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Fundamental Diagram for Analyzing Efficiency of High-Frequency Railway Systems

Toru SEO, Kentaro WADA, and Daisuke FUKUDA

High-frequency railway systems, which transport massive number of passengers with a few minutes headway, are
important for urban transportation in many cities. However, such systems can be disturbed by two types of congestion:
train congestion on tracks and passenger boarding congestion at stations, which are interacting with each other. This
paper proposes a simplified model for idealized high-frequency railway systems in order to obtain policy implications
on demand and supply management of them. It describes passenger transport efficiency of given railway facilities
regarding to passenger demand by considering congestion, while keeping its tractability high. It can be considered
as fundamental diagram (FD) of railway systems (i.e., relation among train-flow, train-density, and passenger-flow)
with theoretical basis. In addition, a macroscopic model of dynamic representation of the system is developed based
on the FD. The proposed model could be useful to obtain insights on demand management strategies (i.e., an optimal
congestion toll and a gate control of arrival passenger-flow) for high-frequency railway systems. The macroscopic
model is validated by comparing to a microscopic model.



