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Identification of Urban Road Vulnerability Based on Road Network Compression
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Abstract: In order to more effectively identify the vulnerable links on urban road network under sudden
environment, first, by the network characteristic analysis, 2 robust indicators ( network efficiency variation
and maximum connected sub-graph variation) are used to screen out the potential vulnerable link set of the
road network, and a road network’s matrix compression algorithm based on the accessibility principle is
designed accordingly. This algorithm can compress the original road network into several interconnected and
independent sub road networks. Then, on each compressed sub-network, considering the random estimation
bias and path selection behavior of different travelers to the link impedance, a multi-user stochastic
equilibrium flow assignment model is derived and the MSA algorithm is adopted to solve it. Finally, by
improving the original network efficiency indicator, a new road network vulnerability indicator which combines
the random distribution characteristics of traffic flow is constructed to identify the vulnerable links on each sub
network , and the model is verified with the measured data. The result shows that (1) compared with the
traditional traversing method, the vulnerable link identification model which is based on road network

compression can truly depict the stochastic characteristics of traffic flow distribution on urban road network
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under sudden environment, and the time consumed to solve the model is significantly shortened ( the

calculation process is only about 2 —3 min) ; (2) the result of the model can better distinguish the vulnerable

links on each road sub-network (its discrimination degree is 24.46% higher than that of the traditional

traversal method ), which can effectively reduce the traditional method’s misjudgement possibility of the

vulnerable links on urban network, and can timely provide decision support about emergency rescue and

evacuation for urban traffic management departments under sudden environment.

Key words: urban traffic; road network ; vulnerability; road network compression; algorithm complexity
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