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Study on Spatio-Temporal Behavior Planning Strategies for Alleviating

Morning Peak Congestion in Shanghai's Urban Rail Transit: A Case Study of
Metro Line 9
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Abstract In response to the severe congestion problem during peak passenger flow in Shanghai's urban rail transit, this paper conducts a
study on decongestion strategies under the framework of spatio-temporal behavior planning. Taking Metro Line 9 as an example,
we use smart card data to simulate passengers' spatio-temporal travel trajectories, identify the congestion situation in urban rail
transit, divide the types of congestion, and trace the sources and destinations of congested passenger flow from the perspective of
the spatio-temporal process of congestion formation. At the same time, we deeply mine the travel characteristics of passengers,
such as travel purposes, travel patterns, and travel constraints. On this basis, we propose temporal, spatial, and behavior strategies
such as information recommendation, reservation for entry, adjustment of work time, and job relocation for different travel
characteristic groups, and quantitatively evaluate the congestion mitigation potential of strategy implementation, providing
perspectives, methods, and strategies for reference of managing urban rail transit congestion.
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Fig.1 Urban rail transit congestion process
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Fig.3 Passenger travel process and time allocation in rail transit
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Fig.4 Distribution and change of passenger volume at stations during morning peak hours
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Fig.5 Proportions of entering, transferring, and passing passengers
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Fig.6 Contributions to congestion from departures and arrivals at stations
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Fig.8 Temporal distribution characteristics of different travel behaviors
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Fig.9 Spatial distribution characteristics of different travel behaviors
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Fig.10 Potential assessment of decongestion strategies

HERIR:EH B 4,



138 | Zi@HX

TR R 3 A I S S 5 W B
TR A BRI o AR W ST A TS 1, THT9 S
7R [F) 38k 3t 5 5 Ik BE A B H 45 e 2 %98 : 00—
8: 301y BT Mk, Hrp17:30—8: 00AY JL A= 1Y
T A 1L DA BT R A kol 1 1) & 55 3 sk
BT A R B bR A S R T I A
PUSE NG it 5, 95 L BAEW B WA Y
4.4%, AR 3R H 0 T 1) R B B 2 AR
KB IX 7 1), ELAE R N BRA Y X B, 4 5 % A
P f 5 2 8%

(3) A% EPERS R

AR bt ol BRI R G SR %
Pk TAE AT, 3 33 A% TARH A _E BRI R 2R
VS AH . AT AT A L 45 B ], R T SR 0
G o 545 S\ 5 T 240 3 i 1) SRS A B, T
e 1 JIE R 1] P SR W 5 e R SR ST U
AE PR BEL IR S o 12 SR M )RR T S A XS R
GBI 7= A e K TR R R I 5 BB
i ). HHr, 8:00—8:30F18:30—9: 00 i
T A IX i B3 0455 5T ok A 3 v A i
R PR K T VR T K X8 : 30 % 9: 001 _FHE
Fef 1] 1) 1 1230 min, L4078 35 4 9 2 4K o
954 WAL Fe KV B 42.3%, B AN T T Y
ARG BEHAT 2] Y AR, AR X 5 B
TR AR P B 1 249 A9 8%, AR I T v 0 T T B
FEHIHT X BB fRRL L F33%.

(4) RO AL

RERS Rl i 00 P S Wi 5 528 AR A
1 AT B AR AL 30 40 A o 12 SR W A1 P15
TAEAT AR, 250l i X ALAS 5 i, 3
17 B8 AR b BR 2 A BSOS o AR B S A AT A, 9
5 G W BT R AE L5 T R A T A 1 25 )
G 1R BEAH O, A8 AR 55 B P i 1 32 2 A
SEK B TARMATHE & T AL T B g,
2R B TGV B I R PR U, 5 AE R R
H 2l S B R AR — ek 2 ],
AEAE ) A B A 28 B D T K 8 434K
I Bl AL 2 L, BRAR MR &I 4
i , BRI RPN AL R0 &
L T3 JUAS A% O th R B BT ikl 22 1) ,
— 5 R 8 1A GEORH B 28 JiE /% V8 51 45

N A RERHEI/ N BT, DU AT AL R i A1
AN TR H Ao PR L, 2K SO T
K X501 At ol b AV 5% 7% %2 T 3 o, 7E BR 4°F
JEAT R AN A B DL T , B RS )5 fE o
BB AR B, O R B E R R
FEARFF AL ABAEZE W A0 A0 R T W B AR
Ao AR L T 18] B A R B R
B X B i B 72 3 R i £408%, AE 4 X T 1)
A LR R X B v R R R 4
THEL A Z R EAR B, B e I RE AR R 4R
A AR RUK P

5 4hiF

ALV, _EELIE 28 95 %y SR A5
STAR T IR BLIE S P 0 I 2 o A
AERNPHHF A RIS AR WS R B, 95 Ll #f
Y I 2% [X B 81 00—8 : 30 L. 5% 3l — {1l ]
BT R DXk, P % i 1 2 iR 2 e B Mk
Forr, ARTL 2230 % L~ 93 U583 ik
3P 7 078 ) VR I % DX 0 o T R 9 5 2
1 2 8 B BB 5T Wk I K, B 5 R 23 A B S
TSI AR 4T B i AT
R AT 20 P3N 5 T R 43 e % 4T R
RRAE A, A B B =0 e I B B 200 AR
17 REM A — 2P AR RE LI A3 95 2 9T B
PRI+ L e SO 0, R AR e DX A R R A T
FENREESS B4R, 0 K IR AT A AE 21
AL bR M, SR 2 R B B LT A
W o, PRI 2R A T v B

12 BE T b, AT B XA ] 47 R ALY
FeR e T 21 BRI ] X A TR B R
W o L rfr, 47 0 51 SR AR F T 2k ok th 47
e 5 Iof i SRS A4 T ) 25 e ) 90 24 i
SRS 1T T2 38 I T 0 2 BRI i SR e, 7
30 A o 3 T R 3 A SRR HH AT TR
A% Lo B38BT R A AP AR AT IR 5 2
T SR LR Aol b AL B R AR R T, A
BREEAL IR 43 oIl b oL, PRACAE AR A7 3R %
55 UL 20T o 2 I B PPAR , S 7 3R W 24 B AR
—EFRE RPN A

R BRI, ACSTAE B 2 AT R MLRIHESR

Pt 7 B S T LI K2 A 1R R A
LSRR —Ji i, AT DL R AR SR R
W R R, AR 3 5 A LA
R AL SR I 3256 S 05 L 1 3y AT B 5 375 —
i T, AT DA JRRT H G2 B S i, g
XA R G - SR i P 0 e T e
Bl 5 B LA - BE A, SRS St I Y 2 B
T3 V1At SBCSR ) 52 -5 St P AR — 28
VAR T — A AEA SR SR Al 5 5L
B 4 B 34 5 7 T TS A7 A — L ] . — R 2%
B SR 1 PP 45 R BIARDIRAS T Bl B R R %
BT ABAEIBRAETE b, MR AT R AFAEAR
% 25 S AR I , R SR S BRAE FA8CR:
5 R G RV A8 ) AR 22, SR SISt
Pt 5 R 220 5 4 2 At B 4 AT R A
BRRG PG , 75 K TC TR i SR w1 15 B AT PT 47
o IR MR B TAl BT R R — A
I BEYI 9 B AL , FF AR B SR S )
A RE SRR A R G2 A I B, R
SR Y PA % B T 95 & — L AL,
SR B ) T ) B R 0 A J X L K 4 o 4%
T B A , 5 — X BEBY I % A T B2 AR
Fofth DX Be FRIHHBF - BEAT, P01 5 20 A A0 45 26
HATHRRAE A BEAR 5 355 Hbn a8 T DAEAT 3R
NHER G HE, DL EAS A AR SR S5 b

Sk References

[1] 20K 7. I 508 2 [ 4 i F R B
HR[D] dowl: de A%, 2020.
ZOU Qingru. Research on peak-congestion control
and management for urban rail transit network[D].
Beijing: Beijing Jiaotong University, 2020.

21 E¥ LEHERBEFHEERAGEERE
B % R AL 3 B 2R A 5, 2016, 19
(7) :75-78.
WANG Bo. Relationship between the rush hour

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



[3]

[4

[3]

[6]

(7]

passenger flow congestion and residents commuting
in Shanghai rail transit system[J]. Urban Mass
Transit, 2016, 19(7): 75-78.

& HAG. WA EATAAR B A ERS R
B[] WK F T, 2022 (1) :44-50.

WANG De, HU Yang. Urban spatial-temporal
activity planning: concept, framework and
prospect[J]. Urban Planning Forum, 2022(1): 44-50.
IR EAARTHERES R LA L
Rk R E B A&, 2018, 33 (1) -
111-118.

WANG Yajie. International studies on the inter-
action between urban rail transit and land use of
station areas[J]. Urban Planning International,
2018, 33(1): 111-118.

R, R, E . BT RO BT
il 5 2 3R A KPR R D] KRE R
E4ra, 2016, 34 (1) :123-129.

YANG Taoyuan, WU Haiyan, YANG lJing, et al.
Development of the level of service for the facilities
of urban rail transit stations based on microscopic
simulation[J]. Journal of Transport Information and
Safety, 2016, 34(1): 123-129.

REE GHH%. TS RAERKESNEF
] H Mk SR E AT B IR R D] AR R
B4R, 2020, 22 (9) :1753-1765.

ZHAO Pengjun, CAO Yushu. ldentifying metro
trip purpose using multi-source geographic big
data and machine learning approach[J]. Journal of
Geo-information Science, 2020, 22(9): 1753-1765.
CHU K K A, CHAPLEAU R. Augmenting transit
trip characterization and travel behavior compre-
hension: multiday location-stamped smart card

(8]

[9]

[10]

[11]

[12]

[13]

transactions[J]. Transportation Research Record,
2010, 2183(1): 29-40.

LONG Y, LIU X, ZHOU J, et al. Early birds,
night owls, and tireless/recurring itinerants: an
exploratory analysis of extreme transit behaviors
in Beijing, China[J]. Habitat International, 2016,
57: 223-232.

WU'Y, LU J, CHEN Y. Study of the influencing
factors of urban rail transit travel behavior: a
case study of Xi'an[J]. Applied Mechanics and
Materials, 2015, 744-746: 2049-2052.

DIJST M, VIDAKOVIC V. Travel time ratio:
the key factor of spatial reach[J]. Transportation,
2000, 27(2): 179-199.

SR Hu gk F b B K E U AL R L] R
WG @A, 2009, 12 (10) :70-72.

SHI Xiaojun. Counter measures in passenger flow
organization for metro station[J]. Urban Mass
Transit, 2009, 12(10): 70-72.

BF it M, T/, % BN R R Bk £
FPCA R A R S B T KRR, 2022,
29 (11) :89-96.

CHEN Zihao, HU Yang, WANG De, et al. Main
topics and corresponding practices of European
urban time polices[J]. Urban Development
Studies, 2022, 29(11): 89-96.

WM BE T, T, . T E B T A
Ih R ERITR KRS 5 AT AE R
OL]. [ FF 4k 7 #1 %1 1-18[2024-02-18]. https:/
doi.org/10.19830/j.upi.2022.449.

HU Yang, CHEN Zihao, WANG De, et al. Urban
time policies in western Europe: practice review,
development context and action framework[J/OL].

ATI20245 55340 (RFE176H) EMRFE

[14]

[15]

[16]

[17]

[18]

ZiBAX | 139

Urban Planning International: 1-18[2024-02-18].
https://doi.org/10.19830/j.upi.2022.449.

IH BT EE F AR THREREESET
9 AT £ B G B ] R A, 2021, 19 (1)
89-94.

WANG Qian, GUO Jifu, GE Yu, et al. Practice and
thoughts on reservation travel in Beijing metro
stations[J]. Urban Transport of China, 2021, 19(1):
89-94.

H R, KER, W9k BT REAT A BT
il Rl AN R AT D] i EA
2013, 35 (5) :77-83.

TIAN Guichao, ZHANG Jiantong, HU Yihong.
Research on urban rail transit's time differential
pricing strategy based on passenger behavior[J].
Shanghai Management Science, 2013, 35(5): 77-83.
INGVARDSON J B, NIELSEN O A, RAVEAU
S, et al. Passenger arrival and waiting time
distributions dependent on train service frequency
and station characteristics: a smart card data
analysis[J]. Transportation Research Part C:
Emerging Technologies, 2018, 90: 292-306.

GUO Z, ZHAO J, WHONG C, et al. Redesigning
subway map to mitigate bottleneck congestion: an
experiment in Washington DC using Mechanical
Turk[J]. Transportation Research Part A: Policy
and Practice, 2017, 106: 158-169.

o 3 A K B IR 4 2 20164
G R BT AR D] ST A s ', 2017 (1)
20-36.

China Association of Metros. China metros annual
statistical and analysis report, 2016[J]. China
Metros, 2017(1): 20-36.

&

1271E5

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





