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Study on Optimal Pricing Model of Road Toll Based on Game Decision-making
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Abstract: Road toll pricing is a typical two-level game problem. The upper level is the decision-making
interaction between the competent authority and the traffic participants. The toll subject changes the toll rate
to influence the travel choice and achieve the preset goal; the lower level is the decision-making interaction
between travelers. Based on changes in travel rate, travelers consider travel costs and other traveler
decisions, and choose travel utility maximization programs. Based on the different decision-making goals of
managers, road manager and traffic traveler regarded as 2 parties in a mnon-cooperative static game,
considering the differences in time value and travel utility of different traveler groups, a two-level planning
model is established. The upper level studies the decision-making issues of subject of road decision-making,
the lower level studies the travel game process and travel behavior choices of travelers with different time
values, and interprets the optimal road pricing under different decision-making goals by using game theory

method to provide decision-making reference for the reasonable formulation of urban road tolls. Based on the
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model constraints, first, the Nash-Wardrop equilibrium model of the lower N players is solved. Then, the

non-cooperative static Stackelberg game model of the upper N + 1 players is solved by using the graphical

method, and a travel scenario is built to verify the accuracy of the model. The result shows that (1) the

optimal pricing model of road tolls based on game decision-making can effectively measure the game process

and decision-making benefits of participants with different toll rates and different time values as well as the

optimal toll rates under different decision-making goals; (2) in the constructed travel scenario, the

traveler’ s travel profit and toll income are the largest when the road toll is 4, while the social surplus is the

largest when the toll is between 4 — 5. The travel scenario simulation result verified the accuracy and

operability of the model.
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