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Abstract In this study traffic routing and scheduling during hurricane evacuation is envisioned for 

scenarios when the underlying traffic parameters are not deterministic. A comparison is made for the 

clearance time obtained using the deterministic and stochastic scenario respectively. The evacuation 

plan proposed is more robust as compared to the one obtained assuming deterministic information.  

 

1. Introduction 
Large scale evacuations are important in the wake of natural disasters such as Hurricane. Planning to 

evacuate people towards safe areas and effective management of the plan using the limited set of 

resources is an integral part of disaster management. Effective implementation of an evacuation plan in 

the wake of a limited set of resources demands that a minimum number of paths are selected for loading 

the evacuation traffic. Also, traffic scenario is often non-deterministic and assumption of a deterministic 

capacity for the road links would result in poor quality evacuation plan in terms of paths and time 

required for evacuation. Apart from the random arc capacity, other uncertain parameters during an 

evacuation event are the transit time on the arcs and the number of people evacuating the region. This 

complex problem of evacuation traffic routing and scheduling is often addressed within mathematical 

optimization framework. We use mathematical models to come up with an evacuation plan for both 

deterministic and stochastic scenarios. 

 

2. Objective  

The objective of this study is to find a reliable evacuation plan by selecting paths and flows that results 

in minimum congestion probability for the given network within a given evacuation time.   

 

3. Analyses 
The transportation infrastructure of Houston area is represented using a network graph where nodes and 

arcs represent respectively, the major intersections and the corresponding road links between them. 

Mathematical formulation of the resulting routing and scheduling problem is done within a network 

optimization framework to find the clearance time and the minimum number of evacuation paths. 

Separate formulations were done for both deterministic and stochastic scenarios. For the deterministic 

case, the proposed model is a mixed integer linear programing model and formulation is done for System 

Optimum (SO) scenario where the emphasis is on complete network evacuation in minimum possible 

clearance time without any preset priority.  For the stochastic model, only the uncertainty of the arc 

capacity is considered and the formulation of the resulting routing and scheduling problem is done 

within chance constrained programming framework. Experiments were conducted to find the minimum 

clearance time required to attain a desired confidence level ensuring free flow of traffic in the network. 

Results report the sensitivity of the congestion probability with respect to the evacuation time, minimum 

number of paths to be selected to achieve a desired reliability level, and the corresponding traffic flow 

on the selected paths. 

 

4. Discussions 
Considering the random arc capacity to be following the Weibull distribution, results for the clearance 

time for different reliability level for the stochastic model is shown in Figure 1. The clearance time 

considering deterministic model was found to be T = 128. 
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Figure 1: Clearance time for various values of reliability level 

 

We also solve a model having an objective function for minimization of congestion probability with an 

added constraint of limiting the total number of paths to be used for evacuation to a value N. Solving the 

model for different values of N, we obtained the result as shown in Table 1. 

 

Table 1: Congestion probability attainable for clearance time T 

 
 

5. Conclusions 

It can be seen that a higher reliability level results in increasing of the clearance time. Also, increasing 

the evacuation paths do not significantly increase the reliability level for a given clearance time. By 

planning for a decreased capacity, the evacuation plan becomes more reliable in the sense that the 

probability of deviating from this plan due to degrading capacity of the road link gets smaller. This 

essentially shows that to ensure the desired reliability level, the network is loaded in a conservative 

manner so as to avoid future in-feasibility of the arc capacity constraint when the flow volume might 

exceed the capacity and result in congestion.  
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