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ABSTRACT: Tornado watches are issued by the National Weather Service when conditions are favorable for tornado
formation. Individuals’ responses to a tornado watch may affect their ability to seek shelter before a tornado strikes. Here,
survey data of Tennessee residents were used to determine common patterns in intended responses to two tornado watch
scenarios: one during daytime, and the other at nighttime. Three common patterns were identified for a daytime watch: do-
ing nothing, seeking information using technology, or seeking shelter and praying for safety. The two patterns for a night-
time watch were either to do nothing or to react actively by seeking further information, seeking shelter, and contacting
friends and family. Logistic regressions indicated younger participants, those with prior tornado experience, and those who
understood a tornado watch were less likely to intend to seek shelter and pray for safety during the daytime. Older partici-
pants and those without strong self-efficacy beliefs were less likely to use technology to find further information. For the
nighttime scenario, participants living in east Tennessee and those who believed that bodies of water provide protection
from tornadoes were more likely to respond actively, while wealthier participants and those living in single- or multifamily
houses were less likely to respond actively. These results show that intended watch response is influenced by many factors,
including age, income, and self-efficacy beliefs, as well as knowledge of and experience with tornadoes. In addition, those
who do not understand the meaning of a tornado watch may be more likely to seek shelter prematurely.

SIGNIFICANCE STATEMENT: We sought to determine common intended responses to tornado watches, a type of
alert that indicates conditions are favorable for tornadoes over the next few hours, among the public. We then analyzed
which participant characteristics were associated with these common response types. Age, income, housing type, belief
in tornado myths, knowledge of watch terminology, and belief that one’s own actions affect tornado survival likelihood
were all significantly associated with common response types. These findings are important for forecasters, broadcasters,
and others responsible for alerting the public for severe weather. Clarifying tornado watch terminology, dispelling myths,
and specifying where those in mobile homes can find shelter are all important strategies for a better-prepared public.
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1. Introduction are to review one’s safety plan and room and to check for sup-
plies (NOAA 2021).

Of these two types of tornado alerts, a much greater pro-
portion of research has been devoted to tornado warnings
since a tornado warning represents an imminent threat during
which protective action must be undertaken to maintain one’s
safety. Hazards research has found that individuals tend to
undertake a series of actions that may include warning receipt
and confirmation, risk personalization, and sheltering (Mileti
and Sorensen 1990; Brotzge and Donner 2013; Demuth et al.
2022). There are many modes of tornado warning receipt, in-
cluding television (Brown et al. 2002; Hammer and Schmidlin

by storm spotters, or when tornado formation appears immi- 2002; Nunley and Sherman-Morris 2020; Demuth et al. 2022),
nent. The main differences between a watch and a warning

As meteorological ingredients conducive to severe weather
formation are forecast and realized, several products are
issued by various bodies within the National Oceanic and
Atmospheric Administration (Brotzge and Donner 2013). A
tornado watch is issued by the Storm Prediction Center
several hours before convective initiation is expected. This in-
dicates that conditions are favorable for severe weather for-
mation, including tornadoes. A tornado warning is issued by
meteorologists at the local National Weather Service (NWS)
office when a tornado has been detected by radar or observed

o . ) internet (Nunley and Sherman-Morris 2020), tornado sirens
are tlmmg—.watches are valid for several hours, Whlle. wam- - (Lju et al. 1996; Comstock and Mallonee 2005), and cellular
ings are valid for an hour or less—and, perhaps most impor-  ejephone alerts (Sherman-Morris 2010; Casteel and Downing

tantly, urgency; tornado watches are usually issued hours 2013; Jauernic and Van Den Broeke 2017; Demuth et al.
before expected tornado formation, while tornado warnings

are issued within minutes of formation. As such, the recom-

2022). Having multiple ways of receiving tornado warnings

may help members of the public stay aware during a tornado
mended action for a tornado warning—sheltering in an interior  hreat (Ellis et al. 2020).

location away from windows—would be impractical during a tor- Actions undertaken after warning receipt vary widely.
nado watch. Instead, during a watch the recommended actions  ndjviduals may shelter in place, move to a safer location
for shelter, or do nothing. Tornado fatality rates are sub-

stantially lower for people who do take shelter than for

Corresponding author: Daniel Burow, burowd@erau.edu those who do not (Hammer and Schmidlin 2002), particularly
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in violent tornadoes (Paul and Stimers 2012). Previous studies
have identified personal characteristics associated with pre-
paredness actions, plans, and intents when a tornado threat-
ens. Individuals from regions where tornadoes are common
tend to be more adequately prepared for a tornado (Jauernic
and Van Den Broeke 2017; Ripberger et al. 2019). Having
graduated high school (Balluz et al. 2000) and being female
(Sherman-Morris 2010; Silver and Andrey 2014) make an indi-
vidual more likely to seek shelter after warning receipt. Ala-
bama residents in households with children were more likely
to have participated in a tornado drill, while residents over
age 60 were less likely to have done a drill (Chaney et al.
2013). The oldest participants surveyed by Ripberger et al.
(2019) were less likely to express confidence that they would
receive and respond to a tornado warning than younger partic-
ipants. Perceived warning accuracy (Ripberger et al. 2014) has
been hypothesized to affect public response as well, although
a recent study by Lim et al. (2019) found that false alarms
have a very limited effect on perceived warning accuracy in
the Southeast.

Home type and shelter access are other factors affecting
warning response. Mobile home residents are particularly
vulnerable to tornadoes (Brooks and Doswell 2002; Simmons
and Sutter 2007) and less likely to have a plan for a tornado
alert (Chaney and Weaver 2010). They may also believe that
their mobile home provides adequate shelter (Ash 2017; Ash
et al. 2020) and have a disproportionately longer travel time
to a truly safe location (Schmidlin et al. 2009; Strader et al.
2019). Several study participants interviewed by Demuth et al.
(2022) indicated a lack of adequate and available shelter dur-
ing a tornado, limiting their ability to seek protective action.

Several cognitive factors have been associated with shelter-
seeking intent or action, such as perceptions of tornado
vulnerability and warning accuracy (Blanchard-Boehm and
Cook 2004; Walters et al. 2019) and fatalism (Schmidlin et al.
2009; Senkbeil et al. 2012; Walters et al. 2019). The effects of
prior tornado experience are less clear. Paul et al. (2015)
found that those with prior experience with tornadoes were
less likely to take shelter during the 2011 Joplin, Missouri,
tornado. On the other hand, case studies by Comstock and
Mallonee (2005) and Silver and Andrey (2014) found that
warning compliance was higher in communities that were re-
cently hit by a tornado. Individuals who reported prior experi-
ence with tornadoes were more likely to understand their
own county’s climatological risk (Ellis et al. 2018), and resi-
dents of Tuscaloosa, Alabama, were likely to change their
sheltering plans after the 2011 tornado that hit the city (Senkbeil
et al. 2012).

A recent avenue of research has been toward the “warn on
forecast” (WoF) paradigm, in which convective hazards such
as tornadoes are assessed and forecast for an hour or more in
advance, well before the forecast storm starts to produce
these hazards (Stensrud et al. 2009, Brotzge and Donner 2013;
Stensrud et al. 2013). In addition to the complexity of convec-
tion models and observations required for WoF (Stensrud
et al. 2013), another challenge has been the anticipated socie-
tal response to warning lead times an hour or more in advance.
While warning lead times up to 15 min before a tornado are
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associated with reduced casualties, there is some evidence that
casualty rates are actually higher for lead times greater than
15 min (Simmons and Sutter 2008), although the authors of
this study noted that this trend is driven by a few high-impact
events. Similarly, a survey study by Hoekstra et al. (2011)
found that lead times preferred by the public averaged
33.4 min, and participants reported that they would interpret a
tornado forecast as less dangerous if given an hour of lead
time. Another proposed paradigm, Forecasting a Continuum
of Environmental Threats (FACETSs), notes the “information
void” between the time scales of watches and warnings, during
which the public is not routinely updated with new informa-
tion on forecast hazards that they may need to refine their
planned protective action (Rothfusz et al. 2018).

A few studies have specifically involved tornado watches,
most of which examined how well the public differentiates be-
tween watches and warnings (Liu et al. 1996; Balluz et al.
2000; Schultz et al. 2010; Sherman-Morris 2010; Silver 2015).
The rate of correct differentiation between the two alerts
varies by study but tends to be well over 50% and even as
high as 90% (Schultz et al. 2010). However, while this rate of
correct differentiation is relatively high, the tornado watch
product in its current form may not be well understood by the
general public because of its rigidity in communicating ex-
pected tornado severity, risk levels, and recommended safety
decisions (Mason and Senkbeil 2015). One example of a tor-
nado watch currently used for situations of elevated risk is
called a particularly dangerous situation (PDS) tornado watch.
PDS tornado watches are rare but have been found to influ-
ence decision-making by members of the public (Gutter et al.
2018). Survey participants have indicated that preparation
and monitoring were common intended actions when pro-
vided with 4-8 h of advanced notice for a possible tornado
(Krocak et al. 2019). Beyond these findings, little research ex-
ists on public action during tornado watches, which remains
an important and understudied avenue of inquiry and the sub-
ject of this study. Findings from this study may shed light on
what actions are undertaken by the general public upon learn-
ing of a tornado watch, which may in turn reveal their percep-
tions and understanding of these alerts. In addition, precautions
undertaken hours before a tornado threatens may affect one’s
ability to find shelter should a tornado warning be issued later
(DeMuth et al. 2022).

In this study, we aim to identify intended actions among
members of the public when faced with a tornado watch using
survey responses of Tennessee residents. Study results add to
the current state of knowledge on public actions undertaken
before tornadoes occur that may affect one’s likelihood of
warning receipt and ultimate survival. While this study is simi-
lar to studies on severe weather preparation by Krocak et al.
(2019) and tornado warning response by Walters et al. (2019),
it is unique in its focus on tornado watch response in the
Southeast and its aim to draw connections between sociode-
mographic and cognitive factors and intended watch response.
Study findings allow for easy comparison with established
knowledge of public response to tornado warnings and create
new insights into public response during the understudied
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FIG. 1. Counties in Tennessee that were included in the survey used for this study.

time frame beyond the scale of tornado warnings. Our two
main research questions were as follow:

1) What patterns of intended behaviors after tornado watch
issuance are identifiable, and how can they be grouped
into classes?

2) What cognitive and sociodemographic characteristics are
associated with membership in each class?

2. Data and methods
a. Study area

Our study area includes 12 counties in Tennessee (Fig. 1).
These counties include the three most populous cities in
Tennessee—Memphis, Nashville, and Knoxville—as well as
surrounding suburban and rural areas. As a part of the south-
eastern United States, this is an important setting for research
on societal aspects of the tornado hazard because of the re-
gion’s high vulnerability to devastating tornadoes. The lower
Mississippi and Tennessee River valley regions exhibit one of
the nation’s highest tornado fatality rates (Ashley 2007;
Fricker et al. 2017). The reasons for this are numerous and
complex. One factor is that mobile homes compose a substan-
tial portion of the housing stock in the Southeast (Strader and
Ashley 2018), and thus a given tornado has a relatively high
likelihood of striking mobile homes. Mobile home residents
are at an elevated vulnerability to tornadoes. They tend to
overestimate their safety in mobile homes (Ash 2017; Ash
et al. 2020), even though they are in fact a dangerous place to
be during a tornado (Sutter and Simmons 2010; Strader et al.
2021) because of their structural characteristics and distance
from adequate shelters (Schmidlin et al. 2009; Strader et al.
2019).

The timing of tornadoes, including occurrence at night and
during the cool season, is another contributor to fatality rates
in the Southeast. Nocturnal tornadoes are dangerous because
members of the public report being less likely to receive
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tornado warning messages at night (Mason et al. 2018; Krocak
et al. 2021). This leaves them less able to take protective ac-
tion before a tornado strikes. As a result, fatality rates from
nocturnal tornadoes are much higher than daytime tornadoes
(Simmons and Sutter 2005). Recently, Strader et al. (2022)
found that nocturnal tornadoes produced fatality rates twice
as high as daytime tornadoes. Nocturnal tornadoes (Ashley
et al. 2008) and the meteorological conditions favorable for
their formation (Davies and Fischer 2009; Kis and Straka
2010) are more common in the Southeast than in other
tornado-prone regions of the country. Tornadoes occurring
between the months of November and February, when day
lengths are short, have become more common since the mid-
twentieth century (Childs et al. 2018), as has the overall num-
ber of tornadoes in the Southeast (Gensini and Brooks 2018).
This trend is expected to continue in the future (Gensini and
Mote 2015).

Many residents of the Southeast experienced heightened
social vulnerability to environmental hazards. This means that
those individuals are less able to prepare for, respond and
adapt to, or recover from threats such as tornadoes. Wealth,
age, race and ethnicity, rurality, and other factors influence
one’s social vulnerability to climate hazards (Cutter et al.
2003; Emrich and Cutter 2011), including tornadoes (Kashian
et al. 2021). The sociodemographic makeup of the Southeast
makes it a region of elevated social vulnerability (Borden et al.
2007; Emrich and Cutter 2011), exacerbating the tornado threat
for people who live there (Boruff et al. 2003).

b. Survey

For this study, we used data obtained via a survey of
1804 people living in the 12 counties of Tennessee (Fig. 1)
that compose our study area. Together, these counties com-
prise the three largest cities of the state (Nashville, Memphis,
and Knoxville) and the suburban and rural areas that sur-
round them. The survey was approved by the University of
Tennessee Institutional Review Board and was conducted
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from February to July 2016 over telephone calls to randomly
selected telephone numbers. Response rates were 14.1% via
landline and 19.7% via cellular telephone. Data obtained
from this survey have been used in other studies on tornado
hazard understanding and response, including Ellis et al.
(2018), Mason et al. (2018), Ellis et al. (2019), and Walters
et al. (2019). As shown in these studies, this survey’s sample
population tended to be older, more likely to identify as fe-
male, and more likely to report having college education, rela-
tive to the general population of these counties. Participants
who gave verbal informed consent to the survey were asked
questions about their own sociodemographic characteristics,
as well as those in their household; cognitive factors including
beliefs and perceptions about tornado threats; and their in-
tended responses to one of several hypothetical scenarios
involving tornadoes. Two of these hypothetical tornadoes per-
tained to a tornado watch issued on a Saturday: one taking
place during the afternoon, with the tornado watch valid until
2000 LT, and the other taking place at night, with the tornado
watch valid until 0500 LT Sunday. Although the original sur-
vey goal was to collect an even number of responses for the
daytime and nighttime scenarios, an error in the program
used to assign the scenarios to each participant during recruit-
ment resulted in a greater proportion of daytime responses
than nighttime responses. The details read to the participant
were as follows:

You are home on a Saturday [afternoon/night] and learn that the
National Weather Service has issued a tornado watch for the area
where you live. The watch says conditions are favorable for torna-
does until [8 pm/5 am].

Although the Storm Prediction Center issues supplemen-
tary information with tornado watches—such as probabilities
of tornadoes, wind, and hail—the intended focus of the survey
was on participants’ intended response to a watch and addi-
tional supplementary information was not included so as not
to create confusion. After being read the details of the as-
signed tornado watch scenario, participants were asked which
of the following actions they would undertake:

1) Do nothing, continue on as before.

2) Turn on the television or radio to find more information.

3) Search the internet to find more information.

4) Use an app on a smartphone or tablet to find more infor-
mation.

5) Look or go outside to check the weather yourself.

6) Contact friends or family.

7) Leave your home.
a) If Yes, where would you go?

8) Pray for safety.

9) Something else (specify).

Participants could also answer “I don’t know” or refuse to
answer the question. Participants who said they would do
nothing could still select other actions they might take. Partic-
ipants who indicated that they would leave their home upon
watch issuance were asked where they would go, and their an-
swers to this question were manually coded into two groups:
one for people who indicated they would leave their house to
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find shelter or a safer location, and another for all other an-
swers, for example, running errands or other locations not
chosen specifically for shelter.

Other questions in the survey pertained to participants’ age,
gender, income, and education. Other factors described where
and with whom the participant lived: one’s home type, the
region of Tennessee in which they lived, whether they lived
with a household member under age 18 or over 65, whether
they were married or living with a long-term partner, how long
they had lived in Tennessee, and whether they had access to a
basement or storm shelter. Participants were also asked what
(if any) prior experience they had with tornadoes and whether
they felt that hills, bodies of water, and tall buildings protected
nearby areas from tornadoes. Participants were also read
statements pertaining to one’s belief in self-efficacy: “Except
in extreme circumstances, my safety is under my control when
a tornado threatens”; luck: “Surviving a tornado is mostly a
matter of luck”; and fatalism: “People die when it is their time
and not much can be done about it,” and they were asked to
evaluate the degree to which they agreed with these state-
ments on a Likert scale.

c¢. Analysis

To answer the first research question, we separated the
responses by scenario—daytime and nighttime—and used
Gower’s distance (Gower 1971) to determine the similarity
between participants’ answer sets to the nine possible actions
above. Gower’s distance is a measure of similarity between
observations with multiple parameters, such as response sets
to our survey. Responses were mainly categorical (e.g., “yes”
or “no”), for which Gower’s distance uses the Dice coefficient
(Dice 1945) to quantify similarity. Although these techniques
were developed in the ecology and biometrics fields, they
have been used effectively in hazard prediction and vulnera-
bility analysis (Liu et al. 2015; Jiao et al. 2019). Gower’s
distance and subsequent statistical analysis was performed us-
ing R software.

Separating daytime from nighttime survey responses allows
for examination of whether intended responses differ by time
of day, which is an important consideration because of the el-
evated fatality rate of nocturnal tornadoes. Since individuals
tend to undertake a series of actions when responding to haz-
ard alerts rather than only a single action (Mileti and Soren-
sen 1990; Brotzge and Donner 2013; Walters et al. 2019),
similar response sets were clustered to determine common
patterns of intended action using partitioning around medoids
(Botyarov and Miller 2022) and silhouette width to optimize
the number of clusters. Each cluster thus contained partici-
pants with similar intended responses, representing common
responses to tornado watch issuance. For the three clusters in
the daytime scenario and two clusters in the nighttime sce-
nario, we performed pairwise Wilcoxon tests with Bonferroni
corrections (x° tests of independence) to determine the clus-
ters in which participants were significantly more or less likely
to intend to perform each action.

To answer the second research question, we performed
a series of bivariate statistical tests. Each test used cluster
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membership as the response variable but had various explana-
tory variables representing participants’ sociodemographic char-
acteristics, cognitive factors, and experience with and knowledge
of tornadoes. Chi-squared tests of independence determined sig-
nificant associations between cluster membership and explana-
tory variables with three or fewer categories. For explanatory
variables with four or more ordinal categories, Wilcoxon—
Mann-Whitney (WMW) tests were used to determine signifi-
cant associations with membership in two categories of intended
responses in the night samples Kruskal-Wallis (KW) tests were
used to determine significant associations with membership
three categories of intended responses in the day samples.
Explanatory variables exhibited generalized variance infla-
tion factors below 3.0, indicating that multicollinearity did
not present an issue.

The p values from these tests indicate the likelihood that
associations between cluster membership and correspond-
ing explanatory variables existed through random chance.
Explanatory variables producing a p value of 0.30 or lower
were used to build a series of multivariate logistic regres-
sions to determine which explanatory variables were most
strongly associated with cluster membership, and therefore
intended watch response. We used several different combi-
nations of explanatory variables in these models, prioritizing
inclusion of explanatory variables with low bivariate p values,
and used Akaike information criterion and residual deviance
to select the model containing the optimal combination of
explanatory models that best fit the data.

3. Results

A majority of participants identified as female, white, and
married or living with a long-term partner without anyone un-
der the age of 18 or over age 65 in the household (Table 1).
They also tended to live in single- or multifamily households
and had a cell phone but did not have access to a basement or
shelter. There were a few significant (e = 0.05) differences
between the daytime and nighttime participants’ sociodemo-
graphic and cognitive characteristics (Table 1), but the sample
populations were mostly similar. Some intended responses
differed between the two samples (Table 2), including the day
group being more likely to check the weather outside or leave
their home, and the night group being more likely to use an
“app” or “smartphone.”

The optimal number of clusters for analysis was determined
by silhouette width. For the daytime scenario participants, sil-
houette width was maximized with three clusters, and for the
nighttime scenario participants, silhouette width was maxi-
mized with two clusters. Thus, we proceeded with bivariate
analysis and logistic regressions using three daytime clusters
and two nighttime clusters. The intended responses for each
cluster are shown below in Tables 3 and 4.

Each daytime cluster exhibited unique characteristics in
terms of intended response to a hypothetical tornado watch
(Table 3). Cluster 1 was the largest of the three clusters and
members were significantly (« = 0.05) more likely than other
clusters to intend to seek shelter in their home and pray
for safety upon watch issuance. Participants in cluster 2 were
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most likely to indicate that they would do nothing and con-
tinue on as before after hearing of a watch. They were least
likely to indicate that they would seek shelter in their home,
contact friends and family, pray for safety, or turn on the tele-
vision or radio for more information. Cluster 3 was the small-
est cluster, but every member of this cluster indicated that
they would search the internet and use an app on a smart-
phone or tablet for more information. Thus, when examining
the intended responses of daytime survey participants, three
common patterns are apparent: one group reacts strongly,
seeking shelter and praying for safety (cluster 1); one group
seeks more information through the internet, smartphones, or
tablets (cluster 3); and one group is comparatively unreactive
(cluster 2). However, it is important to note that some in-
tended actions—such as turning on the television or radio,
checking the weather oneself, or praying for safety—were
common across all three clusters, with over half of partici-
pants in each cluster indicating that they would do so.

The two nighttime clusters also exhibited significant (o = 0.05)
differences in intended responses (Table 4). A significantly
higher proportion of survey participants in cluster 1 indicated
that they would undertake nearly all of the actions provided
in the survey. A higher proportion of participants in cluster 2
were likely to do nothing and continue on. The two common
patterns for participants in the nighttime scenario were to re-
act actively (cluster 1) or to be relatively unreactive (cluster
2). As with the daytime scenario, over half of participants in
each cluster indicated that they would turn on the television
or radio for more information and pray for safety upon learn-
ing of the tornado watch.

Bivariate tests indicated that cluster membership was not
independent of some sociodemographic characteristics and
cognitive factors included in the survey. Significant (a = 0.05)
differences between daytime scenario clusters exist for having
a household member over age 65, the number of years for
which the participant has lived in Tennessee, proper under-
standing of a tornado watch, beliefs in protection from build-
ings, and cognitive factors related to efficacy and fatalism
(Table 5). These variables were tested for inclusion in a mul-
tivariate logistic regression to predict cluster membership.
Other variables returned relatively low p values, although
not significant at « = 0.05, that were also tested for this
regression.

The two clusters of participants in the nighttime scenario
also exhibited differences in some sociodemographic and
cognitive variables (Table 6). Home type and region of
Tennessee were significant at the o = 0.05 level, with
higher proportions of participants in cluster 2 living in single-
or multifamily homes and in west or middle Tennessee. In-
come and beliefs in efficacy and protection from water were
significant at « = 0.10. As with the daytime clusters, variables
with low bivariate p values were tested in a series of multivar-
iate logistic regressions to predict cluster membership.

After testing several combinations of explanatory variables
with low bivariate p values (Table 5) in a logistic regression, we
selected the regression with the best data fit and minimal devi-
ance and multicollinearity to model daytime cluster membership
as a function of sociodemographic and cognitive characteristics.
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TABLE 1. Sample characteristics for participants in the daytime and nighttime scenarios.

Day (mean or Night (mean or p value of
percentage; percentage; day/night
Variable n = 444) n = 202) difference (test)
Gender (% female) 64.1 60.2 0.391 ()
Age (years) 57.1 51.9 <0.01 (WMW)
Race 0.238 (%)
White 79.9 75.4
Nonwhite 20.1 24.6
Income (12 intervals of $10,000) 5.67 5.22 0.157 (WMW)
Education 0.842 (%)
High school diploma or less 26.8 28.5
Some college, technical, or associates degree 35.1 33.0
College degree or more 38.1 38.5
Married or living with long-term partner 62.2 57.6 0.310 ()
Someone under age 18 in household 25.1 26.6 0.745 (%)
Household member over age 65 46.2 375 0.049 (%)
Years living in Tennessee 40.3 37.7 0.164 (WMW)
Had smartphone 67.1 75.2 0.036 (%)
Home type 0.192 (%)
Single- or multifamily home 82.0 772
Other home type 18.0 22.8
Access to basement or storm shelter 23.7 24.9 0.821 (x®)
Live in rural area 49.0 39.1 0.028 ()
Region of Tennessee 0.199 (%)
West 35.0 38.1
Middle 30.7 347
East 343 27.2
Prior experience with tornadoes 0.734 (%)
Not nearby 35.0 35.7
Near where I live 52.8 543
Hit home or building 12.2 10.1
Efficacy 0.175 (WMW)
Strongly agree 20.3 234
Agree 46.7 46.8
Disagree 21.0 23.9
Strongly disagree 12.1 6.0
Luck 0.004 (WMW)
Strongly disagree 21.9 15.6
Disagree 47.6 432
Agree 23.3 29.6
Strongly agree 7.2 11.6
Fatalism 0.042 (WMW)
Strongly disagree 14.3 9.8
Disagree 358 34.0
Agree 34.7 35.1
Strongly agree 15.2 21.1
Tornado watch knowledge 82.7 79.0 0.315 ()
Belief in protection from hills 0.071 (%)
Not at all 159 229
Somewhat 55.3 47.9
Very much or completely 28.8 29.2
Belief in protection from water 0.221 ()P
Not at all 57.8 54.4
Somewhat 341 332
Very much or completely 8.1 12.4
Belief in protection from buildings 0.151 ()
Not at all 67.0 64.7
Somewhat 37.2 25.4
Very much or completely 5.7 10.0
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TABLE 2. Intended responses to the given tornado watch scenario.

Percent in Percent in
Intended response daytime group nighttime group X* p value

Do nothing, continue on as before 46.2 41.6 0.317
Turn on the television or radio to find out more information 93.0 91.6 0.630
Search the internet to find out more information 31.3 36.1 0.262
Use an app on a smartphone or tablet to find out more information 473 60.4 0.003
Look or go outside to check the weather yourself 76.1 65.3 0.006
Contact friends or family 76.8 72.8 0.315
Seek shelter in your home 57.4 59.4 0.700
Leave your home

No 82.7 87.6 0.016

Somewhere specifically for shelter 13.1 59

Anywhere else 4.3 6.4
Pray for safety 82.0 79.2 0.467

Daytime cluster 2 (unreactive) was used as the reference group
to examine which characteristics were associated with member-
ship in clusters 1 and 3.

In the selected regression (Table 7), a participant was more
likely (a = 0.05) to be in cluster 1 (shelter seeking; praying) if
they were older or did not know the meaning of a tornado
watch. Participants were less likely to be in cluster 1 if they
believed that cities are “somewhat” protected from tornadoes
by buildings (« = 0.05) or if they reported experience with a
tornado hitting their home or building (« = 0.10). A partici-
pant was more likely to be in cluster 3 (information seeking
on internet, smartphones, or tablets) if they responded to the
statement, “People die when it is their time and not much can
be done about it” with “Agree” rather than “Strongly dis-
agree” (o = 0.10). At the @ = 0.05 level, participants were
less likely to be in cluster 3 if they had a household member
over age 65 or responded to the efficacy statement (“Except

in extreme circumstances, my safety is under my control when
a tornado threatens”) with a response other than “Strongly
agree.” At the a = 0.10 level, older participants and those
who live in a single- or multifamily home were less likely to
be classified in cluster 3.

We repeated the process to predict nighttime cluster mem-
bership, once again testing different combinations of explana-
tory variables with relatively low p values in Table 6 with
the goal of optimizing model fit, minimizing deviance, and
avoiding multicollinearity in explanatory variables. One of
the explanatory variables that was strongly correlated with
cluster membership in Table 6 was income. However, of the
202 nighttime survey participants who were clustered, 33 (16.3%)
did not report their income. This was a much higher rate of miss-
ingness than other variables. To account for this, two regressions
were created: one including income as an explanatory variable,
and the other without income, but with a larger sample size of

TABLE 3. Intended responses by cluster for the daytime scenario. Pairwise Wilcoxon significance (a« = 0.05) is indicated with plus
and minus signs: a cluster with a significantly higher rate than one other cluster is denoted with a single plus sign, significantly higher

than both clusters is denoted with two plus signs, etc.

Intended response

Cluster 1 (n = 214) Cluster 2 (n = 131) Cluster 3 (n = 99)

Do nothing, continue on as before
Turn on the television or radio to find out more information

Search the internet to find out more information

Use an app on a smartphone or tablet to find out more information

Look or go outside to check the weather yourself
Contact friends or family

Seek shelter in your home

Leave your home
No
Somewhere specifically for shelter
Anywhere else

Pray for safety

29.4 88.5 26.3
97.2 84.7 94.9
+ - - +
11.7 11.5 100.0
- - + +
29.4 36.6 100.0
- - + +
78.5 71.8 76.8
95.3 36.6 89.9
+ - - +
85.5 11.5 57.6
+ + - - + -
86.5 76.3 82.8
5.1 1.5 6.1
8.4 22.1 11.1
92.5 65.6 80.8
+ + - - + -
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TABLE 4. As in Table 3, but for the nighttime scenario.

Intended response

Cluster 1 (n = 139) Cluster 2 (n = 63)

Do nothing, continue on as before
Turn on the television or radio to find out more information

Search the internet to find out more information

Use an app on a smartphone or tablet to find out more information

Look or go outside to check the weather yourself
Contact friends or family
Seek shelter in your home

Leave your home
No
Somewhere specifically for shelter
Anywhere else

Pray for safety

0.230 0.825
- +
0.957 0.825
+ —
0.432 0.206
+ p—
0.727 0.333
+ —
0.741 0.460
+ p—
0.914 0.318
+ p—
0.770 0.206
+ —
87.8 87.3
8.6 0.0
3.6 12.7
0.842 0.683
+ p—

participants. Cluster 2 (nonreactive) was used as the reference
category for both regressions.

Without including income as an explanatory variable,
survey participants living in east Tennessee and those who
believe that water bodies offer “very much” or “complete”
protection from tornadoes to nearby areas are significantly
(a = 0.05) more likely to be classified in cluster 1 and react
relatively strongly to a tornado watch (Table 8). Those who
believe that locations near water bodies are “somewhat” pro-
tected from tornadoes are also more likely to be classified in
cluster 1, but this is only significant at the a = 0.10 level. Par-
ticipants living in single- or multifamily homes were also sig-
nificantly less likely to be classified in cluster 1 (a = 0.10).

Inclusion of income as an explanatory variable decreased
the sample size for the regression and affected its coefficients
and their corresponding significance (Table 9). None of the
explanatory variables were significant at « = 0.05, but three
were significant at « = 0.10. As in the nighttime regression
that did not include an income variable, participants who
lived in east Tennessee or those who believed that locations
are “somewhat” protected by nearby water bodies were more
likely to be classified in cluster 1. Income was also a significant
variable in this regression, with increasing income negatively
correlated with cluster-1 membership.

4. Discussion

Since nocturnal tornadoes are common across the South-
east and because fatality rates are higher for these nocturnal
tornadoes, examining differences between intended responses
in the daytime and nighttime scenario may provide important
knowledge on how public preparedness for a tornado varies
with time of day. Between the two scenarios, there were three
significantly disproportionate differences in intended warning
responses (Table 2). First, a higher proportion of participants
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indicated that they would go outside to check the weather
themselves for the daytime scenario, likely because nighttime
scenario participants may not have felt that this was a helpful
option. Nighttime participants were, however, more likely
than their counterparts in the daytime scenario to use a smart-
phone or tablet app to find more information (Table 2), which
may have been for them an alternative to checking the
weather oneself after nightfall. This difference may also be
attributable to sociodemographic differences between parti-
cipants in the two scenarios: nighttime participants were signifi-
cantly younger and more likely to own a smartphone (Table 1)
than those in the daytime scenario. Higher proportions of the
daytime scenario participants indicated that they would leave
the house upon learning of a tornado watch, although many
answers were not specific about the purpose of their trips,
and their intent may have been for regular activities that they
tend to perform on Saturday afternoons. These findings support
those of prior quantitative (Walters et al. 2019) and qualitative
(DeMuth et al. 2022) survey analyses in that tornado alert re-
sponses are contextual and often dependent on environmental
cues, technology, and time of day.

Within the three clusters of daytime scenario respondents,
cluster 1 was likely to take the most extreme action, its defin-
ing characteristics being to pray for safety and seek shelter in
their homes (Table 3). Seeking shelter in one’s home is an ac-
tion more suitable for tornado warnings than watches, since
watches do not indicate that a tornado is imminent or ongo-
ing. Indeed, correct knowledge of a tornado watch definition
was negatively correlated with membership in cluster 1 (Table 7),
indicating that those who can correctly identify the implica-
tions of an active tornado watch are less likely to undertake
actions that are more appropriate for a warning, such as shel-
tering in place. Those in cluster 1 relied on television or radio
for more information instead of an app and were likely to
contact friends and family. This is likely related to the age of
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TABLE 5. Characteristics by cluster and bivariate significance for the daytime scenario.

Cluster 1 Cluster 2 Cluster 3
(mean or (mean or (mean or
Variable percentage) percentage) percentage) p value (test)

Gender (% female) 63.1 68.0 61.2 0.527 ()
Age (years) 58.6 56.4 57.3 0.434 (KW)
Race 0.986 (x°)

White 79.6 80.0 80.4

Nonwhite 20.4 20.0 19.6
Income (12 intervals of $10,000) 5.5 5.6 6.1 0.366 (KW)
Education 0.453 ()

High school diploma or less 29.1 23.1 26.5

Some college, technical, or associates degree 31.9 41.5 33.7

College degree or more 39.0 354 39.8
Married or living with long-term partner 59.9 61.5 68.0 0.386 (x%)
Someone under age 18 in household 20.6 26.0 33.7 0.044 ()
Someone over age 65 in household 514 51.9 27.3 <0.001 (x°)
Years living in Tennessee 453 382 32.5 <0.001 (KW)
Had smartphone 67.0 69.2 66.0 0.859 ()
Home type 0.062 (x%)

Single- or multifamily home 80.0 88.5 77.6

Mobile home, apartment, condominium, or other 20.0 11.5 22.4
Access to basement or storm shelter 25.9 273 34.0 0.339 ()
Live in rural area 474 535 46.3 0.464 ()
Region of Tennessee 0.102 (%)

West 33.6 37.4 34.7

Middle 271 29.8 39.8

East 39.3 32.8 25.5
Prior experience with tornadoes 0.268

Not nearby 38.8 32.8 29.6

Near where I live 514 55.0 53.1

Hit home or building 9.8 12.2 17.3
Efficacy 0.004 (KW)

Strongly agree 18.5 14.5 32.0

Agree 51.2 435 41.2

Disagree 19.0 26.7 17.5

Strongly disagree 11.4 15.3 9.3
Luck 0.334 (KW)

Strongly disagree 22.0 19.2 253

Disagree 453 50.0 49.5

Agree 224 26.2 21.2

Strongly agree 10.3 4.6 4.0
Fatalism 0.021 (KW)

Strongly disagree 13.1 17.8 12.2

Disagree 31.3 434 35.7

Agree 379 26.4 38.8

Strongly agree 17.8 12.4 133
Tornado watch knowledge 75.8 90.0 87.8 0.001 (%)
Belief in protection from hills 0211 (%)

Not at all 19.9 122 122

Somewhat 51.7 61.1 56.1

Very much or completely 28.4 26.8 31.6
Belief in protection from water 0.371 ()

Not at all 59.6 57.4 54.6

Somewhat 30.3 372 38.1

Very much or completely 10.1 55 7.2
Belief in protection from buildings 0.048 ()

Not at all 73.7 64.3 56.6

Somewhat 21.5 29.5 36.4

Very much or completely 4.7 6.3 7.1
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TABLE 6. As in Table 5, but for the nighttime scenario.

Cluster 1 Cluster 2
Variable (mean or percentage)  (mean or percentage) p value (test)

Gender (% female) 60.9 58.7 0.895 (%)
Age (years) 51.0 53.9 0.197 (WMW)
Race 0.156 ()

White 721 82.5

Nonwhite 27.9 17.5
Income (assessed in 12 intervals of $10,000, numbered 1-12) 4.85 6.12 0.065 (KW)
Education 0.230 ()

High school diploma or less 32.1 20.6

Some college, technical, or associates degree 321 349

College degree or more 35.8 44.4
Married or living with long-term partner 57.8 571 0.980 (x%)
Someone under age 18 in household 25.7 28.6 0.804 (%)
Someone over age 65 in household 36.5 39.7 0.783 (x*)
Years living in Tennessee 38.5 36.1 0.440 (WMW)
Had smartphone 75.4 77.4 0.892 ()
Home type <0.001 (%)

Single- or multifamily home 733 85.5

Mobile home, apartment, condominium, or other 26.7 14.5
Access to basement or storm shelter 32.1 274 0.617 (x*)
Live in rural area 39.4 383 0.970 (%)
Region of Tennessee 0.049 ()

West 36.0 429

Middle 31.7 413

East 324 15.9
Prior experience with tornadoes 0.714 (3
Not nearby 36.5 339

Near where I live 52.6 58.1

Hit home or building 19.9 8.1
Efficacy 0.057 (WMW)

Strongly agree 254 19.0

Agree 50.0 39.7

Disagree 18.1 36.5

Strongly disagree 6.5 4.8
Luck 0.983 (WMW)

Strongly disagree 16.1 14.5

Disagree 423 452

Agree 29.9 29.9

Strongly agree 11.7 11.3
Fatalism 0.988 (WMW)

Strongly disagree 10.4 8.3

Disagree 321 383

Agree 373 30.0

Strongly agree 20.1 23.3
Tornado watch knowledge 81.0 74.6 0.396 (%)
Belief in protection from hills 0.423 ()

Not at all 19.9 28.3

Somewhat 48.5 433

Very much or completely 31.6 28.4
Belief in protection from water 0.054 ()

Not at all 48.9 66.7

Somewhat 36.1 26.7

Very much or completely 15.0 6.7
Belief in protection from buildings 0.436 (%)

Not at all 62.3 69.8

Somewhat 26.1 23.8

Very much or completely 11.5 6.3
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TABLE 7. Results of a multinomial logistic regression to predict cluster membership for the daytime scenario. Boldface values
indicate significance at the « = 0.05 level, and italicized values indicate significance at the o = 0.10 level.

Cluster 1 Cluster 1 Cluster 1  Cluster 3 Cluster 3  Cluster 3
Explanatory variable coef std error  p value coef std error  p value

Intercept 1.650 0.700 0.018 1.327 0.700 0.103
Age (years) 0.017 0.006 0.005 —0.014 0.007 0.064
Household resident(s) over 65 —0.327 0.266 0.220 —0.828 0.323 0.010
Correct knowledge of a tornado watch —1.268 0.384 <0.001 —0.139 0.475 0.769
Efficacy (“strongly agree” is reference)

“Agree” 0.319 0.357 0.372 —0.772 0.388 0.047

“Disagree” —0.246 0.400 0.538 -1.019 0.448 0.023

“Strongly disagree” —0.316 0.446 0.480 —1.185 0.528 0.025
Fatalism (“strongly disagree” is reference)

“Disagree” —0.125 0.377 0.740 0.266 0.454 0.558

“Agree” 0.560 0.394 0.156 0.799 0.473 0.091

“Strongly agree” 0.369 0.462 0.425 0.274 0.587 0.640
Belief in protection by buildings (“none” is reference)

“Somewhat” —0.698 0.289 0.016 0.364 0.319 0.254

“Very much/completely” —0.729 0.572 0.202 0.400 0.609 0.511
Household resident(s) under 18 —0.364 0.307 0.236 —0.086 0.343 0.802
Single- or multifamily home —0.486 0.344 0.158 =0.704 0.390 0.071
Prior experience with a tornado (“not nearby” is reference)

Nearby —0.237 0.269 0.379 0.047 0.328 0.885

Hit home or building —0.828 0.427 0.053 0.398 0.465 0.382

cluster-1 members; older participants were significantly more
likely to be in cluster 1 (Table 7), and cluster-1 members
were older, on average, than the other members of the other
two clusters (Table 5). Older participants in Ripberger et al.
(2019) expressed less confidence in their ability to receive a
tornado warning, so perhaps cluster-1 members in the pre-
sent study indicated a proactive response to watch issuance
because of concern around warning receipt. Having multiple
channels through which to receive a warning is an important
element of awareness prior to a tornado event (Ellis et al.
2020). While sheltering during a watch may be unnecessary,
those who seek out potential warning receipt channels—such as
television, radio, or friends and family—proactively modify
their situation in a manner that makes them safer, overcoming

common inhibitions to warning access (Walters et al. 2020).
This may explain why 75% of cluster-1 members demonstrated
a correct understanding of a tornado watch (Table 5).

Prior research has found mixed results on how tornado ex-
perience affects tornado preparedness and response (Com-
stock and Mallonee 2005; Senkbeil et al. 2012; Silver and
Andrey 2014; Paul et al. 2015; Schumann et al. 2017; Ellis et al.
2018). In the present study, a participant having experienced
a tornado hitting their home or building made them signifi-
cantly less likely to be classified in cluster 1 (Table 7), albeit
at a lower significance level (¢ = 0.10) than aforementioned
variables. This could indicate that past tornado experience is
associated with a better understanding of tornado risk, in
terms of both watch response and climatological perceptions

TABLE 8. Results of a binomial logistic regression to predict cluster membership in the nighttime scenario, with income not included.
Boldface values indicate significance at the a = 0.05 level, and italicized values indicate significance at the a = 0.10 level.

Explanatory variable

Cluster 1 coef

Cluster 1 std error Cluster 1 p value

Intercept

Single- or multifamily home

Region of Tennessee (west is reference)
Middle
East

Belief in protection by water (“none” is reference)
“Somewhat”
“Very much/completely”

Efficacy (“strongly agree” is reference)
“Agree”
“Disagree”
“Strongly disagree”

Race (nonwhite)

0.878 0.569 0.123
—0.800 0.446 0.073
—0.016 0.383 0.966

0.926 0.462 0.045

0.619 0.373 0.098

1.234 0.611 0.044

0.005 0.437 0.991
—0.682 0.483 0.158

0.495 0.777 0.524

0.630 0.429 0.142
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TABLE 9. As in Table 8, but with the inclusion of income as an explanatory variable.

Explanatory variable

Cluster 1 coef Cluster 1 std error Cluster 1 p value

Intercept
Single- or multifamily home
Region of Tennessee (west is reference)
Middle
East
Belief in protection by water (“none” is reference)
“Somewhat”
“Very much/completely”
Efficacy (“strongly agree” is reference)
“Agree”
“Disagree”
“Strongly disagree”
Race (nonwhite)
Income (assessed in 12 intervals of $10,000, numbered 1-12)

1.513 0.648 0.020
—0.659 0.499 0.187
0.387 0.440 0.379
0.871 0.498 0.081
0.804 0.419 0.055
0.527 0.654 0.421
—0.369 0.490 0.452
—0.769 0.560 0.170
0.058 0.806 0.943
0.337 0.467 0.470
—0.090 0.051 0.079

(Ellis et al. 2018), or with a lack of response to future tornado
watches or warnings (Paul et al. 2015). Future studies could
further elucidate the relationships among past tornado experi-
ence, risk perception, and alert response.

Cluster-1 membership was negatively correlated with the
belief that urban areas are “somewhat” protected from torna-
does by tall buildings. This was the only significant relation-
ship with daytime cluster membership and perceptions of
tornado protection from land surface features, as explored in
Ellis et al. (2019). However, Walters et al. (2019) found that a
similar perception of tornado protection by water bodies
made survey respondents less likely to use technology to seek
information during a daytime tornado warning and less likely
to be nonreactive during a nocturnal tornado warning. Our
finding on perceived building protection making one less
likely to take actions that include shelter-seeking and prayer
does not match thematically with those in Walters et al.
(2019), in which similarly misguided perceptions make one
less likely to use technology or be nonreactive, nor is there
a similar significant effect in this study for those who believe
urban areas are “very much” or “completely” protected by
buildings (Table 7). Thus, the significant coefficient for the
“somewhat” protection level may be due to random chance,
but additional research on how public misconceptions about
tornadoes affect response to alerts would be necessary to con-
firm or refute this.

A notable feature of cluster 3 in the daytime scenario was
that 100% of the members indicated they would use the inter-
net and an app (Table 3), which is likely related to the rela-
tively young age of this cluster’s members or those in their
household; younger participants or those who had a house-
hold member over age 65 or were less likely to be categorized
in cluster 3 than in cluster 2 (Table 7). Technology usage
is common among young people when a tornado warning is
issued (Sherman-Morris 2010; Jauernic and Van Den Broeke
2017), and these results suggest that the same pattern is true
for watches. Participants living in a single- or multifamily
home were also less likely to be classified in cluster 3 relative
to cluster 2. This result indicates that individuals living in this
kind of housing stock are less likely to seek information upon
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learning of a tornado watch relative to those living in mobile
homes or apartments, which are inadequate for sheltering
(Sutter and Simmons 2010). This suggests that those living in
single- or multifamily houses may exhibit a confidence—or at
least lack of concern—in having a safe shelter available if a
tornado were to strike. Information seeking behavior and vi-
sual interpretation of hazard information are important as-
pects of warning response (Schumann et al. 2017). Future
studies could examine the relationship between tornado watch
response and subsequent warning response in light of these
findings.

Cluster-2 members were more likely to express disbelief in
one’s own control during a tornado event, which is not sur-
prising because participants in cluster 2 were most likely to do
nothing upon hearing of a tornado watch and continue on as
before. Walters et al. (2019) found a similar pattern in those
who had a strong sense of fatalism—“people die when it is
their time and not much can be done about it”—and reacted
passively to tornado warnings. While it is important to note
that we included responses to this same fatalism statement in
our analysis and did not find significant results on it, the
themes of the findings match: cognitive factors do play a role
in determining one’s response to tornado alerts. However, as
Demuth et al. (2022) note, one’s sense of efficacy when a tor-
nado threatens is often limited by situational factors beyond
their control: individuals may want to keep themselves safe
but feel unable to because of their own personal circumstan-
ces. While survey respondents in Demuth et al. (2022) were
interviewed shortly after a devastating tornado instead of sur-
veyed about a hypothetical watch, it is possible that our partic-
ipants did not anticipate having sufficient options to mitigate
their own risk.

There were two clusters of intended responses for the
nighttime scenario: one cluster 1) that was significantly more
likely to intend to take nearly all response actions, and an-
other 2) that continued on as before. The results of the regres-
sions determining cluster membership depended on whether
income was included as an explanatory variable. In the regres-
sion without income, participants living in east Tennessee and
those who believed in protection from water were more likely
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to be in cluster 1 and respond more actively to a nighttime
tornado watch. This finding may indicate that a lack of
familiarity with tornadoes is associated with an active reaction
to tornado watches: lakes and rivers in fact do little to inhibit
tornadoes, and east Tennessee is climatologically the least
active region of the three for tornadoes (Brown et al. 2016).
Krocak et al. (2019) found that people living in inactive tor-
nado regions expressed uncertainty in what they would do
when given 4 h of notice before a future severe weather event,
a time scale similar to that of a tornado watch. However, other
factors in this study such as knowledge of a tornado watch and
prior experience with tornadoes did not exhibit significant
disproportionality between the two clusters (Table 5). Partici-
pants living in single- or multifamily houses were less likely to
be categorized in cluster 1 (Table 8), consistent with the results
of the daytime cluster regression in that those who live in this
kind of housing stock are less likely to react actively to a tor-
nado watch (Table 7).

When income is introduced to the regression as an explana-
tory variable, the sample size is reduced because missingness
was relatively high. Fewer variables yield significant coeffi-
cients: income, living in east Tennessee, and belief that bodies
of water are “somewhat” protective are the only three. The
signs and resulting interpretations of the east Tennessee and
water body variables are unchanged from the regression with-
out income: these participants were more likely to be classified
in cluster 1, indicating an active response to a nighttime tor-
nado watch. Income, measured in increments of $10,000, was
negatively associated with cluster-1 membership, indicating
that wealthier participants were less likely to react strongly to a
nighttime watch.

5. Conclusions

In this study, we examined intended responses to issuance of
tornado watches among members of the public in Tennessee.
We used Gower’s distance, partitioning around medoids, and sil-
houette width to identify three common patterns of intended re-
sponse for a daytime watch, and two patterns of intended
response for a nighttime watch. Then, we used logistic regres-
sions to determine sociodemographic and cognitive characteris-
tics associated with these patterns of intended watch response.

The three common patterns in intended response for a day-
time watch were to do nothing and continue on as before; to
seek more information on smartphones, tablets, and the inter-
net; and to pray for safety and seek shelter. While there were
a number of significant associations, younger participants,
those reporting prior experience with a tornado, and those
with a correct knowledge of a tornado watch were less likely
to seek shelter and pray for safety for a tornado watch, while
increased age and weak beliefs of self-efficacy made them less
likely to use technology to seek further information.

The two common patterns in intended response for a night-
time watch were to do nothing and continue on as before, or
to react actively by contacting friends and family, seeking
shelter, using apps to find more information, and other ac-
tions. Participants living in east Tennessee and those who be-
lieved that bodies of water offer protection from tornadoes
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were more likely to react actively, while those who lived in
single- or multifamily homes were less likely to do so only
when not taking participant income into account. When in-
cluding income, wealthier participants were less likely to react
actively to a nighttime tornado watch.

These results show that, while sociodemographic characteris-
tics such as age and income play a predictive role in determining
intended watch response, psychological beliefs, knowledge of
tornado alerts, and past experience with tornadoes do as well.
While previous studies have found that most members of the
public can correctly differentiate between watches and warnings,
further public education efforts on the different types of tornado
alerts may aid in preventing future confusion and inappropriate
reactions to these alerts. In addition, emphasizing that one’s ac-
tions before and during a tornado event can affect survival likeli-
hood may prevent apathetic responses to future tornado events.

Acknowledgments. This study was funded by the National
Oceanic and Atmospheric Administration (NA150AR4590225).
The funding source did not participate in study design, data
collection and summary, drafting, or submission of this paper.

Data availability statement. The authors support the com-
mitment made by the American Meteorological Society to
open and reproducible research. However, survey data used
in this study are securely stored on University of Tennessee
servers and are only accessible to approved members of the
research team, in accordance with University of Tennessee
Institutional Review Board policies.

REFERENCES

Ash, K. D, 2017: A qualitative study of mobile home resident
perspectives on tornadoes and tornado protective actions in
South Carolina, USA. GeoJournal, 82, 533-552, https://doi.
org/10.1007/s10708-016-9700-8.

——, M. J. Egnoto, S. M. Strader, W. S. Ashley, D. B. Roueche,
K. E. Klockow-McClain, D. Caplen, and M. Dickerson, 2020:
Structural forces: Perception and vulnerability factors for tor-
nado sheltering within mobile and manufactured housing in
Alabama and Mississippi. Wea. Climate Soc., 12, 453-472,
https://doi.org/10.1175/WCAS-D-19-0088.1.

Ashley, W. S., 2007: Spatial and temporal analysis of tornado fa-
talities in the United States: 1880-2005. Wea. Forecasting, 22,
12141228, https://doi.org/10.1175/2007W AF2007004.1.

—, A. J. Krmenec, and R. Schwantes, 2008: Vulnerability due
to nocturnal tornadoes. Wea. Forecasting, 23, 795-807, https:/
doi.org/10.1175/2008W AF2222132.1.

Balluz, L., L. Schieve, T. Holmes, S. Kiezak, and J. Malilay, 2000:
Predictors for people’s response to a tornado warning: Ar-
kansas, 1 March 1997. Disasters, 24, 71-77, https://doi.org/10.
1111/1467-7717.00132.

Blanchard-Boehm, R. D., and M. J. Cook, 2004: Risk communica-
tion and public education in Edmonton, Alberta, Canada on
the 10th anniversary of the ‘Black Friday’ tornado. Int. Res.
Geogr. Environ. Educ., 13, 38-54, https://doi.org/10.1080/
10382040408668791.

Borden, K., M. Schmidtlein, C. Emrich, W. Piegorsch, and S. Cut-
ter, 2007: Vulnerability of U.S. cities to environmental


https://doi.org/10.1007/s10708-016-9700-8
https://doi.org/10.1007/s10708-016-9700-8
https://doi.org/10.1175/WCAS-D-19-0088.1
https://doi.org/10.1175/2007WAF2007004.1
https://doi.org/10.1175/2008WAF2222132.1
https://doi.org/10.1175/2008WAF2222132.1
https://doi.org/10.1111/1467-7717.00132
https://doi.org/10.1111/1467-7717.00132
https://doi.org/10.1080/10382040408668791
https://doi.org/10.1080/10382040408668791

72 WEATHER, CLIMATE, AND SOCIETY

hazards. J. Homeland Secur. Emerg. Manage., 4, 5, https://doi.
org/10.2202/1547-7355.1279.

Boruff, B., J. Easoz, S. Jones, H. Landry, J. Mitchem, and S. Cut-
ter, 2003: Tornado hazards in the United States. Climate Res.,
24, 103-117, https://doi.org/10.3354/cr024103.

Botyarov, M., and E. Miller, 2022: Partitioning around medoids as
a systematic approach to generative design solution space re-
duction. Results Eng., 15, 100544, https://doi.org/10.1016/.
rineng.2022.100544.

Brooks, H. E., and C. A. Doswell III, 2002: Deaths in the 3 May
1999 Oklahoma City tornado from a historical perspective.
Wea. Forecasting, 17, 354-361, https://doi.org/10.1175/1520-
0434(2002)017<0354:DITMOC>2.0.CO;2.

Brotzge, J., and W. Donner, 2013: The tornado warning process:
A review of current research, challenges, and opportunities.
Bull. Amer. Meteor. Soc., 94, 1715-1733, https://doi.org/10.
1175/BAMS-D-12-00147.1.

Brown, S., P. Archer, E. Kruger, and S. Mallonee, 2002: Tornado-
related deaths and injuries in Oklahoma due to the 3 May
1999 tornadoes. Wea. Forecasting, 17, 343-353, https://doi.org/
10.1175/1520-0434(2002)017<0343: TRDAII[>2.0.CO;2.

Brown, V. M., K. N. Ellis, and S. Bleakney, 2016: Tennessee tor-
nado climate: A comparison of three cities. Southeast. Geogr.,
56, 118-133, https://doi.org/10.1353/sg0.2016.0008.

Casteel, M. A., and J. R. Downing, 2013: How individuals process
NWS weather warning messages on their cell phones. Wea.
Climate Soc., 5, 254-265, https://doi.org/10.1175/WCAS-D-12-
00031.1.

Chaney, P. L., and G. S. Weaver, 2010: The vulnerability of mo-
bile home residents to tornado disasters: The 2008 Super
Tuesday tornado in Macon County, Tennessee. Wea. Climate
Soc., 2, 190-199, https://doi.org/10.1175/2010WCAS1042.1.

——,——, S. A. Youngblood, and K. Pitts, 2013: Household pre-
paredness for tornado hazards: The 2011 disaster in DeKalb
County, Alabama. Wea. Climate Soc., 5, 345-358, https://doi.
org/10.1175/WCAS-D-12-00046.1.

Childs, S. J., R. S. Schumacher, and J. T. Allen, 2018: Cold-season
tornadoes: Climatological and meteorological insights. Wea.
Forecasting, 33, 671-691, https://doi.org/10.1175/WAF-D-17-
0120.1.

Comstock, R. D., and S. Mallonee, 2005: Comparing reactions to
two severe tornadoes in one Oklahoma community. Disasters,
29, 277-287, https://doi.org/10.1111/j.0361-3666.2005.00291 x.

Cutter, S., B. Boruff, and W. Shirley, 2003: Social vulnerability to
environmental hazards. Soc. Sci. Quart., 84, 242-261, https://
doi.org/10.1111/1540-6237.8402002.

Davies, J. M., and A. Fischer, 2009: Environmental characteristics
associated with nighttime tornadoes. Electron. J. Oper. Me-
teor., 10 (3), http://nwafiles.nwas.org/ej/pdf/2009-EJ3.pdf.

Demuth, J. L., J. Vickery, H. Lazrus, J. Henderson, R. E. Morss,
and K. D. Ash, 2022: Rethinking warning compliance and
complacency by examining how people manage risk and
vulnerability during real-world tornado threats. Bull. Amer.
Meteor. Soc., 103, E1553-E1572, https://doi.org/10.1175/BAMS-
D-21-0072.1.

Dice, L. R., 1945: Measures of the amount of ecologic association
between species. Ecology, 26, 297-302, https:/doi.org/10.2307/
19324009.

Ellis, K., L. Mason, K. N. Gassert, J. B. Elsner, and T. Fricker,
2018: Public perception of climatological tornado risk in
Tennessee, USA. Int. J. Biometeor., 62, 1557-1566, https://
doi.org/10.1007/s00484-018-1547-x.

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/08/23 03:03 PM UTC

VOLUME 15

——, ——, and ——, 2019: Public understanding of local tornado
characteristics and perceived protection from land-surface
features in Tennessee, USA. PLOS ONE, 14, 0219897,
https://doi.org/10.1371/journal.pone.0219897.

——, —, and K. Hurley, 2020: In the dark: Public perceptions
of and National Weather Service forecaster considerations
for nocturnal tornadoes in Tennessee. Bull. Amer. Meteor.
Soc., 101, E1677-E1684, https://doi.org/10.1175/BAMS-D-19-
0245.1.

Emrich, C. T., and S. L. Cutter, 2011: Social vulnerability to climate-
sensitive hazards in the Southern United States. Wea. Climate
Soc., 3, 193-208, https://doi.org/10.11752011WCAS1092.1.

Fricker, T., J. B. Elsner, V. Mesev, and T. H. Jagger, 2017: A da-
symetric method to spatially apportion tornado casualty
counts. Geomatics Nat. Hazards Risk, 8, 1768-1782, https:/
doi.org/10.1080/19475705.2017.1386724.

Gensini, V. A., and T. L. Mote, 2015: Downscaled estimates of
late 21st century severe weather from CCSM3. Climatic Change,
129, 307-321, https://doi.org/10.1007/s10584-014-1320-z.

——, and H. E. Brooks, 2018: Spatial trends in United States tor-
nado frequency. npj Climate Atmos. Sci., 1, 38, https://doi.org/
10.1038/541612-018-0048-2.

Gower, J. C., 1971: A general coefficient of similarity and some of
its properties. Biometrics, 27, 857-874, https://doi.org/10.2307/
2528823.

Gutter, B. F., K. Sherman-Morris, and M. E. Brown, 2018: Severe
weather watches and risk perception in a hypothetical deci-
sion experiment. Wea. Climate Soc., 10, 613-623, https://doi.
org/10.1175/WCAS-D-18-0001.1.

Hammer, B., and T. W. Schmidlin, 2002: Response to warnings
during the 3 May 1999 Oklahoma City tornado: Reasons and
relative injury rates. Wea. Forecasting, 17, 577-581, https://
doi.org/10.1175/1520-0434(2002)017<0577:RTWDTM>2.0.
CO;2.

Hoekstra, S., K. Klockow, R. Riley, J. Brotzge, H. Brooks, and
S. Erickson, 2011: A preliminary look at the social perspective
of warn-on-forecast: Preferred tornado warning lead time and
the general public’s perceptions of weather risks. Wea. Climate
Soc., 3, 128-140, https://doi.org/10.11752011WCAS1076.1.

Jauernic, S. T., and M. S. Van Den Broeke, 2017: Tornado warning
response and perceptions among undergraduates in Nebraska.
Wea. Climate Soc., 9, 125-139, https:/doi.org/10.1175/WCAS-D-
16-0031.1.

Jiao, Y., and Coauthors, 2019: Performance evaluation for four
GIS-based models purposed to predict and map landslide
susceptibility: A case study at a World Heritage site in South-
west China. Catena, 183, 104221, https://doi.org/10.1016/].
catena.2019.104221.

Kashian, R. D., T. Buchman, and R. Drago, 2021: Tornadoes,
poverty and race in the USA: A five-decade analysis. J. Econ.
Stud., 49, 1304-1319, https://doi.org/10.1108/JES-06-2021-0287.

Kis, A. K., and J. M. Straka, 2010: Nocturnal tornado climatology.
Wea. Forecasting, 25, 545-561, https://doi.org/10.1175/
2009WAF2222294.1.

Krocak, M. J., J. T. Ripberger, H. C. Jenkins-Smith, and C. L.
Silva, 2019: The impact of hours of advance notice on protec-
tive action in response to tornadoes. Wea. Climate Soc., 11,
881-888, https:/doi.org/10.1175/WCAS-D-19-0023.1.

——, J. N. Allan, J. T. Ripberger, C. L. Silva, and H. C. Jenkins-
Smith, 2021: An analysis of tornado warning reception and
response across time: Leveraging respondents’ confidence
and a nocturnal tornado climatology. Wea. Forecasting, 36,
1649-1660, https://doi.org/10.1175/WAF-D-20-0207.1.


https://doi.org/10.2202/1547-7355.1279
https://doi.org/10.2202/1547-7355.1279
https://doi.org/10.3354/cr024103
https://doi.org/10.1016/j.rineng.2022.100544
https://doi.org/10.1016/j.rineng.2022.100544
https://doi.org/10.1175/1520-0434(2002)017<0354:DITMOC>2.0.CO;2
https://doi.org/10.1175/1520-0434(2002)017<0354:DITMOC>2.0.CO;2
https://doi.org/10.1175/BAMS-D-12-00147.1
https://doi.org/10.1175/BAMS-D-12-00147.1
https://doi.org/10.1175/1520-0434(2002)017<0343:TRDAII>2.0.CO;2
https://doi.org/10.1175/1520-0434(2002)017<0343:TRDAII>2.0.CO;2
https://doi.org/10.1353/sgo.2016.0008
https://doi.org/10.1175/WCAS-D-12-00031.1
https://doi.org/10.1175/WCAS-D-12-00031.1
https://doi.org/10.1175/2010WCAS1042.1
https://doi.org/10.1175/WCAS-D-12-00046.1
https://doi.org/10.1175/WCAS-D-12-00046.1
https://doi.org/10.1175/WAF-D-17-0120.1
https://doi.org/10.1175/WAF-D-17-0120.1
https://doi.org/10.1111/j.0361-3666.2005.00291.x
https://doi.org/10.1111/1540-6237.8402002
https://doi.org/10.1111/1540-6237.8402002
http://nwafiles.nwas.org/ej/pdf/2009-EJ3.pdf
https://doi.org/10.1175/BAMS-D-21-0072.1
https://doi.org/10.1175/BAMS-D-21-0072.1
https://doi.org/10.2307/1932409
https://doi.org/10.2307/1932409
https://doi.org/10.1007/s00484-018-1547-x
https://doi.org/10.1007/s00484-018-1547-x
https://doi.org/10.1371/journal.pone.0219897
https://doi.org/10.1175/BAMS-D-19-0245.1
https://doi.org/10.1175/BAMS-D-19-0245.1
https://doi.org/10.1175/2011WCAS1092.1
https://doi.org/10.1080/19475705.2017.1386724
https://doi.org/10.1080/19475705.2017.1386724
https://doi.org/10.1007/s10584-014-1320-z
https://doi.org/10.1038/s41612-018-0048-2
https://doi.org/10.1038/s41612-018-0048-2
https://doi.org/10.2307/2528823
https://doi.org/10.2307/2528823
https://doi.org/10.1175/WCAS-D-18-0001.1
https://doi.org/10.1175/WCAS-D-18-0001.1
https://doi.org/10.1175/1520-0434(2002)017<0577:RTWDTM>2.0.CO;2
https://doi.org/10.1175/1520-0434(2002)017<0577:RTWDTM>2.0.CO;2
https://doi.org/10.1175/1520-0434(2002)017<0577:RTWDTM>2.0.CO;2
https://doi.org/10.1175/2011WCAS1076.1
https://doi.org/10.1175/WCAS-D-16-0031.1
https://doi.org/10.1175/WCAS-D-16-0031.1
https://doi.org/10.1016/j.catena.2019.104221
https://doi.org/10.1016/j.catena.2019.104221
https://doi.org/10.1108/JES-06-2021-0287
https://doi.org/10.1175/2009WAF2222294.1
https://doi.org/10.1175/2009WAF2222294.1
https://doi.org/10.1175/WCAS-D-19-0023.1
https://doi.org/10.1175/WAF-D-20-0207.1

JAN-MAR 2023

Lim, J. R, B. F. Liu, and M. Egnoto, 2019: Cry wolf effect? Eval-
uating the impact of false alarms on public responses to tor-
nado alerts in the southeastern United States. Wea. Climate
Soc., 11, 549-563, https://doi.org/10.1175/W CAS-D-18-0080.1.

Liu, S., L. E. Quenemoen, J. Malilay, E. Noji, T. Sinks, and J.
Mendlein, 1996: Assessment of a severe-weather warning sys-
tem and disaster preparedness, Calhoun County, Alabama,
1994. Amer. J. Public Health, 86, 87-89, https://doi.org/10.
2105/AJPH.86.1.87.

Liu, W., S. Wang, Y. Zhou, L. Wang, J. Zhu, and F. Wang, 2015:
Lightning-caused forest fire risk rating assessment based on
case-based reasoning: A case study in DaXingAn Mountains
of China. Nat. Hazards, 81, 347-363, https://doi.org/10.1007/
511069-015-2083-1.

Mason, J. B., and J. C. Senkbeil, 2015: A tornado watch scale to
improve public response. Wea. Climate Soc., 7, 146-158,
https://doi.org/10.1175/WCAS-D-14-00035.1.

Mason, L. R., K. N. Ellis, B. Winchester, and S. Schexnayder,
2018: Tornado warnings at night: Who gets the message?
Wea. Climate Soc., 10, 561-568, https://doi.org/10.1175/
WCAS-D-17-0114.1.

Mileti, D. S., and J. H. Sorensen, 1990: Communication of emer-
gency public warnings: A social science perspective and state-
of-the-art assessment. Oak Ridge National Laboratory Tech.
Rep. 6609, 162 pp., https://doi.org/10.2172/6137387.

NOAA, 2021: Understand tornado alerts. Accessed 16 January
2021, https://'www.weather.gov/safety/tornado-ww.

Nunley, C., and K. Sherman-Morris, 2020: What people know
about the weather. Bull. Amer. Meteor. Soc., 101, E1225-
E1240, https://doi.org/10.1175/BAMS-D-19-0081.1.

Paul, B. K., and M. Stimers, 2012: Exploring probable reasons for
record fatalities: The case of 2011 Joplin, Missouri, Tornado.
Nat. Hazards, 64, 1511-1526, https://doi.org/10.1007/s11069-
012-0313-3.

——, —, and M. Caldas, 2015: Predictors of compliance with
tornado warnings issued in Joplin, Missouri, in 2011. Disasters,
39, 108-124, https://doi.org/10.1111/disa.12087.

Ripberger, J. T., C. L. Silva, H. C. Jenkins-Smith, D. E. Carlson,
M. James, and K. G. Herron, 2014: False alarms and missed
events: The impact and origins of perceived warning inaccuracy
in tornado warning systems. Risk Anal., 35, 44-56, https://doi.
org/10.1111/risa.12262.

——, M. J. Krocak, W. W. Wehde, J. N. Allan, C. Silva, and H.
Jenkins-Smith, 2019: Measuring tornado warning reception,
comprehension, and response in the United States. Wea. Cli-
mate Soc., 11, 863-880, https://doi.org/10.1175/WCAS-D-19-
0015.1.

Rothfusz, L. P., R. Schneider, D. Novak, K. Klockow-McClain,
A. E. Gerard, C. Karstens, G. J. Stumpf, and T. M. Smith,
2018: FACETs: A proposed next-generation paradigm
for high-impact weather forecasting. Bull. Amer. Meteor.
Soc., 99, 2025-2043, https://doi.org/10.1175/BAMS-D-16-
0100.1.

Schmidlin, T. W., B. O. Hammer, Y. Ono, and P. S. King, 2009:
Tornado shelter-seeking behavior and tornado shelter options
among mobile home residents in the United States. Nat. Haz-
ards, 48, 191-201, https:/doi.org/10.1007/s11069-008-9257-z.

Schultz, D. M., E. C. Gruntfest, M. H. Hayden, C. C. Benight, S.
Drobot, and L. R. Barnes, 2010: Decision making by Austin,
Texas, residents in hypothetical tornado scenarios. Wea. Climate
Soc., 2, 249-254, https://doi.org/10.1175/2010WCAS1067.1.

Schumann, R. L., K. D. Ash, and G. C. Bowser, 2017: Tornado
warning perception and response: Integrating roles of visual

Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/08/23 03:03 PM UTC

BUROW ET AL. 73

design, demographics, and hazard experience. Risk Anal., 38,
311-332, https://doi.org/10.1111/risa.12837.

Senkbeil, J. C., M. S. Rockman, and J. B. Mason, 2012: Shelter
seeking plans of Tuscaloosa residents for a future tornado
event. Wea. Climate Soc., 4, 159-171, https://doi.org/10.1175/
WCAS-D-11-00048.1.

Sherman-Moirris, K., 2010: Tornado warning dissemination and re-
sponse at a university campus. Nat. Hazards, 52, 623-638,
https://doi.org/10.1007/s11069-009-9405-0.

Silver, A., 2015: Watch or warning? Perceptions, preferences, and
usage of forecast information by members of the Cana-
dian public. Meteor. Appl., 22, 248-255, https://doi.org/10.
1002/met.1452.

——, and J. Andrey, 2014: The influence of previous disaster
experience and sociodemographics on protective behaviors
during two successive tornado events. Wea. Climate Soc., 6,
91-103, https://doi.org/10.1175/WCAS-D-13-00026.1.

Simmons, K. M., and D. Sutter, 2005: WSR-88D radar, tornado
warnings, and tornado casualties. Wea. Forecasting, 20, 301—
310, https:/doi.org/10.1175/WAF857.1.

——, and ——, 2007: Tornado shelters and the manufactured
home parks market. Nat. Hazards, 43, 365-378, https://doi.
org/10.1007/s11069-007-9123-4.

——, and ——, 2008: Tornado warnings, lead times, and tornado
casualties: An empirical investigation. Wea. Forecasting, 23,
246-258, https://doi.org/10.1175/2007W AF2006027.1.

Stensrud, D. J., and Coauthors, 2009: Convective-scale warn-on-
forecast system: A vision for 2020. Bull. Amer. Meteor. Soc.,
90, 1487-1500, https://doi.org/10.1175/2009BAMS2795.1.

——, and Coauthors, 2013: Progress and challenges with warn-
on-forecast. Amos. Res., 123, 2-16, https://doi.org/10.1016/j.
atmosres.2012.04.004.

Strader, S. M., and W. S. Ashley, 2018: Finescale assessment of
mobile home tornado vulnerability in the central and south-
east United States. Wea. Climate Soc., 10, 797-812, https:/
doi.org/10.1175/WCAS-D-18-0060.1.

——, K. Ash, E. Wagner, and C. Sherrod, 2019: Mobile home res-
ident evacuation vulnerability and emergency medical service
access during tornado events in the Southeast United States.
Int. J. Disaster Risk Reduct., 38, 101210, https://doi.org/10.
1016/.1jdrr.2019.101210.

——, D. B. Roueche, and B. M. Davis, 2021: Unpacking tornado
disasters: Illustrating the southeastern U.S. tornado mobile
and manufactured housing problem using the March 3, 2019
Beauregard-Smiths Station, Alabama tornado event. Nat.
Hazards Rev., 22, 04020060, https:/doi.org/10.1061/(ASCE)
NH.1527-6996.0000436.

——, W. S. Ashley, A. M. Haberlie, and K. Kaminski, 2022: Re-
visiting U.S. nocturnal tornado vulnerability and its influence
on tornado impacts. Wea. Climate Soc., 14, 1147-1163, https://
doi.org/10.1175/WCAS-D-22-0020.1.

Sutter, D., and K. M. Simmons, 2010: Tornado fatalities and mobile
homes in the United States. Nat. Hazards, 53, 125-137, https:/
doi.org/10.1007/s11069-009-9416-x.

Walters, J. E., L. R. Mason, and K. N. Ellis, 2019: Examining
patterns of intended response to tornado warnings among
residents of Tennessee, United States, through a latent class
analysis approach. Int. J. Disaster Risk Reduct., 34, 375-386,
https://doi.org/10.1016/j.ijdrr.2018.12.007.

——, ——, —, and B. Winchester, 2020: Staying safe in a
tornado: A qualitative inquiry into public knowledge, access,
and response to tornado warnings. Wea. Forecasting, 35,
67-81, https://doi.org/10.1175/WAF-D-19-0090.1.


https://doi.org/10.1175/WCAS-D-18-0080.1
https://doi.org/10.2105/AJPH.86.1.87
https://doi.org/10.2105/AJPH.86.1.87
https://doi.org/10.1007/s11069-015-2083-1
https://doi.org/10.1007/s11069-015-2083-1
https://doi.org/10.1175/WCAS-D-14-00035.1
https://doi.org/10.1175/WCAS-D-17-0114.1
https://doi.org/10.1175/WCAS-D-17-0114.1
https://doi.org/10.2172/6137387
https://www.weather.gov/safety/tornado-ww
https://doi.org/10.1175/BAMS-D-19-0081.1
https://doi.org/10.1007/s11069-012-0313-3
https://doi.org/10.1007/s11069-012-0313-3
https://doi.org/10.1111/disa.12087
https://doi.org/10.1111/risa.12262
https://doi.org/10.1111/risa.12262
https://doi.org/10.1175/WCAS-D-19-0015.1
https://doi.org/10.1175/WCAS-D-19-0015.1
https://doi.org/10.1175/BAMS-D-16-0100.1
https://doi.org/10.1175/BAMS-D-16-0100.1
https://doi.org/10.1007/s11069-008-9257-z
https://doi.org/10.1175/2010WCAS1067.1
https://doi.org/10.1111/risa.12837
https://doi.org/10.1175/WCAS-D-11-00048.1
https://doi.org/10.1175/WCAS-D-11-00048.1
https://doi.org/10.1007/s11069-009-9405-0
https://doi.org/10.1002/met.1452
https://doi.org/10.1002/met.1452
https://doi.org/10.1175/WCAS-D-13-00026.1
https://doi.org/10.1175/WAF857.1
https://doi.org/10.1007/s11069-007-9123-4
https://doi.org/10.1007/s11069-007-9123-4
https://doi.org/10.1175/2007WAF2006027.1
https://doi.org/10.1175/2009BAMS2795.1
https://doi.org/10.1016/j.atmosres.2012.04.004
https://doi.org/10.1016/j.atmosres.2012.04.004
https://doi.org/10.1175/WCAS-D-18-0060.1
https://doi.org/10.1175/WCAS-D-18-0060.1
https://doi.org/10.1016/j.ijdrr.2019.101210
https://doi.org/10.1016/j.ijdrr.2019.101210
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000436
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000436
https://doi.org/10.1175/WCAS-D-22-0020.1
https://doi.org/10.1175/WCAS-D-22-0020.1
https://doi.org/10.1007/s11069-009-9416-x
https://doi.org/10.1007/s11069-009-9416-x
https://doi.org/10.1016/j.ijdrr.2018.12.007
https://doi.org/10.1175/WAF-D-19-0090.1

