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Abstract

With more frequent and destructive wildfires occurring in the growing wildland-urban interface
(WuUl), the ability to ensure the safe evacuation of potentially large groups of people is of
increasing importance. This is a challenging task made only more difficult by the fact that there is
often little warning and that evacuations often need to take place in a short period of time. The
creation of credible and effective evacuation models is needed within the fire safety engineering
community to help address this challenge. Although potentially difficult to represent, a critical
component in developing such models is the consideration of what people will do in response to
a WUI fire. In this literature review, research relating to WUI fire evacuations was collected to
identify the factors that influence protective action decision-making and response during these
events, specifically whether someone chooses to evacuate or not. To supplement the findings,
related hurricane evacuation literature was also reviewed for such factors. The factors that were
identified relate to sociodemographic factors, social and environmental cues, preparation and
experience, familial responsibilities, location, and credible threat and risk assessment. These
factors were organized according to the Protective Action Decision Model (PADM) to create a
conceptual model of protective action decision-making. This is the first step in being able to
incorporate such factors and their corresponding impact on public response into comprehensive
WUI evacuation models.

Keywords: Wildland urban interface, Wildfires, Hurricanes, Evacuation, Human behavior,
Conceptual model
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1 Introduction and Purpose

The danger posed by wildfires and the damage they can cause are issues of growing global
concern. Environmental changes such as warmer temperatures, increased drought and earlier
snowmelt are contributing to an increased wildfire threat and a longer fire season [1-3]. The
increasing likelihood of more extreme weather as a result of climate change is also playing a role
in the growth of wildfire potential [2]. In some countries, previous fire management strategies
with a focus on complete fire suppression have led to a build-up of fuels which contribute to the
increased risk of wildfire [1, 4]. As the number of large wildfires continues to increase in many
parts of the world as a result of these factors, the degree of destruction these fires can cause is
intensified by changes in land use and socioeconomics [5].

A growing proportion of these wildfires threaten communities living nearby or within the
wildlands, known as the wildland-urban interface or the “WUI”’. WUl communities exist “where
humans and their development meet or intermix with wildland fuel”” [6] and as such, the WUl is
a complex area comprised of diverse groups of people and geographical areas. It includes both
intermix and interface communities, with varying densities, levels of remoteness, and interaction
with the wildland [7]. Intermix communities include areas where wildland vegetation and housing
intermingle, and interface communities are those that are in close vicinity to areas of large, dense
wildland vegetation [8]. Given their proximity to the wildland, WUl communities are generally
the most vulnerable to wildfires and the subsequent property damage and physical, social,
environmental, and psychological impacts as a result [8]. In addition, other vulnerabilities such
as fewer and more dangerous egress routes and a lack of easily accessible firefighting resources
contribute to the additional challenges faced by WUl communities [9].

The 2016 Fort McMurray Fire in Canada [10] and the 2016 Haifa Fire in Israel [11] each resulted
in the evacuation of tens of thousands of people. The California Wildfires of 2017 and 2018
resulted in numerous fatalities and the evacuation of tens and hundreds of thousands of people
respectively [12, 13]. These fires, in addition to the deadly 2017 Portugal Wildfires [14] and the
2018 Greece Wildfires [15], bring attention to the fundamental need to protect people before
and during response to WUI fire events. While it is the policy in many countries for people to
evacuate areas at risk during WUI fires [16—18], many times the public evacuates only minutes
before the fire reaches their communities, if they are able to evacuate at all [19]. Additionally, a
large percentage of WUI fire deaths have occurred during evacuation itself [20], as was the case
during the 2017 Portugal Wildfires. It is therefore of growing importance to have comprehensive
tools to aid in the planning and execution of safe and effective WUI fire evacuations.

Modeling tools are available to simulate components of evacuations; however, some gaps in
capabilities exist. Current modeling tools are either statistical or empirical in nature and/or
feature only one aspect of the incident; e.g. the fire development, the emergency response, the

LWuI fire refer to wildfires/bushfires/forest fires that infringe upon the wildland-urban interface.
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evacuation response, etc. [21]. As such, these models are incapable of explicitly representing the
temporal nature and the highly coupled nature of an incident. Having a type of time-based,
inclusive simulation approach would better enable the vulnerability of communities to be
assessed. This would not only be beneficial for WUl evacuations, but for other types of
community evacuations as well.

Additionally, current evacuation simulation tools focus primarily on people or traffic movement,
and in turn, neglect to simulate evacuation decision-making and behavior that would prompt or
prohibit evacuation movement to take place. Instead, a model often represents the probability
of a particular response rather than representing the decision-making process through which an
individual passes before selecting a response. In order to create such comprehensive evacuation
tools, it is necessary to understand what factors affect evacuations and what information is
necessary for evacuation models to be useful and effective. This understanding of evacuee
decision-making comes from exploring existing research on public response to WUI fires and
other disasters.

The majority of current and past research on the factors that affect WUI fire protective action
decision-making—sociodemographic factors, social and environmental cues, preparation and
experience, risk assessment, etc.—available to the authors in English originates from the United
States and Australia. Behavioral research on WUI fires is relatively new compared to research
studying other disaster types, and therefore a smaller amount of data has been collected.
Fortunately, despite the differences among disaster types, there are a number of similarities
which enable our understanding of WUI fire evacuations to be enhanced through an
understanding of public response to other disaster types. For example, with respect to
evacuations, there are similar challenges among longer-duration (or slow-onset) disasters
regarding notification, timing, ingress and egress decisions and actions [22]. There is a substantial
body of research that looks at such challenges and the factors that affect them with respect to
disasters in general [23-27]. Additionally, the overall process that one goes through to make
decisions and respond to natural or technological disasters is ultimately the same [28]. As such,
looking at research relating to other disasters can further our understanding of how people will
act and behave during WUI fires.

While looking in detail at research from all disaster types (floods, earthquakes, man-made
disasters, etc.) would provide the most comprehensive understanding of evacuation factors, it
was within the scope of this study to compare two disaster types. Relevant U.S. and Australian
WUI fire research was identified and reviewed along with hurricane research from the United
States to determine potential environmental and social factors that affect protective action
decision making and response. Hurricane evacuations were chosen so as to maximise the amount
of information available for comparison given the wealth of United States’ hurricane literature
(available in English). Focusing on American studies also meant that additional cultural and
political influences would not need to be considered within this review. Although there are
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differences between wildfires and hurricanes, there are many similarities that makes their focus
in this review a reasonable exercise, e.g.:

the movement of wildfires and the track of hurricanes are dependent on many factors, making
prediction difficult

both hazards provide similar timeframes for notification—including public alerts and warnings,
in that they begin in one location and have the potential

(over time) to negatively impact communities in its path
both hazards have the capacity to displace large groups of people

both hurricanes and wildfires have the potential to change course or direction without warning,
therefore potentially decreasing the time available to make protective action decisions

The purpose of this literature review is to identify the factors that have an impact on household
protective action decision-making in the context of WUI fires. This is done by looking both at U.S.
and Australian wildfire research,?as well as U.S. hurricane literature. The factors identified by this
review are organized according to the Protective Action Decision Model (PADM) to better
understand what factors affect the different stages of the decision-making process [28]. From
these factors, and their organization in the PADM, the authors have developed a conceptual
model of protective action decision-making for WUI fires. It is the intent that the collection and
analysis of this information, and the development of the conceptual model, will help to inform
the development of broad and all-inclusive WUI fire evacuation models.

2 Background

2.1 Evacuation Modeling

In any WUI evacuation model, certain key components need to be addressed in order to simulate
WUI fire scenarios to an acceptable degree of detail. In reference to the evacuation model,
vehicle evacuation, including both private vehicles and public transportation, is the primary
transport mode for affected populations during WUI fire incidents. This reliance on vehicles is
often due to the scale of these incidents, the distances that need to be covered, the trend in
household units to evacuate together, and the fact that the transport of goods/provisions (in
addition to the residents) are often required during evacuations. Therefore, WUI evacuation
models should be capable of simulating the movement, route choice, and route destination of
vehicles of varying capacities, which is covered in depth by the field of traffic modeling (see [21]
for more details).

It is important to understand that traffic performance (and modeling) is not independent of the
actions of individuals (referred to here as pedestrians). Pedestrian decision-making and

2 Wildfire research include that which referred to bushfires and forest fires.
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preparation will determine the time at which household units decide to initiate their evacuation
as well as the time that they move from their starting location (e.g., home, business, hospital,
school, etc.) and eventually enter the traffic system. This aspect of individual/household decision-
making in WUI fire events is less developed, and in turn, not well represented in current large-
scale WUI (or disaster-based) evacuation models. What is required are largescale evacuation
models that account for individual/household protective action decision-making before vehicular
evacuation begins. Protective action decision making is defined here as the process by which
people make decisions based on the cues/information available (i.e., threat conditions) to protect
themselves, others, and/or their property in the event of a WUI fire. Furthermore, current
evacuation and traffic models such as those reviewed by Ronchi et al. [21] would be significantly
improved if they were better able to account for behavioral choices of individuals/households
based not only on threat conditions, but the interactions between individuals as well. A number
of studies have previously explored the benefits of including such components into existing
models [27, 29-33].

The first step in accounting for individual/household decision-making during WUI fires is made in
this paper. From a review of WUI fire and hurricane literature, the authors have developed a
conceptual model of decision-making for WUI fires. The PADM is used as the foundation for the
development of this model, and is discussed in the following section.

2.2 Behavioral Modeling

Over the last 50 years, numerous empirical studies have sought to systematically chart the social
processes involved in human response to emergency incidents [34— 36]. Of these, the Protective
Action Decision Model (PADM) is selected here as it provides a framework to understand how
people protect themselves and one another in response to cues from a disaster event [28, 37].
This model was deemed most appropriate for the task of categorizing the factors affecting the
different stages of the decision-making process in an attempt to create a behavioral conceptual
model for WUI fire evacuations.

The PADM asserts that the process of protective action decision-making begins when people are
first presented with any kind of environmental cue, including physical and social cues and
information. The introduction of these cues initiates a series of stages through which an
individual passes prior to performing protective actions; e.g., initiating evacuation or deciding to
stay and protect one’s home. These stages are split into pre-decisional processes, which
determine whether a decision-making process commences (PRE-DECISION in Fig. 1), and into the
key components of the decision-making process itself (CREDIBLE THREAT, RISK ASSESSMENT and
PROTECTIVE ACTION DECISION in Fig. 1).

Initially, the individual needs to receive a cue, pay attention to it, and comprehend the meaning
associated with the cue (e.g., hearing an alerting signal, seeing flames, or smelling smoke). These
represent the three pre-decisional stages of the PADM (PRE-DECISION 1-3 in Fig. 1), the stages
that determine whether external information is processed such that it can inform the decision-

4
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making process [28]. Given that this information is processed, it then needs to be assessed to
determine whether the information provided is credible (CREDIBLE THREAT in Fig. 1). At this
stage, the individual decides if there is actually something occurring that may require action.

1 | 1: Exposure to Cue(s)

i | 2. Pay Attention to Cue(s)

1 I 3, Comprehend Cue(s)

ADDITIONAL INFORMATION

I i
1: Credible Threat ! ! I What information do I need? I
The individual must feel that the incident suggested by cue is a credible threat. i ! ‘

h i

2: Risk Assessment :“— 4“: | ‘Where can I obtain this information? |

The individual must personalize the threat (feel that the incident is a threat to ¥
them) and feel that protective action is required (something needs to be done). | ' | Do I need this information now? |
I i
PROTECTIVE ACTION DECISION /
. [FROTECINEACTIONDECSION L/
i
i | 1: Search '
i | The individual searches for what this action might be and establishes options. H
v/
4
2: Assessment !

i
The options identified are assessed (given the information available) and a final b/
action selected.

3: Implementation
The individual determines whether the protective action needs to be performed
immediately.

Figure 1. Protective Action Decision Model Framework (adapted from [28]).

If the individual considers there to be a threat, they next determine whether the threat is relevant
to him/her (RISK ASSESSMENT in Fig. 1), known as personalizing the threat (or risk). Research has
shown that a person’s perception of personal risk, or “the individual’s expectation of personal
exposure to death, injury, or property damage” is highly correlated with taking protective action
[28, 35, 38, 39]. The individual tries to gain insight on the potential outcomes of the disaster and
what those potential outcomes mean to his or her safety. If the cues are deemed to relate to
them, the individual then determines whether it is relevant and pressing. This then requires the
individual to determine the nature of the response required at that point in time.

At this stage (PROTECTIVE ACTION DECISION in Fig. 1), the individual engages in a decision-making
process to identify a set of possible protective actions from which to choose. When it comes to
taking protective actions in response to a WUI fire threat, there are ultimately two choices, to
stay or to leave. Within the option of staying, households may choose to actively defend their
home and property, or passively shelter in place (SIP), i.e., in their home, another location on
their property or in their community. After establishing at least one protective action option, an
individual engages in protective action assessment of these options and their current action.
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If at any stage the individual is uncertain about the situation, the individual engages in additional
information-seeking actions or they simply wait until additional information is provided to them.
If seeking information, they may search for other sources of information (e.g., websites, media,
etc.) and/or reach out to other people to discuss the situation and what to do (also known as the
milling process) [40, 41]. The greater the ambiguity involved in the situation, the more likely that
individuals will search for additional information that can guide their actions [42, 43]. Information
seeking is especially likely to occur when individuals think that time is available to gain additional
insight. The individual continues in this action until sufficient information is available or time runs
out (the threat reaches them) [28]. During an incident, information received can be incomplete,
ambiguous, or contradictory, causing uncertainty in understanding the nature of the event and
the actions necessary [44, 45]. In these cases, progress in the stages of the PADM can be
significantly delayed and/or promote inefficient or unsafe protective action behavior.

3 Methodology

This paper is based on a review of literature related to evacuation decision-making during WUI
fires and hurricanes. It includes literature from various databases including Web of Science,
Google Scholar, the NIST Research Library, and the Carleton University Library. The literature was
obtained from peer-reviewed journal articles, conference proceedings, book chapters,
government agency and university reports. A set of key search terms was identified, and
additional terms were added as the research progressed. These terms include: Wildfire, Bushfire,
Forest Fire, Wildland-Urban Interface, WUI, Hurricane, Evacuation
Behavior/Decisions/Actions/Alternatives, Decision Making, Evacuation Modeling, Shelter-In-
Place, Protective Actions, Affecting/Influencing, and Risk Perception. The review includes
primarily post-2000 literature as the majority of related research for WUI fires and hurricanes
was conducted during this time, however, a small number of commonly referenced hurricane
research papers from the 1990s were also included. The selected studies were reviewed to
identify the factors deemed influential in the protective action decision-making process. The
literature includes both qualitative and quantitative studies, as well as related literature reviews
and compendiums.

WUI fire literature from both the United States and Australia has been included, while the
hurricane literature was limited to the United States. It is important to note that Australia and
the United States have historically had very different approaches to wildfire policy. Australia’s
policy of “prepare, stay and defend or leave early’”” and later “Prepare. Act. Survive,” allows for
the practice of staying and defending one’s home. Conversely, in the United States, evacuating
all people threatened by wildfires has been the long-accepted practice. Given these differences
between Australian and U.S. wildfire policies, it is acknowledged that the findings given in the
respective literature would have been influenced by the varying perspectives about wildfire
safety and the role of evacuations. It is also understood that additional factors, both technical
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and non-technical, may exist that have an impact on the protective action decision-making
process. This is beyond the scope of this paper.

The methodologies employed in the reviewed material differed, as some studies collected purely
qualitative data, quantitative data, or a combination of both. Within these studies, some
conducted correlation analysis, while others also utilized regression analysis. Varying sampling
techniques and strategies were used, including surveys, questionnaires, interviews and focus
groups. The size and nature of the samples also varied, with some sample groups having a greater
awareness and interest in the risk posed to them by the hazard in question. Some studies
collected post-disaster data, whereas others looked at intended actions. The definition of terms
such as evacuation, as well as other aspects of the process, may have been different and in turn,
measured differently between the studies. In addition, each paper discussed its own limitations
within the context of the individual study. Commonly mentioned limitations included the
accurate representation of a target population, survey response rate, hindsight bias, and issues
related to the reliability of behavioral intention studies.

The factors included in this paper are those that were found by the authors of the reviewed
literature to be significant based on each study’s own criteria. In the case of quantitative studies,
these include factors that were deemed statistically significant. For the qualitative studies, these
factors included those that were deemed notable by the researchers, based on the analysis
methods employed. The identified factors for WUI fires and hurricanes are presented in Sects. 4
and 5 respectively. Each section is broken up into the stages of the PADM discussed in Sect. 2.2.
In addition to these, individual/household delay and actions processes relevant to the proposed
conceptual model were also identified and incorporated in each section. The presented factors
are discussed in greater detail in Sect. 6, along with conceptual model considerations and
recommendations for future work. The paper is concluded in Sect. 7.

4 Factors Influencing Protective Action Decision-Making During WUI Fires

This section details the factors identified in the literature relating to protective action decision-
making during WUI fire events. A summary of the identified factors can be seenin Sect. 6.1, Table
1. Section 4.1 focuses solely on the factors affecting threat identification and risk assessment,
since minimal to no data was found relating to the pre-decisional phases of the PADM (i.e.,
perception, attention, and comprehension). Next, Sect. 4.2 addresses factors affecting the
decision to evacuate (or not). Finally, Sect. 4.3 details additional factors relevant to delay, delay
time and the specific types of actions undertaken.

4.1 Credible Threat and Risk Assessment

WUI fire literature was identified that discussed factors that affect the following PADM processes:
identification of a credible threat and risk assessment. A few studies identified sociodemographic
and cue-related factors, but the majority of factors were related to location, preparation and
experience.
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One WUI fire study identified sociodemographic factors and their impact on threat and risk
identification. Mozumder et al. [46] found that having a higher income or level of education was
related to an increased level of concern that one’s home may be threatened by a wildfire.
Additional studies explored the role of environmental and social cues in decision-making. In
several studies, a fire cue was often noted to be a trigger that indicated a credible threat and high
level of risk inciting evacuation. This trigger could be the sight of others leaving [47]; sensory cues
such as visible smoke, embers or flames; or information from trusted sources about the location
and intensity of the fire [47, 48].

Studies also identified residence, location, knowledge and experience with WUI fires as influential
to threat identification and risk assessment. First, the length of time a household lived in the area;
i.e., residence time, was found to relate to the level of perceived wildfire risk. Newer residents
were more likely to be concerned that their home was endangered, whereas long-term residents
were more likely to feel that their property was safe [46, 49]. However, if a household had
experienced previous property damage due to a wildfire, they were more likely to be concerned
that their home would be endangered again [46]. Similarly, a household’s knowledge of previous
fires in their community and area led to greater concern that wildfire may endanger their own
home, impacting their assessment of risk and leading to a higher likelihood of evacuation [46,
50]. In a review looking at post-Black Saturday Fires research, it was noted that one’s location
had an impact on risk perception, as many people living in suburban locations had not considered
themselves at risk to wildfire [51].

4.2 Protective Action Decision

The vast majority of WUI fire literature focused on identifying the factors that influence the
protective action decision itself; i.e., the decision to stay or go. These factors were grouped into
categories relating to sociodemographic factors, environmental and social cues, experience and
preparation, familial and societal responsibilities, place/location, and credible threat and risk
assessment.

4.2.1 Sociodemographic Factors

One of the most commonly cited demographic factors affecting the likelihood of evacuation was
gender. Numerous pre-and post-disaster studies indicated that women were more likely than
men to decide to evacuate, and that men were more likely than women to stay in place [46, 51—
57]. On a similar note, Proudley [58] found that the roles people play within a family had a large
role in how people respond and behave during a WUI fire event. With respect to reasons for
wanting to stay, Benight et al. [49] found that women were significantly more likely than men to
report that their “love for the forest” made it difficult to leave. Among those who chose to stay,
women were more likely to report that they thought it was too dangerous to leave or that their
attempt to leave had been unsuccessful [54]. The study found that protecting property was more
often cited by men as their reason for staying, however, this was also a major reason for women
as well.
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Additional sociodemographic factors that influenced evacuation decisions include political
leaning, age, income and occupation. Mozumder et al. [46] found that in the United States,
Democrats were more likely than Republicans to evacuate under both voluntary and mandatory
evacuation orders. The average age of those who chose to stay and defend during the 2009 Black
Saturday Fires was slightly higher than those who evacuated (51.5 years vs. 48.4 years),
suggesting that age could be a potential factor [57]. One study found that people with a higher
income were more likely to evacuate, and those employed by the wood products and insurance
industries were more likely to stay and defend (implied by the authors as being potentially a
result of having greater knowledge or skills related to wildfire management or damage) [56].

4.2.2 Environmental and Social Cues

The nature and number of cues received about a wildfire threat have been found to influence the
protective action decision made. Rates of evacuation have been found to be higher when people
receive multiple warnings from more than one source [50], and receiving advice to leave from
friends, family, neighbors and emergency services was also found to influence evacuation (more
so for women than men) [54]. However, Strawderman et al. [50] found that these sources had
less impact than a more formal warning from authorities. McLennan et al. [57] found that a
greater percentage of those who chose to evacuate had received information about the fire from
neighbors or emergency personnel in a face-to-face setting. Similarly, receiving a voluntary or
mandatory evacuation order was found to increase the likelihood of evacuating, with the latter
having a greater effect [46]; however, this may not always be the case [59].

4.2.3 Preparation and Experience

Preparation for WUI fires and experience with these events can also influence protective action
decisions. Commitment to a previously developed plan to stay and defend, coupled with a belief
that preparations taken were sufficient to meet the perceived level of risk, was a principal factor
in staying and defending [47, 48, 57, 60]. Similarly, a lack of preparedness and planning to stay
has been found as influential on evacuation decisions, showing that levels of wildfire
preparedness and knowledge were higher among those who chose to stay and defend versus
those who evacuated [57]. Taking this further, having a plan to evacuate made people less likely
to consider staying and defending and more likely to evacuate [56, 61]. Additionally, studies
found that those who intended to stay and defend had greater confidence in their perceived
physical readiness and ability to successfully defend their homes than did those who intended to
evacuate [57, 62, 63].

In reference to previous experience, Whittaker and Handmer [51] found that previous false
alarms—i.e., evacuations or evacuation orders later deemed unnecessary—led people to be less
likely to evacuate in the future, while Benight et al. [49] found that such experience did not have
a negative impact on future evacuation intentions. Other studies found that those who had
evacuated in previous WUI fire events were more likely than those without such experience to
evacuate in the future [50]. This variation in the influence of previous evacuations was also noted

9
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by Cohn et al. [52], who found that for some, previous experience motivated immediate
evacuation; for others, it resulted in evacuation after a longer period of time, and for others still,
it made them less inclined to evacuate at all as they deemed it unnecessary.

4.2.4 Familial and Societal Responsibilities

Various studies show that there are a number of factors related to familial and social roles and
responsibilities that influence protective action decisions. It was found that having children in a
household not only influenced evacuation behavior, but it also prompted a quicker response—
either immediately upon threat awareness or under a voluntary evacuation order [57, 63].
Conversely, those with pets or livestock were more likely to wait and see or stay and defend than
those without [46, 57, 63]. The impact that having livestock had on decisions to stay was found
to be stronger than the impact of pets [46]. As noted by Tibbits and Whittaker [60], focus groups
revealed that for many farmers and people whose livelihoods depend on their livestock, there
was a feeling that they had no choice but to stay and defend, for economic reasons as well as for
the welfare of their animals.

For those who choose to stay and defend, connections to their community and emotional
attachment to their property were found to be motivating factors [48, 57, 61]. Studies found that
concerns about personal and family safety were motivating factors for people intending to
evacuate [61, 63], whereas a desire to protect property with the acceptance of some personal
risk was found to motivate those intending to stay and defend [52]. Another reason Cohn et al.
[52] identified for staying was the concern about an inability to return for an extended period of
time. According to Tibbits and Whittaker [60], people’s confidence in their own ability to defend
their property was influenced by active emergency and firefighting officials in the area, as well as
by having more than one able-bodied person in the home to help defend; however, other studies
found no such evidence [57]. Paveglio et al. [56] found that the belief that residents who live near
forests should accept the likelihood of some level of potential property damage was found more
commonly among those who choose to stay and defend [56]. Similarly, McLennan et al. [48]
found that some of those who chose to stay and defend during the Black Saturday Fires of 2009
were more likely to believe that they were to some extent responsible for protecting their own
property, as opposed to relying entirely on emergency personnel.

4.2.5 Place/Location

The decision to evacuate has been shown to be influenced by the location and length/frequency
of residence. Some residents of rural areas have been found to decide to stay in place as they
deem it impractical given the time and distance required to reach a safe area [56, 60]; however,
other studies found no effect of property location on protective action decision-making [57]. In
a more general sense, the belief that evacuation was no longer safe was found by McLennan et
al. [47] to be a factor contributing to the decision to stay and defend in some cases. Conversely,
Strawderman et al. [50] found that those living in a rural area or on a farm were more likely to
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evacuate than those living in subdivisions or urban areas. Paveglio et al. [56] noted that full-time
residents were less likely to evacuate than part-time residents.

4.2.6 Credible Threat and Risk Assessment

The assessment of risk was identified by various studies as being an important factor in the
decision to evacuate [46, 50, 61], though not universally across all studies [56, 62]. For those who
intended to evacuate, “risk’”” could be defined as a concern that one’s life and home would be
endangered [46, 61]; for those who intended to wait and see or stay and defend, ‘“risk”
corresponded to danger associated with leaving unnecessarily and having to drive through
hazardous conditions [61, 64]. McLennan et al. [61] noted that while those intending to leave
were more likely to report higher levels of concern about wildfire danger, they were no more
likely than those intending to stay to believe that they were at greater risk than others.

4.3 Delay and Actions

A number of factors have been identified which affect the time it takes to make a decision. It has
been indicated by Paveglio et al. [56] that in the United States, those planning on employing
shelter in place are likely to ‘wait and see’ how bad the fire gets, and potentially evacuate if
conditions degrade. McNeill et al. [66] found that the biggest cause for decision delay is a lack of
distinct attractiveness of one decision option over another. That is, both the option of evacuating
or staying and defending are similarly appealing. They found this to have more of an impact on
decision delay than a lack of perceived risk, sociodemographic or responsibility avoidance.
Additionally, Rhodes [64] notes that ‘waiting and then leaving when threatened’ is seen by some
to be an acceptable strategy that allows for the increased chances of protecting property and life
safety. Individuals who ‘wait and see’ do not necessarily see their actions as being risky [65]. In
their review of literature from the United States, Canada and Australia, McLennan et al. [67]
found that many people are likely to delay leaving (because they want to protect their property
or avoid the costs of evacuating—financial burden, dangers during evacuation) and therefore it
should not be assumed that all those threatened by a WUI fire will evacuate immediately upon
receiving an evacuation order or warning.

There are also a number of factors that influence the actions people take once they have decided
to evacuate. Often times people prepare, including collecting their belongings and packing
vehicles, before evacuating. This is seen even among those who originally chose to stay and
defend, but considered evacuation as a last-minute possibility [60]. Having to manage belongs
has been found to slow down an evacuee’s response time [49]. Also, families tend to leave
together as a group, sometimes with neighbors and extended family as well (the authors did not
specify what was meant by extended family) [52]. Evacuees will often search for others and
inquire about what they have heard about the event before packing up and leaving [52]. These
actions have the potential to increase the time it takes to evacuate.
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5 Factors Influencing Protective Action Decision-Making During Hurricanes

This section details factors influencing protective action decision-making during hurricanes as
found in the related literature. Table 1 in Sect. 6.1 provides a summary of these factors in
comparison to those identified in the WUI fire literature. As with the WUI fire data discussed in
Sect. 4, there was no discussion of factors affecting the pre-decisional phases of the PADM, and
because of this, only those factors that influence threat identification and risk assessment are
discussed (Sect. 5.1). Additionally, Sect. 5.2 discusses factors that influence the decision to take
action, i.e., stay or go (Sect. 5.2). Finally, factors relating to delay, delay time, and specific types
of actions taken are discussed in Sect. 5.3.

5.1 Credible Threat and Risk Assessment

Literature was found that identified factors that influence threat identification and risk
assessment. These factors include sociodemographic factors, as well as those relating to
environmental and social cues, place/location, and experience.

First, sociodemographic factors were identified as influential to threat identification and risk
assessment. In their analysis of gender roles in hurricane evacuations, Bateman and Edwards [68]
found that women were more likely than men to perceive higher levels of risk. Even more
complicated is that studies have found perception of risk to be a mediating variable between
gender and evacuation behavior—in that while men were less likely to perceive risk, men who
did perceive risk were more likely than women (with comparable levels of risk) to evacuate.

Environmental and social cues have been identified by several studies as playing a role in the
identification of a credible threat and assessment of risk. Storm intensity and severity were found
to be of primary concern and were seen as key indicators of personal risk [69, 70]. Additionally,
the perceived potential for flooding was found to influence perception of risk more than forecasts
for high winds [70]. Huang et al. [72] found that in addition to environmental cues, social cues
also had an impact on risk assessment. Official warnings were determined to have a positive
effect on both the identification of a credible threat and risk assessment.

Studies also identified location and experience in hurricanes as influential to threat identification
and risk assessment. The location of those threatened by a hurricane can influence how the
threat is perceived. Surprisingly, it was found that those farther from the coast perceive more
severe storm characteristics, potentially as a result of the types of environmental cues faced by
residents in different locations [72]. For example, Stein et al. [71] found that there was a
heightened perception of risk due to wind rather than flooding or storm surge for residents
outside of the evacuation zone. Additionally, having previous hurricane experience has been
shown to increase perception of credible threat and risk [72]. However, experience with
unnecessary evacuation was found to have an impact on lowered risk levels, leading to the belief
that previous positive outcomes indicated perceived positive outcomes in the future.
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5.2  Protective Action Decision

As was found when looking at the WUI fire literature, the majority of the factors discussed in the
hurricane literature were found to influence the actual protective action decision. These included
sociodemographic factors, and those relating to environmental and social cues, experience and
preparation, familial and societal responsibilities, place/location, and credible threat and risk
assessment.

5.2.1 Sociodemographic Factors

It was noted by a number of researchers that females were more likely than males to evacuate
[73-76]. However, other studies found that when other factors, such as roles and responsibilities
within the family and location within the risk areas were taken into account, the effect of gender
on evacuation decision was insignificant [68, 72]. In general, the likelihood of evacuating has been
found to be higher among younger individuals [68, 74], with the exception of those who classified
themselves as retirees who have been found to be more likely to evacuate [68, 77] (even more
so with women than with men [68]). It should be noted that other studies found no significant
association between age and evacuation [77, 78]. Conflicting results have been found for other
socio-demographic factors such as income, education, marital status, and race. Some studies
have found these factors to have a significant influence on evacuation [70, 73, 78— 81], while
other studies have found that these factors do not play a significant role [68, 77, 82].

5.2.2 Environmental and Social Cues

Receiving information about a hurricane threat or an evacuation notice from a trusted source,
particularly from family, peers or authorities, tended to lead to a higher likelihood of evacuation
[74, 80]. Other sources of information such as national television stations, were also identified as
influential and, depending on the situation, could have a greater impact on evacuation decisions
than other information sources [82]. One of the most influential social cues on the decision to
evacuate was receiving an official evacuation order or warning [72, 74, 77]. Both voluntary and
mandatory evacuation orders have been found to increase the likelihood of evacuation, with the
latter having a greater effect [70, 79, 80, 83, 84].

It has been found that one’s location inside or outside of an evacuation zone can impact the
outcome of such evacuation orders. For example, those located outside of the evacuation zone
were less likely to evacuate, unless they received information about the evacuation order from
the media, which then prompted them to evacuate unnecessarily [71]. The effect of the news
media was found to have a minimal impact on those inside evacuation zones. Conversely, Lazo
et al. [75] noted that perceived evacuation zone did not have a significant impact on evacuation
behavior.

The type of information disseminated about the storm was also found to play an important role
in the decision to evacuate. Dow and Cutter [83] noted that the probability and location of
hurricane landfall were important factors affecting evacuation decisions. Information on wind
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speeds [84], storm strength [76, 79, 82] and storm severity [77, 83] were also identified as
influential to the decision to evacuate. However, location, such as coastal proximity, and the fact
that public officials tend to disseminate stronger messages during stronger storms, can mediate
the influence of such storm indicators [74, 77]. The mediation effect caused by other factors was
also noted when it came to the effect of observing others. Observing neighbors and peers leaving,
or the absence of neighbors who have already left, has been shown to increase the likelihood of
evacuating [68, 74], particularly in the case of residents in non-evacuation zones [71]. However,
other research found that neighborhood evacuation was strongly related to high-risk areas and
with actions taken by officials, therefore making it difficult to identify the independent strength
of this factor [77].

5.2.3 Preparation and Experience

Previous experience with hurricanes and hurricane evacuations is a potential influential factor in
hurricane evacuation decisions [73]. Numerous studies have found such experience to lead to
increased likelihood of evacuation [69, 75, 78, 81, 82]. Petrolia and Bhattacharjee [84] found that
past storm experience had a significant impact on future evacuation intention; however, the
nature of the experience determined whether the person was inclined to stay or go. For example,
past experience has been found to negatively impact evacuation in instances where past
evacuations were viewed as unnecessary [72, 80]. It should be noted that other studies have
found the impact of past experience to be insignificant [74], though others point out that it can
contribute to awareness of the hazard and potentially produce a greater appreciation for the
danger it may pose [77]. Murray-Tuite et al. [78] noted a level of consistency between previous
evacuation actions, with 70% of study respondents making the same protective action decisions
for both Hurricane Katrina and Hurricane lvan.

People who had created a household evacuation plan were more likely to evacuate [68, 75] and
those who had spent more money on household storm preparation and planning were less likely
to evacuate [82]. An increased knowledge about hurricanes was not found to impact evacuation
decisions [77].

5.2.4 Familial and Societal Responsibilities

The strength and viability of one’s social network has been found to have an impact on evacuation
decisions, with those who have stronger social support being more likely and able to evacuate
[81, 85]. Riad et al. [81] noted that it was a weaker social network, and not poverty, that was the
greatest obstacle to evacuation for those with fewer resources.

The desire to keep one’s family safe was identified as being one of the strongest influences on
evacuation intention [75]. In line with this, research has found family size and the presence of
children to impact the decision to evacuate. However, this impact varies. Studies have found that
having children in the household can positively impact evacuation [74, 76, 80, 82], negatively
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impact evacuation [78], or have no effect at all [68, 77]. Similarly, the impact of family size is
unclear [68, 78, 82].

Work responsibilities (requiring people to stay) and the potential loss of income due to
evacuating have been found to significantly impact the decision to stay [80, 83]. Additionally,
wanting to protect property from the storm and/or from looters [77, 79] and having pets or
livestock decreased the likelihood of evacuation [70, 79, 82]. Concerns regarding perceived
evacuation impediments, including traffic congestion, reduced the likelihood of evacuation [72,
83]. In line with this, people tended to consider a wide variety of indirect costs associated with
evacuation such as travel costs, care for pets, and potential difficulties with re-entering the
evacuation zone [83].

5.2.5 Place/Location

The vulnerability of one’s home to hurricanes has been shown to impact the likelihood of
evacuation, though the strength of this factor varies depending on the study. In the case of
hurricanes, vulnerability is most often classified as living in a mobile home, and for those who do,
studies show that they are more likely to evacuate [68, 76—78, 82, 84]. Conversely, some research
indicated an insignificant correlation between evacuation and mobile home residence [74].

Other research on place and location has found that living in multi-family dwellings can increase
the likelihood of evacuation [78]; however, not all studies agree [79]. Homeownership, compared
with renting, is also identified as an influential factor for non-evacuation in some studies [76, 80,
82], with longer-term residents being less likely to evacuate than shorter-term residents [81].
However, not all studies found significant results [77]. The belief that one’s home was a safe place
was identified by Dow and Cutter [83] as being the first consideration in deciding to stay, followed
by traffic, work responsibilities and the likelihood that landfall would be nearby. In line with this,
living near the coast or bodies of inland water, or in flood areas has been shown to lead to
increased levels of evacuation [68, 72, 74, 77, 82]. However, context matters here, of course. The
factors of the population within the coastal communities, e.g., income and other demographics,
should also be taken into account [78].

5.2.6 Credible Threat and Risk Perception

As the PADM model shows, risk perception is a critical factor that influences protective action
decisions. Those who feel safe in their home are more likely to stay, and those who feel unsafe
were more likely to leave [69, 77, 81]. Individuals who were concerned about costly damages
favored evacuation [77, 79], as did those who perceived personal vulnerability to wind and storm
surge [75].

5.3 Delay and Actions
Some research found that those living farther from the coast were more likely to wait before
making their decision to evacuate compared to those closer to the coast [84]; however, they were
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more likely to take less time to prepare—i.e., spending less time protecting their property,
packing and securing their home [74, 86]. Not having an evacuation destination identified ahead
of time (pre-storm) was identified as contributing to added confusion and subsequent delay as a
result of not knowing what protective action decision to make [84]. Additionally, large
households tended to evacuate later and took more vehicles, whereas older adults tended to
evacuate earlier [86].

6 Discussion

6.1 Similarities and Differences Between WUI Fire and Hurricane Factors

For this paper, the factors mentioned in Sects. 4 and 5 above, for WUI fire and hurricane events
respectively, are structured according to the PADM framework. This allows for a more
comprehensive understanding of how a given factor will affect the evacuee decision-making
process and how this effect might propagate through this process, potentially affecting the time
it takes to respond and the outcome of the response. As will be shown in the discussion below,
it was often found that a particular factor influenced more than one stage of this process. A
summary of the identified factors is presented in Table 1. Factors that were identified solely in
gualitative studies are denoted with an asterisk (*), all other factors were found in quantitative
studies or in both qualitative and quantitative studies. For detailed information about the
methodologies used in each study, readers are directed to the sources noted in the table beside
the respective factors.

For both hurricanes and WUI fires, very little research was found that identified the factors
affecting the pre-decisional phases (i.e., receipt of, attention paid to, and comprehension of cues
and information). The only study identified discussed how hot weather may have prevented
awareness of the Black Saturday Fires as the heat prompted some people to stay indoors [53].
Identifying additional factors that affect the pre-decisional phases will enable WUI evacuation
models to more effectively and comprehensively represent potential obstacles to resident fire
threat awareness.

With respect to the threat identification and risk assessment stages of the PADM, similar factors
were identified in the hurricane and WUI fire case studies. Within the sociodemographic factor
category, income, education and gender were identified as having potential impacts on the
assessment of threat and risk in both the WUI fire and hurricane literature. Similarly, within the
environmental and social cue category, triggers were important factors identified for both
hazards. For instance, for WUI fires, environmental cues consisted of seeing or feeling the heat
from flames and embers, and seeing or smelling smoke; and for hurricanes, environmental and
social cues consisted of storm intensity and severity, as well as the risk of flooding due to heavy
rain or storm surge. Both data sets found that social cues, such as observing others leaving,
receiving information from trusted sources, or receiving an evacuation order increased the
credibility of a threat and the perception of risk. Place and location as well as preparation and
experience were also factor categories found to play a role in threat and risk assessment in both
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hazards. However, in both cases, it is important to note that previous experience alone was not
sufficient to influence behavior. This factor is more nuanced in that the type of experience (e.g.,
positive or negative), is what actually influenced threat identification and/or risk assessment.

Table 1: Hurricane and WUI Fire PADM Factors

PADM stage Wildfire Hurricane
Pre-decision Weather [53]* Not Applicable
Credible Income/Education [46] Coastal proximity [71, 72]
threat and
risk Trusted sources [47, 48]* Environmental cues [69-71]

assessment | o \oth of time lived in area [46, 49] Gender [68]
Location [51] * Previous hurricane experience,
Observe others [47]* unnecessary evacuations [72]
Previous experience with wildfires, Social cues [72]

knowledge of other fires [46, 50] Trusted sources [72]

Sensory-environmental [47, 48]*

Protective Sociodemographic Factors [46, 49, 51-58] Sociodemographic Factors [68, 70, 72—82]
action )
decision Age Education
Gender Gender
Income Income
Occupation Marital status
Political leaning Race
Retired

Environmental/social cues [46, 50, 54, 57, 59] Environmental/social cues [68, 70-72, 74-77, 79,

80, 82-84]
Evacuation order

Environmental cues
Multiple sources

Evacuation order
Telling other people

Observing neighbors
Trusted source

Trusted source
Wait and see

17



A Provisional Conceptual Model of Human Behavior in Response to
Wildland-Urban Interface Fires

Delay and
actions

Preparation/experience [47, 48, 50-52, 56, 57,
60-63]

Belief in capacity/survivability
Commitment to plan
Preparation and knowledge

Previous evacuation/fire experience

Familial and societal responsibilities [46, 48, 52,

56, 57, 60, 61, 63]

Attachment to home/community/desire to
protect property

Children

Pets/livestock

Place/location [50, 56, 57, 60]
Distance to neighbors
Full time vs. part time residents

Rural vs. suburban

Risk assessment/credible threat [46, 50, 56, 61,
62, 64]

Assessment of effectiveness

Concern

Risk/danger (staying or leaving)
Families stay together [52] *
Gathering physical possessions [49, 60]
Indecision [66]

Wait and see [56, 64, 65, 67]

YORKAL NIST

Preparation/experience [68, 69, 72-75, 77, 78,
80-82, 84]

Plan

Previous experience (hurricane and/or
evacuations)

Familial and societal responsibilities [68, 70, 72,
74-83, 85]

Keep family safe (children, family size)
Pets/livestock

Protect property (from storm and looters)
Social network

Work responsibilities

Place/location [68, 72, 74, 76—84]
Dwelling type (mobile home, multi-family)
Coastal/water proximity
Home as a safe place

Home ownership and length of residence

Risk assessment/credible threat [69, 75, 77, 79,
81]

Risk of flooding, high cost damages

Age [86]
Evacuation destination [84]
Household size [86]

Location [74, 84, 86]

*Indicate factors identified solely in qualitative studies
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The vast majority of the factors identified in this literature review played a role in the protective
action decision-making stage of the PADM. With respect to sociodemographic factors, gender
was found to be the most commonly discussed factor for both WUI fires and hurricanes. In both
cases, it was predominantly the case that women were identified as being more likely than men
to evacuate. These findings must be put into context; however, when other factors associated
with gender roles were taken into account (e.g., roles and responsibilities within the home), the
impact of gender became insignificant. Moving forward, it would be beneficial to delve further
into the role of gender in evacuation decision-making and response. Additional
sociodemographic factors such as age and income were mentioned in both WUI fire and
hurricane research, but they were identified less often and/or their influence was often
contradicted by findings from other studies.

In a general sense, environmental and social factors that influenced evacuation decision-making
were similar in both the WUI fire and hurricane literature; i.e., observing others; receiving
warnings from multiple sources, especially from trusted sources; and receiving evacuation orders
(especially those mandatory in nature) tended to result in a decision to evacuate. Another
category, i.e., place and location, was identified in both data sets as influential to evacuation
decision-making. Influential factors identified were locations (i.e., rural versus suburban),
residency, neighbor proximity, home vulnerability (i.e., home type), home ownership, length of
residence, and proximity to the hazard (i.e., the coast in reference to the hurricane studies and
proximity to the fire front in a WUI fire). It is important to note; however, that the findings were
not consistent across the studies, making it ever more important for additional research to be
performed on evacuation behavior in response to hazards.

Researchers identified that preparation and previous experience influenced protective action
decision-making for both WUI fires and hurricanes. Similar to its impact on threat identification
and risk assessment, the effect of previous experience is more complicated, requiring
understanding of the type or nature of the experience (i.e., positive or negative) and its impact
on future behavior (i.e., evacuating or staying). Familial and societal responsibilities also affected
decision making in both WUI fires and hurricanes. Having children, a need to protect the family,
family size, and owning pets and livestock were found to influence evacuation behavior. The
influence of pets and livestock on staying (or sheltering in place) might be further influenced by
restrictive shelter policies on accepting pets and/or boarding facilities requirements of proof of
vaccination (which evacuees are unlikely to have with them). Additionally, having a connection
to one’s community, wanting to protect property, and believing that one could successfully do
so were also factors that were discussed along with the impact of one’s social network and work
responsibilities. Similarly, factors highlighting the important role of threat credibility and risk
perception in evacuation decision-making was found in both data sets. The risk to life versus
property, as well as the likelihood of evacuation being the safest option (versus being potentially
dangerous), were examples of risk assessment impacts on WUI fire evacuation. The hurricane
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data showed that the risk of varying types of storm-related impacts such as flooding, storm surge
and wind influenced people’s likelihood of evacuating.

Lastly, factors influencing delay, delay time, and specific types of actions included confidence in
one’s capability to defend one’s home in the face of a WUI fire, coastal proximity, age, family size
and having (or lacking) a destination choice. Post-decision actions were identified by a few WUI
fire papers and these included collecting belongings, checking on and waiting for family/friends,
and deciding on the evacuation destination and travel routes to get there.

The factors identified in Table 1 aid in the development of a conceptual model of protective
action decision-making in WUI fires. Factors have been linked with various stages of the PADM
to create the framework for a model that can conceptually explain eventual decisions to evacuate
or stay in place (either to defend the home or to shelter in place). The factors identified from the
hurricane studies fill in gaps left behind by the WUI fire studies to develop a more comprehensive
model. The framework, or conceptual model presented in Table 1, can be further developed,
guantified, calibrated and validated with additional data on protective action response from a
WUI fire event to eventually create a computer simulation model of WUI fire evacuation.

6.2 Conceptual Model Considerations

The conceptual model presented here has several limitations. First, individual study conditions
can vary by hazard conditions, populations, and community environment, which in turn, can
affect the factors identified as influential to evacuation decision-making and response. Also, the
WUI fire studies reviewed focused on U.S. and Australian populations, which can differ greatly by
evacuation policy, preparedness and experience. Within both Australia’s former wildfire
evacuation policy (Prepare, Stay and Defend) and its current one (Prepare. Act. Survive.), there is
a greater acceptance of staying and defending, while in the U.S., community officials almost
exclusively disseminate mandatory (and sometimes voluntary) evacuation orders to threatened
communities.3 Delays (or “wait and see” behaviors) still occur in U.S. fire evacuations; however,
issues of data applicability lie in the final decision to stay or go. Policies in one country may affect
evacuee perception of viable evacuation alternatives and/or their experience or knowledge with
such evacuation alternatives (which then influences the eventual decision). Little data is available
on evacuation decision-making and behavior during WUI fires in countries other than the United
States and Australia. Studies of WUI fires in other countries would strengthen and broaden the
scope of the conceptual model developed here.

6.3 Future Model Development and Research Needs
As mentioned earlier, Table 1 provides the framework or conceptual model of protective action
decision-making in WUI fire (and hurricane) events. Factors are identified as influential to each

3 Despite the practiced policy of evacuation in the United States, a number of studies suggest a growing number of people do not want or intend
to evacuate automatically in the event of a wildfire and a small number of communities have looked into implementing a version of evacuation
alternatives, primarily shelter in place [46, 59, 88, 89]. With that said, such cases are rare and such methods are still typically seen as a last resort
if evacuation is not a possibility.
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step of the PADM (noting that there is little research that identifies influential factors of the pre-
decisional phases). The next step in conceptual model development is to identify the ways in
which the factors that influence the same decision-making phase interact with one another in a
more integrated manner. In reality, many of these factors are highly coupled and this may affect
the outcome in complex ways (i.e. additive, counteractive and multiplicative). Reconciling these
interactions is not a trivial task (and one that requires additional empirical support), but it is
necessary for the continued development of this type of conceptual model. For instance, Dash
and Gladwin [73] identified risk perception as having a greater impact on hurricane evacuation
than negative past experience such as traffic delays. Similarly, it was found that risk perception
could have a bigger impact than evacuation warnings if people believed their homes were safe
as they were less likely to interpret such warnings or orders as being directly applicable to them
and their situation [77]. This was also shown to apply in the reverse where environmental cues
led people to evacuate even when they were not under an evacuation order [71]. For these
reasons, understanding factor interactions at each decision-making phase of the PADM will be
vital when translating these concepts into a quantitative model.

This work has focused on establishing a qualitative framework identifying the social and
environmental factors to be considered within a WUI evacuation model. For implementation
within a computational platform, this framework would need to be quantified. Work is currently
underway to create a quantitative modeling framework (based on the framework adopted and
developed here) to simulate householder risk perception given a WUI fire event and to predict
householder protective actions [87]. Such predictions could be embedded within a simulation
tool to make time-based estimations of the consequences of the decisions made by residents in
conjunction with the resources available, the fire incident conditions and the existing physical
infrastructure. An understanding of such consequences would be of great benefit in planning and
design, in emergency response, and in post-incident investigations when attempting to assess
the effectiveness of the emergency plans enacted. Provided here is a list of research gaps that
need to be addressed to facilitate the development and validation of the conceptual model
described above and the subsequent implementation within a simulation tool:

1. The factors that influence the three pre-decisional phases, including perception,
attention, and comprehension.

2. The relationship between previous experience and PADM processes (e.g., threat
identification, risk perception, and the protective action decision), and mediating factors.

3. A more current representation of the relationship between gender and PADM processes
(e.g., threat identification, risk perception, and the protective action decision), and mediating
factors.

4. The factors that influence specific actions taken before evacuation movement begins, as
well as the time to complete these actions.
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5. The factors that influence evacuation decisions, such as route choice and choice of final
evacuation destination.

6. An understanding of the interaction of factors and their resulting outcomes.
7. Data from studies on WUI fires from populations in countries outside of the
U.S. and Australia.

8. The influence of changing demographics of people living in the WUI on evacuation
decision-making and response (e.g. new WUI residents and long-term aging WUI residents).

9. The influence of a changing WUI landscape (e.g. environmental conditions) on evacuation
decision-making and response, especially where communities are now vulnerable to WUI fires
for the first time.

7 Conclusion

The increasing prevalence of large and destructive wildfires is an issue of growing concern. With
more people living in the wildland-urban interface, being able to evacuate potentially large
groups of people with little warning and in a short period of time will continue to become a more
pressing and challenging task. One of the ways to address this more credibly and effectively is
through the development of comprehensive WUI fire evacuation models.

A key component that must be considered in these models is protective action decision-making
and behavior in the WUI; i.e. what people do in response to the fire. Choosing to evacuate or
taking another protective action is a complex process influenced by a number of diverse factors
including sociodemographic factors, social and environmental cues, preparation and experience,
familial responsibilities, location, and credible threat and risk assessment. Although challenging,
it is important to represent these factors within WUI fire evacuation models, as they influence
if/when people choose to evacuate and where they will go. At this stage, identifying the factors
that influence evacuee decision-making during WUI fire events and characterizing the nature of
this impact is a key step—a step that has been addressed in this article. The authors collected
and categorized the factors identified as influencing evacuee decision-making and response to
WUI fires and hurricanes according to the PADM framework. The conceptual model developed
represents a qualitative description of the evacuation decision, delay and actions taken before
vehicular movement begins. This represents an important foundation on which to build.

Overall, the development of a comprehensive and credible conceptual model of resident
response to WUI fire incidents has a number of important benefits. It will allow us to develop
simulation tools that better account for resident response and to quantify the impact of this
response. Such tools could be used by urban and emergency planners to assess the impact of
new construction and mitigate against such impacts. Similarly, first responder training may be
updated to address the implications of such a conceptual model, enabling their interventions to
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be sensitive to expected resident responses. An understanding of resident response will allow
authorities to better prepare guidance and allocate resources to meet current population’s
expectations, vulnerabilities, and capabilities. Additionally, regulations regarding WUI safety can
be updated to account for expected resident response.

Broadening the scope of this conceptual model to include research from WUI fires and hurricanes
was necessary given the limited information available; it also generated ideas for future research
into the factors influencing the decision to evacuate or not in WUI fires. This approach provided
the opportunity to see how factors might vary given different incident scenarios, strengthened
the findings that some factors were particularly influential, and identified gaps in our current
understanding that should be explored in future research.

Publisher’s Note: Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

8 Acknowledgements

The authors would like to thank Richard Peacock and Nelson Bryner from NIST for review of this
article. This work was supported by the Natural Sciences and Engineering Research Council of
Canada (NSERC) Discovery Grant, the Society of Fire Protection Engineering (SFPE) Foundation
Dr. Guyle' ne Proulx OC Scholarship, and the International Association of Wildland Fire (IAWF)
graduate scholarship.

9 References
1.  McCaffrey S, Toman E, Stidham M, Shindler B (2015) Social science findings in the United
States. In: Paton D (ed) Wildfire hazards, risks and disasters Elsevier, Watham, pp 15-34

2. LiuY, StanturfJ, Goodrick S (2010) Trends in global wildfire potential in a changing climate.
For Ecol Manag 259:685—-697. https://doi.org/10.1016/j.foreco.2009.09.002

3. Jolly WM, Cochrane MA, Freeborn PH et al (2015) Climate-induced variations in global
wildfire danger from 1979 to 2013. Nat Commun 6:1-11. https://doi.org/10.1038/
ncomms8537

4. Toman E, Stidham M, McCaffrey S, Shindler B (2013) Social science at the wildland urban
interface: a compendium of research results to create fire-adapted communities. Newtown
Square, PA

5. Harrison SP, Marlon JR, Bartlein PJ (2010) Fire in the Earth System. In: Dodson J(ed)
Changing climates earth systems and society Springer, Netherlands, pp 21-48

6. US Department of Agriculture, Forest Service, and Department of the Interior, Bureau of
Indian Affairs, Bureau of Land Management, Fish and Wildlife Service, National Park Service

23


https://doi.org/10.1016/j.foreco.2009.09.002
https://doi.org/10.1038/ncomms8537
https://doi.org/10.1038/ncomms8537
https://doi.org/10.1038/ncomms8537

A Provisional Conceptual Model of Human Behavior in Response to YO R K I ' N H
Wildland-Urban Interface Fires STy

(2001) Urban wildland interface communities within the vicinity of federal lands that are at
high risk from wildfire. Fed Reg 66(3):751-777

7. Paveglio TB, Jakes PJ, Carroll MS, Williams DR (2009) Understanding social complexity
within the wildland-urban interface: a new species of human habitation?. Environ Manag
43:1085-1095. https://doi.org/10.1007/s00267-009-9282-z

8. Radeloff VC, Hammer RB, Stewart S| et al (2005) The wildland—urban interface in the
United States. Ecol Appl 15:799-805. https://doi.org/10.1890/04-1413

9. Cova TJ (2005) Public safety in the urban-wildland interface: should fire-prone
communities have a maximum occupancy?. Nat Hazards Rev 6:99-108. https://doi.org/
10.1061/(ASCE)1527-6988(2005)6:3(99)

10. KPMG Canada (2017) May 2016 Wood buffalo wildfire post-incident assessment report
prepared for Alberta emergency management agency final report

11. Eglash R (2016) 60,000 Israelis evacuated in Haifa as fires continue to rage—The
Washington Post. In: Washington Post. https://www.washingtonpost.com/news/worldvi
ews/wp/2016/11/24/five-countries-help-israel-fight-massive-fires/?utm term=.d20a4de96

d23. Accessed 12 Oct 2018

12. Tierney L (2018) The grim scope of 2017’s California wildfire season is now clear. The
danger’s not over. In: Washington Post. https://www.washingtonpost.com/graphics/201
7/national/california-wildfires-comparison/?utm term=.2cf517e58af8. Accessed 12 Oct 2018

13. Achenbach J, Wootson Jr. CR, Williams EA (2018) Death toll rises to 25 as 200,000 flee the
most destructive fires in California’s history. In: Washington Post. https://www.
washingtonpost.com/nation/2018/11/10/trump-blames-gross-mismanagement-wildfires-le
ave-trail-death-destruction-california/?utm term=.980095553651. Accessed 15 Nov 2018

14. Jones S (2017) Portugal forest fires under control after more than 60 deaths| World news |
The Guardian. In: Guard. https://www.theguardian.com/world/2017/jun/22/por tugal-
forest-fires-under-control. Accessed 12 Oct 2018

15. (2018) Greece Wildfires: Dozens Dead in Attica Region. In: BBC News. https://www.b
bc.com/news/world-europe-44932366

16. FEMA America (2014) How to Prepare for a Wildfire. https://www.fema.gov/media-lib
rary/assets/documents/98111

17. Beverly JL, Bothwell P (2011) Wildfire evacuations in Canada 1980-2007. Nat
Hazards59:571-596. https://doi.org/10.1007/s11069-011-9777-9

24


https://doi.org/10.1007/s00267-009-9282-z
https://doi.org/10.1890/04-1413
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:3(99)
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:3(99)
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:3(99)
https://www.washingtonpost.com/news/worldviews/wp/2016/11/24/five-countries-help-israel-fight-massive-fires/%3futm_term%3d.d20a4de96d23
https://www.washingtonpost.com/news/worldviews/wp/2016/11/24/five-countries-help-israel-fight-massive-fires/%3futm_term%3d.d20a4de96d23
https://www.washingtonpost.com/news/worldviews/wp/2016/11/24/five-countries-help-israel-fight-massive-fires/%3futm_term%3d.d20a4de96d23
https://www.washingtonpost.com/news/worldviews/wp/2016/11/24/five-countries-help-israel-fight-massive-fires/%3futm_term%3d.d20a4de96d23
https://www.washingtonpost.com/news/worldviews/wp/2016/11/24/five-countries-help-israel-fight-massive-fires/%3futm_term%3d.d20a4de96d23
https://www.washingtonpost.com/graphics/2017/national/california-wildfires-comparison/%3futm_term%3d.2cf517e58af8
https://www.washingtonpost.com/graphics/2017/national/california-wildfires-comparison/%3futm_term%3d.2cf517e58af8
https://www.washingtonpost.com/graphics/2017/national/california-wildfires-comparison/%3futm_term%3d.2cf517e58af8
https://www.washingtonpost.com/nation/2018/11/10/trump-blames-gross-mismanagement-wildfires-leave-trail-death-destruction-california/%3futm_term%3d.980095553651
https://www.washingtonpost.com/nation/2018/11/10/trump-blames-gross-mismanagement-wildfires-leave-trail-death-destruction-california/%3futm_term%3d.980095553651
https://www.washingtonpost.com/nation/2018/11/10/trump-blames-gross-mismanagement-wildfires-leave-trail-death-destruction-california/%3futm_term%3d.980095553651
https://www.washingtonpost.com/nation/2018/11/10/trump-blames-gross-mismanagement-wildfires-leave-trail-death-destruction-california/%3futm_term%3d.980095553651
https://www.washingtonpost.com/nation/2018/11/10/trump-blames-gross-mismanagement-wildfires-leave-trail-death-destruction-california/%3futm_term%3d.980095553651
https://www.theguardian.com/world/2017/jun/22/portugal-forest-fires-under-control
https://www.theguardian.com/world/2017/jun/22/portugal-forest-fires-under-control
https://www.theguardian.com/world/2017/jun/22/portugal-forest-fires-under-control
https://www.bbc.com/news/world-europe-44932366
https://www.bbc.com/news/world-europe-44932366
https://www.bbc.com/news/world-europe-44932366
https://www.fema.gov/media-library/assets/documents/98111
https://www.fema.gov/media-library/assets/documents/98111
https://www.fema.gov/media-library/assets/documents/98111
https://doi.org/10.1007/s11069-011-9777-9

A Provisional Conceptual Model of Human Behavior in Response to YO R K I l N H
Wildland-Urban Interface Fires SNV E RSy

18. Mccaffrey S, Rhodes A, Stidham M (2015) Wildfire evacuation and its alternatives:
perspectives from four United States’ communities. Int J Wildland Fire 24:170-178.
https://doi.org/10.1071/WF13050

19. Handmer J, Tibbits A (2005) Is staying at home the safest option during bushfires?
Historical evidence for an Australian approach. Environ Hazards 6:81-91. https://doi.org/
10.1016/j.hazards.2005.10.006

20. Haynes K, Handmer J, McAneney J et al (2010) Australian bushfire fatalities 1900-2008:
exploring trends in relation to the ‘prepare, stay and defend or leave early’ policy. Environ Sci
Policy 13:185-194. https://doi.org/10.1016/J.ENVSCI.2010.03.002

21. Ronchi E, Gwynne S, Rein G et al (2017) e-Sanctuary: open multi-physics framework for
modelling wildfire urban evacuation. Quincy, MA

22. Paveglio TB, Carroll MS, Jakes PJ (2008) Alternatives to evacuation—protecting public
safety during wildland fire. J For 106:65—-70

23. Kumagai Y, Carroll MS, Cohn P (2004) Coping with interface wildfire as a human event:
lessons from the disaster/hazards literature. J For 102:28-32. https://doi.org/
10.1093/jof/102.6.28

24. Sorensent JH (1991) When shall we leave? Factors affecting the timing of evacuation
departures. Int ] Mass Emerg Disasters 9:153-165

25. Sorensen JH (2000) Hazard warning systems: review of 20 years of progress. NatHazards
Rev 1:119-125. https://doi.org/10.1061/(ASCE)1527-6988(2000)1:2(119)

26. Thompson RR, Garfin DR, Silver RC (2017) Evacuation from natural disasters: a systematic
review of the literature. Risk Anal 37:812—-839. https://doi.org/10.1111/ risa.12654

27. Trainor JE, Murray-Tuite P, Edara P et al (2013) Interdisciplinary approach to evacuation
modeling. Nat Hazards Rev 14:151-162.
https://doi.org/10.1061/(ASCE)NH.15276996.0000105

28. Lindell MK, Perry RW (2004) Communicating environmental risk in multiethnic
communities. Sage Publications, Thousand Oaks

29. Cova TJ, Johnson JP (2002) Microsimulation of neighborhood evacuations in the urban-
wildland interface. Environ Plan A 34:2211-2229. https://doi.org/10.1068/a34251

30. Cova TJ, Dennison PE, Drews FA (2011) Modeling evacuate versus shelter-in-place
decisions in wildfires. Sustainability 3:1662—-1687. https://doi.org/10.3390/su3101662

25


https://doi.org/10.1071/WF13050
https://doi.org/10.1016/j.hazards.2005.10.006
https://doi.org/10.1016/j.hazards.2005.10.006
https://doi.org/10.1016/j.hazards.2005.10.006
https://doi.org/10.1016/J.ENVSCI.2010.03.002
https://doi.org/10.1093/jof/102.6.28
https://doi.org/10.1093/jof/102.6.28
https://doi.org/10.1093/jof/102.6.28
https://doi.org/10.1061/(ASCE)1527-6988(2000)1:2(119)
https://doi.org/10.1111/risa.12654
https://doi.org/10.1111/risa.12654
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000105
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000105
https://doi.org/10.1068/a34251
https://doi.org/10.3390/su3101662

A Provisional Conceptual Model of Human Behavior in Response to YO R K I l N H
Wildland-Urban Interface Fires SNV E RSy

31. Herrera-Restrepo O, Triantis K, Trainor J et al (2016) A multi-perspective dynamic network
performance efficiency measurement of an evacuation: a dynamic network DEA approach.
Omega 60:45-59. https://doi.org/10.1016/j.omega.2015.04.019

32. Murray-Tuite P, Wolshon B (2013) Evacuation transportation modeling: an overview of
research, development, and practice. Transp Res Part C Emerg Technol 27:25-45.
https://doi.org/10.1016/J.TRC.2012.11.005

33. Beloglazov A, Almashor M, Abebe E et al (2016) Simulation of wildfire evacuation with
dynamic factors and model composition. Simul Model Pract Theory 60:144-159.
https://doi.org/10.1016/j.simpat.2015.10.002

34. TierneyKJ, Lindell MK, Perry RW (2001) Facing the unexpected: disaster preparedness and
response in the United States. Joseph Henry Press, Washington

35. Mileti DS, Sorensent JH (1990) Communication of emergency public warnings A social
science perspective and state-of-the-art assessment. Federal Emergency Management
Agency, Oak Ridge

36. Drabek TE (1986) Human system responses to disaster: an inventory of sociological
findings. Springer, New York

37. Kuligowski ED (2011) Terror Defeated: Occupant Sense-making, Decision-making and
Protective Action in the 2001 World Trade Center Disaster. University of Colorado, Denver

38. Groner, Norman (2009) A situation awareness analysis for the use of elevators during fire
emergencies. In: International symposium on human behavior in fire: conference
proceedings. Interscience Communications, London, UK, pp 61-72

39. Perry RW, Lindell MK, Greene MR (1981) Evacuation planning in emergency management.
Lexington Books, Lexington

40. Aguirre BE, Wenger D, Vigo G (1998) A test of the emergent norm theory of collective
behavior. Sociol Forum 13:301-320. https://doi.org/10.1023/A:1022145900928

41. Turner RH, Killian LM (1972) Collective behavior. Prentice Hall Inc, Englewood Cliffs

42. Mileti DS, Beck EM (1975) Communication in Crisis. Commun Res 2:24-49. https://
doi.org/10.1177/009365027500200102

43. Mileti DS, O’Brien PW (1992) Public response to aftershock warnings. Colorado State
University, Fort Collins, CO

44. Kuligowski ED, Lombardo FT, Phan LT, et al (2014) Final report: National Institute of
Standards and Technology (NIST) Technical Investigation of the May 22, 2011, Tornado in
Joplin, Missouri. Gaithersburg, MD

26


https://doi.org/10.1016/j.omega.2015.04.019
https://doi.org/10.1016/J.TRC.2012.11.005
https://doi.org/10.1016/j.simpat.2015.10.002
https://doi.org/10.1023/A:1022145900928
https://doi.org/10.1177/009365027500200102
https://doi.org/10.1177/009365027500200102
https://doi.org/10.1177/009365027500200102

A Provisional Conceptual Model of Human Behavior in Response to YO R K I l N H
Wildland-Urban Interface Fires SNV E RSy

45. Sutton PJ, Shklovshi | (2008) Backchannels on the front lines: Emergent use of social media
in the 2007 Southern California fire. In: Fiedrich F, Van de Walle B (eds) Proceedings of
information systems for crisis response and management conference (ISCRAM). Washington,
D.C

46. Mozumder P, Raheem N, Talberth J, Berrens RP (2008) Investigating intended evacuation
from wildfires in the wildland—urban interface: application of a bivariate probit model. For
Policy Econ 10:415-423. https://doi.org/10.1016/J.FORPOL.2008.02.002

47. Mclennan J, Elliott G, Omodei M (2012) Householder decision making under imminent
wildfire threat: stay and defend or leave?. Int J Wildland Fire 21:915-925. https://
doi.org/10.1071/WF11061

48. Mclennan J, Elliott G, Omodei M, Whittaker J (2013) Householders’ safety-related
decisions, plans, actions and outcomes during the 7 February 2009 Victorian (Australia)
wildfires. Fire Saf J 61:175-184. https://doi.org/10.1016/].firesaf.2013.09.003

49. Benight C, Gruntfest E, Sparks K (2004) Colorado wildfire 2002. University of Colorado
Boulder, Colorado Springs

50. Strawderman L, Salehi A, Babski-Reeves K et al (2012) Reverse 911 as a complementary
evacuation warning system. Nat Hazards Rev 13:65-73. https://doi.org/10.1061/
(ASCE)NH.1527-6996.0000059

51. Whittaker J, Handmer J (2010) Review of key bushfire research findings. RMIT University,
Melbourne

52. Cohn PJ, Carroll MS (2006) Evacuation behavior during wildfires: results of three case
studies. West J Appl For 21:39-48

53. Whittaker J, Haynes K, Handmer J, McLennan J (2013) Community safety during the2009
Australian “Black Saturday” bushfires: an analysis of household preparedness and response.
Int J Wildland Fire 22:841-849. https://doi.org/10.1071/WF12010

54. Whittaker J, Eriksen C, Haynes K (2016) Gendered responses to the 2009 Black Saturday
bushfires in Victoria, Australia. Geogr Res 54:203-215. https://doi.org/10.1111/ 1745-
5871.12162

55. Eriksen C, Gill N, Head L (2010) The gendered dimensions of bushfire in changing rural
landscapes in Australia. J Rural Stud 26:332-342.
https://doi.org/10.1016/J.JRURSTUD.2010.06.001

56. Paveglio T, Prato T, Dalenberg D, Venn T (2014) Understanding evacuation preferences
and wildfire mitigations among Northwest Montana residents. Int J Wildland Fire 23:435.
https://doi.org/10.1071/WF13057

27


https://doi.org/10.1016/J.FORPOL.2008.02.002
https://doi.org/10.1071/WF11061
https://doi.org/10.1071/WF11061
https://doi.org/10.1071/WF11061
https://doi.org/10.1016/j.firesaf.2013.09.003
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000059
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000059
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000059
https://doi.org/10.1071/WF12010
https://doi.org/10.1111/1745-5871.12162
https://doi.org/10.1111/1745-5871.12162
https://doi.org/10.1111/1745-5871.12162
https://doi.org/10.1016/J.JRURSTUD.2010.06.001
https://doi.org/10.1016/J.JRURSTUD.2010.06.001
https://doi.org/10.1071/WF13057

A Provisional Conceptual Model of Human Behavior in Response to YO R K I l N H
Wildland-Urban Interface Fires SNV E RSy

57. Mclennan J, Elliott G, Omodei M (2011) Issues in community bushfire safety: analyses of
interviews conducted by the 2009 Victorian bushfires research task force. La Trobe University,
Bundoora

58. Proudley M (2008) Fire, families and decisions. Aust J Emerg Manag 23:37-43

59. McCaffrey SM, Winter G (2011) Understanding homeowner preparation and intended
actions when threatened by a wildfire. In: McCaffrey SM, Fisher CL (eds) Proceedings of the
second conference on the human dimensions of wildland fire. Newtown Square, pp 88—95

60. Tibbits A, Whittaker J (2007) Stay and defend or leave early: policy problems and
experiences during the 2003 Victorian bushfires. Environ Hazards 7:283-290. https://
doi.org/10.1016/j.envhaz.2007.08.001

61. McLennan J, Paton D, Beatson R (2015) Psychological differences between South-Eastern
Australian householders’ who intend to leave if threatened by a wildfire and those who intend
to stay and defend. Int J Disaster Risk Reduct 11:35—46. https://doi.org/

10.1016/j.ijdrr.2014.11.008

62. MclLennan J, Cowlishaw S, Paton D et al (2014) Predictors of South-Eastern Australian
householders’ strengths of intentions to self-evacuate if a wildfire threatens: two

theoretical models. Int J Wildland Fire 23:1176-1188. https://doi.org/10.1071/WF13219

63. McNeill IM, Dunlop PD, Skinner TC, Morrison DL (2016) A value-and expectancy based
approach to understanding residents. Int J Wildland Fire 25:378-389. https://
doi.org/10.1071/WF15051

64. AFAC (2005) Position Paper on Bushfires and Community Safety. https://www.wildfire
lessons.net/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=7691

9e34-3063-4749-b4c7-1af68ec35abd&forceDialog=0

65. Mclennan J, Elliott G (2013) “Wait and See”: the elephant in the community bushfire
safety room? In: Thornton R, Wright L (eds) Proceedings of bushfire CRC & AFAC 2012
Conference Research Forum. Perth, pp 56-69

66. McNeill IM, Dunlop PD, Skinner TC, Morrison DL (2015) Predicting delay in residents’
decisions on defending v. evacuating through antecedents of decision avoidance. Int J
Wildland Fire 24:153-161. https://doi.org/10.1071/WF12213

67. McLennan J, Ryan B, Bearman C, Toh K (2018) Should we leave now? Behavioral factors
in evacuation under wildfire threat. Fire Technol 1-30. https://doi.org/10.1007/s106 94-018-
0753-8

28


https://doi.org/10.1016/j.envhaz.2007.08.001
https://doi.org/10.1016/j.envhaz.2007.08.001
https://doi.org/10.1016/j.envhaz.2007.08.001
https://doi.org/10.1016/j.ijdrr.2014.11.008
https://doi.org/10.1016/j.ijdrr.2014.11.008
https://doi.org/10.1071/WF13219
https://doi.org/10.1071/WF15051
https://doi.org/10.1071/WF15051
https://doi.org/10.1071/WF15051
https://www.wildfirelessons.net/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=76919e34-3063-4749-b4c7-1af68ec35abd&forceDialog=0
https://www.wildfirelessons.net/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=76919e34-3063-4749-b4c7-1af68ec35abd&forceDialog=0
https://www.wildfirelessons.net/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=76919e34-3063-4749-b4c7-1af68ec35abd&forceDialog=0
https://www.wildfirelessons.net/HigherLogic/System/DownloadDocumentFile.ashx?DocumentFileKey=76919e34-3063-4749-b4c7-1af68ec35abd&forceDialog=0
https://doi.org/10.1071/WF12213
https://doi.org/10.1007/s10694-018-0753-8
https://doi.org/10.1007/s10694-018-0753-8
https://doi.org/10.1007/s10694-018-0753-8

A Provisional Conceptual Model of Human Behavior in Response to YO R K I l N H
Wildland-Urban Interface Fires SNV E RSy

68. Bateman JM, Edwards B (2002) Gender and evacuation: a closer look at why women are
more likely to evacuate for hurricanes. Nat Hazards Rev 3:107-117. https://doi.org/
10.1061/(ASCE)1527-6988(2002)3:3(107)

69. Dow K, Cutter SL (2001) Public orders and personal opinions: household strategies for
hurricane risk assessment. Environ Hazards 2:143-155. https://doi.org/10.3763/
ehaz.2000.0220

70. Whitehead JC, Edwards B, Van Willigen M et al (2001) Heading for higher ground:

factors affecting real and hypothetical hurricane evacuation behavior. Environ Hazards 2:133—
142. https://doi.org/10.3763/ehaz.2000.0219

71. Stein RM, Duen”™ as-Osorio L, Subramanian D (2010) Who evacuates when hurricanes
approach? The role of risk, information, and location. Soc Sci Q 91:816-834. https://
doi.org/10.1111/J.1540-6237.2010.00721.X

72. Huang S-K, Lindell MK, Prater CS et al (2012) Household evacuation decision making in
response to Hurricane lke. Nat Hazards Rev 13:283-296. https://doi.org/10.1061/
(ASCE)NH.1527-6996.0000074

73. Dash N, Gladwin H (2007) Evacuation decision making and behavioral responses:
individual and household. Nat Hazards Rev 8:69-77.
https://doi.org/10.1061/(ASCE)15276988(2007)8:3(69)

74. Lindell MK, Lu J-C, Prater CS (2005) household decision making and evacuation in response
to Hurricane Lili. Nat Hazards Rev 6:171-179. https://doi.org/10.1061/ (ASCE)1527-
6988(2005)6:4(171)

75. Lazo JK, Bostrom A, Morss RE et al (2015) Factors affecting hurricane evacuation
intentions. Risk Anal 35:1837-1857. https://doi.org/10.1111/risa.12407

76. Smith SK, McCarty C (2009) Fleeing the storm(s): an examination of evacuation behavior
during Florida’s 2004 hurricane season. Demography 46:127-145

77. Baker EJ (1991) Hurricane evacuation behavior. Int J Mass Emerg Disasters 9:287-310

78. Murray-Tuite P, Yin W, Ukkusuri S, Gladwin H (2012) Changes in evacuation decisions
between Hurricanes lvan and Katrina. Transp Res Rec J Transp Res Board

2312:98-107. https://doi.org/10.3141/2312-10

79. Dixon DS, Mozumder P, Va“ squez WF, Gladwin H (2017) Heterogeneity within and across
households in hurricane evacuation response. Networks Spat Econ 17:645-680.
https://doi.org/10.1007/s11067-017-9339-0

29


https://doi.org/10.1061/(ASCE)1527-6988(2002)3:3(107)
https://doi.org/10.1061/(ASCE)1527-6988(2002)3:3(107)
https://doi.org/10.1061/(ASCE)1527-6988(2002)3:3(107)
https://doi.org/10.3763/ehaz.2000.0220
https://doi.org/10.3763/ehaz.2000.0220
https://doi.org/10.3763/ehaz.2000.0220
https://doi.org/10.3763/ehaz.2000.0219
https://doi.org/10.1111/J.1540-6237.2010.00721.X
https://doi.org/10.1111/J.1540-6237.2010.00721.X
https://doi.org/10.1111/J.1540-6237.2010.00721.X
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000074
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000074
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000074
https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(69)
https://doi.org/10.1061/(ASCE)1527-6988(2007)8:3(69)
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:4(171)
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:4(171)
https://doi.org/10.1061/(ASCE)1527-6988(2005)6:4(171)
https://doi.org/10.1111/risa.12407
https://doi.org/10.3141/2312-10
https://doi.org/10.1007/s11067-017-9339-0

A Provisional Conceptual Model of Human Behavior in Response to YO R K I l N H
Wildland-Urban Interface Fires SNV E RSy

80. Hasan S, Ukkusuri S, Gladwin H et al (2011) Behavioral model to understand household-
level hurricane evacuation decision making. J Transp Eng 137:341-348. https://
doi.org/10.1061/(ASCE)TE.1943-5436.0000223

81. Riad JK, Norris FH, Ruback RB (1999) Predicting evacuation in two major disasters: risk
perception, social influence, and access to resources 1. J Appl Soc Psychol 29:918- 934.
https://doi.org/10.1111/j.1559-1816.1999.tb00132.x

82. Soli’s D, Thomas M, Letson D (2010) An empirical evaluation of the determinants of
household hurricane evacuation choice. J Dev Agric Econ 2:188-196

83. Dow K, Cutter SL (2002) Emerging hurricane evacuation issues: Hurricane Floyd and South
Carolina. Nat Hazards Rev 3:12—-18. https://doi.org/10.1061/(ASCE)15276988(2002)3:1(12)

84. Petrolia DR, Bhattacharjee S (2010) Why don’t coastal residents choose to evacuate for
hurricanes?. Coast Manag 38:97-112. https://doi.org/10.1080/08920751003605365

85. Barnshaw J, Trainor J (2010) Race class and capital amidst the hurricane Katrina
diaspora.In: Brunsma D, Overfelt D, Picou JS (eds) The sociology of Katrina: Perspectives on a
modern catastrophe, Chap 5, 2nd ed. Rowman & Littlefield, Lanham, MD, pp 103-118

86. Lindell MK, Kang JE, Prater CS (2011) The logistics of household hurricane evacuation. Nat
Hazards 58:1093—-1109. https://doi.org/10.1007/s11069-011-9715-x

87. Lovreglio R, Kuligowski ED, Gwynne SMV, Strahan K (2019) A modelling framework for
householder decision-making for wildfire emergencies (under review)

88. Paveglio TB, Carroll MS, Jakes PJ (2010) Alternatives to evacuation during wildland fire:
exploring adaptive capacity in one Idaho community. Environ Hazards 9:379-394.

https://doi.org/10.3763/ehaz.2010.0060

89. Stidham M, Toman E, Shindler B (2011) Improving an Inherently Stressful Situation: The
role of communication during wildfire evacuations. In: Proceedings of the second conference
on the human dimensions of wildland fire. USDA forest service, San Antonio, TX, pp 96—-103

30


https://doi.org/10.1061/(ASCE)TE.1943-5436.0000223
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000223
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000223
https://doi.org/10.1111/j.1559-1816.1999.tb00132.x
https://doi.org/10.1061/(ASCE)1527-6988(2002)3:1(12)
https://doi.org/10.1061/(ASCE)1527-6988(2002)3:1(12)
https://doi.org/10.1080/08920751003605365
https://doi.org/10.1007/s11069-011-9715-x
https://doi.org/10.3763/ehaz.2010.0060

