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ABSTRACT

Despite considerable interest in the weather enterprise, there is little focused research on the ‘‘false alarm

effect.’’Within the body of research that does exist, findings aremixed. Some studies suggest that the false alarm

effect is overstated, while several recent efforts have provided evidence that FAR may be a significant de-

terminate of behavior. This effort contributes to the understanding of FAR through a sociological analysis of

public perceptions and behavioral responses to tornadoes. This analysis begins by addressing public definitions

of FAR and then provides two statistical models, one focused on perception of FAR and one focused on

behavioral response to tornado warnings. The authors’ approach incorporates a number of sociological and

other social science concepts as predictors in both of these models. Findings provide a number of important

insights.Most notably, it is found that 1) there is a wide degree of variation in public definitions of false alarm, 2)

actual county FAR rates do not predict perception of FAR, 3) actual county FAR rates do predict behavioral

response, and 4) planning and family characteristics are also influential.Anothermajor contribution is to illustrate

the significant complexity associated with analysis of false alarms. Conclusions discuss the limits of this analysis

and future direction for this type of research.

1. Background

National Weather Service (NWS) forecasters issue

tornado warnings based on a variety of factors, including

environmental conditions, scientific knowledge of storm

evolution, ground truth information, radar data, charac-

teristics of the population, characteristics of the built en-

vironment, and even ‘‘gut or instinct.’’When the evidence

suggests that tornado formation is imminent or a tornado

is present, forecasters issue a deterministic tornado

warning (Andra et al. 2002). The tornado warning in-

cludes several key pieces of information, including a

geographic area, a valid time, the duration, and text

describing the potential hazard, its path, and advice for

protective action. In current practice, local NWS warn-

ing forecast offices (WFOs) issue the initial tornado

warning, and then the warning information is dissemi-

nated to the public through broadcast media, outdoor

sirens, social media, call-out systems, word of mouth,

texting, or phone calls. NWS, Red Cross, and Federal

Emergency Management Agency (FEMA) policy rec-

ommend that members of the public should shelter in

place immediately after receiving a tornado warning,
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except for those in cars or in mobile homes who are

advised to seek other shelter.

Because of limitations of our scientific knowledge,

observational technology, models, and forecaster inter-

pretation tornado warnings are not always accurate.

To measure warning system performance, the NWS

tracks and reports a number of performance measures,

includingwarning lead time,missed events, probability of

detection (POD), and false alarm ratio (FAR; National

Weather Service 2011; see also http://www.nws.noaa.gov/

oh/rfcdev/docs/Glossary_Forecast_Verification_Metrics.

pdf). The most relevant for the purpose of this analysis

are derived from a four-square typology (see Fig. 1)

based on the intersection of 1) whether or not a warning

was issued and 2) whether or not an event was observed.

The four categories that result are hit, miss, false alarm,

and all clear. Over time, forecasters and offices are

evaluated based on the proportions between these cate-

gories of prediction.1 These metrics are used to measure

how well a forecaster or office predicts the touchdown

of a tornado within a specific geographic area and

within a specific time period. Many weather safety pro-

fessionals give significant attention to thesemeasures and

in particular believe that issuing too many false alarms

(FAs) is the modern-day version of the well-known fable

‘‘The Boy Who Cried Wolf.’’ They believe that that if

one ‘‘cries warning’’ too often, the public will eventually

become complacent and not take protective action

measures that can prevent injuries, death, and property

damage (Breznitz 1984). If true, this cry-wolf effect, or

‘‘false alarm effect,’’ is especially relevant for tornadoes,

where 74% of tornado warnings have been false alarms

over the past 5 years (NOAA/NWS Office of Climate,

Water, and Weather Services 1986a). Even so, it is im-

portant to recognize that NWS performance metrics,

while important, do not directly evaluate how warnings

are linked to public perception and behavioral response.

It is important to develop that linkage scientifically.

In looking more closely at the NWS definition of tor-

nado false alarm, the agency says it is an ‘‘unverified’’

warning (i.e., one where the tornado funnel did not touch

down in the warned area during the effective time of the

warning). Unlike warnings, however, which are broadly

disseminated, there are no official or informalmechanisms

to notify the public that a false alarm occurred or why. Nor

does the NWS actively communicate annual average

FARs to the public. As a result, the public is left to gain an

impression of false alarms through experiencing severe

weather and severeweather communications around them

and determining if they thinkwarnings are accurate or not.

With this in mind, it is empirically important to explore the

connections and gaps between individual and organiza-

tional views on system performance. Answers to these

questions could provide important insight into how to im-

prove the current approach to warning policy and pro-

cedures and could significantly enhance our understanding

of howperceptions of tornado risks developmore generally.

Such an understanding is important if we are to move from

simplistic performance measures to those more calibrated

to the limits of forecast, human perception, and behavioral

response [see Barnes et al. (2006) for an example].

Our research begins to address some of these questions

by examining the impacts of tornado false alarms on public

perception and behavior. The current analysis adopts a

sociological perspective on risk perception. The approach

suggests that it is ‘‘a basic sociological task to explain how

social agents create and use boundaries to demarcate that

which is (or is not) dangerous’’ (Clarke and Short 1993,

p. 379). Further, the view calls on social scientists to explore

how social circumstances impact how we develop these

perceptions and calls for a clearer understanding of how

institutional views on what is/was dangerous reconcile with

the ways that normal people develop their views (Tierney

1999). Building on this sociological tradition, we focus on

how social demographics, contextual conditions, and in-

stitutional warnings influence the perception of false

alarms and behavioral response to tornados. In addition,

we integrate variables from social psychology, economics,

and NWS false alarm ratios (a measure of the institutions

view on accuracy of warnings). In the first model, we

present predictors of households’ perceptions of false

alarm. In the second model, we explore the relationship

between these measures and protective action responses

FIG. 1. Warning performance typology.

1 For example, the NWS FAR 5 FAs/(hits 1 FAs); POD 5
hits/(misses 1 hits).
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during significant severe weather events, many of which

produced actual tornados.

2. Literature review

Despite expectations to the contrary, much of the

hazards literature suggests no cry-wolf effect or negative

influence of false alarm on household perceptions and

behavior. This finding holds true for hurricanes (Dow

and Cutter 1998), tornadoes (Schultz et al. 2010), and

floods (Barnes 2006). However, several recent analyses

have begun to provide alternative results, particularly

for tornado warnings. Notably, in their statistical anal-

ysis of historical tornado casualty data, Simmons and

Sutter (2006) have shown that high NWS FARs within a

region increases the likelihood of fatalities and casual-

ties by 29%–40%. Similarly, Ripberger et al. (2015)

have also noted a FAR effect by modeling the link be-

tween false alarms and missed events with trust in NWS

and by then linking trust to reductions in hypothetical

future response to tornadoes.

Our research contributes to this evolving inter-

disciplinary conversation on FAR in several ways, some

of which have been explicitly called for by Ripberger

et al. (2015) and Barnes (2006). First, it provides new

insights into how members of the public define a false

alarm. Second, it explores household perceptions of false

alarm frequency at the univariate level. Third, it explores

the degree to which demographics, other social factors,

and NWS measures of false alarm are related to public

perceptions of false alarm. Finally, we explore how

perceptions of FAR, NWS FAR, and other social vari-

ables influence protective action behavior by the public.

Despite some sampling limits, the approach includes

several methodological advances as well. One important

distinction is that we measure people’s actual protective

action behavior to a tornado warning, an approach that

addresses some of the biases inherent in research that

uses hypothetical examples, stated intentions, or events

that occurred in the distant past as a way to elicit per-

ceptions and future behavior. Further, our work is also

unique in that our data collection efforts for each event

were completed within one month of the event’s occur-

rence. While this did come with some tradeoffs, as dis-

cussed in the limitations section, the speed of data

collection helped to reduce retrospective bias, helping to

ensure that the warned events could be meaningfully

discussed. Finally, the approach also provides some

value in that it highlights the complexity of the warning

response process when viewed across the system. In what

follows, we present a conceptual introduction to the

three analyses included in this paper, followed by a dis-

cussion of the methodology used to collect the data.

Next, we present findings for each analysis. Finally, we

present a discussion of the conclusions, limitations, and

future directions for research on false alarms.

3. What is a false alarm?

As discussed above, our first analysis below focuses on

responses to an open-ended survey question that asked

respondents to define the concept of false alarm. In

recognition that gaps often exist between official and lay

definitions of terminology, the primary analytical goal

was to explore what the public thinks of when the term

‘‘false alarm’’ is used. This part of the data analysis fo-

cused on responses to the open survey question ‘‘Could

you please describe what a false alarm is?’’ For this

question, interviewers typed the verbatim responses of

interviewees. Using an inductive open coding process,

coders were asked to read all the responses, take notes,

and inductively code important dimensions of the re-

sponses using thematic analysis (Boyatzis 1998) to cap-

ture variations in respondents’ ideas. These multiple

coders then met to compare notes and to develop a set of

focused codes (Corbin and Strauss 2008) that would be

uniformly applied across all of the responses. Three in-

dividual coders were then asked to code all responses into

these categories. Coders met to reconcile any differences

in their application of the codes for each case and were

instructed to consider all views in coming to a final de-

termination. The resulting data are discussed in the

analysis section and included in both models.

4. Perception of false alarm

In the extant warning literature, risk perceptions are

typically treated as independent variables and as such

are used to explain behavior. It has been uncommon for

analysts to consider the drivers of perception (Tierney

1999; Ripberger et al. 2015). The perception of the FAR

model presented below was developed to improve our

understandings of how risk perceptions generally, and

perception of false alarm specifically, are developed.

Our hypotheses for this model are presented in the

empirical review section below. While a few variables

retest patterns observed in previous studies, given the

lack of existing research on how perceptions of false

alarm develop, we also extended previous findings on

‘‘perception of risk’’ in order to create hypotheses. We

developed these hypotheses based on the assumption

that those who have in prior research been found to

respond to warnings will likely have lower or reduced

perceptions of the frequency of false alarm occurrence.

The logic behind this assumption is that, given their

concern, these groups will also prefer more information
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and as a result will be less likely to perceive warnings as

false alarms regardless of other factors.

5. Approach to the protective action analysis

Our second model focuses on behavioral responses to

tornado warning. It draws on much of the same theo-

retical and empirical material as the perceptionmodel in

order to formulate hypotheses about patterns of pro-

tective action behavior. In particular, it explores socio-

logical context, past experiences, planning, the influence

of FAR perception, and the NWS FARmeasure. Given

the high level of attention on FAR by the NWS, some

might be surprised to know there has been little direct

empirical evidence to support the claim that reducing

false alarms will have a significant influence on human

behavioral response to warnings. Further, many have

found that false alarms do not significantly impact an

individual’s decision to take protective action (e.g.,

evacuate) in future disasters (Dow and Cutter 1998;

Benight et al. 2004), and most assert that FAR has little

impact on an individual’s perception of future warnings

or future behavior (Atwood and Major 1998; Dow and

Cutter 1998; Riad and Norris 1998; Benight et al. 2004).

It is only recently that analyses have emerged that

contradict these assertions. Most notably, Simmons and

Sutter’s economic analyses (Simmons and Sutter 2009,

2011) have found a strong connection between false

alarm rate with tornado injury and morbidity. However,

as the authors explicitly note, this is an indirect measure

of the link between FAR and action. While their ana-

lyses are important and insightful, the limited avail-

ability of meaningful protective measures and the

inability to capture actual behaviors are significant and

important intervening factors. Work by Ripberger et al.

(2015) further establishes the possibility of a false

alarm effect by modeling the link between false alarms

and missed events with trust in NWS and by then

linking trust to hypothetical future response to torna-

does. These recent works provide new insights and new

controversy around how false alarms influence behav-

ior. In light of their work, both have called for more

detailed and novel analyses of these patterns. Our

second model takes up this call by providing a statis-

tical analysis that includes factors others have found

important for predicting protective actions. The spe-

cific details are presented below.

6. Empirical foundations and specific hypotheses

In this section we provide the empirical basis for our

hypotheses in our perception model (listed as PHx) and

behavioral models (BHx). Table 1 provides a summary

of the hypotheses.

a. Gender

In regards to gender, research shows that females are

more tolerant of warnings and false alarms than males

and are more likely to evacuate and have a stronger

influence on others to do the same (Barnes 2006; Riad

and Norris 1998). Similarly, they are also more likely to

respond to a warning message (Bateman and Edwards

2002; O’Brien and Atchison 1998) and to shelter in safe

locations (Comstock and Mallonee 2005). It has also

been found that women perceive hazards and threats as

more serious and risky than men; in other words, they

generally have a higher risk perception (Fothergill

1996; Lerner et al. 2003). While it is worth noting that

TABLE 1. Summary of hypotheses.

Perception of false alarm hypotheses Behavioral model hypotheses

PH1: Females will have a lower perception of false alarms. BH1: Females will be more likely to take protective actions.

PH2: Elderly will have a lower perception of false alarms BH2: Elderly will be more likely to take protective actions

PH3: Nonwhites will have a higher perception of false alarm BH3: Nonwhites will be less likely to take protective actions.

PH4: Tornado experience will reduce perception of false

alarms.

BH4: Tornado experience will increase the likelihood of taking

protective action.

PH5: Families with a disaster plan will perceive fewer false

alarms.

BH5: Families with a disaster plan will be more likely to take

protective action.

PH6: Families with children will perceive fewer false alarms. BH6: Families with children will be more likely to take

protective action.

PH7: Increased FARs will result in increased perceptions of

false alarms.

BH7: Increased FAR will reduce the likelihood of taking

protective action.

PH8: Residents of counties with a higher average number of

tornadoes will have an increased perception of false alarms.

BH8: Residents of counties with a higher average number of

tornadoes will be less likely to take protective actions.

PH9: Greater trust in local weather providers will result in

decreased perceptions of false alarms.

BH9: Greater trust in local weather providers will result in

increased likelihood of taking.

BH10:As perception of FAR increases, the likelihood of taking

protective actions decreases.
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Nagele and Trainor (2012) were unable to support

these prior results, significant evidence exists of this

relationship. Based on these findings, we propose the

following:

PH1: Females will have a lower perception of

false alarms.

BH1: Females will be more likely to take protective

actions.

b. Age

There is still much disagreement in the literature with

regards to the influence of age on warning response

(Perry and Lindell 1997). Some suggest that the elderly

tend to be more tolerant of increased warnings and

consequently false alarms than younger respondents.

Some prior research has suggested that the elderly are

more likely to respond to messages (Aguirre et al. 1998;

Baker 1987; Cutter and Barnes 1982) and more likely to

understand a warning (Blanchard-Boehm 1998). Other

studies have found no effect (Edwards 1993; Baker 1979;

Mileti andDarlington 1997). Others still have found that

the elderly are less likely to believe warnings (Mack and

Baker 1961; Hodge et al. 1981) or respond (Gruntfest

1977, 1997). Despite a mixed empirical record, we pro-

pose the following:

PH2: Elderly will have a lower perception of

false alarms.

BH2: Elderly will be more likely to take protective

actions.

c. Race

In addition to gender and age, we will also test for a

racial effect. Flynn et al. (1994) advanced the concept

of a ‘‘white male effect’’ when they found that white,

male conservatives with a higher social economic status

were less concerned with common U.S. risks than other

demographics. Similarly, other researchers have found

that membership in a minority group reduces the like-

lihood of believing (Turner 1976; Cuthbertson and Nigg

1987) or responding to a warning message (Drabek and

Boggs 1968; Perry et al. 1981; Lindell and Perry 1987;

Mileti and O’Brien 1992; Edwards 1993). As with other

factors, there are, however, mixed results where race

was found to correlate with increased likelihood of re-

sponding (Riad and Norris 1998). We propose the fol-

lowing hypotheses:

PH3: Nonwhites will have a higher perception of

false alarm.

BH3: Nonwhites will be less likely to take protective

actions.

d. Experience

With respect to experiencing prior events, re-

searchers have found evidence that prior hazard ex-

periences influence decision-making (Dow and Cutter

1998) and can make people more likely to believe and

to respond to tornado warnings (Hodler 1982). Prior

experience with disasters or hazards leads to greater

response to warnings (Mileti and O’Brien 1992; Landry

and Rogers 1982; Lachman et al. 1961). Similarly,

others have found that experience also increases the

likeliness of people to prepare (Blanchard-Boehm and

Cook 2004) as well as their desire to react more pro-

actively in future events (Simmons and Sutter 2007).

According to Mileti and Sorrenson (1990), our expe-

riences influence our perception and response to

warnings; thus, the more experience we have with se-

vere weather, the lower our perception of false alarms

will be.

PH4: Tornado experience will reduce perception of

false alarms.

BH4: Tornado experience will increase the likelihood

of taking protective action.

e. Emergency plan

Past research has shown an increased likelihood of

taking protective action when a family has some sort of

emergency plan in place for their household (Balluz et al.

2000, Blanchard-Boehm and Cook 2004). Those families

that take the time to develop a plan value increased pre-

paredness and are likely to respond to a warning (Nagele

and Trainor 2012). Continuing to follow the same line of

reasoning in previous sections, we propose that those

with a family plan have a higher risk perception and thus a

lower perception of false alarms.

PH5: Families with a disaster plan will perceive fewer

false alarms.

BH5: Families with a disaster plan will be more likely

to take protective action.

f. Children

Finally, the presence of children has often been corre-

lated with a higher risk perception and intention to evac-

uate (Riad and Norris 1998; Houts et al. 1984; Drabek and

Stephenson 1971). Similarly, those with children are more

likely to respond to warning messages (Edwards 1993;

Carter et al. 1983; Turner et al. 1981; Flynn 1979;Wilkinson

and Ross 1970). Thus, the presence of children (under 18)

will influence one’s perception of risk, and consequently

one’s perception of false alarms.

PH6: Families with children will perceive fewer false

alarms.
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BH6: Families with children will be more likely to

take protective action.

g. County FAR

Most discussions of false alarms begin with the as-

sumption that increases in false alarm rates are rec-

ognized by the public and lead to increased perception

of false alarms. We suggest that it is vital to empiri-

cally test that assumption. Therefore, in addition to

sociodemographic characteristics, we propose that the

NWS false alarm will have an impact on a person’s

perception of false alarms. In the behavioral model,

we include the NWS FAR as an independent variable

in order to explore its impact on an individual’s per-

ception of false alarms.

PH7: Increased FARs will result in increased percep-

tions of false alarms.

BH7: Increased FAR will reduce the likelihood of

taking protective action.

h. County tornadoes

Along with the NWS FAR, the average number of

tornadoes a county experiences may also impact percep-

tion, even if those tornadoes have never affected a family.

While the NWS FAR may not increase, a higher number

of tornado events in the area may impact awareness and

perceptions in a number of ways. In addition, areas with

frequent tornadoes may be desensitized to weather alerts

and thus more critical of warning accuracy. For instance,

they may consider anything outside of their community a

‘‘miss,’’ when in actuality the tornado had hit within the

warning area. We propose that the number of tornadoes

an area gets will have an influence on people’s perception

of false alarms.

PH8: Residents of counties with a higher average

number of tornadoes will have an increased per-

ception of false alarms.

BH8: Residents of counties with a higher average

number of tornadoes will be less likely to take

protective actions.

i. Trust

The relationship between trust and false alarm is

complicated (White and Eiser 2006). It is likely endog-

enous. What we mean is that people who believe the

warning system is prone to false alarms may be less

trusting of weather providers [see Ripberger et al. (2015)

for an extended discussion of trust]; at the same time, those

who do trust providers are probably less likely to have a

higher perception of false alarms. This complexitymakes it

difficult to specify a linear relationship. That being said,

for the purposes of this analysis, we are focused on FAR

as an independent variable and as such will explore the

effect of trust on FAR. Building on the extant evidence,

we propose that the more credible or trustworthy the

public finds weather sources, the more likely they are to

respond to a warning from them (Perry 1982; Cutter 1987;

Gruntfest 1997). If they are receiving information from a

trustworthy, official source, they are more likely to be-

lieve the warning (Baker 1984, 1987; Cola 1996). We

propose that those who already have a high opinion of

their weather providers will perceive false alarm fre-

quencies in their area as lower and will be more likely to

take protective actions.

PH9: Greater trust in local weather providers will

result in decreased perceptions of false alarms.

BH9:Greater trust in local weather providerswill result

in increased likelihood of taking protective actions.

j. False alarm and behavior

To further explore the effect of false alarm on behav-

ior, our analysis will focus on the relationships between

FAR and perceptions of FAR with protective action. A

logically derived hypothesis captures the essence of the

false alarm effect we wish to test:

BH10:As perception of FAR increases, the likelihood

of taking protective actions decreases.

7. Methodology

This analysis was developed using a quantitative

dataset created at the University of Delaware Disaster

Research Center (DRC) as part of the National Science

Foundation (NSF)-funded Collaborative Adaptive

Sensing of the Atmosphere (CASA) Engineering Re-

search Center. The data were collected by telephone

interviews with an instrument that aimed to better un-

derstand public response to tornado and severe storm

warnings by bringing together knowledge from social

science disciplines that focus on weather warnings. The

major topics the survey addresses include 1) receipt of

warnings and alerts; 2) severe storm/tornado impacts;

3) confirmation/verification behavior; 4) access, use, and

familiarity with specific sources of information; 5) mul-

tiple types of protective actions; 6) damage to property;

7) insurance coverage; 8) lead time, watch, warnings,

and false alarms; 9) experience with previous hazards;

10) preparedness activities; and 11) demographic; and

12) socioeconomic variables. Our survey combines the

respondents’ attitudinal and perceptual questions about

false alarms and tornado warnings with actual behavioral
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response from a recent tornado warning that occurred in

the respondents’ county. By having respondents recount

very recent behavior, we tried to lessen the impact of

retrospective bias. The final instrument included 120

questions and took respondents between 15 and 45min

depending on their path through the skip patterns. The

mean time to completion was 34min. The survey was

administered as a telephone interview using a computer

assisted telephone interviewing (CATI) system. In eval-

uating these data, it should be noted that we did not focus

on a single severe weather event. Instead, we developed a

method to collect data frommultiple events using a set of

fixedmethodological conventions. Over the course of the

data collection, we put in place systematic procedures

that improved the reliability and validity of the in-

formation we collected, each of which will be discussed in

detail below.

a. Sampling

Data collection occurred during 2008, 2009, and 2010.

The first year we started data collection in June as soon

as the survey system was readied and continued until

August. For subsequent years, we began searching for

storms mid-February and ended around August. The

only exception to this pattern was one major event in

February 2009 where the system was deployed early

because of an unusual tornado that was relevant to the

larger CASA project. This data collection period covers

the months when most tornado events occur in the

United States.

Our sampling approach can be described as a two-stage

process. Stage one involved the selection of geographic

areas where households were likely to have encountered

the need to make protective action decisions. For this

phase we chose to select counties where a tornado

warning was issued or a tornado was confirmed to have

occurred. In the second phase, households were ran-

domly selected from the county identified in phase one.

More details are provided below. This first stage of our

sampling process identified significant weather or warn-

ing events that occurred in the United States in the two

weeks prior to the initiation of data collection. Because

there is no sampling frame for the ‘‘population’’ of people

who make protective action decisions, we collected data

from selected counties in which tornado events or warn-

ings occurred. Since it was not possible to survey every

county that had a tornado in these years, we employed

theoretical replication logic in order to select counties

that provided variation in the population demographics.

This sampling approach involves the selection of case

counties in a deliberate and theoretically informed way.

In our case, this involved varying the selection of events

by including areas with varied demographic mixes.

Theoretical replication is common in multiple-case-study

research [see Yin (2009) for a more detailed description].

We also focused on selecting counties where there was a

high probability of a tornado event based on initial news

and NWS reporting. In total, we collected data from

households for 17 weather events over the 3-yr period as

summarized in Table 2.

During stage two of our sampling process, landline

telephone numbers from each of the counties above

were obtained by purchasing a sample from Genesys, a

third party sample provider. In each case, 1000 random

digit dialing (RDD) numbers were requested. After

obtaining the initial 1000 numbers, we had Genesys

purge business and disconnected numbers from the ini-

tial sample. To purge the business numbers, a database

comprised of nonresidential yellow page businesses is

utilized. The distinction of nonresidential is important

because over one million households nationwide use

their residential phone number for business purposes as

well. The generated sample was compared to this data-

base, and any matching telephone numbers were purged

from the sample. The remaining numbers that were not

purged from the sample were then examined to de-

termine if they were disconnected. Finally, a list of

telephone numbers was provided for each county; it

served as the sample for each event on average each

sample contained about 500 potential households after

the purge process.

b. Calling process and response rates

Given our focus on choices made during multiple se-

vere weather events, it was necessary to adopt a process

for identifying, selecting, and transitioning between se-

vere weather events in order to build a sample. Our data

collection process relied on a three-week cycle. During

week 1, a ‘‘storm searcher’’ developed a list of candidate

events by reviewing TV news and NWS warning prod-

ucts. The primary focus was to select events that were

significant enough to produce tornados. During weeks 2

and 3, our call center was activated at different times of

the day with a focus on calling between 1800 and 2100

local time (LT) Monday through Thursday and on Sat-

urdays from 1200 to 1600 LT. All interviewers were

trained on the instrument, concepts, and soft refusal call

conversion techniques. The survey did not offer an in-

centive. After three weeks of calling we terminated data

collection for that event and would start the cycle again

as soon as a suitable next case was identified. This pro-

cess optimized the timeliness of our calling by ensuring

that we did not call more than a fewweeks after an event

occurred, greatly reducing retrospective bias. It did so,

however, at the expense of not fully exhausting our

samples. Each phone number was called up to four times
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to make contact with the residence and attempt the in-

terview. The number of completed interviews per event

ranged from 17 to 91. The finalN for the survey was 804.

Our cooperation rates and refusal rates are within typ-

ical ranges but the responses rate of 11% is lower than

others have typically reported despite being average in

comparison to those used reported bymany professional

data collection services (Pew Research Center 2012).

Contact rates (average 37%)2 to some degree clarify the

discrepancy between good cooperation rates (average

34%)3 and refusal rates (average 10%)4 but low re-

sponse rates. We believe that the patterns illustrated

reflect the consequences of only calling each number

four times over the two-week field period rather than

calling each number 10–12 times, as is more typical for

phone survey. This choice was made in order to reduce

retrospective bias, but did come at the cost of increased

noncontact and a subsequent reduction in response rate.

The comparison of our sample to census data for the

counties shows that our sample does vary from the census

in that we overrepresent females, whites, and those over

65. These results are similar to other surveys completed

around the same time before the American Association

of Public Opinion Research officially recommended the

adoption of cell phone RDD samples (AAPOR 2008).

While the sampling approach leaves room for im-

provement, even with these limitations, these data still

represent the best available data on perception and ac-

tual human behavioral response to date. In the limita-

tion section, we discuss possible ways to improve on this

approach.

c. Dependent variables

To examine potential effects on protective action, we

used a dependent variable that asked respondents ‘‘Was

protective action taken in response to this event?’’ It was

coded as 0 (did nothing) and 1 (took some sort of pro-

tective action). Because protective action can include

many different types of activities, we also used a question

that asked what actions the respondent took. Protective

actions were coded into four categories: do nothing, seek

TABLE 2. Sample data and response rates.

Date

Event

county State Event type N

Response

rate

Cooperation

rate

Refusal

rate

Contact

rate

2010 Census

%

female

%

white

%

over 65

5 Jun 2008 Tulsa OK False alarm 21 6% 22% 6% 28% 51% 69% 12%

11 Jun 2008 Riley KS EF4 91 14% 46% 14% 31% 48% 83% 7%

11 Jul 2008 Kandiyohi MN EF3 54 11% 43% 11% 26% 50% 93% 16%

4 Aug 2008 DuPage IL EF1 39 6% 41% 5% 14% 51% 78% 12%

10 Feb 2009 Carter OK EF4 58 10% 45% 9% 21% 51% 74% 15%

10 Feb 2009 Oklahoma OK Two tornadoes

(EF1 and EF2)

53 7% 39% 7% 19% 51% 65% 12%

26 Mar 2009 Jasper MS EF1 65 18% 37% 15% 47% 52% 46% 16%

3 May 2009 Jefferson AL EF1 52 12% 44% 12% 27% 53% 53% 13%

13 May 2009 Caddo OK EF2 46 10% 61% 10% 16% 48% 63% 15%

12 Jun 2009 Shelby TN EF1 37 12% 42% 12% 30% 52% 52% 10%

20 Jul 2009 Denver CO False alarm 51 14% 42% 14% 33% 50% 69% 10%

2 Apr 2010 Rush Springs OK Conflicting

assessments

47 14% 26% 14% 53% 51% 88% 18%

24 Apr 2010 Yazoo MS Multiple tornadoes

up to EF4

44 10% 23% 10% 42% 46% 40% 12%

10 May 2010 Pottawatomie OK Three tornadoes

(EF1, EF3, EF3)

44 9% 20% 9% 47% 52% 76% 14%

6 Jun 2010 Monroe MI Two tornadoes

(EF1 and EF2)

42 13% 22% 13% 58% 51% 94% 13%

12 Jul 2010 Lancaster SC Two tornadoes

(EF0 and EF0)

43 11% 15% 11% 78% 51% 72% 15%

25 Jul 2010 Bronx NY EF1 (missed event) 17 4% 8% 4% 53% 53% 28% 11%

Average 47 11% 34% 10% 37% 51% 67% 13%

Total 804 Sample

values

66% 78% 31%

2Contact rates measure the number of phone numbers that we

were able to determine were eligible or ineligible for participation.
3 Cooperation rates measure the percentage of eligible house-

holds that agreed to participate in the survey.
4 Refusal rates measure the percentage of eligible households

that refused to participate.
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more information, protect property, and shelter. Because

of low counts within protecting property, we combined

‘‘information seeking’’ and ‘‘protecting property’’ into

one category. The final variable was measured as 0 (did

nothing), 1 (seek information and/or protect property),

and 2 (shelter).

To further explore what may influence perception of

false alarm, we used a dependent variable representing

this perception. Respondents were asked to rate the

frequency of false alarms in their area on a scale of 1 to

10, with 1 being ‘‘never’’ and 10 being ‘‘all the time.’’ To

accurately represent the variable while taking into ac-

count the low frequencies, particularly at the mid and

higher end of the scale, the variable was simplified into

0 (ratings 1–3), 1 (ratings 4–7), and 2 (ratings 8–10).

d. Independent variables

To test hypotheses 1–6, several sociodemographic var-

iables were included in the regression. Age was used as a

continuous variable in the regression. Race was simplified

into 0 (white) and 1 (nonwhite). Gender was treated as a

dichotomy of 0 (male) and 1 (female). To determine the

presence of children in the home, we asked if anyone

under 18 was living with the respondent. This variablewas

coded as 0 (no) and 1 (yes). A variable addressing past

experiences with tornadoes was included as well. This

question asked ‘‘How many tornadoes have you

experienced in all?’’ It was simplified into a binary vari-

able of 0 (no experience) and 1 (at least one prior expe-

rience). The family emergency plan variable was also

included. It was coded as 0 (no family emergency plan

present) and 1 (family emergency plan present). Trust in

local weather providers wasmeasured on a scale coded 1–

5, with 1 being the lowest trust and 5 being the highest

trust. In addition to sociodemographic variables, a vari-

able representing false alarm ratio for the sampled county

was also used. Data for this variable were downloaded

from the NWS performance management website

(NOAA/NWS Office of Climate, Water, and Weather

Services 1986b). This rate is calculated by dividing the

number of false alarms by the total number of warned

events by county. A tornado warning would be con-

sidered a false alarm if a tornado was not observed. The

average FAR for the three years leading up to the event,

including the year of the event, was determined for each

county within the survey. This was a numeric variable

representing the rate as a percentage for each county. We

also added a variable for the total average number of

tornadoes impacting each county for the three years

leading up to the event.

After observing a possible correlation between under-

standing of the term FA and perception of FAR, we also

added dummy variables representing the categorized

definitions of FA given by respondents. These dummy

variables (unjustified false, justified false alarm, test, in-

sufficient description, do not know, no such thing) are

described in more detail in the next section. Justified false

alarm was left out as the reference variable for both

regressions.

All variables were coded using Statistical Package

for the Social Sciences (SPSS). SPSS was also used for

the data analysis. Given the sample limits, we chose to

also generate correlation matrices in addition to re-

gression models in order to provide a more complete

view of the data relationships. Results and discussion of

FIG. 2. Respondent definitions of false alarm.

FIG. 3. Respondent rating of false alarm frequency.
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thesematrices are included to provide a full picture of the

potential relationships between the variables. Some cor-

relations, though unconfirmed by the regressions, may

warrant further analysis through refinement and retesting

of the variables. Ordinal logistic regressions and a mul-

tinomial regression were then performed to explore the

relationship between the dependent variables and the

independent variables further. Our measured approach

to the presentation of survey results and our extended

discussion of conclusions, connections to extant litera-

ture, limits, and future directions are intended to inform

those who would improve on this work.

8. Findings

a. Definition of false alarms

Figure 2 illustrates the patterns we observed in re-

sponses to an open-ended question that asked respondents

to describe what a false alarm is. Six categories captured

the essence of most replies.

The categories that emerged from our analysis are

quite meaningful for several reasons. First, the results

show that the public does not agree on what this term

means. In other words, when we ask people about false

alarm, they think of different things. If we are to use FAR

as a measure of success within the weather community,

then the definition of false alarm must consider how the

concept relates to different factors that might impact

the public’s views on what constitutes a successful or

unsuccessful warning. In looking more specifically at

the breakdown of frequencies, we also see several

other important insights.

The largest majority of respondents (almost half of the

respondents at 41.1%) defined false alarms as an event

that did not occur as predicted, meaning that the alert,

warning, or prediction did not materialize in the way it

was described. This could mean a situation in which the

‘‘weatherman’s’’ predictions were not perfect and the

storm did not produce a tornado. Similarly, it could also

mean that a tornado was on the ground, but the storm

weakened before it hit the warned area. This category of

response falls closest to the actual definition of a false

alarm. Respondents recognize there was a reason to

alert, but because of changing weather (e.g., ‘‘a funnel

cloud that never touched down’’) or imperfect fore-

casting (‘‘weathermen aren’t perfect and [it] goes an-

other way’’; ‘‘they thought it would form into a tornado

but it didn’t’’; ‘‘when Doppler radar says there may [be

one] and they call it but it never happens’’), the event did

not occur in the way it was originally thought. In other

words, respondents implied that the alarm was justified

or within reason, but turned out to be false.

The next most popular definition we have labeled as

unjustified warnings and this category makes up 35.2%.

This group believes a false alarm is when the alert,

warning, or prediction is made without just cause. Re-

sponses tended to vary in the degree of blame but ranged

from deliberate falsified information to more accidental

and mistaken instances such as someone thinking they

saw a tornado when they did not. For example, some

respondents defined false alarms as ‘‘someone says

something is happening and it does not really exist’’ or

‘‘alarm that comes when there’s really nothing out there

to harm you or your property.’’ Some respondents be-

lieve they are being provided false information (e.g., ‘‘the

TABLE 3. FA perception correlation matrix. Single asterisk indicates correlation is significant at the 0.05 level (two tailed); double asterisk

indicates correlation is significant at the 0.01 level (two tailed).

FA perception Age

No. of

tornadoes Actual FAR Trust Gender Race Children

FA Perception 1 20.045 0.087* 0.075* 20.168** 20.017 0.033 0.085

Age 20.045 1 20.028 20.048 0.162** 0.034 20.166** 20.475**

No. tornadoes 0.087* 20.028 1 0.183** 0.057 0.057 0.207** 0.003

Actual FAR 0.075* 20.048 0.183** 1 20.122** 20.089* 0.142** 0.005

Trust 20.168** 0.162** 0.057 20.122** 1 0.092* 0.015 20.119**

Gender 20.017 0.034 0.057 20.089* 0.092* 1 0.043 0.079

Race 0.033 20.166** 0.207** 0.142** 0.015 0.043 1 0.203**

Children 0.085 20.475** 0.003 0.005 20.119** 0.079 0.203** 1

Family plan 20.021 20.059 20.034 20.036 0.034 20.052 20.072* 0.073

Past experience 20.031 20.053 20.044 20.111** 0.002 20.006 20.005 0.043

Define: Justified 20.156** 0.025 0.026 20.041 20.026 20.031 20.033 20.005

Define: Not justified 0.152** 0.002 0.014 0.023 0.024 0.058 0.079* 0.036

Define: Insufficient 20.063 0.040 20.011 20.011 0.028 20.022 0.021 20.046

Define: Test 0.075 20.013 20.007 0.052 20.042 20.041 20.064 20.037

Define: Does not exist 0.079* 0.016 20.019 0.011 20.066 0.018 20.075* 20.038

Define: Does not know 20.043 20.079* 20.031 20.006 0.050 0.005 0.004 0.046
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evidence that has been given to us is false’’) or even being

lied to (e.g., ‘‘they lied to us and they don’t know what

they’re talking about’’). Some also described false alarm

as a situation in which a spotter or someone from the

general public thought they saw a tornado or funnel and

were actually mistaken (e.g., ‘‘tornado spotter thought

they saw a tornado and was wrong’’ and ‘‘when someone

says they saw a tornado but didn’t see one’’).

Surprisingly, 8.5% of respondents, the third most

common response, did not seem to know what false

alarm meant. Most of the time they simply responded

‘‘don’t know’’ or ‘‘couldn’t say,’’ but others provided

single-word answers and refused to elaborate. Examples

in this category included ‘‘no’’ or ‘‘depends.’’ Other

timesmore elaborate answers were given, such as ‘‘in the

next town over they have a whistle that goes off,’’ ‘‘when

it’s over they sound the all clear,’’ or ‘‘when you have to

go outside.’’While this is a relatively small portion of the

sample, it is still important to note that some of the

public could not articulate anymeaningful response or at

the very least did not understand the question.

The fourth most common (6.8%) false alarm definition

provided by our respondents was a malfunction of the

warning system, such as setting off a warning siren by

accident or sounding a siren to test a warning system. For

instance, this could mean a weekly test of a siren system.

It could also refer to a situation in which a forecaster

‘‘hit a wrong button.’’ This definition seems to be most

strongly related to scenario in which warnings go out for

no reason other than a broken or faulty system. There-

fore, this definition is not related to the forecasting pro-

cess, but it refers to the overall condition and function of

the mechanical warning system in place.

The fifth most popular definition (6.1%) simply stated

that no threat occurred; the respondent gave no further

elaboration or explanation beyond this. In this case, the

description of false alarm was insufficient or incomplete.

Consequently, these responses were not able to fit into

any of the above categories because the respondent gave

no indication of cause or reason for the nonoccurring

threat (e.g., ‘‘nothingmaterializes’’ or ‘‘didn’t happen’’).

In addition, they do not mention an alert, warning, or

prediction in association with the event. Respondents in

this category appear to agree that a false alarm means

something did not occur, but they were either unable or

unwilling to explain why or how this happened.

The final group of respondents is those that do not

believe in false alarms, or deny their existence. While

they are a small group (2.3%), it is worth noting that a

portion of the sample does not believe false alarms exist.

For example, one respondent claimed, ‘‘there really is

no such thing as a false alarm with tornadoes.’’

Therefore, a small segment of our sample believes that

all warnings matter regardless of any other elements

because they must always have some truth or cause

behind them. They may also believe that one should not

question the possible threat of a tornado because they

are one of the most unpredictable severe weather

events.

In thinking across the categories, over 80% of re-

spondents recognized false alarm as a predicted event that

did not happen. In other words, four-fifths of our sample

had a mostly accurate understanding of the most central

element of the concept of false alarm. It is also critical to

note that within that group over 75% offered unprompted

comments regarding blame and responsibility. One group

TABLE 3. Extended

Family plan

Past

experience

Define:

Justified

Define: Not

justified

Define:

Insufficient Define: Test

Define: Does

not exist

Define: Does

not Know

20.021 20.031 20.156** 0.152** 20.063 0.075 0.079* 20.043

20.059 20.053 0.025 0.002 0.040 20.013 0.016 20.079*

20.034 20.044 0.026 0.014 20.011 20.007 20.019 20.031

20.036 20.111** 20.041 0.023 20.011 0.052 0.011 20.006

0.034 0.002 20.026 0.024 0.028 20.042 20.066 0.050

20.052 20.006 20.031 0.058 20.022 20.041 0.018 0.005

20.072* 20.005 20.033 0.079* 0.021 20.064 20.075* 0.004

0.073 0.043 20.005 0.036 20.046 20.037 20.038 0.046

1 0.089* 20.002 0.034 0.006 20.041 20.021 20.015

0.089* 1 20.028 0.034 0.032 20.041 20.017 0.015

20.002 20.028 1 20.616** 20.213** 20.226** 20.123** 20.255**

0.034 0.034 20.616** 1 20.188** 20.199** 20.109** 20.225**

0.006 0.032 20.213** 20.188** 1 20.069 20.038 20.078*

20.041 20.041 20.226** 20.199** 20.069 1 20.040 20.083*

20.021 20.017 20.123** 20.109** 20.038 20.040 1 20.045

20.015 0.015 20.255** 20.225** 20.078* 20.083* 20.045 1
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made it clear that the warnings were unjustified, while the

other group felt that despite a nonevent, an alert was

warranted. In addition, many responses in the ‘‘no such

thing’’ category imply that all issued warnings are neces-

sary and justified regardless of the outcome; consequently

false alarm does not exist. In other words, the public

wanted the concept to capture responsibility. This gives

credence to the idea that the public understanding of false

alarm should be considered further if it is to be used as a

metric for forecaster success. It also suggests that the

public to some degree wants to distinguish along the con-

tinuum of warning Barnes et al. (2006) suggest by dis-

tinguishing between true errors/mistakes and missed

predictions linked to uncertainty.

Based on these results, we added the following hy-

potheses to the quantitative analyses:

PH11: Those that define false alarmas a justifiedmistake

will have a lower perception of false alarm occurrence.

PH12: Those that define false alarm as an unjustified

mistake will have a higher perception of false alarm

occurrence.

PH13: Those that define false alarm as a test will

have a higher perception of false alarm occurrence.

PH14: Those that suggest that there is no such thing

as a false alarm will have a lower perception of false

alarm occurrence.

b. Perception of false alarms analysis

As discussed above, it is important to understand

public perceptions of how frequent false alarms hap-

pen. In our survey, when respondents were asked

‘‘On a scale of one to ten (10 being ‘‘very frequent’’ and

1 being ‘‘never’’), could you tell us how frequent false

alarms are in your area?,’’ the responses were striking

and far from the pattern we expected. Figure 3 shows

the distribution of respondent ratings. A total of 64.8%

rate the frequency as only a 1 or 2. This means that a

substantial portion of the sample believes there are

very few to no false alarms in its area. Though coun-

terintuitive to many in the weather enterprise, this

general pattern has been repeated in two separate

studies conducted by our team that measured percep-

tions of tornado FA occurrence.5 Despite the large

number of low FA frequency ratings, most areas have

an NWS false alarm ratio over 50% in actuality. In

other words, when asked in a survey, people tend to

perceive FAR as much lower than it actually is.

c. Predicting perceptions of false alarm

While the false alarm frequency ratings themselves pro-

vide meaningful results, it is also important to understand

what factors drive this perception. The literature review

above presented a number of independent and control

variables, includingdemographics, past experience, and trust

in weather providers. To explore these possible correlations,

we generated a correlation matrix shown in Table 3.

The correlation matrix shows that NWS FAR (PH7)

and average number of tornadoes (PH8) were positively

correlated with perception of FA. In addition, results

supported a negative correlation between trust in

weather providers and FA perception (PH9). Matrix

results suggest a possible link between understanding of

the term FA and perception of FA. People who defined

FA as a justified mistake were less likely to perceive a

high frequency of false alarms (PH11). On the other

hand, those who viewed it as an unjustified mistake

(PH12) were more likely to have a higher perception. It

should be noted for all of these correlations that the

strength of association is very weak even for those var-

iables with significance. These findings illustrate the

complexity of the process of developing FAR percep-

tions. The full results are shown in Table 4.

To explore the hypotheses above in more depth, we

also ran an ordinal regression using perception as the

dependent variable and age, race, gender, past experi-

ence, the presence of children under 18, existence of a

family emergency plan, trust in local weather providers,

county FAR, number of tornadoes, and FA definition

categories as independent variables. The results from

the regression show that while the NWS FAR for the

county did not significantly influence FA perception,

trust did. In agreement with our hypothesis (PH9), those

who had greater trust in their local weather providers

had a lower perception of false alarms (B 5 20.295,

Sig. 5 0.030). This finding corresponds with other prior

work that suggest if people are familiar with their in-

formation sources and find them credible and trust-

worthy, they will probably also see them in an overall

positive light. Some significance was found between

understanding of the term FA and FA perception.

Those defining a false alarm as an unjustified mistake

were actually more likely to rate the FA frequency as

low, thus forcing us to reject hypothesis PH11. This re-

sult is counterintuitive and difficult to interpret because

our questions were not initially designed to explore why

people may view FAs as misinformation. These results

reinforce the idea that perceptions are complex and

further targeted research is needed to fully grasp re-

spondent understanding of FA and its impact. None of

the other variables were significant in this model, so

5 It should be noted that both studies were post event quick re-

sponse surveys and a recent significant event may be impacting

perceptions.
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hypotheses PH1–PH7 were rejected. Table 5 below

provides a review of our findings relative to our hy-

potheses and prior research findings.

d. Protective action analysis

As discussed above, the ultimate goal of warning sys-

tems is to make people safe. As a result, it is important to

improve our knowledge of protective action behavior

associated with tornadoes. As discussed in section 4, it is

intuitive to believe that higher false alarm rates would

lead to a decrease in protective action taken, much like

the story about the boy who cried wolf. On the other

hand, there is lack of empirical support for this assertion.

To explore this possible connection, we created a corre-

lation matrix shown in Table 6.

Table 6 offers support for several hypotheses. Most

notable, NWS tornado FAR (BH7) has a negative im-

pact on sheltering behavior. The correlation matrix also

generated several other important results. As shown in

previous research, women (BH1) and those with chil-

dren (BH6) are more likely to shelter and those with a

family plan (BH5) are less likely to do nothing. On the

other hand, those with more tornadoes in their area

(BH8) are less likely to shelter and those that define

false alarm as a test are more likely to do nothing. As

with the prior correlation matrix, it should again be

noted that all of these associations are very weak.

The logistic regression shown in Table 7 explores

these results further. Because the perception of FARs

does notmirror the actual FAR in the analysis above, we

also added a variable representing FA perception. All

other variables are the same as those used in the pre-

vious regression. Three of the variables were significant

in the above model; county FAR, presence of children,

and existence of a family emergency plan. In agreement

with BH10, the likelihood of taking some sort of

TABLE 4. False alarm perception regression parameters.

Estimate Std. Error Sig.

Threshold Medium (4–7)a,b 20.096 0.894 0.915

High (8–10) 1.827 0.908 0.048

Location Age 20.004 0.008 0.635

County tornado no. 0.012 0.009 0.221

County tornado FAR 0.006 0.007 0.416

Trust 20.295c 0.136 0.030

Male 0.275 0.248 0.271

White 0.112 0.307 0.714

No children 20.361 0.268 0.177

No family plan 0.257 0.237 0.279

No past experience 20.240 0.245 0.326

Define: Unjustifiedd 20.843e 0.284 0.003

Define: Insufficient 0.472 0.417 0.257

Define: Test 20.902 0.519 0.082

Define: Does not know 20.069 0.436 0.875

a Chi-square value of 30.839; sig. of 0.004.
b Psuedo-R-square—Cox and Snell, 0.071; McFadden, 0.054;

Nagelkerke, 0.095.
c Coefficient is significant at the 0.05 level.
d Reference category is the ‘‘justified FA’’ definition.
e Coefficient is significant at the 0.01 level.

TABLE 5. False alarm perception model.

Prior

findings Empirical foundation

Current study

Correlations Regression

PH1: Females will have a lower perception of false alarms. Supported Barnes (2006) Rejected Rejected

PH2: Elderly will have a lower perception of false alarms. Supported Barnes (2006) Rejected Rejected

PH3: Nonwhites will have a higher perception of false alarm. — — Rejected Rejected

PH4: Tornado experience will reduce perception of false alarms. — — Rejected Rejected

PH5: Families with a disaster plan will perceive fewer false alarms. — — Rejected Rejected

PH6: Families with children will perceive fewer false alarms. — — Rejected Rejected

PH7: As FAR Increases perception of FAR will increase. — — Supported Rejected

PH8: Residents of counties with a higher average number of tornadoes

will have an increased perception of false alarms.

— — Supported Rejected

PH9: Greater trust in local weather providers will result

in decreased perceptions of false alarms.

Supported Baker (1984, 1987);

Cola (1996); Lindell

and Perry (1987);

Ripberger et al.

(2015)

Supported Supported

PH11: Those that define false alarm as an justified mistake will have

a lower perception of false alarm.

— — Supported Rejected

PH12: Those that define false alarm as an unjustified mistake will have

a higher perception of false alarm.

— — Supported Rejected

PH13: Those that define false alarm as a test will have a higher

perception of false alarm.

— — Rejected Supported

PH14: Those that suggest that there is no such thing as a false alarm will

have a lower perception of false alarm.

— — Rejected N/A
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protective action decreases as the county tornado FAR

increases (B 5 20.020, Sig. 5 0.003). This suggests that

people are statistically less likely to take action in areas

with more false alarms, when controlling for relevant

sociodemographics, false alarm perception, and number

of tornadoes. To our knowledge, this is the first quanti-

tative empirical evidence of a direct link between FAR

and protective behaviors. However, we encourage sig-

nificant caution in the interpretation of this result. There

is still a need for further corroboration and in-

vestigation. In agreement with past literature, lack of

children (BH6; B 5 20.882, Sig. 5 0.001) and lack of a

family emergency plan (BH5; B520.770, Sig.5 0.001)

also lead to a decrease in protective action behavior. No

other variables were significant in this model. It is also

important to recognize that protective action can mean

many different things. For this reason, we also used a

more complex version of the protective action variable:

do nothing, information seeking/protecting property,

and sheltering. Table 8 shows the results of a second

logistic regression with the complex protective action

variable as the dependent variable.

This version of the analysis shows that respondents in

counties with higher FARs are less likely to seek more

information and/or protect their property (B 5 20.027,

Sig. 5 0.017). Similarly, they are also less likely to take

shelter (B520.049, Sig.5 0.000), findings that support

the hypotheses that high FAR reduces protective action

(BH7). The only other significant variable within this

model was existence of a family plan (BH5). Again, our

results agreed with past literature; lack of a family

emergency plan decreases the likelihood of information

seeking/protecting property (BH5; B 5 20.797, Sig. 5
0.043) and sheltering (B521.033, Sig.5 0.012). Table 9

below provides a review of our findings relative to our

hypotheses and prior research.

9. Discussion and conclusions

a. Understanding of false alarm

This study has provided amore in-depth look at public

understanding, perceptions, and actions associated with

the concept of false alarm. After categorizing re-

spondent definitions of false alarm, significant policy

implications become apparent. First, over 80% of the

respondents accurately understood the concept of false

alarm. While they may not have used the exact wording

or terminology, they showed an understanding of the

idea that an alert was given, but did not occur as antic-

ipated. On the other hand, there was also a substantial

portion of the sample that believed false alarm meant

the threat never existed at all. This definition is quite

alarming given they believe the alerts were unjustified,

misinformed, or even outright lies. This understanding

of false alarm could breed animosity toward those pro-

vidingweather information. It could also lead tomistrust

and skepticism in future events. These findings give

support to the notion that the distinction between mis-

takes and chance make a difference to people, thus

TABLE 6. Protective action correlation matrix. Single asterisk indicates correlation is significant at the 0.05 level (two tailed); double

asterisk indicates correlation is significant at the 0.01 level (two tailed).

Action:

Do nothing

Protect

prop/seek

Action:

Shelter FA perception Age

No. of

tornadoes Actual FAR Trust Gender

Action: Do nothing 1 20.407** 20.331** 0.041 0.062 0.069 0.171** 20.057 20.027

Action: Protect

property/seek info

20.407** 1 20.727** 20.005 20.037 0.038 0.065 0.022 20.087*

Action: Shelter 20.331** 20.727** 1 20.026 20.008 20.091* 20.196** 0.021 0.110**

FA perception 0.041 20.005 20.026 1 20.045 0.087* 0.075* 20.168** 20.017

Age 0.062 20.037 20.008 20.045 1 20.028 20.048 0.162** 0.034

No. of Tornadoes 0.069 0.038 20.091* 0.087* 20.028 1 0.183** 0.057 0.057

Actual FAR 0.171** 0.065 20.196** 0.075* 20.048 0.183** 1 20.122** 20.089*

Trust 20.057 0.022 0.021 20.168** 0.162** 0.057 20.122** 1 0.092*

Gender 20.027 20.087* 0.110** 20.017 0.034 0.057 20.089* 0.092* 1

Race 0.012 20.029 0.021 0.033 20.166** 0.207** 0.142** 0.015 0.043

Children 20.069 20.074 0.125* 0.085 20.475** 0.003 0.005 20.119** 0.079

Family plan 20.145** 0.069 0.038 20.021 20.059 20.034 20.036 0.034 20.052

Past experience 20.028 20.035 0.057 20.031 20.053 20.044 20.111** 0.002 20.006

Define: Justified 20.044 0.039 20.007 20.156** 0.025 0.026 20.041 20.026 20.031

Define: Unjustified 20.043 0.059 20.029 0.152** 0.002 0.014 0.023 0.024 0.058

Define: Insufficient 0.043 20.018 20.013 20.063 0.040 20.011 20.011 0.028 20.022

Define: Test 0.088** 20.085 0.021 0.075 20.013 20.007 0.052 20.042 20.041

Define: Does not exist 0.032 20.006 20.018 0.079* 0.016 20.019 0.011 20.066 0.018

Define: Does not know 0.017 20.068 0.058 20.043 20.079* 20.031 20.006 0.050 0.005

346 WEATHER , CL IMATE , AND SOC IETY VOLUME 7



providing support for the idea of a continuum of warning

(Barnes et al. 2006). Further, our analyses of perception

and protective action suggest that these distinctions have

effects on what people think and do. Our results dem-

onstrate the need for further investigation into the

complexities of public understanding of false alarm. If

the public does not see false alarm as a simple ‘‘hit’’ or

‘‘miss,’’ perhaps the terminology is too constraining to

accurately represent the public’s understanding of such

events. With less rigid definitions of the performance

measures of false alarm, hit, and miss, the public may

feel less of a need to place blame and instead a greater

understanding of the real uncertainty associated with

forecasting.

b. Perception of false alarm

It is important to note that over 60%of respondents in

our sample believe that there are very few to no false

alarms in their area. Contrary to anecdotal evidence,

many of the people in our sample felt that there were not

many false alarms in their area. It is equally as important

that the actual FARs have no statistically significant

influence on people’s perception of false alarms. In

other words, actual FAR numbers alone cannot accu-

rately represent how the public judges forecasting suc-

cess. This is supported by the significance of trust as a

variable. The more faith people have in their local

weather providers, the lower they tend to rate false

alarm frequencies. In other words, if they like them and

believe them as providing a good service, they are less

inclined to judge themharshly. In addition, the significance

of trust has already been supported by several past

studies (Baker 1984, 1987; Cola 1996; Lindell and

Perry 1987). It is just as important to note that the

sociodemographic variables were not significant. Past

research has shown that women and elderly have a

lower perception of false alarms (Barnes 2006; Riad

and Norris 1998), while nonwhites had a higher per-

ception (Flynn et al. 1994; Lindell et al. 1980). We

were not able to support these conclusions. This sug-

gests that future work must be done in order to de-

termine the true effect these variables have on FA

perception.

Our results are also limited by the fact that we do not

know our respondent’s sensitivity to false alarms; as

discussed in the previous section, we do not know what

situation they see as a hit and what they see as a miss.

This can drastically influence how they may rate false

alarms in their areas. Other relevant questions may be,

‘‘How long after a false alarm is there an influence on

perception and action?’’; ‘‘Do multiple subsequent false

alarms have complex effects on perception?’’; and

‘‘What does a hit between misses do to perception of

false alarms?’’

c. Protective action

In general, our findings suggest that people do not

really feel there are many false alarms in their area,

regardless of the NWS FAR. In addition, their percep-

tion of false alarm frequency was not a significant pre-

dictor of their protective action. On the other hand, the

NWS FAR does indeed appear to impact their decision

TABLE 6. Extended

Race Children

Family

plan

Past

experience

Define:

Justified

Define:

Unjustified

Define:

Insufficient Define: Test

Does

not exist

0.012 20.069 20.145** 20.028 20.044 20.043 0.043 0.088* 0.032

20.029 20.074 0.069 20.035 0.039 0.059 20.018 20.085 20.006

0.021 0.125* 0.038 0.057 20.007 20.029 20.013 0.021 20.018

0.033 0.085 20.021 20.031 20.156** 0.152** 20.063 0.075 0.079*

20.166** 20.475** 20.059 20.053 0.025 0.002 0.040 20.013 0.016

0.207** 0.003 20.034 20.044 0.026 0.014 20.011 20.007 20.019

0.142** 0.005 20.036 20.111*** 20.041 0.023 20.011 0.052 0.011

0.015 20.119** 0.034 0.002 20.026 0.024 0.028 20.042 20.066

0.043 0.079 20.052 20.006 20.031 0.058 20.022 20.041 0.018

1 0.203** 20.072* 20.005 20.033 0.079* 0.021 20.064 20.075*

0.203** 1 0.073 0.043 20.005 0.036 20.046 20.037 20.038

20.072* 0.073 1 0.089* 20.002 0.034 0.006 20.041 20.021

20.005 0.043 0.089* 1 20.028 0.034 0.032 20.041 20.017

20.033 20.005 20.002 20.028 1 20.616** 20.213** 20.226** 20.123**

0.079* 0.036 0.034 0.034 20.616** 1 20.188** 20.199** 20.109**

0.021 20.046 0.006 0.032 20.213** 20.188** 1 20.069 20.038

20.064 20.037 20.041 20.041 20.226** 20.199** 20.069 1 20.040

20.075* 20.038 20.021 20.017 20.123** 20.109** 20.038 20.040 1

0.004 0.046 20.015 0.015 20.255** 20.225** 20.078* 20.083* 20.045
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to take action. Not only are people in areas with higher

FARs more likely to take no action upon hearing a

warning, but in particular less likely to shelter. This re-

sult provides some evidence that even though they may

not accurately perceive the false alarm rate, the actual

incidence of false alarms may be influencing their be-

haviors. Thus, while there is merit to working toward

lower false alarm rates, there are still parts of the causal

puzzle missing.

Considering that people’s definition of false alarm

made an impact on their perception of FAR, it is intuitive

to assume that these variables may also factor into pro-

tective action decision-making. Strangely enough, these

were not significant predictors of protective action. We

did find a negative correlation between believing a false

alarm was a test of the system and taking action, but this

was not confirmed in the regression. There is some merit

to this idea though. These people are not seeing false

alarm as a forecaster inaccuracy or mistake, but as a le-

gitimate test ormalfunction of the system, so FAR should

not impact their actions. While none of the other varia-

tions on false alarm definition were significant, it is not

conclusive proof that public conceptualization of false

alarm is not an important factor. Futurework is needed to

determine just how people conceptualize this term.While

asking for a definition provides some insight into the

public’s understanding of false alarm, it cannot fully

convey the complexities involved in this understanding.

Other relevant questions could include, ‘‘What do you

consider a well forecasted event?’’; ‘‘Would you prefer

lessmissed events even if thatmeantmore false alarms?’’;

and ‘‘Would you consider a tornado that does not impact

your community a false alarm?’’

It has long been known that a variety of factors go into

protective action decision-making. Our findings in regards

to other relevant variables also merit discussion. In con-

trast to previous research (Perry and Lindell 1997; Lindell

et al. 1980), we did not find age or race to be significant

predictors of protective action. On the other hand, our

correlation matrix did show that women were more likely

to take shelter, but interestingly less likely to protect

property/seekmore information (Comstock andMallonee

2005; Bateman and Edwards 2002; O’Brien and Atchison

1998; Fothergill 1996; Lerner et al. 2003). Perhaps they

feel the best course of action is to shelter immediately

rather than preparation or information-seeking activities.

Our findings also agreed with past research in that those

with a plan were indeed more likely to take shelter and

protect property/seek more information (Balluz et al.

2000; Blanchard-Boehm and Cook 2004; Nagele and

Trainor 2012). Additionally, families with children have

been shown to be more likely to take action (Edwards

1993; Carter et al. 1983; Turner et al. 1981; Flynn 1979;

Wilkinson and Ross 1970). We could not conclude that

they are more likely to take shelter or protect property/

seek more information in particular, but we could agree

that they are less likely to do nothing at all. Trust in

weather providers is perhaps themost intuitive factor, and

TABLE 7. Simple protective action regression parameters.

Did you take any actions to protect yourself, your

family, or your property from this event?a,b,c B Std. error Sig.

Yes Intercept 2.141 1.008 0.034

Age 20.009 0.008 0.254

County tornado no. 20.002 0.010 0.799

County tornado FAR 20.020d 0.007 0.003

FA frequency perception 0.165 0.215 0.441

Trust 0.266 0.145 0.066

Male 20.279 0.247 0.258

White 20.348 0.329 0.291

No children 20.882e 0.275 0.001

No family plan 20.770e 0.237 0.001

No past experience 20.221 0.237 0.351

Define: Unjustifiedf 0.368 0.269 0.172

Define: Insufficient 20.484 0.493 0.327

Define: Test 0.901 0.492 0.067

Define: Does not exist 20.112 0.719 0.876

Define: Does not know 20.145 0.455 0.751

a Chi-square value of 56.156; sig. of 0.000.
b Psuedo-R-square—Cox and Snell, 0.142; McFadden, 0.113; Nagelkerke, 0.192.
c Reference category is ‘‘No.’’
d Coefficient is significant at the 0.05 level.
e Coefficient is significant at the 0.001 level.
f Reference category is the ‘‘justified FA’’ definition.
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indeed it has been shown to influence protective action

(Perry 1982; Cutter 1987; Gruntfest 1997).

In conclusion, our findings provide a greater depth of

understanding of how false alarm interacts with pro-

tective actions. Most importantly, we have reported

some evidence that 1) to some degree, people associate

the term false alarm with blame suggesting a need to

revisit the continuum of warning approach; 2) percep-

tions of false alarm are not driven by false alarm rates,

but can to some degree be explained by other variables;

and 3) in addition to confirming some prior findings,

our work provides the first evidence of a false alarm

effect. Finally, this study has shown that even simple

concepts like false alarm are significantly more com-

plex than they appear, and good policy needs extensive,

detailed analysis to understand these phenomenon and

in turn their implications.

10. Limitations and future directions

As discussed in the body of this analysis, while our

approach provides important insights into the false

alarm phenomenon, there are a number of important

shortcomings that provide ample opportunity for fu-

ture researchers to improve on the approach taken

here. The first opportunity comes from the low re-

sponse rates in our sample.While wemade a deliberate

decision to focus on a short window of time after

events, it is possible that through larger staffing, use of

incentives, and/or a reduced/focused instrument re-

sponse rates could be improved and future researchers

could test the patterns observed here. Second, a proj-

ect focused exclusively on false alarms could also

tackle additional theoretical explanations for percep-

tion and behavioral changes. As noted in the analyses,

TABLE 8. Complex protective action regression parameters.

What type of protective action did you take?a,b,c B Std. error Sig.

Increase awareness/protect property Intercept 4.323 1.744 0.013

Age 20.004 0.014 0.773

County tornado no. 20.001 0.014 0.947

County tornado FAR 20.027d 0.011 0.017

FA frequency perception 20.011 0.336 0.974

Trust 20.037 0.232 0.875

Male 0.094 0.396 0.811

White 20.504 0.578 0.383

No children 0.102 0.444 0.818

No family plan 20.797d 0.394 0.043

No past experience 0.260 0.387 0.501

Define: Unjustified 20.119 0.415 0.774

Define: Insufficient 0.499 0.847 0.556

Define: Test 1.391 1.084 0.199

Define: Does not exist 20.413 1.218 0.735

Define: Does not know 0.950 0.821 0.247

Shelter Intercept 5.910 1.825 0.001

Age 0.006 0.015 0.670

County tornado no. 20.003 0.016 0.852

County tornado FAR 20.049e 0.012 0.000

FA frequency perception 0.134 0.353 0.703

Trust 20.073 0.245 0.765

Male 20.436 0.424 0.304

White 20.986 0.593 0.096

No children 20.371 0.465 0.426

No family plan 21.033d 0.413 0.012

No past experience 0.010 0.410 0.981

Define: Unjustifiedf 0.212 0.438 0.628

Define: Insufficient 0.267 0.894 0.766

Define: Test 0.846 1.133 0.455

Define: Does not exist 0.056 1.211 0.963

Define: Does not know 0.411 0.891 0.645

a Chi-square value of 47.343; sig. of 0.023.
b Psuedo-R-square—Cox and Snell, 0.138; McFadden, 0.076; Nagelkerke, 0.161.
c Reference category is ‘‘do nothing.’’
d Coefficient is significant at the 0.05 level.
e Coefficient is significant at the 0.001 level.
f Reference category is the ‘‘justified FA’’ definition.
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TABLE 9. False alarm behavior model.

Prior

findings Empirical foundation

Current study

Correlations

Simple

regression

Complex

regression

BH1: Females will be more likely to

take protective actions.

Supported Flynn and Chalmers (1980); O’Brien and

Atchison (1998); Riad and Norris

(1998); Bateman and Edwards (2002);

Barnes (2006); Comstock and

Mallonee (2005)

Supported Rejected Rejected

Rejected Nagele and Trainor (2012)

BH2: Elderly will be more likely to

take protective actions.

Supported Cutter and Barnes (1982); Baker (1987);

Aguirre et al. (1998); Barnes (2006);

Riad and Norris (1998);

Rejected Rejected Rejected

Rejected Edwards (1993); Baker (1979);Mileti and

Darlington (1997); Mack and Baker

(1961); Hodge et al. (1981); Gruntfest

(1977, 1997)

BH3: Nonwhites will be less likely to

take protective actions.

Supported Flynn et al. (1994); Lindell et al. (1980);

Drabek and Boggs (1968); Perry et al.

(1981);

Rejected Rejected Rejected

Rejected Riad and Norris (1998)

BH4: Increases in tornado experi-

ence will increase the likelihood of

taking protective action.

Supported Hodler (1982); Mileti and O’Brien

(1992); Landry and Rogers (1982);

Lachman et al. (1961)

Rejected Rejected Rejected

BH5: Existence of a family plan will

increase the likelihood of taking

protective action.

Supported Balluz et al. (2000); Blanchard- Boehm

and Cook (2004); Nagele and Trainor

(2012)

Supported Supported More likely to

shelter, more

likely to

protect/seek

information

BH6: Families with children will be

more likely to take protective action.

Supported Riad and Norris (1998); Houts et al.

(1984); Drabek and Stephenson

(1971); Edwards (1993); Carter et al.

(1983) Turner et al. (1981); Flynn

(1979); Wilkinson and Ross (1970)

Supported Supported Rejected

BH7: Increased FARs will result in

decrease protective action.

— — Supported Supported Less likely to

shelter/seek

information,

less likely to

shelter

BH8: Residents of counties with

a higher average number of torna-

does will have an increased per-

ception of false alarms.

— — Supported Rejected Rejected

BH9: Greater trust in local weather

providers will result in decreased

perceptions of false alarms.

Supported Baker (1984, 1987); Cola (1996); Lindell

and Perry (1987)

Rejected Rejected Rejected

BH10: As the perception of false

alarm increases, the likelihood of

taking protective action decreases.

Supported Cola (1996); Simmons and Sutter (2009);

Ripberger et al. (2015)

Rejected Rejected Rejected

Rejected Dow and Cutter (1998); Benight et al.

(2004); Atwood and Major (1998)

BH11: Those that define false alarm

as a justified mistake will have

a lower perception of false alarm.

— — Rejected Rejected Rejected

H12: Those that define false alarm as

an unjustified mistake will have

a higher perception of false alarm.

— — Rejected Rejected Rejected

H13: Those that define false alarm as

a test will have a higher perception

of false alarm.

— — Supported Rejected Rejected

H14: Those that suggest that there is no

such thing as a false alarm will have

a lower perception of false alarm.

— — Rejected Rejected Rejected
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many of the factors we expected to predict these de-

pendent variables were not significant, and those that

were showedweak correlations. This is important because

these measures are the ones that are most often cited as

explaining this phenomenon. It is clear that the link be-

tween NWS FAR, perception, and behavior is quite

complicated. Among other important variables onemight

consider the impact of spatial specificity and personali-

zation of warnings. Third, research should consider the

temporal sequencing of false alarms, hits, and misses. The

data we collected for this project came after major events

as described in the analysis respondents reported low

perceptions of false alarm. It is important to explore the

degree to which this is connected to the events. A longi-

tudinal analysis of warnings and perception would be

uniquely situated to accomplish this and would allow for

pre-event and postevent comparisons. A final possibility

would be to include a suite of risk perceptionmeasures, in

particular affective measures, which the current dataset

did not include. There is much to be done to understand

the false alarm effect.
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