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ARTICLE INFO ABSTRACT

Keywords: Understanding residents’ intended evacuation behaviors is an increasingly important component of managing
Evacuation complex wildfire events in the United States and elsewhere. Growing evidence suggests that local populations
Wildfire

consider a range of potential evacuation behaviors during fire events, yet fewer efforts explore rural residents’
evacuation intentions or their relationship to wildfire mitigations that reduce risk or aid in fire suppression. This
study explores evacuation intentions among wildland-urban interface residents in Pend Oreille County, Wash-
ington, USA. We explore how mitigation performance (e.g., fuel reduction efforts, structure improvements, active
firefighting preparation) differs across three emergent categories of evacuation intentions and evaluate whether a
range of factors correlate with participants’ evacuation intentions. Our results suggest that a relatively high
proportion of residents in the study area intend to stay and defend their property from a wildfire, with smaller
proportions intending to evacuate or shelter in place. Individuals who intend to stay and defend are more likely
to implement fuel reduction and property mitigation strategies when compared to those intending to evacuate or
shelter in place. We found that elements of residency status, sex, age, presence of children in the home, and
perceptions of personal efficacy and whether the property was prepared enough to not need firefighting were
significant influences on group affiliation. For instance, part-time residency was significantly correlated with
intending to evacuate, while full-time residents were more likely to stay and defend. Greater agreement that
firefighting was not needed because a property was well-prepared was significantly related to staying and
defending over evacuating.

Alternatives to evacuation
Home ignition zone
Mitigation

1. Introduction

Fire and emergency management professionals across several coun-
tries promote resident evacuation during wildfire events to prioritize
resident safety and minimize the complexity of wildfire management
decision-making. Early evacuation from an area threatened by a wildfire
event is widely promoted as the safest course of action for populations
threatened by wildfire. However, existing research and lessons from
wildfire events demonstrate that an early and safe evacuation response
may not always be possible for residents (e.g., fast-moving fires, limited
ingress and egress). Occasions where residents delay evacuation or do
not have enough time to evacuate safely can lead to injuries or fatalities
during evacuation (e.g., Black Saturday Fires 2009, AUS; Cedar Fire
2004, USA; Camp Fire 2018, USA) [1-5]. Furthermore, there is a
tradition of research and evidence suggesting that residents may choose
to remain on their property during wildfire events [6-8], and that they
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can safely do so if they have made significant preparations (e.g.,
equipment, training, infrastructure) to implement specific plans [9,10].
Consequently, citizens, managers, and policy makers also discuss
various alternatives to evacuation, including: (1) stay and defend (SD),
where residents prepare and defend their property from a wildfire by
actively putting out spot fires or reducing the probability of structure
ignition throughout the fire; and (2) shelter in place (SIP), where resi-
dents safely shelter in their home or a common area (e.g., community
shelter, school) that protects them from exposure to heat and flames
during the primary flame front. Prevailing research on divergent ap-
proaches to wildfire mitigation and management in fire-prone areas of
the United States suggests that populations characterized by particular
patterns of social characteristics (e.g., self-reliance, distrust of govern-
ment, ties to working landscapes) may be more likely to consider SD as a
viable option during fire events [11,12]. Several studies have noted that
support for SD actions is particularly prevalent in rural areas [6,13],
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while both wildland fire management policies and wildfire studies have
highlighted increased interest in enabling certain populations to
contribute to wildfire suppression in the U.S. [14-16].

Evacuation intentions (including alternatives to evacuation) require
varying degrees of individual preparation to execute safely and effec-
tively. Preparation for such actions may include reducing wildland fuels
near structures or across the larger property; home and structure mod-
ifications; identifying evacuation routes; delineating temporary lodging;
or acquiring and maintaining equipment, skills, and the personal fitness
and mental preparedness to safely engage in fire suppression activities
[10]. Existing research demonstrates that most individuals living in
fire-prone areas are aware of wildfire risk where they live and have
created a plan for evacuation or alternatives when fires threaten their
property [7,8,17,18]. However, critiques of evacuation policies in the
United States (i.e., Ready, Set, Go!) and Australia (i.e., Stay and Defend
or Leave Early) contend that such guidance is underdeveloped in out-
lining the preparatory action, skills, or equipment necessary for effective
resident evacuation behaviors [19]. It is still unclear to what extent
residents execute various mitigation actions when preparing their
property for intended evacuation behaviors, including whether there are
distinct differences in the ways that residents prepare their properties
across a range of potential options (e.g., evacuation, SD, SIP) [20].

The work presented here builds from select studies to explore the
relationship between residents’ intended wildfire evacuation behaviors
and performance of wildfire mitigations. We use data from a self-
reported survey of residents in northeastern Washington state, USA, to
examine intended evacuation behaviors across a range of rural pop-
ulations and determine which structure and vegetation mitigation ac-
tions those populations have undertaken to prepare for wildfire events.
We also explore the relationship between evacuation preferences and
resident characteristics (e.g., residency, age, sex, perceptions of defen-
sibility of property, nearest neighboring property line) to explore factors
related to evacuation preferences in rural areas.

2. Literature review
2.1. Evacuation and alternatives to evacuation

Government entities involved in emergency management and wild-
fire response predominately support resident evacuation during a
wildfire event. However, able-bodied adult residents in the United States
often retain the right to execute a variety of actions on their private
property during a fire event and cannot be required to evacuate [21,22].
Exceptions exist if individuals are less than 18 years old or considered to
be a member of a vulnerable population (e.g., sick, unable to make de-
cisions regarding their safety). Resident evacuation during a wildfire
event can simplify fire managers’ decision-making considerations
through the removal of populations who are not actively involved in
suppression actions. It can reduce the need for resident rescue, road
congestion, or the need to re-evaluate suppression tactics for structure
protection due to concerns about civilians being in the area (e.g.,
backburns, felling trees) [23].

The International Association of Fire Chiefs adopted the “Ready, Set,
Go!” (RSG) program across the United States in 2011 to enhance wildfire
evacuation planning among fire departments and communities. RSG
instructs residents to be: (1) “ready” for evacuation by implementing
vegetation management and structure improvements that enhance
home survivability and firefighter safety; (2) “set” with provisions, pets,
and documents necessary for a short or longer-term evacuation; and (3)
for residents to “go” (i.e., evacuate) early during a fire that is likely to
threaten their property [24]. The Australian “Stay and Defend or Leave
Early” (SDLE) approach and the inclusion of “early” to the US “Ready,
Set, Go!” approach both highlight the importance of leaving early if a
resident intends to evacuate [25]. There are multiple examples across
wildfire and broader natural hazards literature where late evacuations
led to congested roadways, exposing evacuees to conditions that
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increase their inherent risk, including heat stroke, car accidents, or
being overtaken by the hazard event (e.g., fire, flood, volcanic eruption)
[26].

Several wildfire response and evacuation researchers have raised
concerns about mismatches between the pace of residential develop-
ment in the wildfire-prone areas constituting the wildland urban inter-
face (WUI) and improvement of road networks necessary for evacuating
from a wildfire [21,27-31]. Single-lane dirt or gravel roads, limited
ingress and egress points, reduced visibility due to smoke and switch-
backs, and evacuation of large animals (e.g., horses) or livestock can
complicate evacuation dynamics in rural areas around the world [3,5,
32-36]. Such challenges highlight a need for increased understandings
of rural resident evacuation behaviors in the United States. There is
some evidence that rural residents also anticipate an evacuation notice
from an official [8,21,37], which can be challenging to deliver in
low-density residential areas given that fewer emergency personnel are
available in rural areas and cell phone reception can be unreliable (thus
impacting Reverse 911 or instant alert texts) [14,38,39]. Multi-stage
approaches to evacuation (including RSG) may help perpetuate a
notion that US residents can count on advanced notice and multiple
warnings when making evacuation decisions. However, fire conditions
can create circumstances where risk exposure is too rapid for emergency
managers to issue timely warnings or necessitates immediate evacua-
tion. Residents may not be prepared for such circumstances, and
dissemination of evacuation notices may be particularly unrealistic
among rural properties.

Residents who intend to implement alternatives to evacuation (i.e.,
SD or SIP) also must conduct significant preparations to successfully
implement their strategy and reduce potential risk [9,13]. SIP is
commonly considered a last resort and is often contingent on perfor-
mance of comprehensive mitigations actions such as creating defensible
space (e.g., reducing the amount of vegetation within 100-200 ft
(~30-61 m) of the home), reducing the ignitability of the home (e.g.,
using fire-resistant siding, clearing gutters and roofs of debris), and
reducing risks to individual safety (e.g., closing windows to keep smoke
out, having a drinking water supply). SIP is only possible under high
levels of mitigation or in very safe zones because it includes passive
resident sheltering from the flame front and toxic fumes with no active
resident actions [4,32].

Several studies have noted an increased chance of home survival if
someone is present to defend the property during a wildfire event
[40-42] and this is one reason for residents’ decisions to stay and defend
their property [43]. Others intend to SD in cases where evacuation is too
dangerous, the intent being to preserve life safety rather than to protect
homes or possessions [44]. Governments supporting SDLE often
generate information and consultation opportunities to maximize resi-
dent and firefighter safety during wildfire response [45], although
SD-supportive consultation opportunities are less frequently promoted
in U.S. contexts. Individuals planning to stay and defend their property
need to be mentally prepared and physically capable of engaging in
strenuous fire suppression activities [10]; purchase or establish water
sources, generators and equipment (e.g., sprinklers, hoses, rakes, lad-
ders); and have appropriate personal protective equipment (e.g., boots,
fire resistant clothing) [9,46,47]. Alternatives to evacuation are not
widely promoted in many U.S. contexts, although conversations about
incorporating civilians into wildland fire response and community
planning for SIP have been increasing in recent years [15,35,48-52].

Existing wildfire research suggests that evacuation behaviors can
sometimes be conceived of as a spectrum ranging from evacuation to
waiting and seeing and then to staying and defending. The “wait and
see” group tends to remain on their property until they feel threatened,
which conflicts with messages around leaving early. Rural residents may
be more apt to “wait and see” during fire events due to a lack of short- or
long-term housing options [53], disruptions to livelihoods (e.g., poten-
tial loss of crops, equipment or infrastructure), difficulty finding places
to board or keep livestock and large animals [33,54,108], and concerns
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about accessing health care or other services in rural regions [55]. Those
same considerations also may lead them to consider alternatives to
evacuation. Strong cultural ties to the land [56], possession of local
knowledge that could be useful in firefighting [14-16,57], an inability to
evacuate without assistance [35,109], and the belief or past experience
that well-prepared residents can reduce losses to their private property
while ensuring life safety are additional reasons threatened populations
may choose to employ alternatives to evacuation [40-42].

Individuals with wait and see intentions may reflect intentions to SD
unless certain criteria (e.g., fire proximity, smoke) are met [8,13,58,59].
Wait and see intentions also could reflect additional safety risks resi-
dents anticipate encountering during the evacuation process (e.g., nar-
row roads). Additionally, evacuated residents can be denied entry into
evacuated areas during wildfires. Such denials can lead to conflict be-
tween residents and security personnel; an inability to return from other
locations to prepare or defend property from wildfire; and challenges for
evacuating pets, animals, or dependents [16,60,61].

2.2. Intended evacuation behavior, mitigation actions, and resident
characteristics

Recent and historic wildfires resulting in resident fatalities (e.g.,
Black Saturday Fires 2009, AUS; Camp Fire 2018, USA) highlight the
complexity of evacuation decision-making and executing intended be-
haviors (i.e., SD, SIP, evacuate) safely. Those fires underscore how
intended evacuation plans can become difficult to implement during
changing fire circumstances and their contingency on others’ actions
before or during the wildfire event. Such understandings highlight a
broader need to explore the mitigations individuals with different
evacuation preferences are preforming to prepare their property to
survive the fire event. Vegetation mitigations in the home ignition zone
(HIZ)—the 100 to 200-foot (~30-60 m) area surrounding a structur-
e—are often a focal point of preparing properties for any evacuation
behavior. Paveglio et al. [6] found several significant differences in
performance of vegetation mitigations across groups of individuals
intending to evacuate, SD or SIP, the latter of which also included res-
idents uncertain of their intended evacuation behavior (hereafter “SIP/I
don’t know™). For instance, the SD group was significantly more likely
than the SIP/I don’t know group to implement vegetation mitigation
actions in the HIZ. Differential performance of mitigations among
evacuation groups also extended across actions in different “zones”
outlined for the HIZ (e.g., 0-30 feet (~0-10 m), 30-100 feet (~10-30
m) and 100-200 feet (~30-60 m)) [6,58]. These actions include: (1)
stacking firewood and lumber more than 30 feet (10 m) from the
structure; (2) clearing leaves and other debris from roofs, gutters, or
decks; and (3) using non-combustible materials in structure construc-
tion, among others. Additional measures, such as installing sprinklers on
structure roofs or around a home could also facilitate active or passive
home defense by decreasing property ignition potential without
requiring an individual to actively engage in fire suppression. Edgeley
and Paveglio [58] found that individuals intending to evacuate in
McCall, Idaho, USA, were significantly more likely to establish a water
supply for firefighting than members of the SIP/I don’t know group. The
authors also found that SD individuals were more likely to utilize
fire-resistant plants in their landscaping than individuals who intended
to evacuate [58].

Existing wildfire literature illuminates some potential explanations
surrounding residents’ preferences for evacuation or alternatives to
evacuation. For instance, several studies indicate that men are generally
more likely than women to remain during a wildfire event to defend
property [7,62-65]. Children under the age of 18, elderly individuals,
pregnant women, or individuals with health concerns (e.g., asthma)
often are inclined and encouraged to evacuate early [7,43,66-69] with
other adults often feeling compelled to accompany them [62]. Some
have found that part-time residents are more likely to evacuate when
compared to full-time residents, the latter of which are more likely to SD
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[6,58]. Additionally, individuals’ perceptions of their capabilities and
efficacy, and those of firefighters to defend their home, also have a
variable influence on resident decision-making surrounding evacuation
[8,54,70,71].

The research presented here builds from and replicates portions of
the preceding research by investigating rural residents’ intended evac-
uation behaviors, their performance of mitigations, and potential in-
fluences on their choice of a particular evacuation preference category.
We investigate the utility of an existing measurement scale for assessing
evacuation preferences categories across a gradient of residential
development. We explore performance of mitigation actions across
intended evacuation behaviors to examine how rural residents are pre-
paring for future wildfires. Our geographically stratified sample and
focus on rural WUI populations allows us to expand investigation to less
studied populations with regards to evacuation planning in the U.S. We
use the following research questions to guide our investigation:

1) What types of actions do residents intend to implement during a
wildfire event?

2) How does property-level wildfire risk mitigation vary across emer-
gent evacuation groups?

3) What resident characteristics and perceptions of individual and
firefighter efficacy correlate with evacuation preferences?

3. Methods and materials
3.1. Study area and sample frame

We selected Pend Oreille County in northeastern Washington, USA,
as our study area due to previous research indicating that populations in
the county were “socially fragmented,” indicating the presence of so-
cially diverse populations featuring individuals who were likely to select
and implement a range of approaches to wildfire risk mitigation or
evacuation [72]. Pend Oreille County is predominately comprised of
rural populations that are not affiliated with a census-designated city
and has a high proportion of public lands inducing historical ties to
natural resource industries, recreation or tourism, and amenity migra-
tion. Participants in Paveglio et al.’s [72] study noted that dense resi-
dential development around multiple lakes in the southern portion of
the county raised potential challenges regarding quick and effective
evacuation. They also noted how select populations in the area with a
long history of resource extraction and utilization (i.e., timber and
agriculture) or personal independence meant that some residents prefer
to stay and defend their properties or contribute equipment and skills
during active wildfire suppression. Participants also noted dramatic
variation in residential development patterns (e.g., parcel size and di-
mensions), residency status, and a continued influx of amenity migrants
and retirees, all of which might influence evacuation dynamics [72]. As
such, the area presented a strong opportunity for a study exploring
differential approaches to evacuation across a range of development
types (e.g., developed-to-rural) and a variety of socio-demographic
characteristics.

The sample frame for this research effort began with four lakes
identified by key informants and study participants as representative of
the areas of dense development within the predominately rural area
[72]. We sampled across three distinct geographic zones extending from
each lake in order to capture potential geographic variation across
populations ranging from dense lakeside development to larger, more
rural properties near large tracts of public lands. We used waterbody
shapefiles acquired from the Washington National Hydrography Dataset
Area or NHD Waterbody Layers [107] as a geographic reference for
delineating geographic zones. More specifically, we used waterbody
layers and GIS parcel data acquired from the Pend Oreille County As-
sessor’s Office to identify potential study participants across three
distinct zones extending from each lake. The region 1 buffer extended
500 feet from a lake edge and was comprised of any residential parcels
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(e.g., homes, cabins, mobile homes) with a centroid within that 500-foot
(~152 m) zone. The region 2 buffer encompassed all residential parcels
with a centroid up to 1.5 miles (~2.4 km) from the outer edge of region
1. The region 3 buffer consisted of all residential parcels with a centroid
within 1.5 miles of the outer edge of region 2. The 1.5-mile (~2.4 km)
buffer distance represents a commonly referenced measure for delin-
eating the WUI and the distance an ember can travel from a forest fire
and ignite flammable materials at a distant location [73]. Our distance
buffer and sampling approach also mirrors existing research exploring
resident evacuation and private landowner performance of wildfire
mitigations (e.g., Refs. [58,74]. Parcels associated with land trusts,
businesses or commercial use, apartments, or condominiums were
removed from the sample frame to ensure that recruited participants
represented residential property owners who might be evacuated during
a wildfire event, and who have the ability to make decisions about
mitigating wildfire risk on the property. Surveys were only delivered to
the primary tax mailing address of owners to ensure that residents in the
study area were asked to respond to only one survey about their primary
residential property in the region.

We administered a survey to the sample frame in August 2018 using
a mixed-mode approach tailored to residential types in the region. More
specifically, we (1) sent a mail survey to second homeowners (what
others sometimes refer to as part-time residents or recreational property
owners) using the methods recommended by Dillman et al. [75] (i.e., the
“Tailored Design Method”) and (2) conducted a drop-off, pick-up
approach among primary residential property owners [76,77]. We used
GIS parcel and tax data to assign each parcel in the sample frame as
primary or secondary and determine the most appropriate administra-
tion method. Members of the research team visited primary residences
in-person as part of the drop-off, pick-up administration mode to deliver,
discuss, and collect the survey. We elected to use a drop-off, pick-up
approach to administer the survey to primary residents because of its
documented propensity for yielding higher response rates than mail
surveys when in rural areas, especially when implemented in
geographically distinct areas [76,77]. A team of five researchers visited
primary residences (n=600) during 15 consecutive days to deliver and
collect surveys using a shared protocol. Each researcher arranged to
return to collect the completed survey within 24 hours. If surveys were
not completed at the agreed upon pick-up time, researchers revisited
properties in a systematic fashion to ensure adequate opportunities to
contact participants and ample time for participants to complete sur-
veys. We elected to focus our drop-off, pick-up efforts on two lakes with
the highest populations to maximize opportunities for response to
permit the research team to make multiple return trips when necessary.

Mail survey administration was extended to populations across all
four lakes to compensate for potential lower survey response rates from
second homeowners across the sample. We administered the mail survey
to 957 second homeowners in August 2018. We utilized sequential
mailing phases adapted from Dillman et al. [75] to administer the mail
survey to remote participants, including: (1) an introductory letter; (2) a
survey booklet and a prepaid return envelope; (3) a thank you/reminder
postcard with the option complete the survey online using Qualtrics; and
(4) a final reminder letter with second invitation to complete the online
survey. Each mailing was sent approximately 1-week apart.

We administered surveys to a total of 1513 residential landowners.
We collected or received a combined total of 770 completed surveys for
a collective response rate of 49.5%. The response rate for the drop-off,
pick-up effort was considerably higher (470 completed surveys, 78.3%
response rate) than the mail/online effort (300 completed surveys,
31.3% response rate).

3.2. Select survey measures
The survey instrument for this research adapted and expanded

questionnaires used to study intended evacuation behaviors and wildfire
mitigation efforts in McCall, Idaho, and Flathead County, Montana (e.g.,
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Refs. [6,58,74]). The 16-page survey used in this study included ques-
tions regarding the performance of parcel-level wildfire mitigation ac-
tions, intended behaviors during a wildfire event, perspectives about
wildfire management and suppression, and respondents’ sociodemo-
graphic characteristics.

We explored respondents’ intended evacuation behaviors using nine,
5-point, agree-disagree Likert scale questions. Statements covered a
variety of related actions observed across wildfire evacuation events,
and were replicated from past studies (see Refs. [6,58]) and were also
informed by wildfire preparedness check-lists or other studies (e.g., Refs.
[78,79]; Price et al.,, 2016; [80]). Those measures are outlined in
Table 2. We asked each respondent whether they had performed various
mitigation actions in different zones of the HIZ or as broader means to
improve firefighter safety using a series of dichotomous (i.e., yes/no)
measures. Mitigation questions were grouped by HIZ zone. Six mitiga-
tion statements related to home survivability and the immediate HIZ
zone (0-5 feet or ~1.5 m from the home), four addressed typical fuel
reduction actions related to tree and shrub management and dispersion
in HIZ 1, three focused on vegetation mitigations in HIZ 2, and two
addressed vegetation mitigations in HIZ 3 (see Tables 2 and 3 for miti-
gations included). An additional group of measures implicated actions
often promoted as necessary to safely defend properties or provide
firefighters with opportunities to safely protect private property (see
Table 2).

Respondents were asked a series of sociodemographic questions
referenced in broader literature as salient indicators of intended evac-
uation behaviors. These sociodemographic variables included residency
status (i.e., full-time, part-time), sex, age, and whether there were
children under the age of 18 living on the property during the wildfire
season (i.e., May-October). Participants also were asked to indicate their
level of agreement or disagreement with three statements concerning
their perceived efficacy to address wildfire risk and that of professional
firefighters due to past research indicating potential influence of such
beliefs on evacuation behaviors [8,9,33,70,81]. More specifically,
statements covered: (1) residents’ perceived ability to protect their
property from fire impacts; (2) perceived ability of professionals to
prevent damages to their property; and (3) whether firefighting would
be less necessary on their property because it is well prepared.

Table 1
Description of independent variables for multinomial logistic regression.
Variable N Range Mean
(response frequency) (SD)
Residency 755 1= Full time (63.7%)

0= Part time (36.3%)

Sex 702 1= Male (57.4%)
0= Female (42.6%)
Age 683  Range: 20-96 62.67
(12.59)

Children <18 years old present 692
during fire season

1= present during fire
season (May—October)

(34.4%)
0= not present (65.6%)
My ability to protect my property =~ 717  —2= Strongly disagree 0.67
from fire impacts —1= Moderately disagree (1.31)
0= Neutral

1= Moderately Agree
2= Strongly Agree

The ability of professionals to 729  —2= Strongly disagree 0.92
prevent damages to my —1= Moderately disagree (1.26)
property 0= Neutral

1= Moderately Agree
2= Strongly Agree

Firefighting would be less 719 —2= Strongly disagree —0.34
necessary on my property —1= Moderately disagree (1.11)
because it is well prepared 0= Neutral

1= Moderately Agree
2= Strongly Agree
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Table 2

Mean Likert response by evacuation preference category. Higher mean values
are associated with greater agreement with the statement based on a 5-point
scale where 5= strongly agree and 1=strongly disagree.

Evacuation statement Evacuate  Stay and Shelter in
defend place/I don’t
know
I would remain at home and help 2.06 4.34 3.59
defend my home by putting out spot
fires
I would evacuate as soon as I hear 4.14 2.04 2.93
about a fire that may impact my
property
I would wait to see how bad the 2.22 4.02 3.67

wildfire is and evacuate if I think it is
too dangerous
Some members of this household 1.47 3.47 2.72
would evacuate and others would
remain to protect the property

I would evacuate when the authorities ~ 4.73 3.94 4.36
tell me to do so

My neighbors and I would work 3.99 3.32 3.50
together to evacuate promptly

I would remain on my POC property 1.07 2.23 1.72
regardless of authorities’ evacuation
orders

I would remain at home and safely 1.18 1.23 2.12

shelter in my home without putting
out spot fires

I would not know what to do duringa  1.94 1.51 3.28
wildfire
n= 200 289 186
3.3. Analysis

Analysis of survey responses was conducted using the quantitative
data analysis software package SPSS 26 (IBM, 2020). We began by
performing an exploratory principal components analysis with a Vari-
max rotation and Kaiser normalization on data associated with the nine
evacuation preference measures (see left column of Table 1). Principal
components analysis provides the means to derive a smaller set of var-
iables (i.e., principal components) from a larger list while still explaining
a similar amount of observed variance. Principal components analysis is
one strategy for informing the creation of composite variables as it
partitions the variance explained by the larger set into independent
linear combinations of associated measures. Principal components that
had eigenvalues greater than one were retained for continued analysis
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[82,83]. We used results from the principal components analysis to
inform a k-means cluster analysis [84]; we calculated individual average
scores for each resident for each component. K-means cluster analysis is
an algorithm that groups similar individuals into “clusters” that are
distinct from each other. Individuals classified as a group are broadly
similar based on distance from the cluster mean (i.e., centroid). Re-
spondents who did not answer all nine evacuation-related statements
were excluded from sample and subsequent analysis.

We used Pearson’s Chi square tests to explore whether there were
statistically significant differences in performance of various wildfire
mitigations across the three evacuation preference classes that emerged
from our principal components and k-means cluster analyses. Post-hoc z-
tests with a Bonferroni correction were used in concert with the Pear-
son’s Chi square to evaluate significant differences in performance
across each evacuation group.

We used multinomial logistic regression [85,86] to estimate the re-
lationships between individual respondent characteristics (e.g., sex,
residency status, age) or their perceptions about efficacy, and their
dominant evacuation intention (i.e., evacuate, SD, SIP). Multinomial
logistic regression is appropriate when the dependent variable is cate-
gorial, as is the case with our evacuation intention groupings. We used
evacuation as the reference category in the regression, as it is the most
commonly advocated strategy during wildfire events.

4. Results
4.1. Population descriptive statistics

Descriptive statistics for the independent variables utilized in our
multinomial logistic regression are presented in Table 1. Nearly two-
thirds of our sample was comprised of full-time residents (full
time=63.7%,; part-time=36.3%) and 57.4% of the population was male
(female=42.6%). Participants were 20-96 years old with an average age
of 62.67 years (SD=12.59). Approximately one-third of respondents
(34.4%) had at least one child under the age of 18 years old on premises
during the fire season (May-October). Study participants reported slight
agreement that they had the personal ability to protect their property
from fire impacts (M=0.67; SD=1.31) and that firefighters had the
ability to prevent damages on their property (M=0.92; SD=1.26). On
average, residents also reported slight disagreement with the statement
that firefighting would be less necessary on their property because it is
well prepared for wildfire (M=-0.34; SD=1.11).

Table 3
Percentage performance and significant differences in Home Ignition Zone (HIZ) property defense and HIZ 0/immediate zone mitigations across evacuation preference
categories.
Evacuate Stay and defend Shelter in place/I don’t
Property defense mitigation (a) (b) know (c) x?
Designated a safe zone on my property (e.g., structure, pool, bare ground) where people could safely ~ 35.4% 45.3% 37.4% .064
shelter as a fire passed
Purchased a generator to help power water pumps or provide electricity during a wildfire event 32.5%, 57.0%, 41.7%, <.001%**
Established a water supply for firefighting 42.8% , 57.2% 45.9% , .004**
Ensured that the driveway meets access requirements for emergency vehicles 62.6% , 84.0% 70.9% , <.001%***
Installed external (outdoor) sprinklers on my home 22.2% 24.6% 24.4% .813
Installed external sprinklers that can reach up to 50 ft (15 m) away from my house 15.0% , 25.5% 23.2% a1 .021*
Evacuate Stay and defend Shelter in place/I don’t
HIZ 0/immediate zone mitigation (0-5 feet, ~1.5 m) (a) (b) know (c) X2
Used non-flammable siding materials such as tile, slate, brick, heavy timber or stone 30.6% 31.9% 31.4% .952
Stacked firewood/lumber at least 30 feet from the residence 61.9% , 74.1% 68.2% ab .017*
Planted fire-resistant plants around the residence 16.3% 22.1% 18.5% .284
Regularly removed the accumulation of needles and leaves from roofs, gutters, or decks 90.9% a1 93.4% , 86.3% , .036*
Removed any flammable materials or vegetation within 5 feet of your home 71.9% , 82.2% y, 76.7% a1 .026*

Subscripts indicate which evacuation preference categories differ at the 0.05 error level.

Probabilities are significant at: *, P < .05; **, P < .01; ***, P < .001.
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4.2. Stated evacuation preferences

Table 2 provides mean responses to the nine evacuation statements
included in our analysis. More than half of our study participants
moderately (33.9%) or strongly agreed (26.9%) that they would remain
on their Pend Oreille County property and help defend their home by
putting out spot fires. Thirty-six percent of residents (19.7% moderately
agreed, 16.3% strongly agreed) indicated that they would evacuate as
soon as they heard about a fire that may impact their property. Many
residents demonstrated support for a wait and see approach, with 32.0%
moderately agreeing and 26.2% strongly agreeing that they would wait
and see how bad a wildfire was and evacuate if they thought it was too
dangerous. Approximately one-third of respondents reported that
household members would split their response, with some evacuating
and some remaining to protect the property (20.8% moderately agreed,
14.7% strongly agreed). Study participants indicated an overall inten-
tion to comply with authorities’ evacuation orders, with 62.4% strongly
and 18.9% moderately agreeing that they would evacuate when au-
thorities told them to do so. A relatively high proportion of respondents
indicated moderate agreement (29.2%) or strong agreement (24.4%)
that they would work with their neighbors to evacuate promptly. Few in
the study population intended to remain on their property regardless of
authorities” evacuation orders (moderately agreed=5.1%, strongly
agree= 5.1%). Overall, study participants did not indicate an intent to
passively shelter in place, with only 2.7% of participants moderately
agreeing and 2.5% strongly agreeing they would implement passive SIP.
Few residents indicated that they had not considered their wildfire
plans, with 9.7% moderately agreeing and 4.9% strongly agreeing that
they would not know what to do during a wildfire event.

Results of the principal components analysis revealed three principal
components with eigenvalues greater than 1. These three principal
components explained 59.1% of the variance in the nine evacuation
behaviors (see Table 2). The Kaiser-Meyer-Olkin measure resulting from
the principal components analysis was 0.726, which indicates that our
survey size was adequate for the analysis. Rotated factor loadings for
individual measures ranged from 0.63 to 0.86. The Bartlett’s test of
sphericity was highly significant (p < .001) resulting in a rejection of the
null hypothesis [82] and support for deriving components from our data.
The resulting components generally reflected three evacuation prefer-
ence categories matching past studies using similar measures, specif-
ically: (1) evacuate, (2) stay and defend (SD), and (3) shelter in place
(SIP)/1 don’t know. Subsequent classification of respondents using the
k-means cluster analysis resulted in 29.6% of respondents’ preferences
most closely aligning with the evacuate category, 42.8% aligning with
the SD category, and 27.6% with the SIP/I don’t know category.

Residents in the SD category reflected intentions to remain at home
and help defend their properties by putting out spot fires (rotated factor
loading= 0.80) and to not evacuate immediately (rotated factor
loading= —0.74). Members of the SD category also had a propensity to
wait and see how bad the fire was and evacuate if they thought it was too
dangerous (rotated factor loading=0.75), They also were more likely to
indicate that their households would implement a split evacuation
response, with some members evacuating and others staying to protect
the property (rotated factor loading= 0.66). Participants in the evacuate
category indicated intentions to evacuate when authorities told them to
do so (rotated factor loading=0.86), to work with neighbors to evacuate
promptly (rotated factor loading=0.63), and to not ignore authorities’
recommendations (rotated factor loading= —0.75). Members of the SIP/
I don’t know category were most likely to remain at home and not
suppress spot fires (rotated factor loading= 0.76) or indicate that they
do not know what to do during a wildfire event (rotated factor
loading=0.67). Mean Likert responses for each group are provided in
Table 2.
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4.3. Evacuation preference and wildfire mitigations

Comparisons across intended evacuation behavior categories suggest
significant differences in performance of property-level wildfire risk
mitigation across zones of the HIZ. The Chi square test revealed signif-
icant or highly significant differences in the performance of four prop-
erty defense mitigations (see Table 3). More specifically, there were
significant differences between evacuation groups with regards to pur-
chasing a generator, establishing a water supply for firefighting,
ensuring that the driveway meets emergency vehicle access re-
quirements, and installing external sprinklers that reach up to 50 feet
(15 m) from the home. Tests of proportions between groups revealed
that respondents in the evacuate category were least likely to purchase a
generator to help power water pumps or provide electricity during a
wildfire event (p < .001), with members of the SD group and SIP group
both significantly more likely to have performed those mitigations.
Members of the SD group were more likely to establish a water supply
for firefighting (p=.004) and ensure their driveway met access re-
quirements for emergency vehicles (p < .001) in comparison to the other
evacuation preference groups. The SD group was also more likely to
install external sprinklers that could reach up to 50 feet (15 m) from the
home when compared to the evacuate group, but not the SIP/I don’t
know group (p=.021).

Chi square tests for mitigations in the immediate HIZ zone (i.e., HIZ
0) revealed three significant differences in mitigation performance
across evacuation groups (see Table 3). Individuals in the SD group were
more likely to stack firewood/lumber 30 feet (~9 m) from their home
(p=.017) and remove flammable materials within 5 feet (~1.5 m) of
their home (p=.026) when compared to members of the evacuate group,
but not the SIP/I don’t know group. Respondents affiliated with the SD
group were more likely to regularly remove the accumulation of needles
and leaves from roofs, gutters, or decks than members of the SIP/I don’t
know group, but not the evacuate group (p=.036).

Results of the Chi square tests and subsequent tests of proportions
among evacuation groups for vegetation mitigations in the HIZ are
provided in Table 4. For HIZ 1 vegetation mitigations, members of the
SD group were more likely to remove branches of trees lower than 10
feet (~3 m) from the ground than members of the SIP/I don’t know
group, but could not be distinguished from the evacuate group (p=.002).
Members of the SD group were also more likely to clear or maintain a 30
foot (~9 m) “green space” around their home (p < .001) and space trees
or shrubs at least 10 feet (~3 m) apart (p < .001) when compared to
either of the other groups. There were also highly significant differences
in performance of vegetation mitigations in HIZ 2 and HIZ 3 across
evacuation groups. Respondents in the SD category were more likely to
perform all five mitigations in the HIZ 2 and 3 categories when
compared to members of the evacuate or SIP/I don’t know groups. For
HIZ 2 specifically, SD individuals were more likely than members of
both the evacuate and SIP/I don’t know groups to (1) remove/thin trees
and shrubs to reduce the density of vegetation (p < .001), (2) remove
branches of trees less than 10 feet (~3 m) from the ground (p < .001),
and (3) maintain thinning of trees and shrubs performed more than 10
years ago (p < .001). Members of the SD group also were significantly
more likely to remove/thin trees and shrubs to reduce the density of
vegetation in HIZ 3 (p < .001) and maintain thinning of trees and shrubs
in HIZ 3 performed more than 10 years ago (p < .001).

4.4. Influences on intended evacuation behavior during wildfire

Results of our multinomial logistic regressions are outlined in
Table 5. The final model explains a significant amount of variation in
evacuation group affiliation (likelihood ratio X?= 186.085, p < .001),
and a relatively high amount of variance in the sample. Full-time resi-
dents were more likely than part-time residents to be in the SD category
when compared to the evacuate category (B=1.176, p < .001), all else
constant. The odds ratio associated with the multinomial logistic
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Table 4
Percentage performance and significant differences across HIZ zones for vegetation mitigations across evacuation preference categories.
HIZ 1 vegetation mitigations (0-30 feet, ~9 m from home) Evacuate (a) Stay and defend (b) Shelter in place/I don’t know (c) x?
Removed trees less than 10 ft from your home 59.1% 68.2% 58.2%
Removed branches of trees lower than 10 feet from the ground 70.3% 41 76.7% 1 61.5% ,
Cleared or maintained a 30 ft “green space” around home 46.7% , 69.8% 1, 44.7% ,
Spaced trees or shrubs at least 10 feet apart 25.2% , 53.0% 21.8% ,
HIZ 2 vegetation mitigations (30-100 feet, ~9-30 m, from home) Evacuate (a) Stay and defend (b) Shelter in place/I don’t know (c) X2
Removed/thinned trees and shrubs to reduce the density of vegetation 58.6% , 73.3% 56.8% ,
Removed branches of trees lower than 10 feet from the ground 52.0% , 63.0% 44.5% ,
Maintained thinning of trees and shrubs performed more than 10 years ago 44.9% , 59.4% 38.0% ,
HIZ 3 vegetation mitigations (100-200 feet, ~30-60 m from home) Evacuate (a) Stay and defend (b) Shelter in place/I don’t know (c) X2
Removed/thinned trees and shrubs to reduce the density of vegetation 34.4%, 53.0%, 37.4%,
Maintained thinning of trees and shrubs performed more than 10 years ago 65.6%, 47.0%, 62.6%,

Subscripts indicate which evacuation preference categories differ at the 0.05 error level.

Probabilities are significant at: *, P < .05; **, P < .01; ***, P < .001.

regression indicates that as residency status changes from part-time (0)
to full-time (1) the change in the odds of being in the SD category rather
than the evacuate category is 3.241. Put another way, the odds of a full-
time resident being in the SD category is approximately 3.24 times more
likely than for part-time residents. The sex of the respondent signifi-
cantly influenced whether a respondent was affiliated with the SD or
evacuate group, all else constant. Male residents were approximately
3.53 times more likely to be in the SD category than the evacuate
category (B=1.260, p<.001) and nearly twice as likely to be in the SIP/I
don’t know category than the evacuate category when compared to fe-
males (B=0.687, p=.005). Older respondents were significantly more
likely to be in the SIP category rather than the evacuate category
(B=0.020, p=.045), all else constant.

Initial regressions and exploration of collinearity diagnostics led us
to explore additional interactions between conceptually related inde-
pendent variables. Specifically, we introduced an interaction term for
the presence of children during wildfire season and age variables. We
found a significant and negative interaction effect between these two
variables when comparing the SD and evacuate categories (B=—0.049,
p=.011). The odds ratio tells us that as age increases in combination
with having children present on site during fire season (May-October)
the change in the odds of staying and defending rather than evacuating
was 0.95. Put another way, as the presence of children changes from
none (0) to present (1), younger residents become less likely to stay and
defend and more likely to evacuate.

Respondents who indicated that their decision to evacuate would be
influenced by personal ability to protect their property from wildfire
impacts were two times more likely to be in the SD category (B=0.751, p
< .001) when compared to the evacuate category. Individuals who
displayed higher levels of agreement that their personal ability to pro-
tect their property from wildfire impacts would influence their decision
to evacuate were also nearly two times more likely to be in the SIP/I
don’t know evacuation intention category when compared to the
evacuation group (B=0.474, p < .001). Study participants reporting
higher levels of agreement that firefighting would be less necessary on
their property because it is well prepared were significantly more likely
to be affiliated with the SD category (B=0.440, p < .001) when
compared to the evacuate group.

5. Discussion

This research sought to explore intended wildfire evacuation be-
haviors in a rural U.S. setting and their relationship with residents’
performance of structural, vegetative, and property defense actions in
the home ignition zone (HIZ). We also were interested in whether select
respondent attitudes help explain evacuation preferences. We found
significant differences in wildfire preparation activities performed by

respondents across the evacuation groups that emerged from our anal-
ysis, with the greatest number of differences occurring between the SD
category and the evacuation/SIP groups. This finding corroborates
existing research suggesting that individuals’ planned evacuation
behavior during wildfire can correspond with the mitigation actions
they are willing to undertake [6,58,67,87,88]. For instance, perfor-
mance of nearly all vegetation mitigations in the HIZ gauged for this
research differed across at least two of the evacuation groups that
resulted from our analysis. However, it appears that actions related to
HIZ 0 were less likely to differ among groups and these patterns are more
inconsistent. Finally, we found that select respondent characteristics
significantly correlated with evacuation preferences, including resi-
dency, sex, age, the interaction between age and the presence of children
on site during fire season, and perceptions of personal self-efficacy
related to fire suppression.

The three evacuation preference categories emerging from our
principal components analysis match commonly reported approaches
outlined in existing literature on wildfire evacuation behavior [8,18,54,
68,89]. They also reflect the evacuation preference patterns and factor
loadings found in other studies utilizing a similar survey instrument and
evacuation statements, suggesting the scale used provides a reliable
means for understanding intended evacuation behavior [6,58]. In
particular, the consistent performance of the evacuation scale across
three studies— (1) sampling across a rural county [6], (2) a small city
[58], and (3) our study of rural lake populations further demonstrates
the integrity of these prompts as a base scale for exploring wildfire
evacuation behaviors across populations. We found few significant dif-
ferences between the SIP/I don’t know and evacuate groups in our study
area, which suggests that these groups may have more in common in this
location when compared to other study sites. A potential explanation is
that there may be overlap around the “wait and see” approach to
evacuation where respondents’ are hesitating between leaving early and
staying and defending. Another potential explanation is that members of
our rural study population who largely do not intend to SD may be
reluctant to evacuate early due to the distance they may have to evac-
uate to find short or longer-term housing and the need to evacuate and
board pets and livestock [33,53,54,108]. Like Edgeley and Paveglio
[58], additional measures could be incorporated into the suite of evac-
uation prompts to examine the existence of more nuanced descriptions
outlined in evacuation “archetypes” emerging in broader evacuation
literature (see Ref. [68]).

Residents in our Pend Oreille County, WA, sample displayed several
similarities when compared with results from an evacuation study in
McCall, ID [58]. The population in the Flathead County, MT study [6]
was more likely to agree or strongly agree that they would stay and
defend or wait and see how bad the fire was before evacuating. All three
populations displayed a high preference (i.e., moderately agree or
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Table 5
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Results of multinomial logistic regression for variables influencing intended behavior during a wildfire. Variable coding provided in Table 1.

Stay and Defend vs. Evacuate

SIP/I don’t know vs. Evacuate

95% CI for Odds Ratio

95% CI for Odds Ratio

Lower  Odds Upper B (SE) Sig Lower  Odds Upper B (SE) Sig
Ratio Ratio
Demographics
Residency 1.979 3.241 5.307 1.176 <.001*** 1.048 1.705 2.775 0.534 .032*
(0.252) (0.248)
Sex 2.190 3.527 5.679 1.260 <.001***  0.687 1.987 3.193 0.687 .005%*
(0.243) (0.242)
Age 0.985 1.012 1.040 0.012 .382 1.001 1.031 1.062 0.020 .045*
(0.014) (0.015)
Children under 18 years old present during fire 0.832 8.281 82397 2114 .071 0.384 2.689 57.230 1.545 .226
season (1.172) (1.276)
Children*Age 0.917  0.952 0.989 —0.049 .011* 0.931 0.969 1.009 -0.31 123
(0.019) (0.020)
How influential or uninfluential are the following factors in your decision to evacuate
My ability to protect my property from fire impacts 1.639 2.045 2.551 0.715 <.001***  1.298 1.606 1.987 0.474
(0.113) (0.209)
The ability of professionals to prevent damagestomy  0.805 1.005 1.255 0.005 967 0.838 1.046 1.305 0.045 .694
property (0.113) (0.113)
Please indicate the extent to which you agree or disagree with the following statements about firefighting in Pend Oreille County
Firefighting would be less necessary on my property ~ 1.257 1.553 1.918 0.440 <.001***  0.997 1.235 1.529 0.221 .053
because it is well prepared (0.108) (0.109)

Note: R?>= 0.274 (Cox and Snell), R?>= 0.310 (Nagelkerke). Model X%(16) = 186.085, p < .001. Alkaike Information Criteria (AIC): Intercept only= 1241.121, final=

1087.036.
*p < .05; **p < .01; ***p < .001.
Evacuate is the reference category

strongly agree) for evacuating when authorities told them to do so (MT:
77.5%, ID: 81.2%, WA: 81.3%). Concurrently, all three populations
indicated low levels of agreement with the statement that they would
evacuate as soon as they heard about a fire that may impact their
property (MT: 27.2%, ID: 32.9%, WA: 36.0%). These consistencies may
begin to underscore that populations in the region are generally
responsive to evacuation orders from authorities, but may not be as
likely to evacuate promptly during wildfire in the absence of explicit
directions from professionals. Expectations of evacuation orders from
authorities in rural areas, including our study area, may pose additional
problems for resident safety during a fire event because evacuation cues
can be challenging to deliver to dispersed, rural homes serviced by few
emergency personnel. Inconsistent internet and cell service can also
represent an obstacle to fire and evacuation information delivery via
social media, email, or text alert in remote areas [14,38,55,90]. The
convergence of expected evacuation notices from authorities and diffi-
culties communicating with rural populations may exacerbate a need for
adaptive evacuation plans and alternatives to evacuation in rural,
fire-prone areas.

Our research broadens understandings about planned evacuation
behavior by linking them to a broader set of mitigations or attitudes.
This includes a focus on preparations related to the SD and SIP evacu-
ation categories, including home defense actions or those that facilitate
fire suppression response effectiveness. We found that members of the
SD group were significantly more likely to establish a water supply for
firefighting and to clear their driveways for emergency vehicle access
than the other two evacuation groups emerging from our data, poten-
tially hinting at an elevated consciousness of potential water resource
scarcity, a need for support from fire professionals during their stay and
defend effort, and/or a need for a safe evacuation route if they become
overwhelmed and unable to shelter in their home. SD and SIP/I don’t
know members were more likely to purchase a generator than evacuate
group members, which may imply that these groups are thinking about
how to enable their remaining on site during a wildfire if electricity was

lost. Expansion of the evacuation prompts described above, and their
pairing with motivations for performing different mitigation actions in
future studies could help explore these linkages further. SD group
members were more likely to install sprinklers that can reach up to 50
feet (15 m) from the home—a strategy increasingly heralded as a benefit
for home defense during active suppression or for mitigating property
damage in the absence of firefighter response [91,92]. Overall, SD group
members were frequently more likely to implement home defense ac-
tions than members of the evacuate group and SIP/I don’t know groups.
Similarly, Edgeley and Paveglio [58] found that members of the evac-
uate group in McCall were more likely to implement various prepara-
tions for evacuation than both the SD and SIP/I don’t know group (i.e.,
identify a place to stay, identify an evacuation route). Collectively, these
results demonstrate that residents interested in more active forms of
evacuation behavior, such as SD, are more likely to take on additional
mitigation responsibilities recommended for private property owners to
enhance firefighter safety and effectiveness in the wildland-urban
interface, potentially because they perceive of themselves as being in
a firefighter’s position.

We found that performance of several actions related to home sur-
vivability and mitigations in the immediate zone (i.e., HIZ 0) also were
significantly different across evacuation categories. For instance, our
results indicate that members of the SD category were more likely to
perform wildfire-related landscaping and home maintenance tasks
(removing flammable vegetation within 5 feet (1.5 m) of the home;
stacking firewood/lumber at least 30 feet (~9 m) from the home) than
members of the evacuate category and more likely to remove needles
and leaves from roofs, gutters, and decks than members of the SIP/I
don’t know category. This contrasts the findings of Paveglio et al. [6],
who did not uncover significant differences in performance of these
actions across similar evacuation groups among Flathead county par-
ticipants. For example, Paveglio et al. [6] did not find significant dif-
ferences between evacuation groups with regard to stacking firewood at
least 30 feet (~9 m) from the home or regularly removing the
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accumulation of needles and leaves from roofs, gutters, or decks. Since
Paveglio et al. [6] collected their data in 2011, the “fire-adapted com-
munity” messaging now associated with the National Cohesive Man-
agement Strategy (2014) and Firewise/USA program in the U.S. has
become increasingly widespread. This may be one reason why the pro-
portion of our study population that performed many of the HIZ 0 tasks
(e.g., using fire-resistant plants in landscape, using non-flammable sid-
ing materials) was more than twice those who reported performing the
mitigations in Flathead, Montana, USA in 2011. Differences in local
culture, engagement with outreach efforts, and trust in local officials
also may be reasons for these differences. Such trends may also highlight
temporal shifts in national conversations about private landowner re-
sponsibility for mitigating wildfire risk and the influence of large, highly
impactful wildfires in the western U.S. since the Flathead study (i.e.,
Camp Fire, Thomas Fire, Carlton and Okanogan Complex fires).

The categorization of many fire risk mitigations in HIZ 0 as “routine
housekeeping” and landscaping chores can make it challenging to
identify factors that make individuals more likely to implement those
actions specifically to reduce fire risk. Likewise, socio-demographic in-
dicators can be inconsistent predictors of such actions [93]. The emer-
gence of several statistically significant differences between evacuation
groups around our suite of HIZ 0 actions and the general lack of sig-
nificant relationships found by others suggests it is a topic that warrants
future consideration in other evacuation studies. Many of the actions our
SD group members performed are less likely to overlap with house-
keeping or landscaping tasks and may be more of a direct resident
response to concerns about fire risk. Future research should explore
these linkages in more depth and/or confirm that such actions were
taken to facilitate potential evacuation strategies. Such studies could
explore respondents’ interactions with fire department or emergency
professionals about their intended evacuation behavior and what re-
sources or support they accessed to implement their decision, especially
as conversations around increasing local suppression capacities increase
in the U.S. context [14-16,94].

Individuals in the SD category were often significantly more likely to
implement vegetation mitigations in HIZ 1, 2, and 3, with the exception
of maintaining thinning of trees and shrubs in HIZ 3 performed more
than 10 years ago (100-200 feet, ~30-60 m, from the home). However,
SD group members were more likely than the other groups to themselves
remove/thin trees and shrubs in HIZ 3, which suggests that SD group
members are the ones actually performing fuel reduction/vegetation
mitigation activities in HIZ 3 that were not previously performed on
their property. Thus, our results suggest that individuals intending to
stay and defend are much more likely to have performed mitigations
that are suggested for active defense, home survivability or decreased
burden on firefighters, and therefore are taking more responsibility for
their personal contributions to landscape-level wildfire management
[67,88,95]. Meanwhile, individuals intending to evacuate and not be on
site during a wildfire event are less likely to perform the vegetation
mitigations recommended by fire professionals that enhance suppres-
sion success, home defensibility, and which enable fire to play a more
natural role in ecosystems. This finding corroborates concerns that the
legacy of predominately successful fire suppression efforts in the U.S.
has contributed to the dampening of WUI resident initiative to prepare
their property for wildfire [96-99].

We found few differences in performance of HIZ vegetation mitiga-
tions among the evacuate and SIP/I don’t know groups. There are a few
potential explanations for that finding, including those already dis-
cussed above. For one, the evolving message about shared fire man-
agement among professionals and residents is increasingly about private
responsibility in addressing home protection from large fire events. That
narrative can be somewhat at odds with the historical focus on early and
prompt evacuation so that residents are “out of the way,” leaving re-
sponsibility for fire suppression to fire service organizations who
respond to events. The result, some claim, has been the fostering of
populations who expect or are reliant on broader society to protect their
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property through the funding of government firefighting resources [100,
101]. The removal of civilians from active fire management spaces may
intensify the separation between what WUI residents perceive as fire
managers’ and their own personal responsibility during and leading up
to a wildfire event, including in active (i.e., stay and defend) or passive
(e.g., installing sprinklers) roles. Overall, the apathy of evacuate and
SIP/1 don’t know group members towards wildfire risk reduction ac-
tivities, especially vegetation management and home defense actions
related to first responder safety, echoes concerns raised by others that
certain segments of at-risk property owners are not doing their part to
address increasing wildfire risk. That lack of comprehensive mitigation
action among populations fails to address wildfire risk concerns across
property boundaries [93].

We found that full-time residents and men were significantly more
likely to plan for stay and defend as an evacuation option, while and
women and part-time residents were more likely to intend to evacuate
[8,23,37,67]. These results substantiate similar findings across multiple
countries. However, we also found that older residents were slightly
more likely to be in the SIP/I don’t know category than the evacuate
category, which is not as typical of existing results and may reflect the
caution of rural populations who do not intend to SD but hesitate to
evacuate due to infrastructure concerns. We also discovered a significant
interaction between age and presence of younger children that helps
explain why younger residents were less likely to SD [26,54]. That is,
younger families with children were more likely to evacuate, potentially
to protect younger populations from risks associated with SD.

Finally, the work presented here extends existing research on evac-
uation intentions by considering the influence of various perceptions on
categories of intended behavior. Perceptions of self-efficacy have been
highlighted as a major influence on resident performance of mitigation
actions and select evacuation intentions [8,102,103]. In fact, McLennan
et al. [70] noted that self-efficacy and susceptibility to threat (which is
similar to our need for firefighters measure) were instrumental in pre-
dicting the intention to stay and defend. Our work also helps to verify
that relationship and extend it to a new context in the rural U.S. West.
Respondent perceptions of their ability to protect their property from
wildfire impacts was a highly significant influence on SD or SIP in-
tentions when compared to evacuation intentions. This relationship
hints that SIP/I don’t know group members may be waiting to see
whether the fire is going to overwhelm their abilities before deciding to
evacuate, a similar mindset (in this case) that many SD members might
have but in a more active (e.g., intending to engage the fire front)
context. Similarly, individuals who believed their property was well
prepared and would not need firefighting were less likely to evacuate
and more likely to stay and defend, which substantiates existing litera-
ture [6,8,21]. We also found that perceptions of professional firefighter
capabilities was not a significant influence on evacuation intentions.
This suggests a decoupling between the capabilities of firefighters and
residents’ evacuation intentions, reflecting a local culture of
self-reliance documented in other studies of the rural U.S. West [34,72].
However, the lack of relationship between perceptions of firefighting
capabilities and evacuation intention may also hint at obstacles for
collaborative fire adaptations among fire departments or managers and
a residential population who view private property protection or wild-
fire risk mitigation as an individual responsibility. Future research could
investigate the potential occurrence and influence of these dynamics to
better link evacuation planning or intention with a broader suite of
considerations surrounding wildfire management.

The practical outcomes of our results for practitioners and emer-
gency mangers begin with a reaffirmation that significant numbers of
residents in this area are considering alternatives to evacuation. This
means that messages surrounding early evacuation, including the
Ready, Set. Go! Program, may not have reached or convinced residents
that early evacuation is the best course of action during fire events. It
also is possible that this population would prefer to take the additional
risk of remaining at home to protect their property, or that they are well
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prepared to ensure their personal safety [8]. While our results do not
assess which of these outcomes are the case for individuals in our
sample, emergency managers should acknowledge the preference for
alternatives to evacuation by presenting more comprehensive informa-
tion about the significant preparations (mentally, physically, and in
terms of infrastructure/equipment) that would be necessary to imple-
ment SD as viable option for life safety and property protection during
fire events. That information should likely be presented alongside
evacuation messages so that residents can consider the tradeoffs be-
tween approaches.

Examples of specific information to be provided in expanded evac-
uation communications could include video examples of the fire con-
ditions that might be experienced in area vegetative conditions should
residents decide to SD, the necessary HIZ vegetation clearance and other
mitigations necessary to provide residents with shelter protection during
the initial flame front, clothing and breathing apparatus recommenda-
tions, and best practices for putting out spot fires prior to or following
the flame front. Another key communication would stress the impor-
tance of sticking to a SD plan, and to avoid late evacuation that might
occur when using a “wait and see” approach. Formal presentation of
such information might achieve multiple strategic outcomes, including:
(1) better preparing the significant population of residents who are
considering SD approaches, and (2) promoting evacuation as a safer and
somewhat simpler choice for those not willing to take the significant
effort necessary to SD, which could serve as a deterrent for populations
who may be poorly suited for the latter. Presentation of SD requirements
and preparation alongside evacuation messaging such as the Ready, Set,
Go! Program could allow residents to assess the tradeoffs between such
choices and make fully reasoned decisions. This may be especially
important among rural populations, such as those in our study area, who
often respond poorly to mandatory evacuations or directorates from
government entities [11,104].

Another practical implication of this work concerns our finding that
residents considering SD are much more likely to perform vegetative
mitigations on their properties. Performance of such actions are a sig-
nificant focus of national efforts to reduce the significant burden facing
wildfire management and suppression agencies driven in no small part
by the increasing need to protect private property owners who choose to
live in fire-prone conditions. Our results suggest that the increasing
number of part-time residents in this region and plans to evacuate may
serve as a disincentive for addressing the personal responsibility for
managing private property as part of ongoing efforts to manage wildfire
across ownership boundaries. As such, it seems important to emphasize
the importance of mitigation actions for protection of property and
provision of safer evacuation. It also should be made clear that it is not
firefighters’ sole responsibility to protect property, especially property
that is not well maintained [9]. Our results suggest some initial pop-
ulations these messages could be targeted to, including those with sec-
ond or vacation homes in the area, households with children, and those
in the SIP category who had not performed vegetative mitigations.

Finally, results such as ours suggest a practical need for emergency
managers, fire professionals, and communities to more comprehensively
consider and catalog residents who may be considering different evac-
uation strategies [6,8]. For instance, fire districts could collect infor-
mation about those individuals who are considering SD to be more
efficient with their evacuation notifications, and to better understand
where potential liabilities (e.g., need for rescue) or resources (equip-
ment, water sources, sheltering points) exist during a fire event. Like-
wise, populations who intend to evacuate could be encouraged to
develop trigger points, confirm their enrollment in notification systems,
work with likeminded neighbors to plan evacuation drills, and ensure
they have a destination for long-term evacuation. Collection and ag-
gregation of data about area residents plans for evacuation or alterna-
tives can serve as a useful exercise for engaged community members and
help provide professionals with geospatial data that they might not have
the time to collect themselves.
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6. Conclusion

Facilitating safe and effective response to wildfire events among
residential populations requires nuanced understandings of intended
evacuation behaviors. While wildfire and emergency managers often
seek to facilitate quick and early evacuation of all populations in areas at
immediate risk from wildfire, results of our research and past literature
indicate that residential populations may pursue a broader range of
evacuation strategies. For instance, we found that nearly 42.8% of our
respondents most closely aligned with intentions to stay and defend
their property from wildfire risk—an action that is not always recom-
mended by fire departments and emergency professionals. Our research
extends past work suggesting that individuals who intend to stay and
defend may be taking more responsibility for their personal wildfire risk
through the performance of wildfire risk mitigation activities such as
implementing defensible space or retrofitting their home with fire
resistant materials. More specially, our unique focus on performance of
mitigations in HIZ 0, or the immediate zone (0-5 m) around structures,
indicates that residents most closely aligning with intentions to stay and
defend their properties were more likely to perform several activities in
the immediate zone around their home than other evacuation groups.

Acknowledgement that resident evacuation intentions and associ-
ated property mitigations vary significantly across residents in the same
landscape continues to raise interesting challenges regarding the best
ways to ensure both firefighter and resident safety during fire events that
continue to grow in size and severity. Our results suggest that there are
opportunities to address those challenges by striking a balance between
trying to protect at-risk populations and encouraging them to be part-
ners in reducing potential risks during complicated wildfire evacuations.
Potential solutions revolve around careful presentation of best practices
and uncertainties surrounding the dynamic and divergent nature of risk
that populations might face during a wildfire event. For instance, fire-
fighting, agency, and emergency management professionals could
expand their programs to provide additional information about the high
level of preparation necessary to implement stay and defend plans as a
means to empower select WUI residents, while also discouraging those
not willing to adequately prepare and for whom evacuation is a safer
option. Likewise, our results suggest that providing information about
options to stay and defend, or the critical need to perform mitigations to
aid firefighters in the protection of structures owned by evacuees, pro-
vide tailored ways to encourage the performance of mitigations that
reduce future burdens of wildfire suppression. In short, evacuation
planning may need to better embrace the reality of diverse evacuation
planning (or lack thereof) by better gauging resident expectations ahead
of significant fire events and experiment with updated guidance that
allows residents to make informed choices that support their safety and
effective response.
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