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Abstract
The Natior@\er Service has adopted warning polygons that more specifically indicate the risk
area than i ipus county-wide warnings. However, these polygons are not defined in terms of
numerical

polygons,

probabilities (p;). To better understand people’s interpretations of warning
icipants were shown 23 hypothetical scenarios in one of three information

| + flanking nontornadic storm cells (Condition C). Participants judged each

polygon’s ps an orted the likelihood of taking nine different response actions. The polygon-only

irections from there. The two conditions displaying storm cells differed from the
polygon-only condition only in having p; just as high at the polygon’s edge nearest the storm cell as

at its centr@id. Overall, p; values were positively correlated with expectations of continuing normal
activities, seeking information from social sources, seeking shelter, and evacuating by car. These
results indi€a at participants make more appropriate p; judgments when polygons are presented
in their natting text of radar displays than when they are presented in isolation. However, the

fact that
appropriat@response) and evacuation (a generally inappropriate response) suggests that experiment

ants experience the same ambivalence about these two protective actions as people
threaterwal tornadoes.

Keywords:: warning polygons; risk perceptions; protective actions

ents had moderately positive correlations with both sheltering (a generally

particip

This is
been thro copyediting, typesetting, pagination and proofreading process, which may lead to
differences betweell this version and the Version of Record. Please cite this article as doi:
10.1111/risa.12896.

r manuscript accepted for publication and has undergone full peer review but has not

This article is protected by copyright. All rights reserved.


https://doi.org/10.1111/risa.12896
https://doi.org/10.1111/risa.12896
https://doi.org/10.1111/risa.12896
mailto:mlindell@uw.edu
mailto:shuang@jsu.edu
mailto:mlindell@uw.edu

1. INTRODUCTION
Tornadoes are a hazard in the US, with a peak of 553 casualties in a single year.” Thus, the

National Weather fervice (NWS) is attempting to improve its warnings so people respond more

appropr re tornadoes strike.”) In particular, the NWS has changed from county-wide
warnings togs based warnings that identify risk areas by polygons. To date, few studies have
examined probability (ps) judgments and expected responses that warning polygons elicit.

To address this deficiency in the tornado response literature, this study proposes a series of research
hypothe-se ana research questions based on previous tornado warning research and describes an
experimenh:h participants viewed 23 hypothetical scenarios and then reported their p;

judgments ected responses to those scenarios. To replicate the results of Lindell and his

colleagues oup of participants viewed scenarios that displayed only a warning polygon. To

¢ storm cell, and two flanking nontornadic storm cells. The following sections
review pr dies on tornado warning response and tornado warning polygons, propose a

series of research¥hypotheses and research questions derived from this research, describe the

U

methods of data collection and analysis, present and discuss the experimental results, and
summarizefithe study’s conclusions.

n

2. LITERAT
2.1 Torna

EW
g Response Studies

4

Consistent the Protective Action Decision Model,‘“’ tornado research has found that
people warnings in a variety of different ways.”® This research has concluded that

warning messa aracteristics significantly affect people’s protective responses, especially when

©)

ecise regarding the potential impact severity, location, and time.” Thus, people are

more likely to take appropriate protective action in response to messages that provide specific

information about a tornado path,"*® (21)

(12)

visually depict the severity of tornado impacts'™™~ and provide
protective S'lon ﬁuidance.

Many pegple try to confirm tornado warnings by seeking information from social sources

(turning o TV, contacting authorities or peers, using social media or weather information

websites) a ecially, by going outside to look for environmental cues. However, people differ in
the amou rmation they expect before taking protective action. In one study, a warning
alone wasgufficient for 40% of the respondents, whereas 34% wanted more information about
location and intensity, and 39% wanted confirmation from environmental cues such as hearing or
seeing tH d.™

When

an aboveground i

ther cues such as heavy rain and strong win
cide to shelter, they seek the most readily available protective location—such as

erior room, a basement, or a safe room or storm shelter. If they do not possess
adequate shelter, some people leave their homes to shelter with neighbors or evacuate from the
risk area. mple, respondents’ most common response to their most recent tornado warning
was to the basement (69%), but many continue current activities (12%) or seek additional
information (1 ) Durage et al.™ reported that respondents’ mean ranks of their expected

response to tornado were highest for sheltering (1.47) and much lower for continuing current
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activities (3.47) or driving away (3.70). Of those who received a warning during the Joplin tornado,
77% took shelter™ whereas another study found that only 18% of respondents would leave their
houses to escape an oncoming tornado.™® Finally, two national surveys found that—in response to a
tornadonost people would shelter in their residence or on their property (67% in 2012
and 66% ingl a significant percentage would move to nearby location or drive away (24% and
23%, resnd only a few would continue their current activities—9% and 11%,

respectively.

I I
2.2 Tornad ing Message Studies
A growi ber of experiments have examined the effects of different components of

ssages, including their verbal content, radar displays, and warning polygons. For
example, Castee ® found that experiment participants who received impact-based warnings (IBWs),
which progideldetailed verbal descriptions of the potential effects of a tornado, had greater
Itering in-place. Information about the hazard (e.g., a tornado), the data source
on which Sing was based (radar or ground spotter) and potential impact (e.g., severity of
damage to mobilefiomes, site-built houses, vehicles, and exposed people and animals) increased the
likelihood of taking protective action. However, the evidence in support of IBWs is not all positive.
17 study of IBWSs found that increasing levels of impact had a stronger effect on
ppropriate action) than on sheltering in-place (the NWS recommendation).
Perreault, and Wilkins (2014)" found that IBWs were perceived to be less credible than
conventio

| gs but had no effect on expectations of taking protective action. Mason and
Senkbeil®® dév ed a six category Tornado Watch Scale (TWS) that provides guidance about the

types o are adequate, questionable, or inadequate for that tornado category. Their test
of the TWS on nvenience sample of 38 Alabama residents showed that respondents’ expected
behavi ed to change toward greater safety after hearing scenarios, which were described

initially using typical NWS language and later framed in terms of the TWS. Moreover, when asked
about their preference for the typical NWS language or the TWS, 37 (97%) of the respondents picked
the TWS.

Other studie
found that
presentatio

have assessed the effects of visual displays on warning recipients. Drost et al.?"

ated video was superior to a traditional TV presentation and an audio-only
arning information in its impact on recipients’ retention of information contained
in the warni age. Sherman-Morris and Lea'®? tested the impact of two different types of radar
images on

perceptions, of risk and higher expectations of shelter in-place than those who viewed a
veIocitwaever, the researchers concluded that other aspects of the data suggested that
these diff

images themselveg) Finally, Stokes and Senkbeil

arning recipients. They found that respondents who viewed a reflectivity display had
higher

ere due to the weathercasters’ accompanying commentary rather than the
(23

)focused on information sources and channels, but
they did note that,21 percent of their respondents cited being able to view the tornado track on

site was an important determinant of sheltering in-place.
six experiments have examined people’s responses to tornado warning polygons,
one of which préSented a tornado warning polygon and asked 29 respondents to indicate its

likelihood of striking different areas.® An ellipse in the polygon’s center was perceived to be the
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area of greatest risk. Another study compared the conventional polygon with two alternatives.®

The conventional tornado polygon essentially treats the entire area within the polygon as having the
same level of risk, whereas the authors’ spectral display divides a polygon into nine areas and
indicateﬁt risk in dark red, the lowest risk in light blue, and intermediate risk levels using
different h
into five a

he color spectrum. The third format was a gradient display that divides a polygon

ating the highest risk in dark red and the other areas in gradually lighter shades
of red. Data from participants indicated that the conventional polygon elicited the highest
ratings gf Eﬁkelihood of taking protective action, particularly at the polygon centroid, and
both depe

formats, t

iables declined sharply near the polygon edges. In the spectral and red gradient
e much larger areas of high ratings on both dependent variables—especially at

the polygofiedge glosest to the storm front. The spectral and gradient polygons had ratings on both
dependent variables that tended to decrease more gradually toward the outer contour than was the
case for th@c

Klocko
one of th inistic (the conventional polygon) and the other three probabilistic ellipsoids

ional polygon.
ed 35 interviewees storm radar images and four types of warning polygons—

that varied in theill color coding—each superimposed onto a regional map. All displays contained
four locations that were on a straight line and were at increasing distances from the storm front.
These fourfpoints were identified in the probabilistic displays as being in the 75, 60", 45", and 30"
percentile jmms. Interviewees were asked to interpret the four displays and describe their
at each of the four points. In general, they expected to shelter only in the highest

expected res
@ The lower probability regions tended to elicit expectations of situational

tivities. In a follow-up study, 5564 participants were randomly assigned to the
probability label) x 6 (display type) experimental design. The verbal probability
igh” vs. “low”. Two of the displays were deterministic; one was a “short warning” that

cells of a 2 (ve
labels
included only the two closest locations and the second was a “long warning” that included all four
locations. The remaining four displays were all probabilistic but varied in their color schemes. The

[ (25)

continuou eme corresponded to the Ash et a red gradient display and the qualitative scheme

corresponded.to the Ash et al.”® spectral display. The last two display types were a divergent

scheme a priess” scheme. In the divergent scheme, the highest risk area was dark orange,

the lowest a was dark blue, and intermediate levels of risk were indicated by light orange,
white, and ue. In the “colorless” scheme, areas within the contours were unshaded. All
participant§assumed the role of an airport manager and went through 96 trials in which they used
the tornado information displays to decide whether to shelter aircraft from the approaching storm.
The resuH substantial similarity among the different displays, especially among the colored
probabilist s. Moreover, examination of a receiver operating characteristic diagram showed
that the colored babilistic displays produced lower false positive rates, especially when they were

accompanied by verbal labels.

The f xperiment presented each of 64 participants with 24 tornadoes, each presented in
mats—text only, text + warning polygon, text + radar image, and text + warning
polygon + radar ge on a simulated smart phone screen.”” The text message described a tornado

warning for the respondent’s area, the warning’s expiration time, and a shelter recommendation.
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Surprisingly, the results showed that addition of graphical information (radar image and warning
polygon) to text information produced no increase in participants’ ratings of perceived severity,

perceived risk, and likelihood of contacting loved ones.
The iment used 36 participants in an experiment that examined four polygons—a

four-color ange, yellow, green) spectral display, a red gradient display, a gray gradient
Q

display, a tour display (the areas within the contours were unshaded, as in Klockow’s

“colorless” display), which were presented either with or without a radar image of the generating
storm.(!T ependent variables were the participants’ p;judgments, and their levels of agreement
(on a five Likert scale) of being impacted, fearing for life and property, and protective

action exp The results showed that displays without radar images elicited faster responses

for the spe@tral, rg@l gradient, and contour displays but not the gray gradient display. Moreover, the

displays without radar images were more accurate for the p;judgment, likelihood of being impacted,
fear, and m action expectations. There were no significant differences among the display
types with adar images, but the gray scale elicited significantly more accurate responses when a
radar ima splayed. When asked about their preference, the participants overwhelmingly
picked the spectralidisplay.

The most recent study presented 155 participants with 15 different warning polygons.® All
participant§'were told that NWS guidance indicates people should take protective action inside—but
not outsid arning polygon and they should imagine they had checked into a motel where

they were v the evening news when they were informed of a tornado warning. After viewing

each polyg@ cipants provided p;ratings and the likelihood of taking nine different response
actions rangthg ffOm continuing current activities to getting in a car and driving somewhere safer.
The res d a proximity heuristic in which participants inferred that p; was highest at the
polygon’s cen lower just inside its edges, still lower (but not zero) just outside its edges, and
lowest j ions beyond that. Higher p; judgments were associated with lower expectations of

continuing previous activities and higher expectations of seeking information from social sources
(but not environmental cues) and higher expectations of seeking shelter (but not evacuating).

2.3 Effects of Respondents’ Personal Characteristics

tudies have examined the effects of personal characteristics, such as experience
variables, on tornado warning response. Personal experience with previous events
makes peo likely to believe and respond to tornado warnings.(zg) Those who have previously

seen torna@lo warning polygons were less likely to ignore tornado threats and those who have

sly ignored_a tornado warning were more likely to provide lower p, judgments, be more likely
to ignong, and be less likely to confirm the warning and shelter immediately.(3) Just over
half (51%) who experienced both the 1999 and 2003 Moore Oklahoma tornadoes took the
same action on b occasions; those took less protective action in the second tornado were offset

previou

by an equal percentage who took more protective action.®” Based on their experience in the 27

April, 20 do, almost two-thirds (62%) of Tuscaloosa respondents expected to change their
tornad plans.m)
Examination ofl demographic variables has found that having at least a high school degree is

positively related to responding to a warning message.®**** Females are more likely than males to

This article is protected by copyright. All rights reserved.



provide high p; judgments, avoid warning confirmation from environmental cues, and to shelter in
safe locations®72%* put there is conflicting evidence on their tendency to seek warning
confirmation from social sources. Finally, there is mixed evidence on the effect on tornado warning
responsM and race.**"*"
2.4 Implica @ ornado Research Findings

The results of previous research suggest people use a proximity heuristic when responding to
tornado-w mlygons. This heuristic produces a perceived risk gradient that has p, decreasing as
a functioance from the expected impact location.®® Thus, people are expected to make

three categgrie ps judgments. The first category comprises locations within the polygon, with
lower p, jiligments in locations near the lateral edges than in those near the centroid.®?*** The

second category comprises locations just outside the polygon, which have lower—but not zero—p;
judgmentsmition, the third category comprises locations farther outside the polygon. Finally,
u

two of the

with their | expectations of taking protective action.®*
One limitationbf some tornado polygon studies®*** is that the participants saw polygons only

and not radar displays of the storm cells that were the basis for the polygons. The absence of this

s suggest that participants’ p; judgments and emotional reactions are consistent

contextual
than at th

of the rele
t.(28)

formation could explain why p, judgments are highest at the polygon’s centroid rather

the polygon that is nearest the storm cell. One study that displayed radar images
rm cell found no effect of this information”” and another found a negative
DW @ this might be due to the fact that the first study had a small sample and only

presented pdrti€Pants’ location at the polygon’s centroid. The second study also had a very small

effec

orted overall accuracy rather than p, judgments at specific locations. Thus, it is
p a better understanding of people’s interpretations of tornado polygons by
eplication and extension of Lindell et al.””) that shows some participants a polygon-only
(the replication) and shows other participants polygons in the more natural context of the radar
displays of the storm cells that are the basis for the polygons (the extension). Replication of previous

results is ortant because recent publications have emphasized the prevalence of spurious
findings in b ioral research and the need for replications to confirm that reported effects are
reliable.®* sion is important to determine if previous tornado polygon results can also be
found in w ontext is changed.

It is alsogi ant to continue examining the relationship of people’s personal characteristics to
Ps judgmegs and protective action expectations. These include female gender®”*! and hazard
experience ._It is also important to assess participants’ perceptions of the personal

conseqUMtornado's impact because these have the strongest correlations with behavioral

expectatio tual behavior in response to hurricanes."® Finally, it is important to determine if
people’s numericallinterpretations of verbal probability labels are related to their numeracy because
0

an extensive of research has shown that low numerates have difficulty in processing

quantitatj information.“’*? Although low numerates’ processing of graphical depictions of

guantit information differs from that of high numerates, they are equally capable of
drawing correct rences from that information.®™ It is unclear what implications these findings

have for tornado warnings because the existing literature on numeracy has focused on individualized
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communication of risk for diseases whereas tornado warnings involve mass communication of risk
for an environmental event. One possibility is that people with lower levels of numeracy have

different ways of eipressing—as opposed to interpreting—probabilities.

heses and Research Questions
erature summarized in the previous sections leads to nine research hypotheses

and three research questions.

RH1: *omjudgments will be greater at the polygon centroid than inside its lateral and far
edL

RH2: Tor,

RH3: ToRmado pdjudgments will be greater just outside the polygon than at a moderate distance

judgments will be greater just inside the polygon than just outside it.

RH4: To pljudgments will be greater at a moderate distance outside the polygon than much
far ofitside it.

RH5: Tojjudgments will be highest at the polygon centroid for the polygon-only display
but will befhighest at the edge nearest a tornadic storm cell when a radar image is added.

RH6: Tornado p, judgments will be higher outside the polygon when minor storm cells are added

on(€ither side of a tornadic storm cell.

RH7: To judgments will be significantly correlated with expected response actions.

RH8: Pri ience with tornado warnings, warning polygons, or tornado damage will be
sighlifi related to p, judgments and expected response actions.

RH9: Gendera@nd ethnicity will be significantly related to p, judgments and expected response

RQ1:
RQ2:

e expected personal consequences of a tornado strike?

e a significant correlation of the expected personal consequences of a tornado strike
with ps judgments and expected response actions?

RQ3: Is numeracy related to p, judgments and expected response actions?

L

3. RESEARCH METHOD

3.1 Partici
Data ected from student volunteers at the University of Washington in April 2016
according proved IRB protocol; each was paid $20. There were 180 volunteers who

registered,Qout only 167 participated. Overall, the sample was predominantly female (67%) and
single (
other P rs (59.3%), following by Caucasians (29.3%), African Americans (5.4%), Hispanics
(5.4%), anJ Americans (0.6%). Only a minority had previously seen a tornado polygon
(24.0%). Among th®se who had experienced tornado warnings (n = 42), 81% had taken a protective

action at least opce, whereas 62% of them had ignored a warning at least once. Very few

n average age of 22.5. They were most likely to identify themselves as Asian or

participa previous tornado damage experience (0.65 on a scale 0-7).

3.2 Procedur
Participants read from a screen at the front of the room and listened as an experimenter read
aloud a description of the color codes in NWS radar displays (in the two radar display conditions but
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not the polygon-only condition). They also read from a handout as the experimenter read aloud the
NWS'’s description of tornado warning polygons that were originally found on the NWS website at

www.srh.noaa.gov/images/bmx/aware/swaw 2010/web version pages p6.pdf but are reproduced
in Appe : t, the experimenter displayed on the screen and read aloud a scenario in which

participant told to assume they had checked into a single story motel in Des Moines lowa at
@ acking, a TV newscaster warned of thunderstorms moving northeast at 20 mph

and a NWS tornado warning between 6-9pm. The simulated broadcast displayed a tornado polygon
definedﬂ)y rea Isosceles trapezoid and the motel location designated by a single blue dot (see
Figure 1 fbrio displaying the polygon in relation to a tornado storm cell and two flanking

marizes the locations of the motel (blue dot) in relation to the tornado polygon,

s located at the center of the screen and the location of the polygon varied.

The p ly display (Condition A) showed only the blue dot and the polygon without any
storm cells (i.e., Figlire 1 without a radar display). In Condition B, this information was supplemented
by a simulated radar display showing a storm cell with a hook echo (i.e., Figure 1 with only the
central st@m cell). Finally, in Condition C, the blue dot, polygon, and tornadic cell were

suppleme simulated radar display showing a tornadic storm cell (as in Condition B) with the
addition of, nking non-tornadic storm cells (i.e., Figure 1). Each participant viewed all 23
hypotheticdl t oes but viewed only one type of display (i.e., display was a between-subjects
manipulation). shown in Figure 1, each warning polygon’s far edge (the one farthest from the

ger than its near edge, indicating increasing uncertainty about p, with time and
display of the tornadic storm cell had colors ranging from blue through green,

hook echo indicated a circular wind rotation that signals tornado formation. By contrast, the two
flanking storm cells only had colors ranging from blue to green. The participants were given no
informatio out tornado intensity.

After viewing each display, participants judged the likelihood of the tornado striking them (5-

8\ Extremely unlikely = 1 to Extremely likely = 5). They also used this scale to rate
aking each of nine different response actions. According to the NWS, the most
e for those inside the polygon, but not those outside it, is to seek shelter in an
or hallway. It is less appropriate for those inside the polygon to seek additional
information by waiching the weather forecast on TV, try to get more information from the motel
desk cle get more information on the Internet. All of these delay implementation of the
appropriat e. The least appropriate responses for those inside the polygon are to ignore the
weather forecast afid continue what they were doing, go outside to see if a tornado is coming, or get
into a car and drive,someplace safer. There was no constraint on the amount of time the participants
could tak

Aft

measuring their

plete their responses to each hypothetical tornado.

nding to all 23 tornado scenarios, participants answered four sets of questions
ected personal consequences of a tornado strike, their previous experience with
tornadoes, a scale of subjective numeracy, and their demographic characteristics. As in Lindell et
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http://www.srh.noaa.gov/images/bmx/aware/swaw_2010/web_version_pages_p6.pdf

al.®) participants used a 5-point scale to rate the likelihood their room would be severely damaged
or destroyed, their car would be severely damaged or destroyed, their luggage would be severely

damaged or destroyed, and they would be severely injured or killed.

PartMorted previous tornado warning experience in terms of having seen a warning
polygon ond =0, Yes = 1), having taken protective action after receiving a tornado warning and
(No =0, Ye 9
Yes = 1). Participants reported previous tornado impact experience with tornado property damage in
their cit’(Ees = 1), damage to their home (No = 0, Yes = 1), damage to the home of a friend,

d having taken no protective action after receiving a tornado warning (No = 0,

relative, n or coworker they know personally (No = 0, Yes = 1), injury to themselves or
members thdig immediate family (No = 0, Yes = 1), injury to a friend, relative, neighbor, or

coworker personally (No = 0, Yes = 1), disruption to their school that prevented them
from attending (No = 0, Yes = 1), and disruption to their shopping and other daily activities (No = 0,
en items were summed to produce a measure of previous tornado damage
experience, resulted in a scale with a = .79. Numeracy was measured using the Subjective
Numeracy The eight items were summed to form a scale whose reliability was o = .67.
Particime also asked to report their age (Under 21 =1, 21-25 = 2, 26-30 = 3, 31-35 = 4,

and Over 35 = nder (Male = 0, Female = 1), and ethnicity (African Americans = 1, Asian or other

Pacific Isl = 2, Caucasian =3, Hispanics = 4, and Native American = 5). Ethnicity was
subsequen ed to Minority (= 0) and White (= 1). In addition, participants were asked to
report thei status (Married =1, Single = 2, Divorced= 3, and Widowed = 4), education level

(Some highisc @ 1, High school graduate/GED = 2, Some college/vocational school = 3, College
graduate = 4, Graduate school = 5), income level (Less than $25,000 = 1, 5§25,000-49,999 = 2,
$50,00 , §75,000-99,999 = 4, 5100,000 or more = 5), and homeownership (Rent = 0,
Own = 1). Fina hey reported the numerical probability that they would assign to each of the
scale’s fi rbal labels (extremely unlikely, moderately unlikely, even odds, moderately likely, and

extremely likely) on a scale from Impossible (= 0) to Absolutely certain (= 100).

4. RESULT&

4.1 Treatmep issing Data

Overal (161/167) of participants completed all questionnaire items, and the others
omitted only
Little’s®?
= 1.000),

Maximizatign

jigle item. The highest missing data rate was 3.6% (ethnicity with six values missing).
ssing completely at random) test yielded a nonsignificant result (x’s;00= 285.5, p

dicating the missing values were completely at random. Thus, the Expectation-
Igorithm in SPSS 17.0 was used to estimate the missing values.

4.2 Data P

This experimeat yielded three sets of mean p; judgments (over the 167 participants) for each of
the 23 hypotheti
ean p, judgments in a 5 rows by 12 columns matrix indicating the motel’s location in

tornados—one set of means for each of the three display conditions. Figure 2

olygon for each of the 23 hypothetical tornado scenarios. To test RH1-RH4, the
differences in m ps judgments between locations were assessed using t-tests. The differences

between pairs of grid cells and their associated test results are presented in Table I. To test RH5-RH6,
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tornadoes were divided into six groups—motel located at the polygon centroid (Grid cell F3), motel
located at the polygon’s edge nearest the tornadic cell (Grid cell E2, F2, and G2), motel located in the

of the polygon (Grid cells D2, H2, C3, J3, B4, J4, and F5, and J5), motel located at
e outside of the polygon (Grid cells C2, 12, B3, J3, and A5), and motel located
ffthe polygon (Grid cell L4). Levene’s tests indicated that the ratings were generally

polygon’s two wings or edge farthest from the tornadic cell (Grid cells D3, H3, C4, F4, and 14), motel
located “

a moderate

farthest o
consistent within each group (the set of polygon’s two wings and edge farthest from the storm cell
in Con(#ci ﬁs the only exception). A Multivariate Analysis of Variance (MANOVA) was
conductedee differences among the three display conditions. To test RH7-RH9, correlations

ong p,; and expected response actions ratings for each of the tornado scenarios

personal ces.” Finally, RQ2 and RQ3 were tested assessing correlations among the
relevant v . Because of the large number of statistical tests, p < .01 was selected as a
statistical e level.

4.3 Tests of Research Hypotheses

Consis@ RH1 (Tornado p, judgments will be greater at the polygon centroid than inside
its lateral dges), Figure 2 shows that the polygon centroid (Grid cell F3) had significantly
higher p; j 5 than grid cells in the two wings (Grid cells D3 and H3) and the far edge of the
polygon (Qkid @ C4, F4, and 14). Table | shows that one of the hypothesized differences was

significant at'p

.01 and the rest were significant at p < .001.

Mo nt with RH2 (Tornado p, judgments will be greater just inside the polygon than
just outside it), re 3 shows that there generally were significantly higher mean ratings for grid
cells ju e the polygon than for adjacent grid cells just outside the polygon. However, in

Conditions B and C, a grid cell that was outside the polygon but close to its near edge (H2) was not
significantI! different from the adjacent grid cell inside the polygon (H3). Curiously, Table | shows

that this nolsignificant difference was not found in the corresponding mirror image grid cells on the
left side of thegolygon (D2 and D3).
Mostl (@nt with RH3 (Tornado p, judgments will be greater just outside the polygon than

Figure 3 indicates that p, judgments were greater just outside the polygon than
in the polygon-only condition (Condition A) but there were nonsignificant
differencesgbetween grid cells just outside the polygon and those farther outside the polygon in the
two tornadic stor
differen n 13 and J3 in both conditions. As with the anomalous result for RH2, Table |
shows thassignificant difference was not found in the mirror image grid cells on the left side

cell conditions (Conditions B and C). Specifically, there were nonsignificant

of the polygon (C3/&nd B3).

Consistent with RH4 (Tornado p, judgments will be greater moderately far outside the polygon
er outside it), Figure 3 shows that respondents’ p, judgments for grid cell L4 were
n for J4 (t;o = 3.89, p < .001 for Condition A, t;3 = 5.90, p < .001 for Condition B, and
or Condition C). Indeed, although the mean p, judgment for L4 was not quite at

ts, = 8.00,p <.
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the minimum (M = 1.0), it was quite close to this value because 59% of participants responded “1”
and 33% responded “2”.

Mostly consistent with RH5 (Tornado p, judgments will be highest at the polygon centroid for
the poI\’Hsplay but will be highest at the edge nearest a tornadic storm cell when a radar
image is ad

8 MANOVA revealed p; judgments varied by display type and tornado scenario
group (Wilks B2, F1318 = 10.1, p < .001). Specifically, Table | shows that p; judgments at the
three grid cells within the near edge of the polygon (E2, F2, and G2) were significantly lower than
those at-t Md (F3) in Condition A but not in Conditions B and C. By contrast, those three grid
cells witer edge of the polygon were not significantly different from the remaining grid

cells withi ygon (D3, C4, F4, 14, and H3) in Condition A but were significantly different in

Conditions

Contrary to_RH6 (Tornado p, judgments will be higher outside the polygon when minor storm
cells are either side of a tornadic storm cell), a MANOVA revealed nonsignificant
differences s fidgments outside the polygon between Conditions B and C (Wilks” A = .95, Fg 100 =
.85, ns). IZE mean difference between Conditions B and C in the p, judgments for the grid

cells outsi ygon was extremely small—only M, — Mz = .08.

Partially ijstent with RH7 (Tornado ps judgments will be significantly correlated with
expected @actions), Table Il shows that p; judgments were negatively correlated with
continuing

(from TV,
nonsignifi

ctivities (r = -.44) and positively related to three information seeking activities
d Internet; ¥ = .26), sheltering (r = .50), and evacuating (r = .38), but were

ted to searching for environmental cues (going outside to see if a tornado is
coming, r=-.01).
Par ent with RH8 (Prior experience with tornado warnings, warning polygons, or
tornado dama
Table |
protective actions were more likely to ignore the tornado warning in the experiment (r = .23).
Partialli consistent with RH9 (Gender and ethnicity will be significantly related to p, judgments

ill be significantly related to p; judgments and protective action expectations),
s _that respondents with previous tornado warning experience who did not take

and expec nse actions), Table Il shows that females and minorities produced significantly
higher p, judgma
(r=.26 anq
Internet (r

epts (r=.20 and r = .28, respectively) and were more likely to seek immediate shelter

respectively). In addition, females were more likely to seek information from the

nd evacuate (r = .21). In addition, females and Whites were more likely to seek
environme by going outside (r =.20 and r = .20, respectively).

4.4 Tests of Research Questions

Reg (What are the expected personal consequences of a tornado strike?),
participantjd a tornado’s personal consequences to be moderately (M = 3.61) to extremely
(M = 4.43) serious! Participants were significantly more likely to expect damage to the car than

damage to the rogm (tiss = 3.66, p < .001), damage to luggage (t;s6 = 7.37, p < .001), and personal

injury or 166 = 10.46, p < .001). In turn, they were more likely to expect damage to the room
luggage (ti65 = 5.00, p < .001), and personal injury or death (t;5 = 9.48, p < .001).
Finally, they were'hore likely to expect damage to luggage than personal injury or death (t;s = 4.30,

p <.001). The level of agreement about the likelihood of damage to the car (rys = .62) or room (rye =
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.61) was higher than the level of agreement about injury or death (rys = .41) and damage to the
luggage (rye = .43).

Regarding RQ2 (Is there a significant correlation of the expected personal consequences of a
tornado ps judgments and expected response actions?), three of the expected personal

consequenges a tornado strike (car damage r = .22, luggage damage r = .26, and personal

injury/death ) had significant positive correlations with p; judgments. In addition, those who
perceived a greater likelihood of room damage (r = .22) or injury/death (r = .24) were more likely to
evacuatE.

Regardh(ls numeracy related to p; judgments and expected response actions?), numeracy
had nonsigpificaligycorrelations with p, judgments (r = -.12, ns), continuing normal activities (r = .18,

ns), and th@othergesponse actions (average r =-.07, ns).

5. Dlscusm
These a results continue the examination of the effects of graphical tornado warning
displays o eption and expected protective actions. As Ash et al.** noted, it is important to

explore how the@onventional warning polygon compares to alternative formats in influencing

people’s p, judgments and behavioral responses. Accordingly, participants in the present study
viewed thrf different displays—a polygon-only condition, a polygon + tornadic storm cell condition,

and a poly [tiple storm cells condition. The present study design is similar to that of Ash et
al.”in co img#a conventional polygon to other conditions, so the discussion below compares
the presenfire ainly with that study.

5.1.Re heses
Regardi (Tornado p, judgments will be greater at the polygon centroid than inside its
lateral a ges), Figure 2 and Table | show that the centroid (grid cell F3) received higher p;

judgme of the cells inside its lateral and far edges. This result is completely consistent
with previous polygon-only studies®?*?*) that found the centroid to have the highest p, judgments. It
is importag to avoid misinterpreting the results for this hypothesis as an unqualified replication of

the centro found in polygon-only studies, in which the polygon centroid inappropriately

received h' judgments than grid cells at the polygon’s near edge. This centroid effect is
addressed @R

The stro ort for RH2 (Tornado p, judgments will be greater just inside the polygon than

it) replicates previous findings of a weak edge effect, in which participants ignore the
t a polygon’s boundary is a critical threshold for appraising their risk. However,

aIthougI“just inside the polygon generally had higher mean ratings than grid cells just

outside th , some that were just outside the polygon received very high p, judgments if they
were near the tofnadic storm cell. These results are similar to those of Ash et al.”® in which

participant o perceive the edge of a polygon as a critical threshold.

The su r RH3 (Tornado ps judgments will be greater just outside the polygon than at a
moder ce outside it) and RH4 (Tornado p, judgments will be greater at a moderate distance
outside the p than much farther outside it) confirms that p, judgments decline with distance

| 3)

from the polygon. These results replicate those of Lindell et al.”” in finding substantial p; judgments
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and expected response actions outside the polygon and extend the results of previous studies that

(24)

only examined p, judgments inside the polygon®¥ or inside and adjacent to it.”® These results also

provide further support for a proximity heuristic that generates a perceived risk gradient®*® which
coanictsH\reshold advocated in NWS guidance. It is also consistent with the phenomenon

of evacuati dow—evacuation from areas outside an officially designated evacuation zone—

(4)

that is con: ound in studies of actual evacuations.

The partial support for RH5 (Tornado p, judgments will be highest at the polygon centroid for the
polygon!ormy but will be highest at the edge nearest a tornadic storm cell when a radar
image is a tends the Ash et al.” results by identifying another display that weakens the
centroid effgct. fhe results in Table | comparing grid cell F3 with E2, F2, and G2 provide clear
evidence t@gments at the centroid are significantly higher than those at the polygon’s near
edge only when_the polygon is viewed in isolation. By contrast, there are no significant differences
between tmid and the polygon’s near edge if a tornadic storm cell is added to the polygon
display (Condtti B and C). This finding suggests that viewing a tornadic storm cell redirects
participantjion. Surprisingly, however, the addition of a tornadic storm cell only weakens,
rather than eliminates, the centroid effect. Thus, providing participants with more information about
the storm (i.e., the location of tornadic hook echo as well as a color-coded representation of storm

intensity) Sas not as effective in eliminating participants’ focus on the polygon centroid as the

spectral a t displays were.” The results for RH5 appear to conflict with those of Miran et
al.”® who d that their participants made poorer threat assessments when radar displays
were provide rtunately, the basis for the apparent conflict with the present study’s results is

not entirely Cle ecause Miran et al.”® did not report the participants’ hypothesized locations in

relatio gon. However, the differing results are likely to be due to the fact that Miran et
al.”® reporte erall measure of accuracy rather than reporting assessments of p, judgments at
specific around the polygon. Thus, it is impossible to determine if their participants exhibited

the centroid effect in the polygon-only conditions or assess the degree to which radar displays
reduced this effect.
The re&is from testing RH6 (Tornado ps judgments will be higher outside the polygon when

minor storm are added on either side of a tornadic storm cell) reveal that adding minor flanking

storm cellg 2d no significant differences in p, judgments outside the polygon. This suggests
that particip
the (nonth

reproducesgthe radar displays of multiple storm cells that frequently accompany televised tornado

ocused their attention on the cell with the hook echo and were uninfluenced by
) flanking storm cells. This result is important because Condition C more nearly

warnings. oweveii conclusions about participants’ ability to focus on the tornadic storm cell and

polygon
received s truction about radar displays and tornado polygons immediately before judging

ing minor storm cells must be qualified by noting that participants in this study

the tornado scenarios. It remains to be determined what proportion of the tornado risk area
population knows _how to interpret radar displays and, thus, discriminate tornadic from nontornadic

for RH7 (Tornado p, judgments will be significantly correlated with expected
response actionsf®tonfirmed previous findings that p, judgments were negatively correlated with

continuation of normal activities and positively correlated with information seeking from a variety of
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sources and protective actions such as sheltering and evacuation. This support is crucial because the
finding that p, judgments are related to expected protective actions means that this study has

significant iolicy iiplications. For example, as noted above, the fact that p, judgments are positively

correlat acuation—even though the NWS discourages this response to a tornado
warning—suuge that new ways are needed to more effectively communicate tornado risks and
the risks o, m priate emergency actions.

The results from RH8 (Prior experience with tornado warnings, warning polygons, or tornado
damage‘w@ficantly related to ps judgments and expected response actions) revealed that all
forms of e i significantly reduced expectations of evacuating. The nonsignificant correlations
of prior expgrie with tornado polygons with ps judgments and expected protective actions other
than evacwﬁ‘er from previous findings indicating that those who had previously seen a
warning polygon were less likely to ignore tornado threats.® Previous research has proposed that
conflicting ffesglits Yegarding the effects of experience may be due to the fact that the effect of past
experience efds on the lessons people draw from that experience.®***” Thus, further research is
needed to effects such as “false alarms”.®®*® More generally, Demuth®” conducted a
comprehensive e;mination of the definition and measurement of disaster experience, so future
research should recognize that their studies might yield different results, depending on whether

they are isessing risk personalization, personal intrusive impacts, vicarious troubling impacts,

common p reats and impacts, or negative emotional responses.
The te (Gender and ethnicity will be significantly related to p;judgments and expected
response acti enerated results that are only partially consistent with previous findings.‘a’

Consistent Wit revious results, females had higher p, judgments and expected to shelter
males in the present study were also more likely to seek environmental cues as

well as obtain mation from the Internet—a contrary result. On the other hand, the results for
revious findings that Whites had lower p;judgments and less likely to shelter or
evacuate. As for the information sources, Whites were more likely to seek environmental cues.

5.2. Reseafgh Questions
Regar (What are the expected personal consequences of a tornado strike?), Table 3

ﬂ
“

previous fiidings® and could be explained by “unrealistic optimism”, which is defined as “a

suggests t ipants were relatively optimistic regarding their risk of personal injury or death

and, thus, ore likely to expect damage to the car than damage to the room as well as to
expect dam uggage rather than personal injury or death. These results are consistent with
favora between the risk estimate a person makes for him- or herself and the risk
estimat“ by a relevant, objective standard”.®® Alternatively, they might indicate that
some resp thought the car—being outside—would be more exposed to storm wind than a

person sheltering Th a room and that the room might receive some damage without any occupants

being injured® her research is needed to determine which of these is the more appropriate
explanation
Th regarding RQ2 (Is there a significant correlation of the expected personal

consequences tornado strike with p; judgments and expected response actions?) revealed that

participants who expected room damage or personal injury/death were more likely to expect to
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evacuate. These were the only two of the 28 (four personal consequences times seven response
actions) correlations that were statistically significant. Although this seven percent significance rate
is larger than the one percent expected by chance, it weak evidence that warrants replication.

The RQ3 (Is numeracy related to p, judgments and expected response actions?)

suggest th aracy has no effect on people’s responses to probabilistic spatial displays. Future

research rag he effects of cognitive abilities in the interpretation of tornado polygons might

be more prod (63)

uctively directed toward an examination of spatial abilities.
All &u es have their limitations and this one is no exception. The participants were mostly
students from a region that is notable for the rarity of tornadoes. Only a minority (25%) of

the partici d ever received a tornado warning and those who had previously received a

tornado w d only received a few. As a specific example, the county in which the experiment

was conducte s had only five tornadoes in the past 60 years and the most recent one was 2001
when the efparticipant would have been seven years old. Moreover, these participants were
responding thetical scenarios, which do not necessarily elicit the same responses as actual
situations. , many of the results in the polygon-only condition (Condition A) replicate those
reported b; Lin;I et al. (2016)®) whose sample had a significantly higher level of tornado
experience. In addition, research on hurricanes has found that experiments involving hypothetical

hurricane @Cenarios vyield results that are quite similar to those that are found in surveys of
(46)

responses hurricanes.
Anoth ial limitation is that the description of the tornado scenario included a statement
that there Wa rnado Warning over a three hour time interval that was more characteristic of a

Tornado Watch™Mowever, none of the participants indicated that they found this statement to be
possibly because of their lack of experience with Watches and Warnings.

Moreover, the icipants in all three conditions received the same instructions so the effect (if it
d have affected all three conditions equally. For the hypotheses about differences
between locations (RH1-RH4) or about differences between locations that are contingent upon
display (RH5 and RH6), adding or subtracting a constant to all three conditions would have no effect
on the diff ces between the means for those conditions or the variances within those conditions.
Thus, the hypg
subtracting

and RQ2 a

6. CONCLﬁIONS
Thi more evidence to existing literature that risk perception, operationalized here as

Ps judg“gnificantly correlated with information seeking and protective responses to

eses tested by t-tests or MANOVA would be unaffected. Similarly, adding or

Stant to one of the variables has no effect on the correlation analyses (RH7-RH9

imminent ental hazards.”*® Unfortunately in the case of tornadoes, p, judgments are

positively correlat@ with evacuation expectations even though the NWS discourages people from

taking this hen a tornado warning is in effect.

In additi is study suggests that the addition of radar displays to the conventional
determ rnado polygon has an effect that is similar to that of the probabilistic spectral and
gradient disp increasing ps judgments and protective action expectations at the near edge of

tornado polygons. However, these displays only weakened rather than eliminated the centroid
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effect and produced no detectable increase in the NWS’s desired edge effect (dramatically lower p;
judgments and protective action expectations outside the polygon). Moreover, further research is
needed to make more direct comparisons between the relative effects of the polygon + storm cell
display spectral and gradient displays. Such comparisons should also examine whether

the o
are likely to be informative in this regard.‘“’

Finaﬂy e addition of minor storm cells beyond the tornadic storm cell with a hook echo
doesn’t se

experimen ipants also use a proximity heuristic to generate perceived risk gradients in

response t pbabilistic displays. Collecting concurrent or post-experiment “think-aloud” data

ake a difference in participants’ ps judgments and expected response actions.
However, itgi8 i rtant to note that participants in this experiment were emphatically told how to
identify th@hook &cho as a tornado indicator at the beginning of the experiment but it is unclear
what proportion of tornado risk area residents are aware of this information. In this regard, other
research has f@lindl that many people are unable to distinguish some types of tornadic clouds from
nontornadi %) which indicates that there are multiple ways in which people can misidentify
tornadoes angerous cloud formations. Thus, future research should continue to conduct
experiments that Sanipulate verbal warnings, radar images, tornado polygons, and cloud formations
to determine how people resolve potential information conflicts.
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Table I. Test Results for RH1-3 and RH5

Condition A: Polygon-only

Condition B: Polygon + tornadic

Condition C: Polygon +

Comparison storm cell multiple storm cells
ce | Testresult Difference | Test result Difference | Test result
RH1
F3>D3 ts9 =6.23, p < ts3=4.49, p < .001 ts» = 8.06, p <
.001 0.65 0.89 .001
tsg = 7.69, p < ts3 = 2.76, p < .01 ts2 = 6.16, p <
.001 0.38 0.59 .001
t59=7.07,p< t53=7.77,p< .001 tso = 11.10,p<
.001 1.09 1.38 .001
ts9=7.09, p < ts3=6.59, p < .001 t5=6.85, p <
.001 1.11 1.02 .001
t59=8.82,p< t53=6.11,p< .001 tso = 12.75,p<
.001 0.92 1.21 .001
RH2
ts9 = 8.64, p < ts3=10.63, p < ts2=13.10, p <
.001 1.56 .001 1.38 .001
tso = 10.78, p < ts3=7.41, p < .001 tso = 4.37, p <
.001 0.92 0.55 .001
tso = 11.31, p< ts3 = 9.54, p< .001 tso = 9.48, p<
.001 1.23 1.21 .001
tsg=7.83,p < ts3=6.23, p < .001 ts»=5.00, p <
.001 0.79 0.72 .001
ts9 = 8.68, p < ts3 = 5.65, p < .001 tso=5.17,p <
.001 0.79 0.79 .001
tso = 3.32, p< ts3 = 2.68, p< .01 tso = 3.49, p<
.01 0.46 0.61 .01
ts9=10.48, p < ts3 = 9.54, p < .001 ts=9.45,p <
.001 1.19 1.25 .001
ts9=8.31,p < ts3=6.81, p < .001 t52=7.27,p <
.001 0.78 0.79 .001
tso = 8.43, p< ts3 = 4.51, p< .001 tso = 6.48, p<
.001 0.83 0.77 .001
tso = 8.78, p < ts3 = 8.38, p < .001 ts2= 1149, p <
.001 1.37 1.39 .001
ts9 =9.25,p < ts3 = 1.95, ns ts» = .59, ns
.001 0.23 0.07
ts9 = 8.32, p< ts3 = 7.49, p< .001 tso = 6.56, p<
.001 0.71 0.69 .001
RH3
ts9 = 5.59, p < ts3 = 3.04, p < .01 tso = 4.96, p <
.001 0.39 0.53 .001
tso = 9.06, p < ts3 = 5.46, p < .001 ts2= 4.43, p <
.001 0.65 0.53 .001
ts9 =4.42, p< ts3 = 2.05, ns tso =1.27, ns
.001 0.32 0.17
ts9=6.73, p < ts3=9.73, p < .001 ts=8.57, p <
.001 1.1 1.02 .001
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RH5

ts9 = 8.31, p <.001 0.01 ts3= .12, ns 0.06 tso = .54, ns

ts9 = 6.61, p < .001 -0.26 ts3 =-1.99, ns -0.05 tso = -.62, ns

ts9 = 8.10, p < .001 -0.10 ts3=-.73, ns -0.03 tsp = -.35, ns

ts9 = -2.52, ns 0.64 ts3 = 4.96, p < .001 0.83 ts» = 8.64, p < .001
tso = -.74, ns 1.08 ts3=7.09, p <.001 1.32 ts» = 8.99, p <.001
tso = -1.29, ns 1.10 ts3 = 6.01, p <.001 0.96 ts» = 5.33, p <.001
tsg = .00, ns 0.91 ts3 = 6.24, p < .001 1.15 ts2 = 9.96, p < .001
tsg = -1.45, ns 0.37 ts3 =2.43, ns 0.53 tso = 4.67, p < .001
tso = -.76, ns 0.91 ts3=9.12, p <.001 0.94 tsp=7.57, p <.001
tsg = .75, ns 1.35 ts3 = 9.81, p <.001 1.43 ts» = 10.15, p <.001
tso = .26, ns 1.37 ts3=10.52, p <.001 1.07 ts0=6.76, p < .001
tso = 1.75, ns 1.18 ts3 = 9.14, p < .001 1.26 tso = 10.72, p < .001
tsg = .25, ns 0.64 ts3 = 5.33, p <.001 0.64 ts»=5.31, p <.001
tsg = -2.08, ns 0.75 ts3=6.42, p < .001 0.92 tsp=7.70, p < .001
tsg =-.73, ns 1.19 ts3 = 9.33, p <.001 1.41 ts» = 9.37, p <.001
tsg =-1.00, ns 1.21 ts3=7.55, p <.001 1.05 ts2=6.17, p <.001
tso = .13, ns 1.02 ts3 = 8.51, p <.001 1.24 ts2 = 10.36, p <.001
tso =-1.31, ns 0.48 ts3=4.74, p < .001 0.62 ts»=5.92, p <.001
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Table Il. Means (M), Standard deviations (SD), and intercorrelations (r;) of variables pooled over the
three display conditions.

11 2 | 3| 4| 5| 6| 7| 8| 91011 |12 |13 |14
1. Female
2. White -.05
3. - | .00
4. 04| 07| -
5. 07 23* 0| .M
6. 02 12 0 [ .30 | 52
Z. .00 14 6 .?£3 524 3:4
8 . il I B o O B
-10 | -18 | 1 ]05].02| 23] 0] -
20* | 20| 0| - 08| - |1 |22 -
-07 | 05| - | - | - | - |-0].00]-06].08
24| -15 | - | - - - - ler| - |21 27
12 ] 02| 0] - -] - | 29| - | 43| 0638
26* |- | - |11 |10 - - | 50%| - |35 - | .28 .31
14 '_21* .g 1'8 27 | .36 71 .38* '2'1* 0| 28] 352 g

experience receiving a tornado warning and taking protective action; 6. ExpWrnNo =
receiving a tornado warning but not taking protective action; 7. ExpTorDam = previous
damage; 8. StrikeProb = ps judgments; 9. Ignore = ignore the weather forecast and
jvities; 10. InfoOutside = go outside to seek environmental cues; 11. InfoTV = continue
watching the weather forecast on TV; 12. Infolnternet = seek information from the Internet; 13. InfoClerk = seek
information from the motel desk clerk; 14. Shelter = seek immediate shelter; 15. Evacuate = get into the car and

@,
e
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Table Ill. Means (M), and interrater agreement (ry) of expected personal consequences of a
tornado strike.

I 'Car Damage Room Damage Luggage Damage Injury/Death
4.43 4.20 3.92 3.61

M
rwe Q.az 61 43 41
|

Appendix A: Experiment Instructions

L Severe Storm Displays

The ra diSplay on the right shows the amount of energy reflected back to the radar from a
storm. As tlie scalgiat the bottom of the image indicates, the colors change from blue through green,

yellow, oran d red as storm intensity increases. In particular, the orange and red areas in this
image hav tense rainfall and are more likely to generate tornadoes.
One e Ily@important characteristic of a storm’s radar image is a hook echo, which indicates

the circular wind rotation that signals tornado formation. It is important to recognize that a hook
echo is not a pégfect predictor of a tornado. Some storms with hook echoes fail to produce
tornadoes storms without hook echoes do produce tornadoes.

Moreover, storm conditions can change rapidly, so a storm might fail to develop a tornado even

though early indications suggest that it might. On the other hand, a tornado might develop rapidly in
another st t did not initially appear to be threatening. Consequently, National Weather

Service (NWS) meteorologists must make their best judgment about whether the available
informatio issuing a tornado warning.

Tornado Warning Polygons

NWS meteorologists issued tornado warnings for entire counties. However, they
now issue wargi in the shape of a polygon, which is intended to warn only the locations that are
ience severe weather. In the example below, the NWS issued a tornado warning
that affected four counties—Tuscaloosa, Jefferson, Bibb, and Shelby (outlined in red), but the area
within those four counties defined by the warning polygon (outlined in white) was much smaller.

So whg does this mean for you? When you become aware of a tornado warning for your area,
you need ickly. If it is dark and ominous, find shelter immediately. If the sun is out or the
weather is tune to your NOAA Weather Radio or a local radio or TV station to get more
details. Th@commends that only those inside the polygon take action. If you are ever in
doubt abou er you are at risk, seek additional weather information immediately.
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