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1. INTRODUCTION trast to relatively high tornado warning reception rates,

. : . . the reception rate for flood warnings reported in several
The National Weather Service routinely verifies theStudies lies close to 40% (Parker et al. 2009).

lead-time and accuracy of severe thunderstorm and tor- : : . . .
While warning reception plays a major role in the ef-

nado warnings to measure the success of the warnin . : )
program in meeting the agency’s primary mission to pro-'%rt to protect life and property, studies show that inter-

tect life and property from weather-related hazards. Anpretation of the warning by the recipient and a proper re-

important, but rarely studied, component that uItimaterSponse remain critical (e.g., S_chumacher etal. 2010). In
influences the role of convective warnings in protect-an. e>§am|nat|on of the casualties resulting frqm tk!‘e .1979
ing life and property is the proper utilization of warn- Wichita Falls tornado, Glass et al. (1980) write, “Since

ing information by the intended audience. Warning uti—.96 percent of people claimed they had adequate warn-

9 I P . the problem was one of proper education and re-
lization by groups or individuals experiencing various N9, ” o
types of weather events requires at least three key elePONse. The fact that one survey shows that 90% of re-

ments: receipt of the warning message, an understan&pondems who received a tornado warning immediately

ing of its meaning and personal relevance, and approprr'?ought shelter (Paul et al. 2003) provides some encour-

ate action if necessary. Other studies report similar an&gement. One factor that inhibits an appropriate response

more detailed cognitive and behavioral steps from warninvolves the miscommunication about what protective

ing reception to response (e.g., Doswell 2005; Lindel|2ction or a safe location might look like. Sherman-
ar?d PerrF))/ 2004, p 661' Milegi 1%95. Mileti and SorensenMorTis (2010) finds that recipients of a tornado warning
1990) B ' wanted to find safe shelter as the warning message rec-

Warning reception rates reported in previous studiesommendecj’ but did not completely understand where to

vary somewhat depending on the threat and researcﬂo so. About three quarters of the sampled population

methods. Paul et al. (2003) determine through personéPok shgl_ter in the Sher_man-Morrls (2010) stuc_iy.
interviews following a regional tornado outbreak that . COdnitive and situational factors strongly influence
nearly three-quarters of the population successfully refn€ decision-making process of individuals who have re-

; ; ived a warning about a potential threat (Legates and

ceived tornado warnings. In the same study, respondents. lve , .
reported sirens, followed by television, as the most com,, iddle 1999). One such factor includes the influence of
false alarms, which are widely regarded as problematic,

mon source of warning information. Other studies alsob h hat fal | q h h b
find that television and sirens, when available, are the pri2Ut Others argue that false alarms do no harm to the pub-

mary sources for warning information (e.g., Balluz et al. lic perception of threats communicated in future warn-

2000; Hammer and Schmidlin 2002). Sherman-Morris"9S (€-9., Bames et al. 2007; Schultz et al. 2010). Risk
(2010) reports that approximately two-thirds of respon_percepnon also influences warning response (Dash and

; ; : Gladwin 2007). In the context of hurricane forecasts
dents to an online survey of university students and em- . X T '
ployees following a tornado event indicate receiving a0rss and Hayden (2010) find that including informa-

campus alert message warning of the tornado, mostly vifon on specific threats posed by a storm may enhance

cell phone, while many learned of the National Weathera/ning communication. The authors note the impor-

Service warning through local television, personal com-{ance of research on how people interpret and use warn-

munication, an alert service, or the Internet. In the samd"9 Messages in order to convey risk and encourage pro-

set of interviews, only 3% of students and less than G(ygective action. The present work addresses aspects of this

of faculty and staff on a college campus report learning”P€ (_)fdr_eggarclzh using a Iarge:ﬁcale onltl_ne survey to as-
of the tornado warning via National Oceanic and Atmo-S€SS Individual éxperiences with convective warnings.

spheric Administration (NOAA) weather radio. In con-

2. WARNING SUCCESSRATE
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warning message, yet no studies to date specifically tar-
get the three elements of the WSR to quantify this mea-
sure of warning utilization. The present study represents
the first large-scale effort to evaluate the WSR for the
general population by determining how the general pub-
lic receives, interprets, and responds to severe thunder
storm and tornado warnings.

Received
Warning

Correct
Interpretation Appropriate
Response 3. SURVEY

The online survey gathers information on experiences
with severe thunderstorm and tornado warnings from re-
spondents during the period April-August 2010. This
period covers the bulk of the spring storm season and
spans enough time to include a variety of storm types
FiG. 1. The warning success rate (green) corresponds with the pe and event scales, fr_om isolated thunderStorms to tornado
centage of the warned population that receives the warniegsage outbreaks, and a wide geographic coverage. The survey,
(orange circle), correctly interprets the warning (velidrcle), and re-  OP€nN to respondents from the 39 states east of the Rocky
sponds appropriately (blue circle). Not all appropriatepmnses to the  Mountains (i.e., North Dakota, South Dakota, Nebraska,
warning follow from a correct interpretation (purple). Colorado, New Mexico, and all states eastward), requests

information regarding experiences with severe thunder-
) o o storm and tornado warnings. The study region focuses on
National Weather Service in protecting life and property,ihe states receiving the majority of springtime and sum-

Wolf (2009) introduces the concept of warning successmertime convective warnings and neglects areas from the

rate (WSR). The WSR, given by Rocky Mountains westward given the dramatic decrease
in the number of overall convective warnings issued for
WSR = Py, x P x P, (1) this area. ’

and expressed as a percentage, measures the percent’-A‘n automated script obtains all of the severe thunder-

age of the warned population that receives, correctly inStorm and tornado warning text files in real ime from the
ational Weather Service and parses the information in

terprets, and appropriately responds to a given warnim{;\r‘] . | L
message. Herd?, represents the proportion of the pop- € warning text to determine the states and counties in-
ulation that receives the warning messaBerepresents  ¢luded in the warning, the warning time, and the warning
the proportion of recipients of the warning who interpret YP€ (€., severe thunderstorm or tornado). The script
generates a dynamic list of states with recent and ac-

it correctly, andP, represents the proportion of those ¥ ; L o
who both receive the warning and make a correct interlive warnings within the last three days. A 72-hour limit

pretation who also take appropriate action. Unlike other®n the vvlarninr?s provides sufficien;]time for relsp.ondefnts
verification measures that assess warning accuracy arig complete the survey, prevents the accumulation of an

timeliness, the WSR focuses on warning utilization by ©Verwhelming list of warnings, and lessens the possibil-
icatior]ty that respondents will forget essential elements ofrthei

. . . experiences. The script automatically removes warnings
Figure 1 graphically illustrates the WSR. Note that & |ger than 72 hours, but archives expired warnings for

correct response to a warning message (i.e., whether ,yre reference. Respondents accessing the survey at
not to take she]ter) may not necessarily follow from ei- yyww.warningstudy.orjtrigger a unique survey tailored
ther a correct interpretation of ‘h?‘F message or receipfor each warning. Hidden fields containing information
of the message at all. Proper utilization of a wamingp, the warning selected by each respondent, as well as a
must generate an appropriate response and therefore Igajq e survey identification number, are paired with that
quires a timely receipt and correct interpretation of thej, qividual's responses upon submission of the completed
threat to each individual. Thus, the WSR measures Onhéurvey.

those individuals who actually receive the warning, cor- 1 spread awareness of the study and acquire survey

rgc:lly interpret tnat warnigg in termg of theirdlgcaticlJ(n articipants, all broadcast meteorologists and newspaper
with respect to the warned area, and respond by taking, .. i7 ations within the study region received a tailored

appropriate action if necessary. The WSR therefore fOragar explaining the study goals, along with a request to
cuses on the value of convective warnings in protecting, ,icize the survey. While noble, this effort resulted in

life and property and represents the percentage of th nly a handful of positive responses and eventual survey
warned population that fully utilizes the warning infor-

. . articipants. A substantial portion of the pool of respon-
mation. Wolf (2009) suggests that the WSR remains |OV\P cip . 'a porti P P

(i.e., approximately 10%), indicating that the vast major-  ipjease note that this Uniform Resource Locator (URL) is ngéo
ity of the warned population does not properly utilize the active.




TABLE 1. Survey questions and selected responses. Percentegast af the applicable total and may not sum to 100% due todiogrerror,
blank responses, or the option to choose multiple answers.

Survey Question Response
1. Please select theyear in which you were born —
2. Did you receive word of the warning when it was issued?

Yes 88%
No 12%
If you answered yes, how did you FIRST learn of the warning? (Choose one)
While watching TV 29%
While listening to commercial radio 6%
Through NOAA weather radio 18%
Through the Internet (e.g., e-mail or Web pages) 16%
Through Internet-based social media (e.g., Twitter or Back) 6%
Through an alert service through my telephone, cell phonpager 15%
From community sirens 3%
Received warning, but unsure how 0%
Other 5%
3. Based on what you recall from the warning message, you believe your location was (choose one):
Near the center of the warned area 28%
Inside the warned area, but not near the center 38%
Close to the warned area, but not within it 25%
Far away from the warned area 4%
Unsure 3%
Other 1%
4. Based on what you recall from the warning message, you believe your location was (choose one):
Directly in the path of the storm 41%
Within the warned area, but not directly in the path of thersto 40%
Not within the warned area or in the path of the storm 13%
Unsure 3%
Other 2%
5. What weather conditions, if any, did the warning message mention? (Choose all the conditions
that apply)
Destructive hail (golfball-size or larger) 11%
Severe hail (quarter-size up to golfball-size) 35%
Destructive winds (in excess of 80 m.p.h.) 9%
Severe winds (in excess of 60 m.p.h.) 65%
Tornado 21%
Deadly lightning 33%
Flooding 16%
Unsure 9%
6. If you received the warning message, what did you do FIRST? (Choose one)
Went to a safe location 7%
Turned on local TV station or checked the Internet for moferimation about the threat 43%
Looked outside to see if threatening weather was approgchinarea 24%
Notified nearby friends, family, or neighbors about the virzgn %
Took no action 11%
Unsure 0%
Did not receive the warning —
Other 7%

dents likely received word of the study via social me- of the 39 states in the study region with links available
dia messages (e.g., Facebook and Twitter). Large spikeanly for those states with a convective warning in the
in participation correspond with the timing of individual last 72 hours. Clicking on a state name brings the partic-
messages posted by meteorologists affiliated with popipant to a list of recent convective warnings, sorted tem-
ular outlets for weather information (e.g., The Weatherporally from most recent to the oldest, showing the type
Channel). In this way, much of the participation in the of warning (i.e., severe thunderstorm or tornado), and the
study results from requests of personal contacts by theounty. In cases where one individual warning mentions
authors to post information about the survey via wide-multiple counties, the page lists each county individu-
reaching social media platforms. ally. Participants then complete two steps for the chosen
Participants accessing the survey first see a welcomeounty. In the first step, participants review the warn-
message that describes the goal of the study. To coning text by clicking on the available link. The warning
tinue, each participant must check a box indicating histext presented to the participant is an exact replica of the
or her willingness to participate and attesting that he ottext available through the National Weather Service. In
she is over 18 years of age. The next page shows a lishe second step, participants move forward and begin the



TaBLE 1. (Continued)

Survey Question Response
7. 1f you ultimately went to a safe location, answer PART A. Otherwise, answer PART B.
PART A: What led to your decision to seek a safelocation? (Choose the answer that
best appliesto your situation)
Took cover immediately after receiving the warning that vgasied for my area 26%
Other information source(s) (e.g., TV, radio, Internerids/family) confirmed that dan-

gerous weather was approaching my area L
Seeing dangerous weather outside 24%
Unsure 1%
Other 7%

PART B: If you decided not to seek a safelocation, what led to that decision? (Choose
the answer that best appliesto your sitation)

Received no warning for my area 12%

No other information source(s) (e.g., TV, radio, Interriégnds/family) confirmed that |

. 15%
was in danger
Did not see any dangerous weather outside 30%
Most of the warnings I've received have been wrong 4%
Unsure 4%
Other 35%
8. For a given severe weather warning issued for your area, what do you think isthe likely range of
probability that your location would actually bestruck by life-threatening weather (i.e., tornadoes,
extreme winds, and/or destructive hail)? (Choose one)
Less than 5% 27%
5 to 25% range 43%
25 to 50% range 29%
50 to 75% range 1%
75 to 100% range 0%
Unsure 0%
9. Enter your city, state, and zip code for your location (do not enter your street address) —
10. What isyour highest level of education? (Choose one)
Less than high school 1%
High school degree or equivalent (GED) 13%
Some college, no degree 34%
College undergraduate (Bachelor’s) 34%
College graduate (Master’s and/or Ph.D.) 18%
11. Have you taken part in any of the following? (Check all that apply)
Meteorology training 15%
Storm spotter training 24%
Emergency preparedness or response training 23%
None of the above 58%
Unsure 1%
12. From your viewpoint, how often are severe weather warningsissued for your area? (Choose one)
My county is frequently under a severe weather warning. 32%
My county is occasionally under a severe weather warning. 64%
My county is rarely under a severe weather warning. 3%
My county is never under a severe weather warning. 0%
Unsure 1%
13. Which of thefollowing is most applicable to you over the past 10 years? (Choose one)
| have experienced 3 or more thunderstorm or tornado evesitsting in property damage or personal injur 27%
I have experienced 1 or 2 thunderstorm or tornado eventttirgsin property damage or personal injury. 43%
| have experienced no thunderstorm or tornado events tthab [property damage or personal injury. 29%
Unsure 1%
survey. in the warning, meteorological conditions, and available

At the top of the page that displays all of the surveyforecast products enhance the overall picture of an indi-
questions, a statement emphasizes to the participant th¥idual's experience with each warning and, when paired
the questions do not constitute a quiz and then requesith the location of the respondent, allow an evaluation
the participant’s initials to indicate his or her understan Of the WSR score. Additional information determined
ing that participation is voluntary. The survey requestsffom various external resources includes 1) whether or
demographic information and asks questions specific t8'0t the respondent was in the warning polygon or within
the convective warning and the participant's prior expe-the path of the warned storm, 2) whether the storm oc-

rience with severe weather. Table 1 details the specifi€urred during the day or night (determined from sunrise
questions in the survey. and sunset times), 3) the convective mode of the storm, 4)

For each survey response, details regarding wordin&'hether or not officials received severe weather reports
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ual may have a very different response to a severe thun-
derstorm warning compared with a tornado warning. In
cases where the same IP address and initials correspond
with both a tornado warning and a severe thunderstorm
warning, the filter keeps the first response for each type
of warning. To address the bias introduced by receiving
multiple responses from different individuals at the same
physical location, and presumably with similar reactions,
the filter removes all but the first response from the same
IP address and different initials if the two individuals re-
sponded to either the same event or different events on
the same UTC calendar day. If two of the responses cor-
respond with different types of warnings, then the first
severe thunderstorm and the first tornado warning re-
main. Exceptions to this rule apply for certain IP ad-

Age Group

FIG. 2. Methods for receiving the warning message for diffeagye
groups shown by percentage of those receiving the warnitigairage
group. Recipients received warnings while watching tslewi, lis-
tening to commercial radio (Radio) or NOAA Weather Radio (R)V
or through the Internet, social media, an alert service,oonraunity
sirens.

dresses that the authors could identify as corresponding
with network address translation (NAT) firewalls (e.g.,
America Online proxy servers and traffic from the Na-
tional Weather Center), where multiple responses appear

to originate from the same IP address. The filter also
removes all responses that do not indicate a location. Fi-

from the storm, 5) the NOAA/Storm Prediction Center nally, a handful of responses required manual removal.
Day 1 risk category and type of watch (if any) in effect For exar_np_le, one respondent complete_zd the survey three
in advance of the warning, 6) whether or not the storm offimes within a few minutes, but only included a valid
storm complex has a history of producing severe weathefocation with the last response. After filtering, 1555 re-
prior to the warning, 7) whether or not officials received SPOnses remain available for analysis.

tornado reports or multiple severe weather reports in the

respondent’s state or adjacent states on the previous da§1 Reception

and 8) whether or not the storm is part of a tornado out- - .
break? Recognizing that all tornadg)outbreak definitions Table 1 shows the brea_kdo_wn of the remaining valid
require some degree of subjectivity (Verbout et al. 2006) responses for each question in the survey. A large pro-

five or more separate tornadoes from the same weath@ro.rtion of the survey respondents indicate that they re-

system on a given day shall constitute an outbreak foFe'Ved the warnin_g, making’u,_:_88%. Of the recipj .
this purpose. lents of the warning, the majority of respondents ini-

tially received the warning via television, followed by
NOAA weather radio, the Internet, and an alert service.
4. RESULTS Many of the respondents answering “Other” write that
' they received the warning via word of mouth. Social me-
The survey garnered a total of 1658 responses durdia, though less popular overall as a means for receiv-
ing the study period. In order to facilitate data analysising warnings, plays a larger role in alerting the younger
and lessen potential bias in the results, several objectivgeneration. Compared with younger people, a larger per-
criteria help filter duplicate or enigmatic responses. Ifcentage of older individuals receives warnings via tele-
multiple responses with the same initials originate fromvision (Figure 2). The large proportion of the sampled
the same IP address within 14 days, a filter removes alpopulation who received the warning via any method,
but the first response. This approach removes the ineombined with the unexpectedly large percentage who
fluence of enthusiastic respondents who submit multipldearned of the warning from NOAA weather radio (18%),
sets of responses for one or more warnings (one individindicates a possible bias toward a general awareness of
ual completed the survey 10 times). However, an individ-the weather within the pool of respondents. Indeed, only

TABLE 2. Weather conditions either mentioned or not mentionedemtarning message and corresponding responses to sue&joqu#s, which
asks what weather conditions the warning message mentioned

Hazards Mentioned in thewarning  Not mentioned in the warning
Correct Incorrect Correct Incorrect
Hail (destructive or severe) 60% 40% 7% 23%
Wind (destructive or severe) 78% 22% 56% 44%
Tornado 90% 10% 92% 8%

71%
85%

29%
15%

60%
46%

40%
54%

Deadly lightning
Flooding




TaBLE 3. Interpretation of location with respect to both the wagni ) ; ; ; e

polygon and the path of the storm. Values show the percerabgh spondents Iocat_lon lies dl.rECtIy within the. path of the
respondents (All) and of those under severe thunderstoew) @&d storm, a_corre(_:t Interpretation Qf the threat in the pres_ent
tornado (Tor) warnings who believe that they were in (Resporin)  Study relies strictly on the location of the respondent with
or out of (Response: Out) either the warning polygon or theadipath ~ respect to the warning polygon. A correct interpretation

of the storm. Highlighting indicates correct (green) antbimect (red)  therefore corresponds with a correct answer to survey

responses. question #3, determined by comparing the location in-
Polygon Path formation provided by each respondent with the location
ng;rl‘sei;'“ 761'0'/0 75;3"% ;—é)‘:ﬂ) 8A7'0'/0 :;V% YT&) of the warning polygon. Applying this criterion, the per-
Actuan; ot 26%  23% 47% 13% 12%  24% centage of thqse who received the warning message who
Response Out Al Sev  Tor Al S Tor also correctly interpreted that messag®is= 68%.
Actually in 35% 37% 26% 64% 70% 42% Again, given the difficulties with precisely determin-
Actually out  65% 63% 74% 36% 30% 58% ing a respondent’s location on the storm scale, a correct

interpretation defined here considers only the extent of
the warning polygon. Studies that interview individu-

L . als face-to-face and can more precisely determine the
58% of the survey population indicates neither meteorol- P y

-~ 'person’s location with respect to a particular storm may
ogy, storm spotter, nor emergency preparedness tramm@i9

: 0 NG ; : able to extend this analysis to account for the actual
with 5% of the respondents indicating experience Withy,eat experienced by that individual. However, using

all three types of training. a best guess at the respondent’s location with respect to
. the path of the storm, a second method for determining a
4.2 Interpretation correct interpretation might correspond with a response

Most warnings mention specific hazards (e.g., tornadoin which either a) the respondent correctly indicates that
hail, wind, lightning, or flooding), though respondents he or she is within the warning polygon or b) the respon-
may not necessarily understand which of those hazarddent correctly indicates that he or she is within the path
to expect with the passage of a warned storm after read?f the storm. A respondent’s location may lie directly in
ing the warning message. Table 2 shows the percentagge path of the storm, but he or she may reside far enough
of respondents who either correctly or incorrectly identi-ahead of the storm to remain out of the warning polygon.
fied a specific threat mentioned in the warning messagdh such cases, a correct response following from a correct
For the most part, respondents recall that a warning eiinterpretation of the warning message may eventually en-
ther does or does not mention a tornado. However, if thdail seeking shelter. Using the alternative criterion tat
warning mentions flooding, 54% do not recall flooding correct interpretation of the threat comprises unique re-
as a potential hazard. Similarly, 40% of respondents dgponses with either criterion a) or b) resultdin= 41%.
not recall either hail or deadly lightning as a threat listedHowever, P, using this criterion increases such that the
in warnings that do in fact mention these hazards. Alteroverall WSR changes from the result shown below by
natively, 44% of respondents incorrectly recall wind asonly +1.2%.

a threat in those warnings that do not mention severe or

destructive winds. It appears that people take from thet.3 Response

warning what they expect to read, not necessarily what . ) )

the warning actually tries to convey. ~ Following receipt of a warning message and a correct

Archived radar observations and Warning poiygon in-lnterpretatlon of that message_, |nd|Vidua|S will choose
formation, combined with the city, state, and zip codeWhether or not to take protective action. Here, we de-
provided by the survey respondents, allows a determinafine an appropriate response as one in which either a) the
tion of each respondent’s location with respect to bothwarning polygon encloses a respondent’s location and he
the warning polygon and the path of the storm. A com-Or she takes protective action or b) the warning polygon
parison between each respondentiderstanding of his ~ does not enclose a respondent’s location and he or she
or her location after reading the Warning message anﬁloes not take prOteCtlve aCtlon: USIng this de_flnltlon, the
his or heractual location yields insight into the interpre- Percentage of those who received the warning message
tation component of the WSR (Table 3). Surprisingly, and interpreted it correctly who also responded appro-
64% of those who believed that they were not in the di-Priately isP, = 28%.
rect path of the storm actually were in the path of the Of the recipients of the warning message, 43%
storm, with 42% of these individuals unknowingly in the searched for confirmation of the threat via television or
path of a possible tornado. Separately considering sevedaternet sources and 24% looked outside. This repre-
thunderstorm warnings, tornado warnings, and all warnsents a total of 67% of the respondents who confirmed
ings combined, the majority of respondents in each cas¢he threat through a second information source. Answers
correctly determined their locations with respect to theto survey question #7 further indicate some measure of
warning polygon. threat confirmation. Of those seeking shelter, 41% in-

Since the location data from the survey may not pro-dicate that some secondary information source led to
vide sufficient detail to determine whether or not a re-the decision and another 24% saw dangerous weather.



TAaBLE 4. Warning success rate for respondents indicating varying
levels of experience with thunderstorm or tornado everdsltiag in
property damage or personal injury over the past 10 yeawsyrsin

aggregate (All) and for severe thunderstorm (Sev) and tarr{&or) ’:‘L

warnings only. !
Experience All Sev
Three or more events  20% 19%
One or two events 17% 14%
No events 14% 12%

Tor \f
27% 2
28%
27%

Of those choosing not to seek shelter, 15% cite another
information source in making the decision and another
30% came to the decision after looking outside. This

finding supports previous studies that show that individ-FIG. 3. Warning success rate for eight subregions within theary

uals seek to confirm warning information prior to tak- Study region.

ing action (e.g., Hammer and Schmidlin 2002; Mileti

and Darlington 1997; Sherman-Morris 2010). However,

TABLE 5. Warning success rate for respondents with differingléeo®

the survey questions do not appropriately capture the reformal training, shown in aggregate (All) and for severenitherstorm
Sponse by those Who were already on“ne or Watch"'] seV) and tornado (Tor) Warnings only. Asterisks indicatesgts with

television. For this reason, it remains difficult to ascer-

tain which respondents truly confirmed the threat of se-
vere weather, but results hint at the fact that the confir-
mation process plays an important role in threat person-

alization.
There exists no appreciable difference in initial re-

ewer than 10 responses.
Training level
Meteorology

Storm spotter 20%
Emergency preparedness/response  16%
None 17% 15%
At least one form 18% 15%
All forms 17% *

All
17%

Sev
14%

Tor
26%
17% 34%
13% 34%
27%
28%
*

sponse between those with and without meteorological,
emergency preparedness, or storm spotter training. How-
ever, and as one might expect, 11% of those with emer-
gency preparedness training notified others, compared

with 6% of those with no formal training.

4.4 Warning Success Rate

Multiplying the three elements of the WSR (i.&,,,
P;, andP,), the overall percentage of the warned popu-
lation that properly utilizes convective warnings through

groups emerge (Figure 3). Four regions have a WSR in
the 10-12% range and the other four have a WSR in the
18-20% range. One might expect that regions prone to
severe weather would have a more weather-savvy pop-
ulation and would thus boast a higher WSR. This may
in fact explain the lower WSR in New England and the
Mid-Atlantic. Indeed, Table 4 indicates that a larger per-

receipt, a correct interpretation, and an appropriate receéntage of those with prior experience with damaging

sponse is
WSR = (0.88) (0.68) (0.28) = 17%. (2)

When separated by warning typ&,SR = 28% for tor-
nado warnings, compared willvSR = 15% for severe

severe thunderstorm events properly utilize the warning
information compared with those with less experience
with such events. This experience, however, does not
affect the WSR for tornado warnings, likely due to the
perceived urgency of tornado warnings. By analyz-
ing the spatial distribution of the respondents and fur-

thunderstorm warnings alone, suggesting that individualsher separating them according to formal training level,

understand the urgency of a tornado warning compare
with that for a severe thunderstorm and therefore take a
propriate action if necessary. Still, this result shows ¢ha

tornado warning does not get properly utilized in 72% of

d

p'I:ABLE 6. Warning success rate separated by the medium through

which respondents first received the warning message, simoagyre-
gate (All) and for severe thunderstorm (Sev) and tornado) (fiarn-

the warned population and, overall, convective warningsngs only. Asterisks indicate subsets with fewer than 1psases.

remain unsuccessful for 83% of the warned population.

The value of the analysis of these data lies in pair-

ing individual responses with storm information, demo-

graphics, and the warning text to gain a more com-

plete picture of the three elements of warning utiliza-

tion. While practical considerations preclude an exhaus-
tive analysis here, some selected highlights reveal some
interesting characteristics of the respondent pool. Sepa-
rating the study region into eight subregions, two distinct

Reception medium All Sev  Tor
Television 17% 16% 24%
Commerical radio 16% 17% *
NOAA weather radio 21% 19% 36%
Internet 20% 19% *
Social media 17% 15% *
Alert service 17% 13% 52%
Sirens 24% * *
Other 22% 23% *




it becomes apparent that many of the responses originatvith many of those using the comments box to indicate
ing from the Southern Great Plains and Northern Greathat they were already in a safe location. A similar ques-
Plains come from respondents with meteorological traintion on a future survey should include “I was already in
ing. After reviewing some of the comments received ona safe location” as an option. The list of ways to receive
the survey, it appears that several of these respondents efe warning (survey question #2) must also include “per-
ther observed or actively searched for the severe weatheonal communication,” which several respondents indi-
rather than take cover. Hence, an artificially low WSR cated in the “Other” field for this question.
results in regions that frequently receive severe weather, As noted above, an essential aspect of warning com-
likely as a result of the bias toward weather awarenesgunication is threat confirmation. It therefore remains
and general interest in the sampled population. On thearticularly important to determine whether or not the
other hand, the sample size becomes quite small (e.gwarning recipient confirmed the threat from a second
less than 10 in several groupings) when broken down bgource of information before deciding on a course of ac-
region, training, and the components of the WSR, so thigjon. This survey asks what the respondent did first upon
conclusion deserves some degree of skepticism. In factearning of the warning message (survey question #6), so
the overall WSR for those with meteorological training it becomes possible to guess at whether or not he or she
does not differ substantially from those with no training confirmed the threat based on how he or she received the
at all (Table 5). In addition to many other possible fac-warning, but it is difficult to say with confidence whether
tors, complacency within the general population in re-or not the respondent did in fact confirm the threat. The
gions that receive frequent severe weather warnings magurvey would benefit from a question that explicitly asks
also contribute to low WSR values. the participant whether or not, and in what way, he or
The WSR for respondents receiving the warning viashe took steps to confirm the threat. Lastly, open-ended
various forms of media ranges from 16-24% (Table 6).questions may provide richer and more useful answers,
The highest values of WSR correspond with respondentgut this format significantly complicates the data analy-
who received the warning via sirens, NOAA weather ra-gjs.
dio, or the Internet. A high WSR value for those receiv-  The survey results suffer from a strong bias toward
ing the warning via some other means, mostly personghaticipation by those trained in meteorology, storm spot-
communication, indicates the impact of personal COMying, and emergency management. The methods by
munication regarding a potential threat. The lowest valyyhich the authors publicized the survey, and hence the
ues of WSR correspond with those receiving the wamingyeia platforms through which the public learned of the
via commercial radio, television, or an alert service. study, likely contribute to this bias. Through posts via
social media outlets and Web sites tailored for those in-
terested in the weather, including storm spotter blogs,
5. DISCUSSION Facebook pages, and the National Weather Association
This survey serves as a springboard for more focuseBome page, the publicity effort largely missed its target
future studies that can incorporate important lessongopulation of those in the general public. More partic-
learned here. In particular, several of the survey quesipation by newspaper outlets and television broadcasts
tions could benefit from more multiple choice options. could mitigate bias in future studies.
For example, 35% of those who decided not to seek Despite this apparent bias, the overall WSR of 17%
a safe location (survey question #7B) selected “Other,indicates that the vast majority of the warned popula-

TABLE 7. Selected reasons offered for not taking protective adgtisesponse to the open-ended portion of survey questiBnAFreasons shown
here are from respondents who received the warning, irtegbrit correctly, and were actually in tpath of the storm. The text shown here has
not been altered.

Warning type Reason for not taking protective action

Severe thunderstorm At work

Severe thunderstorm  warnings come early enough to waltitisticloser
Severe thunderstorm  If | had heard the siren | would have gwtiee basement
Severe thunderstorm  experience with past storm warnings

Severe thunderstorm | didn’'t hear sirens and | still had powe

Severe thunderstorm  We receive too many warnings to paytiatteto them.
Severe thunderstorm  Storm warning, not a Tornado warning

Severe thunderstorm  Usually only do so when there is a Tornaaning.
Severe thunderstorm  did not hear any sirens

Severe thunderstorm  There was no need to take shelter fandehstorm

Tornado wanted to get home to get safe

Tornado I would rather watch the sky than cower in a basement.
Tornado sent children to safe place and watched weathdk siotim arrived
Tornado didnt seem that bad yet

Tornado funnel cloud already went over house




tion does not properly utilize severe thunderstorm and Lindell, M. K., and R. W. Perry, 2004&ommunicating Environmental
tornado warnings. Several factors complicate the com-  Riskin Multiethnic Communities. Sage Publications, 262 pp.
munication process from the National Weather Service Mileti,
to the user of the warning information. Ultimately, the

decision to take appropriate action must rest with the re-
cipient of the warning message. Of the survey partici-
pants who received the warning, interpreted it correctly,
and were actually in thpath of the storm, but chose not

to take protective action, many offer unsettling reasons
for their decisions (Table 7). Results of these and further
analyses on the data collected during the present study
may shed some light on how the National Weather Ser- —, and J. D. Darlington, 1997: The role of searching in shapi

D. S., 1995: Factors related to flood warning resgons
Proc. U.S-Italy Research Workshop on the Hydrometeorol-
ogy, Impacts, and Management of Extreme Floods, Perugia,
Italy. [Available online at http://www.engr.colostatdig~ jsalas/
us-italy/papers/46mileti.pdf.]

——, and J. H. Sorensen, 1990: Communication of emergency pub
lic warnings: A social science perspective and state-efat
assessment. ORNL-6609. Dept. of Energy, Oak Ridge National
Laboratory, Oak Ridge, TN, 166 pp.

vice can provide a more effective warning product and

improve the communication process to enhance convec-

tive warning utilization among the general public.
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