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ABSTRACT: The United States has no comprehensive national warning strategy that covers all hazards in
all places. Instead, public warning practices are decentralized across different governments and the private
sector. Uneven preparedness to issue warnings exists across local communities; hence, people are unevenly
protected from the surprise onset of natural disasters. Without changes in this situation, inequalities will grow
larger, and the gains made in saving lives over the past decades may well be reversed. Since the first assessment
of research on natural hazards was completed in 1975, there have been significant improvements in forecasts
and warnings for some hazards but only marginal improvements for others. Forecasts for floods, hurricanes,
and volcanic eruptions have improved most significantly, and public dissemination of warnings has improved
the most for hurricanes. However, a 100% reliable warning system does not exist for any hazard.
INTRODUCTION

Warning systems detect impending disaster, give that
information to people at risk, and enable those in danger
to make decisions and take action. This definition is sim-
ple, but warning systems are complex, because they link
many specialties and organizations—science (government
and private), engineering, technology, government, news
media, and the public. The most effective warning sys-
tems integrate the subsystems of detection of extreme
events, management of hazard information, and public re-
sponse. These relationships are maintained through pre-
paredness including planning, exercise, and training. This
article summarizes advances in warning-related predic-
tions, forecasts, disseminations, and responses over the
past 20 years. It does so by addressing four questions:

• How have prediction and forecasting improved?
• How has warning integration improved?
• How has warning dissemination improved?
• What do we know about response to warnings?

In addition, three major steps to improve warning systems
are offered.

HOW HAVE PREDICTION AND FORECASTING
IMPROVED?

Most advances in prediction and forecasting since the
nation’s first hazard assessment in the 1970s have come
from much improved monitoring, instrumentation, data
collection, and data processing. Some of these have re-
sulted from advances in theories and models, but no rad-
ical theoretical breakthroughs have occurred in the past
20 years. The ability to deliver warnings to the public—
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TABLE 1. Improvements in Prediction, Forecast, and Warn-
ing Integration

Hazard
(1)

Prediction/forecast
(2)

Warning integration
(3)

Flood Some improvement Not much improvement
Hurricane Major improvements Major improvements
Tornado Some improvement Not much improvement
Drought Not much improvement Not much improvement
Fire Not much improvement Not much improvement
Avalanche Not much improvement Not much improvement
Earthquake Not much improvement Major improvements
Volcano Some improvement Not much improvement
Tsunami Not much improvement Not much improvement
Landslide Some improvement Not much improvement
Nuclear power Major improvements Major improvements
Hazardous materi-

als/chemicals Major improvements Not much improvement

which means a thorough integration of the scientific com-
ponent with an effective delivery mechanism—has a
checkered record. Table 1 estimates the relative improve-
ment in prediction/forecast and warning integration over
the past 20 years [see Mileti (1999) for a discussion of
improvements for each hazard in Table 1]. Even given the
natural uncertainty in the behavior of hurricanes, improve-
ments in prediction and forecasting capabilities and the
ability to graphically present scientific information and
warnings for that hazard have been exemplary. This is the
case for nuclear power as well, although the impetus for
that improvement came from regulatory requirements.
Some advances have been made in predicting, detecting,
and forecasting floods, tornadoes, volcanoes, landslides,
and chemical accidents, but these improvements have yet
to be fully integrated into warning dissemination systems.
Earthquakes represent a unique case: while dramatic im-
provements have been made in integrating the warning
process, our ability to predict earthquakes has not im-
proved. Finally, four hazards have shown little change in
either prediction/forecast or warning integration: droughts,
wildfires, snow avalanches, and tsunamis.

HOW HAS WARNING INTEGRATION IMPROVED?

Although warning integration has not been improved
for all hazards, our ability to issue timely warnings for
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hazards in general continues to improve. This is attribut-
able to a considerable amount of knowledge that has been
developed on how to build an effective warning system.
A key overriding principle that has continued to emerge
from 25 years of warning research is that an integrated
warning system maximizes public protection. Integration
refers to the melding of scientific monitoring and detec-
tion with an emergency organization that utilizes warning
technologies coupled with social design factors to rapidly
issue an alert and notification to the public at risk. Thus,
warning systems must be considered as having scientific,
managerial, technological, and social components that are
linked by a variety of communication processes. A break-
down in the process can result in an ineffective warning,
even if each individual component is properly performing
its internal role, such as monitoring a volcano or making
a decision that a threat to the public exists.

Warning Technologies

In the past 20 years, major advances have been made
in warning system technology. The most common tech-
nologies used for public warnings are outdoor sirens, the
electronic media, and officials going through the streets
with loudspeakers (route alert). The major limitations of
sirens were that people did not pay much attention to them
and did not understand the meaning of different sounding
signals. Now, electronic sirens with voice capabilities pro-
vide an alert mechanism as well as a voice message. The
major limit of the electronic media in reaching the public
with a warning message is that their effectiveness is
highly variable depending on the time of day. Route alert
is constrained by the number of emergency personnel
available to disseminate the warning versus the size of the
area to be warned.

Other technologies also exist. Tone alert radio (TAR)
technology provides a highly personalized warning mech-
anism. The National Weather Service has used this tech-
nology for some time. Recent advances in battery design,
self-diagnostic circuitry, and human factors engineering
make TAR technology a very reliable method of dissem-
inating warnings.

In 1994, the Federal Communications Commission an-
nounced they would replace the Emergency Broadcast
System with the Emergency Alert System (EAS). The
EAS is designed to take advantage of current digital com-
munications technology. All commercial broadcast sta-
tions and cable companies will be required to participate
in the system, which was implemented in January 1997.
Some of the features of this new system are multiple alert-
ing sources, remote operations, and targeting of specific
geographical areas using specific area message encoder
capabilities. EAS technology involves use of a standard-
ized code that controls the functioning of the system. For
example, the code can be set to interrupt normal program-
ming for certain conditions and to choose the appropriate
prerecorded audio and visual materials to be broadcast.
The broadcast materials can be matched to the originator
120 / NATURAL HAZARDS REVIEW / MAY 2000
of the message, the event, and the location. Messages can
be developed in multiple languages and sent out by the
media channel appropriate for each foreign language
speaking population. In addition, special radios, televi-
sions, computers, and other electronic devices will be
marketed that have remote activation capabilities. Even-
tually, EAS will replace the current TAR technology.

Telephones are obvious communication devices but
have been limited in their emergency warning use. Com-
puter technologies enabling rapid sequential auto dialing
and switching equipment enabling simultaneous dialing
have made the household phone part of an advanced rapid
warning system. Computer controls of warning systems
have enabled more specific targeting of warning delivery
and increased system reliability by enabling silent testing.
Little is known about the effectiveness of these systems.

A variety of technologies such as teletypewriters, tele-
phone devices for the deaf, and voice carry over, and even
strobe lights have enabled warning systems for people
with hearing impairments. Overall, technology improve-
ments have increased the potential speed of warning dis-
semination and provided greater system reliability. In the
next decade, pagers will likely become an important pub-
lic warning technology.

Warning System Type

One important general finding is that a single warning
concept will not equally serve the requirements of all haz-
ards (Mileti and Sorensen 1990). A system designed for a
hurricane will not be good for a flash flood. Likewise, a
general alert or warning may not be adequate when a very
specific warning is needed. Cases exist where the warning
clearly failed because the wrong system design was used
or assumed. This is often found when a rare event occurs
in a location with a frequently reoccurring event of a dif-
ferent nature (e.g., a tornado occurs in an area of frequent
hurricanes). Thus an all-hazard warning system is inap-
propriate unless the specific needs imposed by each dif-
ferent hazard type are also considered.

Protective Actions

The most common recommendation for a protective ac-
tion in a warning is to evacuate. Research, however, con-
tinues to document cases where evacuation is not the best
action. A major cause of fatalities in flash floods is at-
tempted evacuation in a vehicle. As a result, planning
should consider an extended range of alternatives such as
vertical evacuation for floods and hurricanes and in-place
sheltering for tornadoes and earthquakes. Very little re-
search has been conducted on the response of warnings
to seek shelter (Liu et al. 1996)

Establishing Planning Basis

A number of questions face the emergency manager
when issuing a public warning: How many people will
respond? How fast will they act? What will they do?



Where will they go? Will people go to an official shelter?
How many vehicles will a family take? Will they bring
adequate supplies? Will they bring a pet? (and other re-
lated questions of interest). In the absence of direct com-
munity experience, planners have used behavioral intent
surveys to address these questions. The work of Nelson
et al. (1989) with Hurricane Elena provides the first good
empirical evidence that behavioral intent surveys do not
accurately predict warning response. Social science
knowledge on what influences variations in response and
actual behavioral data provide a better planning basis than
that provided by data collected from ‘‘what if’’ type sur-
veys.

Shelter Use

Behavioral survey data have been used for predicting
the level of shelter use (Mileti et al. 1992). Empirical re-
search and theory development suggest mass care shelter
use by evacuees in the United States averages about 15%
of the evacuated population. Use generally increases in
areas with an older population of low socioeconomic
status and decreases with younger more affluent popula-
tions.

Institutional Populations

Institutional populations include schools, hospitals,
prisons, nursing homes, and other facilities with a client
population. The first systematic study of the response of
institutions to warnings was conducted by Vogt (1990).
This study showed that despite little preparedness for
events other than fires, institutions were very adaptive at
moving their clients and made effective use of volunteers.
However, many difficulties were encountered in providing
mass care for the clients at the shelter site.

Warning Myths

Many emergency managers in the United States believe
in a set of popular myths and perceptions about warnings
and public response to warnings. These myths all too of-
ten constrain the effectiveness of warning systems when
implemented. The most common myth is the public panics
in response to warnings of impending disasters. Social
scientists have shown this is not the case except in situ-
ations where there is closed physical space, an immediate
and clear source of death, and where escape routes are
available but obviously not accessible to everyone (Quar-
antelli 1980, 1984). Second, officials are usually worried
about overwhelming people with too much information.
However, the public rarely, if ever, gets too much emer-
gency information in a warning. Third, officials are con-
cerned with issuing false alarms. The likelihood of people
responding to a warning is not diminished by what has
come to be labeled the ‘‘cry-wolf’’ syndrome if the basis
of the false alarm is understood, although repetitive false
alarms may decrease response (Dow and Cutter 1998).
Fourth, officials think that a single spokesperson is a good
practice to disseminate emergency information. People at
risk who are the targets of emergency warnings need in-
formation from a variety of sources, not from one single
source. Fifth, officials think that people will take action
immediately on the receipt of a warning. Most people sim-
ply do not take action in response to warning messages
as soon as they hear their first warning. Sixth, officials
often think that people will follow recommendations made
in a warning. Research shows, however, people will not
blindly follow instructions in a warning message, unless
the basis for the instruction is given in the message, and
that basis makes ‘‘common sense.’’

Effective Messages

A well constructed message prototype for an emergency
is important to the quick dissemination of information.
The style and content of a message can have a dramatic
effect on public response. Sufficient research has been
conducted to discern a poor message from a good one and
even a good one from one that reflects state-of-the-art
practices (Sorensen and Mileti 1989; Vogt and Sorensen
1992). Five specific topics that are important to include
in assembling the actual content of a public warning mes-
sage are the nature, location, guidance, time, and source
of the hazard or risk. The style aspects that are important
to include are message specificity, consistency, accuracy,
certainty, and clarity.

Public Education

There is no conclusive evidence regarding whether or
not a public education or information program actually
makes a significant difference of increasing human re-
sponse to warnings. The most reasonable interpretation of
the evidence, when considering the empirical, anecdotal,
and practical, is that a good preemergency information
program will increase response although the amount can-
not be estimated. Conversely, a poor program will not
likely make a great overall difference.

HOW HAS WARNING DISSEMINATION
IMPROVED?

Much progress has been made recently on measuring
and modeling warning dissemination and response (Rog-
ers and Sorensen 1989; Sorensen and Mileti 1989; Lin-
dell and Perry 1992). The knowledge generated includes
data on

• The time decision makers take in reaching a decision
to issue a warning

• The time it takes to disseminate a warning via dif-
ferent technologies and strategies

• The time it takes people to reach a decision to act on
a warning

• The time it takes to carry out alternative protective
actions such as sheltering or evacuation
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FIG. 1. Average Dissemination Time for Alternative Warning
System Technologies (Rogers and Sorensen 1988)

Among the general lessons learned from research in this
area are the following:

• Officials are often slow in reaching a decision; slow
decisions often prevent a timely warning to the public
at risk.

• Most populations at risk can be notified in about 3 h
or less without specialized warning systems.

• Warnings are more slowly disseminated at night than
in evening or daytime hours.

• New warning technologies (such as telephone ring
down systems) can achieve very rapid warning.

• Informal notification plays an important role in the
warning dissemination in most emergencies.

• The time people spend responding to a warning cor-
responds to an S-shaped (logistic) curve.

• The time people spend in responding to a warning
depends on the perceived urgency of the threat.

• The time required to evacuate a population is unre-
lated to the size of the population.

Fig. 1 depicts the general dissemination times of alter-
native communication technologies. Dissemination is
based on the number of people initially notified by the
warning technology and by the informal notification pro-
cess. The latter is composed of family, friends, and neigh-
bors contacting others who may not have heard the official
warning. Informal notification can account for as much as
one-half the initial warning in a disaster. The figure also
shows that specialized warning devices are capable of
more rapid dissemination of a warning than the media can
achieve. In addition, recent work suggests the most effec-
tive warning systems have indoor and outdoor alert and
notification components.
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WHAT DO WE KNOW ABOUT RESPONSE TO
WARNINGS?

A significant level of knowledge has been developed on
human response to warnings at the individual/family level
and at the emergency warning organizational level (Dra-
bek 1986). This is summarized in detail in several recent
publications (Lindell and Perry 1992; Mileti and Sorensen
1990). Some of the key concepts and findings from this
research are summarized in this paper.

Emergency Warning Organizations

General principles that facilitate and undermine coor-
dination and effective organizational responses are fairly
well defined. Simply stated, coordination seems to be
maximized when organizations (1) know what they and
other organizations are supposed to do in an emergency;
(2) know who is to do it; (3) have designated and under-
stood communication ties to others in the network; and
(4) maintain flexibility (Anderson 1969; Dynes 1970; Mil-
eti and Sorensen 1987; Lindell and Perry 1992). Com-
munication problems, due to equipment and human fail-
ure, are the most significant causes of poor warning
dissemination (Sorensen and Mileti 1987).

Public Response

A robust understanding of warning compliance has been
developed by social science researchers. The focus of their
research has been on whether or not people evacuate when
advised to do so (Lachman et al. 1961; Withey 1962; Wil-
liams 1964; Drabek and Boggs 1968; Drabek 1969, 1983;
Drabek and Stephenson 1971; Mileti 1975; Baker 1979;
Perry 1979; Quarantelli 1980, 1984; Leik et al. 1981;
Perry et al. 1981, 1982; Cutter and Barnes 1982; Perry
and Greene 1982, 1983; Perry and Mushkatel 1984, 1986;
Stallings 1984; Mileti and Sorensen 1988; Dow and Cutter
1998). In contrast, little work has been conducted on
choice of protective action alternatives. Furthermore, little
work has been conducted on explaining individual varia-
tions in response to warnings such as the timing of re-
sponse (Sorensen 1992). For example, what differentiates
early or rapid responders from those who delay their re-
sponse?

Warning response involves a sequence of cognitive and
behavioral steps. Lindell and Perry (1992) characterize
warning response as a four-stage process:

• Risk identification: Does the threat exist?
• Risk assessment: Is protection needed?
• Risk reduction: Is protection feasible?
• Protective response: What action to take?

Mileti and Sorensen (1990) characterize the process as
sequential:

• Hearing the warning
• Understanding the contents of the warning message



TABLE 2. Major Factors Covarying with Warning Response

Factor
(1)

Response due
to factor
increase

(2)

Level of
empirical
support

(3)

Physical cues Increases High
Social cues Increases High
Perceived risk Increases Moderate
Knowledge of hazard Increases High
Experience with hazard Mixed High
Education Increases High
Family planning Increases Low
Fatalistic beliefs Decreases Low
Resource level Increases Moderate
Family united Increases High
Family size Increases Moderate
Kin relations (number) Increases High
Community involvement Increases High
Ethnic group member Decreases High
Age Mixed High
Socioeconomic status Increases High
Being female versus male Increases Moderate
Having children Increases Moderate
Channel: Electronic Mixed Low
Media Mixed Low
Siren Decreases Low
Personal warning versus impersonal Increases High
Proximity to threat Increases Low
Message specificity Increases High
Number of channels Increases Low
Frequency Increases High
Message consistency Increases High
Message certainty Increases High
Source credibility Decreases High
Fear of looting Decreases Moderate
Time to impact Decreases Moderate
Source familiarity Increases High

• Believing the warning is credible and accurate
• Personalizing the warning to oneself
• Confirming that the warning is true and others are

taking heed
• Responding by taking a protective action

Social scientists have identified general and specific
factors that affect the warning response process that in-
clude sender and receiver factors, situational factors, and
social contact. The specific factors are summarized in Ta-
ble 2 (Mileti and Sorensen 1990). Only a few of these
factors can be manipulated as part of the warning process.
The primary way a warning response can be affected by
the emergency planner is in the design of the warning
system including the channel of communication, public
education, and specific wording of the emergency mes-
sage. In addition, incentives can be offered to increase
response, including information hotlines, transportation
assistance, mass care facilities, and security and property
protection (Lindell and Perry 1992).

WHERE DO WE NEED TO GO IN THE NEXT 20
YEARS?

There is little doubt that improvements in prediction,
forecast, and warnings have dramatically reduced deaths
and injuries in the United States since the nation’s first
natural hazard assessment (White and Haas 1975). This is
true for all hazards, but the same is unfortunately not true
for many other parts of the world, particularly lesser-de-
veloped nations. Obviously, warnings can save lives and
some moveable property and can reduce injuries. Beyond
that, short-term (minutes to days) warning systems seem
to have little direct bearing on sustainable development;
if links do exist, they have not yet been explored. Al-
though they reduce deaths and injuries, warning systems
have not been demonstrated to have any significant impact
on reducing damage to social infrastructure or private
property or on reducing economic disruption. In fact,
short-term warning systems may hinder the movement to-
ward sustainability by allowing long-term occupancy of
marginal lands. For example, if people can return to oc-
cupy areas of high hazard such as a floodplain or a land-
slide prone coastline because a warning system helped
them avoid death or injury, the presence of a warning
system may actually increase economic losses in the long
run and jeopardize a sustainable economy. Again, the ev-
idence is scanty and warrants further attention.

On the other hand, long-term warning systems (years
to decades or longer) may have a major role to play in
sustainable hazards mitigation. Long-term forecasts would
provide local decision makers with some of the informa-
tion needed to design their future communities. A certain
amount of future losses would be part of any community’s
sustainable hazards mitigation plan because losses could
never be reduced to zero. Long-term forecast systems
would help redefine the risks that communities want to
reduce, and information about the systems would be vital
to the local planning process.

To improve integrated warning systems, three key steps
are needed:

• A national warning strategy. The United States does
not have a comprehensive national warning strategy.
Warning practices are divided over different govern-
mental entities and the private sector. For example,
the new EAS being developed by the Federal Com-
munications Commission is coordinated with the Na-
tional Weather Service but not with other public or
private providers of prediction and forecast informa-
tion or with organizations involved with nonweather
related hazards. Moreover, different local communi-
ties vary greatly in the quality and likely effectiveness
of in-place warning systems. The nation needs to de-
velop a comprehensive model for warning the public,
provide it to local communities along with technical
assistance, and make the degree of protection pro-
vided by warnings systems for all citizens more eq-
uitable.

• Improving warning systems. Public alert systems can
be improved with new hardware and technology, but
diffusing existing technology and warning prepared-
ness knowledge is a much bigger problem in the na-
tion today. Further technological advances will only
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increase the gap between practice and the state of the
art. An exception would be the development of very
inexpensive equipment that could be easily installed
and maintained and could rapidly alert and notify the
public. The diffusion of specific area message en-
coder enabled EAS warning devices into American
households will likely be a slow process. These de-
vices are now commercially available; however, very
few low-income residents will be able to afford them.
Furthermore, the EAS cannot provide outdoor warn-
ings.

Improvements to local warning systems are needed
on two fronts. The first is the dissemination of infor-
mation on low-cost or no-cost improvements. This
includes improved procedures and management prac-
tices, which can result in a much better warning sys-
tem without major financial expenditures. The second
is the provision of resources for a better warning sys-
tem and related communications equipment. Few
communities have the funds to install new equipment
and will therefore require technical assistance and/or
cost sharing. Better local management and decision
making about the warning process are more critical
than promoting more advanced technologies, al-
though both would help. The most sophisticated
equipment is relatively useless unless it can be used
properly.

• Knowledge gaps. The ability of a system to provide
timely public warnings begins with monitoring the
environment to detect hazards. Detection technology
is readily available for some hazards but is only in a
state of development for others. Technological capa-
bilities also vary with respect to the amount of lead
time provided and the ‘‘noise’’ in the detection signal.
Monitoring technologies, which provide ongoing data
about the physical system, are of equal importance.
Again, monitoring coverage is fairly good for some
hazards but poor for others, such as hazardous ma-
terials accidents. Complete coverage of the entire
U.S. land mass, or even of all populated areas, has
not been achieved for any hazard. There is much
room for improvement in the next 20 years.
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