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1) Introduction  

As part of our WAS*IS experience, participants 

were to develop and perform a small research project 

that we were to design ourselves.  Eve Gruntfest had 

previously baited the WAS*IS group by describing her 

Warning Project and offering the data for people to 

analyze, and, as will be discussed shortly, I was 

interested in being involved.  

The Warning Project was a three-year project 

funded by the National Science Foundation.  The 

principal purpose of the project was to understand how 

people receive warnings of hazardous weather and 

subsequently use this information to make decisions.  

The goal of the research was to help emergency 

managers and National Weather Service forecasters 

improve lead-time for short-fuse weather events (e.g., 

flash floods, tornadoes) by learning more about how to 

communicate with the public. Three thousand surveys 

were distributed to floodplain residents in Austin, Texas, and Denver, Colorado, and 

934 responses were received, 415 from Denver and 519 from Austin. 

I participated in the Warning Project for several reasons.  First, despite much 

interest by group members in the data on flooding, interest in the tornado questions was 

much less. Second, I believed that the results of this project would be useful to my 

colleagues at the National Severe Storms Laboratory, and Norman, Oklahoma—in 

general, people who have a strong research and personal interest in tornadoes due to the 

high frequency of events.  Third, as a meteorologist, I was excited about the possibility 

of getting involved in research that I could not have done on my own because the 

integration with the social scientists was necessary in order for this research to be done.   

Fourth, I had the opportunity to perform interdisciplinary work with an already 

assembled group of social scientists (psychology and geography). Fifth, the data was 
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already collected (the hard work), and the fun part of 

analyzing the data was just about to start.  It was a good 

time to join the project! 

On the other hand, I was a little frustrated at 

joining the project after the survey had already been 

implemented.  None of the people who designed the 

survey were meteorologists, and I felt that an outside 

perspective from meteorology would have benefited the 

construction and design of the survey.  In addition, had I 

been involved at an earlier stage, some of the survey 

questions could have been written slightly differently to 

accommodate my research interests.  Nevertheless, I felt 

the benefits of working on this interdisciplinary project 

outweighed these relatively minor disadvantages.  Thus, 

I saw my opportunity to really make a difference to 

possibly improve warnings.   

Warnings are issued for tornadoes and flash 

floods based on the best meteorological evidence 

available, but once meteorologists press the button to 

issue the forecast, they assume several things.  First, 

meteorologists assume that the message is received by 

the intended audience.  Second, they assume that the message is understood by the 

intended audience. Third, they assume that the intended audience acts on that warning. 

The component of the Warning Project that I was most interested in was the third 

assumption. 

The primary question I had going into the research was why people made the  

decisions they made during tornadoes and flash floods.  Was it because they were never 

trained in the proper way to respond to a tornado?  Was it because they had no better 

choices?  Was it because fear from a previous storm paralyzed them?  As I will discuss 

later, one way these issues would be framed was in the context of sheltering under a 

highway overpass from an approaching tornado.   
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Thus, this research project needed the integration between meteorology and 

social science. The Warning Project was headed by Eve, a geographer, and Chip Benight, 

a psychology professor interested in how trauma affects people’s actions.  Other 

participants included Lindsey Barnes, a geography undergraduate interested in the 

warning process, and Mary Hayden, a doctoral student who had expertise in survey 

design. 

 

2) Data and Methods  

The survey was the primary tool for the Warning Project.  The survey asked 

questions about people’s perceptions of flash floods (Denver and Austin) and tornadoes 

(Austin only), whether they trusted warnings from the government, if they had any 

experiences with flash floods or tornadoes previously, whether they had experienced 

weather-related trauma previously, sources of information they use to find out about the 

weather, and basic demographic information. 

It took months to develop, test, and administer the survey, all of which occurred 

before I joined the team.  Even despite this huge vetting process, the survey was not 

ideal.  For example, most people needed over 30 minutes to fill in the survey completely, 

a process that would tire most volunteer survey respondents.  Furthermore, as I began 

to analyze the data and read the survey questions carefully, I came across 

inconsistencies, ambiguities, and errors in the survey questions.  Some written answers 

to the survey questions indicated that the respondent clearly did not understand the 

question.  These issues complicated our ability to use the survey results in our analysis.   

I want to emphasize that a survey does not necessarily measure what it is 

intended to measure.  Because each respondent brings his or her own perceptions, life 

history, and values to the survey, questions that may appear to be clearly worded may be 

misinterpreted.  Furthermore, you cannot go back and probe a respondent further as to 

why he or she answered a particular question in a certain way, so you will have to live 

with the survey results.  Survey design and testing is a science in itself—engage experts 

on your team if you wish to include a survey as part of your methodology. 
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3) Results  

  
Because a team of people worked on different 

aspects of the survey, quite a few publications arose from 

the data collected by the Warning Project.  This research 

included why people drove into flooded roads (Drobot et 

al. 2007), how people receive weather information 

(Hayden et al. 2007), and the role of psychological 

trauma in people’s reactions to weather warnings 

(Benight et al. 2007).  For this chapter, I want to 

emphasize the analysis of my question, leaving much of 

the demographic information to our future publication. 

The survey posed two scenarios for the 

respondent to consider.  The first, called the tornado-at-

home scenario, states the following: 

I am upstairs at home watching my 

favorite television show on a Saturday 

evening in October.  The thunder and rain 

in the background is getting louder and 

louder. Hail is now crashing against my windows.  Suddenly, I see a 

tornado warning at the bottom of the television screen stating that a 

tornado has been sited in the Austin area and is moving in the direction of 

my house.   

The warning states: 

“The safest place to be during a tornado is in a basement.  Get 

under a workbench or other piece of sturdy furniture.  If no basement is 

available…seek shelter on the lowest floor of the building in an interior 

hallway or room such as a closet.  Use blankets or pillows to cover your 

body and always stay away from windows.” 

 

Questions about how the respondent is feeling and would behave follow.  The second, 

the tornado-while-driving scenario, states the following: 
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I am driving east on Martin Luther King Blvd. near Airport Blvd. at 3 p.m. 

on an August afternoon to meet some friends.  It’s been pouring for the 

last 20 minutes, and I see lightning everywhere.  I look to my right and see 

what looks like a funnel cloud begin to drop from the sky not too far to the 

south.  Traffic begins to slow down as the hail becomes more intense.  I 

hear over the radio that a tornado warning has been issued for central 

Travis County:  “The safest place to be during a tornado is in a basement.  

Get under a workbench or other piece of sturdy furniture.  If no basement 

is available. . . seek shelter on the lowest floor of the building in an 

interior hallway or room such as a closet.  If in mobile homes or vehicles. 

. . evacuate them and get inside a substantial shelter.”  

Questions then follow as to the feelings and likely behavior of the respondent. 

Forty-seven percent of respondents (236 out of 500 valid responses) felt 

confident that they were capable of keeping themselves and their family safe in this 

scenario, contrasting with the 62% (315/509) who felt capable of keeping themselves 

and their family safe in the tornado-at-home 

scenario.  The survey then posed five follow-

up questions about their possible actions 

(nonexclusive, meaning you could agree to 

more than one action; this is an important 

point to which I return later).  The numbers 

following are the percent of respondents who 

agreed or strongly agreed with that action.   

• leave car for shelter — 72% (353/492) 

• stop car under a highway overpass and 

climb up in the rafters — 45% 

(222/491) 

• stay in car and drive away from the 

tornado — 39% (191/487) 

• stop car and remain in it — 19% 

(95/497) 

 

Figure 1 – In the tornado-while-driving 
scenario, respondents were asked their 
opinion about the statement, “I would 
stop by car under a highway overpass 
and climb up in the rafters.” 
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• drive through the storm to get to loved ones and/or pets — 16% (81/495) 

That the majority of people would leave their car and seek shelter (which is 

generally considered to be the safest option) is encouraging.  Relatively few people 

would stay in their car or drive through the storm to get loved ones or pets. 

I was intrigued by the 45% of people who would use the highway overpass as 

shelter (Figure 1).  The 3 May 1999 tornado outbreak in Oklahoma and Kansas 

(documented in a special issue of Weather and Forecasting, June 2002) resulted in 46   

direct deaths due to tornadoes.  Three of those deaths occurred under overpasses.  

Overpasses are not safe places because of the acceleration of the wind as it is channeled 

through this constriction.  Furthermore, stopped traffic can congest the highways for 

emergency vehicles and prevent 

traffic from moving away from 

the tornado.  After this outbreak, 

Dan Miller, formerly a forecaster 

at the Norman NWS, and others 

at the NOAA National Severe 

Storms Laboratory began a small 

campaign to encourage people to 

not seek shelter under 

overpasses.  (Their results were 

never published, but a well-

documented presentation can be 

found at 

http://www.srh.noaa.gov/oun/p

apers/overpass/slide01.html.) 

What are the 

characteristics of those who 

would climb up into the rafters of 

the overpass? Respondents 

incapable of dealing with their 

emotions related to a traumatic 

 
Figure 2 – In the tornado-while-driving scenario, 
respondents were asked their opinion about the 
statement, “I would stop by car under a highway 
overpass and climb up in the rafters,” displayed as 
a function of their response to “I feel confident that 
I am capable to keep myself, and, if applicable, my 
family safe in this situation.” 
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event are more likely to climb into the rafters (p=0.032).  One factor that is highly 

related is people who would attempt to drive an SUV into a road with at least 18 inches 

(45.7 cm) of rapidly rising water would be more likely to climb into the rafters 

(p<0.001), indicating a general tendency for unwise behavior.  Such results indicate 

public education programs on tornado and flash-flood safety could target generally 

similar audiences.   

Breaking down the survey results further reveals the following (Figure 2).  The 

majority of respondents who strongly agree that they would climb into the rafters 

strongly believe that they are being safe by doing that.  In contrast, of people who 

strongly disagree that they would climb into the rafters, the two largest groups are those 

who strongly agree they are being safe and those who strongly disagree they are being 

safe.  Finally, respondents who do not have strong feelings about climbing into the 

rafters also have middling feelings about their ability to keep their family safe. These 

four distributions are very strongly statistically distinct (p<0.001), implying that these 

were four distinct groupings of individuals behaving differently.  Thus, we have the 

interesting result that respondents who strongly agree that they would climb up into the 

rafters generally believe they are doing the safe thing, whereas respondents who 

strongly disagree that they would climb up into the rafters do not feel confident in their 

ability to be safe.  Further work on this question will aim at developing a logistic 

regression model for respondents‘ behavior. 

One caveat with this study is that the questions about actions were nonexclusive.  

Thus, someone could have answered they agreed or disagreed with all options.  Clearly, 

we wouldn’t want such an outcome because we would want to know more precisely 

about the choices that each person would make, so this nonexclusive questioning was a 

flaw in our survey.  Furthermore, the results in Figure 2 need to be compared with 

individual’s preferences for each of the five scenarios to best understand people’s stated 

actions.  Thus, further research is needed on this topic. 

 

4) Closing Thoughts and Future Work 

The next step will be to perform the same types of analysis that we did for the 

hypothetical tornado scenarios for the hypothetical flash-flood scenarios.  Analysis of 

this data will be even more fruitful as twice the number of respondents will be available, 
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and we will have the ability to compare two different cities.  We already know that 24% 

of respondents use NOAA weather radio in Austin compared to about 10% in Denver 

(Hayden et al. 2007).  What other differences will we find?   

The dataset collected during the Warning Project taught us quite a bit about how 

to design surveys more effectively.  We know that the design of the survey questions was 

not ideal, and that our results generate more interesting questions that need to be 

explored more in the future.  Nevertheless, we believe that the data has a potential 

wealth of answers waiting to be analyzed.  Like the origins of this project, additional 

collaborators are welcome! 
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