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Abstract: Urban mass transit is playing a significant role in
supporting and promoting urban development. An important
indicator for the planning and design of urban rail transit may
be succinctly summarized by passenger flow models within a
peak hour; one important feature of the model is the
maximum single-direction flow. To determine this feature, it
is necessary to forecast passengers’ departure time and route
choice during a peak period. As the basis of this process, the
peak-period station-to-station origin-destination (OD) matrix

reflects passengers’ travel needs. This paper tests the
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traditional gravity models to find the pattern that forecasts the
peak-period station-to-station OD matrix in urban rail transit.
A real-world case study of Chongging, China, is used as a
model performance measure. To alleviate its over-estimation
when the effect of the deterrence function between two
stations is too small, the gravity-model-based peak period
coefficient (PPC) model is introduced. By comparing the PPC
and gravity models using the same dataset, the results
indicate that the PPC model is superior to the gravity model.
The standard deviation of the PPC model is 12. 90 passengers,
which is 56.02% lower than that of the gravity model, which
is 29. 33 passengers.

Key words: urban rail transit; station-to-station ridership;

peak period coefficient; gravity model; deterrence function
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Fig.1 Maximum single-direction section passenger flow

of lines in Chongqing rail transit on one weekday
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Tab.1 Bivariate correlation analysis of unconstrained gravity models

E% In Lij.p In Oi,p In D]‘,p In dij,p dij,p Mij ,p
K-S #5683 5 25 1 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
Spearman HIE & ¥ 1. 000 0. 390** 0. 495** —0. 497> —0,497** —0., 404>
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Tab.2 Bivariate correlation analysis of production-constrained gravity models

A g In Zize In Q—J—R

¥ip D,

K-S M 3dnl 8 % 1% 0. 000 0. 000
Spearman Hi3¢ Z& ¥ 1. 000 0.610%*
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ip j=1 =1
0, 000 0. 000 0. 000
—0.571%* —0.579** —0. 480**
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Tab.3 Parameters of unconstrained gravity models

L] In & InO,, InD;, Indy, dij.p ng,p
1 —5.803 0.671 0.750 —0.787
2 —7.074 0.654 0.731 —0.031
3 —6,334 0.660 0.736 —0.394 —0.017
4 —6.840 0.735 0.782 —0.502 —0.794
5 —7.549 0.723 0. 766 —0.021 —0.810
6 —7,478 0.723 0.766 —0.037 —0,020 —0.806
7 0. 330 0.444 —1.074
8 0.176 0. 308 —0.041
9 0. 332 0.446 —1.088 0.001
10 0. 333 0.425 —0,883 —0. 649
11 0,210 0.314 —0.033 —0.730
12 0. 335 0.427 —0.901 0.001 —o0. 649
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Tab.4 Parameters of production-constrained

gravity models

J

g e e g L, o1 ijn
Dp di,p ’ J “ Y sP ysp ] = ysP

1 0.750 —0.852

2 0.716  —0.037

3 0.721 —0.254 —0.028

4 0.788 —0.514 —0, 824

5 0.762 —0.025 —0.811

6 0.761  0.037 —0.026 —0. 814
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Tab.5 Bivariate correlation analysis of peak period
coefficient (PPC) models

Th In P; In Po, In Pp, In O,q
K_Sﬁﬁgﬁﬁmﬁ 0. 000 0. 000 0. 000 0, 000
igggrg%? 1,000  0.498**  0.516%*  —0.241*
T In Dj,q In dj,p ds.p 5.0
Ksﬁgﬁf B4 000 0. 000 0. 000 0. 000
;gggrggtl —0.162"* —0.044*  —0.044*  0.022*

W EEEECD R 0.01 B, MHAHEBEN;:  HERGE
G A 0. 05 BF , KR BE R dy.p=dy.drn5,p =144, HILR
U AT S Rk R A T B R AR ik 35 R AR B A Sk

AT 1] , 1L 3fe 2 SR i 4 3o T e A s 1) T B2 BB
R PR b g W i B A2 K F) A8 e BT AT o 22 5 » HE T
PAREI RIS i 8

e SRR, bR T A& R BUE A SSdE 3T
PR, SR HARTE 2 38 B4 B B AR B e, & =
15 F' A1 AR R B IHEZ 23/ T 1
NI PR B B2 2R AN AR w i BT LABRIA
fBE (D RL. Xt TERE (2) B A WAL FE A W7
TR, B 5, AR 6 Bn , Al B 3 A B Y AR
B RN ny , M dyp. BIRUCBNIBTE Ry W i BLid
LRI, KB X T P 2R B R e P
Bk, S IRUBRAT AR 71T » 34 ., BR In dy B0 HH BLAE
BEEY P, [ 5 2R 2 X B/ skl B P AR
5, MW [ B AR B P, A7 S A L (1]
R WA A FL A TH . PR O 3t 18] iR A T P ) o T PR A A Y
ML/ HUK A I A 2858 B BT R 80 2 9
HERZ AR RES , B5 A& 588 Tk 4
AL S5 SR FLROHEE , A 3 . A& 3C il BT
PRETAY BT AR IR 2258 13. 30 AKX, BE i FiXHERR
TR (B T H Al R AR o BERL, PR, 2
TRINHS B2 ESRARAR B AT, AT UCHBURE (2) BUGL.

3 KRB
AR B AE SR rh B U T 5K (22) L (23).

AR
tij,p — (Oi,p)o' 210 (Dj,p )0. 314 exp(— O. O?)?)dij,p .

0. 730n;,,) 22
il ) 25 T v Mg o) B 2R U 2
(P ,)0'817(P .>O.836
tj,p = 16.64 2 0.132 - 0.098 ©
(O;,)* 2 (Dj,0)"
[(dij,p)o' mexp(— 0. 009d1-]~,p):|t1-j,d (23)
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Tab.6 Parameters of PPC models
Bl In &' In Py, In Pp, In 04 In Dj,4 In d;,p dii.p Tij.p
1 2. 952 0. 818 0. 853 —0.124 —0. 089
2 3. 088 0. 819 0. 849 —0.126 —0.091 —0.031
3 3. 140 0. 820 0. 841 —0. 130 —0. 096 —0. 003
4 2. 812 0. 817 0. 836 —0.132 —0.098 —0. 009 0. 170
5 3. 086 0. 819 0. 850 —0.126 —0.091 —0. 030 —0. 002
6 3. 143 0. 818 0. 840 —0,131 —0. 096 —0. 003 0,011
7 2. 803 0. 818 0. 836 —0.132 —0, 097 —0, 009 0,173 —0.008
8 0. 790 0.778 0. 044 0. 049
9 0. 789 0.797 0. 029 0. 039 0.078
10 0.789 0. 780 0.044 0. 049 0. 000
11 0. 790 0.782 —0. 004 0. 010 —0.014 0. 391
12 0. 795 0. 800 0. 030 0. 039 0. 090 —0. 038
13 0. 789 0. 780 0. 044 0. 049 0. 000 0.000
14 0. 796 0. 786 —0.004 0. 009 —0.014 0. 406 —0. 042
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Fig.3 Standard deviation of PPC models
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Fig.4 Forecast deviation of gravity model
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Fig.5 The forecast deviation of the PPC model
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Tab.7 Statistics of model deviations

: y  VEEEREE
¥ AL kil i 2 O T
IR EREPE/ AR 1. 00 0. 00
ERBEWINRZIRAEE/ AR 29. 33 12. 90
ERBHFWIRZEF 22/ AR 860, 26 166. 51
KRB WWIR 2/ IME/ AWK —684. 00 —237.00
F R TR 2R K AR 384, 00 199. 00
25 M R TR E /AR —2.00 —1.00
50 %A MBI REE/ AR 1. 00 0. 00
75 Y%A MR T R 2/ AR 5. 00 3,00
NEFLES R W E T EIEREE/ % 29.95 -0, 54
REMIT 50 ARK OD X H. 1/ % 4.58 1.11
R 100 AR OD X L/ % 1.57 0.22
R IE 200 AR OD X L/ % 0. 36 0.01

AN, g5 E Lk B R ATAL, Rig R KE EA
R, N 18] & = U B R B B B AR T AR
R, bR R EMN FE AR T 16, 43 AR,
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