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ABSTRACT
On average, 75% of tornado warnings in the United States are false alarms. Although forecasters have been
concerned that false alarms may generate a complacent public, only a few research studies have examined
how the public responds to tornado false alarms. Through four surveys (N 5 4162), this study examines how
residents in the southeastern United States understand, process, and respond to tornado false alarms. The
study then compares social science research findings on perceptions of false alarms to actual county false
alarm ratios and the number of tornado warnings issued by counties. Contrary to prior research, findings
indicate that concerns about false alarm ratios generating a complacent public may be overblown. Results show that southeastern U.S. residents estimate tornado warnings to be more accurate than they are.
Participants’ perceived false alarm ratios are not correlated with actual county false alarm ratios.
Counterintuitively, the higher individuals perceive false alarm ratios and tornado alert accuracy to be,
the more likely they are to take protective behavior such as sheltering in place in response to tornado
warnings. Actual country false alarm ratios and the number of tornado warnings issued did not predict
taking protective action.

1. Introduction
Tornadoes have captured the public’s attention
with their catastrophic risks through popular culture
phenomena like the ‘‘Wizard of Oz’’ movie, ‘‘Wicked
the Musical,’’ and the television series ‘‘Storm
Chasers.’’ People often think of the U.S. Midwest
as tornado alley, yet the southeastern United States
is also vulnerable to tornadoes, including the 27 April
2011 tornadoes in Alabama that killed 252 people and resulted in 11 billion U.S. dollars in damage
(Samenow 2012). On average, more than 25% of the
1200 tornadoes that occur annually in the United
States strike the Southeast (NOAA 2018). Most
fatalities from tornadoes in the United States have
occurred in the Southeast, in part because of high
a
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mobile home density (Ashley 2007; Donner 2007;
Niederkrotenthaler et al. 2013; Schmidlin and King
1995). In addition to being lethal, tornadoes may
present a high risk for public complacency. According to some estimates, 75% of tornado warnings in the
United States are false alarms, or warnings that do not
manifest into tornadoes (Stirling 2015). One unique
aspect of the southeastern United States is frequent,
short-lived, low-end tornadoes, which increase concerns about ‘‘too many false alarms and how this may
desensitize the public’’ (Rasmussen 2015, p. 24).
Indeed, scientists have been concerned that false
alarms for high-risk weather events like tornadoes
generate a complacent public (LeClerc and Joslyn 2015;
Mason 1982; Olson 1965). How stakeholders perceive a
risk, like a tornado, can affect to what extent they are
complacent to a risk (Eiser 2004). However, past research examining the impact of false alarms and complacency has focused on systems that create and
distribute warnings, rather than how members of the
public process warnings (Brooks and Correia 2018;
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Brotzge et al. 2011; Golden and Adams 2000). This
limitation creates a significant speculative element
about whether false alarms affect public compliance
with warnings. For example, factors such as individuals’ false alarm intolerance or their responses to
deterministic forecasts can affect their warning compliance (Roulston and Smith 2004), but more research
is needed to understand public responses to tornado
warnings.
Research so far has showed mixed results about
how false alarms affect people’s responses to tornadoes (e.g., Ripberger et al. 2015; Simmons and Sutter
2009; Trainor et al. 2015). For example, individuals define and understand false alarms differently
(Trainor et al. 2015). Roulston and Smith (2004) emphasized that deterministic forecasts make implicit
assumptions about people’s false alarm intolerance
whereas probabilistic forecasts separate forecasting
from individuals’ decision-making. Research on the
2011 tornado in Joplin, Missouri, found that frequent
false alarms may have impacted whether people responded to the tornado warning (Paul et al. 2015).
Studies also have identified that emotions are potential triggers for protective action taking in response to
risks (Jin et al. 2016; Jin et al. 2012; Lerner et al. 2015;
So 2013; Witte 1992; Witte and Allen 2000). However,
it is unknown how tornado false alarms may affect
individuals’ protective behaviors.
This study examines how people in the southeastern
United States understand, process, and react to tornado
watches and warnings, especially when these alerts turn
out to be false alarms. We do so through four surveys
(N 5 4162) of southeastern U.S. adult residents. We
then compare the social science research results with
actual county false alarm ratio data.

2. Literature review
This section first defines false alarms, complacency,
and the cry wolf effect. Then, the limited research on
false alarm effects and tornadoes is reviewed, leading to
the study’s research questions.

a. Definitions
1) FALSE ALARMS
False alarms refer to events that were ‘‘forecast to
occur but did not’’ (Wilks 2006, p. 261). The most relevant information is the two-by-two warning performance typology contingency table that the National
Oceanic and Atmospheric Administration (NOAA)
(NOAA 2019) uses. Based on 1) whether a severe
weather warning was issued and 2) whether a severe
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TABLE 1. Warning performance typology contingency table
(NOAA 2019; Trainor et al. 2015).
Severe weather observed
Yes
Severe weather
forecasted

Yes

Hit/true positives

No

Missed events/false
negatives

No
False alarms/false
positives
All clear/true
negatives

weather event was observed, the contingency table
provides four results: hits/true positives, false alarms/
false positives, missed events/false negatives, and all
clear/true negatives (see Table 1). NOAA (2019) defines
the false alarm ratio (FAR) as ‘‘the number of false
alarms divided by the total number of events forecast.’’
Warnings are issued for the majority of confirmed
tornadoes (7 out of 10) (Erdman 2014; Golden and
Adams 2000). However, approximately three out of
every four tornado warnings that the National Weather
Service (NWS) issues nationally are false alarms, largely
due to insufficient technology and resources to more
accurately detect tornadoes (Barnes et al. 2007; Erdman
2014). A tornado warning is considered a false alarm if
1) the tornado did not occur, 2) NOAA cannot confirm
whether a tornado occurred, 3) the tornado occurred
in a different location than predicted, and/or 4) the
tornado occurred during a different time period than
predicted (Trainor et al. 2015). Since 2012, lead time,
probability of detection, and false alarm ratios for tornadoes across the United States have decreased, reflecting an increased emphasis on reducing tornado false
alarms (Brooks and Correia 2018).

2) COMPLACENCY
Complacency is the ‘‘public’s propensity to believe a
threat would not happen and therefore the public ignores the threat and is unwilling to prepare for the
threat’’ (Wang and Kapucu 2008, p. 58). In other words,
complacency can cause members of the public to become less effective at responding to low-probability,
high-impact events (Drabek 2001; Fitzpatrick 1999;
Heath and Millar 2004; Wang and Kapucu 2008). Heuristic research has found that individuals perceive the
likelihood of rare, adverse events differently from the
objective risk threat that these events pose (Kahneman
2011; Meyer and Kunreuther 2017). For example, individuals tend to perceive the likelihood of an event as
high when they can imagine the event saliently and
easily (availability bias). Individuals can believe that
they are more immune than others to risks, and thereby
treat risks below their threshold of concern (optimism
bias). Last, individuals tend to focus on the low
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probability of risks in the immediate future, compared
to the high probability of risks over a longer period
(compounding bias). Given the limited research on
complacency and tornadoes, it is important to note that
complacency is a contested problem for weather-related
risks (Burby 1998; Corbacioglu and Kapucu 2006;
Tierney 2000; Tierney et al. 2001; Trainor et al. 2015;
Wang and Kapucu 2008). In other words, it remains
unclear whether complacency is indeed a problem for
tornado warnings in the southeastern United States.

3) CRY WOLF EFFECT
The cry wolf effect is distrust of weather warning
systems (Wickens et al. 2009), which may be fueled by
false alarms (Bliss et al. 1995; Dixon and Wickens 2006;
Sorensen and Sorenson 2007). Experimental research
found that people respond to alarms proportionally to
their perception of the probability of a risk occurring
(Bliss 1995). Therefore, people are unlikely to respond
productively in the face of threats like tornadoes if they
believe that alarms are unreliable.

b. False alarms and tornadoes
1) FALSE ALARM EFFECT
Findings are mixed in terms of whether false alarms
negatively affect how members of the public respond to
tornadoes (e.g., Ripberger et al. 2015; Simmons and
Sutter 2009; Trainor et al. 2015). Some research strongly
suggests no false alarm effect (e.g., LeClerc and Joslyn
2015; Lindell et al. 2016). Summarizing this research
area, Trainor et al. (2015) noted, ‘‘Most of the hazards
literature suggests no cry wolf effect or negative influence of false alarms on household perceptions and behavior’’ (p. 335). For example, Lindell et al. (2016) found
that previous false alarm experience has a nonsignificant
negative correlation with individuals’ expectations of immediate sheltering, indicating that false alarms tend to
decrease sheltering. In another study, lowering false alarm
ratios did not significantly affect compliance with winter
weather warnings (LeClerc and Joslyn 2015). Moreover,
Trainor et al. (2015) found that the actual county false
alarm ratio does not predict people’s perceived false alarm
ratio, but does predict people’s protective action taking.
In comparison, some research finds that the false
alarm ratio affects individual behaviors (e.g., Donner
et al. 2012; Trainor et al. 2015; Wang and Kapucu 2008).
For example, Wang and Kapucu (2008) speculated that
public complacency results from 1) repeated threat
warnings and experiences, like those from highprobability, low-impact events; 2) individuals’ capabilities to prepare; 3) individuals’ demographics; and
4) individuals’ risk assessments of expected damage.
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Furthermore, Simmons and Sutter (2009) found that
tornadoes in areas with higher false alarm ratios killed
and injured more people than tornadoes in areas with
lower false alarm ratios, controlling for other factors like
tornado frequency, tornado intensity, and length of advance warning. Ripberger et al. (2015) found that false
alarms as well as missed detection contributed to lowering public trust in the National Weather Service and
reduced intentions to respond productively to future
tornadoes. Similarly, Jauernic and van den Broeke
(2017) found that an increase in perceived false alarm
ratios was associated with a lower likelihood of seeking
shelter.

2) PUBLIC UNDERSTANDING OF FALSE ALARMS
The most comprehensive study of how people perceive
tornado false alarms provides insights into potential
complacency among tornado warning recipients. This
survey of 804 U.S. residents living in counties that experienced tornado warnings between 2008 and 2010 found
large variations in how people define false alarms (Trainor
et al. 2015). Most respondents perceived false alarms as
any weather event that does not occur as predicted, which
misses the nuances of NOAA’s definition as presented
earlier in this study. Likewise, another study conducted in
the southern United States found that residents consider
‘‘watches, warnings, or siren without the clear presence
of a tornado’’ as false alarms (Donner et al. 2012, p. 10).
In addition, some respondents considered a tornado
to be a near-miss event if the intensity, direction, or
other factors changed, but the tornado still occurred
(Trainor et al. 2015). Still, others defined false alarms
based on their perceptions of information credibility
(e.g., spotter was mistaken) and their perceptions of the
potential tornado impact (their property was not at
risk). Others had no concept of what a false alarm was or
thought that false alarms occurred when a warning system accidentally activated (Trainor et al. 2015).
Despite the many strengths of Trainor et al.’s (2015)
comprehensive study, additional research is needed given
that the study’s data collection occurred prior to widespread adoption of social media and new alerting technologies such as Wireless Emergency Alerts (WEAs).
Trainor et al.’s study also did not include mobile home
residents, who are more susceptible to tornado risks than
fixed home residents (Donner 2007; Niederkrotenthaler
et al. 2013; Schmidlin and King 1995) and contribute to
the southeastern region’s higher fatality rate compared to
the rest of the United States (Ashley 2007). In addition,
Trainor et al.’s study took a national rather than regional
approach, which did not allow for a contextual understanding of the tornado problem in the southeastern
United States.
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Research is needed to understand to what extent
tornado false alarms affect people’s perceptions of false
alarms and their protective action taking. We also need
research to identify how people feel when they take
unnecessary actions in response to tornado false alarms,
given that people feel different emotions for different
risks and some emotions trigger protective action taking
(Lerner et al. 2015; Jin et al. 2016). Studies have found
that individuals process and feel different thoughts and
feelings in risky situations, which potentially affects how
they respond to warnings (Jin et al. 2016; Jin et al. 2012;
Lerner et al. 2015; So 2013; Witte 1992; Witte and Allen
2000). Previous content analysis research further found
that individuals may feel anxiety, fear, and sadness in
response to natural disasters (Jin et al. 2012). However,
studies have not confirmed the potential impact of such
emotions on how people respond to tornado warnings,
including false alarms.
Last, limited research has studied mobile home residents, despite calls for more research on mobile home
residents’ responses to tornado risks (Chaney and
Weaver 2010; Simmons and Sutter 2009). This small
body of scholarship finds that mobile home residents
experience more fatalities and injuries from tornadoes
than fixed home residents (Brooks and Doswell 2002;
Donner 2007; Niederkrotenthaler et al. 2013; Schmidlin
and King 1995; Simmons and Sutter 2009), but we do not
know to what extent complacency to false alarms explains these findings.
Given the research reviewed, this study asks:
RQ1: How do residents of the southeastern United
States evaluate the tornado false alarm ratios for
their communities?
RQ2: To what extent do prior tornado false alarms
affect southeastern U.S. residents’ perceptions of
false alarms?
RQ3: How do southeastern U.S. residents respond
when protective actions taken turn out to be in
response to tornado false alarms?

3. Method
a. Survey development
Four surveys were conducted with the same population as a part of a funded research project. Items
about false alarms were spread across the surveys. A
large private survey company, Qualtrics, recruited participants from the southeastern United States based on a
quota of demographics. The same company administered the online survey. Data collection ran from July
2016 through August 2016 and included 4165 residents
of the southeastern United States. Specifically, the
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following states were included in this study: Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana,
Mississippi, North Carolina, South Carolina, Tennessee,
Virginia, and West Virginia. The average completion time
for the surveys was 30 min [surveys 1 and 2: M 5 42.1,
standard deviation (SD) 5 157.99, median (Mdn) 5 26.37;
surveys 3 and 4: M 5 33.51, SD 5 205.96, Mdn 5 19.78].
Participants were compensated for their time through
Qualtrics in accordance with Institutional Review Board
guidelines.

b. Data cleaning
Responses under 30% of the median time were
eliminated from the analysis, as were responses more
than three standard deviations above the median, after
reviewing open-ended responses and skipped questions.
The researchers manually inspected all cases that took
longer than two standard deviations above the median
for any concerns about data integrity, such as random
character strings in open-ended responses and skipped
questions. No additional data concerns were uncovered.
After this data cleaning procedure, 2076 cases from
surveys 1 and 2 remained for analysis, with a mean
completion time of 35.87 min (SD 5 37.96, Mdn 5
27.05) and 1973 cases from surveys 3 and 4 with a mean
completion time of 26.01 min (SD 5 30.11, Mdn 5
19.93). The final dataset included 995 mobile home
residents and 3054 general residents of the southeastern
United States. 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 and roughly proportionate across demographic categories. For more
information about the participants’ demographics, see
Table 2 below.

c. Measures and instruments
Each research question was addressed with a distinct
set of survey questions. When possible (and described
below), established measures were used. When no previously established measures could be found, questions
were constructed based on prior literature and the focus
group findings (N 5 77) from the larger funded project.

1) PERCEIVED FALSE ALARM RATIO
To assess the perceived false alarm ratio, we modified Trainor et al.’s (2015) scale, and asked participants
to answer the following questions: 1) ‘‘How frequent
do you perceive false alarms to be for tornadoes in
your area?’’ on a 0–100 scale for surveys 1 and 2 and 2)
‘‘[Tornado] False alarms occur frequently in my area’’
on a scale from 0 to 100 for surveys 3 and 4 where 0 is
‘‘never’’ and 100 is ‘‘certainly.’’
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TABLE 2. Survey demographics (total). The numbers reported in the tables deviate slightly from the total number of survey participants
because participants could select multiple races and genders. The team used unique survey identification numbers to calculate the totals in
these tables.

Race

Gender

State

a

Caucasian
Black
Hispanic
Native American
Asian
Not to identify
Male
Female
Chose not to identify
Alabama
Arkansas
Florida
Georgia
Kentucky
Louisiana
Mississippi
N. Carolina
S. Carolina
Tennessee
Virginia
W. Virginia
Total

Survey 1
(fixed home
residents)

Survey 2
(mobile home
residents)

Survey 3
(fixed home
residents)

Survey 4
(mobile home
residents)

Total
Number

Percent

1165
362
111
0
30
0
811
827
10
82
36
564
193
95
55
30
191
80
102
198
22
1648

420
61
14
6
5
10
147
357
3
25
26
120
60
41
29
25
56
51
35
23
16
507

1018
350
114
0
32
0
742
748
5
62
53
505
176
78
68
33
143
72
105
176
24
1495

397
72
18
14
9
9
169
327
5
27
22
132
54
36
34
19
70
35
33
29
10
501

3000
845
257
20
76
19
1869
2259
23
196
137
1321
483
250
186
107
460
238
275
426
72
4151

72%
20%
6%
0.4%
2%
0.4%
45%
54%
1%
5%
3%
32%
12%
6%
4%
3%
11%
6%
7%
10%
2%

Southeastern
U.S. averagea
73.16%
21.70%
7.58%
0.64%
2.43%
48.87%
51.12%

We obtained numbers from each state from the U.S. Census Bureau QuickFacts (https://www.census.gov/quickfacts/fact/table/US/
PST045218) and averaged the numbers.

2) ACTUAL COUNTY FALSE ALARM RATIO
NOAA (2019) defines the false alarm ratio as ‘‘the
number of false alarms divided by the total number of
events forecast.’’ To assess the actual false alarm ratio,
the researchers used data from Iowa State University’s
Iowa Environmental Mesonet (IEM) Cow database
(NWS Storm Based Warning Verification) from 1 July
2011 to 31 July 2016 (Iowa Environmental Mesonet
2018). First, we pulled each NWS office’s data in the
southeastern United States. Then, we calculated the
county false alarm ratio by dividing the number of tornado warnings without observed tornadoes with the total
number of tornado warnings by each county. We combined the actual county false alarm ratios with our survey
data based on participants’ zip codes, lending a sensible
actual county false alarm ratio to our dataset (surveys 1
and 2: M 5 0.873, SD 5 0.149; surveys 3 and 4: M 5 0.880,
SD 5 0.135). About 3% of data was missing (surveys 1
and 2: n 5 71; surveys 3 and 4: n 5 75) because participants did not enter proper zip codes, their zip codes did
not correspond with county names, or their county did
not have any false alarm information from the IEM Cow
database. About 1% (n 5 12) of the data received no false
alarms and showed a 0% false alarm ratio. About 30% of

the data showed a 100% false alarm ratio, meaning that
for 30% of the survey participants’ counties, the NWS did
not observe any of the tornadoes for which they issued
tornado warnings.

3) PERCEIVED TORNADO ALERT ACCURACY
To explore perceived tornado alert accuracy, we
asked the questions: 1) ‘‘How do you rate the accuracy
of tornado weather alerts that you received in the past
year’’ on a 0–100 scale for surveys 1 and 2 and 2)
‘‘Tornado alerts usually provide accurate information’’
on a scale from 0 to 100 for surveys 3 and 4 where zero is
‘‘never’’ and 100 is ‘‘certainly.’’

4) ALERTS RECEIVED
To identify participants who received tornado alerts,
we asked: ‘‘Did you receive a watch or warning about the
tornado?’’ with options ‘‘watch,’’ ‘‘warning,’’ ‘‘both,’’ ‘‘I
did not receive a message,’’ and ‘‘I do not recall.’’

5) ACTIONS TAKEN
To assess actions that participants may have taken in
response to a tornado warning, we asked: ‘‘Did you take
action (have a physical response like going to a safe
place in your home or collecting supplies) after receiving
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the message?’’ with options, such as ‘‘Yes,’’ ‘‘No’’ or ‘‘I
do not recall.’’

6) FUTURE BEHAVIORAL RESPONSES TO
TORNADO FALSE ALARMS

To explore the potential effect of false alarms on how
people respond to future tornado warnings, we asked six
questions, such as ‘‘After receiving false alarms, I am more
likely to prepare for the next tornado warning,’’ ‘‘After
receiving false alarms, I am more likely to listen to future
tornado warnings and follow directions,’’ and ‘‘After receiving false alarms, I am more critical of future tornado
warnings’’ on a 1–7 scale where 1 is ‘‘strongly disagree,’’ 4
is ‘‘neither agree nor disagree,’’ and 7 is ‘‘strongly agree.’’

7) REASONS FOR NOT TAKING PROTECTIVE
ACTION

To explore reasons why participants did not take
protective action, we asked the question ‘‘Why did you
not take action? (Choose all that apply)’’ with five responses such as ‘‘I did not believe the storm was a
threat,’’ ‘‘A previous experience indicated I was not in
danger,’’ and ‘‘I did not believe the alert was accurate.’’

8) EMOTIONAL REACTIONS TO TORNADO
WARNINGS AND FALSE ALARMS

To explore positive and negative emotions in response
to tornado warnings and false alarms, we used the modified differential emotions scale (Izard 1977) and asked
the question ‘‘If you are in an area under a tornado
warning, how often do you feel ______ about tornadoes?’’
on a 1–5 scale ranging from ‘‘never’’ to ‘‘most of the
time.’’ We also asked the question ‘‘After you receive a
tornado warning, but the event does NOT occur (a false
alarm), how often do you feel?’’ on a 1–7 scale ranging
from ‘‘never’’ to ‘‘always.’’ The scale for false alarms was
transformed to a 1–5 scale to compare it with participants’
emotional reactions to tornado warnings. This scale
covers the following emotions: anger, anxiety, apprehension, confusion, contempt, disgust, embarrassment,
fear, guilt, sadness, shame, surprise, sympathy, gratitude,
hope, relief, and uneasiness. Prior research also has employed this scale (Fredrickson et al. 2003; Jin et al. 2010;
Jin et al. 2016) or a similar question (Coombs and
Holladay 2005; Kim and Cameron 2011).

9) NUMBER OF TORNADO WARNINGS ISSUED
BY COUNTIES

To assess the number of tornado warnings issued at
the county level, the researchers used data from Iowa
State University’s IEM Cow database from 1 July 2011
to 31 July 2016 (Iowa Environmental Mesonet 2018).
We pulled the total number of tornado warnings issued
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by each county using each NWS office’s data in the
southeastern U.S. area. Again, we combined the number
of tornado warnings issued by each county with our
survey data based on the participants’ zip codes, yielding data on tornado warnings issued (surveys 1 and 2:
M 5 12.56, SD 5 9.30, surveys 3 and 4: M 5 12.69, SD 5
8.99). About 3% of data was missing (surveys 1 and 2:
n 5 71, surveys 3 and 4: n 5 75) because participants
did not enter proper zip codes, their zip codes did not
correspond with county names, or their county did not
have any false alarm information from the IEM Cow
database.

10) COVARIATES: GENDER, RACE, STATE,
CHILDREN, AGE, INCOME, AND HOUSING TYPE
To control for potential covariate effects in regression
analysis, we included the following covariates: gender,
race, state, children, age, income, and type of home. We
measured gender by asking: ‘‘How do you identify your
sex?’’ with three potential responses: ‘‘male,’’ ‘‘female,’’
and ‘‘other, prefer not to say.’’ We measured race by
asking the question ‘‘How do you racially identify? Select
as many as relevant’’ with the following response options:
‘‘Caucasian,’’ ‘‘Black or African American,’’ ‘‘Asian,’’
‘‘Hispanic Caucasian,’’ ‘‘Native American,’’ ‘‘Hispanic
Non-Caucasian,’’ and ‘‘Other.’’ We measured state by
asking the following question: ‘‘What state do you currently live in?’’ with options of the 50 U.S. states and
Washington, D.C. We measured parental status by asking
the following question: ‘‘Do you have children under 18
living with you?’’ with options of ‘‘yes’’ and ‘‘no.’’ We
measured age by asking the following question: ‘‘What is
your age in years?’’ We measured income by asking the
following question: ‘‘What is your total household income?’’ with options such as: ‘‘less than 20,000,’’ ‘‘20,001–
30,000,’’ ‘‘30,0001–40,000,’’ and ‘‘90,0011.’’ Last, we
measured housing type by asking the following question:
‘‘How would you describe the home you currently live
in?’’ with options such as ‘‘apartment building (4 or fewer
units),’’ ‘‘one family house detached from any other
house,’’ and ‘‘mobile home.’’

4. Results
a. Perceived false alarms ratio and accuracy rate
Before reporting how the results answer our research
questions, it is important to note that the data are
slightly overdispersed as indicated by the M/SD ratio.
High standard deviations could indicate a lack of certainty in the responses from participants or divided
opinions on divisive issues (Fitton et al. 2012; Leikin
et al. 2013). Visual examination of the data found that
the distribution across perceived false alarms and
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FIG. 1. Perceived false alarm ratio.

tornado alert accuracy showed peaks at low, middle, and
high points, indicating divided opinions.

1) PERCEIVED FALSE ALARM RATIO
Participants estimated their false alarm ratio, on
average, at 39% (M 5 39.11, SD 5 27.95). Mobile home
residents estimated their false alarm ratio significantly
lower (M 5 36.02, SD 5 27.23) than fixed home residents (M 5 40.14, SD 5 28.13) [t(2025) 5 2.842, p ,
0.01]. The distribution was skewed right (skewness 5
0.326), indicating that more individuals estimated their
false alarm ratio lower than higher (see Fig. 1). No
statistical difference was found by states (see Table 3).
Overall, participants estimated that false alarms
were relatively infrequent (M 5 36.43, SD 5 28.07).
The distribution was right-skewed (skewness 5 0.522),
indicating that more people thought that false alarms
were relatively infrequent than frequent. An analysis
of variance found that there was a significant difference
among states [F(11, 2020) 5 2.534, p , 0.01] (see
Table 2), yet no significant differences were found by
housing type.

2) TORNADO ALERT ACCURACY
Overall, respondents estimated that 65% of alerts
generally provided accurate information (M 5
64.95, SD 5 24.05). The distribution was left-skewed
(skewness 5 20.617), indicating that more individuals
agreed that alerts generally are accurate than inaccurate
(see Fig. 2). No significant differences were found by
housing type or states, yet descriptive differences among
states exist (see Table 4).
Respondents estimated tornado alert accuracy in the
past year at 63.66% (SD 5 25.93), with no significant

difference between fixed and mobile home residents.
The distribution was skewed left (skewness statistic 5
20.630), indicating that more individuals estimated
tornado alert accuracy higher than lower. Analysis
of variance found that there was a significant difference among states [F(11, 2026) 5 3.044, p ,
0.001].

3) RELATIONSHIP BETWEEN PERCEIVED FALSE
ALARM RATIO AND TORNADO ALERT
ACCURACY

To examine the relationship between perceived false
alarm ratio and perceived tornado alert accuracy, a
Pearson correlation was computed. Results showed
that there was no correlation between perceived false
alarm ratio and perceived tornado alert accuracy. The
effect size is close to 0 even with the large sample size,
although a part of the results is significant (surveys 1
and 2: r 5 0.079, n 5 2009, p , 0.01; surveys 3 and 4:
r 5 0.033, n 5 1887, p . 0.05). This finding seems to
indicate that participants perceive false alarms and
tornado alert accuracy as separate topics, perhaps
indicating that false alarms are not the only factor
that contribute to their perceptions of inaccurate
warnings.

b. Actual false alarm ratio’s impact on perceived false
alarm ratio
To address RQ2, a Pearson correlation between the
actual false alarm ratio and the perceived false alarm
ratio was computed. Results show that there was no
correlation between the perceived and actual false alarm
ratios (surveys 1 and 2: r 5 0.013, n 5 1953, p . 0.05;
surveys 3 and 4: r 5 0.009, n 5 1884, p . 0.05).
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TABLE 3. Perceived false alarm ratio.
How frequent are false
alarms for tornadoes in
your area?

[Tornado] false alarms
occur frequently in
my area.

Mean Std dev Std error Mean Std dev Std error
Alabama
Arkansas
Florida
Georgia
Kentucky
Louisiana
Mississippi
N. Carolina
S. Carolina
Tennessee
Virginia
W. Virginia
Total

41.55
39.77
42.25
38.09
39.27
36.40
34.66
34.97
32.2
40.48
40.81
31.67
39.11

25.99
29.90
27.74
28.43
27.38
27.44
26.85
26.27
26.11
28.27
30.37
29.77
27.95

2.56
3.96
1.10
1.82
2.41
3.04
3.65
1.72
2.33
2.44
2.11
4.89
0.62

39.36
42.94
36.25
34.06
34.40
37.73
36.14
35.78
31.01
38.39
38.23
42.93
36.50

27.08
27.50
27.91
27.61
25.79
28.30
28.11
28.24
27.97
27.19
29.97
31.60
28.03

2.90
3.17
1.12
1.87
2.43
2.78
3.97
1.96
2.73
2.32
2.10
5.67
0.63

c. Behavioral and emotional responses to tornado
false alarms
To address RQ3, we first asked those who reported
that they did not take protective action during a past
tornado why they did not take action. Results showed
that 32.9% of them believed that the storm was not a
threat, 21.3% reported that a previous experience indicated that they were not in danger, and 11.3% did not
believe the alert was accurate (see Table 5).
We then asked participants how they think they would
respond after receiving a hypothetical tornado false
alarm (see Table 6). About 31% of participants ‘‘neither
agree nor disagree’’ with all statements about their
possible responses to tornado false alarms, regardless of
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home type. The results seem to indicate ambivalence
toward false alarms.
After being exposed to a tornado false alarm, 44.3%
of participants agreed that they would be a little more
critical of future tornado warnings (M 5 4.23, SD 5
1.67), regardless of housing type [t(4005) 5 1.634, p .
0.05]. Fifty-five percent of respondents reported that
they would seek additional information before deciding
whether to take action in response to future warnings
(M 5 4.62, SD 5 1.59). Fixed home residents were more
likely to seek additional information in response to future warnings (M 5 4.65, SD 5 1.56) than mobile home
residents (M 5 4.51, SD 5 1.66) [t(1592.273) 5 2.364,
p , 0.05]. While only 38.3% of participants agreed that
they would second-guess future tornado warnings (M 5
3.84, SD 5 1.73), fixed home residents (M 5 4.04, SD 5
1.72) were more likely to second-guess future tornado
warnings than mobile home residents (M 5 3.70, SD 5
1.80) [t(1613.293) 5 5.240, p , 0.001].
Nevertheless, 49.5% of participants agreed with
being a little more likely to prepare for future tornadoes
after receiving a false alarm, regardless of housing type
(M 5 4.56, SD 5 1.54). More than half (57.9%) of
participants reported being more likely to listen to future warnings and to follow directions after receiving a
false alarm (M 5 4.85, SD 5 1.45) as well as 49.1%
agreeing with being more likely to share tornado
warnings in the future (M 5 4.58, SD 5 1.51).
To further assess public responses to tornado false
alarms, we looked at participants’ emotions. Participants
were asked how they would feel under a tornado warning
and how they would feel after receiving a tornado false
alarm. Paired samples t tests between emotional reactions

FIG. 2. Tornado alert accuracy.
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TABLE 4. Perceived tornado alert accuracy.
How would you rate the
accuracy of tornado
weather alerts you
received last year?

TABLE 5. Why not to take action.
Why did you not take action? (Choose all that apply)

Tornado alerts usually
provide accurate
information.

Mean Std dev Std error Mean Std dev Std error
Alabama
Arkansas
Florida
Georgia
Kentucky
Louisiana
Mississippi
N. Carolina
S. Carolina
Tennessee
Virginia
W. Virginia
Total

72.97
67.39
62.21
60.75
67.33
63.06
65.44
63.34
63.28
68.81
62.30
54.27
63.66

23.39
23.34
25.28
28.37
22.78
25.95
27.96
25.83
26.33
24.04
26.54
31.89
25.93

2.30
3.06
1.00
1.81
1.99
2.88
3.80
1.70
2.32
2.09
1.85
5.24
0.57

67.02
70.2
64.37
66.09
67.56
59.02
66.14
62.96
66.68
64.88
64.01
63.03
64.81

23.31
21.01
24.18
23.38
22.04
25.31
23.86
25.58
23.61
24.45
24.26
28.39
24.12

2.49
2.42
0.97
1.58
2.08
2.51
3.37
1.78
2.29
2.09
1.70
5.01
0.54

to false alarms and tornado warnings were conducted
(see Table 7). Results showed that relief [M 5 11.63,
SD 5 1.80, t(1900) 5 39.566, p , 0.001] and gratitude
[M 5 11.38, SD 5 1.67, t(1906) 5 35.99, p , 0.001] significantly increased when tornado warnings turned out to
be false alarms. On the other hand, fear [M 5 21.18,
SD 5 1.49, t(1906) 5 234.461, p , 0.001], uneasiness
[M 5 21.17, SD 5 1.53, t(1894) 5 233.316, p , 0.001],
and anxiety [M 5 21.11, SD 5 1.46, t(1913) 5 233.444,
p , 0.001] significantly decreased when tornado warnings
turned out to be false alarms. Apprehension, sadness,
surprise, and sympathy significantly decreased, while
embarrassment, hope, guilt, and shame significantly
increased, but mean differences in these emotions between warnings and false alarms were less than one
(see Table 7 for t statistics). There was no statistical
difference in confusion, disgust, contempt, and anger
when tornado warnings turned out to be false alarms.
Results indicate that, when tornado warnings turn out
to be false alarms, participants felt a great amount of
relief and gratitude, while they felt much less fear,
uneasiness, and anxiety.
Last, we examined whether the actual and perceived
false alarm ratios and the number of warnings issued at
the county level predict physical protective action taking.
Hierarchical logistic regression analysis was conducted
(see Table 8). Based on previous research (Procopio and
Procopio 2007; Senkbeil et al. 2014; Trainor et al. 2015),
we included the following control variables: participants’
age, gender, race, income, housing type, the state where
they live, and whether they have children.
Results indicate that the perceived false alarm ratio
significantly predicted physical action taking (e.g., collecting supplies or sheltering in place) [surveys 1 and 2:

Responses

Frequency

Percent

I did not believe the storm was a threat
A previous experience indicated I was
not in danger
I did not believe the alert was accurate
No one else was taking action
I did not care regardless of accuracy
or threat

1341
868

32.9%
21.3%

459
443
202

11.3%
10.9%
5.0%

Exp(B) 5 1.008, p , 0.01, surveys 3 and 4: Exp(B) 5
1.008, p , 0.01], controlling for demographics [surveys 1
and 2: Cox and Snell R2 5 0.103, Nagelkerke’s R2 5
0.143, x2(23) 5 144.708, p , 0.001, surveys 3 and 4: Cox
and Snell R2 5 0.138, Nagelkerke’s R2 5 0.188, x2(23) 5
176.823, p , 0.001]. In other words, the higher individuals perceived the false alarm ratio to be, the more
likely they were to report protective action taking.
Specifically, when the perceived false alarm ratio increases by one percent, the estimated odds of taking
protective behavior increase by about one percent.
However, the actual false alarm ratio did not predict
reported protective action behaviors like sheltering in
place [surveys 1 and 2: Exp(B) 5 1.762, p 5 0.192; surveys 3 and 4: Exp(B) 5 1.337, p 5 0.546]. The number of
warnings issued by counties also did not predict protective behaviors [surveys 1 and 2: Exp(B) 5 1.014, p 5
0.107; surveys 3 and 4: Exp(B) 5 1.010, p 5 0.265].
Additionally, results indicate that perceived tornado
alert accuracy predicts protective action taking [surveys 1
and 2: Exp(B) 5 1.014, p , 0.001; surveys 3 and 4:
Exp(B) 5 1.017, p , 0.001]. Specifically, when perceived
tornado alert accuracy increases by one percent, the estimated odds of taking protective behavior increases by
1.4 to 1.7%. Living in mobile homes did not affect protective action taking [surveys 1 and 2: Exp(B) 5 1.033,
p 5 0.829; surveys 3 and 4: Exp(B) 5 1.073, p 5 0.643].

5. Discussion and conclusions
Research on tornado false alarms has focused on technological advances, such as detecting event genesis, reducing actual false alarms, and advances in radars (e.g.,
Barnes et al. 2007; Brooks 2004; Polger et al. 1994; Trafalis
et al. 2003; Smith 1994). Less research has focused on public
responses to tornado warnings and false alarms (Donner
et al. 2012; Ripberger et al. 2015; Simmons and Sutter 2009;
Trainor et al. 2015). We add to that nascent research.

a. Perceptions of false alarms
Overall, the study’s findings suggest that southeastern
U.S. residents may not closely pay attention to false
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TABLE 6. Behavioral change after false alarms (on a 1–7 scale where 1 is ‘‘strongly disagree,’’ 4 is ‘‘neither agree nor disagree,’’ and 7 is
‘‘strongly agree’’).
After receiving false alarms, I am more. . .
M

SD

Home type

n

M

SD

t statistics

Fixed
Mobile
Fixed
Mobile
Fixed
Mobile
Fixed
Mobile
Fixed
Mobile
Fixed
Mobile

3029
990
3023
984
3022
982
3023
985
3026
986
3028
989

4.59
4.48
4.25
4.15
4.58
4.57
4.85
4.85
4.04
3.70
4.65
4.51

1.53
1.56
1.66
1.71
1.49
1.55
1.45
1.46
1.72
1.80
1.56
1.66

t(4017) 5 1.876

Likely to prepare for the next tornado
warning
Critical of future tornado warnings

4.56

1.543

4.23

1.677

Likely to share future tornado warnings

4.58

1.510

Likely to listen to future tornado warnings
and follow directions
Likely to second-guess future tornado
warnings
Likely to seek additional information
before deciding whether to take action

4.85

1.459

3.95

1.750

4.62

1.590

alarm ratios. Interestingly, the survey results indicate
that southeastern U.S. residents found tornado warnings
to be more accurate than they are. Survey respondents
estimated their false alarm ratio to be 39%. Prior research found that 75% of tornado warnings in the
United States are false alarms, or warnings that do not
manifest into tornadoes (Stirling 2015). Previous research also found that people perceive the average false
alarm ratio as 45% with a standard deviation of 27%
(Jauernic and van den Broeke 2017), which is much
lower and with a greater variance than the national average false alarm ratio. Mobile home residents in our
study estimated their false alarm ratios significantly
lower than fixed home residents. There were significant
differences among the states where residents reside. As

t(4005) 5 1.634
t(4002) 5 0.172
t(4006) 5 0.076
t(1613.293) 5 5.240***
t(1592.273) 5 2.364*

Trainor et al. (2015) and Lindell et al. (2016) noted, how
individuals interpret false alarms can differ by their
definition of a relevant tornado event and false alarms,
as well as the recency, frequency, and severity of tornado
events.
We did not find a correlation between participants’
perceived false alarm ratios and their actual county false
alarm ratios, similar to prior research (Trainor et al.
2015). In addition, survey participants estimated tornado alert accuracy to be around 65%. Unexpectedly,
we did not find a correlation between perceived false
alarm ratios and estimated tornado alert accuracy. This
may indicate that people estimate false alarm ratios
and tornado alert accuracy as separate topics. In other
words, people may perceive false alarm ratios and

TABLE 7. Emotional change after false alarms (on a 1–5 scale ranging from ‘‘never’’ to ‘‘most of the time.’’).
Paired samples t test (emotional reaction to false alarms 2 emotional reaction to tornado)
95% confidence
interval
Emotions

M

SD

Lower

Upper

t

df

Significance (two-tailed)

Relief
Gratitude
Fear
Uneasiness
Anxiety
Apprehension
Sadness
Surprise
Sympathy
Embarrassment
Hope
Guilt
Shame
Confusion
Disgust
Contempt
Anger

11.63
11.38
21.18
21.17
21.11
20.85
20.50
20.21
20.13
0.12
0.12
0.09
0.09
20.04
0.03
0.03
0.03

1.80
1.67
1.49
1.53
1.46
1.41
1.28
1.24
1.16
0.83
1.46
0.80
0.83
1.15
1.01
1.06
1.13

1.55
1.30
21.24
21.24
21.18
20.91
20.56
20.26
20.18
0.09
0.05
0.06
0.05
20.09
20.01
20.01
20.01

1.71
1.45
21.11
21.10
21.05
20.78
20.44
20.15
20.08
0.16
0.18
0.13
0.12
0.00
0.07
0.08
0.08

39.566
35.99
234.461
233.316
233.444
226.342
217.161
27.457
25.045
6.774
3.684
5.388
4.74
21.808
1.472
1.334
1.209

1900
1906
1906
1894
1913
1908
1888
1889
1868
1904
1900
1901
1887
1903
1904
1909
1919

0
0
0
0
0
0
0
0
0
0
0
0
0
0.071
0.141
0.182
0.227
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TABLE 8. Hierarchical logistic regression analysis predicting protective action taking via demographics, perceived, and actual false alarm
ratios (eB 5 exponentiated B; * p , 0.05; ** p , 0.01; *** p , 0.001). SE 5 standard error.
Surveys 1 and 2
Predictor
Block 1

Gender (female)
Children
Age
Income
MobileHome
Race.Caucasian
Race.AfricanAm
Race.Asian
Race.Hispanic
State.Alabama
State.Arkansas
State.Florida
State.Georgia
State.Kentucky
State.Louisiana
State.Mississippi
State.N.Carolina
State.S.Carolina
State.Tennesssee
State.Virginia
State.W.Virginia

SE B

eB

B

SE B

eB

20.036
20.451**
20.015***
0.107***
0.032

0.131
0.146
0.004
0.027
0.149

0.965
0.637
0.985
1.113
1.033

20.125
20.75***
20.021***
0.077**
0.071

0.136
0.151
0.004
0.027
0.153

0.883
0.472
0.979
1.08
1.073

0.047
20.204
20.134

0.266
0.293
0.517

1.048
0.815
0.874

20.151
0.291
0.86
20.211
0.313
0.81
0.433
0.56
1.541
*
0.424
0.645
1.527
0.165
0.662
1.179
20.438
0.595
0.645
0.101
0.614
1.106
0.218
0.64
1.243
20.406
0.651
0.666
0.094
0.683
1.099
20.524
0.613
0.592
20.391
0.652
0.676
0.118
0.624
1.126
0.009
0.62
1.009
Cox and Snell R2 5 0.105,
Nagelkerke’s R2 5 0.142

0.444
0.617
1.559
20.768
0.656
0.464
20.344
0.565
0.709
20.237
0.584
0.789
20.066
0.599
0.936
20.129
0.626
0.879
0.450
0.671
1.568
20.426
0.581
0.653
20.679
0.600
0.507
20.166
0.594
0.847
20.172
0.590
0.842
Cox and Snell R2 5 0.075,
Nagelkerke’s R2 5 0.104
B

Block 2

Perceived false alarm ratio
Perceived tornado alert accuracy
Actual false alarm ratio
Number of tornado warnings issued

Surveys 3 and 4

B

SE B

eB

0.008**
0.002
1.008
0.016***
0.002
1.016
0.566
0.434
1.762
0.014
0.008
1.014
Cox and Snell R2 5 0.103,
Nagelkerke’s R2 5 0.143

tornado alert accuracy as distinct concepts rather than
two items at the opposite ends of the same continuum.
One important note in interpreting these results is that
our survey participants had divided opinions and are
likely to lack certainty in their false alarm ratio estimates, as indicated by the large standard deviations in
their responses and visual examination of distributions.
Future research needs to focus on factors other than
false alarms that impact people’s perceptions of warning
accuracy and the connection between these perceptions
and behavioral responses to warnings.

b. Responses to false alarms
Prior research argued that high actual tornado false
alarm ratios may contribute to a complacent public
(e.g., Ripberger et al. 2015; Simmons and Sutter 2009;
Trainor et al. 2015). Prior research did not empirically test
this hypothesis in the southeastern United States, where
most U.S. tornado fatalities have occurred (Ashley 2007;
Donner 2007; Niederkrotenthaler et al. 2013; Schmidlin

B

SE B

eB

0.008**
0.002
1.008
0.017***
0.003
1.017
0.291
0.482
1.337
0.010
0.009
1.010
Cox and Snell R2 5 0.138,
Nagelkerke’s R2 5 0.188

and King 1995). The results of our study indicate that the
higher survey participants’ perceived tornado false alarm
ratios to be, the more likely they were to report taking
protective behaviors (e.g., seeking shelter). Participants’
actual tornado false alarm ratios did not predict their
reported protective action taking. Moreover, the number
of tornado warnings that participants have received did
not predict their reported protective action taking. Additionally, living in mobile homes did not predict participants’ reported protective behaviors.
These findings are contrary to prior research that
found the exact opposite. For example, Trainor et al.
(2015) found that people in areas with higher actual
county tornado false alarm ratios are less likely to take
protective actions like sheltering in place. Jauernic and
van den Broeke (2017) found that an increase in perceived false alarm ratio is associated with a lower likelihood of seeking shelter. Paul et al. (2015) found that
residents in an area with frequent false alarms did not
respond to warnings in a timely manner. Our findings
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are also different from Lindell et al.’s (2016) study,
which found that people’s previous experience with false
alarms has a nonsignificant, very weak, negative correlation with their expectations of immediate sheltering.
Additionally, perceived tornado alert accuracy predicted protective behaviors in our study. The higher that
survey participants estimated tornado alert accuracy to
be, the more likely they were to report taking protective
actions in response to tornado warnings. In our logistic
regression, perceived tornado alert accuracy showed a
higher increase in estimated odds of taking protective
actions than perceived false alarm ratios.
Residents’ perceptions of false alarm ratios and tornado alert accuracy appear to matter more than the
actual false alarm ratios and the number of tornado
warnings they have received when it comes to their behavioral responses. In particular and counterintuitively,
when perceived false alarm ratios increased, participants were more likely to report taking protective actions. In fact, more than half (57.9%) of our survey
participants reported being more likely to listen to future warnings and to follow directions after receiving a
tornado false alarm. After receiving a false alarm, 49.1%
of survey participants reported they would be more
likely to share tornado warnings in the future. Future
qualitative research is needed to unpack these counterintuitive findings. In the meantime, the findings are
promising given that residents’ perceived false alarm
ratios are lower than the actual false alarm ratios, indicating that concerns about an abundance of false
alarms in the southeastern United States may be
overblown.
Results indicated that when tornado warnings turn out
to be false alarms, participants felt a great amount of relief
and gratitude and much less fear, uneasiness, and anxiety.
The changes in emotions may result from participants
realizing that the tornado was a false alarm and/or realizing that they are safe. Or, there may be another reason
why participants experienced relief and gratitude after
learning that a tornado warning was a false alarm, which
future research can explore. Because different emotions
influence different behavioral decisions (Lerner et al.
2015; Jin et al. 2016), understanding how people’s emotions flow over the course of a tornado event can help
design more effective warning messages (Nabi 2015),
which future research can test. Future research can also
study mediation and moderation of behavioral and
emotional responses to tornado false alarms.
Our survey participants further shared that after being
exposed to a tornado false alarm, 44.3% of them would
be a little more critical of future tornado warnings and
55% of them would seek additional information before
deciding whether to take action to future warnings. Only
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38.3% of survey participants would second-guess future
tornado warnings, but fixed home residents were more
likely to second-guess than mobile home residents.
These findings point to the importance of providing
easily accessible information about ongoing tornado
threats so that when people seek additional information, they have a higher chance of finding accurate
information.

c. Conclusions
The study’s findings indicate that concerns about false
alarms generating a complacent public may be overblown (e.g., Ripberger et al. 2015; Simmons and Sutter
2009; Trainor et al. 2015), at least for tornadoes in
the southeastern United States. We did not find clear
evidence that false alarms (perceived and actual)
generate a complacent public. Rather, we found that the
higher that individuals perceive (i) false alarm ratios to
be and (ii) tornado alert accuracy to be, the more likely
they are to report taking protective actions. Furthermore, our study found that participants’ perceived false
alarm ratios were lower than the actual false alarm ratios
for their counties. These counterintuitive findings are
puzzling and merit future research. It may be that
members of the public and the scientific community
conceptualize the false alarm ratio in different ways. In
other words, for the scientific community, the false
alarm ratio is how they assesses forecasters’ performance. For the pubic, the false alarm ratio may be how
they assign confidence in a forecast.
Our results also showed the complex behavioral and
emotional responses participants experienced when
tornado warnings turned out to be false alarms. Participants felt a great amount of relief and gratitude and
much less fear, uneasiness, and anxiety when they
learned that tornado warnings turned out to be false
alarms. Still, more research is needed to understand how
people respond to false alarms. The effect sizes from this
study and a previous study (Trainor et al. 2015) indicate
that demographics and false alarm ratios (actual and
perceived) explain less than 20% of the variance in
whether people take protective actions in response to
tornado warnings. Similarly, an experiment on false
alarms in a winter weather context found that the effect
size of increased false alarms was only moderate
(LeClerc and Joslyn 2015). Therefore, future research
should focus on factors other than false alarms to
understand why people may not take life-saving actions in response to tornado warnings, such as probabilistic versus deterministic forecasts (e.g., LeClerc
and Joslyn 2015).
Overall, the study’s findings suggest that when on the
fence about issuing a tornado warning, forecasters
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should issue the warning given that false alarms (actual
and perceived) do not clearly generate a complacent
public. This is not to say that forecasters should warn for
all potential tornadoes. Instead, lowering tornado false
alarm ratios does not necessarily increase residents’
appropriate protective action-taking in response to future tornado warnings.

6. Limitations
This research is limited by several factors. First, the
findings cannot be generalized to other regions of the
United States, other countries, or other hazard types,
which future research can examine. Second, the study
examined self-reported measures that can be affected
from retrospective bias, in particular during disasters
(Fischhoff et al. 2005). Future research could deploy
the surveys developed here immediately after a tornado, should funding allow for such an immediate data
collection. Future research should identify the emotions people experience after immediately learning
that a tornado warning is a false alarm and how these
emotions may affect intended behavioral responses to
future tornado warnings. The study examined a single
point in time, and longitudinal research is needed in the
future to examine how people respond to repeated
tornado exposure over time. As the study used only two
direct and indirect measures for perceived false alarm
ratios and tornado alert accuracy, future research can
develop additional measurement items to more directly measure false alarm ratios (e.g., ask participants
to identify their county’s false alarm ratio in an openended survey question). Future research also can use
qualitative approaches to investigate how residents in
tornado-prone areas evaluate false alarms and how
they respond when tornado warnings turn out to be
false alarms.
In sum, findings from this study indicate that lowering
false alarm ratios is not the magic bullet for preventing
loss of life during tornadoes. Attention is needed to how
policy changes (e.g., access to shelters), improved risk
communication, and other factors can mitigate complacency and encourage appropriate protective action taking.
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