
ABSTRACT 

JOHNSON, NATHAN SCOTT. How People Respond: A Meta-Synthesis of Post-Tornado 
Interviews and Surveys. (Under the direction of David M. Berube, Ph. D.) 

National Weather Service (NWS) tornado warnings have been credited with saving 

thousands of lives; however, they are not completely effective.  Despite containing specific call-

to-action statements instructing recipients to take immediate protective action such as going to a 

basement or other place of shelter, research shows people rarely act solely on the warning.  

Previous studies have sought to interview tornado survivors to understand how they received 

the warnings, how they responded to them, and what, if any, factors limited their ability to 

respond.  By their nature, these studies are specific to the location of the tornado and often are 

focused on specific research questions of interest to the person or persons conducting the 

research, limiting their generalizability.  A meta-synthesis of more than three dozen such studies, 

including peer-reviewed and self-published articles, as well as NWS service assessment reports, is 

conducted.  The approach, methodology, and other parameters of each publication are 

documented and summarized.  The findings of each publication are studied using constant 

comparison, a grounded-theory approach aimed at understanding common themes across the 

body of included work.  The results strongly support the notion that tornado warning recipients 

do not act strictly based on the warning but rather undergo a process that includes confirming 

the threat and feeling a sense of danger before taking action.  Moreover, the results show the 

tornado-warning process is rife with confusion that recipients must resolve before deciding to 

take shelter, likely lengthening the amount of time between receiving the warning and moving to 

safety.  
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Introduction 

Despite a long-term decline in tornado-related deaths since 1925 (Brooks 2009), a series 

of tornado outbreaks in 2011 killed more than 500 people, including more than 150 in the single 

deadliest tornado since 1953 (National Weather Service, 2011a, hereafter “NWS Joplin 2011”; 

National Weather Service, 2011b, hereafter “NWS Historic 2011”; Paul & Stimers, 2011).  The 

National Weather Service (NWS) is the government entity responsible for tracking storms 

capable of producing tornadoes and issuing warnings to those affected by them, and their work 

has been credited with saving thousands of lives in the more than six decades since warnings 

began (Coleman, Knupp, Spann, Elliott, & Peters, 2011; Smith, 2010).   

NWS tornado warnings, as a form of communication, are modeled after the so-called 

Shannon-Weaver model (see Figure 1) (Shannon, 1948; Shannon & Weaver, 1964).  This model 

is dated and has been criticized for its directionality and linearity (e.g. McLuhan & Powers 1989).  

While it has been replaced in other contexts with more transactional models of communication, 

it nevertheless still dominates tornado-warning communication.  This thesis gathers an 

understanding of some of the weaknesses in tornado-warning communication and will serve as a 

platform for further observational and experimental research. 

Following the Shannon-Weaver model, each warning is a highly structured message and 

includes information about the tornado, its location, and its likely path as well as calls to action, 

intended to convince those in the tornado’s path to take protective action.  It is then encoded by 

various means and sent through various channels to people who decode them and decide what 

to do with them.  A warning is successful to the extent that those in the path of the threat 

receive the warning, decode it properly (including correctly identifying whether they are in the 
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path of the storm), and if necessary, take protective action (Wolf, 2009).   To evaluate that 

success, one must study the entire end-to-end process, including the meteorological 

component—did the tornado form and go where the warning said it would go?—and the 

societal component—did people receive the warning and take appropriate action? 

Meteorologists frequently carry out post-storm analyses to confirm the tornado, estimate 

its strength, and connect eyewitness reports and damage to the meteorological data used to track 

the storm (Edwards et al., 2013).  Likewise, structural engineers also study tornadoes post hoc, 

seeking to learn how buildings resist tornado winds with the goal of building stronger, more 

tornado-resistant buildings (e.g., Marshall, 2002).  Further, a desire for higher quality and 

improved consistency in tornado data from these post-storm assessments led to the Fujita Scale 

Enhancement Project (Wind Science and Engineering Center, 2004).  This project resulted in a 

common set of standardized damage indicators that surveyors use to more accurately rate the 

tornado’s strength and destruction, allowing for improved comparisons of data between storms. 

Nearly every tornado is studied to this degree, to confirm its existence (i.e., verify the 

warning), to account for the damage it caused, and to rate its strength.  However, the same 

cannot be said regarding the human response to the tornado (Golden & Adams, 2000).  A 

workshop hosted by the NWS in response to the high number of tornadoes and tornado-related 

casualties in 2011 concluded “there is also a need for better integration of social science and 

epidemiological approaches to post-disaster surveys. Such integration would provide a deeper 

understanding of the relationships of social and cognitive processes with outcomes such as 

deaths and injuries” (Lindell & Brooks, 2012, p. 5).  While the societal impact of some tornadoes 

is studied — the NWS conducts reviews of its performance following “significant weather-
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related events that result in multiple fatalities, numerous injuries requiring hospitalization, 

significant impact on the economy of a large area or population, extensive national public 

interest or media coverage, or an unusual level of attention to NWS operations” (NWS Historic 

2011, p. 3), and individual tornadoes may garner interest from the research community seeking 

to understand specific aspects of the event (e.g., Hammer & Schmidlin, 2002; Sherman-Morris, 

2009) or from those with a particular research agenda (e.g., Mulilis, Duval, & Rogers, 2003, 

Schumacher et al., 2010) — this is not a broad-based effort, the process is not standardized, and 

the data collected are not intended for the same kind of inter-event comparison as are the 

meteorological data. 
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Literature Review 

Despite the need to better understand the warning response process, relatively little work 

has been done to address that need (Golden & Adams, 2000; Lindell & Brooks 2012).  For 

example, from 2000 through 2012, there have been more than 300 killer tornadoes, killing more 

than 1,200 people (National Weather Service Storm Prediction Center, n.d.).  Unfortunately, in 

that same time, there have only been ten published, peer-reviewed studies based upon interviews 

or surveys of tornado survivors or those otherwise affected by tornadoes.  Including other such 

work that may not have been formally published or peer-reviewed roughly triples the total, but 

this is still well short of the number of killer tornadoes. 

Clearly, then, not every tornado results in a formal exploration of response to that 

tornado.  While the NWS conducts damage surveys after most tornadoes, even they only 

conduct formal service assessments following “significant weather-related events that result in 

multiple fatalities, numerous injuries requiring hospitalization, significant impact on the economy 

of a large area or population, extensive national public interest or media coverage, or an unusual 

level of attention to NWS operations (performance of systems or adequacy of warnings, 

watches, and forecasts) by media, the emergency management community, or elected officials” 

(NWS Historic, 2011, p. 3).  Furthermore, it has only been since the late 2000s that NWS service 

assessments have intentionally dedicated significant resources toward understanding the societal 

impacts of a tornado, including the warning response process. 

Those seeking to conduct this research face a number of challenges.  First, our ability to 

forecast the systems that produce tornadoes is limited.  The Storm Prediction Center only issues 

public severe weather outlooks out to eight days, and typically, forecasts for days four through 
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eight point merely to the possibility of severe weather, not a guarantee of such (National 

Weather Service, 2011c).  The compressed time frame makes it difficult to position the resources 

to conduct studies.  Second, such projects usually, but not always (e.g., Nagele & Trainor, 2012), 

require travel and other coordination that are expensive in terms both of time and funding.  

Third, conducting this work involves seeking and interacting with populations who, by the very 

nature of having been affected by a tornado, oftentimes have been displaced or are suffering 

losses.  Finally, while the Fujita Scale Enhancement Project and other related work provides a 

roadmap for conducting damage surveys and a common framework upon which comparison 

between events can be made, no standardized guide exists for conducting studies of tornado-

warning response (Lindell & Brooks, 2012). 

The available studies have generally been treated in two ways.  Occasionally, reports and 

publications will be summarized in the form of a self-published annotated bibliography (e.g., 

Mileti et al., 2006).  Alternatively, a study on societal impacts of weather in general, or the effects 

of tornadoes in particular, will cite one or more previous post-storm interaction-based 

publications in their review of extant literature leading up to their project.  This presents two 

separate, but related, issues.  With the former, no attempt to connect the results from different 

studies is made; the conclusions from each report are summarized without reference to other 

publications, and inferences are not drawn.  In the latter, connections may be made, but these 

are typically limited to one or two conclusions from a given study, and they are often made in 

light of specific research questions to be addressed within that study.  

A systematic review of recent empirical tornado-warning response research, such as what 

Kellens, Terpstra, and De Maeyer (2013) performed for research on flood risks, has not been 
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conducted.  The aim of this present work is to review recent tornado-warning response literature 

in such a holistic manner and to answer three research questions: 

1. What have previous post-tornado analyses discovered about the process of receiving, 

attending, and responding to (sheltering as a result of) tornado warnings? 

2. What methods have previous post-tornado analyses used to collect and analyze data? 

3. Regarding the previous, have those findings remained constant or changed in a 

significant way? What trends can be discerned in the data that have been collected? 
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Method 

A systematic thematic analysis was conducted on all recent research involving interviews, 

surveys, or other interactions with those affected by tornadoes or tornado warnings.  First, 

potentially eligible research was identified, collated, and analyzed.  If a publication or report met 

the criteria for inclusion, results and conclusions based upon those results were collected, coded, 

and evaluated using the constant comparison technique (Glaser & Strauss, 1967; Charmaz, 

2006).  

Criteria for inclusion 

Studies were included in the sample using criterion sampling (Patton, 2002).  This study 

is focused on literature addressing processes by which people at risk from a tornado receive the 

warning, attend to or make sense of that warning, and choose to seek shelter or not.  Purely 

epidemiological studies are useful in determining nature of injuries, cause of death, etc.; however, 

in the cases of death, such research cannot address the end-to-end process that resulted in death.  

Studies relying upon surveys or interviews are preferred here because they offer the chance to 

understand the entire process whence people first become aware of a tornado threat through 

decision making to shelter.  Observing this behavior in situ would be difficult, would place 

research teams into harm’s way, and would still not necessarily provide an understanding of the 

entire process. 

As a result, to be included in this review, research must have involved direct or mediated 

interaction with those affected by a tornado or tornado warning, including in-person interviews 

or surveys, interviews given via telephone, questionnaires administered to survivors by mail, or 

computer-based surveys.  While work of a purely epidemiological nature can be revealing, such 
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studies are often limited in what they can conclude about how victims received, processed, or 

acted upon warning information and are for this reason not included unless they incorporate 

other methods.  Furthermore, the present focus is on the response process of people directly 

affected by the storm; therefore, the study must report based on interactions with affected 

people or those acting or making response decisions on behalf of specific publics.  As such, 

interviews with school district officials and workplace emergency decision-makers are included 

while those with people in emergency management or government roles are not included by 

default unless they were moved from the position of providing information to the position of 

having to respond to the storm themselves. 

Tornadoes have occurred on every continent but Antarctica, but the combination of 

atmospheric ingredients that lead to them is most common in North America.  The event or 

events studied must have occurred in the United States or Canada and the work must have been 

published or made available in English.  The May 3, 1999, tornado in Moore, OK, sparked a 

surge of response-related literature, including a number of articles in a special issue of the 

American Meteorological Society’s journal, Weather and Forecasting.  This review includes studies 

conducted and published after that event through 2012. 
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Acquisition 

Potentially eligible research was sought using a number of approaches.  First, the most 

recent annotated bibliography on public risk communication and warnings (Mileti et al., 2006), 

the index of published reports funded by quick-response grants from the Disaster Research 

Center at the University of Colorado, and the report from the Weather-Ready Nation Workshop 

held by the NWS (Lindell and Brooks, 2012) were reviewed for publications.  The indices for a 

number of journals, including Weather, Climate, and Society and Weather and Forecasting, both 

published by the American Meteorological Society, were also reviewed.  Internet searches were 

also conducted on a number of sites, including but not limited to Google, Google Scholar, and 

Bing, using a range of keywords such as “tornado survey”, “tornado interviews”, etc.  Finally, 

references from all papers included were also reviewed for additional sources.   

Once acquired, publications were studied to ensure each publication met the criteria for 

inclusion and that they were not based upon the same data set.  For example, while Paul and 

Leven (2002) conducted interviews following a tornado in a rural community in Kansas, their 

focus was on post-disaster assistance and relief efforts and did not touch upon the process of 

receiving, attending to, and acting upon the warning; therefore, it was outside the scope of this 

study.  Both Brown, Archer, Kruger, & Mallonee (2002) and Daley et al. (2005) were based on 

the same epidemiological study following the tornado on May 3, 1999, in the Oklahoma City 

area; in fact, both studies share a number of co-authors.  In that case, the latter was excluded 

from further consideration because it was duplicate to the former.  Similarly, publications by 

Chaney and Weaver—a quick response grant report (2008) and a peer-reviewed publication 
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(2010)—were based upon the same research.  Here, the former was excluded because it was 

considered a preliminary form of the latter.   

In some cases, publications were based on either a combination of multiple and 

sufficiently different methods (e.g., Brown et al., 2002), some involved different populations (e.g. 

Sherman-Morris, 2009), or some drew from surveys and interviews following multiple tornado 

events (Comstock & Mallonee, 2005).  Where the results from each method, population, or 

event were presented separately, they were considered to be separate studies from the same 

publication for the purposes of this analysis.   

The completed sample includes 30 studies from 24 publications (see Table 1). 

Analysis 

The analysis was conducted in four phases.  In the first phase, basic information about 

each study, such as the type and date of publication, the date of the event, and themes sought, 

were collected, summarized, and reviewed for commonalities and trends. 

The second phase sought to answer the first research question.  Statements including 

results and conclusions based on those results were collected, and a typological analysis (Babbie, 

2010) was conducted to determine to which part of the warning response process each 

pertained: 

• Results and conclusions pertaining to how people received warning information and the 

content and format of that warning information were considered to be “getting the 

warning.”    
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• Findings involving a person’s worldview, education, previous experience as well as how 

they brought those elements to bear in their given situation with what information they 

were provided and could get were considered “processing or attending to the warning.”   

• Results and conclusions pertaining to what people did once they made the decision to 

take shelter—whether they were successful in doing so or not—was considered to be 

“taking shelter.”    

These statements were then analyzed using the constant comparative approach to 

identify common themes.  In a constant comparison analysis, elements are coded into broad 

categories and then compared with one another to identify common themes.  Those themes are 

then compared with one another to determine the relationships between those themes within a 

given category.  Themes are then compared across categories to better understand the 

relationships between the themes.  Finally, the themes are described based on these 

comparisons.  This entire process is done iteratively as new data are considered with insights 

from previous iterations used to develop an understanding of the process described by the data. 

For example, in this review, “getting the warning,” “processing or attending to the 

warning,” and “taking shelter” were the initial broad categories.  Each data point—a single result 

or conclusion based on a study’s data—was initially sorted into the appropriate category, then 

coded based on more specific themes, such as “warning sources,” “television”, or “outdoor 

warning sirens.”  These themes were then compared with one another to determine the 

relationship, if any, between them.  This often resulted in merging groups of data points or 

redefining themes as new data points revealed new relationships between the themes, such as 

when studies mentioned specific warning sources such as “television” as well as the use of 
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“multiple warning sources.”  Themes were also compared across the broader categories to 

illuminate relationships between the categories, after which they were used to generate a 

description of the relevant part of the warning-response process.  This process continues 

iteratively until there are no new data points to consider and no additional themes or 

relationships are discovered. 

Research question two was addressed in a similar fashion in the third phase.  The 

methods for each study were collected and analyzed using the same constant comparative 

process to understand the nature of methods used by the studies under review and identify 

common themes between them. 

Finally, in the fourth phase, results of the first three phases were analyzed to identify 

chronological trends in the data. 
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Results 

The themes that arose in the analysis are presented below.  Because the focus of this 

present work is to identify universal components of the warning response process, only those 

response process themes that are supported by multiple studies covering multiple tornado events 

are included.   Each theme is summarized with examples from the referenced studies. For 

response question one, the themes are sorted by which phase of the warning response process—

receiving, attending, or sheltering—to which they primarily relate. 

Research Question 1: Previous Discoveries 

 Process of receiving the warning. 

Gett ing the warning.  For the most part, the studies included in this meta-synthesis dealt 

primarily with people who got warning prior to being affected by the tornado, even if that lead 

time—the amount of time between when they received the warning and when the tornado 

struck—was very small.  The percentage of those who, when asked, reported not getting the 

warning at all was generally very small.  For example, Brown et al. (2002) found only 3.3%, or 54 

out of 1650 total respondents, reported they did not get a warning during the May 3, 1999, 

tornado outbreak.  Paul and Stimers (2011) reported only 11 of 107 participants, or 10%, did not 

get the warning of the tornado that struck Joplin, MO, earlier that year.  The notable exception 

to this focus on survivors in studies reviewed here is the NWS service assessment conducted 

after the “Super Tuesday Outbreak” in 2008.  In studying the fatalities from that event, the 

assessment team had a primary objective “to learn about why, how, and where the deaths 

occurred” (National Weather Service 2009a, hereafter “NWS Super Tuesday 2008”, p. 23).  Of 

the 21 fatalities for which a determination could be made, three (14%) did not receive a warning. 
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Sources .  The literature shows the means by which people got warnings varied widely and 

that the vast majority of people get warning information from multiple channels as part of their 

warning response processes.  Some studies, like NWS Historic 2011, went so far as to conclude 

those “who relied on a single source of information were potentially cut off from knowledge 

that could have helped their decision making process” (p. 38), citing the widespread power and 

other communication outages caused by severe weather earlier in the day.  Another service 

assessment noted “it became clear no one relied solely on one source of information” (National 

Weather Service, 2009b, hereafter “NWS Mother’s Day 2009”, p. 226). While only a few studies 

differentiated between sources of differing importance, and none went beyond identifying the 

most-often or second-most-often reported sources, the literature strongly suggests the use of 

multiple sources is, at least partially, an effort to confirm information learned from the first 

source or to corroborate information between sources. 

Televis ion.  In every study that asked about how people got warning information, a 

majority of respondents listed television as one source and often their primary source of 

information.  The finding was consistent regardless of the method used or purpose of the study.  

This was especially true in the hours or days leading up to a tornado event.  Brown et al. (2002), 

Sherman-Morris (2009), and Klockow (2011) found respondents used television to learn about 

the potential tornado threat a day or two before the event, and according to at least one NWS 

service assessment, television was a source for tornado watch information, as well (National 

Weather Service 2002, hereafter “NWS La Plata 2002”).  During tornado events, the literature 

showed, television aids the warning dissemination process in both breadth and depth.  Brown et 

al. (2002) found television broadcasts to be “very effective at reaching a majority of people in the 
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path of the tornadoes” (p. 251).  The ability for television stations to go into continuous 

coverage; to explain the situation in depth, using numerous tools such as radar, maps, and live 

video; and to provide more specific geographic information was cited as reasons for its 

effectiveness (Klockow, 2011; NWS Historic, 2011). 

Outdoor warning s irens .  In the studies reviewed, outdoor warning sirens were 

mentioned almost as frequently as television as one way affected respondents got warned about 

a tornado.   Several studies cited sirens as one way, and often the first method by which people 

were alerted that something was happening, prompting people to seek additional information.  

Some of those studies, including Balluz, Schieve, Holmes, Kiezak, & Malilay (2000), found a 

correlation between getting the warning via siren and increased shelter-seeking behavior.   

Unfortunately, mentioned almost as frequently were challenges to the proper use and 

interpretation of sirens..  A common theme in the literature revealed a disconnect between how 

sirens were intended to be used and people’s expectations of them.  Numerous studies cited 

difficulties in interpreting what the siren signals meant (NWS Historic, 2011; NWS Joplin, 2011; 

NWS Mother’s Day, 2009) or noted that the sirens went off frequently, often for events that did 

not actually take place (Klockow, 2011; NWS Historic, 2011; NWS Joplin, 2011).  In some cases, 

people expected to hear sirens where none existed (NWS Historic, 2011; NWS Mother’s Day, 

2009).  Technological problems, such as power outages or communication failure between a 

central office and the sounding location, were noted by a number of studies as contributing to 

these interpretation challenges (Tiefenbacher, Monfredo, Shuey, & Cecora, 2001; NWS Mother’s 

Day, 2009; Klockow, 2011). 
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Personal contact .  Another frequently-cited means of getting warning information was 

by way of personal contact, either face-to-face or in a mediated form such as a telephone call, 

text message, or email.  While some studies (e.g., Mitchem, 2003; NWS Historic, 2011) pointed 

to this contact as being the first means of warning, more often, the literature suggested such 

personal contact about warnings served to prompt affected people to be attentive to the weather 

(Klockow, 2011), amplify or otherwise help them personalize the risk (NWS Historic. 2011; 

NWS Joplin, 2011), or directly encourage them to take action (NWS Mother’s Day, 2009; NWS 

Historic, 2011).  Klockow (2001) wrote this “social reinforcement had the apparent effect of 

assuring that those individuals were attentive to events as they unfolded” (p. 6). 

For the most part, the literature does not speak directly to where the initiators of this 

personal contact got their information; however, in one particularly dramatic example, a warning 

originally received on television resulted in a phone call that moved people out of harm’s way 

with only minutes to spare. During the April 22, 2011, tornado that struck the Lambert 

International Airport in St. Louis, the NWS service assessment team found the control tower 

was not evacuated until 32 minutes after the original warning was issued—and only two minutes 

before the tornado struck—when a manager called to convey the warning she had seen on 

television (NWS Historic, 2011). 

Weather radio .  NOAA Weather Radio All Hazards, commonly called “weather radio,” 

has received some attention in the surveyed literature.  Although weather radio is not mentioned 

as often as television, sirens, or personal contact, a number of studies cited it as one source of 

many used by respondents to get warning information.  While Mitchem (2003) found 

correlations between getting the warning from weather radio and increased likelihood of taking 
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protective action, other studies found issues with weather radio, including an increased need for 

awareness and consumer education (Brown et al., 2002; Comstock & Mallonee, 2005), signal 

coverage (Comstock & Mallonee, 2005), and adoption of the technology, to include lower cost 

radios (Paul & Stimers, 2011; Chaney & Weaver, 2010; NWS Historic, 2011). 

Other sources .  A number of other sources are cited by the literature; although none 

garnered the same broad attention as television, sirens, personal contact, or weather radio.  

Commercial radio was reported to be a valuable source of warning information, although it was 

more often a source used when other sources were unavailable, such as during a power outage 

(Klockow, 2011).  Some concern exists for stations that operate in an automated fashion, 

especially when that automation precludes interrupting for weather alerts (National Weather 

Service, 2007, hereafter “NWS AL/GA 2007”).  Three recent studies—all published in 2011—

cite the Internet as a source of warning information (Klockow, 2011; NWS Historic, 2011; Paul 

& Stimers, 2011).  However, these studies suggest the Internet is more often used as a secondary 

source of information after people have gotten primary notification elsewhere, similar to radio. 

Adequacy o f  warning system.  A number of studies inquired about whether respondents 

felt the warning system was adequate.  Generally, the responses were positive, with a majority in 

all cases saying the warning system, at least for the particular event in question, was adequate.  

This did not preclude either the respondents or authors from suggesting improvements.  A 

number of interviewees for the Joplin service assessment requested more specificity from siren 

signals to aid interpretation of what each signal meant (NWS Joplin, 2011), and Paul, Che, 

Stimers, & Dutt (2007) reported a need for more sirens.  Even though the overall belief was the 

warning system worked well during the Oklahoma City area tornadoes in 1999, one town too 



 
 
 

 

18 

small to show up on most maps and that had no siren coverage was struck and suffered a 

disproportionally high number of casualties; Brown et al. (2002) asked whether this town 

specifically got adequate warning. 

Lead t ime.  A number of studies mentioned the concept of lead time, that is, the amount 

of time between the warning and when the tornado strikes.  Lead time for warned individuals 

ranged widely, from as little as two minutes (NWS Historic, 2011) to around half an hour or 

more (e.g., Brown et al., 2002; Hammer & Schmidlin, 2002; Paul & Stimers, 2011; NWS 

AL/GA, 2007).  Hammer and Schmidlin (2002) and Chaney and Weaver (2010) found a 

correlation between longer lead times and an increased tendency for affected people to flee or 

evacuate to safer shelter instead of sheltering in place, especially among mobile home residents.  

On the other hand, one study found a lack of lead time—or at least the sense that there was not 

enough time to do anything—could lead to a lower likelihood of seeking additional information 

or taking shelter (NWS Mother’s Day, 2009). 

Hindrances and l imitat ions .  The literature identified a number of issues with the 

warning dissemination process that could limit its effectiveness.  The National Weather Service 

issues storm-based tornado warnings; that is, instead of issuing a warning for an entire county, 

the warning is usually only in effect for a smaller portion of a county or counties.  However, 

many warning dissemination systems, including weather radio, emergency alert system, and some 

siren configurations, still operate under the whole-county paradigm, resulting in over-warning or 

other mismatches between who is technically under warning and who hears that warning (NWS 

Historic, 2011; NWS Joplin, 2011). 
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Other sources of confusion were noted in studies where people were not aware of the 

warning or when there was conflicting information about the situation.  In spite of a severe 

thunderstorm warning and tornado watch both being posted, a service assessment team noted 

even people who were tuned to a media source did not believe there was a threat (NWS La 

Plata, 2002).  Another team noted that a lack of information about the warning, a lack of sirens, 

and uncertainty about what the tornado should look like resulted in people not taking shelter 

(NWS Mother’s Day, 2009).   

Five studies identified various other special situations that warrant attention, including 

how people get warning information while at work or while involved in recreational activities 

and away from usual information sources (Mitchem, 2003; Klockow, 2011), how to get warning 

and precaution information to those who do not understand English or who may prefer that 

information in another language (NWS Historic, 2011), and how warnings may rely on means of 

communication that are susceptible to power outages and communication failure (Mitchem 

2003; NWS Mother’s Day, 2009; Schumacher et al., 2010; Klockow, 2011; NWS Historic, 2011). 

 Process of attending to the warning. 

Antecedant understanding.  Generally, the literature is supportive of the notion that the 

sum of an individual’s worldview, understanding of the threat, and previous experience with the 

threat or those like it has an influence on how they will react.  One study found a correlation 

between worldview and a decreased perception of risk or likelihood to shelter.  Respondents to 

Schmidlin, Hammer, Ono, & King, (2008) who mentioned “God’s will” were less likely to take 

shelter (p. 196).  A service assessment team found that having “an avid fear of tornadoes,” 
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among other aspects of worldview, also influenced a person’s risk perception and warning 

response (NWS Joplin, 2011, p. 6). 

Most studies under review indicate having previous, direct experience with the hazard is 

positively correlated with an increased perception of risk.  That includes single-event studies that 

specifically asked respondents about previous tornado experience (Chaney & Weaver, 2010; 

NWS Joplin, 2011), other single-event studies where people were asked about future 

preparations (e.g., NWS Historic, 2011), two studies —one longitudinal, one not—focused on a 

community hit by multiple tornadoes in a five-year period (Comstock & Mallonee, 2005; Patton, 

2003), and one longitudinal study of college students that included a tornadic event during its 

course (Mulilis et al., 2003).  However, this support is not unanimous; Nagele and Trainor (2012) 

found no significant relationship between previous tornado experience and taking protective 

action.  When the notion of “previous experience” is expanded to include false alarms or 

normalization of a threat due to frequent experience without direct effects, the correlation was 

reversed, making people less likely to shelter (Chaney & Weaver, 2010; NWS Joplin, 2011). 

Another component is a person’s understanding of the threat before it strikes.  

Numerous respondents reported various misconceptions about tornadoes, including beliefs that 

multiple tornadoes on the same day were impossible (NWS Historic, 2011), expectations about 

typical tornado movement or appearance that might not apply in every case (NWS Mother’s 

Day, 2009; NWS Historic, 2011), or misunderstandings about when tornado outbreaks were 

possible (NWS Super Tuesday, 2008; NWS Mother’s Day, 2009; NWS Joplin, 2011).   Studies 

also found various instances of localized understandings of how tornadoes behaved, including a 

misperception that hills or bodies of water offered protection (Klockow, 2011; NWS Historic, 
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2011) or that locations that had never been struck were immune (Klockow, 2011).  In each of 

these cases, respondents indicated minimizing the risk as a result of these misunderstandings. 

Awareness and planning.  The literature showed an interesting interplay between 

planning and awareness.  On the one hand, people interviewed were generally aware of the 

possibility of severe weather ahead of time, although this did not necessarily include an 

understanding of what was to come or confidence in the forecast (NWS Historic, 2011).  This 

awareness did not cause them to alter plans unless circumstances such as power outages dictated 

otherwise, although Klockow (2011) found being aware led to helping others remain aware of 

events as they unfolded.  When people did make preparations on the day of the tornado, studies 

showed those preparations included discussing shelter options, moving supplies to the shelter, 

and reviewing plans, if any. 

The literature suggests having a plan before a tornado strikes facilitates the warning 

response process.  In studying a town hit multiple times with tornadoes in a five-year period, 

Patton (2003) found locals “understand that they live with a real tornado threat and that they can 

improve their odds of surviving if they plan ahead” (p. 12).  In one case, a person told the 

service assessment team he was in a high risk of severe weather and made sure to have a radio, 

batteries, and other supplies ready (National Weather Service, 2003a, hereafter “NWS Veterans 

Day 2003”). 

Decis ion-making process .  The literature strongly supported the notion that people 

warned about a tornado undertake a series of processes to evaluate their risk and determine 

whether and how to respond.  This process varies from person to person, but, in nearly every 

case, it involves multiple sources of information and the need for confirmation and 
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personalization of the risk.  Put another way, getting the warning rarely resulted in immediate 

sheltering; rather, it served as a prompt to seek information.  Hammer and Schmidlin (2002) 

concluded the evacuation behavior during the Oklahoma City tornadoes in 1999 showed people 

can “successfully make reasoned decisions that reduce the risk of injury and death” (p. 580).  

Schumacher et al. (2010) agreed, saying the processes they identified in their research were 

“consistent with past social science research on the response of the public to warnings” (p. 

1428).   

There is a nearly overwhelming sense in the literature of the need for this process to 

include or result in confirmation of the threat.  Checking outside was found to be part of this 

confirmation process in a number of studies (e.g., Hammer & Schmidlin, 2002; Sherman-Morris, 

2009), and in many cases, people reported waiting until they could see the tornado itself or until 

they experienced related environmental cues (e.g., rapidly darkening skies, winds picking up) 

before they finally decided to take shelter (Chaney & Weaver, 2010; Klockow, 2011; NWS La 

Plata, 2002; NWS Mother’s Day, 2009; NWS Joplin, 2011; NWS Historic, 2011; Tiefenbacher et 

al., 2001).  Even if people were not necessarily seeking visual confirmation of the tornado, 

ground-truth reports of the tornado or its damage from nearby communities was key in the 

decision-making process. 

Unfortunately, however, studies show this process can take too much time.  Brown et al. 

(2002) noted “several injuries and deaths were sustained as a result of waiting too long to seek 

shelter” (p. 351). Even when injury or death was not the outcome, the time remaining once the 

sheltering decision was made may not have allowed for people to see the best shelter that would 

otherwise have been available.  The NWS Historic 2011 report cites two cases where the 



 
 
 

 

23 

decision-making process took so much time that better sheltering options (e.g., a store in a 

building with a foundation) had to be passed up for lesser ones (e.g., the bathroom of a mobile 

home).  Schumacher et al. (2010) concluded “these few minutes of possible delay [in taking 

shelter] can be precious” (p. 1426) and recommended the time-compressed nature of tornado 

warning situations be impressed upon those affected.  Schmidlin et al. (2008) went further, 

arguing efforts should be made to convince mobile home residents to shelter immediately upon 

getting a warning. 

Percept ion and confusion.  The surveyed works identified myriad factors that go into a 

person’s understanding of the situation and eventual perception of their own risk, operating 

simultaneously to amplify and deamplify risk.   Four service assessment teams also identified 

confusion over sirens, including varying criteria for what warranted sounding a siren or 

misinterpretation of what the signals meant (NWS Mother’s Day, 2009; NWS Joplin, 2011; NWS 

Historic, 2011), misconceptions about to what extent people should be able to hear sirens 

indoors (NWS Super Tuesday, 2008), and problems with too few or poorly-placed sirens (NWS 

Mother’s Day, 2009).  The lack of siren signals when they might otherwise have been expected 

was cited by some respondents as causing a delay in the decision-making process (NWS 

Mother’s Day, 2009; Tiefenbacher et al., 2001).   Sirens were also implicated in generating a 

number of false alarms or contributing to general over-warning of the public, leading to 

desensitization (Klockow, 2011; NWS Joplin, 2011; NWS Historic, 2011).   

Uncertainty about what a tornado should look like—especially with tornadoes that were 

rain-wrapped or occurring at night (Klockow, 2011, NWS Mother’s Day, 2009; NWS Historic, 

2011), the perception that too many tornado warnings were false alarms (Klockow, 2011; NWS 
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Joplin, 2011; NWS Historic, 2011), and misunderstandings about what it means to “shelter in 

place” (NWS AL/GA, 2007; Sherman-Morris, 2009) were all cited as causing confusion in the 

decision-making process. 

Geography.  Numerous studies showed the importance of geography in the warning 

response process.  The closer they perceived the tornado to be to them or the more familiar and 

close the landmarks that were mentioned as being affected, the higher their interpretation of the 

risk (Klockow, 2011; NWS Historic, 2011).  Klockow (2011) also found that locations within 5-

10 miles were particularly important in the latter process.  However, geography was also a source 

of confusion for some.  At least one service assessment team found some people did not know 

their county’s name or the names of some towns around them, and that report recommended 

further research into what geographic markers should be provided in order to help people 

personalize threats (NWS Historic, 2011).  That assessment team also recommended television 

broadcasters be thoughtful in how locations were prioritized and that they should not focus 

exclusively on urban areas.  Another assessment team found confusion when storm-based 

warnings overlapped (NWS Joplin, 2011), and another found issues when directional qualifiers 

were used to specify only part of a county (NWS Mother’s Day, 2009). 

Reasons for  ac t ing .  If, as the literature suggests, people undergo a process from the time 

they receive the warning, the result is a decision to shelter or not.  When asked in the various 

studies researched here, a number of themes emerged in the reasons for deciding to take shelter.   

The perception of danger, visual confirmation of the tornado or environmental cues, television 

(including one local broadcast meteorologist’s specific advice to get underground or flee the 

tornado’s path), a sense that the tornado was close (provided by geographically-specific reports 
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of the tornado in nearby areas), and personal contact were cited most often (Chaney & Weaver, 

2010; Hammer & Schmidlin, 2002; Klockow, 2011; NWS Joplin, 2011; NWS Historic, 2011; 

Schmidlin et al., 2008). 

Likewise, some studies reviewed asked those who did not take shelter for their reasons.  

Included among those reasons were “God’s will” (Schmidlin et al., 2008, p. 196), a sense that 

warnings are too often false alarms or the result of warning too many people (NWS Mother’s 

Day, 2009; NWS Joplin, 2011), calm weather leading up to the storm or the storm’s coming at a 

time of year when tornadoes are not frequent (NWS Super Tuesday, 2008; NWS Mother’s Day, 

2009), a perceived lack of time to do anything (NWS Mother’s Day, 2009), and a belief that 

tornadoes only strike other people (NWS Mother’s Day, 2009), also known as “optimism bias” 

(Weinstein, 1980). 

Process of sheltering as a response to the warning. The literature suggests people 

directly affected by a tornado reported having taken shelter.  This action usually comes after 

varying signals or triggers and usually but not always mere moments before the tornado strikes 

(Mitchem, 2003; NWS La Plata, 2002; NWS Veterans Day, 2003; NWS AL/GA, 2007; NWS 

Super Tuesday, 2008; NWS Mother’s Day, 2009; NWS Joplin, 2011; NWS Historic, 2011; 

Sherman-Morris, 2009).  In fact, the limited amount of time in which to act—and the tendency 

for the act of physically moving to shelter to be short-changed if the rest of the process took too 

long—was noted across much of the literature. 

Corre lat ion with she l t er -seeking.  A wide range of other conditions were mentioned by 

multiple publications as being positively correlated with shelter-seeking, including awareness that 

one was under a warning (Balluz et al., 2000; Comstock & Mallonee, 2005; NWS Mother’s Day, 
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2009, NWS Historic, 2011; Mitchem, 2003, and Paul et al., 2007), visual confirmation (Chaney & 

Weaver, 2010; Hammer & Schmidlin, 2002; Klockow, 2011; NWS Joplin, 2011; NWS La Plata, 

2002, NWS Mother’s Day, 2009; NWS Historic, 2011), warnings received through television 

(Brown et al., 2002; Comstock & Mallonee, 2005; Hammer & Schmidlin, 2002; NWS Historic, 

2011), warnings received through personal contact (Klockow, 2011; NWS Mother’s Day, 2009; 

Sherman-Morris, 2009), and presence in or proximity to the path of the tornado (Schmidlin et al. 

2008; Nagele & Trainor, 2012). 

Plans and preparat ion.  Being prepared, having a plan, and having identified a shelter 

location ahead of time were linked by multiple studies to a higher likelihood of actually taking 

shelter.  Nagele & Trainor (2012) found having a family sheltering plan was linked with taking 

protective action and that a failure to have a plan was linked with a failure to shelter.  Chaney & 

Weaver (2010) noted having a plan and having undergone a tornado drill were positively 

correlated with shelter-seeking behavior. 

Previous exper ience .  A link between previous tornado experience and shelter-seeking 

behavior is mostly supported by the literature.  Comstock & Mallonee (2005) found evidence of 

a “community-wide gain in knowledge” (p. 284) after the 1999 tornado that struck Moore, OK, 

leading to an increase in sheltering and other protective behavior during a tornado four years 

later.  Klockow (2011) also found those with less experience with tornadoes were slower to 

make preparations to seek shelter.  A notable exception here is Nagele & Trainor (2012), who 

found no significant relationship between previous experience and sheltering. 

Antecedant awareness .  Four studies noted the importance of being aware of the 

tornado threat before the warning was issued, but they had mixed results.  On the one hand, 
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those interviewed by the NWS La Plata 2002 team reported knowing about the threat, and many 

reported even hearing about the tornado watch.  However, people who were not tuned to a 

media source did not believe there was a threat.  The NWS Mother’s Day 2009 team found 

many people who were affected were unaware of the watches and warnings that day.  On the 

other hand, the NWS Veterans Day 2003 assessment team received an email saying one person 

took preparations based on that day’s severe weather outlook, a daily product issued well in 

advance of any watches or warnings.  Klockow (2011) found evidence of both being aware and 

being unaware, with the latter being an issue when people were at work and away from typical 

sources of weather information and relied on others to tell them when to shelter.  However, 

even when people were aware, it often took environmental cues such as high winds before 

people believed the tornado would strike. 

Educat ion and gender .  Five studies addressed the connection between a person’s 

gender or education and their likelihood to respond to a warning message.  Balluz et al. (2000) 

and Schmidlin et al. (2008) found having a high school education was linked with shelter-

seeking, and Sherman-Morris (2009) found university employees were more likely to shelter than 

students (who ostensibly had lower education levels) and that older students (again, with 

ostensibly higher education levels) were more likely to shelter than younger students.  However, 

Nagele & Trainor (2012)’s findings did not support the inverse notion that lower education 

levels reduced the likelihood of shelter-seeking.  Both Sherman-Morris (2009) and Comstock 

and Mallonee (2005) found females were more likely to shelter than males. 

Seeking conf irmation.  Numerous studies pointed to warned populations’ need to seek 

visual confirmation of the tornado before seeking shelter.  Chaney and Weaver (2010) reported 
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half of respondents to their study looked outside, and they concluded that this behavior was 

“typical” (p. 196) of their respondents.  Klockow (2011) reported people were surprised at the 

tornado’s appearance, concluding even after some had seen the tornado directly, they “waited to 

shelter because they took time to process what they were seeing” (p. 13).  The NWS Historic 

2011 service assessment team reported two specific instances of people waiting until they saw 

the tornado before sheltering, and in each case, this left them with insufficient time to move to 

the safest shelter available. 

Basements and storm ce l lars .  In the studies reviewed, having a basement, storm cellar, 

or safe room increased the likelihood people would seek shelter, and not having one led some to 

attempt to find it given enough time.  This was reported by Balluz et al. (2000), who also 

reported that not having such a safe location limited warning response amongst their population.  

Comstock and Mallonee (2005) reported an increased proportion of Moore, OK, residents 

sheltered in these locations in a 2003 tornado than did for a similar storm in 1999.  

Unfortunately, some confusion about preferred sheltering locations was reported. The NWS 

Historic 2011 service assessment team found that people did not distinguish between locations 

typically considered “safest” in a tornado, such as underground basements and storm cellars or 

above-ground safe rooms. 

Mobile  homes.  Mobile home residents were the intentional subjects of two studies: 

Schmidlin et al. (2008) and Chaney and Weaver (2010).  Both found belief of being in danger 

was key to motivating action.  Schmidlin et al. (2008) focused on sheltering options and 

determined that 200 meters was the threshold between where most mobile residents would walk 

or run to a safer shelter as opposed to driving to one.  Both NWS Historic 2011 noted evidence 
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near destroyed mobile homes indicated safe shelter was only available for a few victims, while 

the NWS Mother’s Day 2009 team was unable to determine whether that event’s victims had 

access to safer shelter.  Even if safer shelter was available nearby, Schmidlin et al. (2008) found 

that fewer than half of mobile home residents in their study would actually go to the closest 

shelter available to them, mostly because they did not know the owners. 

Shel ter ing in place .  Public places like schools presented challenges that were reported 

in some studies, often centering on the notion of sheltering in place.  Two studies identified 

issues with the notion of sheltering in place.  Sherman-Morris (2009) reported confusion about 

sheltering in place, with some students believing it was possible to both shelter in place and leave 

their initial locations (in this case, a college campus) to go home or to an apartment.  During the 

Enterprise, AL, tornado in 2007, the high school was under tornado warning—and thus 

sheltered in place—for nearly three consecutive hours.  The school sustained a direct hit, and 

eight students were killed when the building they were sheltering in suffered a structural failure.  

This caused some to question why alternatives to sheltering in place were not invoked (NWS 

AL/GA, 2007).   

Two other studies noted mixed results in public places, despite both having significant 

lead time.  On the one hand, a movie theatre manager got warning of a tornado, stopped 

movies, and moved patrons to shelter, saving dozens of lives when the building was nearly 

destroyed in a direct hit from a strong tornado (NWS Veterans Day, 2002).  However, a tornado 

struck the St. Louis airport, and there, patrons reported not being informed of the tornado 

warning.  Instead, they began to shelter only when outdoor environmental cues such as high 

winds prompted them to act (NWS Historic, 2011). 
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Evacuat ion.  There is some support for the notion that people will abandon their 

locations to seek below-ground shelter if they do not have it, despite advice and official 

recommendations to the contrary.  About half of Hammer and Schmidlin (2002)’s respondents 

fled their initial locations to seek safer shelter or flee the path of the tornado, and of those, half 

did so in a vehicle. Sherman-Morris (2009) found a number of students left a college campus 

during a tornado warning despite recommendations to shelter in place.  The NWS Mother’s Day 

2009 service assessment reported “many people drove out of the path of the tornado” (p. 25) 

and that this behavior prompted others to do the same.  Schmidlin et al. (2008) reported that 

mobile home residents without safest shelter attempted to walk or run to such shelter if it were 

within 200 meters of their initial locations; beyond this distance, they drove.  Both Chaney and 

Weaver (2010) and Hammer and Schmidlin (2002) concluded that increased lead time increased 

the likelihood for evacuation over sheltering in place.   Community shelters were mentioned in 

four studies, three of which noted a need for more education about their availability and 

locations (Brown et al., 2002; Sherman-Morris, 2009; NWS Historic, 2011). 

Casualt i es .  Brown et al. (2002) reported that taking too long to seek shelter resulted in 

several casualties, noting “a major challenge for preventing tornado deaths and injuries is to get 

the public to heed warnings and take action in a timely manner” (p. 351). The NWS Mother’s 

Day 2009 assessment team similarly found that some tornado victims were attempting to shelter 

but were doing so in a manufactured home and were killed, or had waited too long to seek 

shelter and were injured or killed in the process of moving to a safer location.  That team was 

unable to determine whether these victims had safer options nearby.  Chaney and Weaver (2010) 

also found some of those plans included sheltering inside the mobile home, which is not 



 
 
 

 

31 

recommended.  This was also found by the NWS Super Tuesday 2008 and NWS Historic 2011 

teams who reported, at least by way of anecdotal evidence, that some victims thought they were 

sheltering in safe locations when they were killed.  A prior service assessment team found similar 

casualties (National Weather Service, 2003b, hereafter “NWS Record 2003”). 

Brown et al. (2002) also noted that the extreme nature of the tornadoes in their event 

killed people who were even sheltering in some kinds of locations recommended for those 

without below-ground shelter, including interior rooms on the lowest floor of the building.  In 

fact, 27% of those killed in that event were sheltering in such an interior room.  Hammer and 

Schmidlin (2002) reported all who fled their mobile homes survived without injury, but 30% of 

those who remained were hurt. 

Research Question 2: Methods Used In Previous Studies 

The sample was also reviewed with regard to a number of characteristics, including date 

of publication, publication type, and study methods. 

Time. The studies reviewed here appear to be well-distributed in time. There is at least 

one publication every year during the review period, except 2004 and 2006.  The year 2011 had 

the most with five, and 2003 had the second-highest total, with four, apparently related to the 

number of high-impact tornado events in those years.  Only five events resulted in multiple 

studies or publications (see Table 2). 

Publication types. Ten publications (covering 14 studies) were published in peer-

reviewed journals, including five in meteorology journals, four in disaster or natural hazard 

journals, and one in an applied psychology journal.  Nine publications (one study each) were 
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published as quick-response grant reports.  Six publications (covering eight studies) were 

conducted and published as NWS service assessments. 

Methods used. Twelve studies relied upon semi-structured or unstructured interviews, 

with all but two studies’ work done in person.  Nineteen relied upon structured surveys, either in 

person, over the telephone, or by mail.  One study was primarily epidemiological in nature with a 

follow-up questionnaire.  There appears to be a correlation between method and number of 

respondents, with structured methods accounting for larger sample sizes. 

Numbers of respondents. Twenty-three studies reported the number of participants, 

ranging from 15 in the smallest study to 1951 in the largest (average = 366, standard deviation = 

478). Seven had fewer than 100, 10 had 100-500 participants, and the remaining six had more 

than 500 participants. 

Sampling. Sampling strategies represented included census or attempted convenience 

sampling (eight), random sampling (five), census sampling (four), intentional or criterion 

sampling (two), self-select sampling (two), and snowball sampling (one). Two studies used a 

combination of sampling strategies, and seven studies, including all but one NWS service 

assessment, did not specify their sampling strategy.  Other than the lack of sampling strategy 

reporting in NWS service assessments, there did not appear to be a trend either in years or 

publication type. 

Lag time. Ten studies began conducting their work within one week of the event. Seven 

more began between one week and one month after the event. Three more began four months 

to one year after the event, and one did not begin until 14 months after the event.  Ten studies, 

including six of the eight NWS service assessments, did not report when they began their work. 
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Correlations. There appears to be a correlation between publication type and both the 

number of respondents and the preferred methods. Peer-reviewed publications were most likely 

to rely on structured surveys with higher numbers of participants; in fact, all reviewed 

publications in the natural hazards and disaster journals and all but two in the meteorology 

journals relied solely on structured surveys.  Service assessments where methods were explained 

were more likely to rely on “interviews” or semi-structured techniques.  Quick-response-grant 

reports tended to include more quantitative than qualitative methods, but both were well-

represented.  Quick-response grant reports tended to involve the smallest numbers of 

respondents, typically dozens to around 150.  Publications in natural hazard or disaster journals 

involved larger sample sizes, ranging from around 100 to 400 each. Publications in 

meteorological journals, with one exception, all involved sample sizes in excess of 600, with the 

four largest sample sizes ranging from 1000 to almost 2000 each.  NWS service assessments did 

not generally report the number of interviewees or participants. 

Research Question 3: Trends In Findings and Methods 

 Results. 

Longitudinal s tudies .  Of the 26 publications reviewed here, only two were in any way 

explicitly longitudinal in nature.  Mulilis et al., (2003) conducted a cohort study of undergraduate 

students about emergency preparedness, and during that study, there was a tornado that affected 

a portion of the participants.  They found both a seasonal trend in preparedness in the cohort—

higher in the spring, coincident with the typical severe weather season, than in the fall—and a 

downward trend from year to year.  The only significant change between consecutive semesters 
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came following the tornadoes with an increase in preparedness as well as an increased perception 

of threat. 

Meanwhile, Comstock and Mallonee (2005) relied on interviews conducted with a mixed 

sample of Moore, OK, residents following two separate tornadoes in 1999 and 2003; some 

participants were interviewed following both tornadoes, others were only interviewed after one 

or the other.  They found a slight shift in which tornado warning sources prompted residents’ 

action, from a majority acting on warnings delivered via television in 1999 to tornado sirens in 

2003.  They also found a higher proportion of residents sought shelter in an underground shelter 

during the 2003 tornado than had done so in 1999.  That is in spite of the fact that lead times 

were longer during the 1999 storm.  They concluded the first storm resulted in a community-

level gain in knowledge that gave rise to more protective behavior during the 2003 event. 

Overal l  f indings .  There is considerable temporal consistency amongst the findings 

reported in the publications in this review, especially as it pertains to the notion that people rely 

on multiple sources for tornado warning information both before and during the event; the 

finding that people have a need to somehow confirm the threat, often by seeking visual 

confirmation of the tornado; and the importance of both television and outdoor warning sirens 

in the tornado-warning process.  The issues and shortcomings of sirens are also noted 

consistently throughout the period, although in later studies, the description of those issues and 

suggestions for addressing them appears to be undergoing some refinement (Klockow, 2011; 

NWS Joplin, 2011).  

There were a number of themes in the literature that were either nonexistent or 

addressed in a very limited fashion during the first half of the study period but received attention 
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during the second half.  Concerns about geography and geographical awareness received 

attention, including a sense of how close the storm has to be before people feel threatened 

(Klockow, 2011; NWS Historic, 2011), confusion about more geographically-specific warnings 

that overlap (NWS Joplin, 2011), and relationships between the size of the warned area and the 

county or counties affected (Nagele & Trainor, 2012).  While studies throughout the period 

reported various reasons why people eventually sought shelter, later studies were more likely to 

explore reasons given by people who did not, with Hammer and Schmidlin (2002) being a 

notable exception.  Similarly, later studies were more likely than those early in the study period 

to address limitations of or sources of confusion within the warning process. 

A number of studies address the role previous experience plays in the response process, 

including Patton (2003), Comstock and Mallonee (2005), NWS Joplin 2011, Chaney and Weaver 

(2010), NWS Historic 2011, Klockow (2011), and Nagele and Trainor (2012).  Overall, the 

notion was that having previous experience with a tornado tended to increase a person’s 

likelihood of sheltering.  However, at least two later studies, NWS Joplin 2011 and Nagele and 

Trainor (2012), raise the possibility that all experience is not equal.   If that experience was 

surviving an actual tornado, the likelihood of a sheltering response was higher (Comstock & 

Mallonee, 2005); however, if that experience was indirect or complicated by false alarms, a 

person may actually be less likely to shelter.  If the definition of “previous experience” is further 

expanded to include knowledge and assumptions about tornadoes and their characteristics—

either as a result of their own experience or information passed to them from others—the 

likelihood of response may also be lower (e.g., NWS Super Tuesday, 2008). 
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Finally, three studies address the duration of the response process, from receiving the 

warning to taking shelter.  Balluz et al. (2000) found that most people took shelter “within five 

minutes” (p. 75) of receiving the warning.  Likewise, in surveying the survivors of the 1999 

tornado in Moore, OK, Comstock and Mallonee (2005) found a similarly efficient route from 

warning reception to response.  Later studies, however, report people requiring more before 

taking shelter.  NWS Joplin (2011) cites one extreme example where one man required nine 

different risk signals, ranging from a warning siren to seeing the tornado, before finally taking 

shelter.  It is unclear whether the studies are capturing an actual trend of increased need for 

information and confirmation in the response process or whether this is merely a trend in the 

studies asking for and receiving more specific information. 

  Trends in methods used. 

Methods.  Regarding the approaches used by these studies to gather information on the 

warning response process, there are two very distinct trends.  First, there is a clear trend toward 

more semi-structured or interview-based methods over structured surveys and questionnaires 

later in the study period; this is accompanied by a trend toward smaller sample sizes as well.  

This trend does not preclude larger, structured-method surveys late in the period, however, as 

two of the three publications with the largest sample sizes were in 2008 and 2012, both using 

heavily structured approaches. 

National Weather Servi ce  assessments .  Second, the National Weather Service’s later 

service assessments are reporting more findings pertaining to societal impacts than those from 

early in the study period.  While previous assessments had reported isolated societal impact 

findings, NWS Super Tuesday 2008 was the first to explicitly list societal impacts in the purpose 
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statement. Later assessments continue to devote part of their focus to understanding the 

response from a societal perspective, reporting more and more specific findings about their 

respective events.  Further these later assessments also take a more methodological approach to 

their work, including, for example, fielding a complete social science sub-team, conducting a 

small literature review, and providing more detail about the data collection process during the 

assessment of the 2011 tornado outbreak in the southeastern United States (NWS Historic, 

2011). 
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Discussion 

This study presents the results of a systematic review of research involving surveys and 

interactions with survivors of tornadoes in the United States since 2000.  A number of broad 

themes emerged in the literature, both in terms of findings and in the methods used to obtain 

them: 

 • While the warning process is based on a linear model of communication, people 

consume warning information, including, but not limited to NWS warnings, in a reactive, 

networked process that doesn't always begin (or even include) a formal warning.  This process 

takes some amount of time which may or may not exceed the time available between first 

becoming aware of the tornado and being hit. 

 • The tornado-warning process is rife with sources of confusion—about what 

tornadoes are and how they behave, about the warning system itself (especially sirens), and so 

forth—and this confusion adds to the processing time needed before a person will move to 

shelter (if it does not prevent the person from going at all). 

 • With time, the National Weather Service’s service assessments have contributed 

to our understanding of the warning response process in an increasing way; however, only very 

recently have those assessments explained in any detail the process by which they collected data 

or the models or conceptual frameworks used to understand those data. 

Reactive, networked response process 

This review suggests improving warning response may lie in a modification to our 

understanding of how people receive and act upon warning information (see Figure 2). Instead 

of a linear process that begins with the formal warning, people are usually not seeking warning 
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information when it finds them: A siren sounds, a broadcaster interrupts regular programming, 

their phone rings, or environmental cues such as increasing winds or darkening skies alert them.  

After getting the initial alert through incidental or "push" means, they move to what the 

Shannon-Weaver model calls the "decoding" step; although this involves much more than 

simply decoding a single, formal warning message.  Here, people must aggregate a wide range of 

external information, both intentionally sought and incidentally received, with internal 

perceptions and beliefs.  The studies reviewed here suggest this will continue until one or more 

key thresholds are met, including seeking confirmation of the tornado (often visually), feeling a 

sense of personal danger, and learning the tornado is close (and drawing closer).  This 

aggregation and sense-making step takes time which is in addition to whatever time it will take 

people to physically move to shelter, and in a given scenario, the two combined may exceed the 

time available to move to a place of safety.   

This is consistent with past research about warning response (e.g., Mileti & Sorensen, 

1990; Lindell & Perry, 2004) in that merely receiving the warning does not immediately result in 

sheltering or protective action but triggers a process that usually includes the use of multiple 

sources of information about the threat, continually evaluating the situation to determine their 

personal level of threat, and an attempt (or multiple attempts) to confirm the threat, often by 

seeking such confirmation directly and visually.  The studies reported here suggest that when 

people have sufficient time to work through this process, and when they feel threatened or in 

danger once they arrive at the end of that process, they often attempt to seek shelter.  However, 

this process does take time, and often, the situations people find themselves in do not allow for 

sufficient time for them to move through the process.  Future work should attempt to discern 
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what situations result in modifications to the response process as well as seeking to identify any 

factors that act to short-circuit the process.  Likewise, future work should attempt to understand 

more explicitly how information from various sources is weighted in a given situation so that 

more strongly weighted information can be provided more often. 

Confusion in the warning-response process 

The literature reviewed also highlighted many sources of confusion about the tornado-

warning process (including misconceptions about what tornadoes look like, how and where they 

travel and won’t travel, and when during the year they occur), misunderstandings about outdoor 

warning sirens, and confusion arising between the mismatch of more geographically specific 

warning products (e.g., sub-county storm-based warnings) and less specific warning channels 

(e.g., county-based warning sirens and television stations that interrupt everyone's programming 

for isolated events).  Consistent with past research, people will work to resolve this conflict, 

adding to the total amount of time in their response and potentially delaying protective action.   

Education campaigns may help to resolve some of this confusion, especially where it is 

the result of wrongly-held perceptions about the nature of tornadoes: what they look like, how 

they move, and so forth.  Even where mismatches between levels of geographic specificity exist, 

educating the public on why those exist and how to ascertain their threat may be helpful in 

preventing unnecessary delay in sheltering.  However, education alone will not be as effective as 

eliminating as many sources of confusion where possible, including ensuring that in tornado 

situations, warning sources are redundant, consistent, and free of mismatches (e.g., sirens 

sounding across an entire county when only a small portion is under threat).  Likewise, steps 

should be taken to ensure warnings are only issued for events that eventually verify.  While an 
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occasional false alarm can serve as a prompt to put an emergency plan into action (Barnes, 

Gruntfest, Hayden, Schultz, & Benight, 2007), too many false alarms may result in a related 

source of confusion: complacency (Simmons & Sutter, 2009). 

Improving our understanding further 

Role of NWS service assessments.  This review shows research into tornado-warning 

response is not simply an academic exercise.  The National Weather Service has played a 

significant role in shaping our understanding, with its service assessment teams producing nearly 

a third of the publications reviewed here.  Early reports included little, if any, detail about how 

and under what assumptions the assessment was conducted, including sampling strategies, 

desired outcomes, and theoretical frameworks used to shape the approach, all limiting the utility 

of their findings.  However, later reports have trended toward a more formal process for 

collecting data and drawing conclusions based upon their findings.  This trend of flexible and 

well-documented approaches should continue wherever practical, as it increases confidence in 

their use as the basis for policy changes and additional research.   This would likely be supported 

if the collaboration between the NWS Office of Climate Weather and Water Services and the 

White House Office of Management and Budget results in a ready-to-go framework for future 

field work (NWS Historic, 2011).   

Future research. This meta-synthesis suggests implications for how future post-tornado 

research is conducted and raises additional research questions that go beyond single events.  

Regarding post-tornado interviews and surveys specifically, the nature of the tornado-warning 

response problem makes some methodological approaches, such as participant observation, 

impractical.  As a result, researchers will often only be able to rely upon the memory of survivors 
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who, by definition, have recently survived a traumatic event and who may have suffered injury, 

damage to their homes, or loss of loved ones.  This makes use of mixed methods and 

triangulation of results even more important to strengthen the results that are reported.  

Alternative approaches, such as the focus on the deceased and their decisions leading up to their 

deaths by the NWS Super Tuesday 2008 assessment team, may also prove fruitful in improving 

our understanding going forward. 

Second, some areas are more prone to tornadoes than others (Dixon, Mercer, Choi, & 

Allen, 2011), and naturally, most of the studies reviewed here focus on tornadoes in those areas.  

Four studies—Tiefenbacher et al. (2001) in Wisconsin, NWS La Plata (2003) in Maryland, 

Mulilis et al., (2003) in Pennsylvania, and Schumacher et al. (2010) in Colorado—specifically 

focused on areas where tornadoes are relatively less common.  Unfortunately, the small number 

of studies and specialized focus of each of these studies make drawing conclusions and 

comparing them to the rest of the literature difficult to do with any confidence.  As one factor of 

risk perception is familiarity with a given risk, it stands to reason the response process may differ 

between people in more-tornado-prone areas and those in less-prone areas.  More work should 

be done to understand the warning response process in less-tornado-prone areas with an eye 

toward tailoring warning approaches in different areas if needed. 

More broadly, this review sheds light on several research opportunities with implications 

for a wide range of disasters, both natural and man-made.  The role of optimism bias in 

disasters, especially when there is confusion about the warning or the threat itself, should be 

explored further.  While the need for confirmation is shown clearly in this meta-synthesis, what 

remains to be discovered is how to improve warning communication to shorten the amount of 
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time needed to confirm the threat, lower the threshold for that confirmation, or provide forms 

of confirmation other than the direct, visual confirmation, which may not be safe or feasible to 

obtain.  Clearly, the role and effectiveness of outdoor warning sirens—frequently cited as 

sources of both warning information and confusion—should be studied further, especially in 

light of new methods to reach large numbers of people quickly, e.g. alerts to mobile phones.  

Finally, the process between warning and a decision to evacuate—and the logistical and public 

safety implications of evacuation from dangerous but small-scale disaster—should be studied 

further, especially in light of the goal to extend tornado warning lead times to up to an hour 

(Stensrud et al., 2009). 
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Conclusion 

The tornado is one of the most extreme forms of weather on earth, and yet, due to their 

relatively small size and meteorology’s increasing ability to predict the conditions that spawn 

them, if not the tornadoes themselves, they are survivable if people are aware of the threat and 

take action to protect themselves.  However, year after year, tornadoes kill dozens, if not 

hundreds.  Key to lowering the death toll is ensuring people get warnings and have enough time 

to process them and decide to take shelter before it is too late.  Educating people about both the 

threat of tornadoes and how the warning process works is necessary to help eliminate some 

sources of confusion, but it is not sufficient.  Additional research into tornado-warning 

response, especially in areas that are not as susceptible to tornadoes and are less familiar with the 

risk, is needed to round out our understanding, especially as it pertains to the roles of threat 

confirmation, outdoor warning sirens, and optimism bias.  As warning lead times grow to 

upwards of one hour or more (Stensrud et al., 2009), people may be presented with more time to 

process additional but conflicting information, such as the lack of the environmental cues that 

come with having the storm very close.  Also, options other than sheltering—such as 

evacuation—may be available; a deeper understanding of warning response is needed to predict 

how people will behave and to construct better warning messaging in order to encourage 

affected people to make the safest decisions. 
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Table 1  

Studies included in this meta-synthesis, including their methods and key findings. 

 
Study  Event Date Themes Sought Method Key Findings 

Balluz et al. 
2000 

3/1/1997 
(Sat PM) 

Factors associated with 
proper responses to 
tornado warnings 

Structured survey given by 
telephone to a proportional 
sample from both affected 

counties 

Hearing warning sirens, having a 
basement in one's home, having a plan 

of action and having at least a high-
school education increased sheltering 

likelihood 

Brown et al. 
2002 

5/3/1999 
(Mon PM) 

Presence when the 
tornado struck, injuries, 

the kinds of warnings they 
received and response to 

them, and their 
knowledge about area 

shelters 

Informal interviews of a 
convenience sample of people 

in tornado-damaged areas 

Television warnings most prevalent, 
less than 1/5 were in storm cellars with 

4/5 in homes above ground when 
tornado struck, about 2/3 knew 

location of closest tornado shelter, most 
supported more sirens, community 

shelters, 

Brown et al. 
2002 

5/3/1999 
(Mon PM) Epidemiological 

Review of medical records, 
follow-up questionnaires and 
interviews with survivors and 

families of deceased 

690 casualties including 45 deaths; 
nearly 3/4 of those injured and nearly 
all deaths were due to direct injuries 
from the tornado; average of deaths 

greater than those who survived 
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Brown et al. 
2002 

5/3/1999 
(Mon PM) 

Tornado preparedness, 
whereabouts when the 
tornado struck, injuries, 

kinds of warnings 
received and response to 
them, their knoweldge 
about area shelters, and 

support of future 
preparedness activities 

Random-digit dial telephone 
survey of residents in the 

affected area 
(See Above) 

Chaney & 
Weaver 2010 

2/5/2008 
(Tue PM) 

Identify aspects of 
tornado preparedness and 

response to warnings 
where mobile-home 

residents might be more 
vulnerable than 

permanent-home 
residents. 

Structured survey with a 
convenience sample of 
tornado survivors in a 

shelter/disaster recovery 
center 

Mobile-home residents less prepared 
for a tornado than non; little difference 

between them in warning awareness, 
warning sources, or shelter-seeking; 
many mobile home residents sought 

shelter inside the mobile home, rather 
than evacuate 

Chaney et al. 
2011 

4/27/2011 
(Wed PM) 

Tornado preparedness 
and response between 
mobile-home vs. non-
mobile-home residents 

In-person structured survey 
with a near-census of 

survivors at a disaster recovery 
center supplemented with a 
small convenience sample in 

the field 

Mobile-home residents were better 
prepared than non-mobile-home 

residents in three of six categories but 
not as well prepared in two others, 

including having a sheltering plan and 
access to a shelter; previous experience 

linked with having a plan 
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Comstock & 
Mallonee 

2005 

5/3/1999 
(Mon PM) 

Compare effect of two 
tornadoes (1999 and 

2003); contrast warnings 
received and action taken; 

determine changes in 
behavior if any 

Informal interviews of a 
convenience sample of people 

in tornado-damaged areas 

Living through a severe tornado leads 
to increased sheltering behavior in 
future storms provided sufficient 

warning and options; more sirens in the 
later event with more TV in the former, 

but lead time may have played a role 

Comstock & 
Mallonee 

2005 

5/8/2003 
(Thu PM) 

Compare effect of two 
tornadoes (1999 and 

2003); contrast warnings 
received and action taken; 

determine changes in 
behavior if any 

Informal interviews of a 
convenience sample of people 

in tornado-damaged areas 
(See Above) 

Hammer & 
Schmidlin 

2002 

5/3/1999 
(Mon PM) 

Proportion of residents 
who fled the tornado & 
rationale for doing so; 
determine destination, 
modes of travel, and 

distances traveled 

Structured survey mailed to 
identifiable homes in the 

F4/F5 damaged areas 

Television warnings most prevalent; 
about half of respondents fled their 

homes, half of those by foot the other 
half by car; most of those who stayed 

sheltered in a hall or bathroom; injuries 
varied even within same shelter space 

Klockow 
2011 

4/27/2011 
(Tue PM) 

Tornado experience, 
preparedness, response, 

situational awareness, and 
geospatial awareness 
during large tornado 

outbreak 

In-person semi-structured 
interviews with a snowball 

sample of survivors of 
multiple tornadoes during the 

27 April 2011 tornado 
outbreak 

Most were aware of threat ahead of 
time, providing motivation to stay 

informed; people generally waited until 
storms were within 10-15 miles before 
sheltering; reliance upon but confusion 

about sirens; need for more specific 
geographic information via media 
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Mitchem 
2003 

9/20/2002 
(Fri PM) 

Effect of urban area on 
Fujita-scale rating public 

perception of warning and 
response 

Structured survey given to 
four convenience samples at 

public sites around the 
affected area 

Sirens and TV most prevalent warning 
source; most who received warning did 

not take it seriously and almost only 
1/3 felt in danger; most satisfied with 
warning system; small but significant 

confusion about watch/warning 

Mulilis et al. 
2003 

6/2/1998 
(Tue PM) 

Identify aspects of 
tornado preparedness and 

response to warnings 
where mobile-home 

residents might be more 
vulnerable than 

permanent-home 
residents. 

Structured surveys given to a 
"quasi-comparable" cohort of 
undergraduate students, over a 
six-year period that included a 

tornado event 

Participants were more prepared for 
events after having lived through one, 

assessed higher likelihood for such 
events [availability heuristic], and 

indicated higher preparedness/response 
responsibility; seasonal trends in 

preparedness 

Nagele & 
Trainor 2012 Various 

Geographic dimensions 
of warnings, especially 
relationship between 

warning polygons, storm 
tracks, household 

location, demographics, 
and protective action 

decisions. 

Structured, computer-assisted 
survey with a random sample 

of households affected by 
select tornado warnings in a 

three-year period 

Mixed results regarding geographically-
specific warnings; smaller warnings 
resulted in higher sheltering rates; 

having family emergency plans 
increased sheltering likelihood 

NWS 
AL/GA 2007 

3/1/2007 
(Thu PM) 

Document & evaluate 
NWS services and 

procedures; assess impact 
of storm-based warnings; 
societal impacts including 
tornado sheltering options 

Informal interviews with a 
convenience sample of local 
residents, broadcast media, 
NWS meteorologists, and 

EMs 

Some radio stations can't relay EAS 
alerts when in automation; even in 

"safe" locations, some buildings simply 
aren't safe in higher-end tornadoes; 

NWS should promote hardened safe 
rooms as a sheltering option 
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NWS 
Historic 2011 

4/22/2011 
(Fri PM) 

Effectiveness of NWS 
products, services, and 

procedures 
Not specified 

Terminal and control tower not 
evacuated until minutes before the 

tornado struck; TV was the source of 
the warning that prompted action; 

differences in airline procedures for 
sheltering; visual cues prompted people 

in terminal to shelter 

NWS 
Historic 2011 

4/25-28/11 
(Various) 

Identify findings and 
issues regarding NWS 
forecasts and warnings 

and effectiveness of NWS 
forecasts and 
collaboration 

In-person semi-structured 
interviews with survivors and 

local residents cleaning up 
debris, displaced residents, 

NWS staff, emergency 
management, and broadcast 

media 

People rely on different and usually 
multiple sources for warning info; peer 

warnings motivated some to take 
action; power outages affected 
availability for some channels; 

dependence on and confusion with 
sirens; need for visual confirmation and 
confusion about what to look for; need 
for geographic specificity; issues with 
false alarm effect and local myths or 

misconceptions 

NWS 
Historic 2011 

4/11/2011 
(Sat PM) 

Effectiveness of NWS 
products, services, and 

procedures 
Not specified None Pertinent 
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NWS Joplin 
2011 

5/22/2011 
(Sun PM) 

Effectiveness of NWS 
products and services, 

focused on dissemination, 
preparedness, and 
warning response 

In-person semi-structured 
interviews with a convenience 

sample of survivors, public 
safety and NWS officials, and 

other local residents 

Most did not seek shelter immediately, 
choosing to seek confirmation or 

additional information including visual 
confirmation; perceived false alarm 

effect with sirens played a role; 
confusion about role of sirens and 
desire for multi-tiered warnings; 

incompatibilities in geo-specificity 
between warning sources and 

dissemination channels 

NWS La 
Plata 2002 

4/28/2002 
(Sun PM) 

Review NWS products 
and services; identify 

issues and suggest 
possible improvements 

Informal interviews with 
emergency managers, media, 

and local residents 

NWS customers satisfied despite EAS 
failure; most people interviewed 

sheltered, most often after seeing the 
tornado or being told by neighbors 

NWS 
Mother's Day 

2009 

5/10/2008 
(Sat PM) 

Evaluate NWS services 
and procedures 

Informal interviews with a 
convenience sample of local 
residents, broadcast media, 
NWS meteorologists, and 

EMs 

A lull between severe events may have 
signaled the threat was over when it was 
not, causing people to unknowingly put 
themselves in danger; family and social 

networks were important in 
disseminating the warning; confusion 
arose due mismatches between storm-
based warnings, NWS descriptions of 

the torndo's location/path, and people's 
perceptions of their location 
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NWS Super 
Tuesday 

2008 

2/5-6/08 
(Tue PM) 

Effectiveness of NWS 
products, services and 
procedures; people's 

knowledge, perceptions, 
and decision making 
regarding the tornado 

with emphasis on learning 
circumstances of deaths 

Semi-structured interviews 
given to intentional samples in 

affected areas with an 
emphasis on family/friends of 

the deceased 

Many minimized the threat due to it not 
being "tornado season"; people require 

multiple sources of information to 
assess risk; lack of "safest" shelter 
option resulted in deaths; societal 

impacts research needed 

Patton 2003 5/8/2003 
(Thu PM) 

Sheltering decisions and 
changes in sheltering 

behavior for a community 
hit multiple times 

Semi-structured interviews 
given to convenience samples 

in four affected 
neighborhoods as well as local 

builders and government 
officials 

Residents are aware of their risk, stay 
on top of warnings, have plans and pre-
identified shelter locations, and moved 
to shelter when tornadoes threatened 

Paul & 
Stimers 2011 

5/22/2011 
(Sun PM) 

Knowledge & compliance 
of tornado warnings, 
tornado experience, 

demographics 

In-person structured surveys 
with a cross-section of local 

residents; observation 

Most received the warnings with sirens 
the most prevalent warning source; 

about 1 in 5 did not respond to 
warnings, with some citing perceived 

false alarms as a reason; most felt 
warnings were adequate 

Paul et al. 
2003 

5/4/2003 
(Various) 

Warning response & 
perception of adequacy of 
warnings in a large urban 
area compared to small 

towns 

Structured surveys 
administered in person to 

convenience samples affected 
by a multi-state tornado 

outbreak 

Sirens and TV most prevalent warning 
source; most who received warning 

took shelter; those who did not shelter 
were often not aware due to tornadoes 
striking after bedtime; lack of sirens in 

some communities and 
basements/cellars noted as problems 
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Ritchie &  
Gill 2007 

2/12-13/07 
(Various) 

Examine tornado 
response for low-SES 

neighborhood affected by 
Katrina; compare tornado 
experience with Katrina; 
inform disaster research 
regarding social capital 

Structured survey given by 
mail to part-census, part-

random samples in three low-
SES neighborhoods hit by 

tornadoes less than a year after 
Katrina 

Communities affected by multiple 
disasters came together in their wake 

but lose trust in government/aid 
agencies 

Schmidlin et 
al. 2008 Various 

Shelter-seeking behavior 
of mobile home residents 
during a tornado warning; 
actual and the perceived 
availability of shelter for 

those residents. 

In-person structured survey 
with part-random, part-

convenience sample of mobile 
home residents in affected 

areas 

Most did not seek shelter during 
warning; many of those who sought 
shelter did so in places that were not 
safer than where they had been; most 
who sought shelter did so by fleeing 

mobile homes in a car; people not likely 
to use neighbor's shelter 

Schumacher 
et al. 2010 

5/22/2008 
(Thu AM) 

Meteorological 
circumstances behind 

unusual tornado; 
communication and 

interpretation of severe 
weather information 

Semi-structured interviews 
with a recruited convenience 
sample of decision-makers 

from school districts, 
universities, emergency 

management, and broadcast 
media 

Initial warning sources & 
interpretations varied widely, leading to 
different perceptions on the timeliness 

(e.g. lead time) and clarity of the 
warning information. Preconceived 

notions of typical tornado climatology 
and behavior colored their 

interpretations. 
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Sherman-
Morris 2009 

1/10/2008 
(Thu PM) 

Reception of and 
response to tornado 

warning in a university 
community including via 
new campus messaging 

system; understanding of 
watch/warning terms 

Internet-based structured 
survey of students at 

university affected by a 
tornado warning 

Cell phones were most prevalent means 
of getting university warning; 

interpersonal communication also 
important for warning dissemination; 

most knew difference between 
watch/warning; most took shelter 

during event 

Sherman-
Morris 2009 

1/10/2008 
(Thu PM) 

Reception of and 
response to tornado 

warning in a university 
community including via 
new campus messaging 

system; understanding of 
watch/warning terms 

Internet-based structured 
survey of faculty and staff at 

university affected by a 
tornado warning 

(See Above) 

Tiefenbacher 
et al. 2001 

6/18/2001 
(Mon Eve) 

Information regarding 
monitoring, preparedness, 

response activities, 
perceptions of the event 
and of risk from future 
events, and plans for 

future mitigation 

Structured survey given in 
person to a convenience 

sample of survivors on the 
periphery of tornado damage 

Most felt warning was sufficient for 
their circumstances but as many felt 

overall warning was inadequate. Most 
had a plan and more than half followed 
it. More than half attempted to see the 
tornado. Emphasis and dependence on 

working siren. 
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Table 2 

Tornadic events resulting in multiple studies. (Note: Comstock and Mallonee 2005 was a longitudinal study of 

Moore, OK, residents between the May 3, 1999, and May 8, 2003 events.) 

 

Event Publications Studies 

May 3, 1999 (Oklahoma City Area) 3 5 

May 8, 2003 (Moore, OK) 2 2 

February 5-6, 2008 (“Super Tuesday Outbreak”) 2 2 

April 27, 2011 (Alabama Tornadoes) 3 3 

May 27, 2011 (Joplin, MO) 2 2 
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Figure 1: The Shannon-Weaver model of communication (Shannon 1948). 
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Figure 2: The warning response process as described by this meta-synthesis. 


