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NOTICE: The project that is the subject of this report was approved by
the Governing Board of the National Research Council, whose members are
drawn fram the councils of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine. The members of the
camittee respansible for the report were chasen for their special
ampetences and with regard for appropriate balance.

This report has been reviewed by a group other than the authors
according to procedures approved by a Report Review Camnittee cansisting
of members of the National Academy of Sciences, the National Academy of
Engineering, and the Institute of Medicine.

The National Academy of Sciences is a private, norprofit,
self-perpetuating society of distimguichen scholars emgaged in scientific
and engineering research, dedicated to the furtherarre of science and
technology and to their use for the general welfare. Upon the authority
of the charter granted to it by the Congress in 1863, the Academy has a
mandate that requires it to advise the federal goverrment on scientific
and technical matters. Dr. Frank Press is president of the National
Academy of Sciences.

The National Academy of Engineering was established in 1964, under the
charter of the National Academy of Sciences, as a parallel organization of
outstarding engineers. It is autonomous in its administration and in the
selection of its members, sharing with the National Academy of Sciences
the respansibility for advising the federal goverrment. The National
Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, emmurages education and research, and rexrgnizes the
superior achievements of engineers. Dr. Robert M. White is president of
the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National
Academy of Sciences to secure the services of eminent members of
appropriate professions in the examination of policy matters pertaining to
the health of the public. The Institute acts under the respansibility
given to National Academy of Sciences by its aagressional charter to be
an adviser to the federal goverrmert and, upon its own initiative, to
identify issues of medical care, research, and education. Dr. Samel O.
Thier is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of
Sciences in 1916 to associate the broad cammmity of science and
technology with the Academy’s purposes of furthering knowledge and of
advising the federal goverrment. Functioning in accordance with general
policies determined by the Academy, the OCouncil has became the principal
operating agency of both the National Acadany of Sciences and the National
Academy of Engineering in pmv1dmg services to the goverrment, the
public, and the scientific and engineering camamities. The Council is
administered jointly by both Academies and the Institute of Medicine. Dr.
Frank Press and Dr. Robert M. White are chairman and vice chairman,
respectively, of the National Research Council.

This study was supported by grants from the National Science

Foundation and the Federal Emergerry Managememt Agency to the National
Academy of Sciences, as well as by the Thamas Lincoln Casey Fund.
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The images of death and destruction fram natural disasters are
camnstamtly thrust before us: a typhoon in South Korea, landslides in
Europe, tormadoes in the United States, an earthquake in Mexico, poisancus
gas releases in Cameroan. This report counters with its own image of a
less hazardaus world, attained by sharing knowledge we already have about
reducing the impacts of natural hazards, and by axperating in research to
extend this knowledge.

The time has came to view natural hazards as a world problem, but one
that scientific and technological advances now provide a unique
opportamity to address. The establishment of an Inmternational Decade for
Natural Hazard Reduction, beginnirg in 1990, would be a potent first step
in reducing the impacts of natural hazards through coordinated research,
data gathering, and information sharing.

The thrust of this report is that much that is already known is not
universally applied and that there is vast opportunity to advance our
knowledge of hazard reduction if we pool rescurces. If we are to achieve
a less hazardaas world, we must approach the problems of research and
application on an intermational basis. Anything less is to accept the
frightful toll that natural hazards now inflict.

I hope that you will read this report with a view toward action and
that you will share my enthusiasm for the Intermational Decade for
National Hazard Reduction. A safer world awaits our resolve to act
together.

Frank Press, President

National Academy of Sciences
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This report outlines the cancept of an International Decade for
Natural Hazard Reduction (IINHR): the need for such an effort, the
benefits it might canfer, the kinds of projects it might include, and how
it might be arganized. The report is intended not only for those now in
the hazard reduction field, but also for the bruader audience of policy
makers ard the imterested public who will provide the motive force behind
any successful attempt to reduce hazard-related losses.

There is widespread imterest in establishing an IINHR. The scientific
and technological cammmity believes that the time is right for a
coordinated international program on hazard reduction and, axversely,
that if nothing is done, natural disasters will became increasingly
severe. There is a growing confidence that importamt advances in coping
with natural hazards are within reach of every nation if a glabal effort
is mnted. It is too optimistic to expect that natural disasters can be
cawpletely eliminated during such an effort, but it is reasanable to
expect that a strag pragram can markedly reduce injuries, deaths, and
property damage due to natural hazards.

The cancept of a axperative international pragram to reduce natural
hazards was first presentad by Dr. Frank Press, president of the U.S.
National Academy of Sciences, in a speech at the Eighth World Conference
on Earthquake Engineering in 1984. In his keynote address to the
International Association for Earthquake Engineering (IAEE), he proposed
an International Decade for Natural Hazard Reduction, beginnimg in 1990.

ix
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After the canference, as copies of the speech circulated, imtermational
interest began to build, not only with respect to reducing the toll of
earthquakes, but also with respect to other natural hazards.

Interest in establishing an IINHR cotimued to grow and led to the
appointment of a National Research Council Advisory Committee an the
International Decade for Natural Hazard Reduction, whose charge was to
evaluate the potential for such an effort and how best it might be
realized. The camnittee was composed of natural hazard experts fram many
disciplines and was drawn fram academia, the private sector, amd
govermment agencies.

The camittee benefited from the input received fram Canada ard
Mexico, our neighbors to the north and south, and fram Japan, ocur parther
in many recent coaperative research projects. The present report is the
outcare of the deliberations of the camittee, and is imtended to
imtroduce the cancept of an IINHR to a broad audience. It is not the
report’s purpase to symthesize or critique the extensive literature on
hazard mitigation, but rather to point to opportunities for reducing
glabal risk fram natural hazards through the application of science and
technology. The principal sources used by the camittee in its
deliberations appear in the Apperdix. In addition, the Apperdix comtains
a list of sxgestal readings of a more general nature for readers wishimg
to pursue the subject.

It soon became clear that launching an erdeavor as camplex as the
IDNHR takes time and careful prior planning. As the IINHR will address a
mmber of natural hazards, camtribators from many disciplines will be
involved, and participation from a mmber of coumtries can be eqectad.

X

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://lwww.nap.edu/catalog.php?record_id=18896

Further, in each country many goverrmemnt and professianal agencies will
need to begin coordinating their activities so that natianal and
intermatiaonal programs can be organized.

Nonetheless, it will require prampt action to initiate the IINHR in
1990. The camittee believes that coxerted action now by the world
camumnity can yield results quickly and set the tone for major reduction
in the impacts of natural hazards in the future.

The camittee has been greatly aided by many people and
organizations. On behalf of the camittee, I express gratitude for this
help. For myself, I wish to thank all the camittee members, the liaison
members, and the National Research Council staff members who have inspired
and facilitated the task at hard.

George W. Housner, Chairman
Advisory Camnittee on the

Internatianal Decade for Natural Hazard Reduction
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THE NEED FOR AN IDNHR

Throaghaat history, natural disasters have exacted a heavy toll of death
and human suffering. Natural hazards such as earthquakes, landslides, tsunamis
(tidal waves), hurricanes, tormadoes, floods, volcanic enuptions, and wildfires
have claimed more than 2.8 million lives worldwide in the past 20 years,
adversely affecting 820 million people. Since 1949, at least 17 individual
disasters have killed more than 10,000 pecple each; on two occasions—in
Bangladesh and China—single disasters toak more than a quarter-million lives.

Acompanying the loss of life has been devastating econamic loss and the
hardships it entails for survivors. A single hazardais event can destroy
crops, huildings, highways, ports, and dams. It can severely disrupt cammnity
lifelines—the systems that provide food distribution, water supply, waste
disposal, and cammmication locally and with the rest of the world. In the
last two decades, property damage estimated at $25-100 billion resulted fram
natural disasters; total losses are much higher, reflecting shattered ecanamnies
and disryptad social structures in the wake of a disaster. For example,
tropical cyclanes have caused worldwide losses of an estimated $6-7 billion
anmially. The cavparable loss for landslides exceeds $5 billion. These
figures merely hint at the human impacts of a natural catastrophe. Mudflows

1
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fram the eruption of Colambia’s Nevado del Ruiz volcano in 1985, for example,
killed 22,000 people and left 10,000 more hameless. More than 600,000 people
lost their hames in Daminica and the Daminican Republic because of Hurricane
David in 1979. The Managua earthquake in 1972 left more than 300,000 hameless
in Nicaragua, with damages equal to a year’s GNP for that country.

Nearly all coumtries risk devastation by natural hazards. Truly, such
hazards recognize no geopolitical bourdaries. Yet losses fram these events
rise each year, despite pragress in umierstamiimg natural hazards and how to
mitigate their effects. Though ecanamic losses are highest—in monetary
value—in industrialized nations, the greatest burden fram natural catastrophes
falls on developing nations, where high death tolls and greater relative
econamic loss deal a double blow.

The magnitude of the problem worldwide might seem to defy solution. Yet
hazard reduction suxesses clearly show that heavy losses at the hands of
nature are not inevitable. It may not be possible to prevent the axurrence of
natural hazards, but the disasters they generate can often be avoided. In
general, hazard reduction refers to the pr

potential event an the social and built enviromments. In essence, this means
recucing deaths, injuries, and property damage, and minimizing the destruction

of a cammmnity’s social and ecaonamic fabric.

Experience demanstrates that we have enough knowledge already, if properly
applied, to reduce both human and property losses substamtially. In fact,
pragress in scientific and technical umderstamiing of natural hazards, as well
as in techniques to mitigate their effects, has lead to the proposal for an
International Decade for Natural Hazard Reduction (IINHR). Such a caxertad
effort to develop, disseminate, and apply this knowledge could yield both
imuediate and long-term benefits worldwide.

2
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The cncept of a glabal pragram to reduce natural hazards, involving
collaborative efforts among culturally and ecanamically diverse nations, has
received emthusiastic support fram the scientific and technological cammnity
at large.

International organizations including the Imtermatianal Council of
Scientific Unions (ICSU), the Imternational Union of Geadesy and Geophysics
(TUGG) , the International Union of Geological Sciences (IUGS), the
Imtermatianal Association of Engineering Geology (IAEG), the Imter-Union
Caomission on the Lithaosphere (ICL), the Imternational Association for
Earthquake Engineering (IAEE), and the Imternational Association for Wind
Engineering (IAWE) have expressed support for the Decade. At least 17 nationmal
professional groups, including the Science Council of Japan, the Royal Society
of Canada, the Asociacion de Ingenieros Estrnxturales (Argentina), the
Earthquake Engineering Research Institute (United States), the Mexican Academy
of Engineering, and the Engineering Institute of Thailand have also respanded
with strong interest and encrragerernt.

In view of this growing support for the IINHR, the time is ripe to bring
the matter to the attention of govermments and harness the energies of
scientists, engineers, practitioners, and others who are willing to devote
their talents to creating a more hazard-resilient world.

The present report suggests a broad framework for the conduct of the
IDNHR. It should not be seen as a detailed planning donament: such a
blueprint must be the product of future discussions among prospective
participants. Thus, the report suwggests many actions, but proscribes none. It
is a call to action to a diverse, glabal audience and seeks a unity of vision

without prejudging possible INHR activities.

3
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HAZARD REDUCTION

It is generally recognized that the impacts of natural hazards are
increasing and will axtime to do so unless the world cammmity takes
axcertad action. The reasans are clear: population growth and carcentration
in urban areas; increasing capital investment coupled with new, sametimes
vulnerable technologies; the large mmbers of unsafe buildings, vulnerable
critical facilities, and fragile lifelines; and the increasing interdepemience
of people in local, national, and international cammmities. All these factors
increase the world’s vulnerability to natural hazards.

The scientific and technical applications useful in mitigating the effects
of natural hazards include: building structures to withstard the actions of
the hazards, preventing or changing the characteristics of the hazards,
predicting and warning of hazards, and identifying and avoiding sites where
hazards are likely to strike most stromgly. In addition, social strategies can
mitigate the effects of hazards: restricting land use; developing emergency
preparedness measures; spreading economic losses over a large population
throgh insuramre, taxation, and nonetary grants; and restructuring a comamnity
so that it is less wvulnerable to hazards.

How are the effects of natural hazards on a camnmnity reduced? The first
step is hazard and risk assessment: determinirg the types of hazards likely to
occur, their characteristics and arsequerces, and the vulnerability of the
caawnity. Disaster preparedress is a second step. Essentially, it is the
detailed planning for prampt and efficient respanse ance a natural hazard
strikes.

Disaster mitigation is a third crucial step—and a primary focus of IDNHR

Copyright © National Academy of Sciences. All rights reserved.
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activity. It includes such actions as increasing the earthquale= and
wind-resistance of structures, building dams and barriers to reduce the effects
of floods and tsamamis, and drafting and enforcing grading codes to prevent
landslides. Hazard prediction and warnings are also crucial to hazard
reduction, with great potemntial for reducing loss of life.

Though many hazard mitigation measures are known, they are often not
applied worldwide because experience in their application or critical data for
their effective use in a particular region are not available. In addition,
many pronising mitigation approaches lack the ongoing research effort required
to develop them and the funding to apply them. The IINHR offers an opportunity
to overcame these difficulties.

Along with increasing ocur uderstamiing of the physics of various hazards,
the IDNHR also provides an opportunity to address the socicexanamics of hazard
mitigation: cammmicating the risk and the benefits of applying mitigation
methads before a disaster strikes, encouraging response to hazard warnimgs, and
maintaining a hazard-conscious attitude betwween events. For each natural
hazard, projects are suaggestad in the body of this report. But they are only
the begimning of activities possible during the Intermational Decade for

Natural Hazard Reduction.

CORGANIZATION AND ACTIVITIES OF THE IDNHR

The glabal scope of the IMNHR demands that it be launched and administered

on an intermatianal basis. Historically, the Imtermational Council of
Scientific Unions (ICSU) has served as the body to pramote and exearte

5
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multilateral scientific projects through its many affiliates. However, hazard
reduction as pursued during the Decade will necessarily emphasize engineering
capabilities and social strategies, in addition to scientific endeavars.
Qrrrently, no organization exists to link these activities on an internmational
level. In the engineering area, the World Federation of Engineering
Organizations (WFBO) was recently created and could cartribute to the Decade in
cancert with ICSU. But cambining these efforts with intermatianal goverrmental
aceptamce of the Decade’s goals and means will require the participation of
the United Nations, with its significant social and political resamcss.

The United Nations embraces a mmber of organizations, each with its own
charge. Many of these, such as the World Meteorological Organization (WMD),
the United Nations Development Programme (UNDP), the United Nations Disaster
Relief Cordinator (UNDRO), and the United Nations Educatianal, Scientific, and
Qultural Organization (UNESQD), will have a natural interest in the activities
of the Decade. In view of the camplexity of the U.N. system, it may be best
for the United Nations itself to decide how best to pramcte the IINHR in
cagperation with major scientific and engineering organizations such as ICSU
and WFBO.

At an appropriate stage, an intermational coordinating mechanism should be
established to provide a focal point for implementing the Decade glabally. An
internatjonal committee jointly sponsored by the United Nations and appropriate
intermnational magovermmental organizations might be considered. Imterested
member states could form pational cammittees to participate in the Decade and,
if possible, establish individual National Decades for Natural Hazard
Reduction. A member of each national camnittee could be a member of the

international cammittee.

6
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The activities of the IINHR would be carried out through both national and
intermational cooperative efforts. For same natural hazards, there is already
international cooperation on a limited scale. For example, in a mmber of
earthquake-prare countries, strang-motion seismographs for recxardimy
destructive grourd shaking provide data for design of earthquake-resistant
structures. Similar efforts for other major natural hazards could be plarmned
and coordinated on a worldwide basis. These could include research, instrument
development, data processing and dissemination, development of engineering
stamdards, and pramotion of educational programs.

A U.S. DECADE FOR NATURAL HAZARD REDUCTION

U.S. participation in the IINHR would be organized around a strang U.S.
Decade for Natural Hazard Reduction (USINHR). The USINHR would provide
knowledge and mitigation practices that can cut impacts of natural hazards at
least 50 percent by the year 2000. Achieving this national goal reguires a
major program of research, technological development, project applications, and
public information activities: a natiorwide assessmenmt of natural hazards and
their risks; collection, analysis, and dissemination of information on hazards;
an assessrent of current knowledge and practices and identification of gaps in
knowledge; a research program to fill those gaps; effective educational
programs; and cooperative research activities in and amang all relevant
disciplines and professions.*

* A National Research Council report proposing the detailed conduct of the
USINHR will appear under separate cover.
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RECOMMENDATIONS OF THE ADVISORY COMMITTEE

The Decade, encampassing both the IINHR and individual National Decades for
Natural Hazard Reduction, would be ane of imtense activity, beginning with the
effort to pool and implement edsting capabilities for immediate use. The
imterrelated strategies presemted in the recammendations that follow are
intended to achieve life-saving and econamic advantages during the Decade and
beyond. In so doing, they would lay the fourdation for catimiing achievements
in the next centary that will yield a world less at risk fram the violent

forces of nature.

The Advisory Camittee an the Imternational Decade for Natural Hazard
Reduction recammerds the following:

1.
established for the period 1990-2000.

The IINHR’s abjective is to reduce catastrophic life loss, property damage,
and social and econamic disruption from natural hazards. The IINHR should
initially focus on earthguakes, windstorms (cyclanes, hurricanes, tormadoes),
floods, tsunamis, landslides, volcanic eruptions, and wildfires. Its abjective
should be pursued by:
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o oollecting existing hazard mitigation experience and practices and
identifying gaps in current knowledge,

o accelerating application of known mitigation and preparedre=ss
appraaches, and

o developing scientific and engineering knowledge that offers substantial

potential for improving hazard mitigation practices.

This abjective would be accamplished through:

O «ooperative research,

o demonstration projects,

o information dissemination,
o technical assistance,

o technology transfer, and
o education and training.

These activities should be tailored to specific hazards and locations, allowing
for cultural and econanic diversity.

2. The United States should establish a U.S. National Decade for Natural

Hazard Reduction (USDNHR) to provide a focus for U.S. activities. The Naticnal
Research Council, with the comaurrerxe of the U.S. goverrment, should establish
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a national camittee for the Dexade to provide leadership for U.S. national
efforts; seek national support fram federal and state govermmemnts, foundations,
and professional, scientific, and other organizations; and coardinate U.S.
activities with the IINHR program. Appointments to the national cammittee
should include professional organizations, federal agencies, and others; it
should be operational by Octaber 1, 1987.

3. t d to i te in the , including
those that suffer fram natural disasters as well as those that can contribute
to reducing the effects of natural hazards.

4. Natj facilitate the IDNHR, with full
engineering, scientific, and social science cammmnities. The United Nations
should convene an international planning meeting as early as possible in 1988
to define adbjectives for the International Decade and to formilate an
institutional framework for the technical conduct of the program.

10
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Selected* Natural Disasters of This Century

Appraximate

Year Event Location Death Toll
1900 Rurricane UsA 6,000
1902 Volcanic Engption Martinique 29,000
1902 Volcanic Eruption Guatemala 6,000
1906 Typhoan Hong Kang 10,000
1906 Earthquake Taiwan 6,000
1906 Earthquake/Fire USA 1,500
1908 Earthquake Italy 75,000
1911 Volcanic Engption Philippines 1,300
1915 Earthquake Italy 30,000
1916 Iandslide Italy, Austria 10,000
1919 Volcanic Eruption Indonesia 5,200
1920 Earthgquake/landslide China 200,000
1923 Farthquake/Fire Japan 143,000
1928 Hurricane/Flood USA 2,000
1930 Volcanic Eruption Indanesia 1,400
1932 Earthquake China 70,000
1933 TSunami Japan 3,000
1935 Earthquake India 60,000
1938 Rurricane USA 600
1939 Earthguake/TSunami Chile 30,000
1945 Floods/landslides Japan 1,200
1946 TRunami Japan 1,400
1948 Earthquake USSR 100,000
1949 Floaods China 57,000
1949 Earthquake/Iandslide USSR 12,000-20, 000
1951 Volcanic Eruption Pupua New Guinea 2,900
1953 Floods North Sea coast (Europe) 1,800
1954 Iandslide Austria 200
1954 Floods Ghina 40,000
1959 Typhoan Japan 4,600
1960 Earthquake Morocco 12,000

* Disasters selected to represent glaobal vulnerability to rapid-onset natural
disasters.

SOURCE: Campiled fram (a) Office of U.S. Foreign Disaster Assistance (1987);
(b) National Gegraphic Society (1986); (c) K. Toki, Disaster Prevention
Research Institute (Japan), personal cammmnication (1987); (d) R.L. Sdmster,
U.S. Geological Survey, personal cammmnication (1987); (e) C. Newhall, U.S.
Geological Survey, personal communication (1987).
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Selected Natural Disasters of This Qentury (Qartimen)

Appraximate
Year Event location Death Toll
1961 Typhoan Hong Kang 400
1962 landslide Peru 4,000-5, 000
1962 Earthguake Iran 12,000
1963 Tropical Cyclone Bangladesh 22,000
1963 Volcanic Eruption Indonesia 1,200
1963 Landslide Italy 2,000
1965 Tropical Cyclone Bangladesh 17,000
1965 Tropical Cyclane Bangladesh 30,000
1965 Tropical Cyclone Bangladesh 10,000
1968 Earthquake Iran 12,000
1970 Earthquake/landslide Peru 70,000
1970 Tropical Cyclone Bangladesh 300, 000-500, 000
1971 Tropical Cyclane India 10,000-25,000
1976 Earthquake China 250,000
1976 Earthgquake Guatemala 24,000
1976 Earthquake Italy 900
1977 Tropical Cyclone India 20,000
1978 Earthquake Iran 25,000
1982 Volcanic Eruption Mexico 1,700
1985 Tropical Cyclane Bangladesh 10,000
1985 Earthquake Mexico 10,000
1985 Volcanic Eruption Colambia 22,000
1987 Wildfire China 200

12
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RAPID-ONSET AND ILONG-TERM HAZARDS

The natural hazards emphasized in this report—floods, landslides,
earthquakes, tsunamis, hurricanes, tormadoes, volcanic eruptions, and
wildfires—share many characteristics. All are relatively sudden and are
of short duration. Their ourrerce is easily identified geographically.
They occur freguently encugh, globally, that we now have a large body of
data on them and considerable experience in alleviating their effects.

Ard we can reduce their impacts with a caommon set of skills, including
immediate warnings, canstruction techniques, land use plamning, and
erergercy relief. In many countries, knowledgeable sciemtists, engineers,
and others are prepared to help in this mitigation effort.

The effects of many long-term natiiral hazards—droght, insect
plagues, and desertification, for example—can also be mitigated. These
hazards can be just as devastating as rapid-onset hazards, but dealing
with them calls for a samewhat different set of skills. Generally,
mitigating these hazards requires a greater ecological or social emphasis,
and civil engineering approaches are less critical than for short-duration
hazards. Further, the accumlation of knowledge, trained professiacnals,
and public avareness already comcemntrated on rapid-anset hazards means
that cantimied work on them during the Decade will yield the most tangible
and imuediate benefits, given the limited rescurces available. Thus,
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while not excluding long-term hazards, the initial focus of the IINHR
should be the eight hazards listed above.

Of course, many of the activities designed to cope with rapid-unset
hazards will also lessen the risks of long-term hazards. For instance, a
better uxierstamiingy of metearological pracesses involved in storm hazards
may benefit our umerstamiimy of drought as well. In addition, other
efforts, such as the proposed International Geaphysical Year (IGY) and the
Intermational BiaspheremGeosphere Program (IGBP), should measurably
improve our urderstamiimg of the ecological basis of many long-term
hazards.

Technolagical hazards, although of great importance, are not
considered in this report. They are characterized by opportamities for
human conmtrol—both political and technological—that are not available
for natural hazards.

A WORID AT RISK

Virtually all parts of the world are at risk fram the inevitable
axnurrence of one or more types of natural hazards. Each year, hixreds
of potentially damaging earthguakes (magnitude 6 or greater) occur. Those
that are locatad sufficiemtly near a city precipitate disasters. Most
earthquakes occur at the margins of major tectonic plates. The highest
percentage of the total seismic energy released in earthguakes is
distribuatad along the "ring of fire," which marks the bourdary of the
Pacific plate. It is also the zone at greatest risk from tamamis and
volcanic eruptions. Although these three natural hazards can cause severe
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ecanamic and social disruptions, they occur relatively infregquently. In
aatrast, floods, landslides, and severe wimistarms (cyclanes, hrricanes,
and tormadoes) are more frequent. Floods occur ammally in almost all
nations. They are also a cx=equence of the storms associated with
hrrricanes and cyclanes. landslides occur almost universally, usually as
a function of the slope of the terrain and natural and lhman actions that
reduce the capacity of a slope to support rock and soil. Wildfires occur
seasanally in many parts of the world in wooded or brush areas during hot,
dry weather; uncantrolled fires also occur in cities in conjunction with
earthguakes and other hazards. Hurricanes and cyclanes are anmal
seasanal storms in tropical ocean areas, and tarmadaes, also seasanal, are
spawned inland.

Natural hazards can occur individually or in cambination with other
hazards. For example, earthguakes, landslides, floods, and wildfires were
part of the May 1980 eruption of Mount St. Helens. Hurricanes typically
cambine with flooding, as in June 1972 during Hurricane Agnes.
Earthguakes, landslides, and tsunamis can occur together, as they did in
the Prince William, Alaska, earthquake in March 1964. Earthguakes and
fires omarrred together in San Francisco in 1906 and in Tokyo in 1923.

Four imterrelated factors contimue to place the world’s population

camnters at risk fram natural hazards—more so now than ever before:

O rapid population growth and its increasing aaxentration in urban
areas,

o increasing capital outlays worldwide, coupled with new, sanetimes
vulnerable technologies,

15
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o the existence of large mmbers of unsafe buildings, vulnerable
critical facilities, and fragile lifelines, and

o the irferd—esdee of people in local, national, and glabal
cammmities.

Worldwide population growth and its increasing concentration in urban
areas—particularly areas of high risk, such as seismic regions, mmtains
ard hillsides, coasts, and flood plains—accemntuate the potemtial for
natural disaster. As govermmemnts attempt to recancile public safety
inmterests with quality-of-life issues and short-term ecanamic
opportunities, new demands are placed on managememt of these hazards.
Where are growirg populations free to settle? How are people in
risk-prone areas to be insured against loss? What imcrease in
expenditures should be made for safer anstruction? What investmemnt
should be made in prediction and warning systems, and who will pay?

Hand in hard with population growth has came increased capital
development. Glabally, the mumber and value of structures have grown
markedly. Alaong with the burgeonirg camplexity and price tag of the
physical plant responsible for the world’s econamic output, capital
development virtually ensures that each natural hazard will exnmter and
destroy an increasing amount of property if steps are not taken to improve
the safety of cities.

Technological advanes, though intended to reduce the amstraimnts
imprsed by nature, often create new and uexpected impacts. The move off
the farm and toward urbanization, new high-rise buildings, large dams,
anstruction on mamrmade islands in coastal and harbor areas, the
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proliferation of muclear reactors, reliance on mobile hames for low-cost
housing, new modes of travel and more extensive transportation
worldwide—each of these trends creates new vulnerabilities to natural
hazards.

The large stock of hazardaus buildings is also critical to increasing
world risk. Many structures were built well before a particular hazard
was urderstomd, often without the benefit of modern design principles. In
addition, hospitals, schools, fire and police stations, and other critical
facilities are similarly at risk due to their location or constrxctian.
Lifelines—the vital links of transport, supply, and cammmnicatiar—are
likewise vulnerable in many areas.

Finally, the interdeperderre of individuals, cammnities, and nations
contimies to grow: econamies are linked by mutual need, cultures by an
exparded ability to travel and cammmicate. Thus, more than ever before,
natural disasters are shared events, affecting others far outside the
immediate area. Disruption of local eonamies, for instance, may bring
shortages in neighboring regions or a flood of refugees. Social and
political turmoil sparked by a disaster in one camntry can have
reperaissions in adjacent nations. Imtermational relief efforts tax all
nations’ resamrces—resaurces that could be used to build rather than to
rebuild.

17

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

THE BENEFITS OF MITIGATION: CASE STUDIES

Though natural hazards may be inevitable, the disasters they
precipitate can be prevented or mitigated. Reliable prediction and
warning, carefully planned emergency response, judicious land use
policies, and hazard-resistant designs have all led to notable sucresses,
The following case studies camtrast situations in which actions were taken
to anticipate a hazard with other situations in which no action was

taken. They speak elogquently of the pramise of a hazard-resilient world.

Bangladesh: Coping with Killer Cyclones

In 1970, a killer cyclone struck Bangladesh and precipitated the worst
storm disaster of this century, killing 300,000-500,000 pecple and leaving
1.3 million hameless. Many victims were migratory laborers, squatters,
and fishermen subsisting on the shifting islets known as chars. They were
caught without warnimg. In response to this event and the contiming
dangers posed by such storms, the U.S. and Bangladesh govermmernts worked
closely to install a satellite-based severe storm warning system. Using a
full array of new tools to track and forecast storm stremgth, direction,
and potemntial impact, this system allows residents of the low-lying
cnastal areas to be alerted to a storm’s approach and to escape to higher
ground.

18
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In the early morning hours of May 25, 1985, the warnirmg system proved
its worth as another killer cyclone of equivalent strength struck

Bangladesh. Winds exceeded 160 kilameters per hour, generating surf 3-8
meters above narmal. The govermment had issued advance warnings—both
nationally and locally—advising residents of the darger. Though same
10,000 died, the ultimate impact of the 1985 cyclone was many times less
than that of the 1970 event. The ability to warm—to be urderstoad in
local dialects and to commmnicate accurately the prabable threat to life
and property with sufficient lead time for action—was the basis for this

saccessful effort in the face of disaster.

Tangshan and Valparaiso: Modern Earthquake Engineering

In 1976, a magnitude 7.8 earthquake devastated Tangshan, China. Of
the 1.5 million people living in the affected region, most lost their
hames and more than 250,000 died. Nine years later, in 1985, a magnitude
7.8 earthquake amurred near Valparaiso, Chile, affecting same 1 million
people. Though the quakes were of equal magnitude, only 150 died in
Valparaiso and damage was moderate.

The difference in the extent of damage in the two cities was due to
building design. Valparaiso incorporated modern seismic design to prevemt
collapse and minimize damage and Tangshan did not. The limited
residential, cowrercial, and industrial damage in Valparaiso camtrasts
sharply with the almost total damage suffered in Tangshan and provides a
measure of the potential of hazard-resistant design.
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Haicheng and Targshan, China: The Lessons of Prediction

Qomtrastirg the Tangshan disaster with another Chinese earthquake
shows the potential benefits of earthquake prediction. In Fehruary 1975,
after stidying various signs thought to indicate an impending earthquake,
authorities in the northern province of Lianay ordered the evacuation of
several cities. Same hours later, a large earthquake (magnitude 7.3)
damaged 1,000 square kilameters (385 square miles) and demolished 90
percamnt of the city of Haicheng. Fortunately, the people were out in the
streets and open spaces, and relatively few were killed or injured.

A little over a year later, the Tangshan quake (magnitude 7.8)
axniurred. With earthquake prediction in its infancy, no short-term
prediction had been made, and the poorly built masonry buildings became
death traps.

These experiences demmnstrate the need to develop earthguake
prediction from an unreliable art to an established science. 1In the
United States, research on prediction is under way in Parkfield, on the
San Andreas fault in California. Hurdreds of instruremts have been
deployed there for amtinuous monitoring of mimrte physical changes in the
earth.

Though earthguake prediction deperds on scientific research, use of
this information depends on effective decisionmaking pracesses by
scientists and local officials. They must decide when the public should
be warned and how to ensure that the wvarning reaches all those who are
vulnerable. Once warned, a public prepared by education and training must
then take action, as in Haicheng.
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Mount St. Helens and Nevado del Ruiz: Warnings Heeded and Ignared

A large loss of life was avertad on May 18, 1980, when Mount St.
Helens volcano in Washirgton state engptad. The eruption devastated an
area as far as 29 kilameters from the volano—ausing lardslides, debris
flows, and floods. Total econamic losses are estimated at $860 million.
Two years before the blast, sciemtists had identified the volcano’s
potential hazards. When it began to show signs of renewed activity
beginning in late March 1980, apparently building toward a major eruption,
the hazard zone was evacuated. Iand use of the area had been so
restricted that when the volcano finally erupted eight weeks later, only
57 lives were lost due to the blast and associated landslide and fire.

More than 22,000 Colambians were killed as a result of a relatively
small volcanic eruption on November 13, 1985, when Nevado del Ruiz, the
rorthermmst active volcano in the Andes, eruypted. Hot volcanic ash
scrured and melted part of the ice cap on the volcano’s summit, triggering
debris flows that swept down river valleys and overran villages in their
path. The catastrophic loss of life, caused by a failure in emergency
response, could have been averted. Colambian and internatianal
scientists, alerted by nearly a year of precursory activity, had warned
that Ruiz might erupt and had prepared a hazard zoning map that accurately
predicted the tragic effects of the eruption weeks earlier.
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Japan and Los Angeles: landslide Prevention

Prabably the world’s most aamprehensive program of reducing landslide
losses is in Japan. Its strang national program of landslide comtrol has
sharply reduced the risk of death or property loss fram the high levels of
30 years ago. Begirmning in 1958, the Japanese govermment enacted strang
legislation to prevent landslides. It provided for land use plarning and
amnstruction of check dams, drainage systems, and other physical comntrols
to prevent slope failures. These measures have met with great success.
In 1938, nearly 130,000 hames were destroyed and more than 500 lives lost
in landslides. Yet in 1976—the worst year for landslides in Japan in the
last two decades—anly 2,000 hames were destroyed and fewer than 125 lives
lost. Since then, the mmbers have improved still further.

The city of Los Angeles also has an impressive program to reduce
landslide damage. Until 1952, cortrols on hillside grading and
development in Los Angeles were limited. Then, after severely damaging
winter storms, the city adopted a grading code that instituted procedures
for safe development of hillsides. The grading regulatians were
significantly improved in 1963. The benefits of these regulations are a
clear drop in the risk of landslide damage on sites developed after 1963.
For example, during the severe storms of 1978, for a camparable mmber of
sites, the damages to sites developed before 1963 were more than 10 times
greater than to those sites developed after 1963.
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Major landslide-triggering storms
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were associated with catastrophic flooding. Source: Ministry of Construction (Japan). 1983,
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Sanriku, Japan: Success against Tsunamis

In 1896, a tsunami generated by a nearby earthquake struck the Sanriku
district of Japan, several hundred kilameters north of Tokyo. The maximum
rumup (height of the wave) recorded in this region was approximately 30
meters, and thousards lost their lives. Nearly 40 years later, in 1933,
another major tsunami from a local earthguake struck the region, killing
about 3,000 and causing significant property damage. Again in 1960, the
Sanriku district suffered a serious tsunami generated in Chile; about 200
people died and property valued at $50 million was lost.

These evernts led to anstruction of major protective structures, land
use management, and a district warning system to protect coastal
comunities fram serious immndation. One example is the seawall built by
the town of Taro. About 8 meters high, it is shoreward of the fishing
harbor, which itself is protectad from storm waves by a breakwater. With
an adequate warning system, the area can now be evacuated to the town in
case of an approaching tsunami.

In 1960, the Chilean tsunami flooded the center of the city of
Ofunato, also located in the Sanriku district, to a depth of several
meters. Since then, a massive tsunami breakwater was built across the
emtrance to Ofunato Bay. It protectad the city fram at least one local
tsunami in 1968. Several kilameters north of Ofunato, a similar structure
was built at Kamaishi to protect the local steel industry and fishing
fleet. Thus, Japan has effectively protectad itself in selected regions
fram serious damage by cambining large protective structures with
effective land use management.
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The city of Hilo, Hawaii, approached tsunami protection differently.
After sustaining damage from the 1960 Chilean tsunami, Hilo comdacted a
study to define protection against similar events. The most econamic
solution was to create a buffer zane near the coast that encampassed the
area immndated in 1960. Coupled with a tsunami wvarning system, this
approach has also proved effective.

SUCCESSFUL INTERNATIONAL EFFORTS

Much valuable work on the reduction of losses fram natural hazards has
been carried out by engineers, physical and social sciemtists, architects,
cammnity planners, emergency managers, and others in many countries. Not
surprisingly, same of these efforts are imternational in their scope and
participation. It is the suaess of these cnoperative projects that
underlies the concept of an Intermational Decade for Natural Hazard

Reduction. Same of these programs are described below.

World Meteorological Organization (WMD)

The World Meteorological Organization stands as an example of the
benefits of intermational cooperation for hazard reduction. Rexognizing
that the world has but one atmosphere and that suaessful weather
forecasting requires measuremernts and modeling of the atmosphere, ocean,
and land surfaces as a whole, nations began entering into a series of
agreements in 1947. These agresments provide for real-time exchange of
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data and establishment of stamdards for data quality comtrol and
timeliness. They also foster the sharing of expertise in weather
prediction and modification and the fumiamental umerstamiing of
atmospheric proeesses. As a result, each nation is able to provide for
the public safety and econaomic protection of its citizens by drawing on an
international onoperative framework.

Worldwide Stardardized Seismograph Netwark (WWSSN)

This netwark was created in the early 1960s to upgrade abservatianal
seismology. It has been suaxessful in improving and unifying earthguake
axmrrrence maps worldwide. The mapping has improved earthquake risk
assessment and contributed essential support to modern theories of plate
tactonics. Success stemmed fram three aspects of the netwark: it is
worldwide, providing glabal coverage of the temporal and spatial patterns
of seismicity and earthguake focal mechanisms; it cansists of a
stardardized set of instrurents, providing uniform response at all
stations; and it is coordinated, with cooperating countries having
explicit mechanisms for collecting and distributing the WWSSN data.

Tsunami Warning System (TWS)

The Tsunani Warning System was established in the wake of the Alartian

tsunami of April 1, 1946, which devastated parts of the Hawaiian Islands.

Afterwards, scientists pointed out that the tsunami could have been
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forecast on the basis of the seismic waves recorded in Hawaii and at other
seismic abservatories within mimrtes of the earthguake and hours before
the tsunami struck. There are now 22 seismic abservatories and 53 tide
stations in the TWS covering the Pacific Basin.

The first test of the TWS came in connection with the September 1948
Tonga Islands earthguake. A travel time of 6 hours and 35 mimrtes was
predicted for the wave to move from the epicenter to Honolulu, and
military and civilian agencies were alerted. Because the wave turned out
to be small, the alert was canceled. The first major tsunami in the
Pacific for which advance warning saved lives was in comnection with the
November 1952 Kamchatka earthguake. Since the system’s inosption,
warnings have been given in connection with great earthguakes—such as the
May 1960 Chilean earthquake and the March 1964 Prince William Sound,
Alaska, earthquake. TWS has substantially reduced social and ecanamic

dislocations fram tsunamis.

The Strong Motion Array in Taiwan (SMART-1)

In 1978, an intermational workshop was held on capturing strong ground
motion records near the faults generating earthquakes of magnitude 7 and
above. Following the workshop, the region near Lotung, Taiwan, was made
available for a cnoperative experiment on a spatial scale not attempted
before. An array of digital strag motion instruments consisting of a
cantral installation and 36 stations located on three concentric rings of
radii 200 meters, 1 kilameter, and 2 kilameters was installed. The array

has recorded more than 40 earthquakes having significant ground motions.
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These data canstitute a large percentage of the worldwide strang ground
motion array data base. They provide a technical base for resolving such
practical engineering design prublems as the variability of the earthguake
ground motion over short distamces camparable to the base dimensions of
engineered structures and freguency-deperdert seismic wave attemation.

UNESQD landslide Project

The UNESQD project Protectio

Enviromment is an example of an international effort to cope with
landslide hazards. This project, which lasted from 1981 to 1984, was
aiministered by the Soviet Union, with cooperation by landslide experts
fram China, France, Japan, the United Kimngdam, the United States, and
several developing nations. It resulted in significant multinational
landslide research and mitigation. The project sponsored intermational
workshops and seminars and published research and mitigation studies that
have proven significant in lamdslide hazard reduction.

Morava River Project

Fram 1974 to 1976, engineers fram the University of California at Los
Angeles (UCIA) and the U.S. Corps of Engineers Hydrologic Engineering
Qarter camductad a suaessful technology transfer of digital camputer
models fram the United States to Yugoslavia. Funded by the United Nations

Development Programre, the transfer involved training Yugoslav engineers
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at UCIA in the use of 22 hydrologic, hydraulic, and geamorphologic

mdels. These models were installed on camarters in Belgrade and tested
on the Marava River, a tributary of the Dambe, for their usefulress in
predicting floods and anticipating sediment transport. Freguent flooding
had long plagued commmnities along the Morava and siltation had threatened
to £fill local reservoirs. The models have significantly upgraded flood
cantrol plannirng along the Morava.

United States/Japan Choperative Earthquake Engineering Program

The United States/Japan Cooperative Research Program on Earthquake
Engineering Utilizing large—Scale Test Facilities recently campleted a
closely coordinated study involving camplex static and dynamic tests on a
seven—story reinforced concrete building and a six—story steel building.
New urderstamiimy gained here of the inelastic response of buildings to
stram motions has led to several improveremnts for possible incorporation
into building codes worldwide.
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A cammon theme in the Chapter 2 case studies is that disasters can be
avoided or minimized throxgh application of science and technology.
Without it, disasters are likely to increase as the pressures of
population and cammerce encourage the use of more hazard-prune areas.

Science and technology applications that can be used to avoid
disasters are of two types, physical adjustments and social adjustments.
Physical adjustments for avoiding a hazard’s impacts include:

o planning and building to withstard a hazard,

o identifying and avoiding the sites where a hazard is likely to
ocaur,

o predicting the anurree of a hazard, ard

O preventirg or altering a hazard’s characteristics.

Social adjustrents for avoiding a hazard’s impacts consist of:

o restricting the uses of land and establishing minimm stardards for
avoiding hazardous sites and conditions,

o institating public awareness campaigns in areas prone to hazards,

o initiating evergerncy preparedress programs to protect life and
property ance a warning is issued or an event octurs,
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o spreading the econamic loss among a larger population throagh
imrarame, taxation, and manetary grants, and

0 reastnxtimg a cammmity so that it is less vulnerable to the
next hazard.

These avoidance strategies substamtially alter the impacts of natural
hazards. When several are pursuad tagether, they can reduce a hazard’s
impact fram a catastrophe to a muderate disruyption. The best mix of
actians deperds on the hazards faced by a cammmity, the availability of
scientific knowledge, and the rescurces and goals of the commmity. What
is effective in one situation or hazard may not work in another. For
instance, tolerating physical damage fram a hurricane might be appropriate
for a large nation whose econamy will likely decline only a few temths of
a percent fram hurricane losses. But such a strategy is inappropriate for
a tiny camtry like Daminica, where a single hurricane engulfed the island
ard affectad every cammmity in 1979. Likewise, a single earthquake
affectad virtually the entire industrial production of Nicaraqua in 1972.

Whatever the strategy, avoiding disasters must include anticipation of
the hazard’s impacts. Yet most measures now in use to cope with natural
hazards are reactive: firefighting, search and rescue, emergercy medical
care, debris clearance, provision of food and temporary shelter, and
provisions for temporary water supply and waste disposal. These emergercy
respase measures may be planned in advance but are not put into effect
until after a disaster occurs. It is clear, however, that major
reductiaons in losses of life and property can only came when the emphasis
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shifts fram reaction to anticipation. Emergerncy response and axstdisaster
relief are importanmt and will still be needed, but on a declining scale as
disaster preparedness, hazard-aarscious land use mnagyement,
hazard-resistant anstnuxction, and other anticipatory measures reduce the
world’s vulnerability to natural hazards.

Strategies for avoiding the impacts of natural hazards and lines of
applied research and technology that can dramatically reduce the frequercy
of catastrophes are reviewed in the following sections.

HAZARD AND RISK ASSESSMENT

How does a camamnity begin to reduce the impacts of natural
disasters? The first step is to determine the types of hazards likely to
ocaur, their frequercy, characteristics, and consequences. Experience is
a goad teacher, but changes in population patterns, physical
characteristics of strnxtires, and economic development over the past
century suggest that relying on experience alone is inadequate for judging
vulnerability.

Risk assessrents of the nature, extent, and anseguerres of natural
hazards lie at the core of adopting efficient and econamic actions to
lessen catastrophe potential. There is a natural competition for
resources between investment in hazard reduction measures for the future
and use of capital and labor that will yield currenmt incame or improve the
quality of life immediately. Evaluating risks can help in estimating the
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likely level of hazard and in determining the econamic and social costs
associated with various levels of investment in hazard reduction.
Assessment has three essemtial features:

o Determination of the hazard. This is often described in terms of
hazard or intensity maps of the maximm event likely to occur, freguerry
of the event (for example, demarcation of a 50— or 100-year flood area),
and the mmerical values of design parameters required to withstard the
forces of a natural hazard (for example, the level of ground motion a
structire must accammodate) .

o Determination of the vulnerability of the structures and facilities
egosad. This includes individual structires and networks of imteracting
stnxcturres, such as water supply and distribution pipelines, and social
institutions, such as fire and hospital services.

o Determination of the significance of the impacts. This
determinetion must: differentiate among saving lives, protecting
property, and preserving essential cammmity functions; campare the
benefits of avoiding a disaster with those of investing in other econamic
ard social functions; recognize the different roles of structures and
institutions in erergaxy respase and recovery activities; and reaxgnize
the different and possibly conflicting goals and values of individuals and
institutions within a comunity.

Knowirng that a major natural hazard may occur is not sufficient in
itself to cause action. California, where nine major earthquakes acrurred

in the last 150 years (including four great earthquakes), did not begin a
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conprehensive earthquake safety program until the seismic threat was
Clearly umierstood econamically and politically. This umlerstamiing came
abaut when the office of the President of the United States determinexi the
scale of the impact of a catastrophic earthquake on the local and natianal
ecxxany. The specter of a staggering $100 billion loss—with attendant
loss of life and damage to industrial productivity—prampted local, state,
and federal govermmemts to begin a aancertad effort to prepare for the
anurrerre of great earthquakes.

The kinds of information that nations require to develop and adopt a
catastrophe avoidance plan do not vary mich fram cantry to country, but
the strategies appropriate to different countries acbviocusly do.
Formulating goals and taking action depend almust entirely upon social
organization and on the willimgness of the public to accept the
aseqences of its actions. Same individuals and groups will choose not
to act because of an incorrect urderstaming of what they are to do, a
lack of education in how to do it, or a vestad imterest in doing samething
else. The econamic, social, and institutional dimensions of a cammmnity

may well determine what is appropriate as well as what is possible.

DISASTER PREPAREDNESS

Disaster preparerdhess is the detailed planning for prampt and
efficient respa=e once a hazard ocours; it is the first step in adopting
an anticipatory approach to natural hazards. This camprehensive effort

includes public education and awareness campaigns, provision for issuimg
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wvarnirgs, development of evacuation plans, and preparations for providing
evacuees with emergercy food and shelter. Such efforts have been very
successful in reducing deaths due to natural hazards in same
industrialized nations. The challenge during the IINHR is to extend this
success to developing as well as other industrialized nations. It
requires a sensitivity to different sociocultural settings, including an
ability to learn fram local ways of adjusting to matural hazards.

HAZARD MITIGATION

Disaster preparedness and evacuation can reduce death and injuries,
but they do little to prevent property damage and the sametimes
devastating economic impact associated with disasters. This is the
province of hazard mitigation, whose benefits can be substamntial. For
instance, prahibiting basements in new cnastal buildings and strengthening
their wind resistance by 50 percent might reduce storm losses up to
$1 billion per year (1978 dollars) in the United States alone. Adding
siting and construction cantrols in U.S. cities that do not cuarrently have
them and elevating all new buildings in the 50-year flood plain four feet
might lower flood losses nearly $500 million (1978 dollars).

Essentially, the physical impacts of hazard axurrences can be reduced
by preventing or modifying the axurrerre of the hazard, avoiding the
hazard by siting structures and functions away from the hazard, and
streythenirg structures to reduce or eliminate damege when a hazard

ocurs.
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In certain instances, prevention or modification of a hazard is
possible. For example, building dams, chamneling rivers, and building
levees are methads widely used to reduce losses fram flooding. These
methads are reasanably well urderstamd and usually entail castruaction of
large-scale civil works. However, modification of most other hazards is
still at the research stage. For instance, there are same indications
that weather can be modified to lessen the likelihood of hail, imncrease
rainfall, and possibly alter the course of large storms. Future
earthquakes may even be modified so that a mmber of small earthqgakes
would occur rather than a single large one.

Avoiding the hazard throxgh land use managememnt is effective for same
hazards., Use of land that is praone to flooding, landsliding, or
liquefaction can be avoided or limited to those purposes that are least
threatening. For example, flood plains can be used for parks and farming;
steep slopes can be left undeveloped to avoid either natural or triggered
landslides; tsunami imidation areas can be planted as parks, thus both
avoiding the hazard and reducing the rumup of the tsunami by increasing
the surface raghness; and critical facilities can be located outside the
possible flood plain that would be created should a nearby dam fail.

It is not possible to avoid all potentially hazardous areas. Rivers
must be crussad. Water, electricity, and fuel must be transported.
CGomrerce must be maimtained. The acts of regulating land use and siting
facilities based on potemntial hazard or the aaseguernres of their failure
go right to the heart of how a cammnity functions. Hazard considerations
are but a part—often ignored—of the overall decision process. Much
remains to be learned abaut effectively imtegrating land use strategies
into econamic development, but experience from many cammmnities shows that
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even simple restrictions on the use of flood plains, as mentianed above,
can reduce the arsequences of floading.

axtrolling building practices offers one of the most effective
appraaches to limiting the effects of natural hazards. When a structure
is designed, constructed, and maintained to resist a hazard, then the
hazard has little or no impact. But the design of a structure to
withstard a hazardous event is not a simple matter. What forces will the
structure encaarter? How will its different elements imteract? How will
the canstruction materials perform? These are questions the engineer must
answer.

Many empirical rules have evolved to aid the engineer in arxstructing
buildings that perform well during natural hazards. However, building
practices thraghart the world are developing rapidly, creating both new
dargers arnd new opportunities. Same improved anstruction techniques have
already proved their worth. For example, using cement mortar rather than
lime/sand mortar, using reinforcing steel, and attaching diaphragms to
walls can reduce the vulnerability of masanry buildings fram almast
certain collapse in an earthquake to one of modest or light damage.
Similarly, attaching the roof to the walls and the walls to the foundation
of a wood frame house can greatly reduce wind destruction during
hurricanes, cyclones, and tornadoces.

But rapid change in construction practices also poses new dargers.
Techniques are often applied far from where they were developed, without
regard to their limitations. Further, their performance may be
conjectiral, not understad from actual experience. Only abservations of

actual performance in the field—cambined with laboratory research—can
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validate new methads. Such investigations do not yield results easily or
quickly.

Among the principal tools for safe anstruction are building codes and
regulations. They too offer both benefits and prublems for transferring
experience fram one cammmity or country to anocther. The benefit is that
a group of knowledgeable individuals has assessed experience and research
results to develop the code. The prablenm is that a code respands to the
caditions, building materials, and anstruation practices of the
caamumnity that originated it; the code may not be entirely applicable
outside this caontext. Nanetheless, builders in other nations, unaware of
those limitations, may try to use the code without adapting it.

As mentianed earlier, a key limitation to mitigating damage fram
natural hazards is the large invemtory of substandard, even hazardous
structures. Most worldwide research and development of building practices
focuses on new buildings, not on rehabilitating existing unsafe
buildings. Because existing facilities represent the main hazard
everyvhere in the world, research and performance evaluations have much to

offer this critical area.

HAZARD PREDICTION

Predicting a major natural hazard has enormous potential for reducing

its disastrous aarsegquences. Even short advance notice gives time to

protect life and property; a long period provides an opportimnity to

relocate and reinforce property. The capability to predict varies with
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the type of hazard and has made cansiderable strides throgh research and
technical umerstamiiy. CQomarter modeling of watersheds, when linked to
a network of metearological and hydragraphic stations, has enabled
accurate flood warnings to be developed. Fram tarmado watch programs
linked to weather radar systems, the path of a tarnado can be estimated,
giving both the cammmnity and its fire, rescue, and modical services a
short time to prepare. The development of Doppler radar has greatly
advanced the ability to predict weather-related hazards and has lergthened
the time between warnimy and the anset of a hazard. In regions of
tropical storms, the precision of warnings issued in advane improves as a
storm appraaches, hour by hour; ultimately, accuracy is dictated by
mathematical models of a storm and the data feeding into then.

The Pacific Tsunami Warning Center and its network of member countries
is an excellent illustration of the application of science in a
cooperative, mrtually beneficial way. For earthquakes and other hazards,
short-term prediction is generally more prublematic. The inability to
repeat the successful prediction of the Haicheng, China, earthuake—vhere
thousands of casualties were avoided—is a remimder of both the difficulty
of prediction and the need to pursue further research.

All these forecasts rely on a mathematical model or an empirical
urderstamiiny of the physical phenamena, the weather patterns, or the
tectonic structire of the earth—knowledge that can be contimously
updated with abservations. These abservations sametimes include the
actual sighting of a pherarenon—as with tornadoes and hurricanes—and the
model then tracks the storms’s progress. As these models improve, so will

accuracy of the prediction. The significance of improving the accuracy of
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predicting a lurricane’s landfall fram a 160-kilameter (100-mile) acoracy
to an 80-kilameter (50-mile) acniracy can be measured in the millions of
dollars if the storm is near a large city.

Many of the problems of forecasting are sociological; others relate to
methods of cammmication. A cammmity’s willingness to respond to
instructions dictates the type of information to be provided as well as
when and how it should be disseminated. If the information is uncertain,
then the failure of the forecast event to materialize can lead to

skepticism, which dameges subsequent attampts to warn the public.

EMERGENCY RESPONSE

The moment of impact of a hazard initiates the emergency response
period, when saving lives and caontrolling property loss become matters of
mimrtes. Typically, the first on-site respomses are the spontaneous
actions of local residents. Much of their effectiveness deperds on
training; the speed and efficiency with which canmmitywide response
occurs is determined by plamning and rehearsal. For saving lives, prampt
and coordinated search and rescue operations are crucial. Fudamental
problems in all emergercy respanses include: getting accurate information
on the nature and scope of the impacts, allocating and managing local
resairces, marshaling and allocating external resaurces, and dealing with
the canvergence of people and materials on the impacted area.

Though projects urdertaken as part of the IINHR will not involve
relief operations for specific disasters, they will include careful
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analysis of resposes to disasters under various social and political
ciramstances. BEmergency response generally emtails much wastad effort,
and there are often many urgent tasks that remain unaddresserd, and much
warking at cross purpases. Cantributing to this candition is the fact
that police and other public servamts must ssxddenly perform many tasks for
which they are not rauatinely trained. Both tachnological and social
solutions are required to improve this situation. For example,
development and installation of backup power sources and advance plamnirg
for making use of amateur radio operators have improved emergency resparnse
in many disasters. Likewise, various strategies for public education and

advance training for emergency response tasks have also been sucressful.

RECOVERY AND REDEVELOPMENT

As the emergerry period wanes, a cammnity emters the long recovery
and redevelopment period during which it restores itself. It buries the
dead, treats the injured, houses the dispossessed, restores the damaged
econamy, and makes plans to minimize the hazards of future disasters,
among many other activities. If the emergency respanse perioad is
typically one in which the spirit of unity and aoperation prevails, then
the recovery period is typically one in which old divisions and conflicts
resurface, exacerbated by the difficult decisions that must be made.
Oonflicts arise betwesn a strong sentimemntal force to rebuild the
cammity just as it was before=—perhaps in the flood plain or in a
seismically vulnerable style—and a movement to seize the opportunity to
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make radical changes. Oonflicts can also develop over the use of
short-term solutions that interfere with more satisfactary long-term
solutions. An example is the imtrodction of ¢amparary housing, which
often becames permanent. Still other canflicts arise over allocation of
inadequate resamrces and evaluation of contradictory advice fram sapposed
eqperts. These conflicts often lower cammmnity morale and wdermire
respect for political leadership and institations, camppouming the
problems of restoring a camamity.

Plamning for future hazardous events involves several damgers during
this period. Commmities often rely excessively on a single strategy:
for example, rebuilding the levees but making them higher and stranger,
thus reducing the hazard of mild floading but increasing the cammmity’s
size—and thus the extent of damage——in case of more extensive flooding.
Plamnirg is also impeded by a sense of immmity. Residents may feel
either that "we have had cur quake and there won’t be another like it in
our lifetime," or that "we weathered this hurricane so we can weather
anything nature throws at us."

Errors made in the recovery stage can stay with a cammmity for
generations. Cagparative studies of recovery in several camnmities have
identified same characteristic errors as well as examples of more
suxessful experiences. However, further study is needed of both the
short- and lang-term econamic acasequences of various recovery patterns
and their effects on political stability and cultural development.

Distributing the econamic loss among a larger unaffected camumnity
lessens the severe econamic impacts of natural catastrophes, although this
strategy does not directly reduce casualties or damage. Imaurame is one
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camon vehicle for redistribution of loss. However, because of the
magnitude of the loss fram many catastrophes, the capacity of immamrance
and financial instituations may be inaderuate to cover it. Other forms of
redistribgtion are econamic assistance fram charitable and private
disaster organizations and fram govermments, through tax receipts and
intermational grants.

INSTTTUTIONAL ISSUES

Respansibilities for hazard reduction are so widely distribuated among
such a variety of organizations that coordinatior—even for sharing of
information—is a paramamt problem. Much of the essential activity in
reducing the impacts of natural hazards is carried out as a sideline by
organizations whose main purposes have little to do with hazard
reduction. For example, public education for hazard reduction is carried
aut by the schools, the mass media, voluntary associations, and
employers. Equipment for research and resaie is borrowed fram building
cxrtractors, and its nature and locations are seldam known by those
directing emergercy respanse. To remedy this situation, govermmemt must
take a more active coordinating role. Leadership of public officials is
essemntial at all stages of hazard reduction and emergency response.

Because most disasters occur imtermittently, creating organizations
solely for hazard reduction is not feasible. Qmsequently, sustaining and
directing work done as a sideline by organizations with other primary
purpases is a pruoblem. Case studies show that difficulties arise in the
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relations between professional and lay groups; amang local, national, and
international organizations; between general and special-purpose
arganizations; betwesn ad hoc and permarent arganizations; and among all
these groqps. Much remains to be learnad about pramotimy commmication
among arganizations and enomuraging pattermms of aoardination that do not
stifle the groagps involved. A key to reducing the impacts of a hazard is
uderstamlimg how organizations perform before and during an event. This
will came only fram systematic abservation of many institutions as they
plan for and respand to different hazards.

NEEDS AND OPPORTUNITIES

One clear canclusion of this analysis is that there are many more
opportunities to develop disaster avoidance appruvaches than there are
efforts to achieve them.

Two major abservations on the status of disaster avoidance actions
worldwide warrant careful consideration by political and scientific

leaders of nations at risk:

o many known procedures cannot be applied worldwide because
experience in their application or critical data for their effective use
in a particular region are not available, and

O many pramising appraaches lack the angoing research effort required
to develop them for future application.
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Research on catastrophic natural disasters is hampered by the fact
that they are relatively rare anrrences in any given region. But
glabally they are not rare. Because advances in the science and
ergineering of hazard mitigation require repeated abservation of
individual hazards, progress requires an intermational approach.

Though there are same very sucxcessful bilateral and multinational
research efforts, they are usually narrowly focused on country-specific
abjectives. For example, the United States/Japan testing program on
seismic perfarmance of concrete frames has functioned well, but it does
not include the types of structures likely to be used in other countries.
Nor does it incorporate the experience and data of New Zealand, Mexico,
Chile, Italy, the Soviet Union, and other seismically knowledgeable
countries. Similarly, the TSunami Warnimg System has performed well, but
its focus is solely on estimating arrival times in the Pacific Basin, not
on minimizing tsunami damage by sound land use and building practices.

As stated earlier, tachnologies developed for application in one
cuntry are often applied in another without adaptation. The Applied
Technology Council (ATC) developed recommerded building practices for
earthruake-resistant design for use in the United States. One of the
first implementors—even before the United States—was Colambia. Building
practices and materials in Colambia are samewhat different, and the
tectanic nature of Colambian earthquakes is different fram that of
California earthquakes, for which the ATC recommerdations were principally
formulated. Fortunately, contacts between Colambian and U.S. engineers

involved in the ATC effort are strong. OColambian engineers were able to
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adapt the guidelines—with advice fram U.S. develapers—to their
ciramstances. Many others who have applied these fimlings have not had
this advartage.

Fram this discussion it can be seen that glabal efforts toward natural
hazard reduction are piecemeal, and nations’ research and information
dissemination programs are fragmemtary and narrowly focused. Further,
these limited national efforts will not lead to the rapid devel opment and
application of new appraaches to avoiding and managing catastrophes.
Though camprehensive programs of research and application are rare in any
couantry, the camponents of such an effort are often present within a group
of countries and could yield real research progress if they were
coordinated and needless duplication reduced—in other words, if an
intermational campaign were urdertaken.

Why should an international effort be mounted? First, natural
disasters exact costs that are unacceptable by any social, ecanamic, or
political measure. Secand, applied science and tachnology is the only
means to reduce these impacts. Third, natural hazards and catastrophes do
not respect national boundaries, and the techniques to limit their
axmurrence are not specific to any cuntry. Experience fram events in one
place may be useful elsewhere before a similar event ocurs. A
coordinated intermational effort offers the opportimity to develop and
apply avoidance approaches more quickly and at a lower cost than can
separate national strategies alone. Indeed, a aoperative intermatiacnal
effort may be the anly way to develop effective avoidance methods for
glabal application, notwithstarding the suazesses of same bilateral
praograms.

The Internatianal Decade for Natural Hazard Reduction offers its

participants the opportunity to accamplish the following:
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1. Enhance the flow of information and experience acruoss geographic
and national bourdaries.

2. Make efficient use of miltinational and experimental facilities
and laboratories thraghort the world.

3. Achieve the critical mass of knowledge, experience, and
investigative capability required to truly develop disaster avoidance.

4. Allow researchers and professionals of many nations to gain access
to areas and information that would not otherwise be available.

5. GObtain and share demonstrable results within a relatively short
time that clearly advance engineering and scientific umerstamiing and can
be adapted for use within the participants’ own countries.
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The nature of each major natural hazard is distinct, as are the
challenges associated with reducing its impacts. This chapter traces the
unique character of the major hazards and saggests IINHR projects to
address each ane. These project lists are by no means exhaustive and are
intended only to indicate the possible scope of IINHR activities. The
chapter also explores the sociceconamic aspects of hazard reduction and
the special challenges of coping with multiple hazards.

An earthquake=a sudden motion of the earth caused by an abrupt
release of slowly accammlating stress—is a potent natural hazard.
Dargers associated with earthquakes include the pheromena of grourd
shaking, surface faulting, ground failures, and tsnamis. Although
eartimpakes cause less ecanamic loss anmially than same other natural
hazards, they have the potential for causing great sudden disasters.
Within one mimite, an earthquake can destroy part or all of a city.
Deperdimg upan its location and magnitude, it can damage buildings and
hames valued at billions of dollars, cause loss of life and injury to tens
of thousards, and totally disrupt a camamity’s social and econamic
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At least 35 countries face a high prabability of loss fram earthguakes.
Moderate (magnitudes of 6-7) and large (magnitudes of 7-8) eartixpiakes
pose the greatest threat because they are much more frequent than great
earthquakes (magnitudes of 8 and above). For example, a moderate
earthquake takes place about ance a year in California, but a great
earthquake happens only ance every 100 years or so.

The extent of a disaster wrought by an earthquake deperds upan the
magnitude of the earthquake, its proximity to a city, and the city’s
preparation to resist an earthguake. In the past 25 years, the two most
destructive U.S. earthpakes were in Prince William Sound, Alaska, in
March 1964 (magnitude 8.4) and in San Fernamdo, California, in February
1971 (magnitude 6.5). DEmage of about $500 million (1971 dollars) and
scores of deaths and injuries resulted fram each. Yet the United States
has been relatively fortunate. The Targshan, China, earthgquake of July
1976 (mgnitude 7.8) destroyed the emtire city, leaving more than 250,000
dead. The Mexico earthquake of Septemter 1985 (magnitude 7.8) caused
10,000-20,000 deaths and about $6 billion in damages. The moderate
(magnitude 6) earthquake of 1960 near Agadir, Morocco, caused more than
10,000 deaths in a city of 30,000. The 1908 Messina, Italy (magnitude
7.8) earthquake killed about 80,000, and the 1923 Tokyo earthquake
(magnitude 9) killed more than 140,000.

The main goal of an earthquake hazard reduction pragram is to preserve
lives through the econamical rehabilitation of existing structures and the
anstruxction of safe new structures. One further goal is to ensure that

erergency respanse, recovery, and redevelopment plans are made to provide
contimuity of econamic, social, and political activities in a commmity.
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Achieving these goals requires that the extent of the earthquake risks
and the eguarre of citizens first be idemtified. This task can take the
form of preparing earthquake risk maps, which plot the probability of
experiencing a specific level of ground motion within a specific time.
Determinimy the expomare of citizens relies on evaluating the safety of
existing struxctures, water and sewer systems, gas and oil pipelines, and
other lifelines. However, determining structure safety is often
handicapped by an inability to assess materials and designs used in older
anstruction.

Even with the best determination of building properties and
canditions, the level of damage a specific ground motion may cause still
camnot be predicted accurately. Nanetheless, a mmber of techniques can
be used to strengthen existing structures, and many buildings have been
retrofitted for ircreased seismic resistance. As research further
develops these techniques and their cost falls, more buildings can be
upgraded.

What needs to be done during the Decade? First, programs must be
initiated that include avoidance, through zaning, of aonstruction on
vulnerable sites as well as evaluation and recnmstraction after a hazard
ocxurs. In addition, emergercy respanse for buildings and lifelines must
be plamned and care taken to ensure that these plans are properly
implemerttad.

Second, instnumentation networks must be established to determine
ground motion influences caused by local site caonditions. Such netwarks
will also provide the means to determire the relatianship between specific
ground motions and the degree of damage to man-made structires—fram
initial damage to ultimate collapse.
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Third, a testing program must be udertaken to explore this
relationship betwesn ground motions and the behavior of mamrmade
structures up to the point of collapse, and to develop econamical methods
to improve the safety of existing buildings.

Further, efforts must be made to sustain a reasanable level of
earthquake preparedness in the minds of citizens. This need includes a
cartimed readiness to respand to earthquake warnings despite the long
periods betwesn destructive quakes and the uncertaimties of most warnimgs.

Fotantial projects during the IINHR include:

o0 establishment of a cooperative intermational program in strang
motion measurement and data analysis,

o organization of a coordinated intermatianal earthquake information
service,

o develomment of new earthquake prediction models,

o study of the timing and methods for effective delivery of
earthquake warnirgs,

o assessment of technical considerations in &trengthenirg brittle
reinforced-concrete buildings and other hazardous structures,

o study of the intermatianal financial and imsurame implications of
catastrophic earthquakes,

o improvement of techniques to cantrol nonstrxctural damage (for
eample, ceilings, partitions, windows, and other interior fixtures),

o analysis of various strategies for preparedness and response to
earthquakes,

o study of failure modes of structures,
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o study of the special concerns in designing, aonstracting, and
rehabilitating critical facilities,
o improvemernt of guidelines for earthguake-resistamnt design,

o premaration of unified risk maps that include hazard potemtial,
frequerncy of amrrrence, expectad ground motions, and site variations,
o study of microzanation in worldwide seismotactanic analogs,

o develcpment of seismic-safety analyses for existing dams and
mclear power facilities, and

o aatimed studies of seismic gaps (faults with no recemnt
activities) and their implications.

lLandslides ocaur in virtually every country in the world, and they
have a variety of causes: heavy rains, melting snow or ice, earthgquakes,
volcances, and human activities. landslides often extend beyand the
bounds of a single state or country, burying hames and other structires
and disrupting transport and the delivery of emergency services.

Notable landslides of the recent past include the Reverntador, Ecuador,
landslides of March 1987. A magnitude 6.9 earthquake following a munth of
heavy rains precipitated landslides scouring the slopes of Mt. Revemtador.
Early estimates show 1,000 dead and 4,000 missing. In addition, the event
ruptared the trans-Ecuador oil pipeline—the nation’s prime econamic
asset—causing an approdimate $1.5 billion loss. In 1962 and 1970,
disastrous slides plunged fram the slopes of Maunt Huascaran in
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Peru. In the 1970 event, caused by a 7.8 magnitude earthxpuake, nearly
20,000 died as mxiflows buried the neardby towns of Yungay and Ranrahirca.
In the United States, the April 1983 thaw of a heavy snow pack
precipitated a landslide near Thistle, Utah, which caused more than $200
million in direct lasses, artting two major higlways and a
€rarscotinental rail link and damming the Spanish Fork River.

lLandsliding in the United States causes at least $1-2 billion in
econamic lasses and 25-50 deaths each year. Despite a growirg
uerstamding of the geology of landslides and a rapidly developing
engineering capability for landslide cantrol, losses cartime to
increase. This rise is largely a axsequerce of residential and
camrercial development that cantimies to expand anto the steeply sloping
or unstable terrain that is most prune to landslides.

There are methods for mitigating landslide losses. land use
management, building and grading codes, the use of well-designed
erngineering techniques for landslide catrol and stabilization, the timely
issuance of emergercy warnings, and the availability of landslide
imamrance can significantly reduce the catastrophic effects of
landslides. Though same techniques for predicting landslides have been
developed, research in this area is insufficient. For example, recurrene
interval techniques and other temporal descriptions of risk are
essemntially unexplored. Same research has been carried out on the use of
early warnirg systems to alert the public to individual local landslides,
ard there have been a few successful demonstrations. But there has never
been extensive implementation of an early warnirng system in any country.

Successful and cost-effective landslide mitigation programs can be

implemented, and such programs do exist (Japan, for example). Though
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there have been same impressive local demonstrations of landslide cantrol
in other cuntries, information about them has not been widely

Nanetheless, much can be done to reduce landslide lasses everywhere.
There are abvious needs for geologic and engineering research, development
of new mapping techniques, widespread adoption and enfarcement of
appropriate building and grading codes, more effective land use plamning
and management, wide dissemination of information about landslide risk and
loss reduction, and serious eamination of the feasibility of landslide
irsarance.

An effective program to reduce landslide lasses worldwide can begin
today. Existing knowledge about landslide processes and loss reduction
practices can provide a basis for widespread and effective implementation
of the loss reduction techniques now available. At the same time,
research should be udertaken to improve the technical base for
formulating design, building, and grading codes and developing new
techniques to prevent loss.

Fotential projects during the IDNHR include:

o study of landslide processes, including landslide initiation and
the mechanics of lamdslide transport and depasition,

0 development and demonstration of improved landslide mapping methods
on a broad range of map scales,

o organization of an intermational landslide information service to
provide data and technical assistance to groups interestad in settimg up a

landslide mapping program,
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o study of the ecanamic, political, amd social pracesses that
aerourage or impede landslide mitigation programs,

o development and application of land use practices and regulations
that reduce vulnerability to landslides,

0 develomment and use of landslide control measures, such as soil
drainage,

o analyses of regional and temparal landslide distributions to
develop renrrence models, predictive criteria, and risk assessments,

o irstrumerttation of landslide-prone areas for hazard assessment,
prediction, and warnirg,

O assessrent of interrelationships between landslides and other
natural hazards, including intense starms, earthquakes, volcances, floods,
and wildfires,

O develomment of design criteria relating ground deformation and
damage to structures,

o improvement of response strategies for landslide disasters, and

o application of new techniques in satellite remote sensing,
geophysics, and geotechnical engineering for delineation of areas of
landslide hazard.

Tsunamis are large ocean waves generated by impulses fram geophysical
evants occurring on the ocean buttam or along the coastline, such as
earthquakes, landslides, and volcanic eruptions. These waves usually have
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relatively small heights in the desp ocean, but they can become
destructively large as they approach shallow water and run up on the
shore. Teunami damage is a direct result of three factars: imundation,
wave impact on structures, and coastal erosion.

Tsunamis cause significant damage and loss of life in many regions of
the world. About 6,000 people have been killed by these destructive waves
in the past decade alane. In the United States, for example, the t=mamis
generated by the Prince William Sound, Alaska, earthxquake of March 1964
killed more than 120 people and caused damage estimated at greater than
$100 million (1964 dollars), including extensive damage to the town of
Crescent City, California.

Many other countries have been seriously affected by both distamt and
locally generated tsunamis. For example, the 1960 earthquake (magnitude
8.6) near CaxEpxrion, Chile, generated a tsunami that traveled across the
Pacific Ocean at about 800 kilameters an hour (500 miles per hour) and
caused significant property damage and loss of life. The Japan Sea
tsunami of May 1983 caused appruaximately 100 deaths and extensive property
damage and floodimg along the rorthwest coast of Japan. This tsunami was
particularly well-doomermtad, and the rich data set campiled fram it will
improve cur uxerstamding of tsunami action.

The anrrrence of disastrous tsunamis is a major threat to 22
aamntries alang the rim of the Pacific, although disastrous tsunamis have
also been felt in Portugal, the Mediterranean, and other parts of the
world. Qrent technology, if applied, can mitigate the destructive
impacts of tsunamis on lives and pruperty. Protection against tsunami
rumrup can be achieved by constructing barrier walls and other diversions,
as has been dane in Japan. But the cost of such projects and their
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degradation of natural eeascapes restrict their use. lard use zaning of
coastal areas may be a less costly way to reduce ecanamic lasses fram
tsunamis.

Saving lives through effective early warning of tsunamis propagated in
the open ocean is certainly possible today. However, amang the 22
cmntries in the ciram-Pacific region, only a few have stamdard operating
pracedares for immediate evacuation or reliable, rapid cammmication
systems capable of receiving real-time warnings fram the Pacific Tsunami
wWarnirg Cemter. In recent years, Chile, with technical assistance fram
the United States, has significantly upgraded its disaster preparedness
and evacuation planning efforts. The United States installed a prototype
nearshore tsunami warning system that is used to trigger evacuations along
the (hilean coast within mimrtes of major offshore earthquake events. The
Chilean Standard Operations Procedure Manual for tsunami warning and
evacuation is a mndel for other threatened nations.

A pragram to reduce tsunami losses would, certainly, include
development of glabal forecasting of tsunami daryers and the evaluation
and mitigation of cnastal tsunami hazards. During the IINHR, a
significant effort should be made to gather field data related to the
generation ard propagation of a tsunami. For example, instrurents could
be deployed in a region off the Alaska Peninsula, where the probability of
a tsunami-causing earthquake is high. Instrurermts could also be deployed
in distant nearshore regions. Such a program would help refine predictive
capabilities with regard to timing and the destructive potential of a
wave.

For evaluation of cnastal tsunami hazards, the prabability of
axurrence, the maximm limits of imundation, and maximum forces that can

be exerted on stationary and moveable cbjects must be determined. Such
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information can provide land use quidelines and engineerimgy design
criteria for potentially threatenad areas and could became the baseline
for reducing life and property loss.

Fotamtial projects during the INHR include:

O oOpen occean measarement of tsunamis coupled with earthquake
measurements to abtain field data on tsunami generation and propagation,

O a pragram for nearshore measurement of tsunamis and their rumup,
with instrurentation of selected sites around the Pacific that
historically have been affected by tsunamis,

o0 develomment and implementation of mmerical models to be
incorporated in warning systems to provide real-time tsunami immndation
estimates,

o confirmation of mmerical models with large—scale hydraulic models,
and

o structuring of intermational teams for rapid respamse to
investigate tsunami events quickly before evidence of rumrup and damage is
obliterated.

Wirndstorm-related events worldwide cause an average of 30,000 deaths
and $2.3 billion in damage each year. Severe tropical starms (called
hurricanes in the Atlantic, Caribbean, and eastern Pacific, typhoans in
the western Pacific, and cyclaones in the Indian Ocean), tornadoes,
blizzards, and other storms affect the built enviroment and agriculture

in every country of the world.
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Disasters associated with severe tropical cyclanes can cover hidreds
of square kilamneters, lead to hundreds of thousands of casualties, and
cause billions of dollars in ecanamic loss. Winds appraachimg 350
kilameters per hour (200 miles per hour), rains eceadiny 80 centimeters
(30 inches) in a few days, and storm surges of 8 meters (25 feet)
characterize the more intense storms of this type. About 15 percemnt of
the world’s population is at risk from tropical starms—in the
sartheastern United States, Japan, the Philippines, southern China, and
South Asia. Particularly vulnerable to deadly storm surges are the river
deltas of Asia, where death tolls of 300,000 or more have been recarded in
a single event. In the United States, hurricanes are more often
associated with widespread property damage, as in 1972, when Hurricane
Agnes caused nearly $2 billion in damage—one of the costliest natural
disasters in U.S. history.

The United States leads in the axurrence of tornadcoes, but they have
also been reported in Canada, Argemntina, Australia, Bangladesh, India, and
Europe. The most extensive tormado-related disasters have omirred in the
United States. In 1974, 149 tomadoes struck fram Canada to the Gulf of
Mexico in 36 hours, killing more than 200 and causing damage exeeding $1
billion. Wind speeds approaching 500 kilameters per hour (300 miles per
hour) are possible in a tornado, and windborne debris is a significant
hazard. Individual storms are small in extent (fractions of a kilameter),
but ocutbreaks of many storms affecting large areas (hurdreds of square
kilameters) are cammon in the United States. A tornado striking the
canter of a large city would certainly be a major disaster.

Though it is incommamicable to design for the most inmtense tornado
winds, the less imtense winds can be effectively resisted with use of
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appropriate amnstruction techniques. Improved tarmado warning times and
instructions to the public that place people in optimm locations within
huildings are credited with greatly reducing deaths amd injuries fram
tormadcoes in the United States.

Extratropical cyclones, fronts, thurderstorms, and downslope winds
also threaten pecple ard property. Damaging winds, lightning, hail, and
ice that acxmpany these events kill thousands and cause billions of
dollars in damage each year. These wind-related events can be dealt with
more easily than severe tropical cyclones and tarmadaes, but the extemnt of
their anrrrence is wider. Virtually no cammmity in the world is immme.

Prediction of catastrophic winds—whether associated with
extratropical cyclones, hurricanes, downslope wirdstorms, tormadces, or
thuderstorm gust franmts—involves forecastirg on all time scales: lang
range (more than 10 days), imtermediate range (3-10 days), short range
(1-3 days), very short range (a few hours), and "nowcasts" (events in
pragress). Key to the utility of wind forecasts are timeliness, aaairacy
of location, and overall reliability. Key to their credibility are
abservations of aurrent conditions that are acmurate, quality cantrolled,
ard of high resolution in both space and time, ard good models of weather
pracesses on the scales abserved.

In the near future, many nations need to invest substamtially in
mdernizing their weather abservation networks. This effort involves
deploying new satellites, Doppler radars, autamated surface networks, and
other technologies. It also requires new information management systems
to integrate the data.

Long-term prediction of the magnitude of extreme weather events
permits evaluation of maximm structural loads and subsequent analysis of
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the econamic viability of designing structures to accammodate those
loads. For design purposes, the use of wind spesds predicted to occur
ance or twice a cemntury should permit most structures, including
individual houses, to withstard with only minor damage the maximm winds
generated by more than half of all hurricanes and tormadoes.

As with other natural hazards, the two basic strategies in camon use
to dexrrease the impact of weather-related disasters are avoidance and
mitigation. For example, a long-term avoidance strategy for hurricanes is
land use plamning in which construction on barrier islands and low cnastal
areas is restricted. On ancther level, a short-term avoidance strategy
for hurricanes is a 12- to 24-hour evacuation notice aimed primarily at
protacting lives.

Short-term mitigation measures for use after hurricane watches or
warnirgs are postad include boarding up wirdows, installing aircraft
tie-downs, and other quickly performed activities. Lomger-term measures
include modification of building practices based on 50- or 100-year
predictions of the magnitude of extreme events. Improved construction and
inspection requirements have dramatically decreased wind damage in both
hurricanes and moderate-level tornadoes at a low cost during canstruction
and have reduced loss of life and damage in severe tornadoes.

Potemtial projects during an IINHR include:

o improvement of glabal weather networks using satellite and surface
abservations to forecast and track severe storm systems,

o ooordinated international programs to study severe tropical storms,
tormadaes, and other severe weather phenawena respansible for flash
floods, blizzards, hail, ard high winds,
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O enhancememnt of wind tunel research on wind/structure imteractions,
0 improvemer® of techniques for paststorm damage evaluation to assess

the adequacy of current building practices,
o mapping of hurricane wind fields after landfall,

o stardardization and asse=sment of extreme wind speeds and wind
loads to improve building design practices,

o improvement in anstruction practices to resist wind, with emphasis
on low—cost housing,

o investigation of the role of imsurame in lessenirg the econamic
impacts of windstorm damage,

o develomment of improved techniques for predicting storm surge
wvulnerability and risk,

o design of storm shelters and refuges to save lives while minimizing
the need for massive evacuation, and

O enharcement of progrars to aid local officials and emergency
managers in deciding when and how to evacuate during severe storms.

Flooding is any abnormally high water flow that overtops the natural
or artificial confining boundaries of a waterway. Each year, floods take
an increasing mmber of lives and property. Single evemnts can result in
heavy tolls of death and property damage, as in the Sicdman, China, flood
of 1983, when more than 1,300 died, 1.5 million were left hameless, and
damages totaled $1.1 billion.

In the United States alone, rainstorms and their resulting flooding
(including mud and debris flows) acocunted for more than 63 percent (337
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out of 531) of the federally declared disasters from 1965 to 1985. The=e
floods caused 1,767 deaths.

Intermationally, floods take an even greater proportiamal toll. Fram
October 1, 1985, to Septamter 30, 1986, a year when no exceptional flood
disaster accurred, floods took 626 lives and affected more than 1.6
million others in six countries. The mmber of deaths is significantly
higher in developing countries than in industrialized coauntries because
cammnicatias are often poor and warning systems and evacuation plans
inadequate. Further, the mmber of flood deaths is expected to increase
as population pressures force people into vulnerable areas such as
low-lying agricultural areas or overcrowded urban slums on flood plains.

Floods are caused not only by rain but also by man-made changes to the
earth’s surface: farming, deforestation, and urbanization, for example.
These actions increase runoff fram rains, and storms that previously would
have caused no flooding imundate vast areas today. In addition to the
hman contribution to the causes of floods, disaster corditions are
created by reckless building in vulnerable areas, poor watershed
managerent, and failure to control flooding.

Flash floods are local floods of great volume and short duration. A
flash flood generally results fram a torrential rain or cloudburst on
relatively small and widely dispersed streans. RInoff fram the intense
rainfall results in high flood waves. Discharges quickly reach a maximm
ard diminish almost as rapidly. Flood flows frequently cantain high
concentrations of sediment and debris. Flash floods also result from
failure of a dam or the sudden breakup of an ice jam. Flash floods are
particularly cammon in mountainous areas and desert regions, but they are
a potential threat wherever the terrain is steep and when surface runoff
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rates are high, streams flow in narrow canyans, and severe tharderstorms
ocur.

Riverine floods are caused by precipitation over large areas, the
spring snow melt, or both. They differ fram flash floods in extent and
duration. Whereas flash floods are of short duration in small streams,
riverine floods take place in river systems whose tributaries may drain
large geographic areas and erxrmmpass many imieperdent river basins.
Floods on large river systems may cartime for periods ranging from a few
hours to many days. Flood flows in large river systems are influenced
primarily by variations in the imtensity, amount, and distribution of
precipitation. The condition of the ground (amourt of soil moisture,
seasgnal variations in vegetation, depth of snow cover, imperviousness to
water due to urbanization) directly affects runoff.

Floods damage luman settlements, force evacuation, damage crops and
food stocks, strip farmland, wash away irrigation systems, erode large
areas of land or make them otherwvise umusable, and change the course of
streams and rivers. Alleviating the harmful effects of floods glabally
requires action on three fronts: reducing the vulnerability of lmman
settlements and residences, reducing the vulnerability of local and
national econamies, and stremythening the social structure of cammmities
so that they can absorb the impacts of a disaster and recover rapidly.

The first step in vulnerability reduction is to identify the high-risk
areas through risk maps showing flood prababilities. Once these maps are

camplete, specific mitigation measures can cammence. These include:

o development of extensive public awareness programs to inform the
public about flood hazards and illustrate what can be done to prevent a
disaster,
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o land use zaning to control development,

o axstruction of dams, reservoirs, chamnel by-passes, levees, and
other protective works,

o restrictive develcpment regulations to ensure that any development
meets certain stardards that take into consideration the threat to a site,

o land exhange, which might provide alternmatives to development of
vulnerable sites,

o establishment of incentives to emirage development on safer sites
and safer methads of anstruction (for example, favarable taxation, loans,
and subsidies to those qualifying in terms of building methads or sites),

o diversification of agricultural production, that is, identification
ard planting of flood-resistant crops and adjustment of planting seasan,
if possible, to work around the flood seasaon,

0 establishment of cash and food reserves,

o reforestation, range managerent, and animal grazing camtrols to
inrrease absorption and reduce rapid runoff, and

o aonstruction of raised areas or buildings specified as refuges when

evacuation is impassible.

Potential projects during the INHR include:

o develomment of cost-effective, real-time flood warning systems
readily adaptable for developing countries,

o international technology transfer of camputer models specifically
designed for flood analysis, including models for the peak flood routing
of riverine and flash floods down river channels, and models that
delineate water surface profiles thraxghart the flood plain,
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O research on the maximum praobable rainfall and runoff in flood-prane
areas,

o intermational technology transfer of techniques and methads for the
plamning, design, and implementation of structiral and mastraxctirral flood
cantrol works, and

o establisment of imternational regional flood cemters on the

world’s major rivers.

VOLCANOES

Volcanic eruptions have claimed more than 266,000 lives in the past
400 years. Fatalities accurred in about 5 percent of all eruptions; one
out of six of the earth’s active volcanoes has caused death. Because of
the increasing population density on the planet, volcanic hazards are of
growirg cancern. They are likely to take a greater toll in the future
unless volcano hazard assessmert and monitoring efforts and techniques
improve. Volcanic activity is confined to well-defined geologic zones
that are related to the unstable margins of crustal plates. Eruptions
have immediate catastrophic effects through ash falls, surges of lethal
gas, blasts, mddflows or lahars, ard lava flows. The largest and most
dargeraus eruptions occur from volcances that lie dormant for mndreds of
years between periods of activity. Qmseguently, their potential hazard
is often ignored during planning and develcpment of the surrarding
region. Vesuvius, the volcano near Naples, Italy, and the Rabaul Caldera
in Papua, New Guinea, are prime examples. In both instames, large
populations have settled in the hazard zaones.
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Among the hazards of volcanic activity are the depasition of
ashes—such as buried the city of Pampeii—lava flows, landslides,
mxiflows, and rock falls. Pyroclastic flows and surges, which claimed
29,000 lives in the eruption of Mount Pele in Martinique in 1902 and 2,000
lives around El Chichon in Mexico in 1982, are particularly lethal. These
density arrents of extremely hot gases and particles flow down the slopes
of a volcano at tens to hundreds of meters per secxad and cover hundreds
of square kilameters. Because of their sxidermess and speed, pyroclastic
flows and surges are difficult to escape; within mimrtes of their
initiation, they can engulf towns and villages.

Muxdflows account for at least 10 percent of all volcano-related
deaths. They are flowing masses of volcanic debris mixed with water. The
water may be derived fram a volcano’s icecap: a relatively minor eruption
of snow~clad Nevado del Ruiz in 1985 triggered lahars that killed more
than 22,000 in Colambia.

Very large eruptions may also have long-term effects, including
climate change and agricultural disruption. The large explosive eruption
of Tambora in Indonesia in 1815 caused a major cooling of the Northern
Hemisphere and brought on the "year without summer." The ash fall fram
the eruption so curtailed local food production that a famine occurred,
claiming 80,000 lives on Sumbawa and Lambok Islands. An imdirect effect
of volcanic activity is the accumilation of volcanic gases in deep crater
lakes. Sudden release of these gases can be catastrophic: gas releases
fram ILake Monoun and lake Nyos in Cameroan in 1984 and 1986, respectively,
claimed 1,800 lives.

Advanres in uderstamiing volcances and their hazards permit the

identification of potentially hazardous areas near volcanoes and
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prediction of certain types of volcanic activity. Potential hazards can
be assessed through geologic study and histarical review of a volcano’s
activity. The assessmemnts are useful primarily in farecastimg the kinds,
scales, ard likelihood of activity, but are of little value in predicting
the timing of future eruptions. The prediction of volcanic eryptions can
be achieved on the basis of geoplysical and geochemical volcano
monitoring. Such prediction relies on detecting precursory events and
using the rate of charge in preamsory phenamena such as minor tremrs
near the volcano. Hazard assessment studies have been carried out for
only a small fraction of the earth’s active volcanoes. Because of the
costs, only a dozen volcanoes are well-monitored today, so that predicting
enuptions is feasible for only these few.

loss of life and property due to volcanic activity can be
significantly reduced through coordinated national and imternational
efforts at volcanic hazard assessment, monitoring, and warnirg. Once
volcanic risk areas are identified, zoning to restrict land use and
development is the single most effective mitigation measure.

Potential projects during the IINHR include:

o identification and glabal mapping of active and potemtially active
volcanoes,

o assessment of the potential hazards of these volcanoces through
study of their deposits and history of past eruptions,

0 quantitative assessment of the intensity (mass eruption rate) and
magnitude (total eruptive mass) of all historic eruptions as a step toward

establishment of a glabal view of volcanic energy release,
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o baseline geopliysical and geochenmical monitoring of volcanoces,
particularly in densely populated areas, to provide early warning of
eruptions and to signal when activity has ceased,

o Training and education programs for specialists in all volcanically
active countries,

o formation of expert international volcano crisis assistance teams
to respond to developing volcano emergencies,

o development of coordinated emergercy warnirg, evacuation, and
respanse methads and techniques, and

o study of the envirommental impacts of volcanic eruptions on the
earth’s atmosphere and on world climate.

WILDFIRES

Wildfires are urcontrolled conflagrations that spread freely through
the enviromment. They may be initiated by natural causes or human acts.
Lightning causes many wildfires; others are caused by sparks fram
campfires, arsan, and even earthquakes and volcanic eruptions. Same
wildfires rage in wooded areas, same in brush, and same sweep through
cities.

In wild areas, timber and forage may be destroyed, animal habitat
disrupted, soil mutrients depleted, and scenic value diminished in the
wake of wildfire. Rapid runoff fram a burned-over area can also
camtribute to flooding, while erosion of exposed soil can trigger
landslides. As human populations cantime to encroach on areas of
abundant natural fuels, wildfires increasingly include significant lman
tolls. Fires at the wildland/urban interface can quickly decimate
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suburban, resart, and farming commmnities, leading to great loss of life
and destruction of a cammmity’s economic base.

Several recent examples demmstrate the destructive potential of
wildfire. In May 1987, one of the largest wildfires on recrd accurred in
China. This fire burned 10,000 square kilameters, killed 191 people,
destroyed 12,000 hames, and forced 56,000 people to flee. In February
1967, the "Black Tuesday" fire in Tasmania, Australia, burned more than
260 square kilameters (100 square miles), destroyimg more than 2,000
structures, killing 50,000 sheep, and consuming more than 5 percent of the
msture land in the state.

Earlier, a series of brush fires in Ghana in 1983 destroyed 35
percent—154,000 metric tons—of the country’s stamding crops and stored
cereal. Earthguake-induced fires are typified by the San Francisco fire
in 1906 and the Tokyo fire in 1923. Both fires cansumed substantial
portions of the cities.

Much can be done to prevent, camtrol, and mitigate wildfire and its
effects. Prevention, of course, is the first line of attack. It is
sanetimes feasible to modify vegetative fuels and reduce the severity of
fire hazard. QOmtrolled burnimg, thinning vegetation or replacing it with
more fire-resistent species, and creating voids or breaks in large
exparses of natural fuels are all ways to deprive fires of fuel.

Prevention has its hmman side as well. Public education activities,
such as those that familiarized the U.S. population with Smokey the Bear’s

popular message, "Remembter, only you can prevent forest fires," are
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effective in creating an avareness of the need to be careful with fire.
The message is significant, considering that pedple cause a substantial
mmber of wildfires.

Inprovemert in both firefighter training and equipment also yields
rich dividerds. In same countries, such as the United States, much has
been done to prepare firefighters and their organizations to respad
quickly and effectively. Elsewhere, the application of existing basic
fire suppression technology could greatly reduce the destruction of
wildfires. In all countries, there is considerable roam for improving
firefighting capability in wildland/urban interface situations. For
example, most U.S. firefighters are trained and equipped to fight either
wildland or structural fires—not both.

The construction, design, and ampasition of a structure influence the
prabability of its surviving a wildfire threat. Wood shingle roofs became
highly flammable; fiberglass skylights and attic vents melt, permitting
embers to enter a building; open-furred roofing (as with Spanish tile)
also lets embers in; and unshuttered glass windows blow out fram heat
stress. All these hazardous conditions can be addressed with
low-technology solutions.

Actions taken after a fire can also mitigate the severity of both the
short- and long-term impacts. On large burns, planting grass seed or
other ground cover reduces soil erosion. Erosion can also be cantrolled
with structuiral and earthen barriers to retard surface runoff.

Many advances have been made in umderstarding the physical and
biological relationships of wildfire cantrol and prevention. But the
social aspects of wildland/urban interface areas still present many
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difficulties. Solutions require a better udersvamimg of how to charge
behavior in the face of increasing fire risk or how to adapt fire
protection to behavior patterns.

Many measures for mitigating other natural hazards can be applied to
the wildland fires, including retrofitting, disaster relief, modification
of existirg uses, and pEtdisadter plamning.

Potemtial projects during the IINHR include:

o determination of the distribution of the wildland/urban interface
and monitoring of its fire-related trends, such as housing design,
materials, and placement,

o refinement of the urderstardimg of fire physics and the egected
behavior of large fires, particularly as they relate to the wildland/urban
interface,

o develogment of models for evaluating the risks of individual
camunity designs and structures,

o initiation of an imternational program to exhange knowledge of
fire suppression techniques and fire effects and identification of
knowledge gaps unique to individual regions,

o improvement of fire-resistant aonstruction materials, systems, and
stamdards,

o study of how to manage wildfire smoke to eliminate health hazards
and the negative effects on air corridors and transportation networks,

O research on the relationship of fire to desertification, climate
change, and biodiversity,
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o development of long-range weather forecasting procedures keyed to
predictions of fire severity,

o improvemert of the ability to cammmicate the economic carsequences
of fire hazard mitigation activities and to assess the economic tradeoffs
among the hazard reduction strategies,

O characterization of harexwrers, builders, firefighters, and local
goverrmeants as to their umlerstamiing and perceptions of risks and the
factors that motivate them in relation to wildfire,

o imtegration of existing social, econamic, fire behavior, and
enviramental models to develop programs for influencing behavior toward
fire hazards, and

o assessrent of the hazard and the vulnerability for cities at risk
fram large, uncomtrolled fires, (especially earthquake-ignited fires), and
development of plans for fire comtrol in the event of street blockage by
collapsed buildings, damage to water supply and distribution, and damage
to fire stations and cammmnications systems.

SOCIOEQINMIC ASPECTS OF HAZARD REDUCTION

To be successful, methads for reducing natural hazards must be
carefully adjusted to the commnities they serve. Science and technology
can help avert natural disasters, but only when applied with a community’s
social, cultural, political, and econamic cantext in mind. An area’s
econamic and other resaurces—and the canpeting demands for ther—affect
the level of risk it will tolerate and determine the approaches it takes
to hazard reduction. An area with abundant resources and relatively few
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unsafe structires may, for example, choose seismic reinforcement of its
buildings to minimize risks. Another cawmunity where resnirces are scaree
and the mumber of unsafe sthutures is large may choaose to live with
moderate risk, relying on short-term earthguake prediction and careful
emergercy plarmnimg.

Hazard reduction measures have unforeseen econamic consequences. For
eample, how would the prediction of an earthquake within five years
affect the econamy of a mid-sized cammmity? In same areas,
well-intentianed intermational relief efforts following a major disaster
have bankrupted local businesses by eliminating their markets. In other
instances, unforeseen economic benefits fram particular measures could
have justified greater investment in hazard reduction than seemed
reasanable at the time.

Hazard reduction measures often benefit same segments of a camunity
at the expense of cothers. For example, removing vulnerable flood plain
hames or requiring costly seismic reinforcement of old buildings can
reduce the supply of low-cost housing for the poor. And tax exemptions
for the costs of upgrading the safety of privately owned buildings are of
little use to many retirees and others with a small or no taxable incame.

Specific approaches to hazard reduction can sawetimes violate widely
shared cawunity values. Same historic buildings that are unsafe have
been insensitively destroyed or defaced. Or the natural beauty of streams
and waterfrants has been marred by concrete chamnels and seawalls. In
same instames, the aaeptame of risk, cambined with an emphasis on
emergercy evacuation planning, may be preferable to enviramnmertal
desecration or the profanation of sacred sites.

Why does available scientific and technological knowledge exxeed our
use of it to reduce hazards? A mmber of abstacles can stand in the way
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of adupting of mitigation techniques. For instamce, same measures are
resisted because they appear to threaten the ecanamic or political
imterests of importam grogs in a cammmity. Understamiirng these
interests and local political processes is essemtial.

Traditional practices and cultural meanings are also a source of
resistance. People may refuse to move fram especially vulnerable
locations solely for sentimental reasans. And traditional practices that
contribute to vulnerability—like development of seashore property in
hurricane areas—may contime even when a danger is realized.
Urderstamiing local tradition and leadership often helps negotiations in
these instarces.

Difficulties also arise in cammmnicating warnimgs and other disaster
information to various populations in a cawmunity. Warmings are sametimes
delayed or information on hazardous corditions withheld because of an
ucertain public response. A warning given too early or a false alarm may
cause pecple to doubt subsequemt warnirgs; yet mass panic—though
relatively rare—cmild ensue fram a last-mimrte warning. Much remains to
be learned about how to ensure that disaster information is urderstood and
responded to canstructively.

Mitigation measures are designed with the future in mind and
frequently show no immediate benefits. This gives rise to the prablem of
discovering and cultivating incemtives for organizations and individuals
to undertake hazard reduction programs. Even after initial steps are
taken, sustaining interest and preparedness during extended periods
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Further, responsibilities for hazard reduction and emergency respanse
are distrilatad among many organizations and goverrment agencies. This
disparateness impedes cnordination of efforts and often impedes effective
hazard mitigation. Though a good deal of research has been devoted to
findirmy ways to facilitate cordination, much remins to be learned.

Potamtial projects during the IINHR include:

o develomment of guidelines for establishing acoeptable risk and
selecting hazard reduction strategies under varied econamic and
sociocultural conditions,

o a wide-ranging camparative study of the econamic effects of various
hazard reduction mea<ures,

o development of guidelines for ensuring that the effects of hazard
reduction programs on the cawmmnity are shared equitably,

O a camparative study of the relationship between hazard reduction
mea<ures and major aawunity values in diverse cultural settings,

O a camparative study of the political praesses affecting the
suxess of hazard reduction programs and development of ssggestions for
effectively dealing with these processes,

o selective study of situations in which traditional practices and
cultural meanimgys impede potentially beneficial hazard reduction progranms,

0 development and dissemination of guidelines for disaster
information programs and for release of hazard warnirmgs hased on study of
conditions leading to public misurderstamiing, mass panic, false-alarm
disillusiomment, and cther camterproductive respanses,

o develcmment of guidelines for pranwting cammmnity involvement,
motivating organizational and individual participation, and sustaining
interest and activity in hazard reduction programs, and
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o development of mamals for achieving effective coordination among
arganizations involved in hazard reduction and disaster respanse.

INTERACTION OF MULTIPLE HAZARDS

Natural hazards often take place as multiple processes in which an
initial hazard triggers secondary events. For example, an earthquake may
trigger a submarine landslide, which in turn may cause a tsunami, with
devastating effects. Or two or more hazards, although not directly
related to each other, may occur at the same time in the same or adjacent
localities, triggered by a common cause. For example, heavy precipitation
may induce debris flows or mxiflows alang hillslopes at the same time that
floading occurs in adjacent river valleys. As mentioned earlier, several
eamples of such imterrelated multiple hazard events stand out: the 1964
Prince William Sound, Alaska, earthquake (magnitude 8.4), which triggered
tsunamis, local flooding, and many landslides; the killer cyclanes in
Bangladesh in 1970 and 1985, when wind and flood hazards cambined to kill
at least 300,000 and leave 1.3 million hameless; the 1980 eruption of
Mount St. Helens in Washimgton, which occurred in association with
earthquake activity, wildfire that consumed large tracts of timber, and
rock-slide failure of the northern side of the volcano’s caone, which in
turn precipitated debris flows and floods up to 100 kilameters dowrnstream;
the 1986 Ecuadoran earthquake, which caused landslides and flooding due to
the formation and breaching of natural dams; and the 1923 Tokyo

earthquake, which caused a disastrous fire, killing 40,000.

77

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://lwww.nap.edu/catalog.php?record_id=18896

Typically, natural hazard mitigation is undertaken on the basis of
individual hazards. There are earthguake damage reduction programs, flood
control programs, landslide stabilization programs, and other such
prograns. Though they possess many cammon features, they also have unique
elements that may not be applicable to more than ane kind of hazard. 1In
addition, the same mitigative or response action may be generally
applicable to different types of hazards, but may not be identical for
each hazard. For instamce, an evacuation plan may be appropriate for a
mmber of different hazards, but routes may have to be modified to avoid
low elevations during floods and hillsides during landslides. Building
code requirements may deal with floods, earthguakes, landslides, and
tornadces, but the ideal reguirement for structural walls may be different
for each hazard. For example, a building elevated to avoid floods may be
at greater risk from earthquake hazards.

Multiple-hazard mitigation can and should be viewed as a logical and

necessary merhanism for overcaming the limitations of existing

broader systems framework. Increasingly, sciemtists, engineers, land use
planners, and public officials are recognizing the existerxe of
interactive hazards that may occur simultanecusly or in sequence and may
produce synergistic, amlative impacts that are different fram those of

their separately acting camponent hazards.
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LONG-TERM NATURAL HAZARDS

A group of important natural hazards can be distimuisherd fram those
described above because they are not typified by a rapid onset. Instead,
these hazards are relatively slow in their anset but prolanged in their
impact. Draghts, famines, epidemics, and desertification are well-known
long-term disasters.

Drought may be defined as any unusual prolanged dry period. Though
generally associated with semiarid or desert climates, they also occur in
areas that normally enjoy adequate rainfall. Droughts are usually
accampanied by dry, hot wirds, and they may be terminated by violent
storms.

The basic causes of drought are still not clear. It is generally
believed that droughts are a ansaquence of changing glabal weather
patterns triggered by such ecological events as solar radiation, excessive
buildup of heat on the earth’s surface, and irrreased particulate matter
in the earth’s atmosphere. Droughts are accampanied by reduced cloud
cover, thus increasing exposure of the land to solar radiation. The
result—increased transpiration and evaporation rates—tends to perpetuate
the drought. Once established, these caditions are difficult to reverse.

RHuman activities also contribute to development of drought
caditions. Overgrazing, poor cropping methads, deforestation, and
improper soil oonservation techniques often help to create a drought.

Desertification is a secondary effect of drought. Technically,
desertification occurs when the soil reaches a given level of dryness.
Simply stated, desertification occurs when land takes on the
characteristics of a desert. It can mean the encroachment of sand dunes
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and the loss of most vegetation or replacement of normal vegetation with
desert scrub bushes and other plants especially adapted to the desert
erviroment. In either case, the land is rendered useless without
large—scale and costly reclamation mea<ures.

Fighting desertification is both costly and frustrating. Few
developing countries have the resamrces nexessary to stop this pracess
once it takes hold, and reclamation sacresses have been rather limited.
The best way to stop desertification is to prevent its initiation, and the
best way to accamplish this is throgh capreharsive measures that address
widespread econamic and agricultural development.

Reducing the hazards of droxght and desertification requires a
balanced program that develops good water resamrces, addresses the
problems of soil erosion, and adopts realistic limits on the exqansion of
animal herds, or accompanies the expansion of herds with camprehersive
rangye management. Agricultural improvements to prevent these hazards
include modifying cropping patterns and imtroducing drought-resistant crop
varieties; rangeland management includes improvement of grazing lands and
grazing patterns, imtroduction of feedlots, and protection of shrubs and
trees.

Bgansive soils—soils that exhibit large potential for shrinking and
swelling with changes in moisture content—are another long-term hazard.
amnstruction on these soils is extremely vulnerable to damage—even total
destruction—as the ground surface elevation changes in respanse to
seasagnal fluctuations and rainfall. The problem is particularly acute in
arid and semiarid regions. Shrinking and swelling soils are found in
imustrialized and developing nations alike. The total cost of damage
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associated with expansive soils is estimated at a minimm of $6 billion
per year in the United States alone; it is the natian’s most costly
natural hazard. Extremely high costs are likely to be typical for many
other nations as well. Though mitigation meassres involving land use and
building design are well known, they are often not applied due to
ignorame, cost, and lack of enfarcemestt.
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An activity of the scope of the IINHR requires careful plamnirg in the
best spirit of international cooperation. The detailed plamnirg and
arganization of the Decade is not the province of this report. However,
this chapter explores activities of general impartance to the aaduct of
the Decade, whatever its configuration. Topics include the nmature of
onoperative projects, facilitating cawunication at both the scientific
and lay levels, and same suggestions for regional hazard facilities.

OCOOPERATIVE PROJECTS: ESSENCE OF THE IDNHR

Types of Qooperative Projects

A primary focus of the IINHR is initiation of a wide range of
onoperative projects designed to put into practice the knowledge that
exists and to stimilate further cnoperation and research. Qoperative
activities between sciemntists and practitioners—those respasible for
implementing hazard reduction measures—can be both damestic and
intermational in scope. Possible cnoperative projects generally fall into
three categories:

o the collection, dissemination, or application of existing
knowledge and identification of gaps in knowledge,
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o applied research that is problem-focused and aimed at filling
gaps that have been idemtified, and

o new research that can yield additional knowledge for general

application.

Projects That Apply Existing Knowledge

Research since World War II provides the technical capability to
greatly reduce the number of deaths caused by natural hazards. For
earthguakes, cyclanes, and other rapid-unset events, most deaths occur in
the Third World. Most of them result fram the failure of improperly
designed and constructad buildings. By simply distilling existing
information and translating it into practical guidelines for improved
anstnxction, we can significantly improve the performance of even the
most basic buildings. In a sense, the buildings that are least
challenging have been ignored. Instead, attention is focused on the more
caplex and sciemntifically interesting structures. For example,
high-rise, high-cost, and high-axapancy buildings have cammarded the
attention of the research aammmity, and nonengineered buildings have
received relatively little attention. During the Inmtermatiocnal Decade for
Natural Hazard Reduction, all sectors will receive more attention,
increasing the application of knowledge to areas where results can be
immediately attained and stimilating further work in the more camplex
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The safety of facilities whose failure would affect large
populations—dams, muclear power plants, pipelines, refineries, chemical
processing plants, and others—will be improved by coordinating and
codifying praceures for hazard assessment, risk analysis, and engineering
design. This could be achieved through cooperative projects. Further,
knowledge about disaster preparedness gained from individual disasters can
be disseminated and applied worldwide through cooperative vermtures. In
addition, disaster data that now exist in individual countries and in
different data files in a single camtry can be collected, processed, and
disseminatad through cooperative effort. This effort would benefit all
caancerned nations and help identify significant gaps in knowledge.

Problem-Focused Applied Research

Many problems attendant to natural hazards can be addressed through
cooperative hazard mitigation projects that unite scientists and
practitianers in activities that focus on cammon problems. For example,
after identifying a particular problem area—such as using meteorological
data to better prepare for an approaching hurricane—sciemntists and
practitianers could then form a team to address the situation. The
sciamtists would provide an-the-spot research to camplement the ongoing
implementation efforts of the disaster plamning officials. In this way,
the researqy/implementation/feedback process could be accelerated, and the
projects could demonstrate positive results achieved within a reasanable
time. This type of problem-focused project could be a key activity of the

IDNHR.
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Ancther example of prablem-focusad research relates to the earthquake
safety of existing cancrete dams. A safety analysis of an arch dam, for
instance, reruires data on seismic motions at the points of catact
between the dam and the canyon floor and walls. These motions have never
been recordad. A single cantry instrumemnting same of its dams might have
to wait a long time before rexxrding the desired information. An
international approach, with dams in various seismically active areas

being instrumented, could provide the information much soaner.

New Research

The IINHR will also stimilate major new research. Whether they are
gephysical studies of tsunami generation or the development of a
cooperative international pragram in strong earthquake motion measurement,
the possible cooperative projects under the aegis of the Decade are
nmerals. Further, ance attention focuses on the activities of the
Decade, new topics will emerge. Be they scientific, technical, social, or
administrative, many will require new research efforts and fresh
approaches. By bringing researchers and practitianers together in a
variety of forums, the IINHR can generate new ideas and greatly enhance
the state—of-the-art in all areas. Imtermational workshops organized
around specific disasters or specific mitigation approaches will provide a
structure for indepth discussions to formulate new pragrams of crucial
research.
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The Scope of International Projects

The nature and scope of cooperative imtermational projects will vary
deperdirg on the topic. For example, same gecphysical projects require a
regional approach and will involve sciemntists fram several—often
many—ocnuntries. The stidy funded by the United Nations on earthquake
risk in the Balkan region in the 1970s involved Murdreds of earth
sciemntists fram the region and fram other participating countries.
Possible regional projects include:

o risk and hazard mapping,

o gecphysical studies,

o climatic studies,

o networks of data recording instruments, and

O regional early warnirg networks.

On the other hand, projects designed to improve building perfarmance
must often be undertaken on a camntry-by-caumtry approach. Sametimes they
must be broken down even further within a camtry to imterprovincial
levels. However, even in these activities, building types temd to
repeat—albeit with variations. The IIHNR will bring engineers,
architects, and plamners with practical experience in one coumtry into
cortact with their colleagues in other countries to share their
egeriences. Possible projects include:
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o reducing the vulnerability of residential housing,

o plamnirng for disaster preparedness,

o developing repair procedures for postdisaster reconstruction, and
o formilating cansistent building regulations, stardards, and

practices.

Experience fram other internmationally recxgnized decades (for example,
the Intermational Hydrological Decade and the Decade of Child Survival)
shows that simply identifying a topic and designating it as a matter of
international concern generates an unprecedentad awareness of the subject
and camitent to the issues by virtually every nation. For example, the
United Nations estimates that, in the Inmtermational Year of Shelter for
the Hameless alone, over $1 billion in new projects has been committed
worldwide. In a decade of exparded hazard reduction activities, with
virtually every disaster-prore camntry carrying out new initiatives, the
opportunities for cooperative activities, joint projects, technical
echarges, and new research are unbamded.

MMUNICATION OF RISK

Improving Warning Systems

During the IINHR, a major effort should be made to improve reliability
of the warning system used for each natural hazard. Warning systers—same
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more reliable than others—exist for several hazards. The warnirg time
available varies for each hazard, and different actions are possible
according to the length of the warning. When the warnimg is up to a few
mimrtes, as with same tormadoes, the appropriate actions are to seek
shelter, avoiding areas where falling cbjects or debris may strike. When
the wvarning is a few hours, as with predicted flood crests along a river,
a cammmity can activate emergerncy plans, reinforce protective works, and
halt hazardaus imdustrial processes. Still other ciramstarres may offer
several days, weeks, or months of warning, as in the case of same volcanic
eruptions. Further cawplicating the warning process is the fact that a
hazard may affect only a few in the camunity, as with a riverine flood,
or everyane, as with a hurricane. Obviously, each warning period and kird
of cammmity impact may require a different warnirg system to inform the
awunity.

The tsunami warning system is an example of the need for improved
reliability. The present warning system for the Pacific region is based
on detecting a major earthquake, evaluating its tsunami-causing character
in terms of the epicenter and magnitude of the earthquake, determining
whether a tsunami has been generated, and evaluating the potential for
damage at a particular site. The inaccuracies associated with this
process result in a warnirng system of only limited reliability. For
eample, the Aleutian earthquake in the spring of 1986 resulted in a
warning issued in Honolulu, Hawaii, that caused a chaotic evacuation for a

tsunami of negligible amplitude. 1In its overall effect, this warning was

88
Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

warse than no warning at all. If the tsunami-causing character of the
earthquake could have been evaluated more accurately, the warning would
have been more approgriate to the real hazard pased.

Most often, physical models of the phenamena need improvement to
provide timely warning for evacuation and cother emergency respnses. This
need may mean that development of mmerical models to predict, for
eample, immndation regions on a real-time basis is required. It may also
mean that new measuremernt techniques need to be developed to provide basic
data for these models.

Educational Programs

Education is at the core of any disaster mitigation program.
Achievement of the IINHR goals requires varied educational programs suited
to a broad range of audiences. Frum initiating specialized graduate
research pragrams to stimilating public awareness in remcte regions
subject to natural disasters, the transfer of knowledge is key to major
success in hazard reduction.

At an early stage of the IINHR, the full range of educational programs
must be defined and resources assigned. Many of these pragrams will be
urnprecedertad in socope and will require inmnovative design. Camplex issues
of social, econamic, and lamuage differences amang participating
countries present additional challenges.

8
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Because public suppart for hazard mitigation is vital in all
countries, a key activity of the Decade should be exparmding public
awareness of hazard reduction possibilities. However, achieving public
suppart is not simply a matter of spreading the word. Ill-caxeived
public awareness campaigns can be ineffectual or even aamrterpraductive.
Qistacles to enlisting public suppart include ignaramce of cultural and
political factors, failure to uderstard the probable econamic
arsequences of various mitigation measures, and the difficulty of
achieving cooperation among organizations involved in hazard mitigation.
Nanetheless, many countries have developed public awareness prograns, and
international exhange of cammmnication techniques is a field in need of
further development of ideas and methads. Possible cooperative projects
include:

0 public awareness and involvement activities,

o monitoring the economics of mitigation efforts,

o exploring culturally based reactions to disasters,

o improving cooperation among organizations, and

o providing information to plamners and financiers of major
amnstruction projects.

To provide technical and scientific suppart for hazard reduction
activities in future decades, new generations of engineers and sciemtists
will need to be trained and motivated. Participating coauntries can
benefit fram organized exchange programs to bring stidents to areas where
special mitigation expertise exists. To acquaint stuidents with the
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professional apportinities and encrarrage their emtry into this field, the
Decade should stimilate a wide range of student activities. An eample is
the intermational engineering and plamimg competitions held as a prelude
to the 1976 United Nations Habitat Conference in Varncouver, British
Columbia. Students were enxniraged to select a cammmnity that met given
criteria and to develop model plans for upgrading the enviromment and
living conditions. In the IINHR, similar activities could be encouraged
in order to involve stidemts in developing workable solutions for specific
cammities or conditions—passibly in their own countries or in selected
well-known hazardaus situations.

Other types of educational programs to be cansidered as part of the

INHR are:

O progrars in hazard-prone countries, including local programs on
implementing natural hazard reduction, development of materials in native
lamuages, and workshops and seminars given by experienced mitigation
practitianers,

o specific university curricula focused on natural hazard reduction,
and seminars and workshops focused on actual practice of mitigation
measures,

o personnel training and exhamges, involving practitioner exxhange,
stident intern programs, and international student fellowship prograns,
and

o educational cammnication, including glabal satellite transmission
of educational video programs and establishment of an imternational

. . 9 ) .
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Information Bxhange

Each natural hazard—shether it is an earthquake, flood, wirdstarm,
landslide, wildfire, or volcano—has a unique set of data that identifies
it. These data provide the basis for our umierstamiimg of the nature of
hazards, the human respase to them, and the effectiveness of previous
mitigation measures. The more camplete these data, the sounder the basis
for future mitigation efforts. The data for each hazard falls into three
broad categories:

o data describing the natural hazard event (for example, wind
velocity measurements and strong motion earthquake recordirgs),

o data describing the damage impact of the hazard event (for example,
mmber of buildings damaged or mmber of deaths), and

o data and information describing the institutional respase to a

hazard event (for example, emergercy service and lifeline performance).

Ideally, all these data would be immediately available for each of the
major natural hazards. For example, the ideal data set in these three
categories for floods includes:

o the temporal and spacial distribution of the rainfall that caused
the floaod,
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o the tamporal and spacial distribution of the flood, including the
immdated area,
o the total property damage casts and the mmber of lives lost, and

o the performance of the flood warnirg system, the lifeline system,
and the disaster relief organizations.

Building the capability for such data gathering and exhange is an
approgriate activity for the Decade. To implement a camplete information
gathering system for each natural hazard requires nettxrks of real-time
data qathering instruments. They could be linked by satellite to a
regional hazard reduction facility for rapid dissemination to all
interestad groups.

Camplementing this emphasis on data gathering must be an equal
enphasis on data handling and information flow. The great volume of data
that already exists on natural hazards thramghast the world has not been
brought together into a usable, coherent system. Poor data quality, lack
of stamdardization, outmded data storage equipment, and the use of
urnvalidated analytical methads are all contributing factors. Yet the
volume of new data expectad during the Decade is enormous. If the
activities of the Decade are to be a success—with information accessible
to all—much attention must be given to handling and organizing these data
into a useful information system. This system, together with tested
analytical techniques, similations, and risk/benefit methads, will provide
the information base neressary for timely and appropriate actions.

CGammnicating this information also requires attention. A primary
focus of the IINHR will be to improve cammnication between researchers
and those respansible for applying the knowledge gained fram research.
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New routes—such as clearinghauses—for disseminating data should be
testad, and special education programs for plamners, builders, emergercy
managers, and other professianals should be developed.

CONFERENCES AND COMMITTEES

Qnduct of the international decade should include an arganized series
of mestings for planning and evaluating progress. Same will be large,
with represemtation fram many countries; others may be relatively small,
involving represemtatives from only a few countries or a single coumtry.
Careful plamning is required to ensure that the meetings are productive.
Planning is particularly important in the initial phases of the IINHR,
when the overall scope of the program is fornulated and directions
established for individual hazards.

Each cooperating coumtry should establish a national Decade for
Natural Hazard Reduction camuittee for plamnimg and coordinating natianal
efforts. It is advisable that the national cammittee appoint a
subcomnittee for each natural hazard of concern, with each subcommittee
represemtad on the national camittee. The national camnittee should also
have represeamtation fram national organizations, government agencies, the
disaster preparedness cammmity, and other cancermed groups.

An international camittee must be established, with represemtation
fram the national camittees, to plan and guide intermational activities.
An intermational plamning meeting should be held as soon as possible to
discuss the Imtemational Decade for Natural Hazard Reduction, to draw up
gquidelines, and to make recawrerdations.

Copyright © National Academy of 590|4ences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

APPENDIX
PRINCTPAL SOURCE MATERIALS

Advisory Board on the Built Envirament. 1983. Multiple Hazard
Mitigation. National Research Council. Washimgtan, D.C.: National
Academy Press.

Advisory Camittee on Emergency Planning. 1975. Earthguake Prediction and
Public Policy. National Research Council. Washimgtan, D.C.: National
Academy Press.

American Meteorological Society. 1976. The Hurricane Prublem. Bulletin of
the American Meteorological Society 57:8.

Armell, N. W. 1984. Flood Hazard Managemernt in the United States and the
National Flood Insurarce Program. Geoforum 15:525-542.

Baker, E. J. 1977. Public Attitudes Toward Hazard Zone Catrols. Journal
of the American Institute of Plamners 43:401-408.

Blair, M. L., and W. E. Spangle. 1979. Seismic Safety and Land-Use
Plamning: Selected Bxamples fram California. U.S. Geological Survey
Professional Paper 941-B. Reston, Virginia: U.S. Geological Survey.

Bolt, B. A., W. L. Homm, G. A. MacDonald, and R. F. Scott. 1975.
Geological Hazards. New York: Springer-Verlaq.

Burby, R. J., and S. P. French. 1981. Coping with Floods: The land Use
tnagement Paradox. Journal of the American Planning Assoication
47:289-300.

Burton, I., R. W. Kates, and G. F. White. 1976. The Enwiroment as
Hazard. New York: Oxford University Press.

Camittee on the Alaska Earthquake. 1973. The Great Alaska Earthquake of
1964. National Research Council. Washimgtan, D.C.: National Academy
Press.

Camittee on Ground Failure Hazards. 1985. Reducing Losses from
ILandsliding in the United States. National Research Council.
Washimgton, D.C.: National Academy Press.

Camittee on Natural Disasters. 1978. Flood of July 1976 in Big Thampson

Canyon, Colorado. National Research Council. Washimgton, D.C.:
National Academy Press.

Camittee on Natural Disasters. 1981. The Kalamazoo Tornado of May 13,
1980. National Research Council. Washington, D.C.: National Academy
Press.

95

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://lwww.nap.edu/catalog.php?record_id=18896

e wel s

Cmmittee on Natural Disasters. 1983. Hurricane Iwa, Hawaii, November 23,
1982. National Research Council. Washimgtan, D.C.: National Academy
: Press,

Camnittee on Natural Disasters. 1984a. The Japan Sea Central Region
Tsunami of May 26, 1983, A Reconnaissance Repart. National Research

. Council. Washimgtan, D.C.: National Academy Press.

Camittee on Natural Disasters. 1984b. The Tucsan, Arizana Flood of
October 1983. National Research Council. Washimgtaon, D.C.: National

Academy Press.

Camittee on Natural Disasters. 1984c. The Utah landslides, Debris Flows,
and Floods of May and June 1983. National Research Council.

Washirgtan, D.C.: National Academy Press.

Camittee on Natural Disasters. 1985a. Hurricanes Iwa, Alicia, amd
Diana—Commaon Themes. National Research Council. Washimgton, D.C.:
National Academy Press.

Camittee on Natural Disasters. 1985b. The los Angeles, California Tornado
- of March 1, 1983. National Research Council. Washimgtan, D.C.:
National Academy Press.

Camnittee on Natural Disasters. 1986a. An Advance Report: Recammendations

formptwmﬂxemxstng Systen for an Imperding Eruption of
the Nevado del Ruiz Volcano, Colambia, S.A. National Research

! council, Washington, D.C.

Camittee on Natural Disasters. 1986b. Hurricane Diana, North Carolina,
. September 10-14, 1984. National Research Council. Washimgton, D.C.:
National Academy Press.

Camittee on Natural Disasters. 1986c. Research Agenda: Learning fram the
: 19 September, 1985 Mexico Earthquake. National Research Council.
~ Washimgtaon, D.C.: National Academy Press.

Camnittee on Natural Disasters. 1986d. The Octaber 1985 landslide at
Barrio Mameyes, Ponce, Puerto Rico. National Research Council.

Washirmgton, D.C.: Natlonalhmdenyi’:ss

Camittee on Natural Disasters/California Institute of Technology. 1982.
Storms, Floods, and Debris Flows in Southern California and
~ Arizaona—1978 and 1980. National Research Council. Washirgtaon, D.C.:
Camittee on Natural Disasters/Farthquake Engineering Research Institute.
1981. Earthquake in Campania-Basilicata, Italy, November 1980.
National Research Council. Washimgtan, D.C.: National Academy Press.
Camittee on Natural Disasters/U.S. Geological Survey. 1984. Debris Flows,

Iandslides, and Floods in the San Francisco Bay Region, Jarmary 1982.
National Research Council. Washirgtan, D.C.: National Academy Press.

96

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

Qmy, F. C. 1983. Disasters and Development. New Yark: Oxford University
Press.

Drabek, T. E. 1986. Human System Responses to Disaster: An Invemtory of
Sociological Fimdimgs. New Yark: Springer-Verlag.

Drabek, T. E., A. H. Mushkatel, and T. S. Kilijanek. 1983. Eartixjuake
Mitigation Policy: The Experiences of Two States. Program on
Ewviromment and Behavior Monograph No. 37. Boulder, Colorado:
Institate of Behavioral Science.

Fernardez, A. 1979. The Relatianship Between Disaster Assistame and
Long-Term Development. Disasters 3(1) :32-36.

Friesema, H. P., J. G3graso, G. Goldstein, R. Lineherry, and R. McCleary.
1979. Aftermath: Commmities After Natural Disasters. Beverly
Hills/1aondon: Sage Publications.

Fujita, T. T., et al. 1976. U.S. Tormadaoes 1930-1974 (map). The University
of Chicago, Chicago, Illinois.

Funaro-Qurtis, R. 1982. Natural Disasters and the Development Process: A
Discussion of Issues. Prepared for the Office of U.S. Foreign
Disaster Assistamre. Washimgtan, D.C.: Agency for Imternational
Devel cpment .

Geipel, R. 1982. Disaster and Rexonstruction. London: Allen and Unwin.

Haas, J. E., R. W. Kates, and M. Bowden. eds. 1977. Recxonstruction
Following Disaster. Cambridge: MIT Press.

Kreimer, A. 1978. Post-Disaster Recrnstruction Plamning: The Cases of
Nicaraqua and Gautemala. Mass Emergencies 3(1):23-40.

Iaube, J., and S. A. Murphy, eds. 1985. Perspectives on Disaster
Recovery. East Norwalk, Comnecticut: Appletan-Certary-Crofts.

Mileti, D. S., T. E. Drabek, and J. E. Haas. 1975. Human Systems in
Extreme Enviramuents: A Sociological Perspective. Boulder, Colorado:
Institute of Behavioral Science.

Ministry of Qonstruction, Japan. 1983. Reference Mamial on Erosion Comtrol
Works. Erosion Catrol Department.

National Oceanic and Atmospheric Adminstration. 1984. Tsunamis in the
Pacific Basin 1900-1983. Naticnal Geophysical Data Center and World
Data Center A for Solid Earth Geophysics.

Office of U.S. Foreign Disaster Assistance. 1987. Disaster History:
Significant Data on Major Disasters Worldwide, 1900-Present.
Washimgton, D. C.: Agency for International Development.

97

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

Olsan, R. S., and D. C. Nilsan. 1982. Public Policy Analysis and Hazards
Research: Natural Camplements. Social Science Jourmal 19(1) :89-103.

Quaramtelli, E. L. 1982. General and Particular Gbeervations an Sheltering
and Housing in American Disasters. Disasters 6(4):277-281.

Rubin, C. B. 1979. Natural Disaster Rerovery Planning for local Public
Officials. Columbus, GChio: Academy for Qartempurary Problems.

Rubin, C. B., M. D. Saperstein, and D. G. Barbee. 1985. Cammmity Rexovery
fram a Major Natural Disaster. Program on Envirorment and Behavior
Manograph No. 41. Boulder, Colorado: Institute of Behavioral Science.

Rubin, C., B. A. M. Yezer, Q. Hussain, and A. Webb. 1986. Summary of Major
Natural Disaster Incidents in the U. S.: 1965 to 1985. Washimgtan,

D.C.: Federal Emergency Managememt Agency.

Saarinen, T. F. ed. 1982. Cultivating and Using Hazard Awareness. Program
on Evirament and Behavior Monograph No. 35. Boulder: University of
Colorado Natural Hazards Information Center.

Scheidgger, A. E. 1975. Physical Aspects of Natural Catastrophes, New
Yark: Elsevier.

Schster, R. L. and R. J. Krizek, eds. 1978. lardslides: Analysis and
Cartrol. Transportation Research Board Sepcial Repart 176. National
Academy of Sciences. Washimgtan, D.C.: National Academy Press.

Scuster, R. L. and R. W. Fleming. 1986. Econamic lLasses and Fatalities
Due to lardslides. Bulletin of the Association of Engineering
Geologists 23(1):11-18.

Slossaon, J. E. 1969. The Role of Engineering Geology in Urban Plamnirg.
Oolorado Geological Survey Special Paper, pp. 8-15.

Southern, R. L. 1979. The Glabal Sociceconamic Impact of Tropical
Cyclanes. Australian Meteorological Magazine 27(4):175-195.

Tilling, R. I. 1975. Volcances. U.S. Geolgical Survey. Washimgton D.C.:
U.S. Goverrment Printing Office.

Turner, R. H., J. M. Nigg, and D. H. Paz. 1986. Waiting for Disaster:
Earthquake Watch in California. Berkeley: University of California
Press

U.S. Geological Survey. 1982. Goals and Tasks of the landslide Part of a
Ground-Failure Hazards Reduction Program, Circular 880. Restan,
Virginia: USGS.

98

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

Water Science and Technology Board. 1985. Drought Managerert and its
Impact on Public Water Systems. Natiaonal Research Council. Washirgjton,
D.C.: Natianal Academy Press.

White, G. F. and J. E. Haas. 1975. Assessmemnt of Research on Natural
Hazards. Cambridge: MIT Press.

Wright, J. D., P. H. Rossi, S. R. Wright, and E. Weber-Burdin. 1979. After
the CleanVUp: Long-Range Effects of Natural Disasters. Beverly
Hills/london: Sage Publications.

Zaruba, O., and V. Mencl. 1982. landslides and Their Catrol. New Yark:
Elsevier.

GENERAL READING

Ballard, F. M. 1984. Volcances of the Earth. Austin: University of Texas
Press.

Blair, M. L., T. C. Vlasic, W. R. Cotton, and W. Fowler. 1985. When The
Ground Fails: Plamning and Engineering Respanse to Debris Flows.
Program on Enviramment and Behavior Monograph No. 40. Boulder,
Colorado: Institute of Behavioral Science.

Breznitz, S. 1984. Cry Wolf: The Psychology of False Alarms. Hillsdale,
New Jersey: lawrence Erlbaum Associates.

Gere, J. M., and H. C. Shah. 1984. Terra Non Firma: Understamiing and
Preparing for Earthquakes. New York: W. H. Freeman and Company.

Hays, W. W., ed. 1981. Facing Geologic and Hydrologic Hazards,
Earth-Science Considerations. Geological Survey Professianal Paper
1240-B. U.S. Geological Survey. Washimgtan D.C.: U.S. Govermmernt
Printing Office.

Institute of Geological Sciences. 1983. Earthquakes. London, England.

Iowrance, W. W. 1976. Of Acceptable Risk: Science and Determination of
Safety. los Altos, California: William Kaufmarn, Inc.

Maybury, R. H. ed. 1986. Violent Forces of Nature. Mt. Airy, Maryland:
Lamond Publications, Inc.

Camittee on Disasters and the Mass Media. 1980. Disasters and The Mass
Media. Natianal Research Council. Washimgtan, D. C.: Natianal Academy
Press.

29

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

Confronting Natural Disasters: An International Decade for Natural Hazard Reduction
http://www.nap.edu/catalog.php?record_id=18896

National Geographic Society. 1986. Nature on The Rampage, Our Violent
Earth. Washimytan, D.C.: National Geographic Society.

Rues, E. H. 1986. Facing The Volcano: The BExperience of a Hotelier in
El Salvador, Camtral America. San Salvador: Rues.

Tilling, R. I. 1982. Eruptions of Mount St. Helens: Past, Present, and
Future. U.S. Geological Survey. Washimytan, D.C.: U.S. Goverrmemt

Printing Office.

Tilling, R. I., C. Heliker, and T. L. Wright. 1987. Eruptions of Hawaiian
Volcances: Past, Present, and Future. U.S. Geological Survey.
Washirgton D.C.: U.S. Goverrmernt Printing Office.

100

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog.php?record_id=18896

	Front Matter
	'AN INTERNATIONAL DECADE FOR NATURAL HAZARD REDUCTION: A SUMMARY'
	'REDUCING THE IMPACTS OF NATURAL HAZARDS'
	'THE HAZARD REDUCTION PROCESS'
	'MAJOR NATURAL HAZARDS'
	'ACTIVITIES FOR AN INTERNATIONAL DECADE'
	'APPENDIX 1: Principal Source Materials'
	'APPENDIX 2: General Reading'

