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Abstract: In order to control and reduce the carbon emission of urban transport, the road tolls for urban
multi-modal transport network under the constraint of low carbon emission is studied. Taking the multi-modal
transport network composed of private cars, conventional buses and subways as the research object, and with
the expected CO, emission reduction and CO environmental capacity as constraints, a bi-objective road
pricing model that minimizes the total CO, emissions and the total travel time of users is established. The
model uses a 2-layer optimization method based on game theory to describe the leader-follower relationship
between decision makers and travelers. The upper layer is the decision makers to formulate road pricing
scheme under the constraints of low carbon emissions to balance the dual goals, and the lower layer is the

travelers to make traffic mode and route choices according to the pricing measures. The asymmetric influence
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of transport modes and travel behaviors are analyzed by variational inequality. The NSGA-1[ is designed to
solve the proposed nonlinear bi-objective road pricing model. The result of the numerical examples shows that
(1) road pricing measures can effectively adjust the travel proportion of various transport modes, so that
private car travelers will transfer to public transport ( regular buses and subways) , thereby alleviating road
network congestion and reducing low carbon emission; (2) compared with the initial state before road
pricing, the volume of public transport is increased by 43% at least, and carbon emissions is decreased more
than 32% 3 (3) the result of Pareto front demonstrated the negative correlation of the 2 objectives, so that the
maximum ratio of emission reduction is 32%—59% without increasing the total travel time; (4) to achieve the
expected CO, emission reduction by more than 60%, it is necessary to increase the supply level of public
transport, reduce the time loss of transferring from private cars to public transport, and improve the transport
efficiency of the system.
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emission reduction; non-dominated sorting genetic algorithm-1I ( NSGA-1I )
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Fig. 1 Iterative solution methodology for proposed model
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£%/min 3.5 4.5 — 5 5 — — 8 6
Ve /veh 600 600 350 450 500 500 500 600 600
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Tab.3 Road pricing rate and link (route) volume

PIREIRAS TR 1 PEAes R 2 TEALEsR 3
B St thﬁ%j ﬁ%ﬂﬁa‘l‘ﬂ/ &ﬁﬁj T ﬂ%ﬁﬂﬂ/ tljﬁ%j e mﬂaﬁjl‘ﬁﬂ/ Hdﬁﬁj P ﬂsiﬁa“l‘ﬁﬂ/
(A-h7)  min - (A-h7) min (A -h7) min (A -h7) min
1 1292 4.29 939 0.11 3.71 435 0.67 2.85 213 0.95 2.47
2 1045 6.79 679 0.4 5.72 472 0.47 5.12 256 0.92 4.47
3 794 2.5 589 0.81 2.15 243 0.38 2 104 0.88 2
4 520 5.95 293 0.62 5.07 121 0.68 4.39 191 0.75 4.71
5 497 7.15 350 0. 66 6.53 192 0.49 5.82 109 0.85 5.44
6 1319 4.65 975 0.91 3.63 594 0.81 3.26 169 0.97 3.2
7 823 1.29 708 0 1.27 438 0.17 1.25 90 0.55 1.25
8 994 12.27 617 0. 06 10.23 348 0.64 8.77 188 0.86 7.88
9 1342 10.98 1 001 0 9.57 559 0.68 7.69 281 0.96 6.49
AL 1 492 25.10 600 — 26.07 684 — 26. 68 729 — 26.98
AL 2 672 25.10 806 — 26.07 910 — 26. 68 958 — 26.98
HBRER B 499 26.8 976 — 26.8 1499 — 26.8 1 844 — 26. 8

T URBRBRR e, SR BOAT BRI ] SR AR R g 25 f% B A8 B A R AL
x4 BREYZERTE R B M EFRXT EE

Tab.4 Comparision of network indicators before/after road pricing

B WHERA IALEE R 1 OLfbai R 2 ifbssi 3

N ALssm AT R
1 663 2382 3093 3531

(A-h™
AR/ % — 43.24 86. 00 112.33
TST/h 1633.47 1592.10 1638.61 1704.36
A/ % — -2.53 0.31 4.34
TSE/kg 5336.43 3605.35 2106.95 1240.55
AR/ % — -32.45  -60.52  -76.75
SE¥534i R/ (km - h7h) 28.18 31.90 35.62 37.46
A2/ % — 13.20 26.40 32.93
TEAATRE S A /km 12 417.37  8788.86 5146.73 2 748.37
AR/ % — -29.22  -58.55  -77.87
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