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ABSTRACT: Although there is clear evidence that proximity to a tornado or forecast tornado increases an individual’s
risk perception, the specific relationships between risk personalization and spatial variables are unclear. It has also been es-
tablished that one’s own evaluation of distance does not always match objective measurement. This study sought to explain
the differences in the distance at which an individual would personalize the risk from a tornado across personally relevant
geospatial factors such as the distance between places frequented (e.g., home and work), urban/rural classification of the
area, and the length of residence in the county. A survey of 1023 respondents across eight states (Alabama, Arkansas,
Georgia, Kentucky, Louisiana, Mississippi, Missouri, and Tennessee) was used to obtain risk personalization distances,
which were distinguished as “worry distances” (the distances at which one would worry about their house or loved ones, or
take protective action) and “confirmation distances” (the distances at which one would expect to see, hear, or feel the ef-
fects of a tornado). We found that individuals who traveled greater distances and traveled more frequently to the grocery
store and another location, those who self-defined their area as urban, and those with advanced degrees had increased risk
personalization distances. Lengthier residency in the county influenced these distances as well. Future research is required
to better comprehend the relationship of place, risk perception, and geographic mobility on protective action when a tor-
nado occurs.

SIGNIFICANCE STATEMENT: Greater tornado risk personalization distances were associated with self-defining as
urban, having an advanced degree, and driving farther and more frequently to the grocery store and to another loca-
tion. Longer length of residence was associated with shorter risk personalization distances. With rural participants ex-
pressing shorter tornado risk personalization distances, warning communicators with the ability to tailor messages to
multiple communities may wish to adjust messages no the basis of whether they are targeted to rural communities or to
urban communities.
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1. Introduction

Despite advances in tornado forecasting and warning mes-
saging, lives continue to be lost during tornadoes and most fa-
talities occur in permanent or mobile homes (Fricker and
Friesenhahn 2022). A survey of mobile home residents in
Mississippi and Alabama found that about one-half of re-
spondents would feel safe in their home during a tornado,
making them less likely to seek sturdier shelter elsewhere
(Ash et al. 2020). Similar relationships are common in hurri-
cane evacuation studies where the belief that one’s home or
home location is unsafe is related to evacuation (Baker 1991;
Sherman-Morris et al. 2020). The home is often believed to be
a place of refuge (Klockow et al. 2014), which makes it impor-
tant to understand how perceptions of home and what is con-
sidered nearby relate to tornado risk perception and response
to a warning.

After receiving a warning, individuals often seek to confirm
the warning as well as perceive they are personally at risk be-
fore they take any protective actions (Mileti and O’Brien

1992; Wood et al. 2018). Personalization occurs when a person
develops a feeling that they are at risk in a dangerous situa-
tion and that they may be personally affected (Wood et al.
2018). People also “almost constantly infer information about
their environment, and how it evolves over time” (Egenhofer
and Mark 1995, p. 8). This is especially true in an uncertain
and rapidly evolving environment such as during a tornado
warning. Place-based knowledge, emotions, or actions can in-
fluence the personalization of threat (Klockow et al. 2014). A
case study on tornadoes in 2011 showed that when a tornado
had entered a person’s familiar environment, it became a
more realistic and imminent threat to them (Klockow 2013).

Proximity to a tornado also often influences perceived risk
or the decision to take protective action, although the relation-
ship can be complicated. Proximity to a tornado’s path in-
creased likelihood of protective action (Miran et al. 2018), and
proximity to a warning polygon increased the false perception
one was under a tornado warning following Oklahoma tornado
events (Krocak et al. 2020). Experimental tornado scenarios
have also revealed a positive influence of proximity on per-
ceived risk (Jon et al. 2019; Klockow-McClain et al. 2019;
Lindell 2020) and protective decision-making (Klockow-McClain
et al. 2019). However, in the real world, objective distance is
not always as important as some other perceived distance.
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A combination of factors interacted with previous tornado prox-
imity to lead to different perceptions of tornado vulnerability
among Oklahoma residents (Johnson et al. 2021). In that study,
intense, recent, close events led to a heightened perception of
risk while weak, recent, close events led to lower perceived risk.
How people conceive of distance, space, and their place in it can
be related to various factors such as their experiences moving
around that space, known geographic biases, perceived barriers
among places or similarities to locations with which they are fa-
miliar, or even momentarily relevant information (Mark et al.
1999; Tversky 2003). The knowledge people have about their
geographic environment or their mental understanding of space
is not always consistent with an objective assessment (Egenhofer
and Mark 1995; Tversky 2003). The subjectivity of distance in
the mental map can be influenced by a number of factors, many
of which have emotional and psychological ties (Greer et al.
2020).

More study is needed to better understand how conceptions
of geographic space influence risk perception. When faced
with a proximate hazard}tornadoes in this study}how close
is too close? In this paper we examine the distances at which
individuals begin to worry about and take action during a tor-
nado warning. Specifically, we focus on the contributors to
the variation in these distances among different people, and
especially examine the roles place and spatial movement can
play in risk perception. We begin by discussing these potential
influences.

2. Literature

The central focus of this paper is an investigation of how
distance and other geospatial variables can factor into risk
perception. Location of a person relative to the hazard has
been shown to influence risk perception (Tobin and Montz
1997; O’Neill et al. 2016). In general, when a person is physi-
cally closer to a hazard, they will feel more at risk (Zhang et al.
2010; O’Neill et al. 2016; Lindell and Hwang 2008; Lindell and
Perry 2012; Klockow-McClain et al. 2019). Proximity has
been shown to influence likelihood of taking protective action
during an actual tornado (Miran et al. 2018) and risk judg-
ments in hypothetical tornado scenarios (Lindell 2020).

Place attachment, or the feelings of connectedness one has
with a geographic location, can help explain the complexity of
beliefs about risk in one’s local environment (Klockow et al.
2014). When faced with a threat from industrial development,
individuals with greater attachments to place saw the develop-
ment as a personal threat to the safety of their homes, which
were seen as a refuge or safe place (Masuda and Garvin
2006). However, because home is often experienced as a place
of refuge, acknowledging it as vulnerable could be incompati-
ble with perceptions of its safety (Klockow et al. 2014), and
high levels of place attachment have been associated with
lower likelihood of adopting protective measures (Greer et al.
2020). For example, rural individuals in Iceland who had a
greater level of place attachment were found to be less accept-
ing of evacuation plans in the event of a volcanic eruption
(Bird et al. 2011).

Place attachment can be influenced by the length of time an
individual has lived in a location (Anton and Lawrence 2014;
Brown et al. 2015; Lewicka 2010), and length of residence has
also been both positively (Lechowska 2018; Ruin et al. 2007)
and negatively (O’Neill et al. 2016) associated with risk per-
ception in flood research. There does not appear to be a clear
relationship between length of residence and tornado risk
perception. With higher place attachment and the potential
for more knowledge about the surrounding area, it is possible
that longer length of residency could lead to either a greater
or lesser distance at which a person would feel threatened
from a tornado. Homeowners typically live at an address lon-
ger than renters, which could translate into higher levels of at-
tachment. Home ownership has been shown to increase
mitigation practices and may have an influence on an individ-
ual’s risk perception and more specifically how far away from
a threat a person would feel threatened (Grothmann and
Reusswig 2006; Qasim et al. 2015; Thistlethwaite et al. 2018).

Dependence on a place to fulfill certain needs is a common
component of place attachment (e.g., Anton and Lawrence
2014; Greer et al. 2020). The concept of functional place de-
pendence was described by Brown et al. (2015) as the spatial
extent of the area that has what a person needs. This aspect of
place attachment can be compared with what biologists call a
home range, which is the “area traversed by the individual in
its normal activities of food gathering, mating, and caring for
young” (Burt 1943 in Brown et al. 2015). Those who live
in rural areas are often more rooted in their area and
have a greater attachment to it (Anton and Lawrence 2014;
McKnight et al. 2017). While living in a rural community is of-
ten associated with higher levels of place attachment, the lack
of opportunities to become involved in rural areas may also
have the opposite effect on attachment (McKnight et al.
2017). Rural individuals may have farther to travel to get to
work, school, and stores and traveling longer distances on a
regular basis may increase what feels close. Most place attach-
ment studies have focused on the neighborhood scale, but the
scale may influence the attitude toward the place (Lewicka
2010). The highest levels of place attachment in Lewicka’s
(2010) study of four cites were found at the neighborhood
level. The purpose or nature of travel among locations may
be important in understanding whether place attachment is
likely (Gustafson 2014). The association of mobility with
place attachment can be more complex than initially con-
ceived where individuals may become attached to multiple
places, or even make themselves “at home” in their cars, be-
coming a “contemporary place of dwellingness” (Gustafson
2014, p. 42).

3. Hypotheses and research question

The primary goal of the study was to explain differences in
the distance at which an individual would personalize the risk
from a tornado. We expected there to be some differences
based on demographics but were most interested in differ-
ences that could be related to spatial factors. Based on the
concept of functional place dependence, one component of
place attachment, we expected people who routinely travel
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farther distances to personalize tornado risk at greater distan-
ces due to the larger area they are dependent upon. We antici-
pated urban dwellers to name smaller risk personalization
distances based on what we expected to be smaller distances
they routinely travel. Because length of time in a location is
also associated with greater attachment to place, we also ex-
pected length of residence to place a role. Thus, we proposed
the following hypotheses:

H1: People who routinely travel farther distances will express
greater risk personalization distances.

H2: Personalized risk distances will be influenced by classifi-
cation of the area as urban or rural where (H2a) people
living in urban areas name risk personalization distances
that are smaller than people in rural areas.

H3: Personalized risk distances will be influenced by length
of residence.

H4: People living in urban areas will identify routine travel
areas that are smaller than people in rural areas, and

H5: (H5a) People living in rural areas will express a greater
perceived knowledge of their surrounding counties than
people in urban areas (H5b) because of the greater func-
tional dependence on the county expressed through far-
ther travel distances and (H5c) because people living in
rural areas will have longer lengths of residence.

To account for other factors, we raised the research ques-
tion, How do other factors such as education, gender, use of
weather information, and previous exposure to a tornado ex-
plain differences in risk personalization distances?

4. Methods

a. Measures

The study used an online survey administered by Qualtrics.
The full survey consisted of multiple parts, some of which will
not be discussed in this paper. [See Sherman-Morris et al.
(2022) and Senkbeil et al. (2022) for additional information.]
Relevant to the purpose of this paper, the survey included
questions about geographic place and functional place
dependence, characteristics of a participant’s home location
including how long they lived there and their perceived
knowledge of the area, weather forecast behaviors, demo-
graphic information, and preferred distances related to risk
personalization.

The key dependent variables in the study were risk person-
alization distances, a set of six questions that we refer to as
worry distances and expected confirmation distances. Both
were related to the concept of risk personalization and were
based on past work by Demuth (2018) who included state-
ments about worry for one’s house in a tornado, fear for loved
ones, and whether one had heard a storm firsthand or saw
scenes from it. Because our survey’s focus was on a hypotheti-
cal tornado, it was necessary to modify the questions slightly.
The first three statements measure what we refer to as worry
distance.

• I would worry about my loved ones if a tornado was within
(x) miles.

• I would worry about my house if a tornado was within
(x) miles.

• I would act to protect myself or my loved ones if a tornado
was within (x) miles.

The following three statements measured expected confirma-
tion distance.

• I think I would be able to see a tornado if it was within
(x) miles.

• I think I could hear a tornado if it was within (x) miles.
• I think I would be able to feel the effects of the tornado
firsthand if it was within (x) miles.

All participants responded to these statements using a slider
bar format in which they could drag the bar to values ranging
from 0 to 25 mi (1 mi ≈ 1.61 km). We chose 0–25 mi to exceed
the width of a large tornado polygon. Values were labeled at
5-mi increments.

A set of place-based questions was informed by the concept
of functional place dependence (Brown et al. 2015), a compo-
nent of place attachment. In our survey, we chose to include
questions about travel to work, travel to the grocery store,
and travel to one other place of the participant’s choosing to
capture their home range or the area upon which they were
functionally dependent. Questions included the following:

• About how far away from your home (in miles) is your
workplace/grocery store where you shop most often/any
one of the other places you visit regularly?

• About how long does or would it take you to travel there
(in minutes)?

• How frequently do you currently commute to your work-
place/usually travel to this location?

• Do you consider this close to home?

Questions asking how far and how long were open ended,
whereas the other two provided answer choices. Because we
administered this survey during the COVID-19 pandemic, we
included questions to account for participants who were cur-
rently working from home such as asking them how fre-
quently they would normally commute. For the question
about the workplace, participants were also asked how long
they have or had been making their normal commute.

Other place-based questions included county name, how a
participant would rate their knowledge of their home county,
how long they have lived in their current county, as well as at
their current address, and whether they own or rent. Partici-
pants were also asked to provide their zip code. For sampling,
zip code determined whether a participant was urban or rural
based on the 2010 Rural-Urban Commuting Area (RUCA)
Codes from the USDA Economic Research Service. This da-
taset stratifies land areas based on zip codes and assigns them
a number on a scale from 1 to 10 ranging from highly urban-
ized metropolitan areas (choice 1) to highly rural areas
(choice 10). RUCA considers numbers 1–3 metropolitan,
4–6 micropolitan, 7–9 small town, and 10 rural. For the pur-
pose of our sample in the Southeast, numbers 1–3 were easily
classified as urban and 7–10 were classified rural. Zip codes
that were assigned numbers 4–6 were further examined.
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Based on coding of small towns in the parts of the sample
area where the research team was most familiar, 4 was labeled
urban while zip codes outside these towns, numbered 5–6,
were designated as rural. In addition to screening participants
based on their zip code, we believed perceptions of the area
as urban or rural would be meaningful and perhaps not the
same as their RUCA designation (Onega et al. 2020). There-
fore, participants were also asked to describe where they live
as urban, suburban, rural small town, or rural outside a town.

Last, participants were asked about their past experiences
with tornadoes, weather forecast behaviors and demographic
information. Questions included where they had seen or
heard a forecast in the last 24 h, whether they use any weather
applications, what sources they use for tornado warning infor-
mation and other questions about the information they seek
to confirm a tornado warning. Questions about past experien-
ces queried how much experience participants had with being
under a tornado warning, hearing tornado sirens, and seeing
news coverage about the aftermath of a tornado, as well as ap-
proximately how close they had come to a tornado. Demo-
graphic questions gathered information about gender, race or
ethnicity, type of housing, age, and education level.

b. Sample

A Qualtrics Panel provided 1023 responses to the survey.
Participants were screened at the beginning of the survey to pro-
vide an adequate distribution as described below based on age,
zip code, education, and gender. The sample area was chosen to
represent states in the southeastern United States that regularly
experienced tornadoes. As described in Sherman-Morris et al.
(2022), zip codes were used to recruit participants from por-
tions of eight states (Alabama, Arkansas, Georgia, Kentucky,
Louisiana, Mississippi, Missouri, and Tennessee), and also to
recruit at least 30%–40% of participants from rural areas. For
reasons discussed above, we considered zip codes 1–4 to be
urban and 5–10 rural. We also requested from Qualtrics an
approximately equal ratio of male to female (among those
identifying as either male or female), at least 50% of partici-
pants who had an education level of some college or less, and
a sample with participants’ ages fairly evenly distributed
among age groups 18–34, 35–55, and older than 55. See Table 1
for actual sample characteristics.

5. Descriptive results

a. Risk personalization distances

The two sets of dependent variables measuring risk person-
alization distance were worry distances and expected confir-
mation distances. The average distance at which a participant
would worry about their house in a tornado was 12.3 mi (std
dev 7.7 mi). They would worry about their house or take ac-
tion to protect themselves or loved ones if a tornado were
closer to 11 mi [11.0 mi (std dev 7.7 mi) and 11.1 mi (std dev
7.6 mi) respectively]. The distances at which participants ex-
pected to be able to confirm a tornado were closer to 8 mi, or
7.8 mi (std dev 6.9 mi) to see a tornado and 7.7 mi (std dev
7.0 mi) to hear one as well as feel the effects of one. These dis-
tances are discussed in greater detail in Sherman-Morris et al.
(2022).

b. Place-based responses

Participants rated their knowledge of their home county
very well; the most frequent response was excellent (43%)
followed by good (40.6%). They have also lived in their cur-
rent county for a lengthy time, with 41.6% living there 20 years
or longer (see Table 2). Participants were well mixed with re-
gard to how long they have lived at their current address. The
most frequent response was between 5 and 10 years (19.4%),
but the lowest response category (less than one year) had
12.7%. In addition to the demographic information presented
in Table 1, participants were also asked about their type of
housing, whether they owned or rented, and how they would
characterize their location. Most (68.6%) owned their home.
Participants were mixed in how they described their location
with the greatest percentage describing it as suburban
(27.5%) and the smallest percentage describing it as rural out-
side a town (19.6%).

We based functional place dependence on the distances in
miles regularly traveled to work, the grocery store and one
other location regularly visited and compared the distances
among urban and rural locations. Values that were too large
to seem realistic (e.g., 1000 or 300 mi) were removed. The
most frequently reported distances for each location were
5 mi or less, which accounted for almost one-half of the re-
ported distances to the grocery store (47.5%) and other

TABLE 1. Sample characteristics.

Characteristic Category Percentage

Whether zip code was classified as urban or rural Rural 34.5%
Urban 65.5%

Highest level of education completed Some high school 3.5%
High school diploma or GED 23.8%
Some college, technical school, or associate 29.8%
Bachelor’s degree 19.4%
Advanced degree 22.7%
Prefer not to answer 0.9%

Gender Female 51.1%
Male 47.9%
Other responses 1%

Age (yr) Min 18, max 92, and avg 44.5 (std dev 16.8)
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location (40.6%) but only 29.2% of distances traveled to
work. The average distances traveled to these locations were
12.8 mi (std dev 15.4 mi) to work, 7.7 mi (std dev 9.8 mi) to
the grocery store, and 9.9 mi (std dev 13.2 mi) to the other lo-
cation (Fig. 1). Because we expected people to worry about a
tornado and personalize the risk only when they believed it
was close, we filtered responses to the distances traveled by
whether a participant believed that location (work, grocery or
other) was close. The majority of participants (83.2%) consid-
ered their work location close to home. The average distances
that were considered close were 10.4 mi (std dev 14.2 mi) for
work, 7 mi (std dev 9.2 mi) for the grocery, and 8 mi (std dev
9.7 mi) for the other location. Approximately 70% reported
traveling to work at least 5 times per week, and if not for the
pandemic, the number would have been approximately 74%.
Once per week or less was the most common frequency of
travel to the grocery store or the other location (43.8% and
47.7%), although over 20% reported traveling to these loca-
tions 5 times per week or more.

c. Weather information use

The top five sources of weather information used most fre-
quently by participants in the 24 h prior to taking the survey
were a mobile device weather application, local television
news, National Weather Service products (either through a
website or social media), radio, and the Weather Channel on
television (Fig. 2). Three-quarters of respondents had used at
least one source of weather information in the last 24 h. A
new variable was created to sum the number of sources par-
ticipants reported using in the last 24 h. The most frequent re-
sponse was only one source (28.8%) followed by no sources
(25.1%). An additional 28.9% reported using two or three
sources.

The top five sources for tornado warning information were
mobile device weather applications, local television broad-
casts, mobile device emergency weather alert notifications, si-
rens, and National Weather Service products (Fig. 2). When

asked where they typically first find out they are under tor-
nado warning, the most frequent responses were local televi-
sion (19.1%), a mobile device emergency weather alert
notification (18.4%), and mobile device weather applications
(16.1%). If under a tornado warning, 40.8% would seek out
more information “all of the time” before taking shelter. The
additional information sought could include watching a mete-
orologist describe the severe weather threat, checking the
way the storm looks on radar, and/or looking at their location
in relation to the tornado polygon, which 35.9%, 35.6%, and
37.4% of participants reported doing all of the time.

6. Statistical analysis

In the first hypothesis, we proposed that people who rou-
tinely travel farther distances will express greater risk person-
alization distances. When exploring the relationship between
routine distances traveled and risk personalization distances
using Spearman correlation, we found no relationship be-
tween the distance traveled to work and worry distances or
expected confirmation distances. There were significant rela-
tionships between travel time to work and the distance at
which one expected to hear (rs 5 0.110; p 5 0.011) and feel
the effects of a tornado (rs 5 0.108; p 5 0.012). None of the
other times traveled to locations were significantly related
with risk personalization distances. Significant relationships
were found between distance to the grocery store and worry
about loved ones (rs 5 0.074; p 5 0.018) and also distance to
the other location and worry about loved ones (rs 5 0.086;
p5 0.007), worry about one’s house (rs 5 0.063; p5 0.05), and
distance at which one expected to see a tornado (rs 5 0.069;
p 5 0.032). All of the relationships were positive, but fairly
weak. To further explore the notion that it is the regularity of
the travel and not just the distance that may be influential on
risk personalization distances, new variables were created that
reflected both distance and frequency of travel (frequency
weighted distances). These new variables were created by mul-
tiplying the distance traveled to work, grocery or the other

TABLE 2. Place-based sample characteristics.

Question Response category Percentage

Length of time in current county (current address) Less than 1 year 6.6 (12.7)
At least 1 year but less than 3 11.2 (17.4)
At least 3 years but less than 5 10 (14.6)
At least 5 years but less than 10 13.9 (19.4)
At least 10 years but less than 20 16.7 (18.5)
20 years or longer 41.6 (17.5)

How would you describe where you live? Urban 26.5
Suburban 27.5
Rural small town 26.4
Rural outside a town 19.6

How would you describe your home? Mobile or manufactured 16.1
Single-family home primarily brick 37.1
Single-family home primarily wood 30.5
Multifamily/apartment 13.4
Some other type 2.9

Do you own or rent your home? Own 68.6
Rent 31.4
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location by the weight associated with the category frequency
(once per week or less 5 1, more than one time but less than

5 times 5 2, 5 times 5 3, and more than 5 times 5 4). When
frequency weighted distances were compared with the risk per-
sonalization distances, positive, significant relationships were
found between frequency weighted travel to the grocery store
as well as the other location with all worry and confirmation
distances. The correlations ranged from the lowest significant
value for frequency weighted distance to the grocery store and
the distance at which one would protect oneself (rs 5 0.071;

p 5 0.024) to the strongest relationship between frequency
weighted distance to the other location and the distance at

which one expected to feel the effects of a tornado (rs 5 0.173;
p , 0.001). While the correlation is still somewhat weak, there
appears to be a relationship between the regularity of travel
within a certain distance and what is considered close enough
to personalize risk from a tornado.

Hypothesis 2 proposed that personalized risk distances will
be influenced by classification of the area as urban or rural
where people living in urban areas name risk personalization

FIG. 1. Distances traveled to (a) work, (b) the grocery store,
and (c) some other location, with distances greater than 50 mi
removed. Horizontal bars show the number of participants who
believed that distance was (right side) or was not (left side) close
to home.
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distances that are smaller than people in rural areas. To test
this hypothesis, we first used an independent samples Mann–
Whitney U test for nonparametric data. This test was chosen
because the distances were not normally distributed. When
examining differences in the three worry distances and three
expected confirmation distances based on zip code classifica-
tion, we found no significant differences between urban and
rural zip codes with respect to worry distances (p . 0.05).
However, each of the expected confirmation distances was
significantly different based on urban versus rural zip code.
Mean ranks were higher in the urban category for each item,
indicating higher distances but only significant for the distance
at which a participant thought they could see (p , 0.001),
hear (p 5 0.007), or feel the effects of a tornado (p 5 0.007).
The distance at which someone would take action approached
significance (p 5 0.056). When using the participants’ self-de-
scribed location classification, a Kruskal–Wallis test for multi-
ple independent samples found significant differences in all of

the risk personalization distances (Table 3). Pairwise compari-
sons indicated that those who described their home location
as urban expressed greater risk personalization distances than
those self-describing as suburban, rural small town and rural
outside a town for each of the three worry distances and each
of the three expected confirmation distances. Once again, ur-
ban risk personalization distances were higher than the other
locations.

To explore the influence of the urban/rural distinction as
well as the influence routine travel distance may have on risk
personalization distances, we examined differences in travel
behavior among the location classifications (Table 4). In hy-
pothesis 4, we proposed that people living in urban areas will
identify routine travel areas that are smaller than people in
rural areas. Those participants who lived in zip codes classi-
fied as urban expressed longer travel times to work, but
shorter travel times to the other location, and shorter travel
times and shorter travel distances to the grocery store. These
differences were significant in a Mann–Whitney U test. When
using self-defined location classifications, a Kruskal–Wallis
test indicated significant differences among the location cate-
gories for time and distance traveled to each location. How-
ever, because of the number of pairwise comparisons, some of
the pairwise differences between location categories lost sig-
nificance when adjusted. All pairs were significantly different
for distance traveled to the grocery store except for urban ver-
sus suburban, with distance values increasing the more rural
the location is described. Similar results were found for dis-
tance to the other location. All pairs of locations had signifi-
cantly different distances to the other location except urban
versus suburban and urban versus rural small town, which ap-
proached significance (p5 0.07).

There were other factors that may help to explain differ-
ences in risk personalization distances based on location clas-
sification. The length of time living in one’s county influenced
worry distances and expected confirmation distances as sug-
gested in hypothesis 3. A Kruskal–Wallis test found significant
differences across all risk personalization distances overall
(p , 0.001 for each of the distances but worry about loved
ones, for which p 5 0.024). A number of pairwise compari-
sons were also significant. There were no significant pairwise
differences for worry about loved ones, but for each of the
other worry distances and expected confirmation distances,

TABLE 3. Results of Mann–Whitney U (rows 1–2) or Kruskal–Wallis (rows 3–8) tests for significant differences in risk
personalization distances among locations. The table displays the significance level of the difference, with the location of significantly
greater distance in boldface type.

Loved ones House Protect self/others See Hear Feel effects

Urban vs rural (zip code) 0.441 0.124 0.056 ,0.001 0.007 0.007
Self-described location (overall) ,0.001 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001
Urban vs suburbana ,0.001 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001
Urban vs rural small towna 0.001 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001
Urban vs rural outside a towna 0.007 ,0.001 ,0.001 ,0.001 ,0.001 ,0.001
Suburban vs rural small towna 0.178 1 1 1 1 1
Suburban vs rural outside a towna 0.142 1 1 0.61 0.937 1
Rural small town vs rural outside a towna 0.821 1 1 1 1 1
a Significance adjusted because of the large number of comparisons.

FIG. 2. Percentage of participants using sources of weather informa-
tion in the last 24 h and for tornado warning information.
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significant differences existed between those who had lived in
their county 20 years or more and those who had only lived
there 1–3 years or 3–5 years. Additional pairs were signifi-
cantly different for confirmation distances, including the dis-
tance at which one expected to hear or feel the effects of a
tornado when comparing 10–20 years with the three groups
indicating less than 5 years. Chi-squared analyses indicated
significant associations between length of residence (at cur-
rent address and county) and both classifications of location
(zip code and self-defined) where rural residents, especially
those who described their location as rural outside a town,
were more likely to live in their current address or county for
20 years or longer.

Risk personalization distances were also significantly differ-
ent based on a participant’s professed knowledge of their
county. Differences were significant based on a Kruskal–
Wallis test overall (p, 0.001). Distances were also significantly
different for all worry and expected confirmation distances be-
tween those who perceived their county knowledge as excellent
and those who perceived their knowledge as good (p , 0.001).
Differences for all expected confirmation distances were also
significant (p , 0.001) between those who perceived their
county knowledge as excellent and those who perceived their
knowledge as fair. The overall significance appeared to be the
result of lower distances among those who perceived their
knowledge to be good or fair. Hypothesis 5 proposed that peo-
ple living in rural areas will express a greater perceived knowl-
edge of their surrounding counties than people in urban areas.
A chi-squared test indicated a significant level of association
between self-defined location type and professed knowledge
[x2 5 52.048, with degrees of freedom (df) 5 9; p , 0.001].
Professed knowledge was higher among those self-describing
as urban. The same held true when comparing urban and rural
on the basis of zip code (x2 5 119.869, with df 5 3; p , 0.001).
Perceived knowledge was not related to travel distances to
work or the grocery store and weakly related to travel to the
other location (rs 5 0.075; p5 0.019).

Greater risk personalization distances were also associated
with having an advanced degree and being male. When
comparing only those identifying as male or female in a
Mann–Whitney test, males expressed higher confirmation dis-
tances for seeing, hearing, and feeling the effects of a tornado
(p , 0.001, p 5 0.004, and p 5 0.22, respectively). Males also

would take action to protect themselves or loved ones at a
greater distance (p5 0.048). Education led to a significant dif-
ference in a Kruskal–Wallis test for all risk personalization
distances overall but there were very few significant differ-
ences among pairs of education categories. Those with ad-
vanced degrees had higher distances than those with some
college for all worry and confirmation distances, those with a
high school diploma for all but worry about loved ones, and
those with a bachelor’s degree for each of the confirmation
distances and worry about one’s house (adjusted p values
ranged from ,0.001 to 0.012). Those with no high school
diploma/General Educational Development (GED) also tended
to also have higher distances, but this class was not signifi-
cantly different from any of the other classes. There was
some interaction among these factors. For example, individu-
als classified as urban tended to be more educated. This was
true whether comparing across self-defined location types
(x2 5 242.44, with df 5 15; p , 0.001) or by zip code classifi-
cation (x2 5 74.30, with df 5 5; p , 0.001). Urban residents
(as discussed above) as well as homeowners (x2 11.999, with
df 5 3; p 5 0.007) professed a higher level of knowledge of
their county. In a Kruskal–Wallis test, urban residents also
used a greater number of weather sources than did those who
described their location as rural outside a town (p 5 0.001) or
rural small town (p5 0.025).

Separately published results from the same sample
(Sherman-Morris et al. 2022) indicated that participants who
believed they had been closer to a tornado in the past ex-
pressed shorter worry and confirmation distances. To explore
this relationship further, we summed the three types of expe-
riences with tornadoes (being under a warning, hearing sirens,
and seeing news coverage) and tested for any relationships
with worry distance and confirmation distance. The sum of
tornado experiences was only significantly related to the
distance at which participants expected to be able to see a
tornado (rs 520.63; p5 0.045). As might be expected, partic-
ipants who thought they had been closer to a tornado had a
greater level of experiences with warnings, sirens, and news
coverage. Participants who described their location as rural
small town or rural outside a town reported being closer to
a tornado than would be expected statistically while the
opposite was true for urban or suburban participants. This
association was significant in a chi-squared test (x2 5 33.77;

TABLE 4. Results of Mann–Whitney U (rows 1–2) or Kruskal–Wallis (rows 3–8) tests for significant differences in routine travel
distances and time among locations. The table displays the significance level of the difference, with the location of significantly
greater distance in boldface type.

Work distance Work time Grocery distance Grocery time Other distance Other time

Urban vs rural (zip code) 0.355 0.001 ,0.001 0.001 ,0.001 0.52
Self-described location (overall) 0.024 0.037 ,0.001 ,0.001 ,0.001 ,0.001
Urban vs suburbana 1 0.109 1 0.133 1 0.404
Urban vs rural small towna 0.083 0.084 ,0.001 1 0.07 0.542
Urban vs rural outside a towna 0.196 1 ,0.001 ,0.001 ,0.001 0.111
Suburban vs rural small towna 0.216 1 ,0.001 0.628 0.019 1
Suburban vs rural outside a towna 0.389 1 ,0.001 ,0.001 ,0.001 ,0.001
Rural small town vs rural outside a towna 1 1 ,0.001 ,0.001 ,0.001 0.001
a Adjusted because of the large number of comparisons.
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p 5 0.004). There was also a significant association between
perceived distance of exposure to a tornado and education
(x2 5 63.38; p , 0.001). There was not a clear pattern among
the education groups; however, individuals with an advanced
degree were less likely than expected statistically to have expe-
rienced a tornado in less than 1 mi.

7. Discussion and conclusions

We expected people who travel farther distances to express
greater risk personalization distances due to a sense that the
larger area represented their home range, an area upon which
they are functionally dependent, which is a component of
place attachment. (A summary of the research hypotheses
and results is provided in Table 5.) Positive relationships were
identified between travel to the grocery store or travel to the
other location and some of the worry and confirmation distan-
ces. The positive relationships became much more consistent
when incorporating a frequency of travel value, especially for
travel to the grocery and other location. This may indicate

positive influence of one’s voluntary travel behavior on risk
personalization area. However, if someone has a lower per-
ception of what is close, they may preferentially go to closer
places. This could explain why travel distance and travel time
to work was not related to any of the worry distances.

We also anticipated that rural dwellers would be the ones
to have a larger area upon which they were functionally de-
pendent. This was true to some extent. Participants in urban
zip codes traveled farther for work, but generally distances to
the other two locations tended to be greater the more rural
the home location was described. Even though we found posi-
tive relationships between functional travel area and risk per-
sonalization distances, when we found significant differences
based on self-described location, risk personalization distan-
ces were greater in urban zip codes. This suggests other fac-
tors such as those we discuss below are likely responsible for
greater urban risk personalization distance other than the
area regularly traveled.

Our results may suggest that the rootedness often felt in ru-
ral locations is likely more important in explaining shorter

TABLE 5. Hypotheses and summary of results. The tests on which the results are based are listed in parentheses. For example, (x2)
indicates a chi-squared test, (KW) indicates Kruskal–Wallis, (MW) indicates Mann–Whitney, and (SC) indicates Spearman
correlation.

Hypothesis Summary of results

H1: People who routinely travel farther distances will express
greater risk personalization distances

H1: Generally not supported for travel to work; supported for
travel to grocery and other location (SC)

H2: Personalized risk distances will be influenced by
classification of the area as urban or rural where H2a:
people living in urban areas name risk personalization
distances that are smaller than people in rural areas

H2: Mixed, generally supported}
Not supported for worry distances comparing urban vs rural

zip codes (MW)
Supported for confirmation distances urban vs rural zip codes

(MW)
Supported when comparing across self-defined location type

(KW)
Supported when comparing self-defined urban location with

each other location (KW; pairwise)
H2a: Not supported; distances were greater in urban zip codes

(when significant) across tests
H3: Personalized risk distances will be influenced by length of

residence
H3: Supported}
Supported when comparing across length of time in county

overall (KW)
Supported across multiple pairs with residents in the current

county for 20 yr or more expressing shorter distances where
significant (KW; pairwise)

H4: People living in urban areas will identify routine travel
areas that are smaller than will people in rural areas

H4: Mixed}
Supported for comparing distance to grocery store urban vs

rural zip codes (MW)
Not supported when comparing distance to work urban vs

rural zip codes (MW); urban zip codes were longer
Supported when comparing self-defined urban location with

both rural locations for distance to grocery and other (KW,
pairwise); in general, these distances became greater the less
self-described urban was the location

H5a: People living in rural areas will express a greater
perceived knowledge of their surrounding counties than
people in urban areas (H5b: because of the greater
functional dependence on the county expressed through
farther travel distances and H5c: because people living in
rural areas will have longer lengths of residence)

H5a: Not supported; an association existed but those in urban
areas professed greater knowledge (x2)

H5b: Not supported; perceived knowledge was not related to
travel distances to work or the grocery store and weakly
related to travel to the other location (SC)

H5c: Supported; longest lengths of residence were associated
with individuals living in rural areas (x2)
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risk personalization distances than functional place attach-
ment. Pew Research Center results support that rural resi-
dents are less mobile (more rooted) by choice (Parker et al.
2018). In our sample, rural-outside-a-town residents have
lived at their address and in their county longer. Despite be-
ing exposed to a greater area via routine travel distance, rural
residents may conceive of their home location as smaller due
to less lifetime mobility. Future studies should attempt to
capture the feeling of rootedness with respect to risk person-
alization distance to determine whether it can explain some of
these place-based differences.

There may be other, demographic variables that can also
explain urban versus rural differences in risk personalization
distance. Generally, people who were urban had higher levels
of education, lived in their county a shorter period of time,
had higher professed county knowledge, and used a greater
number of weather sources. Urban residents also did not re-
port being as close to a tornado in the past as was expected
statistically while the opposite was true for rural residents.
Direct relationships between education level and tornado risk
perception or action are inconsistent. For example, education
did not predict taking protective action during an Oklahoma
tornado (Miran et al. 2018), but having less than a high school
education was related to a fatalistic response in multiple
2000–01 tornadoes (Schmidlin et al. 2009). Education may be
important in its association with other factors such as safety of
housing (Miran et al. 2018). The relationship (if any) between
length of residence and tornado risk perception or action is
not clear. Future research should consider the influence of
geographic mobility and migration into tornado-prone areas
on risk perception. Research should also examine the rela-
tionships between number of weather information sources,
risk perception and protective action. Using a greater number
of weather information sources was associated with taking
protective action during the 2011 Joplin, Missouri, tornado
(Luo et al. 2015) and the 2018 Oklahoma City, Oklahoma,
tornado (Miran et al. 2018) but not the 2011 Tuscaloosa,
Alabama, tornado (Luo et al. 2015). The number of informa-
tion sources used prior to Hurricane Irma was positively re-
lated with risk perception, but not evacuation, which may
indicate higher perceived risk was responsible for the greater
number of sources used (Sherman-Morris et al. 2020). Future
research should also incorporate risk propensity in under-
standing differences between urban and rural residents. Addi-
tional research into weather-related behaviors should also
consider concepts such as weather salience (Stewart et al.
2012) or personal motivations for weather information use
(Demuth et al. 2011), which may help explain how weather in-
formation relates to risk perception.

There were some limitations associated with our research.
We did not measure place identity, which is a measure of the
emotional attachment to the home due to limitations of the
survey. In addition to our desire to minimize response fatigue,
the variety of locations that participants live in would each re-
quire specific survey questions, making personalized questions
about identity with the home location more challenging.
Thus, we were not able to fully capture the role place attach-
ment might play in risk personalization. Future work should

incorporate other measures of place dependence and place
identity from literature on place attachment. The sample also
had limitations. The sample used quotas to reach targeted
values for several important variables but was not fully repre-
sentative of the population of the eight states or the U.S. pop-
ulation as a whole.

To summarize, our results suggest that greater risk person-
alization distances were associated with self-defining as urban,
having an advanced degree, driving farther and more fre-
quently to the grocery store and another location, and, to
some extent, being male. One of the worry distance measures
asked about likelihood of taking shelter, so the results suggest
that these characteristics could be related to both risk percep-
tion and protective action. Because one possible explanation
for rural participants expressing shorter risk personalization is
that they conceive of their home area as being smaller
through length of residence, homeownership, and a sense of
rootedness, warning communicators may be more effective if
they adjust messages targeted to rural communities in a way
that counters the perception of home as a place of safety
(Masuda and Garvin 2006; Klockow et al. 2014). It may also
be possible for warning communicators to relate the average
distances considered to be close with respect to grocery stores
and other locations to the location of a tornado. These volun-
tarily traveled distances as well as all of the average confirma-
tion distances were approximately 7–8 mi, whereas the
average worry distances were 11–12 mi. It seems reasonable
to expect that one would only expect to see, hear, or feel the
effects of a tornado if it were close by, so the similarities of
these results may help demonstrate what the average individ-
ual considers truly close and not just close enough to start
worrying about. Further research is needed to more fully un-
derstand the idea of what is perceived as close with respect to
tornadoes as well as the influences of place, geographic mobil-
ity, and risk perception on protective action during a tornado.
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