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Table 1 ~ Estimation of traffic congestion duration for the second-ring road

) 4 numble of samples before ¢; numble of samples end in¢;
congestion duration ¢; S(t) h(t)
n; d;

2 4 549 2372 1.000 0.353
4 2174 819 0.478 0.232

6 1355 398 0.298 0.172

8 957 216 0.211 0.127
10 741 164 0.127 0. 166
12 577 95 0. 106 0. 109
14 482 75 0.090 0. 101
16 407 59 0.077 0.093
18 348 34 0.069 0.057
20 314 33 0.056 0.069
22 281 25 0.052 0.056
24 256 21 0.048 0.051
26 235 19 0.043 0.051
28 216 20 0.040 0.059
30 196 16 0.037 0.050

i EIREI R T, 70% MRS BT [ AE 4 min 229 ,89% MIAE 12 min 2Z . 5 IR BOF
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Fig. 1 Survival function and hazard function for traffic congestion duration on the second-ring road
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Fig.3  Survival functions and hazard functions for traffic congestion duration at the morning and evening peak

NI SN RIPIEAR OB A AT . B e, NERR PR & T OhIR, N ERF- 2 A B I
BERINIE 10. 41 U, MAMRUN 2. 08 U U, [ 4 45 T 59135 L A U ATER T, N ANERAE ST
SRR TR 22 5. INIET 4 (a) Al AL AR R) B AR A7 R R SRR B34 17 22 6 ] L A B A9 B K.
MIE 4 (b) AT SRERPHSE R 2L (0] A FE R R PR BCR Z e N IR 2T, B AR AR [ fp 22 5[] 4
INGEHRIEE R AT REE /N, S5 40 ARHE) S Willeox K351 P {E (4 0.004) , AT HEWTHH A SR IA
OSSR S (A7 AR BB 22 5. B, WIRLUANIREE 2 5 S R B 5 (B S 403 R A i w32 4
IR PREE RS R TR, S5 RS A AT B T/,

051 _ )
o= inner ring b = Lnntzr ring
n —— outer ring 4r Uter ring
g % e
= S 0.
5 0.6 g 03
< g
T 045 ‘*_é 0.2
302f £ 0.1
0 0 1 L I L L L LT
0 0 6 12 18 24 30

duration #/min

(a) EfFREL

(a) Survival function

duration #/min

(b) fak s

(b) Hazard function

B4 AAPERYHIERRSL I H] 14 A= A o IR £ 5 4 R
Fig.4  Survival functions and hazard functions for traffic congestion duration on the outer ring and inner ring

TR VUL 4 A T5 1) ERPIEOIRBLAS A AN L 1 Y WA RS R P TR
BEASWIAEERINIE 6. 97 W, WIS i T HE 3 ) - 2y B4 W 1D 4 K A 1 TR (R 3.3, 35
U, 300,16 IR, AL 36:2.02 1K) . 5340, 18 5 45 T S I3E R A TS T, 30 4 AN T7 i 7E
PR TA) B 22 5. LS (a) AR, ARIRI ARG A AT A BRI SE RR 22 i fa) d ok, Hok g2
P IRFIAR 30, 78 IR AGHTSE 2 Tl /. AR 5 (b) RTRT (PR3 RFEE I TRIAE O ~ 6 min I
pSL RTINS [ <8 - s | e 7 N2 55 4 N L 3 B S K s s T A e 2 22 S B2 < DT 2
Pefe R, AL F R/, S350 RAET S Willeox K30 Y P B (/T 0.001) , AT HEWT ) —3F 4 4>
05 1) YR SE RS (A A AE B 22 5 B, 3R 4 AN T3 b VS BRI HE 3 [ AR b KR
PSR AE NP AR AT T, AE BRI RR e Al iR 1, 25 3% iy vl et de /.



104 BT AT AT A 3T A 3 S S A SR N TR 5

o
1

0.5
208} 0.4
-2 g
2 0.6 503
< :
i 0.4+ “_; 0.2
z g
5021 = 0.1
0 0 1 1 1 1 \/ 1 1 1 1 1 1 1 1 1 ]
0 0 6 12 18 24 30
duration #/min duration #/min
(a) HEAFRREL (b) fERA K%L
(a) Survival function (b) Hazard function
5 TR [ B I ] 14 A R ORI 3 R R
Fig.5 Survival functions and hazard functions for traffic congestion duration in the four directions
:,: N
4 = e

AR SCHRAEAL 52 T I 3B TR , R A AEAE BT AR S B0 % T T 2T IR 128
ARG LA RSRY b 5T IR R Ast 1a] A A AL A UEAT T 408, B LR A
458 .

1) 5 AR R Wim A K P3E 9.7 1K, 70% BYPIIEFFLEIT I TE 4 min Z N,
89% WA 12 min Z P, B K AL H] Ry 242 min; GHERFLLAS RIS 12 min Z J5 4134
SRR/ NT 10%.

2) T IRYBIE IR A AEAE W R A B, TR H HERUR B A5 &R Uy
SEHFHE/NF 12 min B SR H AH3E RS (] TR | 45 3% T BB /DN 5 L v 06 L B 0 B 25 )
R, HR 0 A s Rt [ B IR HL AR 28 5 kA 3 (H 25 038 & 2R AT
TAONA PR LR R ; A 4 A7) b P8 R e 3 A S AR, JL R
PR RS ] R KL

BeAh, ASCRUR A M 5T T TE BTSR[] B A LA, e B S 8O0
BORPLA TE BRI FE LB R A IGO0, I B — 2D IR A 3 BT A3 Fp 252 B[R] 1 52 i) |8 2R 4

[F] A,
2% 3k ( References) .

(1] W KGRIl 5 2l i T U OGRS [ D], L2 30 KA MR,
2011. (PENG Bo. Study on key technologies for cooperation of large-scale urban traffic flow
guidance system with urban traffic control system[ D]. Ph D thesis. Changchun: Doctoral
thesis of Jinlin University, 2011. (in Chinese) )

(2] Chung K H, Hui P M, Gu G Q. Two-dimensional traffic flow problems with faulty traffic
lights[ J|. Physical Review E, 1995, 51(1) : 772-774.

[3] Sakakibara T, Honda Y, Horiguchi T. Effect of obstacles on formation of traffic jam in a two-
dimensional traffic network[ J]. Physica A, 2000, 276(1) . 316-337.

(4] Watanabe M S. Dynamical behavior of a two-dimensional cellular automaton with signal pro-
cessing[ J]. Physica A, 2003, 324(3/4) . 707-716.

[5] RURRE, F&, B, S sGEPISRE B RO A [J]. BRI SE, 2003, 17(1) .



JE e % /N E B2 i o g 105

(6]

(9]

[10]

[11]

[12]

[13]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

56-60. (TAN Xiao-jie, ZHOU Jing, SHENG Hao-han. Analysis of characteristic and decision
making for management of urban traffic congestion[ J]. Journal of Industrial Engineering/
Engineering Management, 2003, 17(1) ; 56-60. (in Chinese) )

Maerivoet S, Moor B D. Cellular automata models of road traffic[ J]. Physics Reports, 2005,
419(1) . 1-64.

BOR, m A, IO, FHN. B TIUH A S ASE R A S EIM]. deat RE TR
#1, 2007. (JIA Bin, GAO Zi-you, LI Ke-ping, LI Xin-gang. Model and Simulations of Traffic
System Based on the Theory of Cellular Automatic[ M]. Beijing: Science Press, 2007. (in
Chinese) )

Guo X L, Yang H. Pareto-improving congestion pricing and revenue refunding with multiple
user classes[J]|. Transportation Research Part B, 2010, 44(8/9) . 972-982.

Yang H, Xu W, He B S, Meng Q. Road pricing for congestion control with unknown demand
and cost functions[ J]. Transportation Research Part C, 2010, 18(2) : 157-175.

KA, MfrA . BT X SSmPHEEIR I K A b SR AT AR AL [ J ] R R4, AR
Bl2ERR, 2007, 27(1): 14-19. (ZHANG Guan-jun, HUA Cun-cai. An analysis model for the
status and solving strategy of traffic jam in Kunming city[ J]. Journal of Yunnan Normal U-
niversity (Matural Science Edition) , 2007, 27(1) : 14-19. (in Chinese) )

Stathopoulos A, Karlaftis M. Modeling duration of urban traffic congestion[J]. Journal of
Transportation Engineering, 2002, 128(6) :587-590.

Lee E, Wang J. Statistical Methods for Survival Data Analysis| M]. New York: John Wiley
& Sons, Inc, 2003.

Mannering F L. Male/female driver characteristics and accident risk: some new evidence[ J].
Accident Analysis & Prevention, 1993, 25(1) . 77-84.

Nam D, Mannering F. An exploratory hazard-based analysis of highway accident duration
[J]. Transportation Research Part A, 2000, 34(2) . 85-102.

Kharoufeh J P, Goulias K G. Nonparametric identification of daily activity durations using
kernel density estimators|J]. Transportation Research Part B, 2007, 36(1) : 59-82.

Bhat C R, Frusti T, Zhao H M, Schonfelder S, Axhausen K W. Intershopping duration: an a-
nalysis using multiweek data J]. Transportation Research Part B, 2004, 38(1) . 39-60.
Chang H L, Yeh T H. Regional motorcycle age and emissions inspection performance: a Cox
regression analysis|[ J|. Transportation Research Part D, 2006, 11(5) . 324-332.

Yamamoto T, Kitamura R. An analysis of household vehicle holding durations considering in-
tended holding durations[ J |. Transportation Research Part A, 2000, 34(5) : 339-351.
Hamed M M. Analysis of pedestrians’ behavior at pedestrian crossings|J]. Satety Science,
2001, 38(1) : 63-82.

Tiwari G, Bangdiwala S, Saraswat A, Gaurav S. Survival analysis: pedestrian risk exposure
at signalized intersections[ J|. Transportation Research Part F, 2007, 10(2) : 77-89.

Wong J T, Tsai S C. A survival model for flight delay propagation[ J]. Journal of Air Trans-
port Management, 2012, 23. 5-11.

Sharma A, Bullock D, Peeta S. Estimating dilemma zone hazard function at high speed isola-
ted intersection[ J]. Transportation Research Part C, 2011, 19(3) . 400-412.

et bRiE. DB11/T 7852011 Wil g5 AG@ s AT P R bR R [ ST, Jbat Jbnti Bt 4
AW R, 2011. (Beijing Local Standards. DB11/T 785-2011 Urban Road Traffic Perform-
ance Index][ S]. Beijing: Beijing Municipal Administration of Quality and Technology Supervi-



106 BT AT AT A 3T A 3 S S A SR N TR 5

sion, 2011. (in Chinese) )

Survival Analysis Approach for Estimating
Urban Traffic Congestion Duration

ZHOU Ying-xue, YANG Xiao-bao, HUAN Mei, SI Bing-feng
(School of Transportation and Traffic, Beijing Jiaotong University,
Beijing 100044, P. R. China)

Abstract: Based on the empirical traffic flow data on the second Ring Road in Beijing, the dis-
tribution characteristic of traffic congestion duration was analyzed. The hazard-based traffic
congestion duration model was established through survival analysis method. The duration time
of traffic congestion was estimated and the temporal-spatial distribution was studied using non-
parametric method. The results show that 70% of the congestion durations of road segments on
the second Ring Road are not longer than four minutes. 89% of the congestion durations are
not longer than 12 minutes. The hazard rate is less than 10% when the duration is longer than
12 minutes. The occurrence frequency of congestion on weekday is longer than that on week-
end. Both the occurrence frequency and the duration of traffic congestion at morning peak are
longer than those at evening peak. The occurrence frequency of congestion on the inner ring is
longer than that on the outer ring while the congestion duration on the outer ring is longer than
the duration on the inner ring. In the four directions of the second Ring Road, the occurrence

frequency of congestion in the west is longest. The congestion duration in the north is longest.

Key words: urban road; traffic congestion; duration time; survival analysis



