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Fig.1 Iteration of intermodal transport route optimization
considering unexpected events
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Tab.6 Variations in transportation time and cost across different unexpected events
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Route Optimization of Air-Rail Intermodal Express Networks
Considering Dynamic Pricing
ZHANG Bo', HE Ling’, YANG Chen’, HUANG Zhipeng’, WANG Yu’, MIAO Yusen®, LI Jinlian®

(1. Passenger Transport Department, China Railway Lanzhou Group Co., Ltd., Lanzhou 730030, Gansu, China; 2. Lanzhou Railway
Station, China Railway Lanzhou Group Co., Ltd., Lanzhou 730030, Gansu, China; 3. School of Traffic and Transportation, Lanzhou
Jiaotong University, Lanzhou 730070, Gansu, China)

Abstract: This study addresses unexpected event-induced route interruptions and capacity imbalances such as service
delays and node failures in air-rail intermodal express networks by proposing a dynamic pricing-integrated route
optimization method. First, a pricing elasticity model based on capacity competition was developed to quantify the
correlation between local capacity shortages and pricing fluctuations during emergencies. Subsequently, a multi-objective
optimization model was constructed to simultaneously minimize total transportation time and cost. Furthermore, a dynamic
response framework based on the simulated annealing algorithm was designed for real-time network disruption monitoring,
dynamic transport capacity and pricing updates, and rapid routing scheme reconstruction. Case study results show that
pricing on capacity-saturated segments can rise by up to 50%, prompting the algorithm to select alternative routes. The
intermodal transport task completion rate significantly exceeds that of single-mode transport. This research demonstrates
that intermodal transport effectively enhances network disturbance resilience through resource complementarity, providing
references for express route decisions in dynamic environments.

Keywords: Air-HSR Intermodal Transport; Dynamic Pricing; Route Optimization; Simulated Annealing Algorithm; Capacity
Competition



