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Marginal benefit analysis and optimization selection of passenger collaborative
transportation routes in urban agglomeration

JIA Hongfei, LIU Chao, WU Wenjing, LUO Qingyu

(Transportation College, Jilin University, Changchun 130022, China)

Abstract; To adapt to the travel needs of urban agglomeration passengers and maximize the overall benefits of the
system, a problem of collaborative range and collaborative route optimization selection of urban agglomerations was
proposed based on the marginal benefit theory. A super network model of multi-mode and multi-link traffic system in
urban agglomerations was constructed, and factors such as the correlation strength of passenger flow and transfer
facilities were considered to generate a collaborative route candidate set. The routes of the super network were
divided into on-going sections and transfer sections, and the generalized travel cost of the multi-mode travel routes
was established. The route choice behaviors of passengers in urban agglomerations were constructed by using three-
tier nested Logit model. On this basis, a bi-level programming model was established with the optimization objective
of maximizing social welfare. Genetic algorithm and successive averaging method were used to solve the upper and
lower models and the collaborative transportation range and collaborative routes were determined based on the theory
of diminishing marginal benefits. Finally, the Beijing-Tianjin-Hebei Urban Agglomeration was taken as an example
to illustrate the performance and application of the model. Results show that there was marginal benefit in the scale
of collaborative transportation routes, and the optimized collaborative routes could basically meet the travel demand
of Beijing-Tianjin-Hebei Urban Agglomeration. It provides reference and theoretical guidance for the implementation
of collaborative operation of multi-mode transport in urban agglomerations in China.
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and management cost of collaborative routes
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Fig.2  Structure of super network
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Tab.3  Routes from Beijing Capital International Airport to
Tianjin Railway Station
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28 gl 28 e 28 Hufe
@ 0.2 ?, 0.1 0, 0.86
@ 0.3 @5 0.1 0, 0.62
@3 0.2 ®s 0.1 05 0.79
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Tab.6  Passenger flow of different routes

G B/ (AN - d7) || BRGS FWA/ (- dT)
1 96 10 141
2 82 11 62
3 54 12 36
4 50 10 141
5 46 13 123
6 26 14 7
7 185 15 274
8 52 16 99
9 40 17 122
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Tab.7 Optimal scheme of collaborative routes under different scales

e o MRLEER  RETHLG  RETHSRE
I B NEET e REM/TE R % " \ \

SrHHE/ % At /h A a]/h
0 — 68 407 — 0 2.289 2 0.658 1
1 {7} 104 150 52.3 25.45 2.064 5 0.483 5
2 {7,1} 115 580 11.0 35.86 1.991 7 0.404 9
3 {7,17,1} 125 320 8.4 49 .47 1.923 9 0.352 7
4 {7,10,17,1} 132 280 5.6 57.81 1.882 3 0.305 7
5 {7,10,17,1,2} 137 230 3.7 63.07 1.850 9 0.264 3
6 {15,7,10,17,1,2} 141 100 2.8 77.97 1.825 0 0.238 5
7 {15,7,10,13,17,1,2} 142 720 1.1 83.10 1.804 0 0.229 4
8 {15,7,10,13,17,16,1,2} 143 740 0.7 87.72 1.800 4 0.214 0
9 {15,7,10,13,17,16,1,2,11} 144 750 0.7 90.04 1.788 0 0.200 7
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Fig. 5 Marginal benefit curve with increasing numbers of

collaborative routes

R 101 3550 7 ) FEE AR S B A3 86 o — 5 D [ 2K
%, %328 R G RLRE G B 2 3 (2 ARt 25 A
HOE AN, PR e B A 1 I B — o R R, R
B HE R B d AL, a0 SR P T P R 2, i IR] A B
5388 AR IR 1) 55 RS, R AR TR F
I KA R BRaS as 2 R B BFERAIRAS

i1l 5 W, 7R R IR 2 B a5 i, g1 i — 2% 1
[FIZR 1, RGEAL RS P B IR B R, JL R IUAE U [+
B 12 B, RGER R I o ik B 52.3% 5
11% ; T M HMRIR BN 5 4HF IR, REEaLes8 niR
A LR I BRAE e RSt BLAE P R 2 % 6
Bf, A, AR 7 sR RS ok AR EUE T
XFERZER YR B 2 8 5 9 B, R4
R g IR AR /I 2 SR P2 1 38 U () 4 2 5 3
A, R NPRBGIHG BT s, HiL, iRitrLk
BRI E N 115,7,10,17,1,2 , DIpIa] 22 i 0 2% 35
BINE 6 FiR,

T L UL IR A SUBOE K18 R G R LT
SKOE—E W, PRI I B | Bl & 1) P R 2k i
(R W IR 23 AR 25 tR AT AR, T AT ok R B3k
i FBE N (U T A iR & AT ER IR B AR
PR M RIL A 5 R RN F RS, 7t
B RS s AR BRI R ikiE 8 5
PHRAS IS B 5 AR B 3 1 DI R RS (A 45 A
BUASBESRASIA 2 AU 2%

XF L B R AR T IS R 8CR « B R AT 19 R 452
45 68 407 T, WMEIHLAL)E S 141 100 IG5 PREIAE
FEFT -2 AT I ] g 2.289 2 h, [ AL)G A
1.825 h; PRI ETIZ-F- 445 e it 8] 24 0.658 1 h,
IMELARIS 24 0.238 5 h, 553 Hr W] 0 R AR P )

BRI RGEA G BT T 106.27% % P4
HATHTRIFRAR T 20.28% , e 2 - Y4 H 3fe it [R] FRAIK T
63.76% , AN M7 3% T 0 S i e AR
WA, AT R, DT X 6 A2k R T Ik
TIHEIL 80% % it i, 2R W e 16 Y D3 [ £ s 5 % 0
i R AN

------------------- LR e —— dERTTT ek - - > kit
e RN A o R -
—— R
Elo6 mEHBTHMEXBREFR
Fig.6  Setting schemes of collaborative routes in Beijing-Tianjin-

Hebei Urban Agglomeration
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