
PSYCHIATRIC SERVICES ♦ ps.psychiatryonline.org ♦ April 2007   Vol. 58   No. 4 550099

In late October and early Novem-
ber of 2003 wildfires ravaged
large sections of Southern Cali-

fornia. Burning an area roughly the
size of Rhode Island and destroying
more than 3,700 homes, the Califor-

nia firestorms were one of the most
expensive natural disasters in state
history. An estimated 100,000 persons
faced mandatory emergency evacua-
tion under harrowing circumstances
(1). Although a cataclysmic event for

California, these firestorms are not
isolated occurrences. From 2002 to
2004, for example, wildland-urban in-
terface fires destroyed more than
9,000 structures (2). Moreover, mass
exposure to wildfires has become an
increasingly common public health
problem, because millions of resi-
dents have moved into the wildland-
urban interface areas that were for-
merly wilderness (3). By one esti-
mate, nearly 40% of new home con-
struction in the Western United
States occurs in or adjacent to the
wildland-urban interface (4).

Despite its emerging importance,
little relevant research has addressed
the mental health consequences of ex-
posure to wildland-urban interface
fires. The scientific literature on ad-
justment to wildfire disasters has fo-
cused primarily on firefighters and
rescue workers (5–10). Although
these studies elucidate factors associ-
ated with mental health consequences
of occupational exposure for profes-
sional emergency service providers,
the relevance of these data for ordi-
nary community-dwelling survivors of
wildfire disaster is unclear. A few in-
vestigations have examined the im-
pact of fire disasters in the wildland-
urban interface on the exposed public
(11–13). However, this research has
not studied disaster survivors until
weeks or months after fire exposure,
thus limiting the value of these inves-
tigations for public health emergency
planning. Similarly, these studies have
not attempted to assess the preva-
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Objective: This study estimated the prevalence of psychopathology at a
three-month follow-up among persons seeking emergency relief servic-
es after a wildfire and identified a practical screener for use in these dis-
aster assistance settings to aid early identification of persons at risk of
subsequent psychopathology. Methods: During the October 2003 Cali-
fornia firestorm that occurred at the wildland-urban interface, 357 per-
sons who were seeking assistance from adjacent American Red Cross
and government relief centers were recruited for this study. Within days
of mandatory evacuation, participants completed baseline self-adminis-
tered questionnaires assessing demographic characteristics, initial sub-
jective reactions, and degree of fire exposure. At the three-month fol-
low-up, symptoms of posttraumatic stress disorder (PTSD) and major
depression were measured via a mailed survey. Results: At follow-up
33% showed evidence of probable major depression; 24% exhibited
probable PTSD. On a bivariate basis, seven initial reaction and fire ex-
posure items were significantly associated with subsequent psy-
chopathology. Best-subsets logistic regression analyses revealed that
property damage and physical injury were the best multivariate predic-
tors of psychopathology at follow-up. No additional items provided a
significant incremental improvement in prediction. Conclusions: Indi-
viduals seeking immediate emergency assistance related to the wild-
land-urban interface fire were at elevated risk of psychopathology in
the weeks after the fire. A short, easily administered, two-item screen-
er, composed of items assessing fire exposure severity, appears to hold
promise for aiding early identification of persons at risk of postfire psy-
chopathology. These findings may also have implications for other mass
disasters. (Psychiatric Services 58:509–514, 2007)
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lence of trauma-related psychopathol-
ogy among survivors of wildland-ur-
ban interface fires.

Effective public health planning for
fire disasters in the wildland-urban in-
terface requires collecting basic infor-
mation about the mental health conse-
quences of exposure to fire in these ar-
eas during or immediately after the dis-
aster. In particular, it is essential to un-
derstand the mental health needs of
persons who are affected by fire disas-
ters in the wildland-urban interface to
such a degree that they seek disaster-
related assistance at government aid
agencies or the American Red Cross.
Recognizing their needs is critical for
at least two reasons. Persons who seek
disaster-related services are likely to in-
clude many persons most affected by
the fires as well as those who have few-
er resources than their counterparts
who do not seek aid, thus increasing
their vulnerability to psychopathology.
In addition, from a pragmatic stand-
point, disaster-assistance centers ap-
pear to be a logical location for identi-
fication, triage, and preventive treat-
ment for persons at high risk of fire-re-
lated psychopathology.

At this juncture in the development
of public health planning for fire disas-
ters in the wildland-urban interface it
would be useful to estimate the preva-
lence of trauma-related psychopathol-
ogy in settings that provide disaster re-
lief services to the affected communi-
ty. Moreover, because large numbers
of people seek such services from
these agencies, any effective preven-
tion or intervention strategy would
benefit from an easily administered
short screener for early identification
of persons at elevated risk of trauma-
related psychopathology. Although
many people may experience symp-
toms of distress in the hours and days
after trauma exposure, most individu-
als will recover without intervention
(14–16). Therefore, an efficient public
health response during or immediate-
ly after a disaster may be to screen for
individuals who are at elevated risk of
future psychopathology, rather than
for persons who are experiencing high
levels of current distress.

The goals of the study presented
here were twofold: to estimate the
prevalence of two commonly occur-
ring posttraumatic psychiatric disor-

ders (major depression and posttrau-
matic stress disorder [PTSD]) among
individuals who had sought disaster
services or shelter as a result of a wild-
land-urban interface fire three
months previously and to evaluate
whether a short, easy-to-use, and rela-
tively nonintrusive screener—admin-
istered within hours or days of the dis-
aster—might aid in identification of
persons at elevated risk of subsequent
posttraumatic psychopathology. 

Methods
Participants
A total of 357 individuals who were
subjected to mandatory evacuation in
response to the California wildfires in
October 2003 participated in this
study. Study participants were recruit-
ed from two adjacent facilities that
provided emergency disaster services:
an American Red Cross center offer-
ing temporary shelter and other assis-
tance (N=224) and a government as-
sistance center housing federal, state,
and county aid agencies (N=133).

Sampling and procedures
All adults in or leaving the two re-
cruitment sites between the hours of
10 a.m. and 6 p.m. over the course of
several days were invited to partici-
pate by a member of the research
team. Staff members fully explained
study procedures, answered ques-
tions, obtained written informed con-
sent, and distributed and collected
self-administered questionnaires. The
research protocol was reviewed and
approved by the RAND Institutional
Review Board. A single, randomly se-
lected adult from each household was
invited to complete the survey. Of the
402 households approached to partic-
ipate, 357 persons completed the
questionnaire, yielding a baseline re-
sponse rate of 89%. Insufficient infor-
mation about initial nonrespondents
was available to assess whether nonre-
spondents differed from respondents
at baseline, although the low level of
nonresponse limits the potential bias.

At follow-up, a multistep procedure
was followed to recontact participants:
questionnaires were mailed to the last
known address as well as to the ad-
dresses of friends and family provided
by the respondent, phone calls were
made to participants whose question-

naires were returned as undeliver-
able, and Internet search services
were used to obtain updated contact
information. Both the initial and fol-
low-up questionnaires, which were
written in English, took approximate-
ly 15 to 20 minutes to complete.

Of the 357 participants at baseline,
234 (66%) returned a completed
three-month follow-up survey through
the mail. To adjust for the effects of
study attrition, a logistic regression
model was built to assess differences
between participants who completed
the follow-up survey and those who did
not. We considered demographic char-
acteristics, degree of fire exposure, ex-
posure to prior traumatic events, initial
reactions, and measures of social sup-
port as candidate predictors of attri-
tion. Variables associated with nonre-
sponse with bivariate p values of less
than .20 were included in the multi-
variate logistic regression model. This
model was used to generate inverse-
probability attrition weights employed
in all analyses that predicted follow-up
outcomes from baseline measures. All
weighted analyses incorporated the
variance inflation attributable to the
use of weights.

Measures
Demographic information. Partici-
pants provided information about
their gender, age, marital status, race
or ethnicity, household income, work
status, and education.

Objective severity of fire exposure.
Items using a response format of
“yes,” “no,” and “don’t know” meas-
ured severity of fire exposure. In se-
lecting items, we drew upon other
questionnaires on fire exposure (12)
and included items such as whether
the respondents’ house was damaged
or destroyed by the fire, whether they
were able to see the flames of the fire
from their home or neighborhood,
whether they had difficulty breathing
because of smoke or ashes, and
whether they were physically injured
because of the fires. Respondents
were also asked to indicate whether
they had stayed at a temporary shelter
at any time since the fires started. In
the reported analyses, we combined
the “no” and “don’t know” response
options into one category.

Initial reactions. A series of items
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using a “yes, very much,” “yes, a little,”
and “no, not at all” response format
assessed the extent to which partici-
pants had experienced fear for their
life, fear for the life of a loved one,
fear that their home or property was
in danger, feeling helpless, and feeling
terrified. Items were modeled after a
survey by Brewin and colleagues (17).
For the purpose of the analyses re-
ported here, we created dichotomous
yes and no variables by combining the
“yes, very much” and “yes, a little” re-
sponse options.

Posttraumatic stress symptom sev-
erity. The Posttraumatic Symptom
Checklist (PCL) was used as a
screener to assess probable PTSD at
the three-month follow-up (18). This
instrument contains 17 symptom
items keyed directly to the DSM-IV
(19). By using a time frame of the
past two weeks, respondents an-
swered each item with respect to the
fire on a 5-point scale reflecting
symptom severity. The scale was used
to derive a probable diagnosis of
PTSD following guidelines provided
by Weathers and colleagues (18).
Specifically, the PCL was scored by
using the DSM-IV symptom cluster
algorithm, and symptoms were
counted as present if they were rated
as moderately, quite a bit, or ex-
tremely bothersome to the respon-
dent. The PCL has been used in var-
ious traumatized populations and has
been found to possess solid psycho-
metric properties and construct va-
lidity in diverse samples (20–22).

Depressive symptoms. Depressive
symptoms were assessed at follow-
up by using the eight-item version
(PHQ-8) of the nine-item Patient
Health Questionnaire (PHQ-9) (23,
24). The PHQ-9 is well validated and
widely used as a brief screening
measure for major depression (24).
The PHQ-8 consists of the criteria
on which a DSM-IV diagnosis of ma-
jor depression is based, excluding
suicidality, and can be used as a
screener to determine a probable di-
agnosis of major depressive disorder.
Responses are provided with respect
to the frequency with which symp-
toms were experienced in the past
two weeks, by using a 4-point scale
ranging from 1, not at all, to 4, every
day. Persons with summed scores

greater than 9 were classified as be-
ing depressed (23).

Statistical analysis
The mean and standard deviation of
age were calculated for baseline re-
spondents. For all other baseline de-
mographic characteristics and fire ex-
posure measures, proportions and
their 95% margins of error were cal-
culated. The prevalence and comor-
bidity of probable PTSD and major
depression at the three-month fol-
low-up were calculated by using attri-
tion weights, as were the correspon-
ding 95% confidence intervals.

Logistic regression was used to cal-
culate bivariate odds ratios for the as-
sociation between baseline measures
of fire exposure and the presence of
either probable PTSD or major de-
pression at the three-month follow-
up. In addition, adjusted odds ratios
for each fire exposure measure were
derived from logistic regressions that
controlled for age, gender, race or eth-
nicity, education, employment status,
and income.

For predictive purposes, we used
best-subsets regression to identify fire
exposure and subjective reaction
measures that were statistically signif-
icant predictors of psychopathology.
This method involves assessing all
models created from all possible com-
binations of predictor variables, using
R2 as the criterion to determine best
fit. We first examined all possible two-
item combinations and then proceed-
ed to examine additional items for
their contribution to improved fit. We
evaluated alternative scoring rules for
the selected items and calculated the
positive and negative predictive values
of the resulting scores.

Results
Characteristics of 
the baseline sample
The demographic characteristics of
our baseline sample are displayed in
Table 1. Our sample included approx-
imately equal numbers of men and
women, individuals who were married
or cohabitating and those who were
single, and persons who were em-
ployed and those who were not. Thir-
ty-eight percent of the sample had an-
nual household incomes below the
federal poverty level.

Participants reported high levels of
fire exposure (Table 2). Participants’
responses to items inquiring about ini-
tial reactions to the fires revealed that
more than two-thirds of participants
experienced fear for their well-being
or that of a loved one. Ninety-four
percent indicated that they had feared
that their home was in danger.

Results of the attrition model
Fifteen measures were retained for
the multivariate model predicting at-
trition: three demographic character-
istics (age, gender, and marital status),
nine measures of fire exposure, a pri-
or traumatic events exposure count, a
social support scale, and a scale of ini-
tial reactions to the fire. The overall
attrition model was statistically signif-
icant, (χ2=32.44, df=15, p=.006) and
predicted attrition reasonably well
(concordance=.67). Participants lost
to follow up were younger and had
more severe fire exposure.

Prevalence and comorbid 
psychopathology at follow-up
As shown in Table 3, participants re-
ported significant levels of psy-
chopathology three months after the
fires, as reflected by the percentages
of people meeting probable diagnoses
for PTSD or major depression. Fur-
thermore, the co-occurrence of prob-
able depression and PTSD was strik-
ing (Φ=.74, p<.001).

Because of the high co-occurrence
of probable major depression and
PTSD, as well as preliminary analyses
that showed a similar pattern of asso-
ciations involving probable depression
and PTSD with baseline predictors,
we focused subsequent analyses on
the dichotomous outcome variable,
PTSD or depression. This index re-
flected whether a participant met cri-
teria for either disorder at follow-up.

Predictors of 
psychopathology at follow-up
The bivariate associations between de-
mographic factors and the dichoto-
mous index reflecting the probable
presence of either PTSD or depres-
sion at follow up were small; none
were statistically significant at the
p<.05 level. As displayed in Table 4,
however, several measures of partici-
pants’ fire exposure and initial reac-
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tions to the fire showed significant bi-
variate associations with psychopathol-
ogy at follow-up. Difficulty breathing
because of smoke or ashes, house or
property damage, and physical injury

to the respondent or a loved one were
predictive of a probable diagnosis. In
terms of participants’ initial reactions
to the fire, fear that one’s own life was
in danger, fear that the life of a loved

one was in danger, feeling terrified,
and being separated from loved ones
and being fearful for them increased
the risk of psychopathology at follow-
up. Demographically adjusted multi-
variate analyses revealed odds ratios
and levels of statistical significance
that were virtually identical to unad-
justed results. Only the association be-
tween “difficulty breathing because of
smoke or ashes” and any psy-
chopathology was no longer significant
after the analysis adjusted for demo-
graphic characteristics.

Best-subset regression revealed a
two-item model predicting any psy-
chopathology. These items were house
or property damage and physical in-
jury to oneself or a loved one (χ2=
27.76, df=2, p<.001). No additional
items provided a significant incremen-
tal improvement in prediction. This
two-item index displayed adequate
properties for use as a screener for fu-
ture psychopathology. Of the 49% of
our sample who endorsed at least one
of these items at baseline, 47% had a
probable disorder at follow-up (71%
sensitivity, 63% specificity, 47% posi-
tive predictive value, and 81% nega-
tive predictive value). Of the 11% who
endorsed both items, 69% had a prob-
able disorder (22% sensitivity, 95%
specificity, 69% positive predictive val-
ue, and 70% negative predictive val-
ue). Finally, among those who en-
dorsed neither risk factor, 19% had a
probable disorder at follow-up.

Discussion
Fires in the wildland-urban interface
constitute a growing public health
problem, particularly in the Western
United States (3). The toll on public
mental health and suffering exacted by
these fires has not, however, attracted
commensurate attention. This study
examined issues relevant to the mental
health needs of persons seeking disas-
ter aid after exposure to these fires.

The first goal was to estimate the
prevalence of common trauma-related
psychopathology in a disaster relief–
seeking sample in the weeks after fire
exposure. We found high levels of
probable PTSD and major depression,
with 34% of participants meeting
screening criteria for at least one of the
disorders three months after the fire.
Moreover, considerable comorbidity
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TTaabbllee  11

Baseline demographic characteristics of 357 persons who were affected by the
October 2003 California firestorm at the wildland-urban interface 

Variable N %a

Age (M±SD) 41±14
Male 164 46
Race or ethnicity

White 228 64
Hispanic or Latino 54 15
Black 50 14
Other 25 7

Work status
Employed full-time 121 34
Employed part-time 50 14
Unemployed 68 19
Homemaker, student, or retired 118 33

Marital status
Married or cohabitating 168 47
Single 79 22
Widowed, separated, or divorced 110 31

Education
Less than high school 65 18
High school or GED 182 51
A.A. degree or completed two years of college 71 20
College graduate 39 11

Household income in 2003
<100% federal poverty level 137 38
100%–199% federal poverty level 105 29
≥200% federal poverty level 115 32

a All reported percentages have 95% confidence interval half-widths ranging from 3% to 5%.

TTaabbllee  22

Fire exposure and initial reactions at baseline for 357 persons who were affected
by the October 2003 California firestorm at the wildland-urban interface

Variable N %a

Fire exposure
Were you able to see flames? 218 61
Did you have difficulty breathing because of smoke or ashes? 239 67
Did you personally know people whose house or property was 

damaged? 289 81
Did you leave a pet behind? 86 24
Was your house or property damaged? 125 35
Were you required to leave your home? 318 89
Were you or was someone close to you physically injured? 82 23
Have you stayed at a shelter? 221 62

Initial reactions
At any time during the fire did you think your life was in danger? 243 68
Did you think that the life of someone you love might be in danger? 278 78
Did you think your home was in danger? 336 94
Did you ever feel helpless? 307 86
Did you ever feel terrified? 264 74
During the fires, were you separated from loved ones and 

fearful for them? 253 71

a All reported percentages have 95% confidence interval half-widths ranging from 3% to 5%.
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was observed for the two conditions,
with nearly one-quarter of our sample
meeting screening criteria for both
disorders at follow-up. A growing body
of research now recognizes the fre-
quent comorbidity of PTSD and de-
pression (25–27). Indeed, some re-
search has suggested that PTSD and
depression may reflect a common vul-
nerability to experience posttraumatic
distress (25). The rate of co-occur-
rence in the study presented here ap-
pears somewhat higher than that
found in other studies. Insofar as no
other research has examined this issue
in a fire-exposed sample, additional re-
search is needed.

With respect to our second objec-
tive, we identified two items that pos-
sessed good ability to identify persons
who subsequently met criteria for
probable PTSD or major depression.
Composed of unobtrusive questions
about property damage and physical
injury to oneself or a loved one, these
items could serve as a potential screen-
er to provide an easy-to-administer,
relatively nonintrusive tool to triage
persons at elevated risk of subsequent
postdisaster psychopathology after
fires occurring at the wildland-urban
interface. Two possible cutoff points
for this screener were evaluated. The
more lenient scoring algorithm did a
better job of balancing sensitivity with
specificity. In view of the large number
of persons affected in a mass disaster
and limited mental health resources,
however, the higher cutoff point (that
is, requiring “yes” answers to both
screening questions) may possess
greater utility. Additional research is
needed to determine the value of
these items for use as a screener in
other samples exposed to fire at the
wildland-urban interface. 

Early identification of at-risk disaster
survivors is a widely recognized, but
elusive, goal. A recent review of more
than 160 early postdisaster interven-
tion programs has concluded that early
intervention for trauma survivors is im-
portant (15). These authors also ob-
served that early identification poses a
very significant challenge (28). To the
degree that our findings are generaliz-
able to survivors of other wildland-ur-
ban interface fires, this brief screener
may provide information needed to ef-
ficiently allocate scarce mental health

resources after this type of disaster. No
other tools are currently available to
triage disaster-exposed adults at risk of
future psychopathology.

These data should not be taken as
evidence that these items would be
appropriate for use as predictors of
postdisaster psychopathology in other
contexts. At the same time, the trans-
parent nature and seeming relevance
of these two items (that is, “property
damage” and “physical injury to one-
self or a loved one”) to various natural
and human-caused mass disasters sug-
gest that these items might have pre-
dictive utility in other settings. At the
very least these data point toward a
potentially promising avenue of re-
search aimed at identifying brief
screeners for early identification of
persons at elevated risk of trauma-re-
lated psychopathology.

In interpreting our findings, one
should be mindful of certain limita-
tions. Perhaps most important, this re-
search was not intended to directly as-
sess a representative sample of all per-
sons affected by the California wild-
fires. We deliberately chose to sample
at a location that naturally congregates
individuals who are most likely to ben-
efit from mental health services, there-
by addressing critical policy questions

about the feasibility and need of post-
disaster mental health services. More-
over, we employed diagnostic screen-
ers rather than full diagnostic instru-
ments. Thus our prevalence rates
might overestimate the actual numbers
of individuals who would meet full cri-
teria for PTSD or major depression at
follow-up. In particular, screeners do
not adequately measure all criteria re-
quired for an actual diagnosis—for ex-
ample, functional impairment.
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TTaabbllee  44

Predictions of probable posttraumatic stress disorder or major depression at
three-month follow-up for 234 persons who were affected by the October 2003
California firestorm at the wildland-urban interfacea

Predictor Bivariate OR 95% CI

Were you able to see flames? 1.49 .84–2.66
Did you have difficulty breathing because of smoke or ashes? 2.09∗ 1.10–3.98
Did you personally know people whose house or property 

was damaged? 1.32 .65–2.70
Did you leave a pet behind? 1.72 .88–3.34
Was your house or property damaged? 3.40∗∗∗ 1.89–6.14
Were you required to leave your home? .59 .24–1.41
Were you or was someone close to you physically injured? 3.25∗∗∗ 1.65–6.41
Have you stayed at a shelter? 1.53 .84–2.77
At any time during the fire did you think your life was 

in danger? 2.45∗∗ 1.29–4.64
Did you think that the life of someone you love might

be in danger? 2.90∗∗ 1.34–6.27
Did you ever feel helpless? 1.64 .66–4.09
Did you ever feel terrified? 3.14∗∗ 1.46–6.74
During the fires, were you separated from loved ones

and fearful for them? 2.52∗∗ 1.32–4.82

a Sample size is unweighted.
∗p<.05

∗∗p<.01
∗∗∗p<.001

TTaabbllee  33

Weighted prevalence and psychiatric
comorbidity at follow-up for 234 
persons affected by the October 2003 
California firestorma

Variable N %b

Psychiatric disorder
Probable posttraumatic 

stress disorder (PTSD) 56 24
Probable major depression 77 33

Co-occurrence of disorders
No disorder 154 66
Only PTSD 3 1
Only major depression 23 10
PTSD and major depression 54 23

a Sample size is unweighted.
b All reported percentages have 95% confidence

interval half-widths ranging from 1 to 6.
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In addition, rates of major depres-
sion in this sample at follow-up sub-
stantially exceed past-12-month preva-
lence rates in a nationally representa-
tive sample, suggesting fire exposure
as a proximate cause (29). Nonethe-
less, the possibility remains that some
persons had been experiencing an
episode of major depression either be-
fore the fire or for reasons entirely un-
related to the disaster. Thus our esti-
mates of the relationship between fire
exposure and major depression may
also be somewhat inflated. Finally, al-
though a three-month follow-up peri-
od seems reasonable for purposes of
identifying individuals who might ben-
efit from treatment, additional re-
search might fruitfully examine sur-
vivors over an even longer period.

Conclusions
These findings document that individ-
uals seeking disaster relief after wild-
land-urban interface fires are at
heightened risk of subsequent psy-
chopathology. Emergency relief cen-
ters constitute not only convenient lo-
cations for mental health triage but
also important sites for such services.
Moreover, early identification of indi-
viduals at risk of future psychopatholo-
gy in these settings seems to be feasi-
ble by using easily administered, rela-
tively nonintrusive questions about ob-
jective fire exposure. Finally, the
generic nature of the items that
emerged as the best set of predictors
of posttraumatic psychopathology rais-
es the possibility of their utility in oth-
er trauma contexts, although this
prospect awaits further study.
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