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Wildfire is a growing global concern for rural and urban areas [1]. Statistics show
that the intensity and negative consequences of wildfire have increased in recent
decades creating serious challenges for fire and emergency services, as well as com-
munities in the wildland-urban interface [2-4]. As an example, 85 people lost their
lives in California’s Camp fire, which made 2018 the deadliest US wildfire year in
a century. To reduce the life safety risk of wildfire and to enhance the safety of
communities threatened by wildfire, it is important to understand the physical and
social dynamics characterizing wildfires [5]. Such an understanding will help to
improve the design of the built environment in communities (e.g. buildings and
transportation infrastructure) and enhance emergency planning by incorporating
actual household evacuation behaviour. This incorporation of novel knowledge on
evacuation behaviour will ultimately facilitate safe and effective evacuation during
wildfire emergencies. To address this challenge, several wildfire evacuation models
have been proposed in the literature and a comprehensive review of the modelling
approaches is provided in Ronchi et al. [4].

Existing literature on wildfire evacuation modelling can be divided into two cate-
gories: conceptual models and engineering models. Conceptual models [4-9] provide
conceptual frameworks explaining the behavioural components and steps humans go
through when assessing, deciding about, and responding to wildfire emergencies.
Engineering models [5, 10, 11] include choice models and traffic models. Choice models
are designed to investigate the factors affecting human behaviour and model the deci-
sion-making process. In a wildfire evacuation, they can be used to estimate how and/
or when humans will respond to a wildfire and the time required to evacuate an area
threatened by a wildfire, for example. Traffic models, on the other hand, are tools that
allow for the simulation of microscopic or macroscopic traffic conditions during the
wildfire emergencies. Thus, in the example of macroscopic simulations, traffic models
require output from choice models to define trip generations, trip distributions, mode
choices, and route assignments as an input of the traffic simulator.

Artificial Intelligence (AI) provides a novel approach to improve the engineering
models used in wildfire evacuation by developing a better understanding of how
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households behave during these emergencies. In Fig. 1, we present a conceptual
framework that integrates AI with existing wildfire evacuation modelling. More
specifically, in the proposed framework, engineering models have three essential
inputs, including the conceptual model that will guide the variable selection and
model formulation (e.g., causal relationships), the wildfire evacuation data (such
as survey data, GPS data, traffic count data, and wildfire damage data) that will
be used to train the engineering models, and the advanced AI algorithms. In this
case, these advanced AI algorithms are expected to aid engineering models to gen-
erate more accurate predictions for choice models and more realistic simulation
outputs for traffic models compared to the traditional methods.

In addition to increased model accuracy, the AI-based choice models can also
produce new insights for emergency management and policymaking. For example,
by using machine learning and its interpretation techniques, Zhao et al. [12]
showed that an AI-based evacuation behavioural model (i.e., a choice model) can
not only improve the predictive accuracy of people’s decision-making, but also
identify key factors affecting people’s evacuation decisions, reveal the interactions
among the factors, and capture nonlinear relationships between the input vari-
ables and the outcome. In addition, the appeal of applying AI also lies in its
potential to invent data-driven, implicit model-building processes to leverage and
integrate various data sources and to prioritize alternatives [13]. The knowledge
gained from AI-based choice models can then be incorporated into large-scale
computer evacuation simulations (e.g., traffic models) to better predict evacuation
timing and response of communities exposed to wildfire. However, to the best of
the authors’ knowledge, few research efforts (e.g., [14]) have adopted this
approach to model and interpret wildfire evacuation behaviour.

With more advanced modelling techniques, AI-based engineering models of
wildfire evacuation are expected to improve pre-event evacuation planning, real-
time evacuation decision-making, design requirements, and emergency communi-
cations strategies for communities exposed to wildfire emergencies. These positive

Fig. 1. A conceptual framework for integrating AI with existing
wildfire evacuation modelling.
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impacts will increase the health and safety of evacuees by reducing the number of
casualties. As such, we encourage the development and use of more AI-based
engineering models in the wildfire safety domain.
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