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ARTICLE INFO ABSTRACT

Keywords: Climate change is increasing the threat of wildfires to populated areas, especially those within the wildland-
Wildﬁref urban interface (WUI). The 2021 Marshall fire forced the evacuation of over 30,000 people in Boulder, Jeffer-
Evacuation son and Adams Counties in Colorado, US. To improve our understanding of wildfire evacuation response, we
sféismn'makmg surveyed individuals affected by the Marshall fire to analyze their evacuation decisions and resulting behavior.
Bushfires We used linear and logistic regression models to determine the factors influencing individuals’ risk perceptions,
Delay Time their decisions to evacuate or stay, and the associated evacuation delay times. We found higher levels of risk

perception at the time of the evacuation decision were associated with higher levels of pre-fire perceived risk,
having mid-level household income, the receipt of fire cues and having a medical condition. Increased pre-event
risk perception increased the likelihood of evacuating, along with gender (female-identified), being aged be-
tween 55 and 64 years, and having a higher household income. On the other hand, having a prior awareness of
wildfires had a negative effect on evacuation likelihood. Additionally, having previous experience with fire
damage, owning their home, having a larger household size and being alerted later in the fire event reduced the
delay time; whereas engaging in preparation activities and having children in the home led to longer delay times.
These research findings can be used by emergency managers to better prepare WUI communities for future

wildfire events.

1. Introduction

Climate change and population growth in areas closer to the wild-
lands are increasing the frequency and intensity of wildland fires across
the globe (Bowman et al., 2020). Looking to the future, a recent report
estimates a 14 % global increase in extreme fires by 2030, a 30 % in-
crease by the end of 2050, and an increase of 50 % by the end of the
century (United Nations Environment Programme, 2022). These
changes highlight the importance for emergency planners and decision-
makers at all levels of government to develop safe and effective strate-
gies to protect the public from current and future fire scenarios. A policy
often enacted during wildfire events is evacuation — assisting people to
leave areas exposed to fire before the fire (and even the smoke) fronts
arrive.

Evacuation planning and decision-making require an understanding

of the behavior of the people affected by these fire events. Wildfire
evacuation behavior studies have been conducted to identify the factors
that can shape evacuation decisions. The literature has suggested that
important factors affecting the decision-making process include warn-
ings and fire cues, individuals’ prior experience and knowledge, and
their socio-economic and demographic characteristics (Folk et al., 2019;
McLennan et al., 2019). However, most of these studies have primarily
focused on studying areas categorized as rural or peri-urban (also
referred to as the wildland-urban interface, or WUI) (Comfort et al.,
2019; Kuligowski et al., 2020; McLennan et al., 2013; Mozumder et al.,
2008; Strahan and Watson, 2019; Whittaker et al., 2020). More recently,
there has been a growing number of fires affecting more densely
populated areas such as the suburb or urban fringe of large cities, which
have been increasingly exposed to fire risks (Radeloff et al., 2018;
Kuligowski et al., 2022; Wong et al., 2022). For example, while only 4 %
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of the 89 California wildfires that burned between 1985 and 2013 and
destroyed at least one building actually burned non-WUI urban areas,
25 % of the total destruction caused by the 2017 Tubbs fire in California
impacted non-WUI urban areas (Kramer et al., 2019). Since these areas
often have sociodemographic and built environment characteristics
distinct from WUI areas, it is uncertain if the prior knowledge is trans-
ferable. As such, there is the need for more research on wildfire evacu-
ations in more densely populated regions to assess the differences
between evacuation outcomes in rural or peri-urban areas and evacua-
tion outcomes from suburban areas.

This paper aims to provide new data and insights on how individuals
located in densely populated regions make decisions in wildfires. To this
end, we analyzed the evacuation behavior of individuals during the
2021 Marshall Fire, which impacted a suburban area in Colorado, US
from December 31, 2021, to January 1, 2022. This fire resulted in the
evacuation of more than 30,000 people from an area not typically
exposed to wildfire risk (Whelton et al., 2023). Expanding upon two
previous survey studies (Kuligowski et al., 2022, 2020), a similar survey
was disseminated to towns affected by the Marshall fire to understand
individual risk perceptions and evacuation decisions as well as the de-
cisions that evacuees made regarding departure times during their
evacuation process. Comparing the results from the Marshall fire with
the results of other case studies (in California and Tennessee) investi-
gated using a similar questionnaire, can provide some insights on the
applicability of previous studies to more densely populated areas.

This study contributes to the existing literature by providing new
empirical evidence from the 2021 Marshall fire, which had a very short
lead time and fire duration and exposed significant gaps in the local
emergency alert systems (McKinley, 2022). By studying risk perception
and evacuation decisions, the findings of this work will help to confirm
and expand the current theory on evacuation decision-making during
wildfires (Kuligowski et al., 2022). Additionally, due to limited research
on departure times during wildfires, this study will improve our un-
derstanding of evacuation behavior by investigating how different in-
dividual, social and environmental factors influence delay times.

The paper is structured as follows: Section 2 provides a compre-
hensive review of existing literature on wildfire evacuation decision and
departure time modeling with a focus on the influential factors and their
relationship with evacuation decision-making. Section 3 introduces the
methods used in this paper, including the study site selection, the
sampling strategy, the survey instrument, and data processing and
analysis. Section 4 provides the quantitative results from the survey,
including descriptive statistics and regression analysis predicting risk
perception, evacuation decision, and delay time. Section 5 discusses the
major findings of the work and compares these with previous US fires
studied by the author team; and Section 6 concludes the paper.

2. Literature review

Most of the studies predicting wildfire evacuation behavior focus on
understanding the factors that influence the binary evacuation decision
of stay or go as well as wait and see decisions (Folk et al., 2019; Lovreglio
etal., 2019; McCaffrey et al., 2018). To date, existing literature puts less
emphasis on the perceptions that influence evacuation decisions and
subsequent evacuee travel behaviors, including choices of departure
timing (Kuligowski, 2021). The following sections will review the fac-
tors that influence the evacuation decision in Section 2.1, risk percep-
tions (at the time of evacuation decision) in Section 2.2, and departure
time collected from studies of wildfire events in Section 2.3.

2.1. Modelling evacuation decisions

Many factors have been identified by previous wildfire studies as
influential of the decision to evacuate (i.e., stay and defend/shelter or
leave). First, higher levels of risk perception are strongly linked with the
decision to evacuate (Katzilieris et al., 2022; Kuligowski et al., 2020,
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2022; McLennan et al., 2015a; Mozumder et al., 2008; Strahan et al.,
2019; Strawderman et al., 2012; Wong et al., 2022); however, not all
studies have found support for this relationship (Paveglio et al., 2014).
Additional factors include prior actions and experience, social and
environmental cues, emergency alerts and warnings, and characteristics
of the individual or household, each of which will be described in the
remainder of this section.

Pre-event preparation actions and previous experience with fires can
also influence evacuation behavior. In particular, having an evacuation
plan in place has led to a greater likelihood of evacuation (Kuligowski
et al., 2020; McLennan et al., 2012); while performing mitigation ac-
tions on the property prior to the wildfire event had the opposite effect
(Kuligowski et al., 2020; McCaffrey et al., 2018; Strahan and Watson,
2019). Additionally, having a past experience with a wildfire event
(Mehta et al., 2022), experiencing property damage (Mozumder et al.,
2008) and/or evacuating from a previous wildfire (Penman et al., 2016;
Strawderman et al., 2012) has been found to influence individuals to
evacuate in future wildfire events. However, not all studies agree (Wong
et al., 2022).

Other factors that have been found to influence evacuation decision-
making are emergency alerts and warnings and social and environ-
mental cues. The probability of evacuation has been found to increase
when the individual receives a mandatory or voluntary evacuation order
(Kuligowski et al., 2022; Strawderman et al., 2012; Wong et al., 2022).
Receiving this order from a trusted source also increased the likelihood
of evacuation (Kuligowski et al., 2020), and the receipt of information
from unofficial networks (e.g., friends, family, and neighbors) has also
influenced individuals’ evacuation decisions (Whittaker et al., 2016).
Additionally, the observance of environmental cues, e.g., smoke, em-
bers, flames, and the receipt of information on the fire location helped
influence evacuation decisions (McLennan et al., 2012); however,
another study found the opposite, mainly because people who witnessed
cues from the fire were those who had already decided to stay (Kuli-
gowski et al., 2022). Those who decided to wait and see relied on
environmental cues as part of their decision-making process (McCaffrey
et al., 2018).

The final notable factors that influence evacuation behavior are in-
dividual and household characteristics. Age (older), gender (men) and
lower household income were found to increase the probability of
deciding to stay (Alsnih et al., 2005; Eriksen et al., 2010; Katzilieris
et al., 2022; Kuligowski et al., 2020; Paveglio et al., 2014; Whittaker
et al., 2016). However, other studies have found that those with higher
income were more likely to stay in place (McCaffrey et al., 2018). In
addition, having a longer residence time, pets or livestock, and an
emotional attachment or personal responsibility to defend their property
contributed to a higher likelihood to stay and defend (Kuligowski et al.,
2022; McLennan et al., 2013; Mozumder et al., 2008; Wong et al., 2022).
Also linked to staying and defending were having lower levels of edu-
cation or a perception that the house was well-built and safe for a
wildfire (i.e., staying home was safer than evacuating) (Kuligowski
et al., 2022). Finally, households with children (McLennan et al., 2012;
Wong et al., 2022) and individuals who owned their homes (Katzilieris
et al., 2022; Kuligowski et al., 2022) were linked with an increased
likelihood of evacuation.

2.2. Risk perception

A fewer number of studies examine the factors that influence peo-
ple’s levels of risk perception during an event in reference to their
evacuation decision-making during a fire event (Kuligowski, 2021).
From the studies that have been conducted, the factors found to increase
levels of risk perception include having higher education levels (i.e.,
graduate degrees) (Kuligowski et al., 2022; Mozumder et al., 2008),
holding a belief that their home did not provide safety in a wildfire, and
perceiving higher levels of perceived threat (i.e., higher beliefs that their
home or neighborhood would be damaged or destroyed by fire)
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Table 1
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Factors affecting evacuation decision, risk perception, and delay time in previous studies.

Factor

Evacuation Decision

Risk Perception Delay Time*

Prior awareness/ knowledge about fire and/or evacuation
Prior experience

Plan (to evacuate), with destination

Pre-event mitigation actions

Longer residence time

Home ownership

Emotional attachment to home

Residence type (single-family)

Children in the household

Perception of home safety

No. of adults in the household

Having pets/livestock

Income (lower)

Education (lower levels)

Gender (female)

Age (older)

Receipt of warning from official or unofficial source
Received voluntary or mandatory order via a trusted source
Environmental cues

Threat assessment

Risk Perception

Engaging in preparation activities

Families staying together

+ —
+/- R ok

+/- +/-

+/-
+
+/-

Note: “+” indicates a significant factor with an increased probability of evacuating;

«_»

indicates a significant factor with a decreased probability of evacuating; “+”

indicates a higher level of risk perception; “-” indicates a lower level of risk perception; “+” indicates a longer delay time; “-” indicates a shorter delay time.

*Encompasses both wildfire and hurricane data/studies.

**In these cases, “previous experience” refers only to experiencing property damage from a previous fire.

(Kuligowski et al., 2022). Additional factors that have been found to
increase risk perception are residence time (i.e., having lived in an area
for a shorter period of time), having experienced property damage from
a previous fire, and having a higher levels of awareness of (or knowledge
about) fires (Benight et al., 2004; Mozumder et al., 2008; Whittaker
et al., 2021). Environmental factors such as observing fire cues, which
include flames and embers, receiving fire information from a trusted
source, learning about the impacts of the fires on friends and loved ones,
and observing others evacuating during a fire event can also increase
levels of risk perception (Kuligowski et al., 2020; McLennan et al., 2013,
2012; Whittaker et al., 2021). Observing smoke, however, may have a
more complicated relationship with risk perception (Kuligowski et al.,
2020). Finally, household factors, including having a higher number of
adults in the household and having pets or other animals at home were
linked to lower levels of risk perception during an event (Kuligowski
et al., 2022).

2.3. Modelling delay time

Delay time is also understudied within the field of wildfire evacua-
tions. Delay time can be defined as the time between acknowledgement
that something out of the ordinary is happening and engagement in
protective action behaviors (e.g., evacuation or sheltering/defending in
place). However, different definitions have been provided in the liter-
ature. For instance, Grajdura et al. (2021) refers to delay time as
“preparation time” and introduces terminology to mark its starting and
ending points, namely “awareness time” and “departure time”, respec-
tively. Other researchers have divided delay time into different phases:
decision time and mobilization time, which begins once a decision to
evacuate or not is made (Sadri et al., 2013; Sorensen, 1991). In this
context, the main behavior performed during decision time would be
information-seeking. Mobilization time, often used in hurricane
research, refers to the time period after an evacuation decision is made
until evacuation travel begins, and this phase often involves engagement
in preparation and helping behaviors (Kuligowski, 2021).

In studies of wildfire evacuations, a number of factors have been
shown to increase delay time (Folk et al., 2019). A significant factor
leading to evacuation delay in many studies was individuals’ or

households’ decisions to ‘wait and see’ before deciding on evacuation
(Paveglio et al., 2014; Strahan and Gilbert, 2021). Research has shown
that the tendency to ‘wait and see’ is related to people’s interest in
waiting to see how the fire develops and/or spreads, and has been
explained as a strategy to improve the chances of both: protecting their
property and increasing safety of themselves and their loved ones
(Strahan and Gilbert, 2021). In this case, both the act of evacuating and
the act of staying in place are equally desirable (McNeill et al., 2015).
Other factors that influence the choice to ‘wait and see’ include:
perceiving waiting/staying in place as low risk or a safer choice (Cohn
etal., 2006; McLennan et al., 2015b) and a lack of knowledge on how to
evacuate the area safety (McLennan et al., 2014; Strahan and Gilbert,
2021). Once a decision to evacuate is made, delay times can be extended
by the performance of certain types of preparatory actions, such as,
gathering supplies or belongings during the event (Benight et al., 2004)
and the tendency for families and/or neighbors to leave together (Cohn
et al., 2006). However, other research has found evidence for split
evacuation approaches among households (Stasiewicz and Paveglio,
2021; Whittaker et al., 2016). Research has also identified individual or
household characteristics that can increase or lengthen overall delay
times, and those include gender (men) and residence time (greater than
15 years) (Grajdura et al., 2021).

Due to a lack of delay time studies in wildfire evacuation, research on
hurricanes and other hazards has also been consulted to identify addi-
tional influential factors (Folk et al., 2019). Examples of additional de-
mographic factors that have been linked to greater delay times were
older age, higher education levels, having a larger household size, living
in a mobile home, and not having an evacuation destination identified in
pre-event planning (Alawadi et al., 2020; Lindell et al., 2011, 2005;
Petrolia and Bhattacharjee, 2010). On the other hand, factors linked to
shorter delay times included household make-up (i.e., having children
living in the household), residence type (detached, single-family
dwelling) and previous experience with hurricanes (i.e., those with
prior damage experience) (Alawadi et al., 2020; Sorensen, 1991).

2.4. Summary and hypotheses

Table 1 compiles the key factors identified in previous research as
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Fig. 1. Evacuation order and pre-evacuation warnings for the Marshall Fire.

influential on evacuation decision, risk perception (at the time of that
decision), and delay time, as presented in Sections 2.1-2.3. In Table 1,
the findings for evacuation decision and risk perception were taken from
wildfire studies only, and the findings for delay time were taken from
both wildfire and hurricane studies. In each column, (“+) refers to the
factors that led to an increase in the probability of evacuation, an in-
crease in levels of risk perception, and an increase in delay time; while
(“-") refers to factors that led to a lower probability of evacuation, a
decrease in risk perception levels, and a reduction in delay time. The use
of (“+/-") refers to factors where the findings from research disagree.
Only the factors relevant to wildfire studies are included in Table 1 and
where cells are left blank, no research was found on the relationship
between the two variables.

Additional research is needed on residential responses to wildfires,
and in particular, the factors that influence individuals’ risk perception
(at the time of evacuation decision) and the subsequent influence of risk
perception along with other variables on the decision to evacuate.
Additionally, there is an obvious gap in our understanding of the factors
that influence delay times during wildfires. In turn, this research focuses
on predicting risk perception, evacuation decisions, and delay time
during a wildfire event. The hypotheses of this study are the following:

1. Significant relationships will be found between evacuation decisions
and the following factors: previous experience, pre-event planning
and mitigation activities, residence time, perceptions of safety and
risk, household characteristics (ownership, emotional attachment,
and the presence of children or pets), emergency communication,
environmental cues, and demographics (income, education, gender,
and age).

2. The following factors will be significantly linked to risk perception at
the time of evacuation decision: prior awareness of the fire, previous
experience, residence time, perceptions of safety and threat, house-
hold characteristics (number of adults and presence of pets),

emergency communication, environmental cues, and demographics
(education).

3. A number of factors will be significantly linked with delay time in
our case study wildfire event: prior awareness/knowledge of the fire,
previous experience, pre-event planning, residence time, perceptions
of safety, household characteristics (number of adults and the pres-
ence of children), residence type, demographics (education, gender,
and age), and engaging in preparation activities. The factor of
household evacuation approaches (e.g., together or split evacuation
strategies) cannot be tested in this study since we did not collect
specific home addresses in our survey (and therefore, in the cases
where multiple adults from the same household responded to the
survey, we cannot link their responses together).

These hypotheses represent a valuable starting point for the creation
of the survey instrument used in this study as well as for the specification
of three independent models proposed in this work.

3. Methods

The purpose of this study is to determine the key factors that influ-
enced the decision to evacuate, risk perception, and delay time for those
respondents directly affected by the Marshall Fire. This section discusses
the methods used in this study, including a discussion of the study
context (Section 3.1), the sampling strategy (Section 3.2), the survey
instrument (Section 3.3), and data preprocessing (Section 3.4).

3.1. Case study context

The Marshall fire started shortly before 10:30 a.m. on December 30,
2021 in Boulder County, Colorado, and via two ignition points within
the County, expanded to a number of suburban areas in Boulder, Jef-
ferson and Adams Counties, including Louisville, Superior, Broomfield,
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Table 2

An overview of the timeline of emergency communications for the Marshall fire for December 30, 2021.

Location specifics, if any provided

No. issued”

Areas in Fig. 1

Notification type Time initiated

County/City

Boulder County

Highways 93 and Marshall

215

11:47am
12:15pm
12:46pm
12:49pm
1:08pm
1:15pm
1:25pm
2:51pm
2:58pm

Order
Order
Order

2,588
254

24, 2B

3A, 3B

Southern Superior

4,173

Warning
Order
Order
Order
Order

McCaslin and Highway 36

7,251

5A, 5B

2,509
276

6A, 6B

City of Louisville

4,806

Cherryvale and South Boulder

2,217

Warning

City of Broomfield

Apartment complexes in the area

10
10
10

2:52pm
5:18pm
6:40pm

Pre-evacuation

Order

Broomfield, particularly for the Interlocken area and west of Wadsworth Parkway between US 36 and 112th Avenue

South of Highway 128 between Simms Street and Indiana Street

Order (expanded)

City of Westminster

Westminster Dog Park and Meadow View Community

Meadow View neighborhood
Meadow View neighborhood

11
11
11

7:20pm
7:50pm
8:40pm

Pre-evacuation
Pre-evacuation

Order

City of Arvada

Areas north of 82nd Avenue between Highway 93 and Standley Lake

7:59pm 12

Pre-evacuation

A The data for the number of messages issued (or the number of people to whom the messages were sent) is not available for all locations.
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Lafayette, Arvada, and Westminster. The unusually humid Spring and
the following warm and dry Summer and Fall months resulted in dry fuel
and favorable conditions for the wildfire. Fire spread was also acceler-
ated due to dry winds in excess of 115 miles per hour (Slevin et al., 2022;
Stein, 2022). The fire, which is considered the most destructive in Col-
orado, burned over 6,200 acres, destroyed 1,084 homes, damaged 149
homes, and caused the deaths of two people (Case, 2022; Fischer et al.,
2022; Zialcita, 2022). Estimates for the approximate value of residential
damage in Boulder County alone place the total cost at over $513 million
(Fischer et al., 2022).

On December 30, 2021, more than 30,000 people were prompted to
evacuate in locations within Boulder, Jefferson and Adams Counties due
to the Marshall fire (Camero, 2021; Cronin, 2022). Fig. 1 displays the
corresponding evacuation and pre-evacuation areas for the affected
communities and Table 2 provides an overview the timeline of emer-
gency communication for the Marshall fire on December 30, 2021
(Boulder Co Sheriff’s Office, 2021; Ivy et al., 2021).

Pre-evacuation notices for Arvada were lifted by 9:15 pm, pre-
evacuation notices and orders for Meadow View in Westminster were
lifted by 10:56 pm, and all warnings and orders for all other areas in
Broomfield and Boulder County were lifted by 11:55 pm on December
30th (Ivy et al., 2021).

3.2. Sampling strategy and final sample

An online survey of individuals affected by the Marshall Fire was
conducted from May 18, 2022, to June 12, 2022. This project was
approved by the University of Florida Institutional Review Board
(#IRB201903432), and all participants gave their consent before
participating in the survey. Participants were recruited using two
methods. First, social media posts were used to publicize the survey on
Twitter and Facebook. Respondents were screened via a question asking
for their zip code, and only those who provided a zip code within the
impacted area (i.e., 80027, 80303, 80021, 80007, 80026, and 80020)
could continue. For the second approach, a survey company, Qualtrics,
was employed to recruit an online panel of respondents from the 20 Zip
Codes in or close to the impacted area of the Marshall Fire. Incentives
were provided to participants regardless of the recruitment method. A
total of 294 valid respondents were obtained for this study, comprising
57 from social media platforms and 237 from the Qualtrics panel. Of
these, 83 responses were excluded from the analysis as they were not
located within or directly adjacent to the study area (i.e., the evacuation
warning or order zones). The final sample for this study, collected using
a convenience sampling approach, included a total of 191 responses.
Fig. 2 displays a heat map of the number of survey responses within each
part of the study area by zip code.

Females made up a higher proportion of survey respondents (62 %),
and the mean age of the respondents was 38 years with a standard de-
viation of 13.90. Most respondents (82 %) were employed at the time of
the Marshall fire. For the racial makeup, 78 % of the respondents are
white, which is similar to the study area (80 %) (US Census Bureau,
2020). Moreover, the household income of our survey respondents ap-
pears to be somewhat representative of the median household income
levels of the impacted municipalities: Boulder ($72,279), Westminster
($76,378), Lafayette ($85,909), and Arvada ($92,669), Louisville
($116,000), Broomfield ($101,206), and Superior ($126,000). Addi-
tionally, a majority of respondents received some level of higher edu-
cation (21 % ’some college but no degree’, 17 % ’associate degree’, 27 %
"bachelor’s degree’, and 22 % ’graduate degree’), resulting in an over-
representation of college graduates among our survey participants. Most
respondents owned their homes (60 %) and had no medical conditions
(75 %).

3.3. Survey instrument

The survey instrument collected data on multiple factors that impact
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risk perceptions, evacuation decisions, and delay time. The survey
questions were similar to those used in the studies of the 2016 Chimney
Tops 2 fire in Gatlinburg, Tennessee (Kuligowski et al., 2020) and the
2019 Kincade fire in Sonoma County, California (Kuligowski et al.,
2022) so that comparisons could be made across fires. All three surveys
were designed based on Lindell and Perry’s Protective Action Decision
Model (PADM) (Lindell and Perry, 2012) and included questions
commonly used in prior evacuation studies (Sorensen et al., 2009; Sor-
ensen and Mileti, 2018; Strahan et al., 2018). The PADM outlines peo-
ple’s behavioral responses to natural hazards and disasters, which in this
case, was applied to a wildfire event. The model purports that a set of
initial factors (e.g., environmental cues, social cues, alerts/warnings,
and receiver characteristics) begins a decision-making process. People
must engage in a series of pre-decisional processes (exposure, attention
and comprehension) and make assessments of the threat, the actions
necessary, and key stakeholders. Finally, people decide upon the best
course of action by taking into account both situational facilitators and
impediments to the behavioral response. The elements of the PADM also
formed the basis of our risk perception and evacuation decision models
(Lindell and Perry, 2012). The full survey is published on GitHub:
https://github.com/EvacuationBehavior/2021-Marshall-Fire-Sur
vey-Study.

Survey responses were entered into R, version 4.2.3. This statistical
tool was utilized for data preprocessing, estimating descriptive statistics,
and regression analyses.

3.4. Data preprocessing

Data re-coding was conducted before final data analysis could be
performed. Table 3 provides a description of the variables analyzed here
and links them with the corresponding survey questions. Additional
details on data recoding, where necessary are also included in Table 3.

Questions on both threat assessment and risk assessment (at the time

of evacuation decision) were included in the analysis. The threat
assessment question contained three items (focused on belief about
damage to home, neighborhood and town) and risk assessment con-
tained four items (asking about likelihood of injury or death). One score
for ‘Risk Perception’ and one score for ‘Threat Assessment’ were derived
for each participant using a maximum-likelihood factor analysis carried
out using the ‘Stat’ package in R (Bolar, 2019). The analysis generated
item weights and combined scores were generated from the four items
for ‘Risk Perception’ and the three items for ‘Threat Assessment’.

Among the variables included in the models, missing values existed
for ‘Preparation’ (1.57 %), ‘Emergency plan’ (1.05 %), ‘Gender’ (0.52
%), ‘Education’ (0.52 %), ‘Income’ (3.14 %), and ‘Medical condition’
(2.62 %). We replaced missing values (including ‘I don’t know or don’t
remember’ and ‘I prefer not to answer this question’ responses) with
imputed values. For categorical variables, mode imputation was used
and for continuous variables, missing values were replaced with the
mean of remaining observations for that variable (Makaba and Dogo,
2019).

4. Results

The results of this work are discussed in this section. First, results
from descriptive analyses are presented in Section 4.1, followed by re-
sults from the regression models predicting the probability of evacuation
decisions, levels of risk perception, and delay times in Section 4.2.

4.1. Descriptive analysis

The descriptive statistics of each variable, their description, corre-
sponding response percentages, and mean and standard deviation are
reported in Table 4.

The data shows that over half (61 %) of the respondents had never
evacuated from a wildfire before and 43 % of respondents had
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Table 3

Travel Behaviour and Society 35 (2024) 100729

Variable and corresponding survey questions, response and variable type and additional details on data recoding.

Variable Survey Question Response Variable Details on data recoding, if necessary
Number Type Type
Pre-fire awareness Q2 Binary Binary Others: 0; Aware of wildfire as a community problem: 1
Pre-fire risk perception level Q3 Multiple Numeric Perceived wildfire threat to property - ‘Not at all likely’: 1 to ‘Very likely’: 5
Preparation Q4 Multiple Binary ‘No measures were taken’: 0; Others: 1
Emergency plan Q5a Binary Binary
Prior damage experience Q6¢ Fill-in Binary No damage experience: 0; Others: 1
Residence time Q9% Multiple Categorical ‘< 5yrs’; ‘10 + yrs’
Reference category: ‘5 — 10 yrs’
Own home Q9% Binary Binary
Residence type Q9c Multiple Categorical ‘Detached home’; ‘Multi-family home’
Reference categories:
‘Mobile home’ and ‘Other home types’
Warning/order: Official/unofficial Q10a, Qlla Binary Binary Others: 0;
source Informed by emergency officials or known person: 1
Warning/order: In person Q10b, Q11c Multiple Binary Others: 0;
Informed in person: 1
Awareness time Q10c, Q11d, Q12b Fill-in Numeric The earliest time informed by emergency officials, known person and fire cues
(converted to minutes after 12 a.m.)
Delay time Q10c, Q11d, Q12b, Fill-in Numeric Departure time (Q16e) — Awareness time (converted to minutes after 12 a.m.)
Ql6e
Fire cues Ql2a Multiple Binary Others: 0; Observed flames & ember: 1
Evacuation decision (dependent Q13 Binary Binary Stay: 0; Evacuate: 1
variable only)
Threat assessment Q14 Multiple Numeric Calculated using Factor Analysis
Risk perception (at the time of Q15 Multiple Numeric Calculated using Factor Analysis
evacuation decision)
Preparation time Qled Fill-in Numeric Converted to minutes
Gender Q19 Binary Binary Others: 0; Female: 1
Age Q21 Fill-in Categorical ‘Below 35 yrs’;’55-64 yrs’; ‘65 + yrs’
Reference category:’35-54 yrs’
Education Q23 Multiple Categorical ‘Bachelor’; ‘Graduate’
Reference categories:
‘High school diploma’, ‘Some college but no degree’, ‘Associate degree’ and
‘Less than high school diploma’
Income Q24 Multiple Categorical $50,000 - $74,999';°$75,000 — $99,999; > $100,000'
Reference categories:
‘Less than $24,999" and ‘$25,000 - $49,999’
No. of adults Q26 Fill-in Numeric Adults: 18 years old to 64 years old
Elders in household Q26 Fill-in Binary No elders (above 65 yrs): 0;
Has elders: 1
Children in household Q26 Fill-in Binary No children (below 18 yrs): 0; Has children: 1
Animals Q26 Fill-in Binary Others: 0; Pets lived in the household: 1
Household size Q26 Fill-in Numeric No. of adults + No. of children + No. of elders (Above 65 yrs)
Medical condition Q27a Binary Binary

experienced one or two wildfires prior to the Marshall Fire. While
around 65 % of respondents realized that wildfires could be a problem in
their community prior to the start of the Marshall Fire, 64 % rated the
possibility of a wildfire threatening their property as unlikely and 68 %
had no household emergency plan for wildfires in place. Approximately
69 % of the respondents chose to evacuate, while 31 % chose to stay in
place during the fire.

When considering the notification of residents during the Marshall
Fire, approximately 65 % of respondents received a pre-evacuation
notice, an evacuation warning or an evacuation order from an official
source (e.g., fire agencies), often between 12:00p.m. and 4:00p.m. on
December 30, 2021. The channels used most often when receiving
notification from official sources were social media (such as Twitter or
Facebook), text message, loudspeaker, or the public address system.
Additionally, respondents (56 %) were also alerted or warned to evac-
uate by someone they knew, often via face-to-face, telephone, and text
messaging channels.

4.2. Regression models
We developed three regression models to estimate the factors that

influenced individuals’ evacuation decisions, risk perception, and delay
time: 1) a binary logistic regression for investigating the impacts of

different types of factors on evacuation decisions (stay or go), 2) a
multivariate linear regression for identifying the factors that influenced
respondents’ risk perception at the time of the individual’s evacuation
decision; and 3) a multivariate linear regression for determining the
factors which significantly affected respondents’ delay time. For each
model, multicollinearity was checked by using the variance inflation
factor (VIF), and the results show that all VIF values are less than 5,
indicating multicollinearity is not of concern for these three models.
Note that in order to ensure that all VIF values were less than 5 for all
models, threat assessment was not included in the binomial logistic
regression model and the linear regression model because of its high
correlation with two other independent variables: pre-fire risk percep-
tion and fire cues.

The results of the logistic model estimating the probability of evac-
uation decisions (stay/go) are illustrated in Table 5 The binomial logistic
regression model findings with a significant or marginally significant
level of 0.10 (i.e., p-value < 0.10) are shown in bold. Being aged 55 to
64 years (compared with the reference age group of less than 35 years)
(p =.064), being female-identifying (p =.087), and having increased
levels of pre-event wildfire risk (p =.027) increased the likelihood of
deciding to evacuate during the Marshall fire. Additionally, higher-
income householders (p =.009; p =.054) (those within the income
bracket of $75,000 to $99,999 and greater than $100,000, respectively)
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Table 4 Table 5
Descriptive statistics. Binomial logistic regression of evacuation decision (N = 191).
Variable Description Percent  Mean + Variable Estimate  Std. z- p-
SD Error statistic value
Risk perception level (at the 0.00 + (Intercept) —2.362 1.274 —1.854 0.064
time of evacuation 0.98 Pre-fire awareness —1.141% 0.505 —2.261 0.024
decision) Pre-fire risk perception level 0.470 0.213 2.205 0.027
Delay time (mins) 136.59 + Preparation (yes) —0.319 0.470 —0.679 0.497
263.44 Emergency plan (yes) 0.396 0.476 0.832 0.405
Evacuation decision Stay 30.89 Residence time: < 5 yrs” 0.127 0.554 0.229 0.819
Evacuate 69.11 Residence time: 10 + yrs —0.496 0.617 —0.803 0.422
Pre-fire awareness Yes 64.92 Own home 0.042 0.511 0.083 0.934
No 35.08 Residence type (detached home)® 0.462 0.711 0.652 0.514
Preparation Yes 42.41 Residence type (multi-family 0.216 0.706 0.306 0.760
No 57.59 home)
Emergency plan Yes 29.84 No. of adults —0.082 0.229 —0.357 0.721
No 70.16 Children (yes) 0.135 0.498 0.271 0.787
Residence time Less than 5 years 50.79 Animals (yes) 0.367 0.459 0.799 0.424
5-10 years 19.37 Income: $50,000 - $74,999b 0.683 0.591 1.155 0.248
10 or more years 29.84 Income: $75,000 - $99,999 1.943 0.749 2.594 0.009
Home ownership Rent 39.04 Income: >$100,000 1.312 0.681 1.927 0.054
Own 60.96 Age: 35 - 54 yrsb 0.719 0.447 1.607 0.108
Residence type Detached single family 57.59 Age: 55 - 64 yrs 2.286 1.236 1.849 0.064
Mobile or manufactured 34.03 Age: 65 + yrs 0.786 1.078 0.729 0.466
home Gender (female) 0.776 0.454 1.709 0.087
Others 8.38 Education: Bachelor” —0.399 0.536 —0.745 0.456
Children in household No 59.69 Education: Graduate —0.317 0.686 —0.462 0.644
Yes 40.31 Medical condition (yes) 0.421 0.517 0.813 0.416
Elders in household No 79.58 Warning/order: Official/ 0.704 0.610 1.154 0.249
Yes 20.42 unofficial source
Prior wildfire experience No experience 36.65 Warning/order: In person —0.029 0.411 —0.069 0.945
1-2 experience(s) 42.93 Fire cues 0.611 0.417 1.465 0.143
More than 2 experiences 20.42 Risk perception -0.275 0.225 -1.221 0.222
Prior evacuation experience g:s 28;3 Notes: a. Bold font indicates statistical significance at the 0.1 level. We adopted
Prior damage experience No 80.63 this level of significance due to the small sample size (N = 191).b. the base
Yes 19.37 values for Income, Residence time, Education, and Residence type are Income:
Animals (in the household or ~ No 65.45 ‘Less than $24,999' and ‘$25,000 - $49,999', Residence time: 5-10 yrs, Educa-
on the property) Yes 34.55 tion: ‘High school diploma’, ‘Some college but no degree’, ‘Associate degree’ and
Warning/order: Official/ No 34.55 ‘Less than high school diploma’, and Residence types: ‘mobile home’ and ‘other
unofficial source Yes 65.45 home types’, respectively.
Warning/order: in person Warnings received face- 10.29
to-face
Warnings received other 89.71
ways Table 6
Fire cues §° ;352 Linear regression model of risk perception at the time of decision (N = 191).
es .
Medical condition Household members 75.81 Variable Estimate  Std. t- p-
have no medical Error statistic value
conditions (Intercept) ~0.852  0.416 ~2048  0.042
Household member hasa  24.19 Pre-fire awareness 0119 0173 0.684  0.495
medical condition Pre-fire risk perception level 0.192°  0.068 2.816  0.005
Education level Bachelor’s degree 27.89 Residence time: < 5 yrs® ~0.022 019 ~0.114  0.909
Graduate degree 22.63 Residence time: 10 + yrs ~0.080 0217 ~0369 0713
Others 49.48 Own home (yes) ~0.198  0.186 -1.063  0.289
Income Less than $50,000 18.92 Residence type (detached home)®  —0.055  0.276 ~0200  0.842
$50,000-574,999 2216 Residence type (multi-family ~0.013  0.269 ~0.050  0.960
$75,000-$99,999 18.38 home)
More than $100,000 40.54 No. of adults ~0.079  0.078 ~1.016 0311
Gender Male 37.70 Animals (pet) (yes) 0253  0.162 1568  0.119
Female 62.30 Income: $50,000 - $74,999" 0.474  0.227 2.001  0.038
Age Less than 35 years 42.93 Income: $75,000 - $99,999 0.498  0.238 2.004  0.038
35-54 years 45.03 Income: >$100,000 0196  0.243 0.803  0.423
55-64 years 6.28 Education: Bachelor® 0134 0183 0730  0.467
More than 65 years 576 Education: Graduate 0204  0.224 0910  0.364
No. of adults (in the 2.08 £ Medical condition (yes) 0.596  0.179 3.331  0.001
household) 1.02 Warning/order: Official /unofficial  —0.149  0.214 _0.696  0.487
Threat assessment level 0.00 + source (yes)
0.97 Fire cues (yes) 0.495  0.146 3.384  0.001
Awareness time (mins) 701.40 +
200.23 Notes: a. Bold font indicates statistical significance at the 0.05 level. We adopted
Preparation time (mins) 63.64 + this level of significance due to the small sample size (N = 191).
84.50 b. The base values for Income, Residence time, Education, and Residence type
Household size 3.33 £ are Income: ‘Less than $24,999' and ‘$25,000 - $49,999', Residence time: 5-10
L . 1.53 yrs, Education: ‘High school diploma’, ‘Some college but no degree’, ‘Associate
Pre-fire risk perception level 2.29 + . . . .
1.95 degree’ and ‘Less than high school diploma’, and Residence types: ‘mobile home’

and ‘other home types’, respectively.
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Table 7
Linear regression of evacuee delay time (N = 129).
Variable Estimate Std. t- p-
Error statistic value
(Intercept) 839.934 145.506 5.772 0.000
Awareness time —0.724* 0.109 —6.645 0.000
Preparation time 0.695 0.266 2.613 0.010
Pre-fire awareness 52.798 47.493 1.112 0.269
Pre-fire risk perception level —16.165 19.689 —0.821 0.414
Prior damage experience —129.911 54.922 —2.365 0.020
(yes)
Residence: < 5 yrsb —71.189 55.373 —1.286 0.201
Residence: 10 + yrs —7.436 60.968 —0.122 0.903
Own home (yes) —167.561 55.585 —3.014 0.003
Residence type (detached 60.595 78.622 0.771 0.443
home)®
Residence type (multi-family 59.356 77.858 0.762 0.448
home)
Household size —53.335 19.885 —2.682 0.009
Elders in household (yes) 53.258 55.653 0.957 0.341
Children (yes) 116.571 68.911 1.692 0.094
Income: $50,000 - $74,999" -32.526 66.194 —0.491 0.624
Income: $75,000 - $99,999 64.222 66.789 0.962 0.339
Income: >$100,000 34.683 62.951 0.551 0.583
Education: Bachelor” 33.199 53.084 0.625 0.533
Education: Graduate 10.394 62.281 0.167 0.868
Age: 35 — 54 yrs” —42.719 43.697 —0.978 0.331
Age: 55 — 64 yrs —8.625 77.909 -0.111 0.912
Age: 65 + yrs —150.519 122.080 -1.233 0.220
Gender (female) -22.812 44.211 —0.516 0.607
Medical condition (yes) 5.344 51.662 0.103 0.918
Threat assessment —20.255 26.939 —0.752 0.454
Risk perception (at the time of 13.642 26.328 0.518 0.605

evacuation decision)

Notes: a. Bold font indicates statistical significance at the 0.1 level. We adopted
this level of significance due to the small sample size (N = 191).

b. The base values for Income, Residence time, Education, and Residence type
are Income: ‘Less than $24,999' and ‘$25,000 - $49,999, Residence time: 5-10
yrs, Education: ‘High school diploma’, ‘Some college but no degree’, ‘Associate
degree’ and ‘Less than high school diploma’, and Residence types: ‘mobile home’
and ‘other home types’, respectively.

were more likely to evacuate. On the other hand, having a prior
awareness of wildfires (p =.024) had a negative impact on the proba-
bility of evacuating.

The results of the risk perception model and findings with a signifi-
cance level of 0.05 (i.e., p-value < 0.05) are shown in bold in Table 6.
The R-square of the model is 0.2, indicating a moderate fit. The model
shows that the participants with higher levels of perceived risk (p =.005)
(prior to the Marshall fire) also had increased levels of risk perception at
the time of the evacuation decision. In addition, individuals of middle-
income households (p =.038; p =.038) (those with income levels of
$50,000 to $74,999 or $75,000 to $99,999, respectively) had higher
levels of risk perception when compared with individuals of households
within the lowest income category (less than $50,000). Receiving fire
cues (p <.001), such as observing smoke or embers, and having a
medical condition (p <.001) were also linked with increased levels of
risk perception.

Finally, the results of the delay time model and the findings with a
significant or marginally significant level of 0.10 (i.e., p-value < 0.10),
shown in bold, are presented below in Table 7. The R-square of the
model is 0.53, indicating a good fit. Preparation time (p =.010) (i.e.,
defined as the amount of time that the respondent took to prepare for
departure after they had decided to evacuate) was found to be signifi-
cantly associated with longer delay times. By contrast, we found that
those who had prior experience with fire damage (p =.020), owned their
homes (p =.003), had larger household sizes (p =.009), and had a later
awareness time (p <.001) (i.e., the earliest time that the respondent
received notice of a wildfire threat) had shorter delay times. For
instance, a one-minute increase in awareness time was associated with a
reduction of 0.7 min in delay time; and on average, having prior
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experience with fire damage reduced the delay time by about 130 min.
Moreover, although the result is marginally significant at the 0.1 level,
we found that having children within the home (p =.094) was associated
with longer delays, adding an average of about two hours to the evac-
uation delay time.

5. Discussion of results

The analysis performed in this study has identified the factors that
influenced the decision to evacuate, risk perception levels, and delay
times during the 2021 Marshall fire. Overall, the results of this study
only partially support Hypotheses 1, 2 and 3. Discussing the evacuation
decision model first, this study found that people with higher incomes
(Paveglio et al., 2014) and women were more likely to evacuate (Eriksen
et al., 2010; Whittaker et al., 2016), which aligns with previous
research. It should be noted; however, that rather than gender itself
being the dominant factor, often household or gender roles are the
drivers behind these results (Bateman and Edwards, 2002; Chowdhury
et al., 2022). Other results were inconsistent with existing literature.
While this study found that a specific age group (55-64 years old) were
more likely to evacuate, previous research has found that older adults
are less likely to do so (Alsnih et al., 2005). However, the authors
acknowledge that results showing statistical significance of only one age
category rather than showing a particular trend is indicative of a weak or
nonexistent relationship.

Results from this model also contribute to new findings, including
the linkages between higher levels of prior awareness and a lower
likelihood of evacuating and higher levels of risk perception (prior to the
Marshall fire) and higher likelihood of evacuating. The former rela-
tionship is similar to findings from Kuligowski et al. (2020) which found
that people who had prepared for the fire season were less likely to leave
the affected areas. In both cases, having higher levels of awareness about
fires and/or preparing their homes or properties for the impending
season may have given residents higher confidence in their abilities to
protect themselves while staying in place. On the other hand, people
who perceived higher levels of risk prior to the fire season were already
on higher alert when the Marshall fire occurred, potentially expediting
their process of confirming the risk and deciding to evacuate (Wood
et al., 2018).

It is important to note that risk perception (at the time of evacuation
decision) was not found to have a significant influence on the decision to
evacuate. This is also counter to a number of studies whose results
support this relationship, for example, Katzilieris et al. (2022), Kuli-
gowski (2021) and Wong et al. (2022)). With that said, Kuligowski
(2015) in her study of the 2001 World Trade Center evacuation found
that a higher level of risk perception was not a necessary condition for
evacuation. In some cases, the occupants were alerted or warned to
leave by someone they trusted, and in turn, left the building while
perceiving lower levels of risk. The same phenomenon could have
occurred in the Marshall fire, during which over 50 % of people received
alerts or warnings to evacuate from people they knew and potentially
trusted.

The regression model predicting levels of perceived risk also
confirmed certain results found in current wildfire literature. This study
found that witnessing environmental cues from the fire, i.e., embers
and/or flames, increased levels of perceived risk, which aligns with
Kuligowski et al.’s (2020) study of the 2016 Tennessee fire in the US.
With that said, other results from this model provide new insights to the
field. First, perceiving a higher likelihood that fires, in general, would
threaten their property prior to the Marshall fire led to higher levels of
risk perceived at the time of evacuation decision. Upon reflection, it is
logical that people who were concerned about wildfires before the
Marshall fire would have had higher levels of concern during the actual
event. Additionally, people with pre-fire medical conditions also had
higher levels of perceived risk during the fire. Certain medical condi-
tions, e.g., temporary mobility impairments or longer-term chronic
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conditions, like asthma, can render individuals more vulnerable to in-
juries or death in fire situations where evacuation is necessary (Cutter
et al., 2003). Therefore, this result is also a logical one. Finally, certain
income brackets had higher levels of perceived risk at the time of
evacuation decision. However, since only two categories of income were
statistically significant, and no specific trend in perceptions existed
among people from lower or higher income households, this indicates a
potentially weak relationship between the two variables.

Finally, novel insights were gained from the evacuation delay time
model. Consistent with previous literature (Benight et al., 2004; Kuli-
gowski and Mileti, 2009), spending longer amounts of time engaging in
preparedness activities led to longer delay times. Evacuees from wild-
fires can engage in a number of different activities — including attending
to pets or livestock (Taylor, 2016; Trigg et al., 2021), preparing their
home or property, packing items to take with them, talking or milling
with others (Wood et al., 2018) and planning for their evacuation (i.e.,
identifying routes and destinations) — and many of these can take
significantly longer periods of time. Also consistent with current hurri-
cane literature, this study found that experiencing previous fire events,
and more specifically, damage to their homes from these events,
decreased delay time (Alawadi et al., 2020). Additional research is
needed to explore the role that negative experiences during fires and/or
evacuation can have on evacuee delay time. Via qualitative analysis,
Kuligowski et al.’s (2022) study of the 2019 Kincade fire in California,
US discovered that evacuees who had experienced significant traffic
congestion during the fire two years prior (2017) evacuated in 2019
even before an evacuation order was issued. The impact of these and
other negative experiences in previous fires and their influence on future
evacuation decisions and delay times warrants further study.

The delay model also identified results not previously studied in
other fire literature. First, household size was linked with shorter delays,
while householders with children were linked to longer delays. These
findings are inconsistent with findings from other hazards; whereby
Sorensen (1991) found that households with children were more likely
to engage in early evacuation in a hazardous materials fire event and
Lindell et al. (2011) found that larger households took longer to evac-
uate during hurricanes. These findings require further study, especially
in wildfires, since it is unclear whether delay time results from no-notice
(i.e., hazardous materials fire) and slow-onset events (i.e., hurricanes)
will consistently translate to wildfires (rapid-onset events). In the
Marshall fire, it is possible that householders with children took longer
to prepare for evacuation, as the adults had to assist not only themselves,
but their children in the preparations before leaving. Additionally, it can
also be envisioned that householders with higher numbers of adults
were more likely to divide the tasks among themselves, as a division of
labor, resulting in a lower delay time and an earlier departure time.
These trends of division of labor among households in hazards have been
seen in previous research (Hung, 2018). Additional new insights include
the link between later awareness time and shorter response delays. This
is a logical result, since the later the time (on December 30) that people
found out about the fire, the shorter the timeframe they had to respond
before the fire came closer to their location. Finally, model results
showed that if people owned their own home, they had shorter delay
times. It is posited that this result may be related to the pre-fire, estab-
lished social ties among homeowners within the affected communities.
As mentioned earlier, over 50 % of the sample were alerted or warned to
evacuate by someone that they knew. This potentially demonstrates the
pre-fire social network that existed in affected areas prior to the
Marshall fire. Aldrich and Meyer (2015) note that strong bridging ties
among people in a community can enhance the response and resilience
of that community in the face of a hazard event. While further research is
needed, especially on the strength of social ties among renters vs.
homeowners in WUI and suburban areas and their influence on delay
times, this research may provide some foundation for future work.
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5.1. Comparison of results across the 2016, 2019 and 2021 fires

Since a similar survey was used to analyze evacuation behavior from
the 2016 Chimney Tops 2 fire in Tennessee (Kuligowski et al., 2020), the
2019 Kincade fire in California (Kuligowski et al., 2022) and the 2021
Marshall fire in Colorado (all US fires), a brief discussion is included here
to compare results across the three events. The focus of the comparison
is predicting risk perception (at the time of the evacuation decision) and
the decision to evacuate, since data on delay times were not collected or
analyzed for the 2016 and 2019 fires.

The 2016 Chimney Tops 2 fire evacuation occurred when extreme
winds combined with exceptional drought and low humidity drove the
fire rapidly toward Gatlinburg, Tennessee. The population affected was
rural and generally inexperienced with wildfire. Kuligowski et al. (2020)
found that official warnings were sparse (less than 20 % received one)
and most evacuees made their evacuation decision based on fire cues
(75 %). Risk perception (at the time of evacuation decision) was high
(3.7 on 5.0 scale) and 87 % of the participants chose to evacuate. Risk
perception was found to be correlated with the evacuation decision, and
the most common reason stated for evacuating was witnessing fire cues
including flames, embers, and smoke. Linear regression analysis
revealed that (1) seeing flames or embers and (2) smelling or seeing
smoke were significant predictors of risk perception, where the former
led to an increase, and the latter led to a decrease. Prior awareness of fire
risk decreased risk perception as did receiving a warning from a trusted
source. Logistic regression analyses showed that the evacuation decision
was influenced by risk perception (at the time of evacuation decision),
gender (female), having an evacuation plan, receiving warnings from a
trusted source, and refraining from taking home preparation actions.

The 2019 Kincade fire in Sonoma, California resulted in the evacu-
ation of a large suburban and exurban region over several days. County
emergency managers and residents had significantly more wildfire
experience and preparedness than Gatlinburg in the Chimney Tops 2
fire. Residents received warnings from multiple sources, including text
messaging, social media, email, telephone, siren, radio, and face-to-face.
In contrast to the Chimney Tops 2 fire, only 13 % reported seeing fire
cues prior to making their evacuation decision. Kuligowski et al. (2022)
found that 80 % of survey respondents chose to evacuate with moderate
risk perception (2.5 / 5.0). Risk perception (at the time of the evacuation
decision) was correlated with threat assessment, prior awareness of the
threat, and observing fire cues. Linear regression analysis identified
significant predictors of risk perception, including pre-fire perceptions
of safety, household makeup (adults, pets, livestock), income, education
and threat assessment. Logistic regression analyses showed that the
evacuation decision was influenced by risk perception, length of resi-
dence, household makeup, income, education, evacuation orders, fire
cues, pre-fire perceptions of (home) safety, and homeownership.

Differences in the survey results across the Chimney Tops 2, Kincade
and Marshall fires highlight challenges in developing a general model
for predicting wildfire evacuation behavior. Foremost, the fire events
differed significantly regarding the threat, warning, and household
contexts. In terms of the threat, the Chimney Tops 2 and Kincade fires
offered much more lead time, on the order of days, than the Marshall
fire, which was burning structures in less than an hour after detection.
The community evacuated in the Chimney Tops 2 fire was a small,
relatively inexperienced rural community where 1 in 5 households
received an official warning and most decided to evacuate based on
informal warnings and fire cues. The Kincade evacuation was a much
larger evacuation of more experienced residents, a majority of which
received an evacuation notice from multiple channels, both official and
informal. The Marshall evacuation was a moderately sized evacuation
with a low level of prior experience (between the two prior cases) where
most residents received a warning from one or more informal and/or
official sources (similar to the Kincade case).

Predictive modeling across the case studies reinforces the degree to
which the scenarios vary. For the linear regression model of risk
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critical F = 1,58159
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Qutput Parameters

Noncentrality parameter A 25.8000000
Critical F 1.5815936

Numerator df 25
Denominator df 146

Total sample size 172

Actual power 0.8001407

Fig. Al. A priori power analysis.

perception, the significant variables and their coefficients varied. Fire
cues (flames and embers) were significant and similar predictors of risk
perception for the Chimney and Marshall fires but not in the Kincade fire
study. Binomial regression modeling to predict the evacuation decision
showed that fire cues were significant for the Kincade case, although in
the Chimney Tops 2 case, the presence of fire cues was a significant
predictor of risk perception, which was then a significant predictor of
the evacuation decision (fire cues to risk perception to decision). For the
Marshall case, neither fire cues nor risk perception were significant
predictors of the evacuation decision. This may be due to the relative
size of the evacuation zone to the fire scar, as only a small percentage of
evacuees witnessed fire cues. There are prior wildfire studies that were
also unable to find a statistically significant relationships between risk
perception and evacuation decisions (McLennan et al., 2014; Paveglio
et al.,, 2014). In general, the stark difference in the scenarios and
resulting behavioral models highlights challenges in developing a gen-
eral predictive model for wildfire evacuation decision making. Devel-
oping a database of survey results representative of common wildfire
evacuation types is a worthy research goal.

5.2. Policy implications of the Marshall fire results

In the Marshall fire study, it was observed that higher pre-fire risk
perception (measured by the perception of wildfire threatening their
property) led to an increased probability of evacuation. Additionally,
the delay time model showed longer preparation time caused more de-
lays in evacuations. Therefore, local agencies should consider con-
ducting additional wildfire educational campaigns to teach the public
about the dangers of wildfires, how wildfires could rapidly damage or
even destroy their properties, and how to effectively plan and prepare
for future events, aiming to enhance residents’ pre-fire risk perception
and increase their readiness in case of evacuation. Furthermore, wildfire
evacuation drills should also be considered and implemented at the
community level to help residents practice evacuating people, animals,
and pets and address potential problems and delays in the evacuation
process (U.S. Fire Administration, 2022).
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It was also observed that evacuees who were aware of the fire early
tended to experience shorter delays in their departure time. Hence, local
agencies should prioritize timely and effective communication and alert
systems. This can be achieved through the use of mobile device alerting
platforms and/or the development of mobile applications that deliver
real-time updates on fire-related information. In challenging scenarios
like power outages or limited signal coverage, agencies also need to
utilize traditional, low-tech communication methods for disseminating
relevant information (Wong et al., 2020). Besides, fostering community-
based networks for fire detection and prompt reporting can further
enhance residents’ early awareness of fire.

Moreover, according to the delay time model, having children in the
household caused more delays in evacuation. Therefore, agencies should
consider providing more resources and assistance to households with
children in case of evacuation. For example, agencies should provide
child care supplies and a safe environment for children in public shel-
ters, and prioritize these households’ transportation needs during
evacuations; e.g., using Mobility as a Response to assist their evacuation
(Xia and Yeh, 2022).

5.3. Limitations and future work

There are limitations associated with this study due to the nature of
survey research. The survey data collection strategy used a convenience
sample approach, where respondents volunteered to participate in the
survey. In these cases, it is possible that people who evacuated were
more motivated to participate compared with those who stayed in place.
In addition, the number of survey responses that were included in the
study (191 responses) was lower than the previous studies deploying a
similar survey (2016 Chimney Tops 2 fire & 2019 Kincade fire). How-
ever, the sample of this study is larger than the number required (i.e.,
172 participants) to investigate a medium effect size (0.15) from linear
multiple regression analyses with 16 predictors (see Table 5) and 25
predictors (see Table 6) considering a power of 0.80 (Faul et al., 2007).
The readers can refer to the Appendix for a comprehensive overview of
the a priori power analysis carried out in this study. We focused on this
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sample due to their initial location at the start of the fire. This survey
expanded upon similar versions to include questions on pre-transport
and transport decisions made by the respondents. Questions were
added to obtain information on mode, route, and destination choices in
the Marshall fire. However, since the survey was unable to collect the
complete set of independent variables influential to travel decisions,
such as vehicle ownership, traffic and roadway conditions, and gasoline
availability (Kutela et al., 2023), future work will further expand the
questionnaire to better address transportation needs and decisions in
wildfire evacuations. Finally, having similar data from multiple U.S.
wildfires allows for an in-depth comparative study to be conducted. Our
goal is to conduct a multi-fire comparative analysis to better understand
the influential factors on risk perception and evacuation decisions
beyond the brief discussion provided in this paper.

6. Conclusions

This study of the 2021 Marshall fire identified the factors that
influenced the evacuation decision and levels of risk perception (at the
time of evacuation decision). Also identified were the factors that
influenced evacuee delay time (defined as the time between first
awareness of the fire and the decision to evacuate or stay). Findings from
the linear regression analysis showed that pre-fire awareness and pre-
fire risk perception level, age, income, and gender were significantly
linked with risk perception. Factors that influenced evacuation decision
included pre-fire risk perception level, household income level, having a
medical condition, and observing fire cues. Finally, the factors that
influenced delay time included awareness and preparation time, prior
damage experience, home ownership, household size, and having
children.

This study can help provide recommendations for future fires in more
suburban areas, especially in communities not as familiar with fire
events. More informed decisions can be made by evacuation planners
and fire officials using the findings from our study to better understand
evacuation behavior, and needs before, during, and when communi-
cating with residents in an event. This is especially the case with delay
time, which is often less of a focus in existing wildfire studies. Under-
standing the factors that increase delay time, e.g., households with
children or individuals with increasing preparation activities, can help
officials target certain households or areas within a community to better
prepare for the next fire event. The less time people take to delay, the
more time they have to evacuate (as long as the transport infrastructure
is sufficient). Along the same lines, understanding the factors that
decrease delays, e.g., having previous experiences in fire events, can
assist officials in educating and training those without fire experiences
about the risks and difficulties that can accompany late evacuation.
Technology like virtual and augmented reality are becoming increas-
ingly used to safely and effectively demonstrate the danger associated
with delayed action for those more inexperienced with fire events.
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Appendix A. - A priori power analysis

A priori power analysis was carried out using G*Power 3.1.9.7 (Faul
et al.,, 2009) to estimate the minimum sample size required for the
investigation. To perform this calculation, we consider a medium effect
size (2 = 0.15), alevel of significance (a) of 0.05, a power (B) of 0.80 and
a number of predictors (i.e., independent variables) of 25. The values
selected for this analysis are in line with the one suggested in the seminal
paper by Cohen (Cohen, 1992). The results indicate that need for a total
sample of 172 as shown in Fig. Al.
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