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Traffic management strategies for emergency evacuation
based on a bi-level network optimization model
LUO Xiangyong, CHAI Xiaodong
( School of Urban Rail Transportation, Shanghai University of Engineering Science, Shanghai 201600, China)

[ Abstract] The problem to be addressed in this paper is the lack of an advanced model in the literature to determine the optimal set
of intersections in the evacuation network for implementing uninterrupted flow and signal control strategies, respectively, which can
yield the maximum evacuation operational efficiency and the best use of available budgets. An network optimization model, proposed
in response to such needs, contributes to addressing the following critical questions that have long challenged transportation
authorities during emergency planning, namely given the topology of an evacuation network, evacuation demand distribution, and a
limited budget, (1) how many intersections should be implemented with the signals and interrupted flow strategies, respectively;
(2) what their most appropriate locations are; and (3) how turning restriction plans should be properly designed for those
uninterrupted flow intersections. The proposed model features a bi—level framework. The upper level determines the best locations for
uninterrupted flow and signalizes intersections as well as the corresponding turning restriction plans by minimizing the total
evacuation time, while the lower level handles routing assignments of evacuation traffic based on the SUE principle. The proposed
model is solved by a GA-based heuristic. Extensive analyses under various evacuation demand and budget levels have indicated that
the location selection of uninterrupted flow and signalized intersections plays a key role in emergency traffic evacuation management.
The proposed model substantially outperforms existing practices in prioritizing limited resources to the most appropriate control points
by significantly reducing the total evacuation time (up to 39%).

[ Key words] uninterrupted flow intersection; signalized intersection; turning restriction; evacuation management; network
optimization
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Fig. 1 Sub-network representation
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Fig. 2 Structure the proposed bi-level model
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Tab. 2 Computational performance of the proposed model under various demand and budget levels
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T B PEREAE BC A 9S4 R S5 X% 1.80 GHz CPU M1 6 GB RAM 1 PC L #E47 34
3 MG TR S R T R - S AFEFESRATEKE T 0 S A ] G 5 R
I LGS R) W 9 8 28 S A B R R B RS [
3 AEABESTHRMEEHARRIELE

Tab. 3 Optimal evacuation plans and performance under various scenarios
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