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ABSTRACT

In March 1994, a telephone survey was conducted in west Tennessee to determine the extent to which NOAA
Weather Radio (NWR ) is used by residents of the region. Interviews were completed with 407 respondents for
an error rate of +4.86%. The data were subjected to tests of proportions, contingency table, and chi-square
statistical analysis.

The study revealed that 24.6% of west Tennessee households have NWR receivers, but only a third of those,
or 8.1% of regional households, continuously monitor the service. A test alert message was broadcast on NWR
just prior to the telephone survey. Based on the number of respondents who acknowledged receiving the message,
only 6.4% of west Tennessee households can be expected to actually hear an emergency notification on NWR.
Thus, as a general public warning and emergency communication service its effectiveness is limited, particularly
among citizens of lower socioeconomic status.

A fundamental problem appears to exist in the way citizens with NWR receivers use the service. Most turn
on their receivers only when they already know severe weather is in their area. The research supports the view
of NWR as communication technology with a significant, though somewhat limited, direct niche audience.
However, it should be recognized that NWR is but one part of the family of warning channels with which the
public engages. Perhaps its most important function is not in direct warning to the public but in conveying
warning information to other mass media and emergency responders who incorporate numerous other tech-
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nologies (commercial radio and television, sirens, public address vehicles) to engage those in harm’s way.

1. Introduction

Emergency services managers on the local, state, and
national levels provide various vehicles for commu-
nicating with the public to warn of dangerous circum-
stances when public safety is at risk. The range of
emergencies includes complex weather phenomena
such as hurricanes and tornadoes, chemical accidents
where toxic materials affect a particular area, fire, and
earthquake crises. One fundamental communicative
vehicle suggested for increased use by emergency man-
agers is the National Oceanic and Atmospheric Ad-
ministration (NOAA ) Weather Radio network. At is-
sue is whether NOAA Weather Radio (NWR ) receivers
are an effective way of communicating disaster infor-
mation to the public during emergencies.

Communication has been defined, in its most ele-
mentary form, as a linear process requiring three ele-
ments: a sender, a channel through which to send the
message, and a receiver (McQuail 1987, 43). Thus,
merely sending messages by a selected channel (or set
of channels) without a receiver is not communication.
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The receiver (intended audience ) must be aware of the
message being sent, engaged with the channel being
used, and understand the sender’s intended meaning
for it to be an effective transmission from the point of
view of the sender. Additionally, reaching a huge “mass
audience” has become quite problematic in an in-
creasingly fragmented media world of dramatically ex-
panding channel options with which audiences may
engage.

Clearly, people engage with media vehicles in highly
variable ways, often reflective of their socioeconomic
condition. It affects their ability to purchase the tech-
nological tools for the engagement (e.g., having a com-
puter and modem is a prerequisite for being part of
the Internet information network ) and is often reflec-
tive of their culture. Research has demonstrated that
variable uses evolve among socioeconomic groups in
media-rich environments. McQuail (1987, 234 ) affirms
this concept: “Thus, the causes of media use are held
to lie in social or psychological circumstances which
are experienced as problems and the media are used
for problem resolution (the meeting of needs), in mat-
ters such as information seeking, social contact, diver-
sion, social learning and development.” The audience
has become empowered with a landscape of wide choice
and, thereby, more difficult for would-be message
senders to gather into a particular channel. Rather than
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sender driven, the communicative process is receiver
controlled. McQuail (1987, 242) also notes: “The mo-
tivations associated with media choice and the func-
tions assigned to content by audience members are lo-
cated within specific frames of meaning constructed
by audiences.” In other words, people engage, or dis-
engage, with given media vehicles in proportion to the
way they perceive it is useful for them to do so.

The NWR network signals can be monitored by
scanners, marine radios, and other specialized receivers.
Weather alert radios, some of which operate muted
until a tone sent by the National Weather Service causes
a loud alarm to be activated, are widely available
through commercial electronics firms (Consumer Re-
ports 1993). The basic home-use weather radio receiv-
ers are moderately priced, generally available for $25
or less. The special broadcasts to the radios are made
from National Weather Service transmitters on fre-
quencies above the commercial FM band at 162.40,
162.425, 162.450, 162.475, 162.500, 162.525, and
162.550 MHz. Each of the NOAA transmitters has a
minimum range of approximately 40 miles (Gibian
1988). There were more than 386 such transmitters
operating by 1994, covering approximately 75% of the
U.S. population that owns the estimated 8 million ra-
dios capable of receiving NWR broadcasts ( Chicago
Tribune 1994). :

Use of NWR as an emergency warning system for
events other than weather phenomena or nuclear attack
began with a White House policy statement issued 13
January 1975. Subsequently, during the Three Mile
Island nuclear power plant crisis, one emergency re-
sponse option considered by officials was to have the
NOAA radio network in the vicinity of the power plant
serve as “an additional tool to notify the public”
(Brown 1979, p. A6). In 1981, the Georgia Power
Company distributed “more than 2,600 radios to res-
idences, schools and businesses within a 10-mile radius
of Hatch nuclear station as part of the emergency plan”
required by the Nuclear Regulatory Commission ( Nu-
cleonics Week 1981, 13). The plan included homes in
a 20-mile radius of Hatch, where the warnings would
be broadcast from a special transmitter. In 1988 the
NWR system was used to warn residents near Alliance,
Ohio, of a warehouse fire that generated toxic smoke.
At that time, Ed Heath, meteorologist in charge of the
National Weather Service office at the Akron-Canton
Regional Airport office, suggested that “Weather radios
are a perfect way to remain constantly alert for all kinds
of emergencies,” but at the same time emphasized that
“Unfortunately, many people who own and use
weather radios often turn them off during periods of
non-stormy weather” (Gibian 1988).

Whether the NWR system actually communicates
with those intended was cited as one of three factors
in system effectiveness, along with forecasting and re-
sponse, by NOAA Assistant Administrator for Weather
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Services Elbert W. Friday Jr. In September 1993, Friday
testified before a U.S. House of Representatives sub-
committee that “communication encompasses not
only the wide variety of distribution methods used to
reach as many people as possible but also their receipt
and understanding of the message” (U.S. Congress
1993).

In April 1994, the federal government announced a
plan to use the NWR network to expand the system
to cover all types of emergencies for all but a fraction
of the U.S. population. Following a Palm Sunday tor-
nado outbreak that year in Alabama, Georgia, Ten-
nessee, North Carolina, and South Carolina, in which
43 people were killed, United States Vice President Al
Gore announced the NWR network would be ex-
panded from covering approximately 75% of the U.S.
population to 95% coverage (Hamburg 1994; Sacra-
mento Bee 1994). During the spring 1994 tornado
outbreak, the National Weather Service issued warn-
ings approximately 20 min before the first tornado
touched down. According to Vice President Gore, “The
weak link in the chain was the inability to get that
warning information to all of the people in the threat-
ened area” (Chicago Tribune 1994). Gore pledged the
NWR expansion program would aggressively pursue
making NWR receivers as common as smoke detectors
(Washington Insider 1994). The federal plan to expand
the existing system includes adding 100 new transmit-
ting stations at a cost of $35 000-$40 000 each. Three
federal agencies are involved: the National Weather
Service, the Federal Emergency Management Agency,
and the Department of Agriculture (Chicago Tribune
1994).

Considerable research, as discussed specifically be-
low, has focused on disaster warning systems, much of
it specific to earthquake or nuclear power plant accident
scenarios. Common elements of those two disaster cat-
egories, property destruction and loss of human life,
extend to weather phenomena including tornadoes and
hurricanes. The importance of accurate weather fore-
casting, and the subsequent transmission of forecasts
to end users (emergency responders and the public at
large), cannot be over emphasized.

Ayre et al. (1975, 83) determined that “A reliable
method of reasonably precise prediction, with a low
false-alarm rate, could lead to significant reduction in
casualties.” Among the factors in conveying infor-
mation to the public, the researchers determined that
an emergency message must be relayed promptly, con-
tain essential and accurate information, and receivers
of the message must be motivated to “take appropriate
timely action” (Ayre et al. 1975, p. 111).

Additionally, Ayre et al. emphasized that for a
warning system to be effective it must include “all of
the information necessary to permit rapid, rational de-
cisions,” which seriously limits devices that only convey
a sense of danger but little else, for example, sirens.
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Further, Mileti (1975, p. xiii) argued that a warning
system contains more than the actual warning and its
effectiveness must be “assessed from an integrated per-
spective, including every stage of the total warning
process from the first detection and forecast of a hazard
threat through public response.” Thus, the actions of
weather forecasters analyzing meteorological phenom-
ena as it develops—Mileti’s “evaluation” phase—is
interrelated to the communicating of the information
to the public—his “dissemination” phase—and the
subsequent actions taken by the public—his “response”
phase (Mileti 1975, p. xiv). Ultimately, the effective-
ness of any warning system centers on the accurate
transference of meaning through various communi-
cations channels. Mileti (1975, pp. 18-19) adds that
“From all past research efforts three important notions
about how people respond to warnings have emerged:
1) even though people may be listening to the same
warning message, everybody hears and believes differ-
ent things; 2) people respond to warnings on the basis
of how what they Aear stimulates them to behave; and
3) people are stimulated differently depending on why
they are, who they are with, and who and what they
see.” Clearly, as observed by Mogil (1980, p. 206),
“Without adequate dissemination and user response,
warnings, no matter how accurate and timely, become
useless.”

There is increasing potential, when relying on com-
mercial mass media channels, for emergency infor-
mation intended for one regional audience to be re-
ceived as a false alarm by another regional audience.
For example, a severe weather warning issued and
broadcast by Chicago television stations could be seen
by people living in Montana, where some cable tele-
vision systems carry superstation WGN, “hundreds of
miles from the originating station” (Mogil 1980, p.
210). Thus, as the mass media fragment into more
origination sources, many of those geographically dis-
tant, the possibility of false alert messages is increased.
Additionally, people tend to use their own senses as
primary determinants of danger. Basically, seeing is
believing. When emergency messages regarding
weather phenomena are received, the natural impulse
is to look outside. “People tend to act only when they
receive very explicit information or personally observe
dangerous conditions” (Carter 1980, p. 216). Other
research (Leik et al. 1981, p. 27) has confirmed that
“The initial response of the public to the receipt of
hazard warnings is to seek additional confirming in-
formation.” There is a possibility that that tendency
may be enhanced in a world of distant mass mediated
messages.

However, it must be emphasized that commercial
mass media use of emergency messages is crucial to
getting the information to the public. In a study con-
ducted for the NWS on forecast dissemination it was
determined that the public obtains its weather infor-
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mation primarily from commercial television (53.6%)
and radio (35.8% ) stations ( National Weather Service
1981, p. 15). Further research (Leik et al. 1981, p. 19)
has also determined that the “vast majority of the pub-
lic receives warning directly or indirectly from the
broadcast media.” While the NWS study determined
that only 14% of the public directly engaged with the
NWR system, its indirect affect is substantial because
commercial broadcasters frequently “obtain current
weather information from NOAA Weather Radio”
(Mogil 1980, p. 212), which they then convey to the
public within the context of their programming,.

It must also be recognized that commercial mass
media have their own agendas, of which public service
in emergency information dissemination is but one
part. Thus, the news media will cover aspects of natural
phenomena they determine to be in their best interests
for attracting and maintaining an audience. Scanlon
(1980) found that mitigation efforts, for example, may
receive much less attention from commercial mass
media than catastrophic events. And when natural di-
sasters are covered, Scanlon (1980, p. 262) contends
the media “Will ignore certain aspects of disasters, thus
distorting the information that flows to policy makers,
and . . . these distortions or omissions are duplicated
by the official flow of information. The media, there-
fore, in many ways play a critical role in defining the
disaster and appear to help shape the public conception
of what the disaster involves.” There is a serious ques-
tion of how effective mass media warning messages
are, in actually getting people to take action. Leik et
al. (1981, pp. 27-28) found the messages broadcast by
the commercial mass media “apparently do not mo-
tivate” people “to take immediate action,” but “warn-
ings received directly from local authorities facilitate
the decision-making process.”

The concept of audience fragmentation, which has
evolved in communication theory as a result of the
dramatic technological expansion of available mass
media options in the 1970s and 1980s, poses serious
questions for those interested in providing forecasts of
natural disaster phenomena to a public no longer con-
fined to a handful of television and radio options. The
15 yr from 1975 to 1990 saw a decline in the prime-
time viewing of the traditional television networks
(ABC, NBC, CBS) from 92% of households using tele-
visions to 62%. TV Guide, which listed 14 viewing op-
tions in the nation’s largest cities in the mid-1970s,
included 33 by the mid-1980s. By the end of the 1980s,
national cable penetration exceeded 60% of homes,
with 70% of households also owning a videotape re-
corder (Auletta 1991).

As commercial mass media fragmentation, as de-
scribed above, was escalating, Leik et al. (1981) were
conducting a 3-yr study of 22 communities determined
to be maximally at risk to disasters including tornado,
flash flood, hurricane, winter storm, and earthquake.
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Leik et al. (1981, 21) determined that “Serious gaps
exist in the communication systems currently in use”
in the study sites and suggested a model of interrelated
linkages among community organizations involved
with a warning system. Those organizations include:
local National Weather Service office, primary emer-
gency service agencies, responding organizations, sec-
ondary emergency service agencies, broadcast media,
and the general public (Leik et al. 1981, p. 16). Despite
the linkages among a wide range of community groups,
Leik et al. (1981, p. 22) concluded “Significant portions
of the general public were unaware of any warnings at
the height of the natural hazard threat.”

Studies have demonstrated the cost-effectiveness of
tone-alert radios compared to siren warning systems
in communities around nuclear power plants (Sorensen
1982). However, regardless of the physical or tech-
nological means used, the success of any warning sys-
tem rests on a single factor, whether people “believe
the message” (Sorenson 1982, p. 16). Thus, no one
emergency warning source appears to have a dominant
role, but each functions as an element within a flow of
messages that together may induce action on the part
of receivers. And while tone-alert radios may improve
existing warning systems, it is not clear if they are nec-
essary to:the function of it (Sorenson 1982, p. 48).
What is clear from previous research on disaster warn-
ings is that the most effective warnings come from a
number of sources. This multiplicity of warnings ap-
pears to spur action by convincing receivers the warn-
ing is, indeed, real and of immediate danger. Mileti
and Sorensen (1990, pp. 2-9) assert ““A single warning
is not suflicient to get people to believe and respond.”
Thus, “Whenever feasible, the warning system should
use multiple channels to ensure overlap and compre-
hensive coverage” (Mileti and Sorenson 1990, pp. 3-
16). Within information-rich environments receivers
engage with numerous channels of communication.
Therefore, note Mileti and Sorenson (1992, pp. 5-10),
“Different members of a population belong to different
communication networks and have access to different
communication linkages to the outside world. Con-
sequently, the number of people who hear a warning
can be maximized by disseminating warning messages
over the full range of public communication networks.”

In an increasingly complex, technology-driven world
there is a question whether messages sent through a
specific channel will reach more than a narrow segment
of society. The problem is particularly acute when
senders attempt to communicate with all socioeco-
nomic levels that may be engaged in a diverse arena
of message channels. Tichenor et al. (1970) originally
identified the potential for different social strata to be-
come isolates within the larger collective due to a
“knowledge gap” hypothesis. “As the infusion of mass
media information into a social system increases, seg-
ments of the population with higher socioeconomic
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status tend to acquire this information at a faster rate
than the lower status segments, so that the gap in
knowledge between these segments tends to increase
rather than decrease” (Tichenor et al. 1970, pp. 159-
160).

The researchers supported their initial hypothesis
with findings from a long-term study of mass-mediated
messages regarding major controversies in 16 com-
munities in Minnesota, ranging in population from
1000 to over 100 000 (Donohue et al. 1975). Two of
the research conclusions are of particular interest to
this study. First, “Where the issue appears to arouse
general concern for a community as a whole, knowl-
edge about that issue is more likely to become evenly
distributed across educational status levels.” Second,
“Such equalization in knowledge is more likely to occur
in a small, homogeneous community than in a large,
pluralistic one” (Donohue et al. 1975, p. 21). Research
has indicated that a key motivational factor in the
adoption of new technology and information is whether
the individual perceives a personalized need to acquire
it (Severin and Tankard 1992). And for some members
of society there is great competition for their attention
and resources. Childers and Post (1975, 56) assert that
fundamental information needs of the poor include
the following primary concerns:

e How do I get my baby into a day-care center?

e Whom do I talk to to get rid of rats?

e Where can I get $10 to last until my welfare check
comes in?

e I need enough food to get us through the weekend.

Preoccupation with such concerns may be a factor in
slower knowledge acquisition of some social segments
along with other factors. For example, those of higher
socioeconomic status can be expected to attain new
technology at a faster rate than those of lower socio-
economic status because “There is a difference in com-
munication skills between those high and low in so-
cioeconomic status. There is usually a difference in
education, and education prepares one for such basic
information-processing tasks as reading, comprehend-
ing, and remembering” (Severin and Tankard 1992,
p. 234). Additionally, the research by Childers and Post
(1975) indicates that when those of lower socioeco-
nomic status engage with mass media, it is not so much
for information acquisition as to escape from their
problems. The typical socioeconomically disadvan-
taged American “watches many hours of television
daily, seldom reads newspapers or magazines and never
reads books” and “does not see his problems as infor-
mation needs” (Childers and Post 1975, 42).

Thus, two things appear to be crucial in the effort
to ensure effectiveness in communicating with widely
diverse publics featuring disparate socioceconomic
classes spanning rural and urban environments. First,
there must be a clear and overpowering need to acquire

3
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the technology necessary for the communication that
transcends class differentiations and the respective
economic realities. Second, individuals must perceive
a personal necessity to engage in such technology. Par-
ticularly among lower socioeconomic groups, “Moti-
vation to acquire information may be the important
variable in determining whether a knowledge gap wid-
ens or closes” (Severin and Tankard 1992, p. 240).

2. Methodology

As part of the March 1994 west Tennessee Severe
Weather Exercise, conducted by the Tennessee Emer-
gency Management Agency, a telephone survey was
taken of west Tennessee residents to determine general
emergency preparedness. Included in the telephone
survey were several questions about NWR receiver
possession and use within the region comprising the
western third of Tennessee. The research design spec-
ified a large enough sample to provide an error rate of
5% or less.

Four issues regarding NWR in west Tennessee were
included in the study design, each stated as a research
guestion:

1) How many residences have NWR receivers?

2) How many of those are on continuously, mon-
itoring for alert messages?

3) How many NWR receivers are not turned on
unless the owner is aware there is severe weather po-
tential?

4) Is there a relationship between family income
and the availability of either battery-powered, com-
mercial broadcast, or NWR equipment in the house-
hoid?

A telephone survey, combined with an experimental
NWR emergency message drill, was used with cluster
random sampling based upon county of residence.
Since west Tennessee is a region with diverse urban
and rural areas, clustering of the regional population
by county was implemented to ensure inclusion of all
areas of the region as well as to provide comparative
data based upon county of residence (Wimmer and
Dominick 1987, p. 77). Emergency management in
west Tennessee is provided through county directors.
Thus, it is useful to have data reflective of that admin-
istrative level.

The 1990 U.S. census data were used to determine
the population of the region and the 21 counties therein
(U.S. Bureau of the Census 1990). Each county’s per-
centage of the total regional population was then used
to determine the number of respondents necessary
from each county. The region has one large urban
county, Shelby, and 20 mostly rural counties. In west
Tennessee telephone exchanges are not defined by
county boundaries. Telephone listings are broken down
by community areas within county jurisdictions though
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actual telephone exchanges may span two or more
communities. Thus, it was necessary to use local tele-
phone books to select respondents rather than random
digit dialing within exchanges that include portions of
more than one county. The proposed regional sample
to be drawn was factored by the county population
percentages to derive the number of respondents nec-
essary from each county. While it was recognized that
each individual county would not have a sampling error
rate of less than 5% with such a clustering scheme, the
regional sampling error would remain within the re-
search design specification. Because of the necessity of
avoiding fractions of respondents in the stratification
of the sample by county, the actual survey included
407 respondents for a regional error rate for binomial
data of +4.86%. The formula used to derive the regional
error rate was based on a conservative 50 /50 binomial
distribution at the 95% confidence level. That formula
is as follows: sampling error +1.96 (0.50 0.50/N)!/2
(Weaver 1989, pp. 60-61). Table 1 provides the spe-
cific county breakdown of regional population and the
number of respondents for each county cluster.

Prior to the survey, computer-generated random
numbers were used to determine actual page numbers
of local telephone books from which to draw prospec-
tive respondents in each county. The evening of the
survey, each county field worker was given a set of
code sheets with specific local telephone book page
numbers. They were instructed to turn to the indicated

TaBLE 1. County respondents: N = 407.

Respondents County %
County Population n) of region
Benton 14 524 4 1.0
Carroll* 27 514 8 20
Chester 12 819 4 0.9
Crockett 13 378 4 1.0
Decatur* 10 472 3 0.7
Dyer 34 854 10 2.5
Fayette 25559 8 1.8
Gibson 46 315 13 3.2
Hardeman 23377 7 1.7
Hardin 22633 7 1.7
Haywood 19 437 6 1.5
Henderson 21 844 6 1.6
Henry* 27 888 8 2.0
Lake 7129 2 0.5
Lauderdale 23 491 7 1.7
Madison 77982 23 5.7
McNairy 22422 7 1.7
Obion 31717 9 2.2
Shelby 826 330 250 61.4
Tipton 37 568 11 2.7
Weakley 31972 10 2.5
Total: 1359225 407 100.0

* Due to rural telephone exchange overlap, Carroll and Henry
counties were combined with 16 respondents, while 2 from Henderson
were called through Decatur directories.
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telephone book page and select any residential number.
It was suggested that field workers cover their eyes and
select the number on the indicated page ‘“blindly” to
maintain as much randomness in final selection as
possible. When calling, if the number was busy or the
initial respondent declined to take part in the survey,
field workers were instructed to dial the next residential
telephone number on the same page. If a child an-
swered, field workers were instructed to ask for an adult,
but if none was available, to continue with the interview
of the child. The rationale for including children home
alone in the sample was that when disaster strikes such
a child will, of necessity, have to react to the situation.
Thus, unsupervised children are germane to the study
of emergency information dissemination effectiveness.

As part of the 1994 West Tennessee Regional Severe
Weather Exercise, the National Weather Service office
in Memphis issued a severe weather test alert message
at 1905 LST 3 March 1994. The message notified all
receivers of National Weather Service emergency
broadcasts that the message was a drill, followed by
description of a tornado watch. The National Weather
Service broadcast was specifically designed to test all
NWR receivers in the 21-county region. It should be
noted that no severe weather was actually in the area
the evening of the drill. »

The telephone survey was initiated following the se-
vere weather test alert message the evening of 3 March
1994, between the hours of 1930 and 2200 LST. A
total of 407 interviews were completed. Three tech-
niques were anticipated to be of value in considering
the data: tests of proportions, cross-tabulation of vari-
ables, and chi-square statistical analysis.

3. Results

The following discussion presents respondent an-
swers to survey questions regarding NWR receiver
possession and use in the order those questions were
asked by field workers.

When asked “Do you have a NOAA Weather Ra-
dio,” fewer than one-quarter of households (n = 100,
24.6%) indicated they possess such a receiver, while
nearly three-quarters (n = 292, 71.7%) answered no.
Eight respondents (# = 8, 2.0% ) indicated they did not
know whether such a radio is in their domicile. Those
respondents who indicated they possess an NWR re-
ceiver were then asked how they use the receiver. One-
third of those with an NWR receiver indicated they
leave it on all the time (# = 33, 33.0%). Just over one-
half (n = 51, 51.0%) reported they turn it on only
when serious weather threatens. A small percentage of
the NWR receiver owners (n = 16, 16.0%) indicated
they rarely, or never, use it. Finally, the broadcast of
a severe weather test alert just prior to the telephone
survey provided an opportunity to determine the
number of NWR receiver owners actually receiving

WEATHER AND FORECASTING

VOLUME 10

messages through the technology. A substantial ma-
jority (n = 70, 70.0%) of those 100 individuals in the
regional sample of 407 who reported having access to
an NWR receiver did not hear the test alert message.
Slightly more than one-quarter (n = 26, 26% ) of NWR
receiver owners confirmed they heard the test alert.

At the time the field survey was conducted not all
areas of the west Tennessee region were fully covered
by NWR transmitters. In July 1994, after this study
was completed, R. I. Coleman, meteorologist-in-charge
of the National Weather Service office in Memphis,
Tennessee, submitted a plan to upgrade the NWR “all
hazards warning capabilities” to reliable NWR broad-
cast coverage for 95% of the state population (Coleman
1994). That plan includes upgrading 11 NWR trans-
mitters and/or antennas in the state as well as adding
up to four new installations. The plan was based on 5-
uV-receiver field tests of existing transmitters. Figure
1 is a map of the 5-uV penetration areas for the three
NWR transmitters of concern to this study. West Ten-
nessee features generally flat terrain that is conducive
to greater broadcast signal reception than more variable
geography. When respondent data from this study was
sorted by county and tabulated according to the 5-uV
field data, it produced mixed results. As is evident in
Table 2, respondents in counties that have 50% or more
of their geographical area outside the 5-uV signal area
indicate significant ownership and use of NWRs. And
in two of those counties, Gibson and Hardeman, the
test alert message was heard by some respondents. Two
counties provided no NWR ownership or use response:
Henry and Weakley. All of Henry County and more
than 75% of Weakley County lie outside the 5-uV area.
All of Obion County is outside the 5-uV coverage areas.
An Obion respondent indicated ownership of an NWR
receiver but also indicated it was rarely used. Because
of the low number of respondents in some of the rural
counties, the data relative to the 5-uV broadcast area
cannot be considered statistically significant. However,
it does indicate interest in NWR throughout the west
Tennessee region, not confined to areas with 5-uV sig-
nal strength, as well as the possibility of fringe area
reception of NWR broadcasts.

Respondents were asked to reveal their age, within
eight broad categories. Except for the first three groups,
the age distribution was relatively evenly spread. A
small number of respondents reported their age as 10
orunder(n=1,0.2%), 11-15(n=11,2.7%), or 16—
21 (n = 30, 7.4%). Table 3 includes the distribution
of ages in the sample.

Respondents were also asked to indicate their in-
come within one of six brackets. As in the age question,
distribution of respondents was relatively even across
income brackets. There were two notable exceptions.
Few respondents (n = 37, 9.1%) indicated annual in-
comes of less than $10,000. And a small number re-
ported being in the $40,000-$50,000 bracket (n = 27,
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FIG. 1. The 5-uV penetration areas for NWR in west Tennessee. Transmitters: 1) Memphis, WXK-49, 162.475 MHz;
2) Jackson, WXK-60, 162.550 MHz; 3) Waverly, WXK-62, 162.400 MHz.

6.6%). Table 4 reflects respondent income brackets. It
should be noted that several field workers indicated on
their data sheets comments from respondents irritated
at being asked income level with such notations as none
of your business or what’s my income got to do with
disasters? Just over one-fifth of respondents did not
answer the income question (n = 87, 21.4%).

a. Test of proportions

The test of proportions is useful for analysis of cat-
egorical variables since “the proportion is a mean—a
mean of a dichotomous distribution™ (Hopkins et al.
1987, p. 182). By determining the proportion of a
sample, the corresponding proportion of the population
can be estimated. Thus, variables produced by the field
instrument were used to estimate the parameter in a
population by the corresponding proportion in a sam-
ple (Glass and Hopkins 1988, p. 276).

Differences-of-proportions tests were performed on
several items and are reported with the following in-
formation included in the parenthetical: the percentage

of households, the z score produced by the test of pro-
portions, and the probability of error (p). The z score
was computed according to the following formula
where P equals the proportion (or percentage) of cases
in one category, Q equals 1 — P (or 100% — P), and
N equals the number of cases in the sample: z = (P,
— P,)/(PQ/N)'"? (Stemple and Westley 1989, p. 79).
For example, the following parenthetical (24.6%, z
= —23.796, p < 0.0001) indicates that 24.6% of the
household population can be expected to be included,
based on a z score of —23.796, with a systematic error
probability of less than 0.0001 in the statistical infer-
ence drawn from the sample data and applied to the
population.

NWR receivers are located in slightly fewer than one-
fourth of the region’s households (24.6%, z = —23.796,
P <0.0001). Fewer than one-twelfth of west Tennessee
households can be expected to be continuously mon-
itoring NWR (8.1%, z = —61.964, p < 0.0001). Based
on the results of the severe weather test alert message
included in the study fewer than 1 in 15 households
in west Tennessee (6.4%, z = —71.876, p < 0.0001)
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TABLE 2. The 5-4V area ownership, use, and alert recognition.
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TABLE 4. Respondent income brackets: n = 407.

County Own NWR Use NWR* Alert heard Bracket n Percent
Benton™*. X X <10 000 37 9.1
Carroll** X X 10 000-20 000 74 18.2
Chester** X X 20 000-30 000 82 20.1
Fayette** X X 30 000-40 000 45 11.1
Haywood** X X 40 000~-50 000 27 6.6
Henderson** X X X =50 000 55 13.5
Madison X X X Not reporting 87 21.4
Shelby** X X X Total: 407 100.0
Tipton** X X X
Crockett*** X
Decatur*** X
Dyer*** X X . . . .
Gibson*** X X X uals have special weather alert receiving radios does
Hardeman*** X X X not indicate whether they actually use the radios or if
Hardin** X X they may be gathering dust on a shelf. Thus, it is valu-
f:;‘e’,}’" X X able to know if the radios are present in the population,
Lauderdale*** X X whf:ther they are turned on, and whether those who
McNairy*** X X claim to use them actually hear alert messages.
Obion**:** X To investigate the relationship of variables in the
Weakley West Tennessee Severe Weather Exercise telephone

* Includes those who monitor continuously and those who monitor
only when serious weather threatens.

** 50% or more of county inside 5-uV area.

*** 50% or more of county outside 5-uV area.

can be expected to actually hear an emergency message
sent via NWR broadcasts. It should be noted that no
severe weather was in the west Tennessee region the
evening of the severe weather test alert message. Thus,
those individuals who do not turn on their National
Weather Radio receivers unless they know actual severe
weather is in their immediate area could not be ex-
pected to hear it. However, the test, then, provides a
major indicator of the use of NWR, in its present form
and with its current audience engagement habits, as
an “all hazards” warning tool.

b. Contingency table analysis of key variables

The interrelationship of data categories often pro-
duces insight. For example, knowing whether individ-

.

TABLE 3. Respondent age groups: N = 407.

Group n Percent
<10 1 0.2
11~15 11 2.7
16-21 30 7.4
22-30 61 15.0
31-40 85 20.9
41-50 77 18.9
51-60 53 13.0
=61 87 214
No age indicated 2 0.5
407 100.0

survey, questionnaire data were subjected to contin-
gency table analysis, also known as cross-tabulation.
The technique uses a matrix to cross index variables
so the “‘joint occurrences of pairs of scores on two vari-
ables in a group” are readily apparent (Glass and Hop-
kins 1984, p. 99).

Contingency table analysis of the survey data in-
cluded four steps. First, it was necessary to sort re-
spondents into three categories: those with receivers,
those without, and those indicating “don’t know.”
Slightly fewer than one-quarter of respondents in west
Tennessee said they have NWR receivers (n = 100,
24.6%). A clear majority of respondents (n = 292,
71.7% ) said they do not have such receivers, with small
percentages indicating they do not know (n = 8, 2.0%)
or not answering the question (n = 7, 1.7%). Second,
the 100 respondents of the sample who said they possess
NWR receivers were sorted according to the way they
use the receivers. In the survey they were asked if their
radio is on all the time, is turned on only when serious
weather threatens, or if they rarely, or never, use it.
The third step in the contingency table analysis cross-
tabulated the results of the two sorting procedures. Ta-
ble 5 provides the contingency table for possession of

TABLE 5. Respondents with NOAA Weather Radios
cross-tabulated by type of use: n = 100,

Radio is turned on

Only when
severe weather  Rarely or
Always threatens never Total
Own NOAA weather 33 51 16 100
radio (33.0%) (51.0%) (16.0%) (100.0%)

Total:
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TABLE 6. NOAA alert response (percentages indicate row
percentages): n = 100.
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TABLE 8. Age, information, and NOAA radio possession
(positive response percentages): N = 407.

Alert message recognition Age group Information NOAA radio

. Did not <10 0.0 0.0

Radio use ‘Heard alert hear alert Do not know 11-15 18.2 36.4

16-21 333 16.7

On all the time 21 10 2 22-30 233 14.8

(63.6%) (30.3%) (6.1%) 31-40 27.7 17.1

On only when 5 45 1 41-50 329 29.7

severe weather (9.8%) (88.2%) (2.0%) 51-60 37.7 34.6

threatens 261 19.8 322

Rarely or never 15 1

on (93.8%) (6.3%)

an NWR receiver and the use of such a radio. One-
third of those who have such receivers (n = 33, 33.0%)
reported they are on all the time. Slightly more than
half (n = 51, 51.0%) indicated they wait to turn them
on until they know serious weather is threatening, while
one-sixth (n = 16, 16.0% ) reported they rarely or never
use their NWR receivers.

The experimental element of the National Weather
Service test alert sent to all NWR receivers in west
Tennessee was compared to the way respondents re-
ported using their receivers. Table 6 provides the cross-
tabulation of the way those who have NWR receivers
use them and whether respondents reported hearing
the test alert message. Slightly fewer than two-thirds of
those who have their NOAA radios on all the time
heard the message (n = 21, 63.6%). Additionally, of

TABLE 7. County NOAA Weather Radio penetration: N = 407.

Percentage of

Population respondents

County (1990) with receivers
Shelby 826 330 20.2
Madison 77 982 56.5
Gibson 46 315 23.1
Tipton 37 568 54.5
Dyer 34 854 20.0
Weakley 31972 0.0
Obion 31717 11.1
Henry 27 888 0.0
Carroll 27 514 429
Fayette 25559 250
Lauderdale 23491 28.6
Hardeman 23 377 28.6
Hardin 22633 429
McNairy 22422 28.6
Henderson 21 844 50.0
Haywood 19 437 16.7
Benton 14 524 50.0
Crockett 13 378 25.0
Chester 12 819 25.0
Decatur 10472 20.0
Lake 7129 50.0
Region population: 1359 225

those who only turn the radios on when they know
severe weather is in their area, just under 10% heard
the message (n = 5, 9.8%). No respondents who re-
ported rarely or never having their NWR receiver
turned on heard the test alert message.

Those households that possess NWR receivers were
sorted by county. Table 7 lists the west Tennessee
counties by population density with the percentage of
respondents who indicated they possess NWR receiv-
ers. The table illustrates that while the penetration of
NWR receivers varies widely from county to county,
it does not appear to be linked in a significant way to
population density with similar penetration percentages
across the range of populations.

The next sequence of cross-tabulations focused on
the variables of age bracket and possession of an NWR
receiver. The cross-tabulation is illustrated in Table 8.
NWR appears to be of most interest to early teens and
those over 40.

The final set of cross-tabulations sought to determine
the effect of income level on NWR receiver possession.
Ownership increased with income level, resulting in
the highest number of positive responses in the three
highest income brackets. Table 9 graphically illustrates
the data.

¢. Chi-square analysis

Chi-square statistical analysis provides the capability
to compare nominal data to determine if there is a
relationship (Wimmer and Dominick 1987, pp. 261-
266; Glass and Hopkins 1984, p. 275). “The value of

TABLE 9. Income, information, and NOAA radio possession
(positive response percentages). n = 320.

Income bracket Information NOAA radio
<10 000 13.5 8.3

10 000-20 000 23.3 17.6

20 000-30 000 28.4 21.0

30 000-40 000 28.9 31.1

40 000-50 000 29.6 23.1
=50 000 45.5 353
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x? increases as the observed proportions differ among
the groups being contrasted” (Glass and Hopkins,
1984, p. 288). The greater the difference in proportions
in cells of cross-tabulated variables, the stronger the
relationship. In mass media research it is often of in-
terest to use the observed frequencies of a variable to
determine the frequencies that might be expected to
occur or to be hypothesized. To perform a X2, the re-
searcher must know the probability level desired and
the degrees of freedom (df), the number of scores in
any particular test that are free to vary in value. “If the
calculated chi-square value equals or exceeds’ the pre-
determined value for the probability level and degrees
of freedom, “the differences in frequency are considered
to be statistically significant at the predetermined alpha
level” (Wimmer and Dominick 1987, p. 262). The
equation for x2, where O; = the observed frequencies
and E; = the expected frequencies, is as follows: x?
=(0; — Ei)z/Ei-

Thus, along with contingency table analysis that in-
dicates “‘joint occurrences of pairs of scores on two
variables in a group” (Glass and Hopkins 1984, p. 99),
chi-square provides a statistical tool to indicate whether
those occurrences are related by more than simply
chance, Chi-squares were computed to investigate pos-
sible relationships between the independent variables
of age and income and the dependent variable of NWR
receiver possession. The age-independent variable
failed to yield significant chi-squares. However, NWR
possession was significantly related to income level (X2
= 21.82,df = 10, p < 0.05), as shown in Table 10. In
the case of NWR receivers, the highest penetration is
in the three highest income brackets (31.1%, 23.1%,
and 35.3% in ascending order). Those making under
$20 000 annually have less than a 20% chance of having
such receivers in their possession.

The x? analysis provides support for the argument
that higher income is related to higher levels of disaster
preparedness in terms of the ability to hear emergency
information broadcast on NWR transmitters. Put an-
other way, the individuals least likely to have, or to be
able to receive via radio, emergency information from
authorities during a disaster are those in the lowest
socioeconomic strata of society.

d. Research question answers

The survey data and contingency table analysis pro-
vided the following answers to the research questions
of the study.

1) How many residences have NWR receivers?

NWR is available to slightly fewer than one-quar-
ter of west Tennessee residences (n = 100, 24.6%, p
< 0.0001). Thus, 83 592 households have the tech-
nology providing accessibility to 334 369 people.
The remainder of the west Tennessee population
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TABLE 10. Chi-square for NOAA Weather Radio possession and
income level (percentages indicate row percentages): n = 313,

Possession of NOAA Weather Radio receiver

Income level

in dollars Yes No Do not know

<10 000 3 (8.3%) 33 (91.7%) 0

10 000-20 000 13 (17.6%) 57 (77.0%) 4 (5.4%)
20 000-30 000 17 (21.0%) 63 (77.8%) 1(1.2%)
30 000-40 000 14 (31.1%) 31 (68.9%) 0

40 000-~50 000 6 (23.1%) 18 (69.2%) 2(7.7%)
=50 000 18 (35.3%) 33 (64.7%) 0

X% =21.82 df = 10 Significance = 0.01603

(1024 856) does not have access, within their
households, to the NWR technology.

2) How many of those are turned on continuously
monitoring for alert messages?

One-third of those respondents who indicated they
possess an NWR receiver (n = 100) leave it on all the
time (n = 33, 33.0%). When factored into the total
sample of 407 respondents, the percentage of west
Tennessee households that are continuously monitor-
ing the service and, thus, can be immediately alerted
to potential disaster through NWR is only 8.1%.

3) How many NWR receivers are not turned on
unless the owner is aware there is severe weather po-
tential?

Slightly more than half of those respondents who
own NWR receivers (n = 51, 51.0%) indicated they
turn them on only when they know severe weather is
in their area. No attempt was made in this research
question to differentiate between those who have radios
with a mutable tone-alert feature. The question sought
to determine access to the NWR channel on a contin-
uous basis regardless of whether severe weather was
known to be in the area.

4) Is there a relationship between family income
and the availability of either battery-powered, com-
mercial broadcast, or NWR equipment in the house-
hold?

The data support the contention that those who are
better off economically tend to adopt new technology
more readily. There was a statistically significant re-
lationship between increased income and NWR re-
ceiver ownership (x2 = 21.82, df = 10, p < .05).

4. Conclusions
a. Problems with public use of NWR

The study revealed fundamental problems in the way
the general public engages with NWR. Channel en-
gagement is paramount to communication taking
place. If both sender and receiver are not engaged with
one another through the same communication vehicle,
no communication exists. In the most elementary of
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terms, unless there is a listener to hear a broadcast, the
broadcast is for naught.

It is significant that, based on the sample in this
study, one-quarter of the households of west Tennessee
can be expected to have chosen to purchase the nec-
essary equipment to engage with the communication
channel. The National Weather Service may view the
percentage of west Tennessee households using the ser-
vice as a gratifying statistic indicating that a substantial
number of people monitor its broadcasts. However, it
is a classic example of the maxim “Is the glass half full
or half empty,” with three-quarters of west Tennessee
households not engaged directly with NWR. It is im-
portant to note that those who own the necessary re-
ceiving equipment, for the most part, leave it turned
off unless they know there is severe weather in their
area. For weather phenomena, which often includes
watches and warnings issued to encourage the height-
ening of public awareness, such sporadic engagement
by individuals with weather radio receivers may not
pose a serious problem. It is possible that the use of
the radio service in such a way increases its effectiveness
because it is never a background noise, as it is only
turned on when severe weather is anticipated. However,
if NWR is to be used increasingly as an information
tool in an “all hazards” approach, to include disaster
phenomena that cannot be readily discernable by ob-
vious changes in the sky, more continuous monitoring
by the general public is essential.

Only one-third of those who own NWR receivers
keep them turned on continuously, while half the re-
ceiver owners turn on their radios only if they already
know there is a reason to monitor the channel. One-
eighth of NWR-receiver owners rarely turn them on
at all. Considering such a small percentage of regional
households (a) continuously monitor NWR and (b)
subsequently hear emergency messages broadcast by
the service, it is considerably limited, by itself, as a
general public emergency information vehicle for non-
weather emergencies such as chemical spills. Indeed,
one of its most effective roles may be that of notifying
other mass media (commercial radio and television
stations) and emergency response organizations, which
then notify the general public.

b. Lack of uniform tone-alert capability in receivers

While some NWR receivers have a tone-alert feature
that turns on the radio speaker only if there is an alert,
others do not. In a spot check by the researcher of one
of the largest electronics retailers in the nation, Radio
Shack, it was determined several models of weather
radio receivers were available but only one with tone
alert. That model is a battery-powered portable pocket
unit with an estimated battery life (if used for contin-
uous monitoring ) of approximately 60 h. None of the
radios stocked by the retailer that operate on normal
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household electric power had the tone-alert feature.
While tone-alert receivers may be available through
other electronics retailers, the spot check of one of the
nation’s largest electronics retail chains underscores a
possible variability problem with consumer availability
of mutable NWR monitors. Monitoring the weather
radio channel over an extended period of time, with
its abundant messages that are not emergency in nature,
may reduce an individual’s sensitivity to the radio. And
it is possible owners of radios without the tone-alert
feature turn down the receiver volume over time to a
level that renders their monitoring equipment ineffec-
tive. Thus, incorporation of tone alert for muted op-
eration appears a possible factor in encouraging wider
public monitoring of NWR.

¢. Sociceconomic factors in public engagement with
NWR

A significant relationship was found between in-
creasing income levels and the possession of NWR re-
ceivers. Thus, in west Tennessee those with the most
economic resources are the most well equipped with
emergency communication technology. The implica-
tion is that other means are necessary for communi-
cating natural disaster alert information, or information
about services after such a disaster strikes, with lower
socioeconomic groups.

d. Increasing public and emergency services use
requires more than more transmitters

Recent popular literature indicates public officials,
including the vice president of the United States, may
assume the existing NWR system is an effective tool
for a wide range of emergency notification needs in-
cluding chemical or gas disasters. From a sender per-
spective, NWR provides abundant information to the
general public. However, from the receiver’s point of
view problems in channel engagement discussed earlier
seriously compromise the likelihood of emergency
messages actually being heard by the intended audi-
ence. Efforts to substantially expand existing technol-
ogy to improve public safety are illusory if not com-
bined with an effective program to expand and contin-
uously reinforce public awareness and effective use of
that technology. The research supports the view of
NWR as communication technology with a significant,
though somewhat limited, direct-niche audience.
Broadening that niche will take more than simply ex-
panding the transmission and coverage capabilities of
the existing system. An effective marketing program
appears necessary to both increase the number of in-
dividual households with NWR receivers and to en-
courage proper monitoring of the communication
channel.
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e. An expanded concept of “‘integrated warning”’

Based on the data from this study, weather fore-
casters and others using NWR to send information to
intended audiences must be aware of its limitations as
a direct communication device.

The concept of an integrated warning system—put
forth by researchers including Mileti (1975) during the
1960s and 1970s—that focuses on bringing together
all facets of the detection and forecast, warning, and
response process must, in the new, fragmented mass
media environment, be expanded to a concept of in-
tegration spanning multiple communication channels.
NWR is but one part of the family of warning channels
with which the public engages. Perhaps its most im-
portant function is not in direct warning to the public
but in conveying warning information to other mass
media and emergency responders who incorporate nu-
merous other technologies (commercial radio and
television, sirens, public address vehicles) to engage
those in harm’s way. As Mileti and Sorensen (1990, p.
5-6) emphasized, “It would be imprudent to presume
that all members of a public would hear a warning just
because one is issued.” And further, “public warnings
must speak to a diverse and heterogeneous public. The
presumption of a simple stimulus-response model of
public warning response is invalid and must be laid to
rest” (Mileti and Sorenson 1990, pp. 7-13).

f. Suggestions for further research

The data support the need for a clearer picture of
the kind of NWR-monitoring equipment being pur-
chased by American consumers. For example, how
many NWR receivers owned by Americans have tone-
alert features that result in alarms sounding even if
those radios are muted? This research implies tone alert
may be significant in the use, or disuse, of NWR by
the general public. There is no question a large per-
centage of current owners of NWR receivers within 5-
1V NWR signal strength areas of west Tennessee do
not hear all emergency broadcasts in their area. Re-
search should be initiated to determine why this occurs.

There is a need for further research to determine
why most people who own the radios keep them turned
off most of the time. Two areas are suggested for con-
sideration in future research into the way audience
members engage (or may choose not to engage) with
the channel. There is a possibility that once a consumer
purchases an NWR receiver and begins to use it, too
frequent use of the alert mechanism over too wide an
area results in too many false alarms. Currently, NWR
alerts are broadcast to groups of counties serviced by
each National Weather Service transmitter. Thus, a
thunderstorm alert sent for one county may set off radio
alert alarms in unaffected counties, producing false
alarms for those in the unaffected counties.
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Investigation should also be conducted into the
methods emergency agencies and their managers could
use to increase immediate.emergency message recep-
tion by lower socioeconomic groups. This research
provides evidence that middle-class or higher economic
groups are the most prone to practice emergency pre-
paredness.
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