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Travel Mode Choice Behavior under Abnormal Rail Transit Conditions

Based on Cumulative Prospect Theory
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(1. Laboratory of Transport Safety and Emergency Technology, Transport Planning and Research Institute, Ministry
of Transport, Beijing 100028; 2. Key Laboratory of Transport Industry of Big Data Application Technologies for

Comprehensive Transport, Beijing Jiaotong University, Beijing 100044)

Abstract: When a traffic system is abnormal, passengers are prone to blindness, panic, conformity, and other psychological
problems. They may thus make incomplete rational decisions. The Multinominal Logit (MNL) model is based on the assumptions
of complete information and rationality. It has poor adaptability when used for abnormal situations. Therefore, the incomplete
rationality of passengers under abnormal conditions was described using the cumulative prospect theory, and individual
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differences among passengers were considered to resolve this inability of the classical MNL model. First, the four factors of
time, cost, comfort, and convenience were comprehensively considered, and a model was constructed of rail transit non-normal
passenger travel mode selection based on the cumulative prospect theory. It was used to characterize the incomplete rationality
of passengers. Afterward, a questionnaire survey was conducted to calibrate the model parameters. Based on the survey results,
a differentiated reference point following a Poisson distribution was obtained to describe the reference point dependency
phenomenon of the model. The results of a case study indicated that the Poisson distribution test values with the introduction
of differentiated reference points met the test criterion of a value that was greater than or equal to 0.05. It explained the essence
of passengers’ different decision-making results and presented a trend of comprehensive prospects fluctuating with the reference
points. Finally, this model was compared with the MNL model to verify the rationality of the model. The research results indicated
that the model focused on abnormal situations and reflected the incomplete rationality and individual differences of passengers.
The overall accuracy was higher than that of the MNL model, and the average absolute error was reduced by 4.9%. The accuracy
of the microscopic calculation results was 25.4% better than that of the MNL model. This could provide theoretical support for
traffic demand prediction under abnormal rail transit conditions.

Keywords: urban rail transit; travel mode selection; cumulative prospect theory; differentiation reference point; abnormal events
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Figure 1  Survey distribution of time reference points

FIH Python 155, LK numpy 1 scipy.stats 1.
BHATIHRA AT G SRS Ryl S B0 ik 20 Jiil 24 iy
MRS A5 R, A SCEARSETE L 10 min A [A]RE, i
A RO A G IR ATR R . W g R, 34

URBAN RAPID RAIL TRANSIT 39



EHIREAZE - £ 3745 E5H) 2024 F 10 B

s, RS2 S IS ECk 25, 35, 50
FARA > AT, S EEA ST ATIE R 1 S2br AT
], KX P B W 0.046. 0.058. 0.051, #l&
TE oL 2 Frs.

120 — 5 A 7 0.30
100 | ) o HIAME (A=25) {025
80 - : {020 ﬁ%r
< .
= 60Ff s 1015 ¥
st w1010 £
20t 10.05

10 20 30 40 50 60
22 5 /min

(a) HTHHE</NFS5 km

188 [ m— 20 A 0.30
______ N \ ="

| WS (0=35) | 5,

70 -
< 60F {018
B S0t £
< 40t 1012 &

30 &

10 20 30 40 50 60 70 80 90 100 110 0
27 14 /min

(b) tHATHIEH5~10 km

100 10.30

90 F w27 N A

o B - TR (A=50) {24

70 | $
< 60t - Jo1s &
= I &

50 &R
< 40t 1012 =

30} o

20 10.06

10 F S~

0 =1

10 20 30 40 50 60 70 80 90 100 110 120 130
27 1/min
(c) HHATHiE>10 km

2 RIS S TARA T AT SR
Figure 2 Poisson distribution test of time reference points
2 TR HHATHE<S km BT, ESH
MHEARTELE 20~50 min Z 18], ZFFEHEEDN, FEH
BRORTE 22 HA R DUEAE L P=0.05 BRI bRt .
BRI, RA K IR TR 2 2% j A iR N2 00 S K 7E
fAor A, H
F(x;0) ~ P(x;) (€]
s Flu, )R 2% sl i G910 4l P)RonS 4
N x; IR 3 o
FHE, STIEE 2% el HE IS, Wik

40 URBAN RAPID RAIL TRANSIT

S HCR SEBRE RS 23T o AR 5 3R IR B T3
ST, WO S i RE UK/ R SEBRE IR 2

gr b, ARSCUARE A R, A I A 4y
RIS 22 55, 51N CPT AAY, DL ) BV Ife
BB 2 AR 225, PRBLRE H AN A v s 45 3
AT 6
23 EMEZENNERY

HH T 52 R 2 R R I 22 00, AR SC LA A g
WA E AT R PHBFRL R S iR ik 5 4 A
AUPSE NS R A A S B = I 3 A =
e R EZANE, DEsi s B R HIbix
] 5 i A 45 SRV )5, 15 2 FE R 1 R,
1 P AR PR R IR TR O R, R,
REZI R 2,

1 HREMRSERS

Table 1 Discrimination matrix and weight vector

EACEE R i 1] BA AEE Rk RE
A 18] 1 2.46 4.94 5.57 0.5
A 0.41 1 3.02 3.79 0.3

AFiE 0.20 0.33 1 1.18 0.1
12 e 0.18 0.26 0.85 1 0.1

FIRZ RS i, o5 4 B mm PR 2 8] iR B,
TRBE 1 AN BIBCGE ) 5 0=(0.5, 0.3, 0.1, 0.1).

iR IR TS, BRI S — 2R i v
AKX 5N

_1E 4w,
&m—hg—wf- (10)
CL = (g —h)/ (h=1) (11)

CR =CI/RI (12)

A, Ay RN RFFIEAE; b R FIRFERER 4 A
NFNFERE: W OMRHE & CLE—SEFabr; CR 2
— e, RIZBIYL— Bk Pr.

AT AN PR £ =4, R X (10)~ X (12) 715,
3 H B REFAEAE Ana—=4.058, MM H5 H C1=0.019,
CR=0.021<0.1, L —EPERLR.

3 ZBisrbr
3.1 EfIHE

SR FH 25 8 2 B S A BT 2
MTERI ) P9, SR AT S AT PRIl M Bk 2
LT, ORHILAARS . AL BB A RS (R a5 F



B FERERIECHINIE LB B DFEF LT R IET S

i TP 2 DL B B Bt A T K A Bl T LA O A 2
) L p gt o Moy bk R, AR IE T
A& 2 Fis.

F2 AEBERREAREHS

Table 2 Conditions for alternative travel modes

N B /min - % A/ WwEE mFkHK
SR 80 5 0.8~1.2 0
HRAMLEH 60~ 65 5 0.8~1.2 1
THLA R 70 ~90 2 0.5~1 1
AL E 35~40 45 0 0
HRAR 50 ~ 65 2 0.7~1.0 0
A 75 2 1 0

3.2 KMRER

AR ST AR ZE 1K) CPT AL L5 it i) £
48 MNL BERLLEXT, B b A 2obE

FEZE M MNL BERYIER 1, O AR ISR 2 0] % A0
Tr AT SR A 22, 28T IR (1 1=
WpHE, HEE SRR RREOCR, R ES
H o=1.350 . ik tn e, [FRRKE 4 TR bR —
AL, SEMP R E R BS L 1, &3
MNL BRI 7 2 (15 AN

exp[—(os*nkyl—(03*cﬁ)“—(OJ*Af)a—(ul*A¢)“}

VRN TRV R SR8 O 0, FLAR A SESROBvr 21, I IW) iy 55t
UK. A2 1504 60 min(FUY 147 I 8]
60 min), IR HUAL 42 e A A PR A AT IR TR
T RF Y, ez 2liat, R TS h
IE, HARFESRMGERL, NIRRT St .

041 — mppimsg

A B -

o WAL e

02 — Hifl% —T
- B =TT e

o SEERE T

] TH] A 5%

30 4AO Sb 60 70 8‘0
]2 fi/min
K3 IRl R B S AR 2k
Figure 3 Variation curve of prospect component
with reference point

HRI 28 2 2% )R vk, W Ah 3 AN E
T S AR R AR 2R, IfE i (7). @) b
SRS A )y i ertr BT T2 ER
Wi, G SRR S IR 2 Je s B RS, i
Python i 5 I B Axes3D 2425 il
Ji I L5407 50 bl 2 e 2 % s A

Ek

o, PARETR kI, TE. CL REL N
R T I SERR AT TR SRR AT S S
i 2 R T U

nr s, Z28509), g Python it 5 I
Scipy+numpy T A5 A4 ik AR 53 A5 1) 1000 455,
R BT 22 4 226 5501 1000 %% . LI Mk
h AL, 3 S 6 FhAZ il T 2 4 AN R 300 B
(RO R HC S TR SRR, Ik SR R AS 38 U7 A& Fa b
) AR S T 22 A S 2% K AR KAl
J5 2R I TR T 55 4 i A IS [R) 2 2% f ARk i 2t 18] 3
7.

B 3 A% DAL thAR 4=t 2 o], HiAT
I I 7R 7 b e, DRI (RN Se e, HAN IR e
BRI [R) 2 2% sl AR Ak, FL I TR) 55 40 B T
FoAl 77 0. e dass, #RBmS% 5l
30 min(FUY AT A4 30 min), M 84838 7 AT
TR T e Ty, ez idosz B UL IR 4%, A

::zjmq{—(os*z*yz—(03*C§)“—(al*R}f’—(ul*A¢)“}

13
(4 te i sl 4 P, 205 eid RARET

s M T AT AT B B 5 s

K5, 6 AT 6 MANFIAZE T3, B (s
WRAAER S % . PN — 2R, 5
A7 6T L PR e = T (2 15 SR AR St e vy K5 20 B
(PR b e S N B A= VA p Ak dieip T
A, FoRAFTEE T 2% i 22 P SR & R 4
RAF, KRBT PR LREE R KA

HiP 4 FE 5 apdn: 205 Rerd FRTS R L
AL B IEE, FRAFZE G N FR i A
[l; 52 RAUAT BRI A O RE o B K R, SRR A
RS B AE 53 SR N B 1) 3 Iz AT 220 R e 1225 5
Horp AR XFRFRIEE THEIERUR, RE
BRI AN P - E T 115 S U (P 1 <8 (Ep U i
52 PSS RBURE R, 3 7 X 5 1R A 2R Al )
P, CHRARS” T IE BPIE SRR, AR
B AN E v, R BRGSO R,
BRI 2 A il AE T 7 R 5 WAL R
B AR), oAt 4 A AZ & A

URBAN RAPID RAIL TRANSIT =~ 41



EHIREIZE - F 37 F 55 2024 F 10 B

0
gz, ;5 60

3 65
'{‘ﬁ/mi,, 70 20

(a) S 1HIRAL

45

50
& 9‘/1'77;&%55 60

50
Hy@% 55 60
"'S-/mi,,

% 65
2 70

(d) L%

(b) eI LA 2k B

65

(e) HRAK

~0.170
~0.175
~0.180 5
~0.185 =
o
~0.190 %
-0.195

50
”fligél 60

65
Zs) /"11)1 70 20

(c) WHUAAE

50 55
i, /i?]é 60
20 ‘%%é-/%

65
70 20

(0 S

K4 #4075 LR G TS S % m RS

Figure 4 Variation trend of comprehensive prospect with reference point

K5 2 J5sid RIS T

Figure 5 Comparison of multi-mode comprehensive prospects
3.3 HRAMH

AL T AR 35 ATAT h s B BE 3 H, ]
A TR Ay FUIM 1) 5, AR5 VA LI % A2 Ty AR
R BAMNEONAEE, PRI SR, T
IEAf AW AR R

1) EMMEER, EaEaSHal, WHPUESR

42  URBAN RAPID RAIL TRANSIT

AR A T A A 7 R, AR 2 R,
ERUNER 3 Pion. MNL B CPT Bif k7 Rl &
2 L5 ) 5 A 5 AR 25X L HT B 6 BT .

x3 ETF CPT MYITHIRELS MNL AR S ERETELER

Table 3 Calculation results of behavior model based

on CPT and MNL models %
 RAFREE PERH MNLHAER CPTHAE

FAEWAL 430 14.20 0.00
AL 28.30 18.00 29.00
FHAN 7.40 14.20 0.00
AL 20.70 20.30 21.10
RN 34.20 18.60 42.60

B xa 5.10 14.70 7.30

T AT TR T AL SRR LA EE R 1 24
HE MNL BRI o3 6 10 v 55 45 5 5 ) 46 45 A BT i
25, BBE 5 ) 4 45 RS PR E P 3 AH 2 8.8%. T
CPT (1t AT 75 s B AR Rl 73 2 (1) TI0I 45 S A A T
AR A E R, B S S EE P AR 2 3.9%, iz
i&F MNL B8, SARWN T 4.9%. Bk, W20
[EE, Mg MNL B8, 51N RS % S5



B FERERIECHINIE LB B DFEF LT R IET S

T R2PURT S AR I H AT 7 S B T LS 4 b P
PUBASHEARR & NS 6500, R R
SR SE P g 2R, 0 N 2 N 5 A AT 4R

TR

20.00 -
[ MNLi# 2% CPTiR% 156
16.00 - >
X
£ 12.00
&
= 8.00
4.00
0.40.
OOO 1 o B o | 1 ]
&
N R |
< N %
“%‘\ N %W
B3y e

Ko MARZENLL
Figure 6 Error comparison
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Table 4 Confusion matrix of CPT model

(14)

i iy BREL A o BR EF ASM
WA s AR o

FHRWA 0 11 0 9 19 4 43
BRAEESE 0 132 0 44 91 16 283
AL 0 21 0 12 34 7 74
il 0 40 0 93 65 9 207
BR F 45 0 73 0 45 201 23 342
L R 0 13 0 8 16 14 51
BAMGAE 0 290 0 211 426 73 1000

FIH R (14) VPR (PO AERf %, 45 SRR
CPT BT AER %y 44.0%, MNL FI0 100 Ay 2%
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Table 5 Confusion matrix of MNL model
FH BEE FA B EF AEM
FH
MNL g mam 2z B s 45 st
SRR 6 8 6 9 8 6 43
BRAMESE 40 52 40 56 53 42 283

AL BT 11 13 11 15 13 11 74

oA 29 37 29 44 38 30 207
Py &R 49 61 49 69 65 50 343
S A 7 9 7 10 9 8 50

BAEMELSIT 142 180 142 203 186 147 1000
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