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Evacuation planning is critical for numerous important applications, e.g. disaster emergency management and homeland defense preparation. Efficient tools are needed to produce evacuation plans that identify routes and schedules to evacuate affected populations to safety in the event of natural disasters or terrorist attacks. Current methods are based on linear programming paradigm and suffer from three limitations. First, they may not scale up to large (e.g. >50,000 nodes) transportation networks in urban evacuation scenarios as they use time-expanded networks requiring large amount of computer storage and aim at computing optimal solution incurring exorbitant computational costs. Second, they require users to provide an estimate of the upper bound on the total evacuation time. Incorrect estimate of the upper bound may lead to failure of the paradigm. Third, the evacuation plan produced by linear programming methods only gives traffic flow on each road segment. The users have to conduct post-processing to obtain origin-destination routes which are critical information to direct evacuees in a real evacuation scenario.

We propose a novel geo-spatial approach, namely Capacity Constrained Route Planning (CCRP) approach, to quickly identify feasible evacuation plans. Our approach can provide an efficient decision support tool for homeland security officials to evaluate existing evacuation plans or to determine plausible evacuation plans for large transportation networks in an urban scenario when resource constraints or dynamic conditions make it infeasible or uninteresting to find the optimal plan.

Our proposed approach has two key ideas. First, it models the capacity and occupancy of each road segment as time-series rather than fixed numbers because these attributes change over time during an evacuation. Second, it iteratively considers all pairs of sources and destinations. In each iteration, it schedules evacuation of a group of evacuees across the closest source-destination pair. Special graphs construction is used to eliminate redundant computation in this step. Experiments with real and synthetic transportation networks show that the proposed approach scales up to much larger networks, where software based on linear programming method crashes. For smaller networks, where linear programming tools can be used, our approach produces high quality solutions with evacuation times comparable to those achieved by linear programming methods. In addition, our approach significantly reduces the computational cost by using much less computer memory and less than half of the programming running time compared with linear programming tools. For example, in one experiment with a network of 50,000 nodes where linear programming tool crashes, our approach produces high quality plan with less than 15 minutes. 
Evaluation of our methods for evacuation planning for a disaster at the Monticello nuclear power plant near Minneapolis/St. Paul Twin Cities metropolitan area shows that the new methods lowered evacuation time relative to existing plans by providing higher capacities near the destination and by choosing shorter routes. As shown in Figure 1, the Monticello nuclear power plant is about 40 miles to the northwest of the Twin Cities. Evacuation plans need to be in place in case of accidents or terrorist attacks. The evacuation zone is a 10-mile radius around the nuclear power plant as defined by Minnesota Homeland Security and Emergency Management. A hand-drafted evacuation route plan was developed to evacuate the affected population to a high school in Osseo. However, this plan did not consider the capacity of the road networks and put high loads on two highways. We conducted experiment using our approach. The experiment was done using the road network around the evacuation zone provided by Minnesota Department of Transportation, and the Census 2000 population data for each affected city. As can be seen in Figure 1, our approach gives much better evacuation route plan by selecting shorter paths to reduce total evacuation time and utilizing richer routes (routes near evacuation destination) to reduce congestions. The old evacuation plan has an evacuation egress time of 268 minutes. Our approach produced a much better plan with evacuation time of only 162 minutes. This case study shows that our approach can be used to improve existing evacuation plans by reducing total evacuation time.
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Figure 1: Result Routes Overlay of Monticello Power Plant Evacuation Planning

Sponsors and Collaborators:
US Army Research Laboratory is sponsoring the work via AHPCRC on use of high performance computing techniques to reduce computation time to produce evacuation plans. Federal Highway Authority is sponsoring follow-on work via CTS to determine contra-flow configurations of the transportation networks to increase outbound capacities and reduce total evacuation time. Collaborators include Mr. Sangho Kim, Dr. Eil Kwon (MnDOT), Ms. Sonia Pitt (MnDOT) and Mr. Mike Sobolewski (MnDOT). 
