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We are pleased to release "Reducing the Impacts of Natural Hazards: A 
Strategy for the Nation," a report by the Committee on Earth and Environ­
mental Sciences (GEES) of the Federal Coordinating Council for Science, 
Engineering and Technology (FCCSET). 

Natural·disasters occur each year throughout the United States and the world, 
exacting a heavy toll in human suffering, property loss, and destruction of 
natural resources. The strategy we are releasing is for Federal agencies to 
reduce the effects of natural hazards by integrating existing programs with 
innovative, interagency, multidisciplinary, international approaches to disaster 
reduction. In this spirit, we join with others to make a safer, more productive 
Nation and world. The activities outlined in this report are consistent with the 
goal and objective of the U.N. International Decade for Natural Disaster 
Reduction (IDNDR) underway now. This strategy we are releasing represents 
the U.S. contribution and effort to participate in the IDNDR. 

Unique among the CEES programs, this effort is not limited to scientific 
research but includes operational elements and agencies not typically part of the 
FCCSET process. The program recognizes that-like emergency response and 
recovery-prevention, preparedness, and mitigation also take place at the State 
and local levels and that to achieve 'the goal of reducing loss of life, damage to 
property and natural resources, and social and economic disruption, the Nation 

. must move from a reactive mode, in which we clean up after hazards strike, to 
an anticipatory mode of preparing in advance in order to reduce the impact. 

The report presents a balanced strategy of research and applications for 
reducing natural disasters first by better application of what we already know 
about the nature of hazards and second by identifying areas in which continued 
or expanded research is likely to help achieve the goal. It recommends a series 
of demonstration projects aimed at transferring our knowledge of integrated 
hazard mitigation to State and local officials while at the same time helping to 
increase the resilience of localities to natural hazards. 

Several years of effort on the part of senior government officials, private sector 
individuals, and academic scientists are reflected in this comprehensive 
approach. The GEES Chairman, Dr. Frederick M. Bernthal, and the inter­
agency membership of the Committee and its Subcommittee on Natural 
Disaster Reduction have done an excellent job and are to be commended. 

~~ 
Special High Level Council Member 

IDNDR 
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Reducing the Impacts of 
Natural Hazards 

A Strategy for the Nation 

EXECUTIVE SUMMARY 

Natural hazards such as earthquakes, volcanic eruptions, 
hurricanes, wildfire, or drought strike nearly every part of 
the United States and much of the world, exacting an 
unacceptable toll of life, property, natural resources, and 
economic and social well-being. In recent years, great 
disasters have struck in Armenia, Bangladesh, Italy, the 
Middle East, Central America, and elsewhere around the 
Pacific Rim. 

The United States has not been immune. In 1989, Hurricane 
Hugo claimed dozens of lives and caused nearly $10 billion in 
damages. Since then, Hurricane Bob and other storms have 
ripped the Atlantic coast. The Loma Prieta earthquake of 
1989 caused comparable losses; a string of California earth­
quakes in April 1992 serve as reminders of continued 
vulnerability. The Santa Barbara wildfire of 1990 was 
overshadowed by the Oakland wildfire of 1991. The 1991 
Mount Pinatubo volcanic eruption occurred halfway around 
the world but cost the United States some $1 billion and 
combined with political forces to alter the U.S. strategic 
presence in the Pacific, perhaps forever. 

Natural hazards, no matter how violent, need not·result in 
natural disasters-devastating, persistent disruptions of 
entire communities. Much of the loss of human life and 
economic catastrophe can be prevented by cost-effective 
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. governmental action. Still, we spend too much recovering 
from disasters and too little preventing them. The United 
States has many opportunities to take value-priced precau­
tions now to prevent much greater damage in the future-to 
protect our citizens, lifelines, environment, industries, com­
merce, and national security. 

This report presents a proposed Federal strategy for reduc­
ing the impacts of natural hazards. It presents a strategic 
framework that identifies opportunities for domestic and 
international cooperation and describes Federal activities 
and expenditures to reduce' the effects of natural disasters . 

Strategic Goal 

The goal presented in this report is to reduce fatalities, 
human suffering, environmental damage, and economic 
losses caused by natural hazards. 

Federal Strategy 

The Federal strategy to reduce the occurrence and impacts 
of natural disasters calls for efforts in three key:~ar~e=as=: ___ _ 

• Research: Using science and technology to understand 
the physical and biological nature of natural hazards, to 
improve engineering and managed environmental sys­
tems, and to advance knowledge from the social and 
health sciences to reduce the impacts of disasters on 
society. 

• Applications: Accelerating the transfer of science and 
technology into operational practice and thereby improv­
ing our ability to take effective action before, during, and 
after natural hazards strike. 

• Domestic and International Cooperation: Working 
to~ether-domestically (with State and local govern-



3 

ments and the private sector) and internationally (with 
other governments and nongovernmental organiza­
tions)-to gain new lmowledge; to put into practice the 
lmowledge that exists; to improve the scientific and 
technological basis for decisionmaking and action; to 
communicate hazard and risk information; and to demon­
strate the power of a proactive rather than a reactive 
approach to disaster reduction by developing, implement­
ing, and evaluating special cooperative projects. 

The U.S. strategy will advance science and technology, 
hazards prevention and mitigation practice, and coordina­
_tion well into the 21st century. 

U.S. STRATEGIC FRAMEWORK 
FOR NATURAL DISASTER 

REDUCTION 

The strategic framework emphasizes the research and 
applications needed to reduce the occurrence and negative 
impacts of natural disasters. The proposed cooperative 
projects identify opportunities for domestic and interna­
tional cooperation and serve as models for other local, 
regional, national, and international activities. 

The strategic framework (figs. 1, 2, 3) is described in terms 
of: 

• Strategic Priorities 
• Integrating Priorities 
• Research and Applications Elements 

The Strategic Priorities, related to the goal, define the 
overall philosophy and approach and serve as yardsticks 
against which proposed activities can be evaluated. The 
priorities are to: 
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• Anticipate Hazards Rather Than React to Disasters. 
Anticipation must be emphasized over reaction, and 
avoidance and mitigation strategies must be adopted to 
reduce the impacts of natural hazards and to prevent 
unnecessary costs and losses during and after a disaster. 

• Advance Scientific Knowledge and Application of 
Research Results. The occurrence and impacts of natural 
hazards can be lessened through advances in scientific 
and technological knowledge and applications of ~hat 
knowledge to natural disaster reduction. 

• Build On and Increase Efficiency and Coordination of 
Federal Hazard Programs. The critical importance of 
collaboration and coordination among Federal agencies 
must be recognized to achieve the strategic goal. 

• Increase Sharing and Coordination Domestically and 
Internationally. Information must be shared and activi­
ties coordinated with State and local governments, public 
institutions, nongovernmental entities, international 
organizations, and the governments of other nations. 

The Integrating Priorities define a generic set of steps 
-----~ne=eded to nrevent or mitigate an;y natural hazard. These -~ 

priorities are to: 

o Observe, Characterize, and Predict Natural Hazards. 
Studies of natural hazard occurrence and character, 
severity-frequency relations and causal linkages, precur­
sors, and triggering mechanisms are needed to reduce the 
serious uncertainties in current predictions. Increasingly, 
interactions between hazards must also be considered. 

e Assess Actual and Acceptable Risk. Risk is the product 
of hazard, value (for example, of the population, prop­
erty, natural resources), and vulnerability to injury or 
damage. When risk is higher than what is acceptable to 
citizens and policymakers, measures are needed to reduce 
that risk. 
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• Develop Options for Risk Reduction. Risk can be 
reduced by a variety of social, engineering, and natural 
resource management· measures, including warnings, 
evacuation, strengthening of buildings and lifelines, and 
adoption of special forest or agricultural practices. 

• Implement Risk-Reducing Measures. Measures that 
achieve the greatest reduction of risk for the lowest social 
and economic cost need to be chosen and implemented. 

• Learn from Disasters. Disaster reduction is an iterative 
process in which observations of each major occurrence of 
a hazard and the success of the human response to it are 
fed back into the data base from which predictions, risk 
assessments, and choices of risk reduction are made. 

The Research and Applications Elements are the 
implementation-level elements in the U.S. strategy for 
natural disaster reduction. 

Research Elements 

The Research Elements (figs. 1, 2) are divided into three 
different groups: 

• Physical and Biological Nature of Hazards 
•· Managed Systems 
• Human Interactions 

Physical and Biological Nature of Hazards research 
addresses the need to improve predictions of the time, 
place, severity, and intensity of natural hazards by under­
standing the underlying physical and biological processes. 
The elements are: 

• Climate, Weather, and Hydrologic Systems 
• Solid Earth Processes 
• Ecosystem Processes 
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Managed Systems research will develop the lmowledge and 
technological capability to manage the impacts of natural 
hazards. The elements are: 

• Engineering Systems 
• Managed Environmental Systems 

Human Interactions research will enhance our knowledge of 
the social, health, institutional, and economic processes 
affecting the impacts of natural disasters on society. The 
elements are: 

• Behavior, Health, and Communication 
• Institutional Opportunities and Constraints 
•Economics 

Applications Elements 

The Applications Elements (fig. 3) place a major emphasis 
on the application and dissemination of research results­
translating what we lmow of hazards and their mitigation 
into operational practice. There is a logical order of appli­
cations in time: 

~~~~~~•-B.,..,efore_~Natura~l~H~a~za~r~d'"--~~~~~~~~~~~~-
• During a Natural Hazard 
• After a Natural Hazard 

Before a natural hazard strikes, important preventive and 
mitigative measures must be taken to reduce losses and 
enhance recovery. In addition, accurate, reliable, and 
timely prediction and warning systems are necessary to 
protect communities. The elements are: 

• Preparation 
. • Prediction and Warning 

During a natural hazard event, actions can be taken to 
reduce its impact through coordinated Federal, State, and 
local suppression and control efforts. The element is: 
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• Intervention 

After a natural hazard strikes, both immediate and long­
term measures can be taken to revitalize the damaged 
community and maximize its resistance to future disasters. 
The elements are: 

• Emergency Assistance 
•Recovery 

Although each Applications Element is needed in time, it is 
almost always better to anticipate and thereby avoid natu­
ral disasters rather than to react to them after they have 
stricken a community. The adage "An ounce of prevention is 
worth a pound of cure" applies to natural disasters in force, 
and the greatest savings of life and property during the 
1990's are likely to be the result of giving greater emphasis 
to preparation, prediction and warning, and intervention 
and thereby reducing the costs of emergency assistance and 
recovery. 

Special Cooperative Projects: 
U.S. Strategy for Natural 

Disaster Reduction 

A strong U.S. strategy needs major, integrating projects, 
built on existing activities, that reduce losses from the 
occurrence of natural hazards. We recommend four categor­
ies of special cooperative projects: 

• Natural Hazard Prediction Experiments: Research in 
selected natural laboratories to improve the scientific 
basis of and methods for predicting natural hazards. 

• Disaster Prevention Resource Networks: Sharing infor­
mation, people, and equipment, regionally and nation­
wide, to prevent and mitigate disasters. 
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• Hazard-Resistant Communities: Intensive application 
of disaster mitigation techniques to demonstrate how 
communities can increase their resistance to disasters. 

• Natural Hazards Round Tables: Thought-provoking 
forums to ensure that various parts of the hazards 
community learn from one another. 

Projects in the first category are predominantly research. 
Projects in the second and third categories are mainly 
applications of knowledge with research, as needed, in 
engineering and in both the natural and social sciences. T:\le 
fourth category emphasizes the sharing of ideas and infor­
mation. 

Each project provides opportunities for integrating the 
progress made in individual Research and Applications 
Elements and for testing and evaluating, before full-scale 
implementation, proposed changes in disaster prevention 
and mitigation practices. 

The Subcommittee on Natural Disaster Reduction (SNDR) 
developed this strategy under the auspices of the Commit­
tee on Earth and Environmental Sciences (CEES). CEES is 
a Committee of the Federal Coordinating Council for Sci-
ence, Engineering, and Technology (FCCSET), under the 
direction of the President's Science Advisor. 

The U.S. strategy takes into account related Federal activ­
ities coordinated by other CEES subcommittees and work­
ing groups. The strategy will yield benefits far in excess of 
the costs, leading to significant reductions in unbudgeted 
Federal outlays for disaster relief and recovery, costly 
replacement of damaged buildings and other structures, 
disruption of daily commerce, and threats of insurance 
industry collapse. 

Conservative estimates of the average annual costs and 
losses from natural disasters in the United States exceed $6 
billion. In 1989, they exceeded $15 billion. These figures by 
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no means capture the costs of environmental degradation, 
short- and long-term recovery and rehabilitation, impacts 
on local and regional economies, and the intangible costs to 
human health and well-being caused by natural disasters. In 
comparison, Federal expenditures for natural disaster 
activities in FY 1990 exceeded $2.5 billion. In FY 1990, 4 
percent of the focused dollars are devoted to research and 
96 percent to applications. 

The Fundamental Challenge 

Natural disasters occur each year throughout the United 
States and the world, exacting a heavy toll in human 
suffering, property loss, and destruction of natural 
resources. The 1990's are a challenge to advance our under­
standing of hazard processes and predictability, to reduce 
mismatches between risk and preparation, and to control 
losses through engineering, natural resourGe management, 
and other socially responsible and cost-effective measures. 
It is a challenge to prevent natural hazard events from 
becoming natural disasters. 

The basic strategy is for Federal agencies to integrate 
existing programs with innovative, interagency, multidisci­
plinary, international approaches to disaster reduction. In 
this spirit, we join with others to create a safer, more 
productive Nation and world. These U.S. activities are 
consistent with the objective and goal of the U.N. Inter­
national Decade for Natural Disaster Reduction (IDNDR) 
now underway. 
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INTRODUCTION 

The Challenge: A World at 
Unnecessary Risk 

We live on a changing, violent planet. The continents 
themselves "drift," signaling their motion through cataclys­
mic earthquakes and volcanic eruptions. Climate variability 
reflects the unending competition between hurricanes and 
other severe storms on one hand and scorching, blistering 
episodes of heat and drought on the other. These swings 
trigger outbreaks of wildfires and pestilence, which in turn 
produce dramatic shifts in the ecological balance. Lasting no 
more than a few tragic moments, tsunamis can redefine the 
coastlines of the world. 

In the face of these and other natural hazards, individuals 
and nations struggle to achieve two very simple goals-to 
live free and to live well. But all too often, natural hazards 
take advantage of human exposure and frailty to produce 
natural disasters-devastating, lingering disruptions of 
entire communities. They inflict death and human suffering, 

-----property-damage and economieloss, and destruction of __ _ 
natural (particularly renewable) resources, not just on a few 
individuals but on entire cities, regions, or nations. 

In the United States, urbanization, the migration from the 
heartland to the coasts, a global strategic role, economic 
development, and technological advances sometimes com­
bine to increase exposure to disaster. In 1989, Hurricane 
Hugo arid the Loma Prieta earthquake together caused at 
least $15 billion in damages. In that same year, an eruption 
of the Mount Redoubt Volcano threatened Alaska's histor­
ically important role in transpolar air travel. In 1990, a 
single hailstorm in Denver caused $1 billion in property 
damage, and the drought-induced Santa Barbara wildfire 
caused a quarter of a billion dollars in property damage, 



11 

damaging or destroying 4,900 acres of wildland and 535 
housing units and businesses (table 1). Interlocking, 
technology-dependent systems of communication, transpor­
tation, banking, and defense, among others, are increas­
ingly vulnerable to natural hazards. Losses rise still higher 
when we include the costs of environmental damage, indi­
rect losses to local and regional economies, and intangible 
social and human costs. For example, the 1991 Mount 
Pinatubo eruption, although not within U.S. political or 
geographic boundaries, may significantly impact U.S. glo­
bal strategic interests in years to come and in ways that 
exceed mere dollar figures. 

Developing nations, which are the least able to recover from 
disasters, are also the least prepared and protected and, as 
a result, .suffer the greatest devastating impacts. In the 
past 40 years, nearly 20 events have killed over 10,000 
people each. Two-a flood in Bangladesh and an earthquake 
in China-each claimed more than a quarter of a million 
lives. More recently, in a well-publicized event, Bangladesh 
lost more than 140,000 lives through floods. What is not so 
widely recognized is that, on the average, Bangladesh loses 
more than 100,000 people to natural disasters every year. In 
fact, many developing countries like Bangladesh find such 
events so frequent and so devastating that their economic 
development is constrained, their social stability is under­
mined, and their hopes and aspirations are diminished. 
Although natural hazards are inevitable, natural disasters 
need not be. An earthquake or storm or drought of brief 
duration and limited geographic extent need not result in 
devastating, widespread, persistent human impact. Exam­
ple after example has demonstrated that, through effective 
action, it is possible to reduce the impact of natural hazards 
on everyday human experience. Indeed, expenditures for 
disaster prevention are repaid several times over in savings 
of unbudgeted disaster relief and recovery expenses. 
Despite considerable effort, the science and practice of 
natural disaster reduction still vary from region to region 
and nation to nation. Even though the 1988 Armenian and 
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Table 1. Recent natural disasters in the United States 

Hazard Hwnan suffering Damages/economic losses 

HURRICANES 

Hurricane Hugo (1989) • 49 fatalities • $9 billion in· damages 
• 300,000 families • 8,800 mi" of downed 

affected timber (7 times the 
size of Rhode Island) 

WILDFIRES 

Santa Barbara, Calif. • 1 fatality • 535 housing writs and 
(1990) • 40 injuries businesses lost 

• $235 million in damages 
• 4, 900 acres of wildland 

burned 
EARTHQUAKES 

Loma Prieta, Calif. • 13 fatalities • $6 billion in damages 
(1990) • 3, 757 injured 

• 12,000 displaced 
• 6 million affected 

FLOODS 

South-Central • 13 fatalities • Excess of $1 billion in 
United States (1990) damages 

VOLCANOES 

Redoubt Volcano, • 244 persons on • $80 million damage to 
Alaska (1989-90) jumbo jet that aircraft 

nearly crashed • Over $20 million in 
other_losses,_including_ 
oil production 

LANDSLIDES 

Annual estimate • 25 fatalities • $1.5 to 2.5 billion in 
damages 

• Unaccounted losses to 
forests and fisheries 

TORNADOES 

Chicago, Ill., area • 27 fatalities • Over $165 million in 
(1990) • 350 injuries damages 

• 364 homes destroyed 
DROUGHT' 

Central United States •Numerous • $40 billion in losses 
(1988) fatalities from heat 

effects 
1The estimated impacts of drougM are disproportionately larger than those of other 
disasters listed, demonstrating the pervasive and widespread nature of drought. 
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1989 Loma Prieta earthquakes were of comparable physical 
violence, the.former killed 20,000 people, whereas the latter 
killed-fewer than 100. Although preparation exceeding risk 
may waste community resources, risk exceeding prepara­
tion leads to disaster. 

These facts-natural hazards facing the United States and 
the world, mounting losses of life and property, an imper­
fect but advancing understanding of hazard processes and 
predictability, mismatches between risk and preparation, 
and great potential for controlling losses through mitiga­
tion, engineering, and natural resource management-are 
the challenge to all who are at risk or who work to minimize 
losses from natural hazards. 

The Response: 
International Decade for 

Natural Disaster Reduction 

In 1984, Frank Press, President of the National Academy of 
Sciences, proposed an International Decade for Natural 
Hazard Reduction. In 1989, the United Nations (U.N.) 
General Assembly declared 1990 through 2000 A.D. as the 
International Decade for Natural Disaster Reduction 
(IDNDR), a period of concerted international action to 
reduce loss of life and property and to reduce social and 
economic disruption caused by natural disasters, especially 
in developing countries. The goals of such action, as stated 
by the U.N., are to: 

• Improve the capacity of each country to mitigate the 
effects of natural disasters. 

• Apply existing scientific and technological knowledge. 

• Foster advances in science and engineering. 
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• Disseminate new and existing technical information. 

• Develop measures for the assessment, prediction, pre­
vention, and mitigation of natural disasters through tech­
nical assistance and technology transfer, demonstration 
projects, education and training, and evaluation of pro­
gram effectiveness. 

Each member nation was urged to develop a national 
program for the IDNDR that, together with others, would 
constitute the core of the IDNDR effort. 

The U.S. Congress passed resolutions calling for U.S. 
participation in the Decade. Within the Executive Branch of 
the Federal Government, the President's Science Advisor 
requested that the Committee on Earth and Environmental 
Sciences (CEES), of the Federal Coordinating Council on 
Science, Engineering, and Technology (FCCSET), recom­
mend appropriate U.S. action. This proposed strategy, 
which builds on existing Federal programs and activities, is 
aimed mainly at reducing the domestic impact of natural 
hazards but will also contribute to the IDNDR. 
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THE PURPOSE OF THIS REPORT 

This report, prepared by the GEES Subcommittee on 
Natural Disaster Reduction (SNDR), outlines the proposed 
U.S. (Federal) strategy for reducing the impacts of natural 
hazards and also for contributing to the International 
Decade for Natural Disaster Reduction. It presents the 
strategy in a framework that identifies opportunities for 
domestic and international cooperation and describes Fed­
eral activities and expenditures (FY 1990) to reduce the 
effects of natural hazards. 

The strategy takes into account related Federal activities 
coordinated by other CEES subcommittees and working 
groups, including the Subcommittee for Atmospheric 
Research, the Subcommittee for Water Resources, the 
Subcommittee on Global Change Research, and the Sub­
committee on Environmental and Natural Resource Eco­
nomics. The strategy will yield benefits far in excess of its 
costs. In particular, it will lead to significant reductions in 
unbudgeted Federal outlays for disaster relief and recov­
ery, costly replacement of damaged buildings and other 
structures, disruption of daily commerce, and threats of 
insurance industry collapse. Additional benefits will also 
accrue directly to communities across the Nation. 



16 

SCOPE OF THE U.S. STRATEGY 
FOR NATURAL DISASTER 

REDUCTION 

The task of reducing losses from natural hazards is broad 
and pervasive, touching every aspect of American life. To 
overcome the limitations of existing hazards programs and 
to realize the opportunities of the 21st century while work­
ing within realistic fiscal constraints require that we define 
the scope of the proposed strategy for the Nation. 

Programmatic Scope 

The Federal strategy to reduce the occurrence and impacts 
of natural disasters calls for efforts in three key areas: 

• Research: Using science and technology to understand 
the physical and biological nature of natural hazards, to 
improve engineering and managed environmental sys­
tems, and to advance the social and health sciences 
needed for disaster reduction. 

• Applications: Accelerating tile -transfer of-science ana _____ _ 
technology into operational practice and thereby improv-
ing our ability to take effective action before, during, and 
after natural hazards strike. 

• Domestic and International Cooperation: Working 
together-domestically (with State and local govern­
ments and-the private sector) and internationally (with 
other governments)-to p~t into practice the knowledge 
that exists; to improve the scientific and technological 
basis for decisionmaking and action; to communicate 
hazard and risk information; and to demonstrate the 
power of a proactive rather than a reactive approach to 
disaster reduction by the development, implementation, 
and evaluation of special cooperative projects. 
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Although disaster reduction includes some elements of 
direct Federal assistance to citizens (for example, warnings 
of approaching hazards), much of the work is done by State 
and local government leaders and by the private sector. The 
Federal effort will provide knowledge and tools for hazards 
mitigation and disaster prevention that can be used by 
States, local communities, and individual citizens. 

Topical Scope 

The strategy will address the following hazards, most of 
which are targeted in the U.N. program for the IDNDR: 
earthquakes, floods, volcanic eruptions, wildfires, drought, 
hurricanes and other severe windstorms, landslides, 
tsunamis, and insects and diseases (pestilence). 

Geographic Scope 

Most of the science and applications activities and the 
special projects, done in cooperation with States, local 
governments, and the private sector, apply to the United 
States but have significant international components. To 
improve and share the lessons of the cooperative projects, 
we will encourage exchanges between U.S. projects and 
those of other countries. 

Duration 

The IDNDR began in 1990 and will end in 2000 A.D. The 
U.S. strategy will operat~ during the same period but will 
aim for advances in science, technology, disaster prevention 
and mitigation practice, and coordination that will extend 
well into the 21st century. 
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THE U.S. STRATEGY FOR 
NATURAL DISASTER REDUCTION 

Strategic ,Goal 

The impacts of natural hazards will continue to increase 
unless the United States and other nations in the world 
community take concerted action. The reasons are clear. 
Our physical, economic, and social well-being is increasingly 
at risk as the population grows and concentrates in hazard­
prone areas; as capital development expands and technolog­
ical advances create new and unexpected impacts; as the 
large number of buildings, critical facilities, and lifelines 
remain vulnerable to natural hazards; and as the interde­
pendence of individuals, communities, and nations continues 
to grow (Advisory Committee on the International Decade 
for Natural Hazard Reduction, 1987). 

The U.S. strategic goal is to reduce fatalities, human 
suffering, environmental damage, and economic losses 
caused by natural hazards. To reduce the occurrence and 
impacts of natural disasters requires efforts in three areas: 
research, applications of new and existing knowledge, and 

------.a-om-e~sfi·c and-international cooperation. Tliese tliree areas 
were identified by the 1987 National Research Council's 
Advisory Committee on the International Decade, the 1989 
U.N. Declaration, and the U.S. National Committee for the 
Decade as being critical to the success of the Decade and 
beyond into the 21st century. 

The framework for the U.S. strategy emphasizes the 
research and applications needed to reduce the occurrence 
and impacts of natural disasters. Drawing together 
research and applications to reduce vulnerability to natural 
disasters, the proposed demonstration projects identify 
opportunities for domestic and international cooperation 
and serve as models for other local, regional, national, and 
international activities. 
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Framework 

The framework provided here generally follows a form 
initially developed by CEES to focus and integrate multidis­
ciplinary and multiagency efforts. It includes: 

Strategic Priorities related to the strategic goal (fig. 1), 
which define the overall philosophy and approach and serve 
as yardsticks against which proposed projects can be eval­
uated. 

Integrating Priorities (fig. 1), which define a generic set of 
steps needed to prevent or mitigate any natural hazard. 

Research and Applications Elements (figs. 2, 3), the 
implementation-level, highest-priority elements in the U.S. 
strategy. 

Although each of the elements displayed requires increased 
attention, natural disaster reduction can be achieved only if 
all these efforts are advanced in a balanced, coordinated 
manner. 

This framework differs, however, from other FCCSET 
frameworks in some important respects. The latter were 
developed to deal with challenges unprecedented in hu~an 
experience, caused by human alteration of natural global 
variability. For this reason, few preexisting Federal or 
international mechanisms were available or needed to be 
taken into account. The programs could focus on research 
alone, establishing the scientific basis for policy formula­
tion. Moreover, it was natural for Federal and international 
agencies to take the lead. 

However, because natural disasters have always been a 
part of the human experience, numerous Federal and inter­
national mechanisms already exist for coping with them, 
organized for the most part along hazard-specific lines. 
These mechanisms include both research and operational 
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activities. In a few cases, such as the National Earthquake 
Hazard Reduction Program (NEHRP) and the U.S. 
Weather Research Program (USWRP), significant Federal 
coordination already exists that merits continued support 
and enhancement. The framework reflects this strong 
emphasis on coordination. 

Furthermore, because many individual natural disasters hit 
highly localized regions, the Federal Government is not 
necessarily the primary instrument for recovery and miti­
gation; State and local agencies and the private sector play 
a considerable role. Accordingly, the framework deals not 
only with research and technological advances but also with 
operational applications and practice. The SNDR finds that 
natural disaster reduction requires a balance between these 
two highly disparate activities. Any attempt at a relative 
ranking of the two would be artificial and coimterproduc­
tive. 

The Research Elements begin from the same axiom under­
lying the Global Change Research Program-namely, that 
uncertainty regarding the frequency and intensity of natu-

-----·al-hazards-(that-is;-the-risk-over-a-human-lifetime-and-over·--­
the lifetime of engineered systems) remains the biggest 
impediment to effective action. Accordingly, reducing that 
uncertainty and, where possible, establishing and improv-
ing a predictive capability are the starting points. The 
second task, then, is appropriate engineering of the societal 
infrastructure and improving the management of the envi­
ronment to withstand threats. Finally, improved under­
standing of the societal and sociological aspects of natural 
disaster reduction is required. The SNDR notes that, as 
with global change, this latter work has received the least 
attention to date, despite the fact that human factors such 
as perceptions of risk, fatalism, and competition for time 
and resources are critical determinants of whether disaster~ 
preventing actions will be taken. 
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In Applications Elements, the primary goal is to anticipate 
and avoid or gird against hazards rather than to respond to 
disasters. Existing practice often emphasizes the latter but 
stems historically from a time when little was known about 
the recurrence frequency and intensity of hazardous events, 
their physical and (or) biological character, and their spe­
cific prediction. With improved capabilities in each of these 
respects and still further significant improvements on the 
horizon, the time has come for this shift in emphasis. 

The following section presents a more detailed description 
of the framework developed by the SNDR. The exact 
nature of specific proposals and plans to address each of the 
elements will be developed by Federal agencies in close 
collaboration with the Nation's scientific and user commu­
nities and international partners. 

Strategic Priorities 

Strategic Priorities provide the overall philosophy and 
approach for both current and future hazards activities. 
They will (1) determine the key elements of the U.S. 
strategy, (2) keep the focus on the central goal of the 
strategy, and (3) be a guide to budget decisions for the 
strategy. The four Strategic Priorities of the U.S. strategy 
are to: 

• Anticipate Hazards Rather Than React to Disasters. 
Anticipation must be emphasized over reaction, and 
avoidance and mitigation strategies must be adopted to 
reduce the impacts of natural hazards and to prevent 
unnecessary costs and losses during and after a hazard 
event. 

• Advance Scientific Knowledge and Application of 
Research Results. The occurrence and impacts of natural 
disasters can be lessened through advances in scientific 
and technological knowledge and applications of that 
knowledge to natural disaster reduction. 
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• Build On and Increase Efficiency and Coordination of 
Federal Hazard Programs. The critical importance of 
collaboration and coordination among Federal agencies 
must be recognized to achieve this strategic goal. 

• Increase Sharing and Coordination Domestically and 
Internationally. Information must be shared and activi­
ties coordinated with State and local governments, public 
institutions, nongovernmental entities, international 
organizations, and the governments of other nations. 

Integrating Priorities 

A generic set of steps is needed to mitigate any natural 
hazard. These priorities are to: 

• Observe, Characterize, and Predict Natural Hazards. 
Studies of natural hazard occurrence and character, 
severity-frequency relations, precursors, and triggering 
mechanisms are needed to reduce the serious uncertain­
ties in current predictions. Increasingly, interactions or 
linkages between hazards must also be considered. 

______ ! Assess Actual and Acceptable Risk. Risk is the product 
of hazard, value (for example, of the population, prop­
erty, natural resources), and vulnerability of those things 
to injury or damage. When risk is higher than what is 
acceptable to citizens and policymakers, measures are 
needed to reduce that risk. 

• Develop Options for Risk Reduction. Risk can be 
reduced by a variety of social, engineering, and natural 
resource management measures, including warnings, 
evacuation, strengthening of buildings and lifelines, and 
adoption of special forest or agricultural practices. 

• Implement Risk-Red~cing Measures. Measures that 
achieve the greatest reduction of risk for the lowest social 
and economic cost need to be chosen and implemented. 
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• Learn from Disasters. Disaster reduction is an iterative 
process in which observations of each major occurrence of 
a hazard and the success of the human response to it are 
fed back into the data base from which predictions, risk 
assessments, and choices of risk-reduction strategies are 
made. 

Effective disaster reduction requires each of these steps, 
carefully integrated with the others. Research into the 
physical and biological processes and prediction of a hazard 
does little good unless it is linked with mechanisms for risk 
reduction such as alternative management practices, warn­
ing systems, building codes for hazard-resistant structures, 
and evacuation plans. Conversely, engineering and manage­
ment practices designed to reduce the impacts of natural 
hazards require an understanding of the hazard itself. Even 
the most elegant scientific and technical solutions to the 
problems presented by hazards are practically worthless 

' unless those measures are founded in an understanding of 
the needs, wishes, and commitment of local citizens and 
community leaders. History is replete with tragic examples 
of short memory, in which lessons learned from one disaster 
are forgotten shortly before the next disaster strikes. 
Integration across each of these steps is essential for 
effective disaster reduction. 

Research Elements -

Eight research elements, grouped into three different head­
ings, are listed in figures 1 and 2. Within each element, the 
primary interdisciplinary activities are identified. These 
elements address the Nation's need to: 

• Improve predictions of the time, place, severity, and 
intensity of natural hazard occurrences by understanding 
their underlying physical and biological processes (Phys­
ical and Biological Nature of Natural Hazards). 
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• Develop the knowledge and technological capability to 
manage the impacts of natlU'al disasters (Managed Sys­
tems). 

• Enhance Olli' knowledge of the social, health, institu­
tional, and economic processes affecting the impacts of 
natural disasters on society (Human Interactions). 

PHYSICAL AND BIOLOGICAL NATURE OF 
NATURAL HAZARDS 

Climate, Weather, and Hydrologic Systems 

In the United States, weather is responsible for 85 percent 
of all Presidentially declared disasters. Research is needed 
on (1) the linkages between climate, weather, and natural 
hazards, (2) weather extremes related to precipitation and 
wind, (3) linked atmospheric and hydrologic models to 
improve our ability to predict floods and better manage 
water resolU'ces, and (4) improved prediction of atmospher­
ically driven oceanic events such as storm slll'ges and waves 
in nearshore regions. 

Climate, Weather, and Hazard Linkages. The causal 
-----·lin:Rageslietween climate, weatlier, anCI resulting natural-­

hazards are of special interest. This activity will examine 
and test a variety of hypotheses linking climate with (1) 
increases in the frequency and intensity of hurricanes and 
severe weather events, (2) increases in the impacts of 
atmospherically driven oceanic events such as storm surges, 
and (3) drought and flooding. Research is also needed to link 
synoptic and mesoscale weather processes to (1) wildfire 
disasters, (2) volcanic eruptions, large wildfires, and other 
short-lived events that temporarily lower global tempera­
tlU'es, and (3) African drought and hurricane frequency, 
intensity, and potential landfall areas. 

Atmospheric Extremes. This element supports research to 
improve prediction of extreme atmospheric events. These 
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events range from precipitation extremes ,associated with 
drought and flood as ·well as high wind events associated 
with severe storms-thunderstorms, tornadoes, gust 
fronts, and downbursts to tropical and extratropical storms. 
Of particular interest is research on warm process rain 
(resulting in small basin flooding). 

Hydrologic Systems. Special focus on linkages between 
atmospheric and hydrologic models will improve our ability 
to predict floods and better manage our water resources. 
Objective data network analysis and optimal network 
design will be undertaken. Studies to integrate remotely 
sensed data and ground observations will be used to 
improve forecasts of stream and river conditions, particu­
larly in data-sparse regions, and to improve drought­
prediction capabilities. Research and development activities 
will support a better understanding of small- and macro­
scale processes and the effective integration of climatic 
information and weather extremes into water resources 
management forecasting services. The increased demand 
for automated local flood-warning systems reflects their 
effectiveness as a nonstructural approach to flood mitiga­
tion. Where needed, the design, maintenance, and stand­
ards for automated local flood-warning systems need to be 
developed. 

Atmospherically Driven Oceanic Events. This element 
supports research that improves predictions of atmospher­
ically driven oceanic events such as storm surges and 
waves. Storm surges and waves in the nearshore oceanic 
environment frequently pose great risks to coastal resi­
dents. Various numerical forecast models have been devel­
oped to predict storm surges and waves for both tropical 
(hurricanes) and extratropical (winter) storm systems. 
Improved physical understanding of the driving atmo­
spheric forces and the oceanic response in nearshore regions 
will lead to better predictive capabilities. Better and more 
numerous observations of water levels and atmospheric 
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variables (wind and pressure) are required to validate 
existing models and parameterizations. 

Solid Earth Processes 

Public overreaction to unfounded earthquake predictions 
highlights the need for improved monitoring, long-range 
risk assessment, and short-range predictions of earth­
quakes and other geologic hazards. Much needs to be 
learned about the fundamental causes and triggers of geo­
logic hazards, how each hazard propagates or travels, how 
each hazard dissipates or ends, and how past recurrence of 
these hazards can be recognized and quantified in geologic 
and other records. Specifically, studies are needed to under­
stand (1) fault movement and earthquakes, (2) magma 
movement and volcanic eruptions, (3) landslides and lique­
faction, and (4) tsunami generation, travel, and runup. 

Fault Movement and Earthquakes. This element exam-
ines how crustal stress accumulates and is released sud­
denly to generate earthquakes. Earthquakes need to be 
related to the scale, geometry, orientation, and rupture 
mechanisms of faults and to the temporal pattern, dimen­
sions~, depth;-and--character-of-fault-movements:-'l'otal-­
energy (magnitude), peak acceleration, duration, and wave-
form need to be related to earthquake source motions and to 
wave paths between the source and the point of observa-
tion. 

~ 

Magma Movement and Volcanic Eruptions. This element 
examines how the release of dissolved gases from magma 
controls the timing, explosivity, and magnitude of most 
eruptions. The interaction of rising magma with ground 
water will also be studied, because this interaction is 
frequently explosive and opens conduits for magmatic erup­
tions. Studies of how erupted products are distributed 
during and after an eruption are needed to predict probable 
impacts on people and the environment. 
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Landslides and Liquefaction. Prediction of landslides 
requires research into (1) the relative influences of factors 
such as rock strength, slope, water saturation, and pre­
existing slip planes or other zones of weakness, (2) thresh­
old values of rainfall, earthquake intensity, and external 
disturbances above which a slope will fail, and (3) local site 
conditions. Prediction of liquefaction requires research into 
the response of granular material and intergranular water 
to earthquake ground shaking and compaction. 

Tsunami Generation, Travel, and Runup. Tsunamis are 
generated by submarine fault movements, submarine vol­
canic explosions, and submarine landslides. To minimize 
false tsunami alarms and to give accurate estimates of 
magnitude, research is needed on the details of each gener­
ation process, including relations between the rate and 
magnitude of each stimulus and the character of the result­
ing tsunami, and on factors that influence the travel and 
runup of tsunamis. 

Ecosystem Processes 

Understanding the nature of natural hazards such as wild­
fires and pestilence (insects and disease) requires under­
standing the fundamental relationships between ecosystem 
dynamics and these events. Such understanding includes 
learning what ecosystem changes-triggered by drought, 
hurricanes, or other environmental events-precede and 
contribute to natural hazard events, how these events 
''behave" in relation to the environment, and how natural 
hazards, in turn, affect the structure and function of eco­
systems and the probability of subsequent natural hazards. 
Research is needed to (1) investigate the linkages among 
and between successional, interrelated natural hazards, (2) 
understand ecosystem responses to environmental events, 
(3) explain the origin, behavior, and termination of cata­
strophic wildfires and pestilence outbreaks, and (4) deter­
mine the effects of catastrophic events on the environment. 
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Multiple Hazard Interactions. Natural hazards frequently 
occur in series-that is, following an initial onset, each 
subsequent hazard derives from or acts upon the effects of 
the preceding event. Hurricane Hugo, for instance, downed 
2 billion board feet of standing timber, an event that can 
result in explosive outbreaks of insect populations. Like­
wise, any fire ignited in the enormous volume of forest fuels 
on the ground could reach catastrophic proportions. During 
long periods of drought, wildfires burning in standing or 
downed fuels can denude slopes of vegetation and thereby 
trigger soil erosion, flooding, and landslides. Research will 
focus on understanding the numerous and critical linkages 
among and between successional, interrelated physical and 
biological hazards. 

Ecosystem Response to Physical and Biological Events. 
Understanding how ecosystems respond to events such as 
floods and drought is critical to forecasting the probability 
that a natural hazard event will occur. Wetlands capable of 
absorbing floodwater, for instance, play a vital role in flood 
mitigation. Yet research is needed to better understand the 
role of these ecosystems in floodwater mitigation and to 
assess the impacts of the cumulative loss of wetlands on the 
frequency and severity of floods. Likewise, forest ecosys-

---tems stresseu-oy arougnt are vulneraoletoattacR B-y-­
insects and disease. Dead trees resulting from such attacks 
become highly flammable fuels for catastrophic wildfires. 
Research is also needed to determine the relations between 
long-term ecosystem health and natural hazard occurrence. 
Extensive monitoring is required to detect and explain 
changes in natural ecosystems over time and to predict the 

- occurrence, magnitude, and severity of natural hazards in 
natural ecosystems. 

Origin, Development, and Termination of Ecological 
Hazards. Natural hazards such as wildfires and pestilence, 
frequently the result of human activity, in many cases can 
be not only prevented but also contained or controlled 
through effective intervention and suppression measures. 
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To do so requires an understanding of the causal mecha­
nisms and abatement processes related to both short-term 
and longer term, larger scale phenomena and factors affect­
ing the spatial and temporal distribution, intensity, and 
behavior of such events. 

Effects of Catastrophic Events. Natural hazards impact 
the environment either by causing changes in ecosystem 
structure and function or by creating direct, offsite impacts 
such as air pollution, sedimentation, or flooding. Some 
impacts· are entirely natural; others are compounded by 
naturally induced damage to chemical or oil facilities, 
nuclear reactors, and other industrial facilities. These haz­
ards can affect both terrestrial and aquatic ecosystems, 
altering, for example, barrier island/dune systems, river 
deltas, and ocean resources as well as affecting populations 
of threatened and endangered plant and animal species. 
Research is needed to determine the effects of natural 
hazards on the environment, including ecosystem produc­
tivity, environmental quality and health, and biodiversity. 

MANAGED SYSTEMS 

Engineering Systems 

Engineering systems offer ways to increase the resistance 
of structures and lifelines to damage and thereby provide 
people who live and work in hazard-prone areas with 
opportunities to reduce their losses from natural hazards. 
To improve these engineering systems, research is required 
to improve knowledge of (1) structure-environment interac­
tions in extreme events, (2) engineered and nonengineered 
structure modification (retrofitting), (3) engineering design, 
(4) hazard-averting engineering, (5) architectt~al and 
mechanical systems, and (6) engineering systems for moni­
toring, testing, communications, search-and-rescue efforts, 
and event suppression. 

Structure-Environment Interactions. Research will 
address the effects that the interactions of a structure with 
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the environment (for example, fire, soil, water, wind) have 
on overall structural performance, especially in extreme 
events. These studies will advance, for example, under­
standing of the response of buildings, dams, bridges, and 
other structures to strong ground motion and extreme wind 
loads, taking into account interactions between soil and 
structure, fluid and structure, and wind and structure. 

Structure Modification. This activity will address the 
repair and strengthening of buildings and lifelines to 
lengthen their service life and to improve their performance 
when subjected to the effects of natural hazards. Materials 
engineering and construction techniques for retrofitting 
need special attention. 

Engineering Design. Research is needed to advance our 
understanding and use of expert and lmowledge-based 
systems to model and forecast the performance of all types 
of structures exposed to natural hazards. These studies will 
focus on the development and use of hazard-resistant mate­
rials and construction techniques that will not only increase 
the service life of structural components but also enhance 
the structure's survivability and safety. 

Hazard.:A.verting-Engineering. Tliis researcnelement 
addresses the need for instrumentation, technologies, mod­
els, and advanced methodologies for risk assessment and 
risk management, all of which can be used to avert the 
consequences of each natural hazard. Particular emphasis 
will be placed on the development of decision-support 
systems and physical and mathematical models to predict 
the consequences of a natural hazard. Emphasis will also be 
placed on the development of active/passive isolation sys­
tems and structures that reduce or dissipate energy input 
from phenomena generated during a hazard. 

Architectural and Mechanical Systems. Research is 
needed to deepen our understanding of ways to improve the 
performance of the architectural and mechanical systems of 
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buildings. These systems, which represent a large part of 
the overall value of the building, frequently sustain consid­
erable damage during natural hazards owing to improper 
placement in the building; inadequate connections, anchor­
ages, and joints; or incompatible material properties. 

Engineering Systems for Monitoring, Testing, Commu­
nications, Search and Rescue, and Event Suppression. 
Research on advanced engineering systems is needed to 
meet a variety of special needs. These needs include (1) 
monitoring of physical phenomena generated by each type 
of natural hazard, (2) full- and partial-scale testing of 
structures, (3) development of new and improved commu­
nication systems that can survive a natural disaster, (4) 
equipment and technologies for urban search-and-rescue 
operations, including victim detection and extraction, 
including an electromagnetic location device, and (5) mate­
rials and methods for suppressing the physical effects of a 
hazardous event (for example, fire growth and spread, 
floodwater encroachment). 

Managed Environmental Systems 

Humans have attempted to manage their natural environ­
ments and thereby reduce the impacts of natural hazards by 
developing technological controls, modifying the landscape, 
and improving cultural practices to sustain and enhance 
plant and animal productivity in spite of naturally occurring 
events such as drought, wildfires, floods, and pestilence. To 
enhance our ability to manage the environment and mitigate 
natural hazards, research is needed to (1) develop and 
improve the resistance of important plant and domestic 
livestock species to diseases, insect pests, and environmen­
tal stresses induced by drought, (2) improve methods for 
managing forest and agricultural vegetation to reduce the 
intensity, frequency, and (or) magnitude of the impacts of 
natural hazards, (3) improve soil management to enhance 
drought and flood resistance before and during droughts or 
floods, and (4) develop natural controls of insect and disease 
outbreaks. 
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Hazard-Resistant Plants and Livestock. Research has 
shown that one of the most efficient, long-lasting solutions 
to pests and abiotic stressors is resistant varieties of plants 
and domestic animals. Relying on breeding and selection 
programs, biotechnology, and genetic engineering, research 
will focus on developing new and improved hazard-resistant 
trees, crops, and grazing livestock able to withstand the 
impacts of drought, floods, and pestilence. 

Vegetation Management. Vegetation management 
includes silvicultural procedures that minimize the risk of 
insect and disease outbreaks-for example, thinning forest 
stands to· reduce the size and density of trees and conse­
quently the spread of pine beetles; interrupting large 
expanses of natural vegetation by creating fuelbreaks to 
slow the spread of wildfires; and controlling the selection, 
placement, and rotation of crops to retard the impacts of 
drought. Research is needed to evaluate and improve 
agricultural and forest vegetative management techniques 
that mitigate the effects of natural hazards yet maintain or 
enhance commodity production and biodiversity and to 
develop interactive models that predict the environmental 
and social effects of natural hazards under different 'lege~--­
tative management-scenarios-:----------
Soil Management. Initial priority must be on developing 
new soil-moisture enhancement and retention measures; 
increasing the control and management of water yields and 
runoff; and improving drought, soil moisture, and flood 
modeling programs. 

Biological Controls. Environmentally safe and effective 
natural controls of insects and disease outbreaks thwart the 
onset of such hazards and mitigate their impacts on forest 
and agricultural systems. These controls include (1) intro­
duced parasites, predators, and pathogens, (2) vegetation 
management that enhances populations of beneficial organ­
isms, and (3) biochemical signals such as pheremones and 
allemones used to ii:ttract and trap insect pests. Laboratory 



39 

and field studies are needed to understand more fully the 
basic biology and ecology of pestilence; to develop a better 
understanding of management practices such as crop rota­
tions that take advantage of and encourage biological con­
trol of pests and disease; to obtain the basic genetic and 
physiological information on insect pests and diseases; and 
to develop genetically engineered biological control agents 
such as bacteria, fungi, protozoa, and viruses that reduce 
insect and disease outbreaks. 

HUMAN INTERACTIONS 

Behavior, Health, and Communication 

"To be successful, methods for reducing losses from natural 
hazards must be carefully adjusted to the communities they 
serve. Science and technology can help avert natural disas­
ters, but only when applied with a community's social, 
cultural, political, and economic context in mind" (Advisory 
Committee on the International Decade for Natural Hazard 
Reduction, 1987). Research is needed to (1) assess societal 
changes, demographic trends, and risk perceptions in order 
to anticipate disaster-related problems and respond before a 
disaster strikes, (2) determine incentives for safe behavior 
and the adoption of disaster-safe community standards, (3) 
determine how people deal with conflicti}lg forecasts and 
respond to emergencies to improve their safety and evacu­
ation, (4) improve assessments of affected populations and 
the need for emergency medical services immediately after 
disasters, (5) determine the differential health impacts of 
natural disasters on populations by epidemiological meth­
ods, (6) develop better estimates of casualties to aid predi­
saster planning and preparation, and (7) establish program 
design and implementation guidelines to reach people at 
risk from natural hazards. 

Social Assessments. As the risk stemming from natural 
disasters continues to rise, assessments of societal changes, 
demographic trends, public perceptions, and other social 
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indicators are a necessary foundation for changes in policy, 
shifts from reactive to proactive disaster reduction strate­
gies and activities, and improvements in public safety based 
on better information. At a minimum, research is needed to 
clearly understand (1) how the public is coming to view 
environmental issues as interlinked (for e?Cample, hazards, 
global change, local air pollution, ozone depletion) and what 
this means for policy, (2) how development trends in the 
United States (for example, population movement to the 
Southwest, shift of businesses to rural sites) affect the 
potential for catastrophic losses, and (3) how various sectors 
of the public and "influentials" in the public and private 
sector perceive and deal with risks from natural hazards. 

Incentives for Safe Behavior. Disaster reduction measures 
are designed with the future in mind and may lack immedi­
ate benefits unless they are coupled with direct and indirect 
incentives for individuals and organizations. Historically, 
taxes and tax breaks, insurance surcharges, lending rules, 
permits, licenses, and zoning regulations have been used to 
encourage hazard-safe behavior. Research is needed to (1) 
determine how both economic and noneconomic incentive 
and disincentive measures from the public and private 
sector affect the behavior of people living in hazardous areas 

---an-a-tlie consequent economic costs ana--potentiaJ.1-os_s_e_s __ _ 
resulting from natural disasters and (2) identify barriers to 
and methods for promoting implementation of "disaster-
safe" standards by homeowners, businesses, land manag-
ers, and local governments. 

Reactions To Emergencies. During emergencies stemming 
from natural disasters, the behavior of citizens and response 
personnel can make a significant difference in losses suf­
fered. Research on how people react during natural disas­
ters can provide an important foundation for preparing 
emergency response plans. Research is needed to deter­
mine (1) how people and governments should deal with 
conflicting and competitive forecasts of impending natural 
disasters, (2) how people and emergency response agencies 
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react during natural disasters as a basis for enhancing their 
safety, and (3) how social, economic, and cultural contexts · 
(for example, poverty, ethnicity) affect people's responses. 

Health-Impact Assessment. Immediately after a disaster, 
the characteristics of the affected population and the need 
for emergency medical services have to be assessed quickly. 
It is unfortunate that the quality and methodology for the 
assessment of disaster needs lack consistency. The data on 
damages collected in actual disasters are usually crude 
estimates based on superficial observations that are of 
limited technical and statistical validity. There are few 
standardized methods or indicators for rapidly determining 
the needs of disaster victims and communities. Research 
is needed to improve health-impact assessments. This 
research should include developing data collection methods 
that are simple and quick to use and operationally feasible. 

Disaster Epidemiology. Disaster epidemiology was born 
from the growing realization that the effects of disasters on 
the health of populations can be studied by epidemiological 
methods. Research is needed to (1) describe the public 
health impacts of different types of natural disasters, (2) 
describe the natural history of acute health effects, (3) 
analyze risk factors for adverse health effects, (4) clinically 
investigate the impact of diagnostic and treatment 
approaches, (5) understand the long-term health effects and 
psychosocial impacts of disasters, (6) evaluate the effective­
ness of various types of assistance and the long-term effects 
of aid on the restoration of predisaster conditions, and (7) 
improve surveillance and accurate reporting of disease 
outbreaks following a disaster so that proper followup 
action can be taken. Results of these studies can be used in 
the design of appropriate warning systems and can provide 
guidelines for preparedness training. 

Casualty Estimation Modeling. Considei::able attention 
has been devoted to natural disaster loss estimation, but 
little effort has been given to more specific estimates of 
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disaster-related casualties. Yet casualties are a prime con­
cern to those who commissiop loss estimation studies-pub­
lic and private sector organizations that are responsible for 
life safety. Research is needed to develop and improve 
casualty estimation models. Predictions from these models 
could be used to improve natural hazard mapping, risk 
assessment and management strategies, and early warning 
systems. In addition to improving estimates of casualties 
from future disasters, this research can also be used to 
develop more realistic scenarios for training simulations and 
exercises, improve design guidelines for building safety, 
help planners predict the impacts of hazards on vulnerable 
subpopulations and allocate medical resources, and lead to 
more effective medical training for response personnel. 

Program Design and Delivery. Program design and imple­
mentation guidelines that will effectively influence behavior 
consistent with the risk are needed. Programs may be 
designed around legislation (enactment of new laws), 
enforcement, incentives, education, or any combination 
thereof. Delivery systems may include mass media, group 
meetings, individual mailings, or group and individual con-
tacts as well as neighborhood organizations and_existing----

-~-~s.ei:rice_oJ.".ganizations:-Stuilies are needed to evaluate the 
effects of current disaster prevention and mitigation pro­
grams and to establish program design and implementation 
guidelines to effectively reach and influence different target 
groups at risk from natural hazards. 

Institutional Opportunities and Constraints 

Research is needed to determine which are the most effec­
tive, appropriate, economic, and timely procedures that 
organizations-including governments, large businesses, 
and civic organizations-can use to minimize the impact of 
natural hazards. Studies are needed on (1) barriers to policy 
adoption and implementation, (2) the role of governmental 
laws and regulations, (3) the role of financial institutions in 
fostering mitigation policies, (4) the role of public and 
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private partnerships in marshaling human resources 
and information, and (5) the role of industry in disaster 
mitigation. 

Removing Barriers to Policy Adoption and Regulation. 
Research involving all sectors concerned with the formula­
tion of natural disaster mitigation policies is needed to 
devise creative ways to remove economic, social, and polit­
ical barriers to policy adoption and regulation. . 

Government. Studies are needed to better define the role of 
government in disaster reduction. We need to know (1) how 
emerging new relationships and cooperation between Fed­
eral, State, and local governments will affect hazard reduc­
tion (for example, through new taxing authorities) and (2) 
how existing laws and regulations affect natural disaster 
mitigation. 

Financial Institutions. Research is needed to define the 
financial interests of banks, insurance companies, and real 
estate firms in hazards mitigation and how these institu­
tions can foster hazard-safe building standards and other 
mitigation measures. 

Public and Private Partnerships. Research will focus on 
the best ways to form public-private partnerships that are 
able to marshal extraordinary human resources and infor­
mation for hazards mitigation. 

Industry. Research is needed to define how U.S. industry 
could assu:gie a leadership role and a strong international 
research and development position in natural disaster mit:­
igation. 

Economics 

The economic consequences of natural disasters vary with 
the type of hazard, the intensity and duration of an event, 
the physical and social characteristics of the impacted area, 
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the kinds of natural and built environments affected, and 
the predisaster economic conditions of the area and their 
relationships with other economic systems. To date, precise 
figures on losses and methods of determining these losses 
are not always available, nor is their accuracy dependable. 
Data on damages are usually not consistently collected, nor 
are analytical methods systematically updated. Research is 
needed to (1) improve economic analyses of disasters and 
enhance methods for determining losses to urban develop­
ments, (2) develop better cost-benefit assessments of disas­
ter reduction measures, (3) assess the costs of rehabilitating 
an area after a natural disaster, and (4) improve disaster­
related decisionmaking. 

Economic Analyses of Disasters. A major effort is needed 
to validate and improve the available methods and models 
for accurately assessing economic impacts both before and 
following disasters on all scales-local, regional, national, 
and international. Research will address the quality of 
available techniques and models for determining shprt- and 
long-term losses to urban development in all disaster-prone 
regions of the Nation and selected international locations. 
Also, methods for assessing ecosystem damage as opposed 
to change should be developed. Environmental disturbances 

-~--are-a~natural-part~of-an-evolving-ecological-system~VVhether--­

such disturbances result in environmental damage depends 
upon how society values the immediate and long-term 
effects. Environmental assessments should go beyond the 
mere counting of organisms affected to address questions of 
valuation and whether ensuing damages are preventable. 
Research is needed to develop a simple set of guidelines that 
isolate and weigh preventable ecological impacts. Research 
on the assessment of damage to cultural and social environ-
ments is needed as well. The preservation of historical 
monuments and cultural assets has become an increasingly 
important aspect of urban planning. Cultural assets clearly 
contribute to the integrity and continuity of social identity, 
qualities which yield traditional value. Yet little has been 
done to assess what society is willing to pay to protect these 
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assets from the effects of natural hazards. A simple set of 
guidelines is needed to ensure that the potential loss of 
these assets is reflected in any overall assessment of disas­
ter impacts. 

Cost-Benefit of Disaster Reduction Measures. Research 
is needed to develop improved and innovative cost-benefit 
models and methods for assessing past, present, and pro­
posed mitigation, prediction, response, and recovery poli­
cies. These models and methods, developed with input from 
the public and private sectors, need to be cost effective and 
easily understood to ensure consistent use at the Federal, 
State, and local levels. Transnational economic repercus­
sions should be investigated. The international financial and 
monetary system has evolved to a point where the effects of 
catastrophic events are no longer confined to the nation in 
which they occur. The rapid liquidation of financial assets in 
conjunction with the destruction of key production and 
communications facilities could produce transnational eco­
nomic shock. Very little is known about the vulnerability of 
these key economic institutions, nor have we seriously 
considered how they could be modified to limit postdisaster . . 
econormc repercussions. 

Costs of Rehabilitation. Research is needed to develop and 
improve methods for accurately assessing the costs of 
rehabilitating both natural and built environments following 
natural disasters. The economics of multiple objectives 
must be studied, because the 1990's not only will see an 
increase in hazard awareness but also will be a decade of 
extreme fiscal conservatism. Tight Federal, State, and local 
budgets will make it increasingly difficult to institute single­
purpose measures. The promotion of hazard insurance or 
the retrofitting of hazardous buildings and infrastructure 
will have to reflect more than a single goal. Research is 
needed to develop innovative linkages between the reduc­
tion of natural disasters and other pressing social needs. 
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Decisionmaking for Disaster Reduction. Research should 
address all factors entering into the decisionmaking proc­
ess, including (1) the short- and long-term economic incen­
tives and disincentives of present coping mechanisms and 
policies and (2) the benefits of new and improved mitigation, 
prediction, response, and recovery measures as a function 
of time. Research is needed to identify and evaluate current 
decisionmaking processes and, on the basis of those evalu­
ations, to determine how the processes can be improved. 

Applications Elements · 

All the research in the world is of no use if it remains on the 
shelf. Therefore, a major emphasis of the U.S. strategy is 
the application and dissemination of research results-that 
is, translating what we know of hazards and their mitigation 
into operational practice. 

There is a logical order of applications in time (fig. 3). 
Before a hazard strikes, important preparation measures 
must be taken. The hazard must be identified and the 
vulnerability assessed. Mitigation measures designed to 

_____ lessen_the .. impacLoLthe_hazard_onJiv:es_and_property __ must, __ _ 
be put in place. Furthermore, the public must be made 
aware of the hazard and the impact that it could have on 
their community and their lives. Finally, every disaster-
prone community needs to have a response plan in place 
that is practiced on a regular basis. State and Federal 
governments must have their response plans, as must those 
in the corporate world. 

In addition to preparation, accurate, reliable, and timely 
prediction and warning systems are necessary to protect 
communities before a hazard strikes. Monitoring and 
observing natural hazards and analyzing hazard data can 
translate improved predictions of hazardous events into 
timely warnings that are disseminated rapidly to the public. 
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While a natural hazard is striking, intervention by the 
Federal, State, and local sectors is sometimes necessary to 
mitigate the effects of that hazard. Such intervention 
requires coordination of people and equipment, organized 
tactical and logistical activities, and on-the-spot training of 
supplemental suppression forces. 

After a hazard strikes, both immediate and long-term 
emergency assistance and recovery measures must be 
taken. Recovery measures such as reconstruction should 
not only revitalize the damaged community but also maxi­
mize its resistance to future disasters. 

Although each Applications Element is needed in time, it is 
almost always better to anticipate and therefore to avoid 
natural disasters rather than to react to them after they 
have occurred. The adage "An ounce of prevention is worth 
a pound of cure" applies to natural disasters in force, and 
the greatest savings of life and property during the 1990's 
are likely to be the result of placing greater emphasis on 
preparation, prediction and warning, and intervention and 
thus saving costs of emergency assistance and recovery. 

BEFORE THE NATURAL HAZARD STRIKES 

Preparation 

Time and again, when hazards strike, areas where proper 
preparedness plans and effective prevention and mitigation 
programs are in place suffer fewer losses and recover more 
quickly than those that do not have preparedness programs. 
During Hurricane Hugo, for instance, the Governor of 
South Carolina ordered the evacuation of over 250,000 
inhabitants in coastal areas. Because of hurricane prepared­
ness evacuation plans developed by Federal agencies in 
cooperation with South Carolina, fewer than 10 people were 
killed by the hurricane itself. In addition, those structures 
that had been built according to flood-plain management 
and wind code standards suffered less damage than those 
not built according to standards. In order to provide ade-



48 

quate preparation for hazards and to reduce their impacts, 
Federal agencies, in cooperation with State and local gov­
ernments, need to (1) improve hazard and risk assessments, 
(2) reduce vulnerability to natural hazards, (3) educate the 
public and increase their awareness of natural hazards, and 
( 4) improve emergency planning, so that response can be 
immediate and effective. 

Hazard and Risk Assessments. Hazard assessments tell us 
about the nature of hazards and the probability of hazards 
occurring in a given area. Hazard assessments must (1) 
quantify the recurrence of each hazard, (2) increase the 
amount of detail available about the location, frequency, and 
severity of physical and biological effects on hazard maps, 
and (3) ensure that assessments consider possible interre­
lations between hazards (for example, the triggering of 
floods by hurricane rains or an increase in wildfires during 
drought). Risk assessments tell us the loss expected from 
each hazard, what is at risk (population, property, natural 
resources), and how easily various elements at risk can be 
damaged by each hazard. Risk assessments should include 
estimates of the interlocking vulnerability of new technolo­
gies and the extent to which human actions may influence 
risk. They should also include estimated deaths and injuries 

-----e--xp_e_c_,te-a-from different types of naturarliazards, given tliat __ _ 
natural hazards are characterized by very different morbid-
ity and mortality patterns and, thus, health care require­
ments. This U.S. strategy encourages Federal agencies to 
complete hazard and risk assessments for key areas in the 
United States and its territories and make such information 
available to other Federal agencies and to State and local 
governments. 

Reducing Vulnerability (Mitigation). Once the risk for 
each hazard is known, several engineering, social, resource 
management, and policy actions can be taken to reduce 
vulnerability. These actions include strengthening build­
ings, modifying forest or agricultural management prac­
tices, ensuring low-density use of high-hazard areas, modi-
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fying transportation and energy distribution systems, 
constructing protective works in highly developed areas 
where no other suitable alternative exists, enforcing flood­
plain regulations, and employing fire-safe construction and 
landscaping in and around housing developments. Although 
both structural and nonstructural mitigation measures may 
cost money in the short run, these investments prevent 
losses in the long run and provide savings to building and 
homeowners, landowners and managers, communities, and 
governments. Major challenges include demonstrations of 
practical methods and the immediate economic benefits of, 
for example, hazard-resistant design, construction, and 
retrofitting. An added challenge is assuring compliance with 
building codes and standards that include mitigation meas­
ures. The U.S. strategy encourages Federal agencies to 
increase their efforts to work with State and local govern­
ments and to provide them with information that can be 
used to mitigate the effects of natural disasters. This 
information can be transmitted by publishing manuals, 
sponsoring workshops, and working with building code 
organizations, national professional organizations, and local 
land-use planning commissions. 

Education and Awareness. People who live and work in 
hazard-prone areas need to know the nature and probable 
impact of natural hazards and what they can do to protect 
themselves before, during, and after a natural disaster .. 
This information can be conveyed through schools, special 
television programs, popular publications, workshops, and 
other channels. One important challenge of this element is 
presenting accurate information in ways that lead to pre­
ventive and precautionary actions. Another challenge is to 
reach the broadest possible audience by using a wide 
variety of educational media. Federal agencies, working 
with State and local governments, should promote the 
importance of disaster prevention and mitigation programs 
through the media, especially in specific high-risk areas. 
They should also provide hazard information to the media 
for local programming and continue to work with organiza-
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tions such as the Children's Television Workshop to edu­
cate the public and bring pressure to bear on recalcitrant 
local officials who do not adopt natural hazard reduction 
measures. 

Emergency Planning. Emergency plans must be prepared 
and tested many times before a natural hazard strikes. 
Even the most comprehensive and well-constructed contin­
gency plans need to be tested and evaluated through 
tabletop and field exercises. These activities can identify 
planning voids that need to be filled. Exercises are partic­
ularly valuable for hazardous events that are not common­
place, such as catastrophic earthquakes. Low-probability, 
high-consequence events must be simulated realistically and 
with participation from local, State, and Federal agencies. 
These simulations encourage interagency and intergovern­
mental coordination and sharing of information, techniques, 
and procedures. Finally, although planning for frequent, 
small natural hazards may seem challenging enough, plan­
ning for infrequent disasters, though much more difficult, 
is equally important. Federal, State, and local emergency 
plans for response and recovery need to he updated period­
ically even if no hazard occurs. They also need to be 
evaluated and improved after each hazardous event, includ-

--Tng tliose that~do not-actually cUlminatemdisast·-e-r-s,--­
and include mechanisms for allocating appropriate medical 
supplies and resources in the immediate postdisaster 
environment. 

Prediction and Warning 

Predicting the time, place, and severity of a hazardous 
event saves lives andTeduces losses when it is followed by 
timely and effective dissemination of warnings to the public. 
Even with only a few minutes notice, individuals can act to 
save their lives. Given longer lead times, actions can be 
taken to reduce other losses. Our capability to predict 
natural hazards has grown considerably as a result of 
scientific and technological advances in recent decades, 
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even though variability still exists from hazard to hazard. 
To close the gap even further, we must (1) monitor and 
observe the hazards and their precursors, (2) analyze and 
model the data acquired, and (3) translate predictions into 
easily understood warnings and disseminate them expedi­
tiously to the public. 

Monitoring and Observing. The need to observe potential 
hazard precursors should drive the rapid development and 
adoption of technological advances in sensors, data telem­
etry, and data reduction. Instruments that can detect 
multiple hazards deserve special attention-for example, 
weather radar and lighting detectors to detect severe 
storms, potential wildfire ignitions, and volcanic ash clouds. 
For both scientific value and economy of operation and 
telecommunication, sensors for various hazards should be 
co-located and linked as much as possible. The U.S. strat­
egy encourages Federal agencies to accelerate their capa­
bilities to monitor and observe natural hazards and pass 
their data on to State and local governments for action. 
Although Federal budget curtailments may limit some of 
these efforts, every effort must be mad~ to continue, if not 
increase, them, because these efforts have had positive 
effects in saving lives. 

Data Analysis and Modeling. Although monitoring can 
suggest that a hazard is imminent, the chances for error are 
usually too high for us to rely on observations alone. Data 
must be analyzed and modeled in order to compare them 
with previous patterns of precursors, to seek a physical 
explanation for the observed changes, and to project them 
into a quantitative prediction of the time, place, and sever­
ity of an impending hazard. Federal agencies must make 
greater efforts in data analysis and modeling for the benefit 
of State and local users who must prepare for impending 
disasters. 

Warning and Dissemination. Warnings of impending haz­
ards should come to Federal, State, and local officials in 
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an easy-to-understand, standardized format and from rec­
ognized sources. Current delivery of warnings to public 
officials should be improved by new technologies. Federal 
agencies should reexamine the procedures and methodolo­
gies used for warning and dissemination, so that emergency 
managers and responders can view the hazard on computer 
displays that show existing roads, lifelines, hazardous mate­
rial locations, and other critical information. Less urgent 
information such as maps of long-range hazards could be 
obtained interactively through personal computer informa­
tion services. Conventional channels for the dissemination 
of urgent warnings to the general public need to be broad­
ened to include links to home and cellular telephones and 
television sets. Appropriate Federal agencies need to exam­
ine these alternatives and look for ways to disseminate 
information in the absence of electrical power. Finally, the 
Federal Emergency Management Agency (FEMA) should 
assist all emergency broadcast systems in obtaining the 
latest available technology before the end of the 1990's and 
test the effectiveness of these stations during catastrophic 
events. 

WHILE THE NATURAL HAZARD IS STRIKING 

Intervention ----------------------- " -- " - ------
Even while a natural hazard is in progress, actions can be 
taken to reduce its impact. Such actions include sandbag­
ging to hold water back during a flood or hurricane, getting 
under a table or in an interior doorway during an earth­
quake, or going to a cellar as a tornado approaches. During 
natural hazards such as droughts, wildfires, or insect and 
disease outbreaks, agencies can intervene in a coordinated 
effort to mitigate the damaging effects of those hazards. For 
those hazards that can be suppressed or controlled by a 
coordinated Federal, State, and local effort, added empha­
sis is needed to improve (1) coordination of disaster­
response resources, (2) tactical and logistical responses to 
disasters, and (3) training of supplemental response forces 
at the scene of the event. 
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Coordination of Resources. Just before and during the 
onset of a natural hazard, existing or preplanned coordina­
tion centers organize and mobilize resources (people and 
equipment) to stop or reduce the severity of the hazard's 
impact. Initial priority should be on developing a natural 
disaster coordination and communication program that pro­
motes an interagency approach to disaster events at all 
government levels. At the Federal level, for example, the 
Catastrophic Disaster Response Group, chaired by FEMA, 
coordinates Federal response efforts as it did during the 
Loma Prieta earthquake. Likewise, the U.S. Public Health 
Service, an agency of the Department of Health and Human 
Services, works with the States to provide health services, 
civilian health personnel, and health resources during emer­
gencies. Similar organizations need to be in place at the 
State and local levels. Federal agencies should encourage 
these efforts. 

Tactical and Logistical Response. This category includes 
evacuation, suppression, and control activities; the support­
ing organization and supplies for tactical forces at a disaster 
site; and rapid, early assessment of the health care needs of 
disaster-affected populations in order to efficiently match 
resources to needs and prevent further adverse health 
effects. Because the lead response agency does not always 
have the resources needed for suppression, an interagency, 
multilevel (Federal, State, and local) response system needs 
to be developed to ensure adequate resources. The Boise 
Interagency Fire Center in Idaho is one such example. 
From a central location, professionally trained State and 
Federal crews, mobile communication systems, food, equip­
ment, supplies, and other support systems can be dis­
patched immediately to a disaster site anywhere in the 
Nation. As part of the U.S. strategy, Federal agencies, in 
cooperation with State and local governments, must ensure 
that the proper response mechanisms are in place at all 
levels of government by the year 2000. 
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On-the-Spot Training. Because a disaster, by definition, 
exceeds local response capacity, real-time training of volun­
teer and professional response forces is needed to suppress 
a disaster and thereby reduce its impacts. Onsite emer­
gency training procedures need to be developed to ensure 
the safety and effectiveness of these response forces. The 
procedures should be part of the FEMA review of State and 
local emergency response plans and the exercise of those 
plans. During the 1990's, training procedures should be 
put in place for all emergency response plans at all levels of 
government. 

AFTER THE NATURAL HAZARD STRIKES 

Emergency Assistance 

After a major disaster had exceeded the coping mechanisms 
of local and State governments, the Federal Government 
provides emergency services, communications, financial 
assistance, and, in some cases, special teams for search and 
rescue. To improve emergency assistance even further, we 
need to (1) enhance emergency assistance capabilities, (2) 
improve communications, (3) provide timely technical assis-

. tance, and (4) implement a national system of search-and­
rescue teams. 

Emergency Services. The Federal Government has formed 
a National Disaster Medical System designed to care for 
victims of an incident that exceeds the medical capability of 
an affected State, region, or Federal medical care system. 
In addition, when requested by the Governor of a State 
after a Presidential disaster declaration, the Federal Gov­
ernment can provide water and emergency power. The 
Federal Government should encourage State and local gov­
ernments to construct water and power systems and med­
ical facilities that can remain operational during and after a 
natural disaster. 

Communications. When a disaster strikes, communication 
and public information stations are needed to handle inquir-
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ies about disaster victims, where disaster assistance and 
. emergency services can be obtained, and what to do during 

the recovery effort. Following previous disasters, many 
government officials and disaster victims have been 
unaware of the assistance that was available and how to 
obtain it. 

Financial Assistance. Much of the financial assistance 
available after a disaster comes from State and local funds. 
When coping with a major disaster exceeds the capacity of 
a local or State government, Federal agencies can help. The 
U.S. Department of Agriculture (USDA), for instance, 
provides major financial assistance to farmers and ranchers 
struck by disasters. The Governor of an affected State can 
request assistance from the President through FEMA. This 
assistance includes funds for temporary housing, home 
repair, and individual and family grants and help to State 
and local governments and private nonprofit organizations 
that provide services of a governmental nature: education, 
utilities, emergency services, and medical custodial care. 
Public assistance may be used to fund clearance of debris, 
emergency protective measures for the preservation of life 
and property, and repair or replacement of roads, streets, 
bridges, public utilities, and recreational facilities and 
parks. 

Search and Rescue. During and after some disasters, 
survivors are buried in the debris of damaged or destroyed 
buildings. Search and rescue must take place within hours 
after a disaster occurs. After 48 hours, few victims are 
found alive. Because time is of the essence, local search and 
rescue capabilities need to be improved. When that capa­
bility is still not enough, Federal, State, and local resources 
can be applied. A national system of search and rescue 
teams is needed. These teams can be "on call" and readily 
dispatched to areas needing their services. 

1 

Consisting of 
members from the public and private sector, they must 
meet establisheq criteria and be able to respond immedi­
ately following a disaster. A directory is also needed to list 
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state-of-the-art equipment that can be sent to disaster 
areas. FEMA, for example, has initiated an effort to 
organize a national search-and-rescue system in the United 
States. This system will identify, certify, train, equip, 
mobilize, and deploy civilian search-and-rescue task forces. 
Within 6 hours of activation, these task forces can meet at 
predetermined airfields and be airlifted by the Department 
of Defense to a disaster site. 

Recovery 

As the emergency period following a disast~r wanes, a 
community enters a long period of recovery, redevelop­
ment, and restoration. Mitigation is a key element in the 
recovery effort, providing an opportunity for Federal, 
State, and local governments to rebuild or remodel struc­
tures in accordance with acceptable disaster mitigation 
techniques such as elevating the lowest floors in flood-prone. 
buildings, using fire- and seismic-resistant design codes, or 
removing structures from identified floodways. Principal 
elements of recovery include (1) damage assessment, (2) 
restoration and modification, and (3) information collection 
and dissemination to increase knowledge about natural 
disastets~ar:fd~improve~plan·s~for-future-probable~events. 

These steps can substantially minimize the impact of future 
hazards. However, care should be taken that no recovery 
strategy for a specific hazard exacerbates vulnerability to 
other hazards. 

Damage Assessment. Damage assessments after an 
event require, in part, good inventories of the conqitions 
of buildings, structures, services, lifelines, and natural 
resources. Federal agencies need to individually or collec­
tively prepare such inventories and evaluate the ability of 
natural and manmade systems to resist future natural 
hazards. Professional contacts, tools, resources, and effec­
tive damage assessment methodologies also need to be 
identified and listed in a resource data bank. Detailed, 
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realistic damage assessments are required to determine 
funding necessary for recovery. · 

Restoration and Modification. Disasters are sometimes 
referred to as opportunities to rebuild a community so that 
it will not suffer such great losses from future natural 
hazards. However, there must be a strong commitment 
from citizens and the local government of a disaster-affected 
community to rebuild in a manner consistent with the best 
hazard mitigation techniques and to recognize that a few 
months' delay and additional costs are worthwhile in order 
to avoid the same damage during the next disaster. Once 
cost estimates for repair, restoration, and rehabilitation are 
furnished, priorities must be established and decisions made 
on short- and long-term restoration projects and service 
modifications. The restoration phase should see the rebuila­
ing of destroyed property, the implementation of rehabili­
tation plans, the relocation and substitution of resources 
and s~rvices such as water and sewage, and the modification 
of programs to mitigate against future disasters. Where 
feasible, this phase also includes the restoration and reha­
bilitation of ecosystems damaged by natural disasters. 
Federal agencies need to work with State and local govern­
ments to create a hazard mitigation mentality and to 
overcome the "it won't happen here" attitude. Hazard 
mitigation can come only through the efforts of local gov­
ernments, assisted technically and financially by Federal 
and State Governments. Moreover, Federal agencies need 
to work with State and local governments to develop hazard 
mitigation plans that can be used in the recovery effort after 
a disaster. 

Learning from Disasters. Responding Federal agencies, in 
partnership with other agencies and organizations in both 
the public and the private sectors, must conduct postevent 
audits of what went right and what went wrong. These 
audits should contain, at a minimum, the following: physical 
characteristics of the hazard, characteristics of land use in 
the impacted area, adjustments adopted in the area, the 
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extent to which adjustments functioned, ways in which 
governmental bodies responded in relation to preparedness 
plans and legal missions, efforts to reduce impact-related 
morbidity and mortality, and changes in operating proce­
dures and policies for more effective future response to· 
hazards. Information must then be disseminated widely, 
both domestically and internationally, to all levels of gov­
ernment, professionals, code organizations, private indus­
try, and the public. 
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SPECIAL COOPERATIVE 
PROJECTS: U.S. STRATEGY FOR 

NATURAL DISASTER REDUCTION 

A strong U.S. strategy needs major, unifying projects, built 
on existing activities, that reduce losses from natural haz­
ards. We suggest four categories of special cooperative 
projects: 

Natural Hazard Prediction Experiments: Research must 
be conducted in selected natural laboratories to improve the 
scientific basis of and methods for predicting natural haz­
ards. 

Disaster Prevention Resource Networks: Networks must 
be created to share information, people, and equipment, 
regionally and nationwide, for disaster prevention. 

Hazard-Resistant Communities: Intensive application of 
disaster mitigation techniques will demonstrate how com­
munities can increase their resistance to disasters. 

Natural Hazards Round Tables: Thought-provoking 
forums must be held to ensure that various parts of the 
hazards community learn from one another. 

Each project can make a special contribution to the Nation 
and also to the IDNDR and add interdisciplinary, multihaz­
ard activities that can best be begun in the cooperative 
climate of the 1990's. Each project provides opportunities 
for integrating the progress made in individual Research 
and Applications Elements of the strategy and for testing 
and evaluating, before full-scale implementation, proposed 
changes in hazard prevention and mitigation practices. 
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Natural Hazard Prediction 
Experiments 

The U.S. strategy presents an opportunity for advanced 
research on the origins, processes, and, thus, predictability 
of natural hazards. In general, nature is the laboratory, and 
the interactions of hazardous events with society are the 
experiments. Those areas of the Nation and the world that 
experience more frequent events of small to moderate size 
can be used as natural laboratories to study and predict the 
effects of larger, more serious events. As physical and life 
scientists develop prediction capabilities for natural haz­
ards, social scientists can examine the economic and public 
policy implications of natural hazard prediction. 

We propose that U.S. scientists select one or more natural 
laboratories for intensive, multidisciplinary, multinational 
studies of each major hazard. These areas will be desig­
nated, for example, as "Decade Volcanoes," "Decade Flood­
plains," or "Decade Wildfire Areas." Focused effort in this 
relatively small number of natural laboratories will (1) 
advance the fundamental understanding of how each natural 
hazard system works, (~) advance the state of the art in the 

---- prediction-of. each-hazar.d,-(3)-addr,ess-societal-r.esponses-to~-­
predictions, (4) serve as U.S. laboratories for international 
collaboration, and (5) demonstrate how multidisciplinary, 
multinational research can expand the frontiers of single­
hazard, single-agency dom~stic research. 

Some areas have already been selected and used for years­
for example, a segment of the San Andreas fault near 
Parkfield, Calif., for an earthquake prediction experiment 
and the H.J. Andrews Experimental Forest near Eugene, 
Oreg., for landslide prediction. Mount Rainier in Washing­
ton State has just been nominated as a Decade Volcano, and 
other Decade laboratories will be selected soon. 

If, as expected, other nations designate similar natural 
laboratories, exchanges between Decade laboratories 



61 

around the world will form a powerful basis for comparative 
studies and experiments. Each showcase or demonstration 
project can host colleagues from other nations. Participants 
will bring both the experience and the thought paradigms of 
their own countries to bear on the host nation's project. We 
expect the synergism and energy of these projects to be 
high. 

Finally, some prediction experiments can best be conducted 
in large regions encompassing several countries and will 
thus, of necessity, be international projects. Such experi­
ments will be especially applicable to hazards that affect 
large regions such as drought, hurricanes, insects, and 
diseases. 

Disaster Prevention Resource 
Networks 

Although some communities, States, and Federal agencies 
have a remarkably good capacity for coping with natural 
hazards, none has all of the expertise or physical resources 
needed to deal with the impacts of natural disasters. From 
time to time, even the most technologically advanced need 
help from their neighbors. It is necessary, wise, and effi­
cient for those concerned with disasters to establish net­
works of information and physical and financial resources. 
Such networks will enable communities to handle routine 
matters by themselves but draw on others when needed. 
Pilot disaster prevention resource networks will be devel­
oped, each including an information resources network and 
one or more regional resource centers. 

Information Resources Network. As a pilot project, a 
network that could initially cover a small geographic area 
will draw on selected data bases that have been reformatted 
into a common geographic information system (GIS)' for 
easy access. New GIS technology permits interactive visu-
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alization and analysis of any natural hazard or combination 
of hazards, population densities, streets, lifelines of commu­
nities at risk, and other information that can be shown on 
maps. Different types of information can be overlain, and 
degrees of risk can be aggregated. Data bases, drawn from 
various Federal agencies, will include base maps onto which 
special features can be plotted, including those related to 
each hazard and the community infrastructure. The GIS 
might also provide references to case studies of successful 
and unsuccessful disaster mitigation efforts, a directory of 
resource persons, and other nonspatial data. One important 
goal of such a network is to simplify a community's search 
for information from many sources and its efforts to com­
pare information that is presently given at different scales 
and uses different terminology. To be successful, this 
project needs to be broken down into manageable units and 
the units prioritized for what managers really need. 

Generalized maps of each hazard could be made available on 
line or on CD-ROM. Then, if possible, details of hazards 
within specific counties and cities could be added. Similarly, 
annotated bibliographies, case histories, or guides to 

____ i:.e.s_o_m:c_e_s_c_oJlld..b_e. ma.d_e_l3,vailable on line or on CD-R_O'""'"M='"-. =A,,__~ 
hazards help line could be offered as part of this package. 
Eventually, when telecommunication links are established 
between most information sour~es and users, information 
could be updated in near real time. 

Rapidly improving artificial intelligence (AI) expert system 
software and new graphics capabilities for small computers 
offer new potential for packages or modules that can guide 
State and local users through the process of gathering 
hazards information and using it in their decisions. Modules 
will cover many of the same topics presently covered by 
more conventional training courses but will have the added 
advantage of being linked directly to the data bases of a 
natural hazards GIS. Modules can include: 
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• General hazards information. For each category of 
natural hazard (for example, droughts, earthquakes, hur­
ricanes, wildfires), a corresponding module will address 
the physical and biological nature of the hazard, its 
predictability, and current and developing options for 
mitigation. It should also note collateral hazards (cross 
references to other modules). 

• "How to" information. Various topics included are: 

Multihazard assessment 
Risk assessment 
Assessing community interest, in disaster prevention 
Reducing vulnerability of structures, lifelines, 

communities 
Building codes 
Land-use zoning 
Water conservation 
Alternative land and agricultural practices for hazard 

resistance 
Cost-benefit analysis of mitigation options 
Tapping Federal resources for disaster prevention 
Community and citizen education 
Warning systems 
Planning and coordinating for emergency response 
Emergency assistance 
Emergency services (for example, medical, water, 

power, food, shelter) 
Financial assistance (for example, Federal, State) 
Search and rescue 
Damage assessment 
Recovery planning to reduce future impacts and 

occurrences 

Regional Resource Centers. Regional resource centers­
such as the Boise Interagency Fire Center, FEMA's train­
ing facility at Emmitsburg, Md., and similar centers within 
various Federal agencies-will focus on training and prep­
aration of educational materials. They will also focus on 
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emergency communications, command structure, inter­
agency operating agreements, and stockpiles of disaster 
respo!].se equipment and supplies. Some may offer the full 
spectrum of information and operational support. They may 
also serve as disaster information centers-that is, as the 
focal points for information needed by and supplied to the 
general public. Each could serve as a training center for the 
natural hazards GIS/expert system package(s) proposed 
above. Each could also host visitors from other nations. 

Opportunities for international disaster resource network­
ing abound. The most difficult choices will be "where first?" 
One such project has already been planned-a regional 
hazards telecommunications network for the 0aribbean and 
Central America. That network will facilitate two-way 
communication of meteorological, seismological, and other 
data throughout the region to central facilities for data 
analysis. On the basis of these data, these centers will be 
able to issue warnings to all member countries. This impor­
tant project will serve a hurricane and flood prediction 
experiment and will disseminate information about all nat­
ural hazards and mitigation techniques. 

Hazard-Resistant Communities 

Only a relatively small number of communities take as many 
precautions, warranted by existing risk, as current knowl­
edge and technology permit. Some of the barriers are 
political or bureaucratic; some reflect only a shortage of 
capital with which to take precautionary measures. We 
think that selected communities, in partnership with State 
and local governments and Federal agencies, can raise their 
standards of hazard preparedness to such high levels that 
they could serve as examples of what can be achieved and 
how it can be achieved. The success of these ''hazard­
resistant" communities can then be shared with other 
communities around the country. 
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The strategy will promote ''hazard-resistant communities," 
in which intensive multiagency, multilevel, multidisci­
plinary efforts will be directed toward making communities 
resistant to natural disasters. Each community that strives 
to improve its resistance to natural hazards will have to 
adopt and implement demanding policies that require 
changes in building codes, new or modified agricultural land 
and water management practices, strengthening of struc­
tures, and land-use zoning. Federal and State Governments 

' can assist local governments through legislation, direct and 
indirect financial incentives, and technical assistance. Such 
assistance may include grants for specific hazard mitigation 
projects, requirements that hazards be considered in the 
granting of federally backed mortgages (as in the National 
Flood Insurance Program), technical assistance through 
personal contacts or written material, training schools, or 
other incentives provided by.Federal programs. Incentives 
from the private sector could include lowering insurance 
and, possibly, mortgage rates if local governments take 
measures to lessen the effects of natural hazards. 

Emphasis will be on the application of existing knowledge. 
Work will begin with the use of GIS/AI expert systems to 
guide the collection of local hazards information. Using this 
local information, these GIS/AI expert systems will provide 
input to those making and implementing risk-reducing 
policy decisions. 

Many programs, incentives, and partnerships already exist. 
These demonstration projects will not duplicate existing 
programs but will instead help to focus multiple programs in 
selected hazard-resistant communities. Communities that 
already have well-developed disaster prevention capabili­
ties, such as the City of Los Angeles, could participate as 
demonstratiori areas or help other communities to do so. 

The international coµiponent of this project will focus on the 
"networking'' of communities worldwide that are faced with 
similar sets of natural hazards and that have (or wish to 
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begin) intensive efforts like those of hazard-resistant com­
munities. For example, communities in Japan, the United 
States, the Caribbean nations, the Philippines, and other 
nations that are successfully coping with similar problems of 
earthquakes, hurricanes (typhoons), landslides, and floods 
could share the best of their strategies. Exchanges akin to 
those of "sister cities" co~d be a valuable part of this 
activity. 

Natural Hazards Round Table~ 

Those who have worked in an interdisciplinary environment 
can attest to the excitement of working on a problem from 
many angles. Each of the preceding projects will offer 
interdisciplinary environments, but none will draw from the 
entire hazards community. Often, it is the people we don't 
normally talk with who bring the most stimulating new 
insights to the table. Therefore, the strategy will promote 
annual thought-provoking forums to ensure that all parts of 
the hazards community have a chance to learn from one 
another. 

We-propose-a-loosely-hierarchical-series-of-natmal--hazards--­
"round tables," held successively through the year, to 
promote the flow of ideas from the grassroots up. First-tier 
round tables will be held within local communities and 
within relatively narrow scientific communities; represen­
tatives from each of these groups will then join progres-
sively more general forums. Each year, round tables will 
address one or two problems that are of general interest and 
especially conducive to this type of discussion. Topics may 
include, for example, how to determine acceptable risk, how 
to make quantitative estimates of risk (including probabili-
ties) understandable to the public, how to judge the social 
and economic cost effectiveness of hazards mitigation, 
whether and how to achieve standardization in predictions 
and warnings, and how specific disasters might have been 
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averted. Special emphasis will be given to methodologies 
and the most difficult issues of natural disaster reduction. 

These round tables will be closely coordinated with an 
annual hazards conference convened by the University of 
Colorado and with any similar efforts that might be pro­
posed by the National Research Council, provided that 
focus is maintained on just a few issues per year. The 
strategy will encourage extension of these round tables into 
the international arena by inviting foreign colleagues and 
counterparts to our round tables at all levels, local to 
national, and by offering to host one or more of the 
international round tables with representatives from other 
nations. 
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U.S. STRATEGY FOR NATURAL 
DISASTER REDUCTION 

BUDGET: FY 1990 

FY 1990 Budget Summary 

The SNDR conducted a program/budget analysis to show 
existing Federal natural disaster reduction activities; to 
identify gaps in lmowledge, mitigation practices, and exper­
tise that can be reduced by a coordinated effort; and to 
establish a base funding level for an effort that will benefit 
the Nation. 

Tables 2a, 2b, 3a, and 3b present the results of the budget 
analysis by agency and by the Research and Applications 
Elements in the strategic framework. Tables 2a and . 2b 
show focused dollars-that is, dollars spent on agency 
programs, activities, or new initiatives that address the 
explicit goals and objectives of the U.S. strategy. Tables 3a 
and 3b show contributing dollars-that is, those dollars 
committed to agency activities or new initiatives that are 

--~-justified-on--a-basis-other-than-specific-natural-hazards-­

research and applications but that contribute substantially 
to the goals and objectives of the U.S. strategy. 

Conservative estimates of the average annual costs and 
losses from natural disasters in the United States exceed $6 
billion. In 1989, they exceeded $15 billion. These figures by 
no means capture the costs of environmental degradation, 
short- and long-term recovery and rehabilitation, impacts 
on local and regional economies, and the intangible costs to 
human health and well-being caused by natural disasters. In 
comparison, focused Federal expenditures for natural disas­
ter activities in FY 1990 exceeded $2.5 billion (tables 2a, 
2b). In FY 1990, :4 percent of the focused dollars were 
devoted to research and 96 percent to applications. 
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Budget by Element 

A perspective of the U.S. natural disaster effort can be 
gained by comparing focused Federal expenditures in each 
of the Research and Applications Elements. Contributing 
program expenditures are listed where relevant. 

Research Elements 

Climate, Weather, and Hydrologic Systems. FY 1990 
focused expenditures were $20 million. Primary activities 
included investigations of severe weather (DOC/NOAA; 
NSF; NASA), floods (DOE; USDA/SCS; DOC/NOAA; 
USACE), and drought (USDA/SCS and FS; USACE). In 
some cases, such as hurricanes and coastal flooding, the 
relationships between severe weather events and the sec­
ondary results are better understood. In other cases, the 
linkages between climate, weather, and natural hazards 
such as drought, wildfires, and pestilence are less well 
lmown. Contributing dollars were $28.2 million in FY 1990. 

Solid Earth Processes. FY 1990 focused expenditures were 
$53.5 million. Primary activities included research con­
ducted by DOI/USGS on a variety of solid earth processes 
to improve the prediction of earthquakes, volcanic erup­
tions; and landslides. Research was also conducted by DOE, 
and grants were issued by NSF for related investigations. 
Contributing research was conducted by USACE on ero­
sion, bank stabilization, and liquefaction. Contributing dol­
lars were $13.5 million in FY 1990. 

Ecosystem Processes. FY 1990 focused expenditures were 
$3.2 million. Research was conducted primarily by the 
USDAJFS to improve our understanding of wildfires and 
outbreaks of forest insects and diseases and to determine 
the impacts of these natural hazards on wildland ecosys­
tems. Contributed research efforts by NASA, EPA, and 
DOE focused on ecosystem monitoring and change and on 



Table 2a. Agency budgets for fi1scal year 1990 for Research Elements (focused dollars) 
' ' [In millions of dollars] 
I 

Climate, Behavior, 
Weather, Managed Health, Institutional 

and Environ- and Opportunities 
Total Hydrologic Solid Earth Ecosystem Engineering mental Comm uni- and 

I Agency budget Systems Processes Processes Systems Systems cation Constraints Economics 
• 

Agency totals 102.8 20.0 53.8 3.2 20.9 2.6 0.0 1.6 0.9 
DOE .o .0 .o .0 .0 .o .o .0 .0 
EPA .o .0 .o .0 .o .0 .0 .0 .0 
FEMA .o .0 .0 .o .0 .0 .0 .0 .o 
FERC .0 .0 .0 .0 .0 .0 .0 .o .0 
HUD .o .0 .o .0 

' 
.0 .0 .0 .o .0 

NASA ' .0 .0 .0 .0 .o .0 I .0 .0 .o . 
DOC/NIST 2.0 .1 .0 .0 1.9 .o .0 .0 .0 
DOC/NOAA 13.2 13.2 .o .0 .0 .0 .0 .0 .o 
NSF 34.5 4.7 10.0 .0 17.6 .o .0 1.6 .8 
AID/OF DA .o .0 .o .o .0 .0 .0 .0 .0 
USA CE .0 .0 .0 .0 .0 .0 .0 .o .0 
USDAIFS 7.8 .5 .0 3.2 1.6 2.6 .0 .0 .1 
USDA/SCS .3 .3 .0 .0 .0 .0 .o .0 .0 
DOI 45.0 i:2 43.8 .0 .0 .0 .0 .o .0 



Table 2b. Agency budgets for fiscal year 1990 for Applications Elements (focused dollars) 
[In millions of dollars) 

Prediction 
Total and Emergency 

Agency budget Preparation Warning Intervention Assistance Recovery 

Agency totals 2663.1 760.2 328.5 1139.1 149.3 286.0 

DOE 216.5 211.0 .5 .0 .0 5.0 

EPA .0 .0 .o .o .0 .o 
FEMA 409.8 122.4 16.9 .5 .0 270.0 

FERC 11.3 1.8 9.5 .0 .0 .0 . 
HUD .o .0 .0 .0 .o .o 
NASA 81.2 .o .0 .0 81.2 .0 

DOC/NIST .0 .0 .0 .0 .0 .0 

DOC/NOAA 285.8 .0 285.7 .0 .0 .1 

NSF 1.0 1.0 .0 .0 .0 .0 

AID/OFDA 60.0 4.0 2.0 .0 54.0 .0 

USA CE 798.8 23.4 .7 765.0 .6 9.1 

USDA/FS 424.0 44.4 4.6 372.7 1.0 1.3 

USDA/SCS 104.5 85.7 5.4 .9 12.5 .0 

DOI 270.2 266.5 3.2 .0 .0 .5 



' 

Table 3a. Agency budgets for fiscJ1year1990 for Research Elements (contributing dollars) 
I 

I [In millions of dollars] 
' I 
; 

Climate, I Behavior, 
Weather, I Managed Health, Institutional 

and ! Environ- and Opportunities 
Total Hydro logic Solid Earth Ecosystem Engineering mental Communi- and 

Agency budget Systems Processed Processes Systems Systems cation Constraints Economics 
' 

Agency totals 57.6 28.2 13.5 7.0 7.5 1.1 0.1 0.1 0.1 
DOE 3.0 .4 .7 .5 1.0 .1 .1 .1 .1 
EPA 2.5 .0 .0 ,1.5 .o 1.0 .0 .0 .0 
FEMA .0 .0 .0 .o .0 .0 .0 .0 .0 
FERO .0 .o .0 .0 .0 .0 .0 .o .o 
HUD .0 .o .0 .0 .o .0 .0 .0 .o 
NASA 37.0 20.0 12.0 5.0 .o .o .o .0 .o 
DOS/NIST 6.0 .0 .o .0 6.0 .0 .0 .0 .0 
DOC/NOAA 7.3 7.0 .3 .0 .0 .0 .0 , .0 .o 
NSF .0 .0 .0 .0 .0 .o .0 .0 .o 
AID/OFDA .0 .o .0 .0 .0 .0 .0 .0 .o 
USA CE 1.8 .8 .5 .0 .5 .o .0 .o .0 
DAIFS .0 .o .0 .0 .o .0 .0 .0 .0 
USDA/SOS .0 .0 .0 .0 .o .0 .0 .0 .o 
DOI .0 .0 .0 .o .o .0 .o .o .0 

' 



Table 3b. Agency budgets for fiscal year 1990 for Applications Elements 
(contributing dollars) 

[In millions of dollars] 

Prediction 
Total and E'1lergency 

Agency bu.dget Preparation Warning Intervention Assistance Recovery 

Agency totals 732.6 140.3 162.0 13.8 0.5 416.0 

DOE 22.5 20.0 .5 .5 .5 1.0 

EPA .0 .0 .0 .0 .0 .0 

FEMA .0 .o .0 .0 .0 .0 

FERC .0 .0 .0 .0 .0 .o 
HUD .0 .0 .0 .0 .o .0 

NASA .o .0 .0 .0 .0 .0 

DOC/NIST .o .0 .o .o .o .o 
DOC/NOAA 158.7 .2 . 158.5 .0 .0 .0 

NSF .0 .0 .0 .0 .0 .o 
AID/OFDA .0 .0 .0 .0 .0 .0 

USAGE 487.2 55.9 3.0 13.3 .0 415.0 

USDA!FS .0 .o .o .0 .o .0 

USDA/SOS .0 .0 .0 .0 .0 .0 

DOI 64.2 64.2 .0 .o .0 .0 
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the ecological effects of natural disasters. Investigations are 
needed to better understand and predict multiple-hazard 
interactions, ecosystem responses to environmental stres­
sors, origins and behavior of wildfires and pestilence out­
breaks, and the effects of catastrophic events on environ­
mental quality and health. Contributing dollars were $7.0 
million in FY 1990. 

Engineering Systems. FY 1990 focused expenditures were 
$20.9 million. Primary activities included research grants 
issued by NSF to investigate the effects of high wind loads 
and strong ground motion on structures and lesser expen­
ditures by DOC/NIST, USDAJFS, and USAGE. USACE 
examined the effects of ground motion on structures and 
also conducted studies on search-and-rescue techniques, 
remote sensing, and GIS. Emphasis has been placed on the 
reaction of structures to stress, "intelligent buildings," 
hazard-resistant materials and design, and research leading 
to the upgrading of local building codes in vulnerable areas. 
Contributing dollars were $7.5 million in FY 1990. 

Managed Environmental Systems. FY 1990 focused 
expenditures were $2.5 million. Vegetation management 

---=res~ar_ch.focusing:-on-the-use-of-prescribed-fire-and-r~searcli-­
to develop biological controls for major forest pests were 
conducted by the USDAJFS in an effort to reduce the 
impacts of hazards on the natural environment. EP A's 
research on methods to determine the environmental and 
ecological impacts of genetically engineered biological con-
trol agents contributed to this research effort. Contributing 
dollars were $1.1-million for FY 1990. 

Behavior, Health, and Communication. There were no 
FY 1990 focused expenditures reported for this area. 
HHS/CDC investigated the health and medical conse­
quences of Hurricane Hugo, the Loma Prieta earthquake, 
tornadoes in Illinois and Kansas, a cyclone in Bangladesh, 
and the eruption of Mount Pinatubo in the Philippines. DOE 
contributing dollars were $0.1 million for FY 1990. 
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Institutional Opportunities and Constr~ints. FY 1990 
focused expenditures were $1.5 million. Most of this 
research was conducted under grants issued by the NSF 
along with some work by DOE. Limited data are available 
to show what role public and private sector institutions play 
in minimizing losses, injuries, and damages from natural 
disasters. Contributing dollars were $0.1 million for FY 
1990. 

Economics. FY 1990 focused expenditures were $0.9 mil­
lion. Most of the research was conducted under grants 
issued by NSF. Additional studies were done by DOE. 
Accurately estimating the costs and benefits of disaster 
reduction measures, the economic impacts of natural haz­
ards, and the costs of rehabilitation is difficult. Additional 
research in these areas would greatly aid economic analyses 
and enhance decisionmaking for disaster reduction. Con­
tributing dollars were $0.1 million for FY 1990. 

Applications Elements 

Preparation. FY 1990 focused expenditures were $494.8 
million. DOE and FEMA conducted major disaster prepa­
ration activities. Significant efforts were also made by the 
USACE and USDA/SCS and FS. These preparation efforts 
include plans, construction, training, exercises, and estab­
lishment of necessary management mechanisms. The Pres­
idential Order requiring all Federal facilities to be earth­
quake proofed should increase expenditures in this area 
temporarily during the next few years. Although 
HHS/CDC did not report expenditures, it played a major 
role in developing contingency plans for a catastrophic 
earthquake in California before the Loma Prieta earthquake 
and is currently working with the Central U.S. Earthquake 
Consortium to enhance emergency preparedness and 
response procedures for a catastrophic earthquake in the 
New Madrid seismic zone. Contributing dollars were $76.1 
million in FY 1990. 
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Prediction and Warning. FY 1990 focused expenditures 
were $328.5 million. The majority of the funding was for 
DOC/NOAA's modernization of the National Weather Ser­
vice. Lesser amounts were spent by DOE, FEMA, FERC, 
AID/OFDA, USDA, USACE, and DOI/USGS for predic­
tion and warning. Expenditures were for improving the 
accuracy and timeliness of warnings, data collection and 
development of warnings, and the systems used to dissem­
inate those warnings. Contributing dollars were $162 mil­
.lion in FY 1990. 

Intervention. FY 1990 focused expenditures totaled 
$1,139.1 million. Most of this funding reflected USACE 
flood and coastal-storm prevention and mitigation activities 
and USDA/FS efforts to coordinate presuppression forces, 
suppress wildfires, and train firefighting forces. To a lesser 
extent, FEMA and USDA/SCS also conducted intervention 
activities. Contributing dollars were $13.8 million in FY 
1990. These USACE dollars focused on efforts to ensure 
that existing flood-control works are viable and effective. 

Emergency Assistance. FY 1990 focused expenditures 
were $149.3 million, reflecting primarily NASA's emer-
gency communications __ satellite-operations;--AID/OFDA:'s----

------- expenditures overseas, and USDA/SCS activities in rural 
areas. HHS/CDC conducted emergency assistance opera­
tions in the United States and many other countries (expen­
ditures were not reported). Lesser amounts were spent by 
USACE and USDAIFS for emergency assistance. Contrib­
uting dollars were $0.5 million in FY 1990. 

Recovery. FY 1990 focused expenditures were $286 million 
and reflect the Federal contribution, primarily through 
FEMA, to domestic recovery from natural disasters. To a 
lesser extent, DOE, USDA/FS, DOC/NOAA, USACE, and 
DOI/USGS contributed to these efforts. The aim is to 
reduce unbudgeted, postevent expenditures, which are 
routinely handled through supplemental appropriations, in 
this category and in the previous one. Contributing dollars 
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were $416 million in FY 1990. The USACE dollars reflected 
the operation and maintenance of USACE projects. 

Budget by Agency 

Individual agency efforts reflect their particular mission 
and involvement in scientific, technical, and operational 
activities to reduce the occurrence and impacts of natural 
disasters. 

Department of Energy. FY 1990 focused expenditures 
were $216.5 million for updating hazard models; developing 
design standards and guides; evaluating safety risks due to 
natural hazards; modifying and strengthening existing 
buildings and facilities; designing and constructing new 
facilities; energy emergency activities, including interaction 
with State and Federal agencies and energy industries; 
facility and site emergency planning, preparedness, and 
response activities; research and development; technology 
transfer, training, conferences, and learning from disasters; 
and reporting and evaluating the losses due to natural 
hazards at DOE sites. Contributing dollars were $25.5 
million for FY 1990. 

Environmental Protection Agency. EPA works to pre­
vent and respond to hazardous material releases and related 
incidents that are caused by natural disasters. Building on 
EPA's existing statutory response activities under the 
National Oil and Hazardous Substances Pollution Contin­
gency Plan, EPA will provide managerial and technical 
leadership to State and local governments requesting assis­
tance with hazardous materials releases, damage to hazard­
ous materials containers, fires involving hazardous materi­
als, stabilizing leaks and spills to protect public safety and 
the environment, and related incidents caused by natural 
disasters. EPA also conducts environmental research con­
tributing to our understanding of natural hazards. The 
Environmental Monitoring and Assessment Program pro-
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vides statistically determined baselines on ecosystem status 
from which to measure and understand the impacts of 
disasters. Research is also conducted to determine the 
environmental and ecological impacts of genetically engi­
neered biological agents and to assess the cumulative loss of 
wetlands on the frequency and severity of floods. Contrib­
uting dollars were $2.5 million for FY 1990. 

Federal Emergency Management Agency. FY 1990 
focused expenditures totaled $409.8 million. FEMA, more 
than any other Federal agency, provides financial and 
technical assistance to State and local governments to 
prepare for, respond to, and recover from natural disasters. 
This assistance is delivered through the Civil Defense 
Program, which provides a system of survival capabilities to 
protect life and property from natural hazards through the 
construction of emergency operation centers and warning 
systems and the training of State and local emergency 
managers. Other FEMA programs assisting the natural 
hazard reduction efforts of State and local governments are: 

• The National Flood Insurance Program,--whichmakes 
flood insurance.backed-by tne U.S. Government available ----------to communities that have agreed to adopt and enforce 
floodplain management ordinances to reduce future flood 
losses through wise utilization of their floodplains. 

• The Fire Prevention and Control Programs of the U.S. 
Fire Administration, which provide training and grants 
that support the efforts of State and local governments to 
reduce the number of fires nationwide and the loss of life 
and property from fire. 

• The National Hurricane Preparedness Program, which 
provides financial assistance, in cooperation with 
DOC/NOAA and USACE, to develop State -hurricane 
evacuation plans and property protection procedures to 
reduce the loss of life and property from hurricanes. 
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• The National Earthquake Hazards Reduction Program, 
in which"FEMA, together with USGS, NIST, and NSF, 
provides to State and local governments the materials 
and assistance needed to educate citizens living in 
earthquake-prone areas about earthquake hazards, the 
technical guidance and assistance for erecting seismic­
resistant buildings and implementing other mitigation 
procedures, and the training and information for pre­
paredness, response, and recovery from earthquakes. 

• The Disaster Assistance Program, which provides indi­
vidual and public assistance to communities struck by a 
disaster. FEMA coordinates the Federal effort to assist 
in recovery activities and provides financial assistance to 
affected disaster victims. 

Federal Energy Regulatory Commission. FY 1990 
focused expenditures totaled $11.3 million for monitoring 
the safety of non-Federal hydroelectric developments. The 
expenditures were for engineering projects, inspections, 
and prediction and warning. Although FERG does not 
contribute dollars directly to disaster reduction research, it 
has actively participated in the Electric Power Research 
Institute's (EPRI) research activities on dam safety, for 
which EPRI has a budget of over $3 million annually. In 
addition to its responsibility for inspecting over 2,000 non­
Federal hydroelectric developments, FERC also inspects 
DOE dams, pursuant to a Memorandum of Agreement with 
DOE. The annual budget for inspecting DOE dams is 
approximately $200,000. 

Department of Health and Human Services/Centers for 
Disease Control. HHS/CDC expenditures (not reported) 
are for disaster preparedness, prevention, response, and 
research activities. The agency's responsibilities in the area 
of emergency preparedness and response included (1) pro­
vision of technical and epidemiologic assistance to State and 
local governments before and after disasters, (2) documen­
tation and quantification of the public health consequences 
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of different types of natural and technological disasters, (3) 
identification of potential strategies through risk factor 
analysis that may prevent or mitigate these consequences, 
(4) development of prevention programs and contingency 
measures, (5) development and maintenance of national 
systems for acute environmental hazard surveillance that 
tracks deaths and serious injuries related to natural disas­
ters, (6) rapid assessment of health care needs in the 
immediate postdisaster period, (7) assessment of health 
risk, and (8) provision of epidemiologic and scientific sup­
port to other agencies involved in disaster planning and 
response. As a recently designated World Health Organi­
zation Collaborating Center for Disaster Preparedness and 
Response, HHS/CDC can also provide similar assistance to 
foreign governments and intergovernmental organizations 
such as the Office of the U.N. Disaster Relief Coordinator, 
UNICEF, and the League of Red Cross and Red Crescent 
Societies. 

Department of Housing and Urban Development. There 
is no HUD funding identified exclusively for natural hazard 
mitigation. In FY 1990, however, $22.8 billion was 
expended for grants, structure r~habilitation;- -mortgage--
ip.~wance,--and -subsidies.-E-ecause all HUD projects must 
meet existing building codes, a major national benefit of this 
strategy would be to strengthen those codes on the basis of 
focused research. Additionally, the 1990 National Afford­
able Housing Act mandates that HUD conduct seismic risk 
assessment studies and develop seismic safety standards in 
compliance with Executive Order 12699 on Seismic Safety. 

National Aeronautics and Space Administration. FY 
1990 focused expenditures totaled $81.2 million for emer­
gency assistance. Of this, $1 '.15 million was being expended 
on the development of improved search-and:.rescue capabil­
ity. The balance represented a portion of the cost of 
developing satellite-based mobile communications for use in 
emergency assistance. In addition, research efforts from 
the Global Change Research Program (including portions of 

~--- -" 
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the EOS and Earthprobe missions) contribute substantially 
to the U.S: strategy. These efforts include measurements 
of rainfall, wind velocities, soil moisture, and crustal strain. 
Contributing dollars were $37 million in FY 1990. 

Department of Commerce/National Institute of Stand­
ards and Technology. FY 1990 focused expenditures 
totaled $2 million. Of the $1.9 million allocated to Engineer­
ing Systems, $1.3 million are one-time funding, and 
the remaining $0.6 million constitute the base funding. 
DOC/NIST's Building and Fire Research Laboratory per­
forms research in natural hazard reduction including 
improving seismic design criteria for new and existing 
buildings and lifelines. This research focuses on developing 
technical criteria and methodologies for strengthening and 
repairing existing structures and improved technical bases 
for codes and standards for new and existing buildings and 
structures. Contributing dollars were $6 million for FY 
1990. 

Department of Commerce/National Oceanic and Atmo­
spheric Administration. FY 1990 focused expenditures 
totaled $299 million. The majority was used for the modern­
ization of the NWS; research in climate, weather, and 
hydrology; and predictions and warnings of atmospheric and 
oceanic hazards. Smaller amounts were spent on monitoring 
solid earth processes and on natural hazard preparation and 
recovery. Contributing dollars were $166 million in FY 
1990. 

National Science Foundation. FY 1990 focused expendi­
tures totaled $34.5 million to support research on extreme 
wind structure, characteristics, and effects; solid earth 
processes and characteristics and the effects ·of strong 
motion on structilres; extreme hydrologic events and their 
processes, characteristics, and consequences; social, insti­
tutional, and economic impacts of natural disasters; risk 
management; and expert and decision-support systems. 
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Agency for International Development/Office of U.S. 
Foreign Disaster Assistance. OFDA administers the U.S. 
Government's International Disaster Assistance (IDA) Pro­
gram in Disaster Prevention, Mitigation, and Preparedness 
(PMP) and provides international disaster relief. OFDA 
collaborates with and supports Federal agencies and other 
public and private entities and coordinates PMP activities 
with host governments and international organizations, 
especially in developing countries. The U.S. policy in world­
wide disaster prevention emphasizes cost-effective inter­
vention to save lives, reduce suffering, and protect eco­
nomic assets. 

FY 1990 focused expenditures totaled $60 million for disas­
ter assistance abroad, including relief ($54 million) and 
preparedness ($6 million). Of the $54 million, $25 million 
was under AID/OFDA's regular appropriations, and $29 
million was borrowed from other AID accounts under 
Section 492 of the Foreign Assistance Act (FAA). An 
additional $50 million was available under AID/OFDA's 
borrowing authority (Section 492, FAA). _____________.. ------U.S. Army ConLc:if--Engineers.FYl990 focused expendi-

__ tures-wefe $798.8 million for activities accomplished under 
.-------- the agency's emergency preparedness, mitigation, inter­

vention, and recovery programs, which provide for the 
development of agency plans, exercises, and training; sup­
port State and local preparedness and evacuation planning 
efforts; and provide for interagency planning and coordina­
tion activities. Expenditures also included funding for the 
evaluation, design, and construction of specific projects to 
mitigate the threats from natural hazards such as floods, 
hurricanes, coastal storms, and droughts. Contributing 
funds primarily provide for operation and maintenance of 
projects and facilities that mitigate the threat of various 
natural hazards. USACE research and development pro­
grams focus on applications. Although research and devel­
opment dollars identified for natural hazard reduction are 
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few, many products developed for other purposes have been 
successfully applied to mitigating the impacts of recent 
disasters. Contributing dollars were $489 million in FY 
1990. 

Department of Agriculture/Forest Service. FY 1990 
focused expenditures were $431.8 million. The majority of 
funding was for preparation (primarily emergency planning, 
wildfire prevention, and wildland fuel modification) and 
wildfire suppression. Lesser amounts were spent on 
research examining ecosystem processes; interactions 
between people, structures, and hazards; vegetation man­
agement and biological controls; linkages between climate, 
weather, and hazards; and post-hazard recovery. Contrib­
uting dollars were not reported. 

Department of Agriculture/Soil Conservation Service. 
FY 1990 focused expenditures totaled $104.8 million. Fund­
ing was used to aid local communities sponsoring projects to 
reduce flood and drought hazards; to support programs 
providing assistance for emergency intervention and recov­
ery; to promote education and awareness; to assist drought 
prediction and warning; to improve community mitigation 
planning; and to conduct research on the -relationships 
between soil moisture regimes and agricultural productiv­
ity. 

Department of the lnteriorfU.S. Geological Survey. DOI 
conducts hazard_ and risk assessments for vulnerability 
reduction in conjunction with the stewardship of Federal 
lands and resources. The USGS conducts focused research 
toward predictions of earthquakes, volcanic eruptions, and 
landslide hazards, operates seismic networks and volcanic 
observatories, and conducts other activities to predict and 
warn of those hazards. The USGS also conducts research in 
hydrologic processes and gathers data on streams and 
watersheds that contribute to NOAAJNWS's flood fore­
casts. FY 1990 focused expenditures for research, prepara­
tion, prediction and warning, and recovery totaled $49.8 
million. 
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EPILOGUE: 
THE FUNDAMENTAL CHALLENGE 

Natural disasters occur each year throughout the United 
States and the world, exacting a heavy toll in human 
suffering, property loss, and destruction of natural 
resources.- This U.S. strategy to reduce the impact of 
natural hazards is an opportunity and a challenge to reduce 
that terrible domestic toll. The 1990's present a challenge to 
advance our understanding of hazard processes and predict­
ability, to reduce mismatches between risk and preparation, 
and to control losses through engineering, natural resourc.e 
management, and other socially responsible and cost­
effective measures. It is a challenge to prevent natural 
hazards from becoming natural disasters. 

The basic strategy calls for Federal agencies to integrate 
existing programs with innovative, interagency, multi­
disciplinary, international approaches to disaster reduction. 
In this spirit, we join with other nations participj!ting-in-tl1e---­
Iilternational Decade for Natural_DisasterReduction to -----=-: 
create a safer, mQ_re-productive Nation and world. 

----------------
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APPENDIX: 
U.S. STRATEGIC LINKAGES 

Linkages are an essential part of the SNDR's strategy. The 
primary linkages will be: 

• Between agencies, to maximize efficiency, establish or 
maintain complete systems for hazard mitigation, and 
ensure that the efforts of each agency complement those 
of others wherever possible. The CEES/SNDR will pro-

-vide a substantial part of this linkage by supplementing 
existing interagency coordination mechanisms such as the 
National Earthquake Hazard Reduction Program 
(NEHRP) and by linking earthquake research and appli­
cations through the DOifUSGS, NSF, DOC/NIST, 
FEMA, and 20 other Federal agencies and the Cata­
strophic Disaster -Response Group (CDRG), which links 
all agencies involved in the Federal Natural Disaster 
Response Plan. 

• Between disciplines, to better understand physical and 
biological systems (for example, systems of drought and 
wildfires or earthquakes and volcanic eruptions), to share 
lessons and technology that are common between hazards 
(for example, technology for multihazard warnings), and 
to strengthen bonds between natural science; social. sci­
ence, and applications efforts to reduce natural disasters. 

v 

• Between various l~vels of government, from the inter­
governmental United Nations and its IDNDR, through 
the SNDR of the Federall Government, to all interested 
State and local governments. 

• Between programs, including international programs 
such as the International Geosphere Biosphere Program 
(IGBP) and the International Decade for Natural Disas­
ter Reduction (IDNDR); national programs such as the 
U.S. Global Change Research Program (GCRP) and the 
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U.S. strategy for natural-disaster reduction and other 
programs for each hazard or applications activity such as 
NEHRP and the U.S. Weather Research Program 
(USWRP). The IGBP and GCRP look at environmental 
change over long time scales and broad geographic areas. 

• Between nations, so that disaster prevention can draw 
on the expertise of counterparts in many countries. The 
world is a large, open laboratory that experiences many 
more natural disasters than any single nation. Each 
country needs to learn from others. Many countries are 
establishing national programs for the Decade, and the 
SNDR strategy recognizes the importance of U.S. inter­
action with these programs. 

• Between sectors, such as government, the private sec­
tor, academia, and private voluntary organizations, each 
of which makes a complementary contribution to disaster 
mitigation. The National Research Council's U.S. 
National Committee for the Decade for Natural Disaster 
Reduction will work closely with the Federal Govern­
ment's CEES/SNDR. The U.S. strategy also has strong 
linkages to two major CEES programs, the Global 
Change Research Program and the U.S. National 

·-weatnerProgram. ·---· -- ----

GCRP seeks to gain a predictive understanding of the 
interactive physical, geological, chemical, biological, and 
social processes that regulate the total Earth system and 
thereby establish the scientific basis for national and 
international policy formulation and decisions relating to 
natural and anthropogenic changes in the global environ-
ment and their regional impacts. Emphasis is on long­
range, large-scale climate changes. In contrast, the U.S. 
strategy focuses on short-term, rapid-onset events. The 
two, however, are closely linked. The key policy interest 
regarding global change is the effect of such change on 
the frequency and intensity of severe local events, such 
as hurricanes, storm surges, and regional and seasonal 
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changes in precipitation patterns. Moreover, both pro­
grams encompass drought as a focus of interest. A major 
difference is that GCRP is a research program designed 
to provide a basis for long-range policy decisions, whereas 
the U.S. strategy includes actually implementing 
research findings in preparing for natural disasters; 
improving existing mitigation, warning, and communica­
tion systems; intervening when certain events are in 
progress; and implementing recovery and emergency 
management strategies. 

USWRP builds on the multibillion-dollar U.S. investment 
in weather-observing technology and associated telecom­
munications and automated data processing to improve 
prediction of local- and regional-scale weather, with 
emphasis on severe, highly localized events. 

• Between individuals, including linkages between orga­
nizations and programs that make disaster reduction 
possible. Individuals and linkages between individuals 
turn possibilities into reality. 
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