 2019, 63(11):30-34.
ZHOU Feng, SUN Hongtao. Discussion on the adaptability of the medium and long-term high-speed railway network
planning for a new era[ J]. Railway Standard Design, 2019, 63(11). 30-34.

(2] @KXH), NFE, TRE. ERAZFOEAMNBIM]. ILR. SFHELRA, 2009. 13-14.

[3] WANG Wei, CAI Kaiquan, DU Wenbo, et al. Analysis of the Chinese railway system as a complex network[ J]. Chaos,
Solitons & Fractals, 2020, 130. DOI. 10. 1016/]. chaos. 2019. 109408.

(4] XU Zhongzhi, ZHANG Qingpeng, CHEN Dingjun, et al. Characterizing the connectivity of railway networks[ J]. TEEE
Transactions on Intelligent Transportation Systems, 2019, 21(4) . 1491-1 502.

(5] JIAO Jingjuan, WANG Jiace, JIN Fengjun, et al. Impacts on accessibility of China “s present and future HSR
network[ J]. Journal of Transport Geography, 2014, 40. 123-132.

(6] WANG Zhaojing, JIA Limin, MA Xiaoping, et al. Accessibility-oriented performance evaluation of high-speed railways
using a three-layer network model[ J]. Reliability Engineering & System Safety, 2022, 222. DOI. 10. 1016/j. ress.
2022.108411.

(7] ZHANG Jianhua, CAI Yunze, XU Xiaoming, et al. Topological vulnerability of Chinese high speed rail network[ C]J. The

30" Chinese Control Conference. IEEE, 2011. 832-837.



- 120 -

hOoE % e B % ¥R H34:
China  Safety Science Journal 20244

(8]

(9]

(10]

(11]

(12]

[13]

[14]

(15]

(16]

(17]

5%, B, . REBIRRECEMNSIHINSESEEMDITI]. PELENZFR, 2022, 32(6):
178-185.

MA Liang, HU Chenhan, CHEN Guangwei, et al. Analysis on topological characteristics and robustness of complex
network of railway express freight transportation[ J]. China Safety Science Journal, 2022, 32(6) . 178-185.

ZHANG Jianhua, HONG Liu, WANG Shuliang, et al. Reliability assessments of Chinese high speed railway
network[ CJ. 2011 IEEE International Conference on Service Operations, 2011 413-418.

S2,%187, iR, PERBRERICEMNSER/MED]. ERRHFSERERS, 2023, 20 (4):
26-32.

MA Liang, JIN Fucai, HU Chenhan. Complexity analysis of Chinese railway express freight transportation network[ J].
Complex Systems and Complexity Science, 2023, 20 (4) . 26-32.

KIRL, KEB, TR, BRISREEICMESEREMDHLI]. PEZERZFER, 2020, 30 (3): 150-156.
ZHANG Zhenjiang, ZHANG Yuzhao, WANG Xiaorong. Robustness analysis of railway express freight network[ JJ. China
Safety Science Journal, 2020, 30 (3). 150-156.

XIN Zhongling, NIU Fangqu. Structure and robustness of China’s railway transport network[ J7]. Transportation Letters,
2023, 15(5). 375-385.

LI Tao, RONG Lili. A comprehensive method for the robustness assessment of high-speed rail network with operation
data; a case in China[ J]. Transportation Research Part A . Policy and Practice, 2020, 132. 666—-681.

JIAO Jingjuan, ZHANG Fangni, LIU Jian. A spatiotemporal analysis of the robustness of high-speed rail network in
China[ J]. Transportation Research Part D Transport and Environment, 2020, 89. DOI; 10. 1016/j. trd. 2020. 102584.
XIE Fengjie, MA Mengdi, REN Cuiping. Research on multilayer network structure characteristics from a higher-order
model; the case of a Chinese high-speed railway system[ J]. Physica A. Statistical Mechanics and its Applications,
2022, 586 DOI. 10. 1016/]. physa. 2021. 126473.

HONG Liu, YE Bowen, YAN Han, et al. Spatiotemporal vulnerability analysis of railway systems with heterogeneous train
flows[ J]. Transportation Research Part A Policy and Practice, 2019, 130. 725-744.

FENG Xiao, HE Shiwei, LI Yubin. Temporal characteristics and reliability analysis of railway transportation

networks[ J]. Transportmetrica A Transport Science, 2019, 15 (4). 1-41.

EE"N: £ 2 (1993—), 5 il KAN , 5, R 7 0 38 iz i gl
Al B EEL . E-mail : zhuo_1i1023@ 163. com,,



