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Road Network Risk Analysis Considering People

Flow under Ordinal and Evacuation Situations®

Kodai Fujii

Abstract

Both disaster prevention (pre-disaster approach) and disaster risk reduction
(post-disaster approach) play important roles to mitigate the damage from large-
scale disasters. From the viewpoint of disaster risk reduction, there have been
studies on evacuation guiding schemes and applications using evacuees’ mobile
devices, e.g., smart phones. On the other hand, disaster prevention has also been
studied mainly on geographical information analysis, e.g., road blockage prob-
ability and people flow data. The road blockage probability is the probability
that the corresponding road is blocked due to collapse of roadside buildings when
an earthquake occurs. The people flow data expresses the people flow in usual
time. In this thesis, with the help of evacuation guiding schemes, road block-
age probability, and people flow data, we propose a road network risk analysis
approach that considers people flow in both ordinal and evacuation situations.
First, the proposed approach derives normal road demand, which is the degree
of road usage at a certain interval in an ordinal situation, from the people flow
data. Then, it calculates evacuation road demand, which is the degree of road
usage at a certain interval in an evacuation situation, by regarding the normal
road demand as the geographical distribution of the initial locations of evacuees

and applying edge betweenness centrality considering evacuation route selection.

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1651092, March 11, 2018.
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Finally, it detects roads with high risk of encountering blocked road segments by
combining the road blockage probability and evacuation road demand. Through
numerical experiments, we show the proposed approach can detect such high-risk
roads. Furthermore, we show the detected roads spatially change according to
the people flow in ordinal situations, evacuation behavior, and disaster occurrence

time.

Keywords:

Large scale disaster, Road network, People flow data, Road blockage probability,

Automatic evacuation guiding
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