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social sciences

Understanding the Effect of Large Wildfires on
Residents’ Well-Being: What Factors Influence
Wildfire Impact?
Travis B. Paveglio, Chad Kooistra, Troy Hall, and Michael Pickering

Existing social science has indicated that wildfires can affect the short- and long-term functioning of social systems. Less work has focused on how wildfire events affect
the physical and psychological well-being of individual residents impacted by such events. In this study, we explore the extent to which personal- or community-level
impacts, biophysical characteristics of a wildfire, and resident expectations about wildfire influence residents’ self-reported well-being following such events. In fall 2013,
we surveyed residents who were potentially impacted by 25 wildfires in Washington, Oregon, Idaho, and Montana. Multivariate regression was used to determine the
influences on wildfire impact to resident well-being, and hierarchical linear modeling (HLM) was used to test for variance in impacts to resident well-being across the
25 fires selected. The results suggest that a loss of connection to the landscape postfire, personal impacts such as damage to property, residents’ expectations about
wildfire impact in their locality, and disruption of resident routines were highly correlated with self-reported well-being after fires. Results of the HLM analysis suggest
a high level of consistency in the relationships that influenced well-being across the 25 fires. Our findings indicate that common metrics could be used to help establish
baselines for measuring impacts to well-being from fires.

Keywords: wildfire, impact, landscape attachment, well-being

Wildfire impacts to private citizens and communities have
increased dramatically during the past few decades. In
response, research efforts have focused on identifying the

expanding segment of residents at risk from exposure to wildfire
events (Thompson et al. 2011, Haas et al. 2014), the planning or
mitigation strategies that can reduce potential wildfire impacts (To-
man et al. 2013, Meldrum et al. 2014), and the factors that influence
citizen support or adoption of wildfire mitigation activities
(Brenkert-Smith et al. 2012, 2013). The disaster literature has long
recognized that hazard events can have significant and long-term
impacts to the psychological and physical well-being of residents
(Bourque et al. 2006, Bonanno et al. 2010). However, few studies
have attempted to quantitatively understand what aspects of wildfire
events or their impacts on communities affected individuals’
well-being.

In this research effort, we explore how both wildfire impacts to
residents and communities (e.g., damage to property and infrastruc-
ture, disruption of day-to-day functioning) and the physical charac-
teristics of wildfires (such as size and duration) influence residents’

self-reported well-being after wildfire events. Surveys were adminis-
tered in 2013 to residents in four Pacific Northwest states who
experienced wildfires during 2011 and 2012. We gathered informa-
tion on a variety of wildfire characteristics and associated social
impacts to better determine which of these most strongly affect
residents’ well-being after fires.

Wildfires have the capacity to impact diverse human populations
and ecosystems. These diverse populations may have different rela-
tionships with local landscapes and place different levels of value on
ecosystem processes impacted by fires (Spies et al. 2014, Paveglio et
al. 2015a). Although most researchers would readily acknowledge
that fire behavior, community response, and outcomes differ among
fires, few have investigated whether the characteristics of fires and
their impacts to communities affect residents in consistent ways.
Our research responds to that gap by using hierarchical linear mod-
eling to test for variance in impacts to resident well-being across 25
fires selected to represent a range of human communities and wild-
fires in the same region. This approach can help establish baselines
for measuring impacts to well-being from fires. Such baselines are
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needed to help us better compare impact to well-being across fire
events, tailor disaster aid to promote recovery, and monitor how
mitigation or planning efforts are addressing wildfire impact over
time.

Literature Review
Wildfire Impacts to Individuals and Communities

Hazards and disasters, including wildland fire, can profoundly
affect individual well-being (Norris et al. 2002a, 2002b, McCool et
al. 2007, McIntyre and Nelson Goff 2012). Individuals directly
impacted by hazard events through property damage, injury, or
other losses can suffer from psychological trauma, depression, and
ongoing health ailments ranging from anxiety and loss of sleep to
respiratory problems associated with wildfire smoke (Tally et al.
2013, Milne et al. 2014, Nawrotzki et al. 2014). For instance, pre-
vious studies have reported the incidence of posttraumatic stress
(PTS), depression, or psychological stress in adults or adolescents
after wildfires (McDermott et al. 2005, Kulig et al. 2013a). In this
article, we use the concept of well-being to encompass self-reported
psychological and health impacts stemming or resulting from a par-
ticular hazard event.

Paveglio et al. (2015b) recently synthesized 22 potential wildfire
impacts to social systems and organized them under three broad
headings: losses to property and economy; disruptions to social pro-
cesses and functioning; and expectations of impacts and policy re-
sponse (e.g., residents’ understanding of potential wildfire risks and
damages). Although not all of these factors are likely to influence
individual well-being, the three broad categories provide a starting
point for our research. Regarding losses to property and economy,
Marshall et al. (2007) concluded that property damage and physical
injury were the best predictors of depression and PTS after the 2003
California Firestorm. They found that 33% of residents seeking aid
at relief centers after the fire showed evidence of major depression
and an additional 24% had symptoms of PTS. These findings are
consistent with a common research focus on the destruction of
private property or homes as affecting resident well-being (for other
examples, see Thompson et al. 2011 and Milne et al. 2014). Simi-
larly, injuries or deaths as a result of the wildfire have been found to
increase the perceived severity and impact of the fire among area
residents (Gill 2005, McCool et al. 2007). Such impacts on well-
being are relatively direct. However, wildfires can also have indirect
effects on well-being through outcomes such as loss of timber re-
sources (and therefore jobs), the reduction of watershed health, or
creation of unhealthy air conditions (Ager et al. 2010, Smith et al.
2011). All of these impacts and others can have cascading effects on
the larger community and directly or indirectly on individual well-
being (Mueller et al. 2009, Stetler et al. 2010, Duffield et al. 2013).

Regarding disruptions to social processes and functioning, disas-
ter and wildfire research has long acknowledged that disruption of
residents’ day-to-day activities is an important consideration in
wildfire management (Carroll et al. 2005, Perry 2007, Eriksen and
Gill 2010, Carroll et al. 2011). Wildfires that burn for a long time
have the capacity to prolong the disruption of day-to-day function-
ing among affected residents and thus may have a greater impact on
resident well-being (Toman et al. 2013). Disruption of individuals’
daily routines often coincides with broader impacts to community
infrastructure and operation, as these services allow residents to
maintain local services (e.g., transportation or electricity). Studies
also confirm that impacts to family, friends, or community members
(e.g., seeing someone who has been injured or who has had their

property destroyed) can result in decreased well-being (Marshall et
al. 2007, Stephenson et al. 2013, Nawrotzki et al. 2014). Other
studies indicate that proximity of individuals to the burn perimeter
and disruption to daily routines are good predictors of PTS or other
impacts to well-being (Langley and Jones 2005, Lewis et al. 2015).

Perhaps the most frequently mentioned disruption relating to
wildfire is the evacuation of residents from their homes (Cohn et al.
2008, Mozumder et al. 2008, Paveglio et al. 2012a). For instance,
Tally et al. (2013) recently found that residents in a wildfire evacu-
ation area reported higher incidence of anxiety and fear than those
outside of it, and the highest levels were among those who actually
evacuated. How evacuation and other wildfire impacts affect indi-
vidual well-being may depend on processes of conflict or cohesion
that emerge within communities impacted by a given wildfire. Res-
idents can choose to support one another and “come together” in
mutual networks of support, in which case well-being might not be
affected severely. On the other hand, some fires generate blaming
behavior that negatively affects local relationships and resident well-
being (Rodriguez-Mendez et al. 2003, Carroll et al. 2006, 2011).
Perceived or actual conflict over the values protected during fire
events (e.g., protection of structures versus protection of timber),
restricting homeowners from entering or reentering fire areas and a
lack of transparency or information about the progress of suppres-
sion efforts have all been implicated as important influences of wild-
fire impact and, potentially, individual resident well-being (Kum-
agai et al. 2006, Cohn et al. 2008).

Resident Expectations, Fire Characteristics, and Well-Being
The effects of any fire are judged through a prism of experience,

values, and existing perceptions that may be unique to the popula-
tions affected by the event (Hodgson 2007, Fischer et al. 2013). For
instance, residents’ understanding of what constitutes a “typical”
wildfire for the area in terms of potential impact to homes or behav-
ioral characteristics such as severity, size, and rate of spread may not
always match up with professional opinion or the range of potential
wildfire events likely in a given set of biophysical conditions. Thus,
wildfires that exceed locals’ expectations in terms of perceived phys-
ical characteristics (e.g., larger or more severe fires) or damages to
human communities are likely to be more impactful (Zaksek and
Arvai 2004, Kumagai et al. 2006, Burchfield 2007). Because of this
discrepancy, it is important to include both objective measures of
fires and residents’ perceptions of those characteristics in measures
of well-being.

Research and policymaking are increasingly focused on large
wildfires, which have the capacity to expose more people in the
wildland-urban interface to wildfire risk and damages (Lannom et
al. 2014). The average size of large wildfires is growing, and their
potential impacts to landscapes can also alter the provision of eco-
system services for residents in those areas (Littell et al. 2009,
Westerling et al. 2011). Therefore, it is important to explore
whether the size of a given wildfire and other characteristics
specific to the fire are correlated with impacts to affected resi-
dents’ individual well-being.

Studies by Kulig et al. (2013a, 2013b) and Townshend et al.
(2014) of Canadian communities impacted by wildfires extend the
concept of expectations to social conditions surrounding fire events.
They found that personal losses alone were not predictive of signif-
icant physical and psychological impacts from the fire. Rather, their
results indicated that the social conditions surrounding recovery,
including resistance to change, perception of unequal assistance,
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social cohesion surrounding recovery, and impact to the area land-
scape resulted in longer-term impacts to participants.

One reason to expect differences in well-being outcomes across
communities relates to place attachment. Alterations of landscapes
have different effects, depending on individuals’ and communities’
attachment to the burned lands. In some cases, a “loss of the land-
scape” has occurred when the wildfire burned vegetation in highly
valued outdoor settings, leaving burned or standing dead trees and a
blackened landscape (Graham 2003, Burns et al. 2008, Reid and
Beilin 2015). Because of this, residents in some areas place more
importance on the aesthetic and amenity values of the landscape
than others (Kent et al. 2003, Travis 2007, Paveglio et al. 2015a)
and could thus be more or less impacted by a fire. Residents may also
differ in their perception of the wildfire, whether as a landscape
process that aids in vegetation succession and opens up wildlife
habitat or one that “destroys” places in ways they will never recover
from (McCaffrey and Olsen 2012, McNeill et al. 2013).

Individuals’ previous experiences with wildfire can moderate the
effect of fires on well-being. People with different experiences may
have different expectations about the severity or extent of impacts
from additional fires (Jakes and Sturtevant 2013, Blades et al. 2014).
If people’s expectations are met, they may not suffer adverse im-
pacts, because they are psychologically prepared. Conversely, if a
person expects that his or her home will survive because he or she has
created defensible space and the home in fact burns, the impact on
well-being may be severe (Daniel et al. 2007, Brenkert-Smith et al.
2013, Champ et al. 2013). Those who have experienced wildfires in
a given locality are more likely to understand the potential risk and
damages that can result from such fires, and this understanding may
moderate impacts to well-being (Burchfield 2007, Hodgson 2007).

Although a disparate body of knowledge points to potential im-
pacts that wildfires can have on individuals and communities, very
few of the studies described above quantify and explain impact to
individuals’ self-reported well-being after wildfires in a comprehen-
sive way. Likewise, existing research often focuses on impacts from
only one or a few fire events. Little effort has been made to test
wildfire impact to individual well-being across a range of diverse fires
and in socially diverse locations using the same metrics.

This study responds to the gaps we have identified in existing
wildfire social science, disaster, and health literature through the
following research questions.

1. Do personal- or community-level impacts, biophysical char-
acteristics, and expectations about wildfire characteristics af-
fect residents’ self-reported well-being after wildfires?

2. Do influences on residents’ well-being after wildfires differ
across fires?

Methods
Wildfire Selection

Wildfires selected for this research were identified using a multi-
step geographical information systems (GIS) procedure to select
wildfires in diverse forest terrain across the Pacific Northwest and in
a variety of social settings ranging from rural areas to more suburban
areas at the edges of towns. Wildfire burn perimeters for all 2011
and 2012 wildfires with a centroid within the state boundaries of
Oregon, Washington, Idaho, or Montana were obtained from the
Geospatial Multi-Agency Coordination Wildland Fire Support sys-
tem maintained by the US Geological Survey.1 Census designated
places, census urban clusters, and block-level population data for the

four-state region were collected from the US Census Bureau.2 Data
on the extent of forested ecoregions were obtained from the Com-
mission for Environmental Cooperation North American Atlas.3

Steps in the GIS selection process for wildfires included the fol-
lowing: (1) further restricting potential wildfires to the northwestern
forested ecoregion and excluding the coastal forests of western
Washington and Oregon due to large differences in fire-return in-
terval; (2) restricting census places and census clusters to those that
intersected the forested ecoregion outlined in step 1; (3) buffering
census places and census clusters by 15 km and selecting only fires
with a burn perimeter intersecting those buffers; (4) calculating the
acreage of each remaining fire and removing wildfires smaller than
1,000 acres based on a distribution of wildfires selected in step 3; (5)
buffering the remaining fires by 15 km (internal and external buffer)
and selecting the overlap between those buffers and those created in
step 3; and (6) merging overlap areas from census places and census
urban clusters that intersect fire buffers and removing any spot fire
areas that were not part of the main wildfire body. This process
resulted in the selection of 25 wildfires distributed across the four
states. We selected the 15-km size for buffers (step 3) and excluded
smaller wildfires (step 4) because we wanted to survey populations
who were aware that a fire occurred and who lived close enough to
the fire that they could have been impacted. Although there is little
guidance on a buffer distance to use for potential impact from wild-
fires, we decided that a 15-km buffer distance was sufficiently large
to capture residents who may have been impacted by smoke or
experienced economic impacts in terms of business closures.

Respondent Selection and Survey Administration
The sampling frame for study participants was developed by

identifying census blocks with centroids encompassed by the areas
finalized in steps 5 and 6 of the wildfire selection process. This
ensured selection of properties impacted by or in close proximity to
each of the 25 wildfires chosen for study. A random sample of 5,500
addresses within the selected census blocks was purchased from a
commercial provider. Addresses were sorted among the 25 wildfires
and stratified to randomly select addresses equally across fires (220
addresses for each of the 25 fires). Removal of bad addresses resulted
in a final sample size of 4,989 respondents.

The survey administration followed a modified Dillman et al.
(2009) method. An initial letter to participate in the survey was
mailed in August 2013. The invitation letter included a link to an
online version of the survey designed in and hosted by the survey
software Qualtrics. A reminder postcard was mailed 10 days after the
initial letter and included another link to the online survey. A packet
with a paper version of the instrument, cover letter, and a paid
return envelope was mailed a little longer than month after the first
reminder postcard. A final reminder postcard was mailed 14 days
after the paper version of the instrument was mailed. There were
429 surveys completed online, and 390 paper versions were com-
pleted. A total of 834 surveys were completed for a 16.7% response
rate. After removal of duplicates and people who completed a survey
for a fire that was not included in our study, the final number of
usable surveys was 819.

We conducted nonresponse bias phone calls in November of
2013 to ensure that the sample obtained was representative of pri-
vate landowners potentially impacted by the wildfires selected. Fifty
residents from the original sample frame who did not return the
survey completed a truncated version of the instrument over the
phone. This was approximately 10% of the sample frame, which is
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typically recommended for nonresponse bias checks (Tuckman
1999, Lindner et al. 2001). T-tests were used to compare mean
responses to select survey measures and sociodemographic charac-
teristics between respondents and nonrespondents. Results indi-
cated that respondents and nonrespondents did not differ signifi-
cantly with regard to characteristics such as sex, resident status, and
years lived in the area. The following two demographic differences
between respondents and nonrespondents were suggested by the
nonresponse bias check: respondents were younger than nonrespon-
dents (P � 0.002) and nonrespondents reported lower levels of
education (P � 0.001). Roughly 38% of nonrespondents contacted
indicated that they did not respond because they did not receive the
survey materials. This result suggests that bad addresses were a sig-
nificant reason for the response rate. Nonresponse tests for other
survey measures are presented in the Results section.

Select Survey Measures
Well-being was measured using responses to five Likert-type

scale statements (Table 1). The overarching question asked respon-
dents to: “Mark the extent to which you experienced the following
as a result of the wildfire.” The statements were adapted from exist-
ing studies of physical or health impacts after hazards and mental
health indexes (e.g., Afifi et al. 2012, Kulig et al. 2013b, Tally et al.
2013, Nawrotzki et al. 2014). Results of the nonresponse bias check
revealed no differences between respondents and nonrespondents
with regard to the individual well-being measures.

Other survey questions were designed to measure factors with the
potential to affect well-being after wildfires as outlined above (for a
summary of variables, see Table 2). Questions included respon-
dents’ perceptions of the biophysical characteristics of fire compared
to a “typical” wildfire for the area (e.g., size, proximity, and wildfire
spread), decrease in connection to the landscape after wildfire (“at-
tachment”), and respondents’ perceptions of firefighting effective-
ness or quality. Personal impacts from wildfires were measured with
12 items encompassing a variety of impacts commonly reported in
the literature as resulting from wildfire (e.g., health problems from
smoke, evacuation from home, and injury). The magnitude of each
impact was measured with a five-point Likert-type scale, and the
extent of all impacts was summed. These same impact questions
were asked in a “yes/no” format with regard to someone the respon-
dent knows to gauge how wildfire impact to others might have
affected individual well-being. We did not provide as much speci-
ficity in the second question to reduce the response burden on
respondents and because the previous literature (discussed above)
indicates it is not as important a correlate of well-being.

A series of additional questions used fixed-choice or yes/no ques-
tions to gauge the following: (1) whether respondents felt the wild-
fire suddenly threatened homes and property; (2) how long the

wildfire impacted residents’ daily routines; (3) how far their prop-
erty was from the wildfire perimeter; (4) what residents’ previous
experiences with wildfire were; and (5) whether respondents felt
prepared to act during fire. The size (acreage burned) and duration
of each fire were obtained from the Monitoring Trends in Burn
Severity data set).4 Descriptions of these measures can be found in
Table 2.

Analysis
All analysis procedures were conducted using the quantitative

social science software SPSS 22 (IBM, Armonk, NY). A principal
component analysis with an oblique rotation was performed to re-
duce complex measures such as well-being and other Likert-scale
items to a more refined set of independent variables. We applied
principal component analysis to the following three measures: per-
ceptions of the biophysical characteristics of the wildfire; loss of
landscape attachment postfire; and attitudes about fire manage-
ment. Oblique rotation was selected because we designed individual
measures to represent components of broader concepts (e.g., per-
ceptions of wildfire characteristics and attachment to landscape) and
thus expected a correlation between components (Stevens 2009).
Principal component analysis of the well-being measure, our depen-
dent variable, resulted in one component with a Cronbach’s � of
0.85 (Table 1). This result implies a high degree of reliability across
the questions that comprise the comprehensive measure of well-be-
ing. The Cronbach’s � for other components resulting from the
principal component analysis are reported for each applicable con-
struct in Table 2.

To answer research question 1, multivariate regression was used
to explore the relationships between independent variables and
postfire well-being across all wildfires in the sample. To answer
research question 2, which investigated possible variance in the re-
lationship between independent variables and well-being across
fires, we used hierarchical linear modeling (HLM). HLM allows
researchers to acknowledge the hierarchical structure of data across
different sampling units (e.g., fires) and test for significant differ-
ences in or similarity of independent variables across those units
(Heck and Thomas 1999, Woltman et al. 2012). We used HLM to
test whether the values of or relationships among select independent
variables and resident well-being differed across wildfires.

We began HLM analysis with examination of intraclass correla-
tion (ICC) for the well-being measure used in this study. ICC is a
broad measure indicating the variance that is common among re-
spondents across all wildfires versus the variation among individual
respondents impacted by different fires (Field 2013). Large ICC
values imply a low degree of variation among respondents impacted
by the same fire but high variation compared with respondents
impacted by other fires. Thus, it provides an initial impression as to
whether there are significantly different relationships between inde-
pendent variables and respondent well-being across fires.

All variables found to have significant relationships to well-being
in the multivariate regression model were included in the HLM (i.e.,
level 1 variables). Independent variables from the multivariate re-
gression model were group centered to address multicollinearity
among variables and because our primary interest was in under-
standing the association of variables at level 1 (i.e., individual mea-
sures of respondents) (Paccagnella 2006, Bickel 2007). Additional
variables unique to each fire (i.e., level 2 variables), including the size

Table 1. Statements comprising the composite well-being mea-
sure (dependent variable).

Statement Mean SD

I felt helpless as a result of the wildfire 1.83 1.14
I lost sleep as a result of the wildfire 1.60 1.01
I felt anxiety about the wildfire damaging my property 1.64 1.09
I felt anxiety about the wildfire injuring me or my family 1.45 0.93
My health suffered as a result of the wildfire 1.45 0.85
Total 1.60 0.80

The well-being measure scale ranged from 1 to 5, with higher values corresponding
to higher impacts. Cronbach’s � � 0.85.
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Table 2. Descriptions of independent variables examined in well-being analysis.

Variable name
Variable definition (measures with a Cronbach’s � are a summed,

composite variable using principal component analysis)a

Descriptive statistics

n Range (response frequency) Mean (SD)

Perceptions of unusual wildfire
characteristics

� � 0.87
The size was bigger than a typical wildfire in the area.
The wildfire was closer to homes than a typical wildfire in the area.
The wildfire burned more intensely than a typical fire in the area.
The wildfire spread more rapidly than a typical wildfire in the area.
The wildfire burned longer than a typical fire for this area.
The wildfire conditions (e.g., wind, temperature) were unusual.
The wildfire exhibited unusual behavior.

772 �2 � Strongly disagree
�1 � Moderately disagree
0 � Neither agree nor disagree
1 � Moderately agree
2 � Strongly agree

0.34 (0.92)

Personal wildfire impacts Sum of reported personal impacts:
Loss of income due to wildfire or its impacts
Discomfort from smoke
Health problems from smoke
Inability to go to work
Planned for evacuation
Evacuation from home
Sustained injury or death
Death of animals, livestock, and/or pets
Reduced home or property value
Damage to a home
Home was destroyed
Suffered property damage other than to the home

812 For each item:
1 � Not at all
2 � A little
3 � Moderately
4 � A lot
5 � Extremely

15.00 (3.90)
12–60 points possible

Impacts to others Sum of reported fire impacts to someone the respondent knows:
See list of personal wildfire impacts

808 0 � No
1 � Yes

3.41 (3.06)
12 points possible

Loss of landscape attachment
(postfire)

� � 0.89
The wildfire made this area less attractive.
The impact of the wildfire on forests and/or rangelands made me

less happy about living here.
I feel less of a connection to the landscape after the wildfire.
My outdoor recreational habits were negatively impacted by the

wildfire.
Places in the landscape that I care a lot about were negatively

impacted by this wildfire.
I felt a sense of loss as a result of impacts to the landscape.

800 �2 � Strongly disagree
�1 � Moderately disagree
0 � Neither agree nor disagree
1 � Moderately agree
2 � Strongly agree

�0.27 (1.02)

Attitudes about fire
management

� � 0.81
To what extent were you displeased or pleased with the following

aspects of the way the wildfire was managed?
Initial efforts to put out the wildfire
Protection of private property
Use of local help to fight the wildfire
Community member efforts to work together to organize,

communicate, and provide support for each other during or
immediately after the wildfire

807 2 � Very displeased
1 � Somewhat displeased
0 � Neutral
�1 � Somewhat pleased
�2 � Very pleased

0.70 (0.91)

Acres burned Acres burned in the fire (raw variable) 819 Range, 1,031–95,090 acres 16,383.6 (22,070.5)
Duration (days) The number of days the fire burned (raw variable) 809 Range, 1–83 days 22.31 (22.16)
Distance of property from fire

perimeter
Distance of respondent from wildfire perimeter (raw variable recoded

into three categories)
795 1 � �10 miles away (32%)

2 � Between 5 and 10 miles
away (32%)

3 � �10 miles away (36%)
Effect of fire on routines How long did impacts from the wildfire affect your daily routines? 806 1 � Not at all

2 � �1 day
3 � 1–6 days
4 � 1–4 weeks
5 � 1–5 months
6 � 6 months–2 years
7 � It still affects my daily

routine

2.15 (1.49)

Fire suddenly threatened
homes

Did the wildfire suddenly threaten homes and property? 643 1 � Yes (58%)
0 � No (20%)
77 � Don’t know (22%)

Seen fires before I had seen wildfires in this area. 812 0 � No (44%)
1 � Yes (56%)

Felt prepared to act I felt prepared to act if a wildfire impacted my household. 808 �2 � Strongly disagree
�1 � Moderately disagree
0 � Neither agree nor disagree
1 � Moderately agree
2 � Strongly agree

0.75 (1.12)

a Missing values were not used in analyses.
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and duration of each fire, were tested in the HLM model to deter-
mine the relationship these factors had to individual well-being
across fires.

HLM analysis was conducted as a series of bivariate analyses for
each variable selected because we were interested in which, if any,
independent variables had variable intercepts or variable relation-
ships with respondent well-being across wildfires. Analysis of each
variable included running successive HLM models to determine
whether allowing variance in variable parameters increased the sta-
tistical fit of the model. For each variable, we ran the following: (1)
a null regression model; (2) an HLM model with random intercepts;
(3) an HLM model with random intercepts and slopes; and (4) an
HLM model specifying any covariance between intercepts and
slopes. Multiple covariance structures were tested for each variable
to ensure that the best structure was selected to analyze the fit of the
model. The fit for each successive regression model was compared
against that of its predecessor by subtracting the log likelihood of
each new model from the immediate past model. The significance
change in log likelihood (�2) was assessed using a chi-square statistic
appropriate for the degrees of freedom in the new model.

Results
Respondents reported a relatively low amount of impact from

wildfires to their well-being (Table 1). Feelings of helplessness asso-
ciated with the wildfire, losing sleep as a result of the fire, and anxiety
surrounding potential damage to property from the wildfire were
the most commonly reported impacts to well-being. Variances in
responses to the well-being measures were relatively large, with feel-
ings of helplessness as a result of the wildfire and anxiety over wild-
fire damage to private property having the largest standard devia-
tions (Table 1). Variance across responses to the well-being
measure imply variance in individual resident well-being and
support additional exploration of the characteristics that explain
such variance. It also supports comparison across fires to dem-
onstrate whether population- or fire-specific characteristics help
explain such variance.

Results of the multivariate regression accounted for a relatively
high proportion of variance in well-being and revealed a number of
correlations between independent variables and reported impacts to
well-being (Table 3). The extent of personal impacts from the wild-
fire, measured as the sum of 12 different potential impacts, was
correlated with increased impacts to resident well-being (P � 0.001)
and had the largest contribution to the predictive capacity of the

model (� � 0.31). The length of time that the fire impacted resi-
dents’ daily routines also was correlated with increased impacts to
well-being (P � 0.001, � � 0.25). Decreases in residents’ attach-
ment to the landscape after the fire emerged as another contributor
to reported well-being (P � 0.001, � � 0.22). That is, as resident
attachment to the postfire landscape decreased, reported impacts to
well-being increased. Together these three variables contributed the
most to the predictive power of the model.

Several other independent variables also emerged as correlates in
the multivariate analysis, albeit with a smaller overall contribution
to the predictive power of the model. For instance, the distance of
the respondent’s property from the fire perimeter (P � 0.002, � �
�0.10) and whether the fire was perceived as suddenly threatening
homes (P � 0.014, � � 0.81) were both correlates in the multivar-
iate model. Respondents farther away from the wildfire perimeter
reported lower levels of impact to well-being. In addition, percep-
tion of the extent to which wildfire characteristics (e.g., size, severity,
and speed of spread) differed from those of a “typical” fire in the area
was also correlated with impacts to well-being (P � 0.004, � �
0.094). Wildfires perceived by the respondent as being larger, more
severe, and more likely to damage homes that advanced rapidly were
more likely to result in increased impacts to well-being. Whether the
respondent had personally witnessed previous fires in the area (P �
0.007, � � �0.08) and how prepared the respondent felt in the
event of a wildfire (P � 0.008, � � �0.08) were both negatively
correlated with increasing levels of impact to well-being. That is,
respondents who reported higher levels of perceived preparedness
for wildfire and who had personally witnessed fires in the area were
significantly less likely to report impacts to their well-being from the
local wildfire.

Objective measures for biophysical characteristics of the fires
studied were not correlated with self-reported impacts to residents.
That is, neither the acreage (P � 0.961, � � 0.00) nor duration
(P � 0.496, � � �.04) of the fire was correlated with self-reported
impacts to well-being. Likewise, attitudes about fire management
(P � 0.266, � � 0.04) and impacts to others (P � 0.225, � � 0.01)
did not correlate with self-reported impacts to well-being.

HLM (Comparisons across Fires)
ICC testing of our composite well-being measure across the 25

wildfires resulted in a value of 0.048 (4.8%). Significance in the
Wald-Z statistic (0.039) provided the initial indication of a hierar-
chical structure to the data. Interpretation of the ICC value differs
among researchers, with some arguing that a value less than 5%
indicates that HLM is not needed, whereas others advocate that
even small amounts of variance can result in significant differences
in model fit. An ICC of 4.8% implies at least a marginal amount of
variance in the data across fires (Heck and Thomas 1999, Woltman
et al. 2012). Thus, we decided to proceed with HLM modeling
because we were interested in which variables studied, if any, varied
in their relationship with well-being across fires and which factors
might be more universal predictors of wildfire impact to human
populations.

Results of the HLM tests are summarized in Table 4. Every
independent variable tested in the HLM models displayed signifi-
cant variance in intercepts across fires. This result implies that the
characteristics of the fire, the observed impacts of the fire to respon-
dents, and respondents’ perceptions of wildfire characteristics or
broader impacts (e.g., loss of landscape connection, whether the fire
suddenly threatened homes) all varied significantly across fires. The

Table 3. Results of multivariate regression for impact of wildfire
characteristics on individual well-being.

Variable b SE b � P

Perception of unusual fire
characteristics

�0.082 0.029 0.094 0.004

Personal wildfire impacts (sum) 0.066 0.008 0.313 �0.001
Impacts to others (sum) 0.002 0.009 0.008 0.225
Loss of landscape attachment postfire 0.167 0.027 0.216 �0.001
Attitudes about fire management 0.032 0.029 0.036 0.266
Acres burned 0.000 0.000 0.003 0.961
Duration (days) �0.001 0.002 �0.039 0.496
Distance from fire perimeter �0.103 0.033 �0.102 0.002
Effect of fire on routines (sum) 0.133 0.020 0.249 �0.001
Fire suddenly threatened homes 0.150 0.061 0.081 0.014
Personally witnessed fires �0.134 0.049 �0.081 0.007
Felt prepared to act 0.061 0.023 �0.083 0.008

R2 � 0.479.
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change in log likelihood �2 and subsequent tests using the chi-
square statistic provide the best indication of variance across fires.
Therefore, P values for the chi-square statistic are reported at the
0.01 and 0.05 levels. For instance, personal impacts from wildfire
had the highest amount of variance across wildfires sampled (�2 �
47.73, P � 0.01), followed by loss of landscape connection resulting
from the wildfire (�2 � 20.57, P � 0.01). Other independent
variables with a large amount of variance across fires included resi-
dents’ self-reported preparedness before the wildfire (�2 � 16.05,
P � 0.01) and perceptions of wildfire characteristics compared with
those of a “typical” fire for the area (�2 � 13.08, P � 0.01). Distance
from the fire had low variance across the sampled fires, which makes
sense given that we grouped responses into three categories.

Very few independent variables displayed significant variance in
the slopes when regressed against our well-being measure using
HLM. Variance in slopes suggests that the relationship between a
given independent variable and reported well-being differed across
fires. Only personal impacts from wildfires had significant variance
in slopes (�2 � 4.36, P � 0.05). That is, for some respondents, a
larger number and perceived degree of reported personal impacts
meant they were more likely to report impacts to well-being—yet
for other respondents this relationship did not hold.

Covariance of random intercepts and random slopes was tested
for personal impacts from wildfires to determine whether there is a
predictable pattern in the relationships between this variable and its
impact on well-being across fires. We conducted this test because
personal impacts from wildfires was the only variable with signifi-
cant variance in intercepts and slopes across fires studied. Personal
impacts of fires emerged as having significant covariance of random
intercepts and random slopes across fires (�2 � 12.843, P � 0.05).
Put in other terms, the relationship between each additional impact
and reported well-being was greater among residents who reported a
low number of overall impacts. Likewise, the relationship between
each additional impact and reported well-being was less among res-
idents with a large number of reported impacts.

We suspected that the random variance in slopes surrounding
personal impacts from fires was due to the complex nature of the
impact measure and because it contained a wide array of potential
impacts. For that reason, we regrouped the 12 reported impacts
composing the measure into three smaller and successively impact-
ful groupings of variables for additional analysis (for a full descrip-
tion, see Table 5). For example, group 1 impacts included discom-
fort from smoke, inability to go to work, planning for evacuation,
and loss of income. HLM testing of these decomposed variables

revealed that only group 2 impacts displayed significant variance in
both intercepts (�2 � 23.45, P � 0.01) and slopes (�2 � 11.64, P �
0.01) across subjects in different wildfires (Table 6). Group 1 and
group 3 impacts had significant variance in intercepts but not in
slopes.

Discussion
This research sought to uncover what characteristics of wildfire

events influence impacts to residents’ self-reported well-being. We
tested a variety of potential impacts at the individual and commu-
nity level, residents’ expectations about wildfires, and objective mea-
sures of wildfire characteristics. We were also interested in whether
correlates of resident well-being after wildfires differed across fire
events as a means to advance more consistent measures of wildfire
impact to social systems. The wildfires selected for our study had a
relatively low impact on residents’ reported well-being. However,
our ability to explain a high amount of variance across diverse fires
and populations has useful implications for understanding social
impact from wildfires, which will continue to grow in the future.

Results indicate that a number of wildfire-related factors can influ-
ence resident well-being, with a number of those findings supporting
earlier literature. For instance, personal impacts to individuals and the
duration of disruption to residents’ day-to-day functioning were both
related to reductions in individual well-being after the fire event. These
are not particularly surprising findings and reflect existing research from
wildfire social science, disaster, and health studies (Perry 2007, Eriksen
and Gill 2010, Toman et al. 2013).

Perhaps more interesting is the finding that a “loss of the land-
scape” was robustly correlated with impacts to resident well-being.
We consider this a novel finding given that existing quantitative
research on hazards often places primacy on direct losses to individ-
uals’ property or health (Marshall et al. 2007, Kochi et al. 2012).
Although qualitative studies have discussed the importance of land-
scape or aesthetic impacts from wildfire (see, e.g., Burns et al. 2008,
Paveglio et al. 2012b), fewer efforts have quantitatively tied these
outcomes to self-reported measures of well-being. Our findings sug-
gest an important and potentially long-term link between individ-
uals and the larger landscapes that they value in terms of wildfire
management. Additional efforts could explore whether and how
residents perceive of wildfires as disrupting their connection to or
affinity for area landscapes. That includes strategies to minimize
personal impacts stemming from a “loss of the landscape” and to
cultivate an appreciation for burned landscapes as natural features.

Table 4. HLM regression analysis of individual independent variables across 25 wildfires.

Variable

Random intercept Random slope Covariance

Var(u0j) �2(1) Var(u1j) �2(1) Cov(u0j,u1j) �2(1)

Perception of unusual fire characteristics 0.02 13.08a 0.00 0.10 0.00
Personal wildfire impacts 0.056 47.73a 0.001 4.36b �0.02 12.843a

Loss of landscape connection postfire 0.03 20.57a 0.00 2.32 0.00
Fire acreage 0.023 10.47a 2.67 �0.02 �1.77
Fire duration 0.021 8.89a 4.13 �5.81 0.01
Distance from fire perimeter 0.013 4.14b 0.00 1.12 0.01
Effect of fire on routines (sum) 0.01 2.86a 0.00 1.21 0.00
Fire suddenly threatened homes 0.20 6.11a 0.00 �0.18 0.01
Personally witnessed fires 0.03 14.24a 0.10 0.10 0.00
Felt prepared to act 0.032 16.05a 0.005 1.165 0.00

a P � 0.01.
b P � 0.05.
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Also important is studying how residents perceive landscape recov-
ery in wildland areas impacted by fires and whether those percep-
tions are different across a gradient of fires with different character-
istics (e.g., severity of fire and amount of vegetation burned). Fire
suppression in modern US society has always been linked concep-
tually with the “protection of resources” such as homes and timber
(Scott et al. 2014, Wildland Fire Executive Council 2014), but in
many locations characterized by amenity migrants who value out-
door amenities, a “loss of the landscape” could be an important
opportunity or barrier for promoting understandings about the nat-
ural and changing role of fire in landscapes.

Our results suggest that residents’ expectations and perceptions
about wildfires before a given event make a difference in the extent
of their reported well-being impacts. For instance, the degree to
which the fire “surprised” residents in terms of quickly threatening
homes was correlated with higher levels of impact to well-being (for
a similar discussion, see Burchfield 2007 and Paveglio et al. 2015b).
Likewise, findings that prior preparation and previous fire experi-
ence in the area were correlated with lower impacts to individual
well-being suggest that increased understanding of wildfire in the
area and mitigation efforts are important means for individual prep-
aration and recovery from fire (for similar results, see Brenkert-
Smith et al. 2013 and McNeill et al. 2013). To test the importance
of residents’ existing understandings about wildfire, we framed
questions surrounding the biophysical aspects of the fire as a com-
parison to “typical” wildfires in the area. Our findings suggest that
the biophysical characteristics of the fire matter with regards to
resident well-being, but that resident expectations of fire character-
istics are an important influence in that evaluation.

Our findings also suggest that well-being can be unrelated to

objective measures of fire characteristics. That is, our results suggest
that we cannot use size or duration of the fire as a proxy to anticipate
local effects to human populations. Likewise, the extent of impacts
to the broader community may not be applicable to individuals.
However, the extent to which a given wildfire violated individual
expectations about wildfire occurrence and behavior in an area, i.e.,
whether it occurred quickly or in circumstances that led to surpris-
ing outcomes, does have an important effect on locals. This finding
points to the importance of understanding residents’ preexisting and
evolving expectations about wildfire in a locality when social impact
is considered (for a similar discussion, see McCaffrey and Olsen
2012 and Reid and Beilin 2015). It also reinforces the importance of
setting realistic expectations among residents about the risks they
face in the wildland-urban interface and the range of potential fire
conditions that may occur in their localities (Hodgson 2007,
Champ et al. 2013). For instance, wildfire outreach initiatives such
as the Fire Adapted Communities Program or the Firewise Com-
munities USA Program often focus on providing residents with
information about the types of actions and mitigations that they can
perform to reduce their risk should wildfires occur. What they spend
less time outlining is information about the types, intensities, or
potential damages from wildfire in a given setting. Wildfire infor-
mation prepares residents for the loss of the landscape that may
occur during fire events or the way that fires will impact vegetation
in the area. Such information could create more realistic expecta-
tions about the potential risk and the role of wildfire as a landscape
disturbance. Exploring residents’ existing expectations about the
characteristics of wildfire events (e.g., speed of onset, potential ex-
tent of damages or impacts, and impact to area aesthetics) in their

Table 5. Decomposition of personal impact measure into three variables.

Variable name Variable definition

Descriptive statistics

n Range Mean (SD)

Personal impacts group 1 Sum of reported personal impacts from wildfire:
Loss of income due to wildfire or its impacts
Discomfort from smoke
Inability to go to work
Planned for evacuation

812 For each item:
1 � Not at all
2 � A little
3 � Moderately
4 � A lot
5 � Extremely

6.17 (2.23)

Personal impacts group 2 Sum of reported personal impacts from wildfire:
Health problems from smoke
Evacuation from home
Reduced home or property value
Suffered property damage other than to the home

812 For each item:
1 � Not at all
2 � A little
3 � Moderately
4 � A lot
5 � Extremely

4.93 (1.78)

Personal impacts group 3 Sum of reported personal impacts from wildfire:
Sustained injury or death
Death of animals, livestock, and/or pets
Damage to a home
Home was destroyed

812 For each item:
1 � Not at all
2 � A little
3 � Moderately
4 � A lot
5 � Extremely

4.06 (0.59)

Table 6. HLM regression analysis of decomposed personal impact measures.

Variable

Random intercept Random slope Covariance

Var(u0j) �2(1) Var(u1j) �2(1) Cov(u0j,u1j) �2(1)

Personal impacts level 1 0.03 24.98a 0.00 1.616 0.00
Personal impacts level 2 0.03 23.45a 0.01 11.64a 0.00 0.015
Personal impacts level 3 0.13 13.06a 0.00 0.22 0.00

a P � 0.01.
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region could serve as a starting point to set more realistic expecta-
tions or cautions about the potential risk of wildfire. Likewise, such
research could serve as the basis for directed information that can
modify unreasonable public expectations or support accurate local
knowledge in planning for wildfire risk and response.

The other primary goal of this work was to determine whether
influences on resident well-being after fires varied across specific
events in the same region. We found a tremendous amount of vari-
ance in how residents experienced fires and the impacts that affected
their well-being. However, we also found a high level of consistency
in the relationships between independent variables and their influ-
ence on well-being. Put another way, our results suggest that indi-
vidual fires may lead to different impacts based on the social and
biophysical circumstances surrounding the fire, but the impact to
resident well-being can be consistently understood or predicted
based on the range of potential impacts indicated as significant in
Table 3.

Personal impacts to individuals (e.g., loss of income, injury, and
evacuation) were the only influence that had a variable relationship
with resident well-being across fires. That is, experiencing direct
impacts had a differential impact on resident well-being, with in-
creased impacts affecting some more than others. Some of this find-
ing has to do with the wide variety of potential impacts wildfires
pose to individuals. It is not particularly surprising that damage to a
home would have more impact on individual well-being than the
threat of evacuation, but there are no consistent or systematic means
by which to assess impact to well-being after fires. The variable
relationship between direct impacts and decreased well-being after
fires requires additional research as statistics such as home loss, mon-
etary damage, and evacuation are among the most common indica-
tors used by researchers and policymakers when some fires are iden-
tified as particularly detrimental to social systems (Thompson et al.
2011, Stephenson et al. 2013, Milne et al. 2014). It is also important
because these criteria are the primary means for assessing disaster
declaration and relief to those affected by wildfires or other hazards
(Paveglio et al. 2015b). Our results support the argument of Paveg-
lio et al. (2015b) that a broader range of potential impacts may be
needed for such declarations, including impacts to resident well-be-
ing and the ways that a “loss of the landscape” may add to those
impacts.

We decomposed direct impacts into three categories to further
explore variability in this influence on resident well-being. Variance
across fires remained among a group of impacts that could be de-
scribed as “moderate” impacts, including health problems from
smoke, evacuation from home, reduced home property value, and
property damage other than the home. The variance among these
specific characteristics is less important than the recognition that
impacts are experienced differently among residents and that they
are experienced through a lens of previous experience, expectations,
and understandings about fire in an area. It is also important to note
that very few of the respondents in this sample reported the most
severe personal impacts included in the measures. These included
death or injury in the household; damage to a home; death of ani-
mals, livestock, or pets; and destruction of the home. Occurrence of
these impacts is relatively rare in any given wildfire. However, future
researchers could attempt to explore variance in their influence on
well-being across a range of wildfires that caused significant damage
to private property.

Collectively our results suggest that there is a consistent set of
factors that could be good candidates for indicators of wildfire im-

pact to individual well-being across populations (i.e., significant
correlates in Table 3). However, resident well-being is only one
component in the larger considerations of impact to coupled human
and natural systems where fire occurs. Existing research indicates
that not all fires will occur in the same circumstances or among
residents with the same expectations for and relationships with the
areas they live in (Davis et al. 2013, Paveglio et al. 2015a). For these
reasons and given our findings in this research, it is important to
better determine how residents come to understand and interact
with the landscapes they live in and how they develop understand-
ings of wildfire risk in those areas. Impacts from fire, including
individual well-being, are an evolving product of existing and ongo-
ing coevolution between people and landscapes.

Endnotes
1. For more information, see www.geomac.gov.
2. For more information, see www.census.gov/geo/maps-data/.
3. For more information, see www.cec.org/.
4. For more information, see www.mtbs.gov/.
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