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ABSTRACT

Mobile home residents experience higher fatality rates from tornadoes than ‘‘fixed home” residents. Yet,
research on how mobile home residents understand and respond to tornado warnings is lacking. Such research
can help meteorologists and their partners better communicate tornado risk. We conducted four surveys with
residents of the southeastern United States. This region has the highest concentration of tornado fatalities and
killer tornadoes, in part because of the high density of mobile homes. Findings reveal that today’s tornado
warning system inadequately prepares mobile home residents to respond safely to tornadoes. The study offers
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recommendations for how to improve tornado communication for mobile and fixed home residents.

1. Introduction

Tornadoes are one of nature’s most violent storms
(NOAA 2010). When the National Weather Service
(NWS) issues a tornado warning, they recommend
that people go to a basement, safe room, or interior
room away from windows. If people are outside, the
NWS recommends that they should seek shelter im-
mediately inside a sturdy building. If people are in a
vehicle, the NWS recommends that they should drive
to the closest shelter if time allows (NWS 2018b). For
mobile home residents,' sheltering inside their home
can be life threatening because their homes often are

'Mobile home residents live in housing that can be towed or
placed without a dedicated foundation. Fixed home residents live
in structures with foundations such as traditional houses or
apartments.
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not safe. Instead, the NWS recommends that mobile
home residents abandon their homes immediately if
they have access to a sturdy shelter (NWS 2018a).
Unfortunately, mobile home residents may not have
access to sturdy structures like a neighbor’s home, a
school, or a community shelter. Another challenge for
mobile home residents is a lack of adequate advance
tornado warning so they can shelter safely outside
their homes. On average, there are only 13 minutes
between a tornado warning and a tornado touchdown
(NOAA 2011). Given these challenges and others,
mobile home residents experience more casualties
and severe injuries from tornadoes than ‘‘fixed home”’
residents (Donner 2007; Glass et al. 1980; Niederkrotenthaler
et al. 2013; Schmidlin and King 1995).

One avenue for better preparing mobile home res-
idents for tornadoes is effective risk communication,
including tornado warnings. As Brooks and Doswell
(2002) argued, “‘Efforts to improve safety practices
and communication of forecast and warning infor-
mation for this group [mobile home residents] will be
especially important in the future, if the long-term
decrease in tornado fatalities in the United States is
going to continue’ (p. 360). In this study, we examine
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mobile home residents’ tornado preparedness, risk
perception, information channel and source prefer-
ences, and tornado knowledge. We explore these
factors through surveys with fixed and mobile home
residents in the southeastern United States. This re-
gion has the highest concentration of tornado fatali-
ties and killer tornadoes in the United States, in part
because of high mobile home density (Ashley 2007;
Brooks and Doswell 2002; NOAA 2015). Findings
reveal that today’s tornado warning system inade-
quately prepares mobile home residents to respond
safely to tornadoes. The study offers recommenda-
tions for how to improve tornado communication for
these residents.

2. Literature review

In 2000, the American Meteorological Society
Council adopted a policy statement on tornado pre-
paredness and safety, which called for continued
outreach and research to reduce tornado-related fa-
talities and injuries (American Meteorological Society
Council 2000). Here we synthesize the limited re-
search on mobile home residents and tornadoes to
address the policy statement. We also offer the study’s
research questions.

a. How mobile home residents prepare for tornadoes

Permanent home residents are more likely to have
participated in tornado drills, have access to tornado-
resistant shelters, and have an emergency response
plan for seeking shelter, compared to mobile home
residents (Chaney and Weaver 2010; Chaney et al.
2013). Few studies have examined why mobile home
residents are less likely to prepare for and respond
to tornadoes. One study found that some mobile
home residents state it is ““God’s will”’ whether they
survive, thus negating the need to prepare (Schmidlin
et al. 2009). Some researchers have hypothesized
that experience with prior false alarms explains
why most mobile home residents inadequately pre-
pare for and respond to tornado warnings (Schmidlin
et al. 2009), although empirical research has not con-
firmed this hypothesis. In a similar vein, other research
finds that prior tornado experience is not associ-
ated with higher levels of tornado preparedness
among mobile home residents (Chaney et al. 2013).
Given the limited prior research on mobile home res-
idents’ tornado preparedness, we ask (RQ = research
question):

RQ1: To what extent do fixed and mobile home
residents in the southeastern United States prepare
for tornadoes?
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b. How mobile home residents receive and respond to
tornado warnings

Minimal research investigates how mobile home
residents receive and respond to tornado warnings.
One study found that mobile home residents could
receive poor reception on their NOAA weather radios
due to signal attenuation caused by the metal used to
construct their homes (Troutman et al. 2001). Other
researchers have called for investigations on how mo-
bile home residents ‘“‘go about organizing themselves
for protective action during the often brief period prior
to the onset of a tornado” (Donner 2007, p. 682). Re-
searchers also have called for investigations on how to
communicate tornado forecasts and warnings to mo-
bile home residents (Brooks and Doswell 2002). For
the general population, research finds that tornado
warnings disseminated via a variety of sources [e.g.,
television (TV), outdoor warning sirens, and word-of-
mouth communication] motivate action, if people have
adequate knowledge to understand warnings and have
access to shelter (Brown et al. 2002; Chiu et al. 2013;
Comstock and Mallonee 2005; Liu et al. 1996). Most
people receive tornado warnings from more than one
source (Hammer and Schmidlin 2002).

Research finds that there is no single most effective
information source for all warning recipients and that
people generally need to receive similar information
from multiple sources before taking action (Anthony
et al. 2013; Liu et al. 2015). Once learning about a di-
saster, most people confirm the disaster through seek-
ing information from a variety of sources and sharing
information with friends and family (Liu et al. 2016;
Mileti and Sorensen 1990). Information seeking occurs
actively and passively. Active problem solvers initiate
information searches whereas less active problem
solvers are content to passively receive information
when it comes their way (Kim and Krishna 2014; Kim
2016). Through active and passive communicative be-
haviors, people make meaning of a warning and decide
how to respond (Bean et al. 2016; Kim 2016; Mileti and
Sorensen 1990).

People’s weather risk perceptions play an important
role in how people respond to warnings (Hoekstra et al.
2011; Senkbeil et al. 2014). Propensity for daily risk
taking also may affect how people respond to tornado
warnings (Nicholson et al. 2005; Zinkhan and Karande
1991). However, we do not know to what extent these
general findings about how people respond to warnings
apply to mobile home residents’ tornado responses.
Therefore, we ask:

RQ2: Through which primary channels and sources do
fixed and mobile home residents in the southeastern
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United States obtain information about tornado
watches and warnings?

RQ3: How do fixed and mobile home residents in the
southeastern United States evaluate their risk of
tornadoes personally affecting them?

c. Tornado knowledge

We also assess whether tornado knowledge affects
residents’ capacity to respond to warnings. Prior research
found that tornado hazard and warning knowledge im-
pact how people respond to tornadoes (Liu et al. 1996;
Schmidlin et al. 2009; Whitmer et al. 2017). However,
individuals sometimes have false knowledge, often called
tornado myths or tornado folk science (Klockow et al.
2014; LaNore 2014). For example, some people believe
that ““a green sky means that a tornado is coming”
(LaNore 2014, p. 9), “hills stop tornadoes from pushing
forward” (Klockow et al. 2014, p. 803), and ‘‘mobile
homes are tornado magnets” (LaNore 2014, p. 43). A
critical piece of knowledge is how to shelter safely during
tornadoes (Hoekstra et al. 2011; Schmidlin et al. 2009).
When the NWS issues a tornado warning, the primary
recommended behavior for fixed home residents is to
shelter in place. The primary recommended behavior for
mobile home residents is to seek a safe shelter outside
their homes (NWS 2018a). However, many mobile home
residents seek shelter inside their homes during torna-
does rather than in safe locations outside their homes
(Chaney and Weaver 2010; Chaney et al. 2013).

Mobile home residents may not leave their homes be-
cause they do not know where to evacuate to, when to
leave, and which route to take to evacuate (Ash 2017).
Furthermore, they might not seek shelter outside their
homes because they think their mobile homes can with-
stand tornadoes and/or they believe that nearby fixed
homes are not safer during tornadoes (Ash 2017). Other
important tornado knowledge includes how tornadoes
form, where safe places in structures are during torna-
does, if tornadoes can cross water or mountains (common
misconceptions about tornadoes), tornado probabilities,
and when tornadoes occur (Edwards 2017; NOAA 2010,
2011). We do not know to what extent residents possess
accurate tornado knowledge. Therefore, we ask:

RQ4: What level of tornado knowledge do fixed and
mobile home residents have in the southeastern
United States?

3. Method

a. Data collection and cleaning

Four surveys with 4171 responses were collected be-
tween 8 July 2016 and 11 August 2016. A large survey
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company (Qualtrics) conducted the online surveys
using a regionally representative sample of the south-
eastern United States based on a quota of age, income,
gender, and racial/ethnic identity. The states of interest
were Alabama, Arkansas, Florida, Georgia, Kentucky,
Louisiana, Mississippi, North Carolina, South Carolina,
Tennessee, Virginia, and West Virginia.

The surveys took approximately 30 min on average to
complete (surveys 1 and 2: mean M = 42.1, standard
deviation SD = 157.99, and median Mdn = 26.37; surveys
3 and 4: M = 33.51, SD = 205.96, and Mdn = 19.78).
Responses under 30% of the median time were elimi-
nated from analysis, as were responses more than 3 SDs
above the median. After this data cleaning procedure,
2076 cases from surveys 1 and 2 remained for analysis,
with a mean completion time of 35.87min (SD = 37.96;
Mdn = 27.05) and 1973 cases from surveys 3 and 4 with a
mean completion time of 26.01 min (SD = 30.11; Mdn =
19.93). Cases on the tail of the distribution were manually
inspected, and no additional data concerns were uncovered.

The final dataset provided 3054 general residents
(survey 1 N = 1577; survey 3 N = 1477) and 995 mobile
home residents (survey 2 N = 499; survey 4 N = 496) of
the southeastern United States that were appropri-
ate for further analysis. The cases removed from the
data cleaning procedure did not significantly impact
any racial, gender, or age-based statistics, suggesting
that the cases were fairly normally distributed. No
other significant differences were uncovered between
the samples in terms of race, age, location, or any re-
ported demographics (Table 1).

b. Measures

The study’s measures are summarized below. We also
measured demographics.

1) CHANNELS AND SOURCES

RQ2 asks about primary channels and sources. We
tested 17 sources (e.g., friends, neighbors, and meteo-
rologists) and nine communication channels (e.g., social
media, phone, and sirens). The research asked the fol-
lowing question, “From what source(s) did you receive
an alert?” with an option of each source and channel.
Participants marked “‘yes’ or ‘‘no,” where ‘“‘yes’” meant
they had learned about their last tornado event from
that source or channel and “no’” meant they did not
receive information about their last tornado event from
that source or channel. No Cronbach’s « is reported
because of the dichotomous nature of the measure.

2) INFORMATION MILLING

RQ2 asks about primary channels and sources. In-
formation milling examines passive communicative
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TABLE 1. Survey demographics. Some respondents identified multiple races and genders, and therefore race and gender variables were not

aggregated.
Variable N Time Race Gender Age
Survey 1 1577 35.87 (SD 37.96) Caucasian 70.7% Male 49.2% 44.5 (SD 17.30)
(fixed home residents) African American/Black 22.0% Female 50.2%
Asian 1.8% Other 0.6%
Hispanic 6.7%
Native American 0.0%
Other 0.0%
Survey 2 499 39.68 (SD 41.13) Caucasian 82.8% Male 29.0% 45.7 (SD 16.96)
(mobile home residents) African American/Black 12.0% Female 70.4%
Asian 1.0% Other 0.6%
Hispanic 2.8%
Native American 1.2%
Other 2.0%
Survey 3 1477 25.89 (SD 29.85) Caucasian 68.1% Male 49.6% 44.5 (SD 17.30)
(fixed home residents) African American/Black 23.4% Female 50.0%
Asian 2.1% Other 0.3%
Hispanic 7.6%
Native American 0.0%
Other 0.0%
Survey 4 496 26.37 (SD 31.02) Caucasian 79.2% Male 33.7% 45 (SD 16.96)
(mobile home residents) African American/Black 14.4% Female 65.3%
Asian 1.8% Other 1.0%
Hispanic 3.6%
Native American 2.8%
Other 1.8%
Total 4049 — — — —

behaviors (information receiving) and active commu-
nicative behaviors (information seeking and sharing).
In other words, we examined from what channels people
receive a tornado warning and what channels people
use to seek and share additional information (see
Table 6, below). Thirteen channels from which people
receive tornado warnings and 16 information seeking
and sharing behaviors were assessed by asking partic-
ipants to recall their last tornado experience and to
state whether they participated in active or passive
communicative behaviors on a 1-7 scale with an option
of “not applicable.” No Cronbach’s « could be com-
puted because questions were single-item measures
designed to report on specific behaviors rather than
contribute to one overarching concept.

3) PERCEIVED FALSE ALARM RATE

RQ1 asks about preparedness that may be related to
perceived false alarm rates. Prior research provided
mixed findings on whether perceived and/or actual
false alarm rates affect people’s protective behaviors
in response to tornado warnings (e.g., Simmons and
Sutter 2009; Trainor et al. 2015). To assess the per-
ceived false alarms rate, we used a modified version of
Trainor et al.’s (2015) scale and asked participants to
answer the following question: ““How frequent do you

perceive false alarms to be for tornadoes in your
area?,” with responses on a 0-100 scale. We also asked
participants to rate on the same scale whether they
believe ‘‘false alarms occur frequently in my area,”
where 0 was ‘“‘completely disagree’” and 100 was
‘“‘completely agree.” No Cronbach’s « is reported be-
cause of the nature of the measure.

4) PERCEIVED TORNADO PREPAREDNESS

RQ1 asks about preparedness. People’s perceptions
of their own disaster preparedness affect whether they
take protective actions during an event, based in part
on how well they feel they were prepared for prior
events (Dillon et al. 2014). Fixed and mobile home
residents’ current tornado preparedness, including ac-
cess to shelter, was measured with five items ranging
from strongly disagree to strongly agree on a 7-point
Likert-type scale. The measure asked whether partici-
pants agreed with five statements like “‘I have access to
adequate shelter,” ‘I have adequate supplies stored in
my home in case of a tornado,” and ‘““My family knows
what to do in case of a tornado.”” The preparedness
measure had a Cronbach’s a of 0.81. A principal com-
ponent analysis with varimax rotation found only one
axis in the solution set, indicating that all variables
loaded on a single factor.
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5) RELIGIOSITY

RQI1 asks about preparedness, which may be related to
religiosity (Schmidlin et al. 2009). Religiosity was assessed
by measuring participants’ general intensities on five core
dimensions of religiosity with five Likert-type questions
on a 1 to 5 scale (Huber and Huber 2012). The five di-
mensions are public practice, private practice, religious
experience, ideology, and intellectual dimensions. Ques-
tions include: “How often you do you think about religious
issues”” and ‘“How often do you take part in religious
services?” Cronbach’s a was 0.89, and principal component
analysis indicated a one-factor solution.

6) PERCEIVED RISK: TORNADO

RQ3 asks about risk evaluation. Individuals’ per-
ceived risk has long been studied, and personalizing
risk is an important precondition for protective action
(Mason et al. 2018; van der Pligt et al. 1993; Weber
2006). Following previous research (Dillon et al. 2014),
we asked participants about their holistic judgement of
tornado risk with the following questions on a 0-10 scale,
where 0 is no risk and 10 is extremely risky: 1) “Based on
your prior experience, how great a risk do you think
tornadoes now pose to you?”’; 2) “How great of a risk do
tornadoes pose to the United States as a whole?”’; and
3) “How great of a risk do tornadoes pose to the south-
eastern United States?” Cronbach’s « was 0.76, and
principal component analysis indicated a one-factor so-
lution. The three questions were aggregated into a per-
ceived risk scale. We asked different questions about
tornado risk as opposed to risk propensity (Nicholson et al.
2005) because people report general risk, specific risk, and
personal or family risk drastically differently and people
describe themselves as subjected to less risk than others
(Duck and Mullin 1995; Gunther and Mundy 1993).

7) PERCEIVED RISK: RISK PROPENSITY

RQ3 asks about risk evaluation. Risk propensity is
“the tendency of a decision maker either to take or to
avoid risks” (Sitkin and Pablo 1992, p. 12). This vari-
able measured risk across different domains con-
structed from prior research (Nicholson et al. 2005).
Risk propensity is a composite scale, which assesses an
individual’s comfort with dangerous behavior like
smoking and safety risks at work. Specifically, a 12-item
measure ranging from 1 (‘“‘never’’) to 5 (“always”’) as-
sessed people’s self-reported behaviors in health risks
(e.g., smoking), recreational risks (e.g., dangerous
sports), career risks, financial risks, safety risks (e.g.,
aggressive driving), and social risks (e.g., challenging
authority) in current everyday life and in the past.
Cronbach’s o was 0.949.
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8) SELF-EFFICACY

RQ1 asks about preparedness that may be related to
self-efficacy. Self-efficacy to take shelter during a tor-
nado was assessed using a previously established mea-
sure, but applied to a tornado context (So et al. 2015;
Witte et al. 1996). Four questions focused on individ-
uals’ current perceived ability to impact the outcome
of a tornado and asked questions like ‘““How capable are
you at effectively taking shelter when responding to a
tornado?”’ and ‘“How easy would it be for you to take
shelter in a tornado?”” measured on a 1-10 Likert-type
scale ranging from strongly agree to strongly disagree.
Cronbach’s a@ was 0.947, and principal component
analysis indicated a one-factor solution.

9) TORNADO KNOWLEDGE AND UNDERSTANDING
GUIDANCE

RQ4 asks about tornado knowledge. Fifteen questions
pulled from NOAA educational materials (Edwards
2017; NOAA 2010, 2011) assessed whether people had
the foundational knowledge to understand NOAA
protective action recommendations, like sheltering in
place. Questions were multiple choice and true/false.
Sample questions include, ‘““True or false, tornadoes
never strike the same place twice,” ““True or false,
tornadoes cannot cross water,” and “If you are
inside a house during a tornado, where should you
go?”’ All answers were collected with the partici-
pants’ responses. Then, the participants’ responses
were recoded into a new binary variable with 0 (when
participants chose the wrong response) and 1 (when
participants chose the right response). Subsequently,
the team created a knowledge score by adding the
number of correct answers, divided by the total number
of questions, and multiplied by 100.

10) TRUST IN GOVERNMENT WARNINGS

RQ1 asks about preparedness of southeastern U.S.
residents for tornadoes, including residents’ trust that
the government will adequately warn them about tor-
nadoes. We asked the following question: ““I trust that
the government will give me as much warning as they
can about impending tornadoes’ measured on a 1-7
Likert-type scale ranging from ‘“‘strongly disagree” to
“strongly agree.” No Cronbach’s @ was measured for
this single-item measure.

4. Results
a. Understanding preparedness (RQ1)

We examined how prepared fixed and mobile home
residents are in the southeastern U.S. in advance of
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TABLE 2. Perceived preparedness, access to shelter, and self-efficacy to take shelter by mobile home and fixed home residents (one asterisk
for p < 0.05, two asterisks for p < 0.01, and three asterisks for p < 0.001).

95% confidence

Fixed home interval (CI) for

Mobile home residents residents mean diff
M SD n M SD n Lower Upper t df
Perceived preparedness 4.352 1.22 985 485 121 3013 0417 05931 11.82"" 3996
Perceived access to shelter 3.32 1.9 997 47 174 3045 1243 1509 20244 1582.022
Confidence knowing tornado signs 4.68 1.55 994 486 150 3041  0.064 0.285 3.092**_ 1636.458
Trust in government warnings 4.67 1.63 994 5.03 148 3042 6.13 1560.115 0.244f*f 0.473
Adequate supplies stored 4.19 1.78 991  4.62 1.67 3036 0.306 0.558 6.716™"  1598.49
Family knowledge about a tornado ~ 4.89 1.65 994 5.06 152 3032 0.051 0.284 2.812»‘&*. 1580.428
Self-efficacy to take shelter 7.0308 2.44 479 7.66 207 1429  0.386 0.8742  5.073" 73.031

tornadoes. In aggregate, fixed home residents reported
(M = 4.85; SD = 1.21) significantly higher levels of
preparedness than mobile home residents (M = 4.35;
SD = 1.22), as indicated by an independent samples
t test [£(3996) = 11.282; p < 0.001]. Moreover, fixed
home residents reported (M = 7.66; SD = 2.07) signifi-
cantly higher levels of self-efficacy to take shelter than
mobile home residents (M = 7.03; SD = 2.44), as in-
dicated by an independent sample ¢ test [£(723.031) =
5.073; p < 0.001]. Specifically, independent sample ¢ test
results showed that mobile home residents perceived
the following factors to be lower compared to fixed
home residents: access to adequate shelter, physical
supplies stored, trust that the government will give
as much warning as they can about impending tor-
nadoes, confidence in personal ability to handle a
tornado, and family knowledge about tornadoes
(Table 2).

Possibly, mobile home residents could perceive
that they are less prepared because they believe that
it is God’s will whether they survive a tornado, thus
negating the need for them to prepare (Schmidlin
et al. 2009). We examined whether there are dif-
ferences in religiosity between mobile and fixed
home residents. Mobile home residents (M = 3.54;
SD = 1.06) were slightly more religious than fixed

home residents (M = 3.43; SD = 1.08) [#(1964) =
—2.039; p < 0.05], yet the difference was small
(Table 3).

Mobile home residents could perceive that they are
less prepared because they perceive higher false alarms
rates (Schmidlin et al. 2009). However, an indepen-
dent sample ¢ test showed that mobile home residents
(M = 35.58; SD = 26.94) perceived a lower false alarm
rate than fixed home residents (M = 38.60; SD = 28.35)
(t = 2.996; degrees of freedom df = 1738.415; p < 0.01).
Of note, the perceived false alarm rate had a high SD
(Table 4).

b. Primary channels and sources (RQ2)

Fixed and mobile home residents predominately re-
lied on the same sources and channels for tornado in-
formation, with the notable exception that mobile
home residents were less accessible on social media
and more dependent on their local TV meteorologist
(Table 5).

Results further indicated significant differences in
information milling behavior (i.e., from what channels
residents receive information about tornado warn-
ings and where they go to seek and share additional
tornado information). Mobile home residents al-
most universally reported less information milling

TABLE 3. Religiosity between mobile home and fixed home residents (one asterisk for p < 0.05, two asterisks for p < 0.01, and three
asterisks for p < 0.001).

Mobile home residents

Fixed home residents

95% CI for mean diff

M SD n M SD n Lower Upper t df
Religiosity 3.54 1.06 498 343 1.08 1468 -0.223 —0.004 —-2.039" 1964
Intellect 3.37 1.28 500 3.28 1.24 1485 -0.215 0.04 —1.353 1983
Public practice 2.89 1.36 499 2.86 1.34 1482 —0.165 0.109 —0.403 1979
Private practice 3.68 1.28 499 3.53 1.32 1480 -0.278 —0.012 —2.134" 1977
Experience 3.53 1.28 500 3.38 1.30 1484 —-0.276 —0.013 -2.155" 1982
Ideology 427 1.16 499 411 1.25 1482 -0.292 —0.042 —2.628" 1979
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TABLE 4. Perceived false alarm rate between mobile home and fixed home residents (one asterisk for p < 0.05, two asterisks for p < 0.01,
and three asterisks for p < 0.001).

Mobile home residents

Fixed home residents

95% CI for mean diff

M SD n M

SD n Lower Upper t df

Perceived false alarm rate 35.58 26.94 977 38.60

28.35 2980 1.04 4.98 2996 1738.415

behavior, although mobile home and fixed home
residents did not use significantly different primary
channels. Television, face-to-face interactions, and
phone calls/texts were the primary channels for in-
formation exchange during tornadoes. See Table 6 for
more information.

¢. Evaluations of tornado risk (RQ3)

To examine risk perception, we compared risk
propensity between mobile and fixed home residents.
With the exception of personal health risks (smoking
and drinking), mobile home residents had lower risk
propensity and were significantly less likely to take
risks [#(1968.926) = 6.837; p < 0.001] than fixed home
residents across dimensions (Table 7).

To further examine risk perception for torna-
does, independent sample ¢ tests determined if there
were meaningful differences between the two groups
of residents in their perceived risk of tornadoes. Re-
sults indicated no significant differences between
mobile home residents (M = 7.407; SD = 1.939) and
fixed home residents (M = 7.444; SD = 1.646)
[£(392.374) = 0.269; p = 0.788].

d. Tornado knowledge (RQ4)

To address RQ4, participants responded to a series of
questions derived from NOAA educational materials
(Edwards 2017; NOAA 2011, 2017). Independent sam-
ple’s ¢ test results [#(1833.373) = —4.520; p < 0.001]
identified that mobile home residents had slightly higher
tornado knowledge rates (M = 71.22; SD = 16.11) than
fixed home residents (M = 68.38; SD = 18.43) (Table 8).
Still, there is a room for improvement for mobile
and fixed home residents’ knowledge in responses to
tornadoes. In particular, more than a half of mobile
and fixed home residents had the wrong information
that “‘the northeast corner of a basement is the safest
location during passage of a tornado’ and “‘if you’re
driving, you should take shelter under a bridge during
a tornado.”

Unfortunately, mobile and fixed home residents
seem to be missing some critical knowledge about the
proper protective action to take when in mobile
homes during tornadoes. When specifically asked
what protective action you should take in a mobile

home when a tornado occurs, only 54% of mobile
home participants correctly responded that they should
abandon the mobile home and seek shelter in a sturdy,
nearby structure. In other words, about half of the
respondents did not have proper knowledge of the
recommended protective action (Table 9). Specifi-
cally, about 42% of mobile home participants re-
sponded that they should seek shelter inside in a
low interior room (like a bathroom), while 3% chose
that they should retreat to a nearby vehicle. Fixed
home residents also seemed to be missing knowl-
edge about how mobile home residents should pro-
tect themselves during tornadoes, although their
knowledge was slightly higher than the knowledge
of mobile home respondents in our survey. Specifi-
cally, when participants residing in fixed homes were
asked what to do in a mobile home during a tornado,
about 63% of them answered correctly. However,

TABLE 5. Communication channels and sources for tornado
watches and warnings (note that percentages do not add to 100%
because individuals could select multiple responses).

Fixed Mobile
Category homes homes
Channels
Traditional media 38% 39%
Scrolling ticker 31% 31%
Social media 22% 17%
Text from emergency services (WEA) 22% 26%
Text from loved ones 16% 17%
Siren 15% 11%
Face to face 6% 5%
Sources
Local TV meteorologist 40% 46%
National TV meteorologist 14% 14%
Media (other than meteorologist) 14% 14%
Friends 13% 10%
NOAA 8% 7%
Coworkers 8% 4%
Other government agency 7% 4%
Neighbors 6% 5%
Parents 6% 5%
Fire department 6% 3%
Spouse 5% 5%
Police 4% 2%
Siblings 2% 3%
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TABLE 6. Information milling preferences (one asterisk for p < 0.05, two asterisks for p < 0.01, and three asterisks for p < 0.001).

Variable Fixed Mobile Total df F P
Information receiving
Local newspaper™ 3.73 (2.39) 3.04 (2.29) 3.55(2.38) 1, 1980 31.438 0.000
National newspaper” 3.57 (2.35) 2.95 (2.27) 3.42 (2.34) 1, 1971 26.256 0.000
TV 6.13 (1.23) 6.15 (1.30) 6.13 (1.25) 1,1978 0.086 0.769
Local govt. websites™ 4.70 (2.03) 4.19 (2.13) 4.57 (2.07) 1,1974 22283 0.000
Federal websites™ 436 (2.11) 3.79 (2.15) 421 (2.13) 1, 1981 27.058 0.000
Online videos™ 3.74 (2.29) 3.10 (2.15) 3.58 (2.27) 1, 1982 29.878 0.000
Facebook” 431 (2.28) 4.04 (2.32) 424 (2.29) 1,1982 4912 0.027
Twitter ™ 3.99 (2.45) 3.48 (2.46) 3.86 (2.46) 1, 1960 15.923 0.000
Blogs™ 3.63 (2.40) 3.11 (2.32) 3.50 (2.39) 1, 1949 17.483 0.000
Face to face/telephone 5.00 (1.96) 4.96 (2.05) 4.99 (1.98) 1,1975 0.155 0.693
E-mail friends/family”™* 3.86 (2.26) 3.26 (2.26) 3.71 (2.27) 1,1973 25.938 0.000
Text 4.88 (2.14) 4.72 (2.30) 4.84 (2.18) 1,1973 1.949 0.163
Flickr, Pinterest, etc.”™ 3.98 (2.33) 3.55 (2.40) 3.87 (2.35) 1, 1983 12.223 0.000
Information seeking and sharing
Like a post on social media” 3.77 (2.36) 3.50 (2.35) 3.70 (2.36) 1, 1983 5.061 0.025
Retweet” 3.92 (2.43) 3.64 (2.54) 3.85 (2.46) 1, 1987 4.929 0.027
E-mail website™" 3.51 (2.27) 3.06 (2.24) 3.40 (2.27) 1,1983 15.148 0.000
Face to face 5.16 (1.94) 5.12 (2.06) 5.15 (1.97) 1,1983 0.141 0.708
E-mail™ 430 (2.23) 3.86 (2.36) 4.19 (2.27) 1, 1984 13.974 0.000
Telephone 5.33 (1.87) 5.38 (2.03) 5.34 (1.91) 1,1988 0.263 0.608
Text 5.11 (2.09) 5.00 (2.23) 5.08 (2.13) 1,1977 0.984 0.321
Like posts”™ 3.78 (2.40) 3.35 (2.37) 3.67 (2.40) 1,1976 12.031 0.001
Share posts” 4.06 (2.41) 3.74 (2.47) 3.98 (2.43) 1,1973 6.542 0.011
Comment on Facebook ™ 3.73 (2.36) 3.20 (2.33) 3.60 (2.36) 1, 1974 18.603 0.000
Post information on others’ Facebook ™ 3.98 (2.37) 3.60 (2.45) 3.89 (2.39) 1, 1983 9.861 0.002
Write a blog™ 3.60 (2.50) 3.14 (2.45) 3.48 (2.50) 1,1973 12.448 0.000
Post on others’ blog™™" 3.66 (2.46) 3.17 (2.41) 3.54 (2.45) 1,1970 14.736 0.000
Comment on videos 3.63 (2.43) 3.20 (2.39) 3.52 (2.43) 1,1975 12.02 0.001
Upload relevant photographs™™ 3.68 (2.42) 3.21 (2.38) 3.57 (2.42) 1, 1979 14.101 0.000
Follow relevant sources on Facebook 4.19 (2.37) 4.02 (2.48) 4.15 (2.39) 1, 1979 1.814 0.178

30% responded that they should seek shelter in the
hallway, bathroom, or closet, and 6% responded that
mobile home residents should retreat to a nearby
vehicle [}*(2) = 53.772; p < 0.001].

5. Discussion

This research set out to understand how mobile home
residents respond to tornadoes, given the dearth of

research on this topic. Below we discuss the findings by
research question.

a. Tornado preparedness (RQ1)

Mobile home residents displayed a pattern of lower
preparedness, lower self-efficacy to take shelter, lower
trust that the government will provide as much warning
as they can about impending tornadoes, and lower ac-
cess to shelter, compared to fixed home residents. These

TABLE 7. Risk propensity between mobile home and fixed home residents (one asterisk for p < 0.05, two asterisks for p < 0.01, and three
asterisks for p < 0.001).

Mobile home residents

Fixed home residents

95% CI for mean diff

M SD n M SD n Lower Upper t df
Risk propensity 1.87 0.87 957 211 1.05 2876 0.167 0.302 6.8377"  1968.92
Recreational 1.63 1.02 985 1.98 1.23 2949 0.268 0.424 8717 2013.89
Health 2.58 1.41 979 254 1.32 2941 —-0.138 0.062 —-0.735 1585.82
Career 1.78 1.03 982 1.99 1.18 2936 0.137 0.293 54357 1912.89
Finance 1.78 1.05 980 2.06 1.22 2937 0.197 0.356 6.844 192152
Safety 1.84 1.10 981 2.09 1.24 2938 0.165 0.330 5.898™"  1863.58
Social 1.65 1.04 979 1.99 1.24 2938 0.259 0.418 8354 1973.52
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TABLE 8. Answers to questions about mobile home and fixed home residents’ tornado knowledge. Given are the count and the percent (in

parentheses).
Questions Answers Fixed Mobile Total
Choose true or false: if a Right (false) 1938 (65.9) 645 (66.2) 2583 (66.0) x*(1) = 0.35;p > 0.05
tornado is coming toward ~ Wrong (true) 1003 (34.1) 329 (33.8) 1332 (34.0)
your house, you should
open the windows
Choose true or false: Right (true) 2458 (84.2) 834 (84.5) 3292 (84.6) X*(1) = 1.425; p > 0.05
tornadoes can cross water ~ Wrong (false) 461 (15.8) 138 (14.2) 599 (15.4)
Choose true or false: the Right (false) 1163 (39.7) 335 (34.4) 1498 (38.4) XA(1) = 8.471; p < 0.01
northeast corner of a Wrong (true) 1769 (60.3) 638 (65.6) 2407 (61.6)
basement is the safest
location during passage
of a tornado
Choose true or false: Right (false) 2387 (81.4) 858 (88.2) 3245 (83.1) X(1) = 24.007; p < 0.001
tornadoes, like lightning, =~ Wrong (true) 546 (18.6) 115 (11.8) 661 (16.9)
never strike the same
place twice
Choose true or false: if you  Right (false) 1226 (41.9) 435 (44.6) 1661 (42.6) X*(1) = 2.229; p > 0.05
are driving, you should Wrong (true) 1701 (58.1) 540 (55.4) 2241 (57.4)
take shelter under a
bridge during a tornado
Choose true or false: areas Right (false) 1934 (66.2) 716 (73.4) 2650 (68.0) x°(1) = 17.295; p < 0.001
near mountains are safe Wrong (true) 988 (33.8) 260 (26.6) 1248 (32.0)
from tornadoes
Choose true or false: areas Right (false) 2459 (84.1) 876 (90.4) 3335 (85.6) x*(1) = 23.752; p < 0.001
near populated cities are Wrong (true) 466 (15.9) 93 (9.6) 559 (14.4)
safe from tornadoes
Choose true or false: mobile Right (false) 1604 (54.8) 509 (52.3) 2113 (54.2) XA(1) = 1.929; p > 0.05
home parks are more Wrong (true) 1322 (45.2) 465 (47.7) 1787 (45.8)
likely to be hit by a tornado
than other home types
What type of thunderstorm  Right (supercell) 1339 (45.4) 521 (52.7) 1860 (47.2) X*(1) = 16.150; p < 0.001
produces the majority of Wrong (squall line) 416 (14.1) 107 (10.8) 594 (13.3)
significant tornadoes? Wrong (single cell) 478 (16.2) 116 (11.7) 594 (15.1)
Wrong (thunderstorm clusters) 719 (24.4) 244 (24.7) 963 (24.4)
Should you open windows Right (do not open) 2074 (70.2) 671 (68.1) 2745 (69.7) X*(1) = 1.560; p > 0.05
in your home if a tornado ~ Wrong (open) 879 (29.8) 314 (31.9) 1193 (30.3)
is approaching?
Ifyouareinside ahouse and  Right (to the lowest level: a 2653 (89.9) 929 (94.0) 3582 (90.9) x*(1) = 15.486; p < 0.001
a tornado is approaching, basement or storm cellar)
where should you go? Wrong (to the highest level 199 (6.7) 41 (4.1) 240 (6.1)
in the building)
Wrong (near a window) 100 (3.4) 18 (1.8) 118 (3.0)
If you are outside and there ~ Right (lie flat in a low spot 2460 (83.5) 895 (90.6%  3355(85.3%  x*(1) = 29.784; p < 0.001
is no building nearby, and use your arms and hands
what should you do if a to protect your head)
tornado is coming? Wrong (move to higher 149 (5.1) 30 (3.0% 179 (4.5%
ground)
Wrong (get into a car if 338 (11.5) 63 (6.4) 401 (10.2)
one is nearby)
Wherever you are, if you Right (take cover right 2391 (81.1) 878 (88.9) 3269 (83.1) X*(1) = 31.470; p < 0.001
hear or see a tornado away)
coming, what should Wrong (run away from 346 (11.7) 62 (6.3) 408 (10.4)
you do? the tornado as fast as
possible)
Wrong (stay where you are 210 (7.1) 48 (4.9) 258 (6.6)
and do not move)
What is the main cause of Right (thunderstorms) 2009 (68.0) 761 (76.9) 2770 (70.3) x*(1) = 28.316; p < 0.001
tornadoes? Wrong (hurricanes) 359 (12.2) 75 (7.6) 434 (11.0)
Wrong (tropical storms) 586 (19.8) 153 (15.5) 739 (18.7)
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TABLE 9. Tornado knowledge: responses to the question “What
should you do if you are in a mobile home and a tornado is oc-
curring?”’ Given are the count and the percent (in parentheses).

Answer Fixed Mobile Total

Right (abandon the mobile 1881 (63.6) 543 (54.9) 2424 (61.4)
home and seek shelter
in a sturdy, nearby
structure)

Wrong (seek shelter in
the hallway, bathroom,
or closet)

Wrong (retreat to a nearby
vehicle)

888 (30.0) 414 (41.9) 1302 (33.0)

189 (64) 32(32)  221(56)

findings are similar to prior research (Chaney and
Weaver 2010; Chaney et al. 2013).

Prior research also found that people who experi-
ence relatively frequent tornado false alarms and
missed events have heightened perceptions of inac-
curacy, which corresponded with diminished trust in
the NWS and lower intentions to act in response to a
hypothetical tornado warning (Ripberger et al. 2015).
Furthermore, researchers hypothesized that experi-
ence with prior false alarms explains why most mobile
home residents inadequately prepare for and respond
to tornado warnings (Schmidlin et al. 2009). How-
ever, mobile home residents in our study report lower
perceived false alarm rates compared to fixed home
residents. One explanation for these findings is that
there is a gap between actual tornado false alarm rates
and perceived tornado false alarm rates. Moreover,
another possibility is that actual and perceived tor-
nado false alarms may significantly influence mobile
home residents’ preparedness behaviors. Future re-
search could examine whether tornado false alarm
experience and the perception of high tornado false
alarm rates in an area influence mobile home resi-
dents’ preparedness, efficacy to take shelter, and the
trust that the government will provide warnings for
impending tornadoes.

Additionally, we found that mobile home residents
are statistically significantly more likely to engage in
prayer, report feeling divine intervention, and believe
in God, compared to fixed home residents. Yet, the
difference was very small. Future research could test
whether there may be possible causal relationship be-
tween mobile and fixed home residents’ religiosity and
their likelihood to prepare for future tornadoes as well
as seek safe shelter during tornadoes.

Our findings lead to the following risk communication
recommendations. In their tornado risk messages, NWS
Weather Forecast Offices (WFOs) should prioritize ac-
tions that mobile home residents can take to deal with
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limited physical supplies and inadequate shelter. For
example, WFOs can educate mobile home residents
about safe shelter options in their areas. WFOs also can
motivate residents to create shelter plans well before
they issue tornado watches and warnings. Furthermore,
WFOs and their partners can recommend that perma-
nent home residents reach out to neighbors in mobile
homes and offer them shelter. Communities also need
more local shelters and messages about where these
shelters are located, as others have recommended (Chiu
et al. 2013). Our findings further suggest that local TV
meteorologists may be more effective at reaching mo-
bile and fixed home residents with tornado threat in-
formation than government sources. Prior research
identified broadcast meteorologists as a primary source
for severe weather information (Demuth et al. 2012),
especially during the daytime (Mason et al. 2018). Our
study adds that mobile home residents are especially
dependent on broadcast meteorologists for tornado
information.

Given our findings, we suggest that WFOs should
continue to develop strong relationships with their
local broadcast meteorologists, such as through
hosting annual meet-and-greet opportunities. WFOs
also should consider working with local broadcast
meteorologists at community events, such as shar-
ing a booth at county fairs or severe weather pre-
paredness events. Faith-based institutions also can
assist in reaching mobile home communities with
preparedness messaging. WFOs should ensure that
their weather briefings and forecasts are reaching
area faith-based media and organizations. Emer-
gency managers can help identify religious leaders
within their communities and disseminate relevant
information from WFOs. Additionally, WFOs should
consider partnering with broadcast meteorologists
to encourage residents to sign up for county text
message warning systems, and to keep their cell
phones by their beds at night so that they receive
these local warnings in addition to warnings from the
national government via the Wireless Emergency
Alert (WEA) system. As Mason et al. (2018) noted,
warning sources such as TV meteorologists are not
designed to wake people up at night, when tornadoes
often occur in the southeastern United States. An-
other valuable opportunity for improved risk com-
munication is addressing how to communicate tornado
risks to mobile home residents in integrated warning
teams. In these teams, NWS forecasters, emergency
managers, and broadcast meteorologists collaborate
to identify and communicate hazards as a core func-
tion of warning systems (e.g., Cavanaugh et al. 2016;
Laflin et al. 2017).
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Future research needs to test what types of tornado
preparedness messages are most persuasive for mobile
home residents. Prior research found that tornado pre-
paredness messages are most persuasive for the general
public when they (a) emphasize personal responsibility
for planning activities and (b) convince recipients that
they possess sufficient resources to manage harmful
consequences (Mulilis and Duval 1997). Additionally,
prior research argued for understanding ‘‘place-based
and culturally situated environmental knowledge” to
unpack how tornado folk science influences public re-
sponses to tornadoes (Klockow et al. 2014, p. 803).
Understanding this knowledge may help risk commu-
nicators develop persuasive messages. Future research
also could test whether emphasizing potential property
loss is an effective tornado risk communication strat-
egy. Prior research found that potential property loss is
positively associated with personal information seek-
ing (Schumann et al. 2018).

b. Primary channels and sources (RQ2)

Before taking action in response to warnings, people
seek information to confirm and understand warnings
(Liu et al. 2016; Mileti and Sorensen 1990). In our study,
mobile home residents are less accessible on social me-
dia than fixed home residents. For all residents, TV,
face-to-face interactions, and phone calls/texts are the
primary channels for information exchange during tor-
nadoes. For all residents, meteorologists affiliated with
local broadcast stations are the primary source of tor-
nado information, followed by meteorologists affiliated
with national TV stations, other media (not meteorol-
ogists), and friends.

WFOs and their partners need to be cautious about
jumping on a social media bandwagon. Forecasts and
warnings still need to be widely distributed through a
variety of channels. In the Southeast, many tornadoes
occur at night while residents are sleeping (DHS 2017).
This means that the first communication mobile home
residents receive about a tornado could be a warning.
At that point, it may be too late to seek safe shelter.
Therefore, messages can encourage mobile home res-
idents to stay tuned to media coverage. Messages also
can encourage mobile home residents to obtain NOAA
weather radios, if they receive signals in their homes.
Broadcast meteorologists can offer regular tornado
response tips such as know where your safe shelter is.

c¢. Tornado risk (RQ3)

In terms of risk perception, we found that there is
not a significant difference in how mobile and fixed
home residents evaluate their tornado risk, although
mobile home residents have a higher risk of tornado
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fatalities and property damage. We also found that
mobile home residents have lower risk propensity and
are less likely to take risks on a daily basis (except
personal health risks, such as smoking and drinking)
compared to fixed home residents. WFOs and their
partners need to elevate mobile home residents’ tornado
risk perception, perhaps through increasing residents’
tornado knowledge (see more below).

d. Tornado knowledge (RQ4)

Findings indicate that there is room for improving
tornado knowledge among all residents, although mo-
bile home residents overall have slightly higher tornado
knowledge rates than fixed home residents. Residents
may miss critical information about the proper pro-
tective actions to take, especially when in mobile
homes. Alarmingly, about one-half of the mobile home
residents in our study responded that they should seek
shelter inside or retreat to a nearby vehicle, rather than
seek shelter in a stable structure outside the home
when a tornado is ““occurring.” We offer one important
caveat to this finding. It is possible that participants
interpreted the question about what actions they would
take when ‘‘a tornado is occurring” to mean that a
tornado is almost near their homes, which could influ-
ence respondents to report seeking shelter in a hallway,
bathroom, or closet. Additionally, mobile home resi-
dents in our study reported statistically significantly
lower perceived access to shelter and self-efficacy
to take shelter compared to fixed home residents. As
prior interview research found, mobile home residents
need additional information on when to leave their
homes, where to evacuate to, and which route to take
(Ash 2017).

Prior research also found that knowledge of tornado
shelter locations is a positive indicator of shelter-seeking
behavior (Schmidlin et al. 2009). Therefore, the NWS
could include tornado shelter locations in their messages
via social media. To improve tornado knowledge among
mobile home residents and encourage safe protective
action, the NWS can include more instructions for mo-
bile home residents to take shelter in nearby sturdy
structures. WFOs and their partners also need to con-
tinue communicating that mobile home residents should
follow the NWS recommendation to not shelter in their
homes (NWS 2018a). Another avenue for increasing
tornado knowledge is offering online and in-person
spotter trainings, especially in communities with high
mobile home density. Spotter trainings can help in-
crease mobile home residents’ tornado knowledge and
build relationships between the Weather Service and
mobile home residents. Future research could refine
and extend the tornado knowledge questions employed
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in this study, which came from NOAA educational
materials (Edwards 2017; NOAA 2010, 2011).

6. Limitations

This study has several important limitations. First, the
findings about effective tornado communication cannot
be generalized to other regions in the United States or
other countries. Second, this study employed self-
reported measures, which can be affected by retro-
spective bias (Fischhoff et al. 2005). Third, the data
were collected once and longitudinal research could
better determine how people respond throughout a
tornado season.

7. Conclusions

As Brotzge and Donner (2013) noted, “One of the
scientific community’s greatest achievements in meteo-
rology during the twentieth century has been the de-
velopment of a largely effective public tornado warning
system” (p. 1715). Yet, we know that tornadoes still
cause deaths and severe injuries, especially among
mobile home residents (Niederkrotenthaler et al.
2013; Schmidlin and King 1995). To help to overcome
this obstacle, this study points to avenues for im-
proving tornado communication. There is no magic
bullet for effective risk communication, but this study
identifies improvements that can save lives.
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