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ABSTRACT 

When conducting large scale evacuations, the safety and risk to the community needs to be considered 
with respect to the severity of the hazard, the use of escape routes, and the employed evacuation 
mode. Evacuation simulation models can reduce the apparent complexity of these aspects by providing 
a platform to assess the likely evacuation performance, aiding in the planning of large-scale evacuations. 
Typically, the evacuation may entail a multimodal approach with agents walking to designated shelters, 
to transport hubs or to use their private vehicles. Thus, the evacuation strategy may include pedestrian 
and vehicle evacuees. Often the two evacuation modes interact and influence each other. Both may also 
be affected by the progressing wildfire. It is thus beneficial to represent all three components within a 
unified tool. To date, there is no software model that has successfully integrated these components into 
a single tool that works at the microscopic level, capable of representing the interactions between 
pedestrian and vehicle evacuees. A tool is presented here that can represent pedestrians and vehicles at 
the individual level including the interactions that may occur when their respective routes intersect. The 
evacuation results allow the user to assess the evacuation performance and determine key evacuation 
parameters including, evacuation times, congestion levels, distances travelled, number of trapped 
pedestrians or vehicles, and fatalities, caused by the wildfire. A case study, loosely based on a real 
incident in Marysville, Australia, is presented to demonstrate the capabilities of the tool for evaluating 
set evacuation strategies. 
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1. INTRODUCTION 
In recent years, the increased expanse of the Wildland Urban Interface (WUI) has led to large, planned, 
and unplanned, evacuations to take place due to wildfires. These events increase in frequency and 
intensity due to global warming and extreme weather conditions [1]. Large scale evacuations often 
involve people evacuating both on foot and by vehicles [2]. In recent examples of wildfire evacuations 
such as in California, USA, [3] and at Mati, Greece [4], people attempted to evacuate both by foot and by 
vehicles. The apparent complexities of wildfire induced evacuations can be reduced by modelling tools 
that can aid incident managers in planning and training for future evacuations for a variety of what-if 
scenarios [5]. Given the dynamic nature of wildfire evacuations the employed strategy is dependent on 
the interactions between three main components, i.e. those between pedestrian and vehicle evacuees, 
and the effects that the wildfire has on both. To date, there is no software tool that has successfully 
integrated these three key components into a single tool that works at the microscopic level of detail 
and can represent the impact of their interaction.  
 

1.1. Background 
Three types of computer models can aid incident managers in planning and preparing for wildfire 
evacuations, i.e., pedestrian evacuation models [5], traffic models [6,7] and wildfire spread models 
[8,9,10,11,12]. Pedestrian evacuation models are used to represent the movement and behaviour of 



pedestrians as they seek refuge locations or leave the area. Traffic models are used to represent the 
movement of vehicles identifying possible bottlenecks and congestion. Wildfire models predict the 
location of moving fire perimeters, smoke fronts, fire embers, flame length and heat to identify areas at 
risk. Used independently, these models, cannot provide insights on the complexities that develop when 
these three key factors interact and affect the overall evacuation strategy. The vehicle evacuation is not 
taking place in isolation of the pedestrian evacuation and the evolution of the fire. The pedestrians’ 
routes will intersect the vehicles’ routes generating points of conflict where vehicles or pedestrians will 
need to yield to allow progress. Previous research has been carried out looking at developing a 
framework for integrating fire, pedestrian, and vehicle models for the WUI [6,7]. This paper, describes 
the actual coupling and integration of the state of the art urbanEXODUS pedestrian evacuation model 
[13], the SUMO [6] traffic model and fire models [8,9,10,11,12] demonstrating the working of a unified 
system. While coarse models, that treat pedestrian and traffic movement as flows [7] attempt to 
represent these types of models within a single tool, in this work, pedestrian and vehicle models act at 
the microscopic level of detail, i.e. representing pedestrians and vehicles individually each having their 
own attributes and capabilities.  
 

1.2. Methodology 
The tool presented here couples two well established engineering simulation tools, the pedestrian 
Agent Based Model (ABM) urbanEXODUS [13] and the open source SUMO traffic model [6]. It can also 
import wildfire propagation data [8,9] and determine the overall evacuation performance within a 
unified system. The heart of the unified tool is urbanEXODUS (Figure 1a). The SUMO traffic model is 
linked to urbanEXODUS via SUMO’s TracCI interface [6]. SUMO models the movement and routing of the 
vehicles in the road network and the interactions between vehicles, whereas urbanEXODUS controls all 
interactions of the pedestrians with the vehicles [14] and vehicles with pedestrians. With regards to the 
wildfire data the fire perimeter output dataset generated by widely used fire models [8,9,10,11,12] is 
used to determine the effects that wildfire may have on the evacuees. The fire dataset represents the 
burnt or propagating burning area. It is used to calculate the effect of the fire on the road network and 
evacuees within urbanEXODUS, which may result in the generation of blocked routes or fatalities (both 
pedestrian and vehicle). In the case of blocked routes urbanEXODUS signals SUMO whether a vehicle 
needs to be re-routed or is assumed to be destroyed by the fire, together with which roads are blocked.  
 
A key advantage of using microscopic level models to represent pedestrians and vehicles is that it is 
possible to determine pedestrian-vehicle interactions at the individual level, as well as determine how 
fire products may impact the evacuation. The interaction between pedestrians and vehicles is especially 
important as the multimodal nature of the evacuation may have a significant impact on the evacuation 
process. The model takes into account the suggestions identified by Schroeder [15] and Wang [16] in 
relation to pedestrian crossing behaviours and urgency [14] as well as data collected from an online 
pedestrian crossing behaviour survey [17] to build a unique set of behaviours for representing how 
people are likely to interact with moving vehicles in an emergency situation. The cognitive processes of 
pedestrian road crossing, included in this research, cover decisions on whether to cross a road or not 
(gap acceptance model) and where to cross the road.  The way that the agents exhibit these behaviours 
depends on their urgency and risk-taking characteristics. When crossing the road, the model resolves 
any possible interactions with vehicles moving on that road. This unified tool allows the user to obtain 
insights regarding the evacuation process that are difficult, if not impossible, to obtain in any other 
practical way. Examples of insights include assembly and evacuation times, identification of optimal 
routes, time when conditions on routes become untenable, and determine possible fatalities [5].  



 
(a)       (b) 

Figure 1. (a) Integration of urbanEXODUS, SUMO and wildfire models (b) pedestrian and vehicle evacuation 
underway as the wildfire engulfs the town of Marysville. 

 

2. CASE STUDY 
The coupling of the pedestrian and traffic models with wildfire propagation data is demonstrated by 
modelling the evacuation of the town of Marysville. The population of the town is assumed to be 3633 
people, 10% of those will evacuate by foot towards the Oval (Figure 1b) while 90% will use their vehicles 
to evacuate towards the North vehicle egress route. The command to evacuate the area is given at 3h 
30min after fire ignition. Two key scenarios are briefly presented here, each was run 10 times. Scenario 
A represents a case where the pedestrian-vehicle interactions are not enabled. The evacuation models 
are thus completely independent from each other. Conversely, scenario B represents a case where the 
pedestrian-vehicle interactions have been enabled. The summary results are presented in Table 1.  
 
Table 1. Summary average evacuation performance results. Values in brackets represent the standard deviation. 

Scenario TET (hh:mm) FTot FVeh VTrap VRed FPeriod (hh:mm) 

A 01:55 (1.3 min) 1452 (1.8) 1341 (0) 435 (0) 217 (0) 01:01 – 01:30 
B 01:56 (1.4 min) 1461 (6.9) 1350 (7.04) 437 (1.52) 212 (5.25) 01:01 – 01:30 

  
The average, total evacuation time (TET) in both cases is similar (1h55’ and 1h56’). In scenario B 
however, the interactions between pedestrians and vehicles generate, slightly greater variation in the 
total number of fatalities (FTot), agent fatalities in vehicles (FVeh), vehicles that get trapped (VTrap) and 
vehicles that redirect towards the Oval due to the wildfire (VRed). The period that fatalities are generated 
(FPeriod) is fixed in both scenarios as this is driven by the deterministic nature of the wildfire data. Also, 
there is zero deviation for FVeh, VTrap and VRed in scenario A due to the deterministic nature of SUMO. 
However, urbanEXODUS is stochastic in nature, this fact in conjunction with the pedestrian-vehicle 
interactions, generates variation in the evacuation performance results. In this case, given the size of the 
town and the relatively low rural population density there are only a few opportunities for pedestrians 
to interact with vehicles. This is evident from the similarity between the scenario results. It is anticipated 
that when modelling a densely populated urbanised area, the pedestrian-vehicle interactions will have a 
more profound impact. However, what this demonstration case accomplishes is that the unified tool can 
reveal the impact that the interactions have on the evacuation process and that they constitute a factor 
that needs to be considered when conducting a large-scale evacuation study. 

Vehicle egress point 

Oval: Pedestrian and 
re-routed vehicle 
refuge location  

Vehicles 

Fire  
Pedestrians 



3. CONCLUSIONS 
The coupling of pedestrian and vehicle models with wildfire data attempts to provide answers to crucial 
questions that incident managers are called to address when planning and preparing for future wildfire 
incidents. The resultant unified tool can reveal the complexities and the combined effect that the 
pedestrian-vehicle interactions and impact of wildfire have on the evacuation performance. The ability 
to derive evacuation performance data based on engineering tools proves invaluable, as currently there 
is no other practical method for addressing these questions beyond computer simulation. These insights 
aim in augmenting an incident manager’s knowledge and experience allowing them to take informed 
decisions that can improve preparedness levels, allow for better use of resources, potentially saving 
time, lives, and property. 
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