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Foreword

The U.S. Geological Survey (USGS) has long recognized the importance of
effective communication of hazards and risk information in emergency and
nonemergency situations. In 1978 the USGS convened a conference on
"Communicating Earthquake Hazards Reduction Information," that brought
together individuals from many disciplines to grapple with the problems of
communication. At the conference Professor Gilbert White of the University of
Colorado identified and discussed five myths of communication:

(1) Mailing a report constitutes communication.
(2) There is a consistency between what people say and what they do.

(3) There is a general relationship between the provision of scientific
information and what is done with the information.

(4) There is a general public or "the public."
(5) Scientific assessment is the equivalent of a group assessment.

As scientists, we still find that we occasionally succumb to believing one or
more of these myths in communicating with each other, with public officials,
and with "the public." Nevertheless, we have progressed a long way since 1978
having had many experiences, some successful--some otherwise, in communicating
hazards and risk information. We shall continue to progress as the
recommendations contained in this report are implemented.

Effective communication is a complex process that becomes more critical to our
society as our environment and citizens become increasingly interdependent.
For this reason, we are committed to improving the process of communicating
information on geologic hazards and risk.

John R. Filson

Office of Earthquakes, Volcanoes
and Engineering

U.S. Geological Survey
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BACKGROUND AND SUMMARY FOR
WORKSHOP ON "THE U.S. GEOLOGICAL SURVEY'S ROLE IN HAZARDS WARNINGS"
by
Paula L. Gori and Walter W. Hays
U.S. Geological Survey
Reston, Virginia 22092

INTRODUCTION

Thirty-one physical scientists and social scientists participated in a 2-day
workshop on "The U.S. Geological Survey's (USGS) Role in Hazards Warnings."

The workshop, convened under the auspices of the National Earthquake Hazards
Reduction Program, was held in Golden, Colorado, on February 2-3, 1987.

This workshop was the fortieth in a series of workshops and conferences
throughout the Nation that the USGS has sponsored since 1977 to provide a
forum and permanent record of interactive multidisciplinary discussion of
selected topics. Two earlier conferences, Conference V, "Communicating
Earthquake Hazards Reduction Information," and Conference XII, "Earthquake
Prediction Information," emphasized the importance of communicating hazards
and risk information to public officials, emergency planners, engineers, and
architects. (A complete listing of conferences can be found in Appendix E.)

The idea for the workshop evolved from a suggestion made by Dr. Dennis Mileti
at a 1986 meeting of Nation Research Council's Subcommittee on Earthquake
Research in which he encouraged the USGS to consider updating the way it
performs its roles in public warning and dissemination of hazards and risk
information.

At the Subcommittee meeting, Dr. Mileti suggested that the USGS gather the
current social science knowledge on the communication of hazards and risk
information as official and unofficial warnings and compare existing knowledge
with past experiences to reveal some lessons that could be useful in the
future.

As a result of the discussions at the Subcommittee meeting and in recognition
of the important role the USGS serves in disseminating hazards and risk
information, the following USGS scientists, State geological survey
representatives, and social scientists participated in an informal workshop to
share research findings and experiences and to take a close look at the way
the USGS communicates hazards and risk information.

Robert Alexander U.S. Geological Survey

S. T. Algermissen U.S. Geological Survey

Bill Bakun U.S. Geological Survey

Martha Blair William Spangle and Associates, Inc.
Jane Bullock Federal Emergency Management Agency
Michael Carter Colorado State University

John Filson U.S. Geological Survey

Paula Gori U.S. Geological Survey

Tom Hanks U.S. Geological Survey

Walter Hays U.S. Geological Survey

Candace Jochim Colorado Geological Survey

Gary Johnson Federal Emergency Management Agency



Bill Kockelman
E. V. Leyendecker
Dennis Mileti
Dan Miller
Patrick Muffler
Elaine Padovani
Risa Palm
Waverly Person
Albert Rogers
John Rold

Bill Schulze

Bob Schuster
Clem Shearer
John Sorensen
Doug Sprinkel
Donald Swanson
Susan Tubbesing
Gerald Wieczorek
Tom Wright

U.S. Geological Survey

U.S. Geological Survey
Colorado State University
U.S. Geological Survey

U.S. Geological Survey

U.S. Geological Survey
University of Colorado

U.S. Geological Survey

U.S. Geological Survey
Colorado Geological Survey
University of Colorado

U.S. Geological Survey

U.S. Geological Survey

Oak Ridge National Laboratory
Utah Geological and Mineral Survey
U.S. Geological Survey
University of Colorado

U.S. Geological Survey

U.S. Geological Survey

This workshop was the first opportunity that USGS scientists who were involved
with the communication of hazards and risk information concerning earthquakes,
volcanic eruptions, and landslides had to meet together to discuss common
experiences, successes, and problems. The workshop, therefore, provided an
opportunity for USGS scientists to learn lessons from social science research
as well as from the experiences of scientific colleagues. (See Appendix D for
list of participants with addresses and phone numbers).

WORKSHOP PROCEDURES

The workshop was designed to enhance interaction between earth scientists and
social scientists in order to instill an appreciation of each discipline's
contribution to the communication of short- and long-term hazards and risk
information. The following procedures were used:

Procedure 1: Plans were made to hold a workshop for 30 individuals to review
the advances in communicating hazards and risk information as related to USGS
hazards warnings, responsibilities, and experiences.

Procedure 2: A preliminary program was developed by Walter Hays, Paula Gori,
Dennis Mileti, and Susan Tubbesing. The program was revised by the
participants invited to attend the meeting, incorporating specific topics and
speakers.

Procedure 3: The first 1-1/2 days of the workshop were dedicated to
presentations by earth scientists and social scientists of current theories
and case studies in communicating hazards and risk information. Time was
allotted for questions and discussions. The afternoon of the second day was
reserved for an in-depth discussion of how hazards and risk information can be
communicated more effectively and what the USGS should do next to improve its
communication process.



Procedure 4: A proceedings of the workshop was compiled, incorporating the
presentation of some of the speakers (not all speakers prepared a formal
presentations as the workshop was intended to be informal) and the
recommendations of the participants on how the USGS can communicate warnings
to the various publics more effectively as well as hazards and risk
information.

WORKSHOP PROGRAM

The objectives, themes, and speakers for each session are described below:

Objectives: To review what is known in the information and communication
sciences relevant to the communication of short- and long-term hazards
(characterization of the physical phenomena) and risk (characterization of the
losses) information. To discuss the needs of the USGS and review some recent
experiences. To make recommendations for improving the communication of
hazards and risk information. Emphasis was on pre-event.

SESSION I: Overview of the problem of communicating hazards and risk
information.

Moderator: Walter Hays, U.S. Geological Survey

Introduction of workshop participants, objectives, and procedures.
--Walter Hays, U.S. Geological Survey

Current knowledge on communicating hazards and risk information.
—-Dennis Mileti, Colorado State University
—~John Sorensen, Oak Ridge National Laboratory

SESSION II: Discussion and introspective evaluation of recent USGS
experiences with communicating hazards and risk information.

Moderators: Susan Tubbesing, University of Colorado, Doug Sprinkel, Utah
Geological and Mineral Survey, and Bill Kockelman, U.S. Geological Survey

Earthquakes

Southern California long-term earthquake forecast and
Parkfield, California

--John Filson, U.S, Geological Survey

--Bill Bakun, U.S. Geological Suvey

Perspectives and discussion of what has been learned from selected
experiences in California.
--Risa Palm, University of Colorado

Earthquake scenarios and loss estimation
—--Ted Algermissen, U.S. Geological Survey

Time zero plus 30 minutes—-dealing with the various publics
--Waverly Person, U.S. Geological Survey



Volcanoes

Mt. St. Helens, Washington

—=Dan Miller, U.S. Geological Survey
—-Don Swanson, U.S. Geological Survey

Perspectives and discussion of what has been learned from
Mt. St. Helens and other similar experiences.
--John Sorensen, Oak Ridge National Laboratory

Kilauea, Hawaii
—-Tom Wright, U S. Geological Survey

SESSION IIT: Discussion and introspective evaluation of recent USGS
experiences with communicating of hazards and risk information.

Moderators: Paula Gori, U.S. Geological Survey, John Rold, Colorado
Geological Survey, and Waverly Person, U.S. Geological Survey

Volcanoes (Continued)
Perspectives and discussion of what has been learned from Nevado del Ruiz,
Colombia, and other similar experiences

—--Dennis Mileti, Colorado State University

Long Valley, California
—-Dan Miller, U.S. Geological Survey

Perspectives and discussion of what was learned from Long Valley and other

similar experiences.

~-Martha Blair, William Spangle and Associates, Inc.

Landslides

San Francisco Bay area, California

—--Jerry Wieczorek, U. S. Geological Survey

Hurricanes

Perspectives and discussion of what was learned from hurricane emergenices

and other similar experiences.

--Mike Carter, Cooperative Institute for Research in the Atmosphere
SESSION 1IV: Next steps for U.S. Geological Survey to consider

Discussion of how we can communicate hazards and risk information better.

Moderators: Clem Shearer, U.S. Geological Survey, and Dennis Mileti,
Colorado State University

DISCUSSION AND RECOMMENDATIONS

The participants addressed the question:



How can communication of hazards and risk information by the USGS be
improved with respect to the message, the channels of communication, and
the credibility of the source?

Figure 1 represents the problem of communicating hazards and risk information.

RECOMMENDATIONS

The participants suggested the following procedures to improve the
communication of short—- and long-term hazards information.

1. Communication as a process involving Federal, State, and local
interaction:

a. The issuance of warnings and the communication of hazards and risk
information should be seen as a process not as a single act.

b. Federal, State, and local networks should be established in areas
where hazards research is taking place and where hazards warnings are
a possible outcome of the research.

c. The USGS should begin communication with local communities by
preparing them with information which will eventually be distributed
to the general public.

d. Where feasible, local communities should be involved at the research
stage.

e. Cooperation between Federal, State, and university researchers should
be maintained in order to develop wider expertise and to expand the
sphere of credibility.

2. Consideration of local needs:

a. The public's needs should be taken into account when issuing warnings
or communicating hazards and risk information.

b. Funding should be sought from other agencies to share in operating
information centers in hazard-prone areas.

c. Warnings which are given on the eve of an event must be well thought
out, otherwise problems will arise. Messages should be drafted in
advance of needs and tested to find potential flaws.

d. Whenever possible, solutions and recommended actions should be
provided along with the hazards and risk information and be a part of

the communication of warnings.

3. Refinement of U.S. Geological Survey procedures:

a. Procedures followed by U.S. Geological Survey's Public Affairs offices
should be reviewed and improved (streamlined) where feasible.

po H b



d.

(=2

The Survey should follow different procedures for communicating short-
and long-term hazards and risk information.

The Survey should think through the process of communication of
hazards and risk information to the news media prior to the occurrence
of an event.

The Survey should seek at all costs to maintain its high credibility.

The language of warnings should be standardized to the extent
possible.

4., Establishment of link with social science:

ae

b.

The USGS should take advantage of the services of social scientists.
For example, a social scientist could work with local communities when
there is a possibility of the need to convey hazards and risk
information as warnings, lessening the amount of time researchers
spend with the public, as well as preventing unforeseen difficulties
with communicating hazards and risk information. The social scientist
could advise researchers on appropriate language to ensure that
hazards and risk information is understandable and that it elicits the
appropriate response.

A coordinating mechanism should be established in the Office of
Earthquakes, Volcanoes, and Engineering for a three-year trial period
to continue exploring the "social science" applications of USGS
hazards and risk information. One or two workshops should be convened
each year.

The warnings and notifications issued in the period 1976-1986 should
be reviewed with "social science'" participation. Revisit sites to ask
"Where are they now?" A feedback process with USGS scientists should
be formed to develop recommendations for improvement.

A few specific projects to assist USGS scientists in improving the
communication process with key users and decisionmakers should be
undertaken. An example is to incorporate volcanic hazards information
into the land-use planning process.

CONCLUSIONS

At the close of the workshop, the participants related what they had learned
during the 2-day session. Each individual of fered either an impression or a
specific suggestion to the group. Some of the thoughts were as follows:

o The USGS is involved in a multitude of efforts concerning geologic
hazards. These efforts must be integrated and coordinated to derive
maximum benefit.

o} The USGS scientists involved in communication of hazards and risk
information have much in common despite the fact that they are concerned
with different geologic hazards.



How to communicate information about geologic hazards is important and may
be even more important in averting a disaster than assessing and
monitoring geologic hazards.

Scientists need to keep local communities involved. There is really no
truth to fearing "panic" on the part of the public or overdoing the amount
of information provided. Social scientists can not document either the
"panic" syndrome or the "cry wolf" syndrome in hazard warnings.

The USGS has just begun to "scratch the surface" of hazards warnings. It
needs to systematize and routinize its procedures.

Other organizations which deal with natural hazards have past experiences
which can be useful in refining the USGS' hazards warning roles and
procedures in communication of hazards and risk information.

The USGS should evaluate and refine its procedures, incorporating lessons
learned from its experiences with communicating hazards and risk
information.

The USGS needs to recognize and reward individuals who are responsible for
interacting with the public and State and local government.

Workshop like this one should be repeated often so that USGS scientists
can learn from each other, from scientists studying the behavior of
organizations, and from individuals in other agencies concerned with
hazards and risk.



PUBLIC WARNING NEEDS

by
John H. Sorenmsen, Oak Ridge National Laboratory, Oak Ridge, Tennessee

Dennis Mileti, Colorado State University, Fort, Collims, Colorado

A. Introduction and Purpose

Warning publics of impending disaster is an everyday occurrence in the
United States. We estimate that warnings are issued at least once a'day
and perhaps more frequently for some American public at risk to some sort
of geological, climatological, technological or civil hazard. The number
of people warned in these events vary; most episodes involve only a few
persons. However, dozens of events occur annually in which warnings are
issued to a population of substantial size. Considered nationally, public
disaster warnings are hardly an uncommon phenomenon. At the local level,
a warning event is often unique; a]thouéh there are some communities for
which warnings are commonplace, fof example, flood warnings along the
Mississippi. |

History is riddled with warning events in which publics have been
encouraged to engage in a variety of alternative protective actions.
These actions, for example, include evacuation, sheltering, avoiding
certain paarts of a city and so on. The record documents "successful®
warning events in which loss of l1ife and property were reduced bécause
warnings were issued. History also catalogues warning systems‘"failures":
despite warnings many lives were lost when disaster struck. There is also
emerging evidence which suggests that some human impacts, for example
psychological, can emerge after warning even "successful" events. At the
most general level, the purpose of this chapter is to seek an answer to
the question "Why?" do variations occur in human response to warnings.

We are not ;he first to attempt an answer to this question.

Researchers began to address the question of why publics respond to



warnings of impending disasters as they do some three decades ago. Early
efforts (Moore et al., 1963; Withey, 1962; Mack and Baker, 1961) revealed
that patterns did exist in public response to warnings. These efforts
were followed by attempts to systematize and conceptualize findings
(Mileti, 1975; McLuckie, 1970; Williams, 1957), as well as by systematic
reséarch on warning response events (for example, Drabek, 1969). In
recent years, research has continued, as have attempts to compile findings
(Perry, 1985); in the last decade, the number of actual studies of public
response to warnings has almost doubled. There are now about 200
empirical studies of public warning response.

It is the specific objective of this chapter to focus on the public
response impacts of emergency warning systems in order to synthesize and
appraise empirical findings, gaps in knowledge and implications for

research and policy.

A. Theoretical Viewpoint

A key purpose of a public warning system is to elicit protective
actions by people in danger. Protective, however, does not flow
automatically from hearing a warning. An influential intervening factor
between hearing and responding to a warning is the situational perception
of risk which people hold. These perceptions impact what peopie do and do
not do in response to warnings, as do perceptions about appropriate
response actions. A key purpose for a warning system, therefore, is to
provide the public with accurate situational perceptions of risk from the
impending disaster commensurate with the actual or objective nature of the
risk, and to provide them with sound situational perceptions of what to do
to prevent personal harm and loss. As such, warning systems work through
people's cognitive processes to influence behavior. Thus, the main

‘©
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challenge to any warning system is to disseminate information that leads a
diverse public at risk to "correct" cognitions and perceptions.

These perceptions are shaped by dialectical forces. The first
concerns the sender of warning information; the second concerns the
information receiver. A dilemma for the sender is that there is
typically, in any warning situation, more than one sender and more than
one message. A dilemma for the receiver is that across a heterogeneous
public, and even across time for one individual, there can be more than
one perception of the impending event, risk and appropriate response.

1. Dilemmas of Perception. In theory, there are four possible
categorizations for warning events when one considers the juxtapositioning
of sender and receiver attributes. These are poles of continuums; actual
events are more likely to be variants of these ideal-types. First, only
one warning message reaches the public, and a common public perception is
formed. Second, only one message reaches the public, but multiple public
perceptions are formed. Third, multiple messages reach the public who
form multiple perceptions., Finally, multiple messages go out to the
public, but only one common public perception is formed.

A circumstance in which a single warning would go to an endangered
public who would then form a single public perception about impending risk
and appropriate response to it is not 1ikely in an open and free society.
Events such as this have occurred in less pluralistic societies, and one
of these is here worth describing. A 7.3 Richter magnitude earthquake
occurred on February 4, 1975 near Haicheng, China. Prior to the
earthquake, elaborate monitoring led the provincial Revolutionary
Committee to issue a public warning for a strong earthquake to hit within

two days. The earthquake happened causing major destruction about five
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hours later. Accounts suggest that the single warning was issued from the
Revolutionary Committee; that when received almost everyone evacuated; and
that evacuees remained in open fields in freezing winter temperatures
(Mileti, Hutton and Sorensen, 1981:35-36). Warning systems would not pose
a complicated problem if all warning situations could parallel Haicheng.
In a pluralistic society, information and warnings can not be controlled
as occurred in this case, and multiple and mixed public perceptions are
more 1ikely.

It is difficult to document other cases in which only a single public
message was issued; however, the June 1972 Rapid City flood comes close.
This flood occurred following two other historical floods. The most
recent occurred about a decade before; it was remembered by many as not a
severe threat to 1ife. Earlier in the century, however, a flood occurred
that was much the same in magnitdde and affect as thé 1972 flood in which
over 230 persons died. For all practical purposes, only a single warning
message was issued for the 1972 flood, single that is in terms of
content. It said a flood was coming and that people who lived abutting
the creek should evacuate. This single message resulted in multiple
public preceptions. For example, some members of the public perceived
that the impending flood would be Tike the minor flood recollected from
the last decade, and this recollection constrained evacuation; fewer
others perceived the impending flood té be 1ike the earlier-in-the-century
flood, and this was an incentive to evacuate. Additionally, some people
perceived the word "abutting" to mean property backed onto the creek,
while others correctly thought it to mean property within a block or two
of the creek; the former perception constrained evacuation while the

latter was an incentive to evacuate. This tale illustrates that a vague
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sinéu]ar warning message can result in a heterogeneous set of public
perceptions about the risk, and result in as varied a set of warning
reponses as there are perceptions.

We feel reasonable in the conclusion that the Three Mile Island
Accident in 1979 provides a textbook example of almost everything that
could go wrong with a warning system from a public response viewpoint.
The event catalogues a series of conflicting and inconsistant public
messages. These include: a twenty-five mile area was at risk versus a
five mile area; there could be an explosion versus there would not be one;
there was no danger versus the Catholic Church had granted general
absolution of sins for local residents; and so on., An inspection of
public perceptions elicited by these confused messages reveals muitip]e
outcomes; for example, many people evacuated, but many did not; and many
perceived that risk to life and health was high, but many did not.

Relatively complex multiple messages are needed to enable a hetero-
geneous public to reach single and accurate perceptions about who is and
who is not at risk in an emergency, as well as who should and who should
not do anything about it; the 1972 Tropical Storm Agnes provides ‘an
example. Agnes was one of the largest storms ever to hit the United
States. Several states were impacted, thousands of people evacuated,
thousands others sheltered and yet thousands others did nothing. For the
most part, people did the "correct" reéponse based on accurate perceptions
of risk which wére quite heterogeneous across the multi-state area. The
reason was that a multitude of different and detailed warning messages
were disseminated and these helped almost everyone perceive risk, and then
act, reasonably. In this hurricane, 1ike others in recent years, many

people came to a shared perception of the storm, and then appropriate
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action. As a result, few people lost their lives in comparison to what
could have occurred if the warnings were 1ike they were at Three Mile
Island or in Rapid City. In the next section we review the process by
which multiple and single, inaccurate and accurate, perceptions are formed

when the public receives a warning.

2, Ihe Warning Response Process Why do multiple public perceptions

of risk arise among the members of an endangered public who all receive
the same single warning message? Why does human response to a warning
differ among individuals when they receive the same information about how
to respond? In this section, we elaborate upon the process by which these
differences occur,

Human decision making when confronted by a warning résemb]es a
lTexiographic decision process: people go through a sequential process
where various aspects of the decisioﬁ confronting them are considered
before acting. We illustrate this process in Figure One. The sequence
may not be the same for every person; and each stage is not necessary for
response. The process is initiated by notification, or hearing an initial
warning. This leads to various psychological and behavioral outcomes.
The process is shaped by sender (those issuing the warning) and receiver
(those hearing the warning) factors. Mediating the process aré
information seeking and confirmation activities. Each component is now
discussed in the order we believe characterizes a typical decision
sequence.

The first stage of public warning response is hearing the alert or
message. It cannot be assumed that by broadcasting a warning or by

sounding a siren that people will hear it. Even when it is physically

by
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Figure One

THE GENERAL WARNING-RESPONSE SEQUENTIAL PROCESS MODEL

<

ATTRIBUTES NOTIFICATION QUTCOM
| S PSYCHOL OGICAL RESPOND
Sender Characteristics Hear Understand Respond
Receiver Believe
Characteristic§ Personalize
Information Seeking and Confirmation >
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poss&b]e to receive the warning, it may, so to speak, fall on deaf ears
because of habituation (e.g., they never really listen to television),
selective perception (e.g., they hear only what they want to);»or physical
constraints (e.g., they are out of siren range). The failure to hear a
warning generally precludes response.

Once heard, the warning must be understood. By understanding, we do
not refer to interpretation, but rather to the attachment of meaning to
the message. Those meanings can vary among people and may or may not
conform to the understandings intended; for example, a flood warning may
be understood as a wall of inundating water to one person, but ankle-high
runoff to another. A fifty percent-probabi1fty may be interpreted as
certain by some or unlikely by others. In this sense, understanding
includes the perception of risk.

It is also helpful for peoplé to believe that the warning is real and
that the contents of the message are accurate. Believability is
influenced by a large number of factors associated with the method and
contents of fhe warning. The classic case is the "cry-wolf" syndrome:
people will not believe a true warning following frequent false alarms.
This may be a legitimate concern, however, it has not been proven to be
true for hazard warnings in general.

People think of warnings in personal terms, that is, the implications
for themselves or group such as their fami]y. If people do not feel they
are warning taréets, they may well ignore it. This is illustrated by the
"it can't happen to me" syndrome where people deny risk they do not want
to face. Personalizing warnings is an important prerequisite of response.

At this stage of our model a person has heard the warning, understood

it, believed what is being said, and established the belief that he or she
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will.be personally affected by the hazard. Having gone through this
process, it is necessary to decide what to do. People, in general, do
what they think is best for them to do. Often this is interpreted as
irrational by the expert, but it is in fact rational for the person making
the response. Deciding does not automatically lead to protective action.
After a decision, events may take place to prevent intended behavior from
occurring. A family may decide to evacuate but a missing pet may prevent
the relocation from taking place.

Throughout the warning period a person typically goes through the
stages of the model (hear-understand-believe-personalize-decide and
respond) just outlined each time new informaffon is received. Thus,
warning response is not a single but instead follows from a series of
decisions. Additionally, people do not passively await the arrival of
more information; most people acfive]y seek out additional knowledge and
data. This behavior has typically been refered to as the confirmation
process (Mileti et al., 1975; Drabek, 1969). That is, when warning
information is received, many people try to verify what they have heard by
seeking out information from another message, another source or another
person.

The confirmation process causes people to be "information hungry"
following the first warning alert. Rarely are people overwhelmed by
information in a disaster warning context. Instead, there is a void of
information, particularly in rare or unfamiliar events. This often
creates a demand for more information than is being disseminated in the
warning message, and a need for repetitive messages to enable pecple to

absorb all the knowledge they wish to possess.

W
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‘Confirmation plays an important role in the model of warning
response. It is an ongoing process that effects each stage of the
process, It is more accurate to bfeak the concept of confirmation into
its basic components. A number of sender and receiver determinants are
part of the confirmation process. These include the number and frequency
of warnings received, the number of different sources utilized, the type
and number of channels used to get information, and the role of social
ties in the response process.

3. Conclusions. Our theoretical viewpoint is grounded in the
premise that human response to warnings is based largely on the
perceptions and definitions of the'situation which people form about both
risk and response options. These definitions are situationally determined
and negotiated out of a dialectical process involving the information
received by an actor in the warnfng setting, and characteristics of the
actor receiving that information for, among other reasons, these
characteristics can affect how warning information is processed. This
symbolic interactionist prespective now forms the structure for our review

of empirical research findings.

C. Determi n Res

Empirical research to document the determinants of human résponse to
warnings has a long-standing tradition. Research began in ernest in the
1950's, as part of the research program in the National Academy of
Sciences (NAS), to investigate natural and technological emergencies.
Research continued 1960's by individual researchers. In the 1970's and
beyond, warning response studies placed less emphasis on describing human
response to warnings, and on discovering how single factors (1ike sex,

age, and others) covaried with response alternatives. Later studies
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empﬁasize attempts to model complex sets of determinants, their
interaction and effects on warning response. Available empirical studies,
therefore, vary in terms of methodological soundness, theoretical quality,
the hazard type case event being studied (floods, flash-floods,
hurricanes, nuclear power plant accidents, and so on), and the type of
behavior and reasons for that behavior being examined. It is the purpose
of this section of this chapter to review and systematize available
empirical findings. These findings focus on alternative explanations for
the hear-understand- believe-personalize~decide and response warning
response process. The findings we catalogue are divided into five
sections, one section each for each factor in the warning response
process. Additionally, however, we catalogue empirically documented
covariants of these warning response process factors according to two
typoloties suggested by the empifica] evidence.

A review of research on human response to warnings suggests that
determinants fall into two categories. These are sender determinants and
receiver determinants. Sender determinants are attributes of the actual
warnings received by members of the public. Sender -- or warning --
determinants fall into four general categories. These categories are
attributes of the messages, attributes of the channels through which
messages are conveyed, attributes of the frequency with which messages are
given, and attributes of the person(s) and/or organization(s) from which
the messages em%nate which we label as source attributes. Empirical
findings suggest that message attributes important to consider vary in
reference to both message content and style. Message content is relevant
to consider along three lines: information about risk location, the

character of that risk (for example, effects of impact and time to
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impéct). and guidance about what people should do before impact. Message
style is also important. Important style attributes are: specificity (the
degree to which the message is specific about risk, guidance and
location); consistency (the degree to which a message is internally
consistent, as well as consistent across separate messages regarding risk,
guidance and location); accuracy (the extent to which message content
about risk, location and guidance is accurate); certaimty (the degree to
which those giving the warning message seem certain about what they are
saying about risk, location and guidance); and clarity (the degree to
which risk, location and guidance information in the message is stated in
words that people can understand).

In addition to message attributes, the sender characteristics of
channel attributes (the type of channel used -- for example, personal
versus impersonal -- and the number of different channels used); frequency
attributes (the number of times a particular message is conveyed, the
number of different messages, and the pattern between different
conveyances -- for example, every 15 minutes, randomly and so on); and
source attributes (the level of familiarity of those giving the message to
those receiving it, the degree to which the message giver is an official,
and the credibility level of the message giver to those who receive the
message) are equally important to consider in cataloging sender
determinants of human response to warning response process factors.

Research also documents warning receiver characteristics that are
important; and these are typologized into four categories. The first is
attributes of the receiver's environment when the warning is received.
Environmental attributes worth noting are physical and social cues; for

example, if it is raining when flood warnings are received or if neighbors
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are seen evacuating in concert with receiving evacuation advisements.

Social attrfbutes of the receiver have been grouped into five
categories. Aspects of the social network of which the warning recipient
is a member is one category; it includes factors such as whether or not
the family is united, social ties and bonds, the existence of close-by
friends and relatives and so on. Resource characteristics is another
category and refers to physical resources, for example, having access to
car in which to evacuate; economic resources, for example, having the
money to pay for a hotel; and social resources, for example, having a
local social support system. Aspects of the role of the warning recipient
is aﬁother important social attribute category. Role characteristics
include, for example, sex and age. Cultural characteristics such as
ethnicity, language, and social class are another illustrated dimension of
social attributes. The last catégory of social attributes is activity
characteristics, that is, various dimensions of the social activities in
which the warning recipient is participating when the warning is
received. These include activities 1ike sleeping, working and recreating.

The third set of attributes of the warning recipient revealed by past
research as important are psychological attributes. These include
pre-warning knowledge about, for example, the risk associated with a
particular hazard agent, protective actions, and the existence of
emergency plans; pre-warning cognitions such as psycho-social stress level
and locus of control of the warning recipient; and experience with the
hazard agent, for example, type of experience and its recency.

The last set of warning recipient attributes in the typology are
physiological attributes. Scant empirical research has been performed on

physiological attributes; however, factors such as physical disabilities,
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deafhess, blindness, and so on can effect warning process and response.

In the ensuing parts of this section we document the research record
of sender and receiver characteristics in reference to their effect on
warning process and response.

l. Hearing Warnings. Relatively few empiricai findings exist on the
determinants of why some members of the public hear warnings of impending
idsaster while others do not. This is 1ikely the case because few
researchers have included this factor in studies. Enough evidence exists,
however, to conclude that it would be imprudent to presume that all
members of a public would hear a warning just because one is issued.
Additionally, research evidence exists to document that hearing a warning
is influenced by both sender and receiver determinants. -

l.a. Sender Determinants. The information channel used for the
dissemination of emergency pub]ié warnings has a clear affect on enhancing
the number of people who hear the warning. The mass media is typically
the most effective (Perry, Lindell and Greene, 1982b:201; Carter, 1980:5;
Quarantelli, 1980b:79) and the broadcast media of television and radio
have been the primary source of hearing warnings among all types (Hiroi,
Mikaﬁi and Miyata, 1985:23; Turner, 1983:316). Some evidence suggests
that television is more effective than radio (Turner et al., 1981:23;
Turner et al., 1979:116; Baker, 1979:12); however, an equal amount
suggests that radio is more effective than television (Dillman, Schwalbe
and Short, 1981:178; Dynes et al., 1979:151; Drabek and Stephenson,

1971). Additionally, it has been found (Turner, 1983:316) that the
electronic media are more effective initially, but that newspapers are
more important as time goes by over several weeks or months. It has also

been documented (Perry and Lindell, 1986:65) that personal contact with
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the bub]ic can be an effective way to enhance the number of people who
hear a warning. The number of different information channels used to
disseminate warning messages enhances the number of people who hear and/or
remember that they heard a wafning (Turner et al., 1981:26).
These findings are scant compared to other areas in warning research.

The empirical base is also limited in the sense that findings largely rest
on simple statistical analyses in singular case studies, rather than on
hypothesis-testing multivariate analyses. Nevertheless, the following
conclusions seem warranted. It appears that the number of people who hear
a warning message can be maximized if multiple electronic mass media
channels (radio and television) are used to issue a public warning,
supplemented by personal contacts with the public and, in the case of
long-term warnings, additionally supplemented by the use of the printed
mass media, i.e., newspapers. |

1.b. Receiver Determinants. Both categories of environmental
receiver factors have been documented as enhancing the odds that a member
of the public will hear a warning. Observing cues consistent with an
impending disaster's strike, for example, observing others evacuating
positively relates to hearing a warning (Lardry and Rogers, 1982:3).
Additionally, proximity to the potential impact site emhances hearing a
warning (Rogers and Nehnevajsa, 1984:99; Lardry and Rogers, 1982:3,6;
Frazier, 1979:3§3; Mileti et al.» 1975:45; Diggory, 1956). Social network
characteristics also have clear affect on hearing a warning., Membership
in voluntary associations has been found to increase the number of
warnings received (Perry, Lindell and Greene, 1981:156). General
community involvement is also positively related to hearing warnings

(Perry and Lindell, 1986:68; Perry and Greene, 1982:327; Turner et al..,
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: 198i:26; Sorensen and Gersmehl, 1980:130,133; Turner et al., 1979:20; and
Scanlon and Frizzell, 1979:316). Other network characteristics found to
enhance hearing warnings are frequent interaction across a kinship system
(Lardry and Rogers, 1982:3; Pérry and Greene, 1982b;327; and Perry,
Lindel1l and Greene, 1981:155), and the maintenance of close relationships
with relatives (Lardry and Rogers, 1982:3; Perry, Lindel1l and Greene,
1981:155; and Perry, 1979:35).

Aspects of social role affect the probability of hearing a warning.
Older people are less 1ikely to hear a warning than middle-aged or younger
people (Rogers, 1985:7; Perry, Lindell and Greene, 1981:156-157; Turner et
al., 1979:15; Perry, 1979:35; Turner, 1976; Mileti, 1975b:22; Friedsam,
1962,1961; and Mack 