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o. I 
N:II'ICE: '!be project that is the subject of this report was �  by 

the Gaven'linj Board of the Naticral Research Cooncil, whose nerters are 
drawn fran the cxmx:ils of the Natiooal Acadeny of SCiEDJe&, the Naticral 
Academy of Ergineerin;J, an:l the Institute of Medicine. '!be nerters of the 
ocmnittee respcllSible for the zeport were dlosen for their special 
� an:l with regard for awrcpriate balame. 

'Ibis report has been reviewed by a grcq> other than the authors 
ac::x:::oniiJg to procedures � by a Report Review Ccmnittee 0C11Si.stin;J 
of nerters of the Naticral Academy of SCiEDJe&, the Naticral Academy of 
Ergineerin;J, an:l the Institute of Medicine. 

'!be Naticral Academy of SCiEDJe& is a private, nap:ofit, 
self-pezpetuatin;J society of clisti..n;Juish sdlolars � in scientific 
an:l ergineerin;J research, dedicated to the f'urt:heraiD! of scieme an:l 
tedmology an:l to their use for the general welfare. Up:n the authority 
of the charter granted to it by the Q:u;p:ess in 1863 , the Academy has a 
mamate that r:equizes it to advise the federal government oo scientific 
an:l tedmical matters. Dr. Frank Press is president of the Natialal. 
Academy of SCiEDJe&. 

'!be Natialal. Academy of Ergineerin;J was established in 1964 , urxJer the 
charter of the Naticral Academy of SCiEDJe&, as a parallel organizatioo of 
.... �� .. ......:� � ....... . 

t . ·--- . 'ts ---.:-.:�-·ti --..:� . the W�\ooQ& � "'::jl en:Jl.lleerS . I l.S au".uuCIIVXJS lD .1 ClUIU.U�I..I. Cl CBl C:UL& lD 
selectioo of its l'Jielli:lers , sharin;J with the Naticral Academy of SCiEDJe& 
the respcllSibility for advisin;J the federal government . '!be Naticral 
Academy of Ergineerin;J also spcn;ors ergineerin;J pzocp:mns aimed at meetir¥;J 
natialal. needs, encaJrages educatioo an:l research , an:l t"eOJgnizes the 
superior adrleverrents of ergineers. Dr. Rd:lert M. White is president of 
the Naticral Academy of Ergineerin;J. 

'!be Institute of Medicine was established in 1970 by the Naticral 
Academy of SCiEDJe& to secure the sezvioes of eminent l'Jiel1i:lers of 
�iate professicns in the examinatioo of policy matters pertainin;J to 
the health of the plblic. '!be Institute acts urxJer the respcllSibility 
given to Natialal. Academy of SCiEDJe& by its OCI"J'3l:essialal. charter to be 
an adviser to the federal government an:l, upa1 its own initiative, to 
identify issues of medical care, research, an:l educatioo. Dr. SaniJel. o. 
'lhier is president of the Institute of Medicine. 

'!be Natialal. Research Cooncil was organized by the Naticral Academy of 
SCiEDJe& in 1916 to associate the broad OCIIIII.Drlty of scieme an:l 
tedmology with the Academy's p.trpOSeS of furtherin;J knowleci;Je an:l of 
advisin;J the federal goveztment. Fl.D'Ktialin;J in aocordaooe with general 
policies detennined by the Academy, the Cooncil has beoane the priooipal 
�tin; agerr::y of both the Naticral Academy of SCiEDJe& an:l the Natialal. 
Academy of Ergineerin;J in proviclirg sezvioes to the government , the 
plblic, an:l the scientific an:l ergineerin;J OCIIIII.Drlties. '!be Cooncil is 
administered jointly by both Academies an:l the Institute of Medicine. Dr. 
Frank Press an:l Dr. Rd:lert M. White are chainnan an:l vice chairman , 
respectively, of the Natialal. Research Cooncil. 

'Ibis study was supported by grants fran the Natialal. SCieme 
Foordatioo an:l the Federal &nergerx:y Management }qercy to the Naticral 
Academy of SCiEDJe&, as well as by the 'lhanas Lin:x>ln casey Fllrrl . 
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'!he images of death ard destructioo fran natural disasters cu:e 

OCilStantly thrust before us: a typxx:n in Sruth Korea, lamslides in 

FJ.lrcp! , tomadoes in the united states, an earthquake in Mexico, poi.salcus 

gas releases in camerocn . '1his report oa.mters with its own image of a 

less hazardoos world, attained by sharirg knowled}e we alieady have about 

reducirg the i.npacts of natural hazards, ard by cxxparatirg in researdl to 

exten:i this knowled;Je. 

'!he time has oaoe to view natural hazards as a world problem, b1t ooe 

that scientific ard t:edlrx>logical advan::a; now provide a unique 

�ty to ad:iress . '!he establishment of an Intematialal. Decade for 

Natural Hazard Recluctioo, beginnin;J in 1990, 'WOJl.d be a p:Jtent first step 

in reducirg the inpacts of natural hazards thrcu;#l ocxmtinated researdl, 

data gatherirg, ard infonnatioo sharirg. 

'!he thrust of this report is that Jli1Ch that is already Jcnawn is not 

universally awlied ard that there is vast q:porbmity to advarD! oor 

knowled}e of hazard reductioo if we pool resources . If we cu:e to achieve 

a less hazardoos world, we nust awroach the problems of research ard 

awlicatioo oo an intematialal. basis. .Anyt:hirg less is to accept the 

frightful toll that natural hazards now inflict. 

I hq)e that yoo will read this report with a view towan1 actioo ard 

that yoo will share my enthusiasm for the Intematialal. Decade for 

Natialal. Hazard Recluctioo. A safer world awaits an- resolve to act 

together . 

Frank Press 1 President 

Natiooal Academy of sciences 
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'Ibis report outlines the cxrc:.ept of an Intematiooal Decade for 

Natural Hazal:d Reducti.at (IIHIR) : the need for such an effort, the 

benefits it might CCI'lfer, the kirds of projects it might ild.ude, am how 

it might be organized. 'lhe :repent is int:.emed not auy for those 1'lC7II in 

the hazard :reductiat field, b1t also for the broader at.dieme of policy 

makers am the interested plblic lttlo will p:rovide the mX!ve force behiJd 

arrz successful attenpt to :reduce hazard-:rel.ated losses. 

'1he:re is widesp:read interest in establishin) an IIHIR. '!be scientific 

am t:edu'x>logical CXIIIllD'li.ty believes that the time is right for a 

c:xxmiinated intematiatal. p:ttg:ram at hazard reductiat am, OCI'lVeJ:Sely, 

that if I'XJthin;J is dale, natural disasters will beoane increasin;Jly 

seve:re . '1he:re is a growin;J CCI'lfiderx:le that inpJrtant advaooes in ocpin;J 

with natural hazards a:re within readl of evert natiat if a glOOal. effort 

is J1D.111ted. It is too q:Jtimistic to EDq)9Ct that natural disasters can be 

oarpletely eliminated durin; such an effort, b1t it is reasooable to 

EDq)9Ct that a stl:'a'g p:rog:ram can markedly :reduce injuries, deaths , am 

prc.perty damage due to natural hazards. 

'lhe ocra::Ept of a ooc:.p!rative intematiooal p:rog:ram to :reduce natural 

hazards was first presented by or. Frank P:ress, p:resident of the u.s. 

Natiatal. Academy of SCiemes , in a speecil at the Eighth World CD1fereooe 

at Earthquake Ergineerin;J in 1984. In his keynote ackh'ess to the 

Intematiooal Associatiat for Earthquake Ergineerin;J (IAEE) , he p:rqosed 

an Intematiatal Decade for Natural Hazal:d Reducti.at, begi.mirg in 1990. 

ix 
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After the OCI'lfererx:le, as ocpies of the speedl circulated, intematimal 

interest began to brlld, nat auy with respect to reducin;J the toll of 

earthquakes , b.Jt also with respect to other natural hazams. 

InteJ:est in establi.shinj an IIHIR <XI'ltirued to grow am led to the 

cq:p:>intm::ut of a Natimal Research Cour¥::il Advisory Q:adttee at the 

Int:en'latimal Decade far Natural Hazard Recluctiat, \hJse dlanJe was to 

evaluate the potential for such an effort am how best it might be 

realized. '!he cx:mnittee was O"la;ed of natural hazaid experts fran many 

disciplines am was drawn fran acadenia, the private sector, am 

govennent agerx::ies. 

'!he cx:mnittee benefited fran the irplt received fran canada am 

Mexico, our neighbors to the north ani south, am fran Japan, our partner 

in many reoesat CXlq)erative research projects . 

outoane of the deliberatiCilS of the ocmnittee, ani is int:.enied to 

introduce the cxnoept of an IIHIR to a broad au:lience . It is nat the 

report's pnpose to synthesize or critique the extensive literatm:e at 

hazaid mitigatiat, b.Jt rather to point to cg:10rtunities for reducin;J 

global risk fran natural hazards t:lu:'a.J3h the cq:plicatiat of science am 

technology. '!he prin::ipal souroes used by the ocmnittee in its 

deliberatiCilS awear in the �- In actiitiat, the �  cart:ains 

a list of SlKjgeSted readin;p; of a Jl¥)re general natm:e for readers wishi.n;J 

to pn-sue the subject. 

It socn becmfte clear that la\ll'ld1in;J an erxleavor as oc:rrplex as the 

IIHIR takes time ani careful prior planning. As the IIHIR will address a 

rJ1IIber of natural hazards, OCX'Itril:utors fran many disciplines will be 

involved, am participatiat fran a n.mber of cnmtries can be expectecl. 

X 
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Further, in eadl camtry many government am professialal. agen::ies will 

need to begin exx>minatin;J their activities so that natialal. am 

intematialal. progzams can be oiganized. 

Naletheless, it will require prarpt acticm to initiate the IIHIR in 

1990 . '1he ocmnittee believes that OCI'lOerted acticm now by the world 

<XIIIIImity can yield results quickly am set the tale for major reducticm 

in the .inpacts of natural hazards in the future. 

'1he ocmnittee has been greatly aided by many pecple am 

oiganizatiCilS. On behalf of the ocmnittee, I express gratitude for this 

help. For myself, I wish to thank all the ocmnittee JDEIStbers , the liaisal 

JDEIStbers, am the National Research Cbm::il staff JDEIStbers who have inspired 

am facilitated the task at bani . 

George W • HaJsner 1 Cbai.nnan 

Advisory Ccmnittee CXl the 

lnt:en'latialal. Decade for Natural Hazard Reducticm 
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1 

AN INl'EBgg'IQW, r.trA1E RR NMURAL HAZARD REilJCI'I�: A StttJ1\RY 

'1HE NEED RR AN IIHIR 

� history, natural disasters have exacted a heavy toll of death 

and human sufferirg . Natural hazards such as earthquakes , lamslides , tsunamis 

(tidal waves), hurricanes, tomadoes, floods, volcanic eruptioos, and wildfires 

have claimed DDre than 2 . 8  millicn lives worldwide in the past 20 years , 

adversely affectirg 820 millicn pecple . Sil'D! 1949 , at least 17 .in:lividual 

disasters have killed DDre than 10 , 000 pecple eadl; on two oocasioos-in 

BanJladesh and China-sirgle disasters took DDre than a quarter-mi.l.licn lives . 

Aoocllpanyirg the loss of life has been devastatirg ecaarl.c loss and the 

hardships it entails for sw:vivors. A sirgle hazal:dous event can destroy 

crops , b.ti.ldin;Js, highways, ports , and dams . It can severely disnJpt CXIIIII.Dl.ity 

lifelines-the systems that provide food distrib.ttion, water suwly, waste 

disposal., and <XIIIIImicaticn locally and with the rest of the world . In the 

last two decades , property damage estimated at $25-100 billicn resulted fran 

natural disasters; total losses are DllCh higher, reflectirg shattered ecaonies 

and disrupted social stn1ctures in the wake of a disaster . For exanple , 

t:rq>ical cyclooes have caused worldwide losses of an estimated $6-7 billioo 

anmal.ly. '1he OCilpU'able loss for lamslides exceeds $5 billioo . '1bese 

figures merely hint at the human ilrpacts of a natural catastrc.ple . Kxlflows 

1 
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fran the eruptiat of CblQ'd:)ia' s Nevado del Ruiz volcano in 1985 , for exanple, 

killed 22 , 000 peq>le am left 10 , 000 DDJ:e haDeless. M:m! than 600 , 000 peq>le 

lost their haDes in Daninica ani the Daninican Replblic because of lllrricane 

David in 1979 . '1he Managua eartb;luake in 1972 left DDJ:e than 300 , 000 haDeless 

in Nicaragua, with damages equal to a year's GNP for that camtry. 

Nearly all countries risk devastatiat by natural hazards . Truly, such 

hazards recognize no geopolitical bc:mrlaries. Yet losses fran these events 

rise each year, despite progzess in un::Jerst:ardi. natural hazards ani how to 

mitigate their effects. '1hcujl ecxl'lCI1li.c losses are highest-in 1IOletaJ:y 

value-in irdustrialized nations, the greatest b.n'den fran natural catastrqiles 

falls at develq>in;J natiCilS, 'ttilere high death tolls am greater relative 

ecx:n:Di.c loss deal a clalble blow. 

'1he magnitlde of the pn:blan worldwide might seem to defy solutiat. Yet 

hazani reductiat suooesses clearly show that heavy losses at the hams of 

nature are not inevitable. It may not be possible to prevent the �  of 

natural hazards, bJt the disasters they generate can often be avoided. In 

general , hazani reductiat refers to the process of lesseni.m the iltpacts of a 

potential event at the social am bli.lt envil:allbE!llts . In �, this means 

reducin;J deaths , injuries, am p!.'q)erty damage, am minimizin;J the destructiat 

of a OCillllmity's social ani ecxl'lCI1li.c fabric. 

Experience dem::l'lstrates that we have encu;#l knc:Jwledge already, if pl'q)erly 

cq:plied, to reduce both human am prq>erty losses substantially. In fact, 

pzogzess in scientific am technical un::Jerst:ardi. of natural hazards , as well 

as in techniques to mitigate their effects, has lead to the prqxx;al for an 

Int:en1ational Decade for Natural Hazard Reductiat (IIHIR) • SUc::h a CXI'lOerted 

effort to develq>, disseminate, am cq:ply this knc:Jwledge ocW.d yield both 

:i.nmedi.ate ani 1�-term benefits worldwide. 
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'1he omoept of a glooal. program to reduce natural hazards , involvin;J 

collaborative efforts 8ll¥:lR1 culturally ani ec:xxani.cally diverse natiaw, has 

received enthusiastic suwort fran the scientific ani tedmological c:x:mm.mi.ty 

at large. 

Intemational organizations i.ool.uiin;J the Intemational Cour¥::il of 

SCientific Uniaw (ICSU) , the Intemational Unicn of Geodesy ani Geqilysics 

(IOOG), the Intemational Unicn of Geological SCiences (ItX;S), the 

Intemational Associaticn of ED;Jineerin;J Geology (!Am) , the Inter-Unicn 

Ccmnissioo oo the Li.thosPleJ:e (ICL) , the Intemational Associaticn for 

Earthquake ED;Jineerin;J (IAEE) , ani the Intemational Associaticn for Win:l 

Ergineerin;J (IAWE) have expressed suwort for the Decade .  At least 17 national 

professional groops , irx::luiin;J the SCience Cour¥::il of Japan, the Royal Society 

of canada , the Asociacioo de Irgeni.eros Estructural.es (AJ:9entina) , the 

Earthquake ED;Jineerin;J Researdl Institute (United states), the Mexican Academy 

of ED;Jineerin;J, ani the ED;Jineerin;J Institute of 'lbailani have also respcnied 

with st.ra'g interest ani enoc:m-agement . 

In ViE!'fl Of this growin;J suwc>rt for the :n:tmR, the time is ripe to brin;J 

the matter to the attenticn of govermnents ani hamess the energies of 

scientists, ergi.neers, practitiooers, ani others lrotbo are willin;J to devote 

their talents to creatin;J a mre hazard-resilient world. 

'1he present report � a broad framework for the c:cniuct of the 

:n:tmR. It shc:W.d nat be seen as a detailed planning doolnnent: such a 

blueprint nust be the prcxluct of future diSCIJSSions � pzospective 

participants . 'lhus, the report � many actions, b.Jt proscribes none . It 

is a call to actioo to a diverse , glooal. au:tience ani seeks a unity of vision 

without prej\Xlgin;J possible IINIR activities. 
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It is generally recognized that the jnpacts of natmal. hazards are 

il'x::reasin;J ani will oa1tirJJe to do so rml.ess the -world CXIlll'lmity takes 

CDXlerted actioo. '!he reasoos are clear: pcpllatioo grcM:h ani cax�ntration 

.in 'lllDan areas; il'x::reasin;J capital investment ooopled with new, sauetiJDes 

vulnerable tectmOlogies; the large J'1UIIiJers of unsafe b.lilc:lirqs, wlnerable 

critical facilities, ani fragile lifelines; am the il'x::reasin;J int:erdeperrler 

of pecple .in local , natiooal. , ani intematiooal. CXIlll'lmities . All these factors 

irx:rease the world's wlnerability to natural hazards . 

'!he scientific ani technical awlicatioos useful .in mitigatin;J the effects 

of natural hazards incllde: brl.ldin;J structures to wit:hst:an:i the actions of 

the hazards, preventin;J or c::!laRJin;J the characteristics of the hazards , 

predictin;J am wamirg of hazards , am identifyin;J am avoidin;J sites where 

hazards are likely to strike 1'IKlSt st.ragly. In a&ii.tioo, social strategies can 

mitigate the effects of hazards: restrictin;J 1an1 use; develcpin;J emezgency 

preparedness measures; spreadi.rg ecxranic losses aver a large pcpllatioo 

t.hrc:uj1 � , taxatioo, am nrJnetary grants: am restructurin;J a OCillli.Dli.ty 

so that it is less wlnerable to hazards .  

How are the effects of natural hazards oo a OCillli.Dli.ty reduced? '!he first 

step is hazard am risk assessment: det.enni.nin} the types of hazards likely to 

ocx:::ur, their characteristics am oonsequenoes , am the wlnerability of the 

OCillli.Dli.ty. Disaster preparedness is a secarn step . Essentially, it is the 

detailed plarining for p:t:a1pt am efficient response CliDe a natural hazard 

strikes . 

Disaster mitigatioo is a third crucial step-am a primary focus of ImHR 
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activity. It inclmes such actioos as in::reasirg the earthquake- am 

wini-resistance Of structures 1 lJuildirg daJI& am barriers to J."educe the effects 

of floods am tsunamis , am c:lraftinJ am enforcirg gradin;J codes to prevent 

lamslides . Hazard predicticn am �  are also crucial to hazaid 

reducticn, with great potential for reducirg loss of life.  

'1hough many hazaid mitigaticn measures are Jcoown, they are often nat 

cq:plied worldwide because experience in their cq:plicaticn or critical data for 

their effective use in a partirul.ar reqicn are nat available. In acXliticn, 

many pranisirg mitigaticn cq::proaches lack the av;JQirg research effort required 

to develcp them am the fun:ti.rg to cq:ply them. '1he IIHIR offers an qpntunity 

to averoane these cliffirul.ties. 

Al.ag with in::reasirg our Ul'¥ierstaRiin; of the P1Ysics of variCAJS hazards, 

the IDIIR also provides an qpntunity to aa:b:ess the socioec:x.nJDi.cs of hazaid 

mitigaticn: <XIIIIImicatirg the risk am the benefits of cq:plyirg mitigaticn 

methods before a disaster strikes, E!I1CCA.11'a9irg respCIISe to hazaid �, am 

maint.ainirg a hazaid-oalSCiCAJS attitu:ie between events .  For each natural 

hazard, projects are su;JgeSted in the body of this xeport . alt they are atly 

the begi.nni.rg of activities possible durirg the Inteinatiooal Decade for 

Natural Hazard Reducticn. 

�ZATI� AND ACl'IVlTIES OF 'lHE IIHIR 

'1he global socp! of the IDIIR dert\anjs that it be lamxiled am administered 

en an intematialal basis. Historically, the Inteinational Cbm::il of 

SCientific unioos (ICSJ) has sexved as the body to pxaoote am execute 
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Dllltilateral scientific projects t:lu:'a.J3h its many affiliates. Hcwever, hazard 

reductim as plrSUSd durin} the Decade will neoessarily eqilasize en;rineerin} 

capabilities and social strategies, in actiitim to scientific emeavors . 

OJrrently, oo organizatiat exists to link these activities at an international 

level . In the en;rineerin} area, the WOrld Federatioo of ER;Jineerin} 

organizaticns (WFPD) was reoently created and ocW.d OCX'Itr:il:Jute to the Decade in 

� with ICSJ. alt oad::>inilg these efforts with intemationa1 governaenta.1 

ac::o:ptanoe of the Decade's goals and means will require the participatim of 

the united Naticns, with its significant social and political resooroes . 

'1he united Nations E!llbraoes a runber of organizaticns , eadl with its own 

charge . Many of these, sudl as the WOrld Meteorological organizatim (lK>), 

the united Naticns Develqment Pl:o;p:aume (UNDP), the united Naticns Disaster 

Relief COOrdinator (UNIR>), and the united Naticns :&lucationa1, Scientific, and 

Olltural organizatim (UNESCX>) , will have a natural interest in the activities 

of the Decade. In view of the oe��plexity of the U.N. system, it may be best 

for the united Naticns itself to decide how best to pzaoote the ImHR in 

cxxperatioo with major scientific and en;rineerin} ozganizaticns sudl as ICSJ 

and WFEX>. 

At an cq:prqn:'iate stage , an international ooordinatin} medlanism shcW.d be 

established to provide a focal point for illplementin;J the Decade qlooal.ly. An 

intematima]. ocmnittee jointly spcnsored by the united Natims and awrq>riate 

international � ozganizaticns might be OCilSidered. Interested 

11lE!Ilber states ocW.d fonn national cxmnittees to participate in the Decade and , 

if possible, establish iniividual National J)ecades for Natura! Hazard 

Reductioo. A 11lE!Ilber of eadl national oc:mnittee ocW.d be a 11lE!Ilber of the 

international cxmnittee . 
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'1he activities of the IIMIR wcW.d be carried art: through bath naticmal. am 

intematicmal. cooperative efforts. For saoe natural hazards , there is already 

intematicmal. oooperatiCil Cll a limited scale. For exauple, in a n11'Ji:w- of 

earthquake-pral oc:untries, stzag-DDti.Cil seisDo;Jrapls for reoonlinj 

destructive groun:l shaJcirlg provide data for design of eartlquake-resistant 

structures. Similar efforts for ather major natural hazards ocW.d be planned 

am coordinated Cll a worldwide basis. 'lhese ocW.d in::lude resean::h, instrument 

develq:aent, data processi..rlg am dj sseni natiCI'l, develop&ellt of en;Jineeri.n:;J 

st:.arnams, am praooti.Cil of educaticmal. progtams . 

u.s. participatiCil in the IIMIR wcW.d be organized aroon:l a stzag u.s. 

Decade for Natural Hazard ReductiCI'l {{EtHIR) • '1he USI:HIR wcW.d provide 

kr¥:lwled;Je am mitigatiCI'l practices that can cut illpacts of natural hazards at 

least 50 percent by the year 2000. Adrlevi..rlg this naticmal. goal requires a 

major program of resean::h, tec:.tmological develq:aent, project aJ:PlicatiCilS, am 

plblic infonnatiCI'l activities: a natiCI'lWide assessment of natural hazards am 

their risks; oollectiCI'l, analysis, am disseninatiCI'l of infonnatiCI'l Cll hazards; 

an assessment of current kr¥:lwled;Je am practices am identificatiCI'l of gaps in 

kr¥:lwled;Je; a research pt:ogzmn to fill those gaps; effective educaticmal. 

Pro:Jt:ams; am �tive research activities in am amcn;r all relevant 

disciplines am professiCilS. * 

* A Naticmal. Researdl OJuncil report proposi..rlg the detailed cx:n:luct of the 
USI:HIR will � urrler separate oaver. 
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'!he �, B'¥'1 11118SSin:J both the IIHIR am irdividual Natimal. J:'ler'2rles for 

Natural Hazard Reductiat, wcW.d be ate of intense activity, begi.nninj with the 

effort to pool am illplement exist.inj capabilities for innediate use . '!he 

interrelated strategies pzesented in the ::rec> lliierdatioos that folla� are 

i.nt:emed to adrleve life-savin;J am eoalCIDic advantages durin} the Decade am 

beyan. In so doin}, they wcW.d lay the fourdatiat for cxmt.i.n.rln;J adrl.evements 

in the next oentmy that will yield a world less at risk ftan the violent 

forces of nature. 

'!he Advisory o:mnittee at the Intematimal. Decade for Natural Hazard 

Reductiat recc:atmems the followi.n;J: 

1 .  An Intematicml. Decade for Natura! Hazard Recluctiat CIIHfR.l shcu1d be 

ffitMlished for the period 1990=20QQ. 

'!he IIHIR's ci>jective is to reduce cat:astrqilic life loss , pxoperty �, 

am social .m;J ecnlCI\\ic disruptioo fran natural hazards. '!he IIHIR shall.d 

initially focus at earthquakes , wimstonns (cyclooes, hurricanes, tomadoes), 

floods, tsunamis, lamslides, volcanic eruptioos, am wildfires. Its ci>jective 

shall.d be p.11'SUed by: 
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o oollectinJ exi.st.iD;J hazard mitigaticm experierD! am practices am 

identifyin; gaps in current koowlect:Je, 

0 aoceleratin; awlicatim of known mitigaticm am preparedness 

awroac:nes, am 

o develq>in:j scientific am enJi.nee.rirg koowlect:Je that offers substantial 

potential for .i.nprcwinJ hazard mitigatim practices. 

'Ibis ci>jective would be aocatplished t.hralgh: 

o oocperative research, 

o deualstraticm projects, 

o infonnatim clissemi.natim, 

o tec:hni.cal assistance , 

o t:ed'ux>logy transfer, am 

o eclucaticm am t.rain.irg . 

'lhese activities shall.d be tailored to specific hazal:ds am locatims, allowil'g 

for rul.tural am eoonanic diversity. 

Hazard Reduct:im CUSIHIR> to Provide a focus for u.s. activities. '1be National 

Research Cruncil, with the c:x:n:::urrenoe of the u.s. government , shall.d establish 
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a natiooal. ocmnittee for the J:leC2Wie to provide leadership for u.s. natiooal. 

efforts ; seek natiooal. agx:>rt fran federal and state govenment:s , foumatioos, 

and professiooal. , scientific, and other organizatioos; and coordinate u.s. 

activities with the IIHIR puqram. Appointments to the natiooal. OCIIIIli.ttee 

shool.d i.oolude ·professiooal. organizatioos, federal agax:ies, and others ;  it 

shool.d be �tiooal. by octciJer 1, 1987 . 

3 .  All natioos shool.d be erp::maqed to participate in the IIHIR, i.ooluiin;J 

those that suffer fran natural disasters as well as those that can oa'ltr.i.blte 

to reducin] the effects of natural hazards. 

4. 1he united Natims sbrul.d praoot;e and facilitate the IIHIR. with full 

participatim of the oonoerned natials and of the relevant intematicml. 

ergineerirg. scientific. am social science oarm.mities. '!be united NatiCilS 

shool.d oawene an intematiooal. plannin;J meetin:J as early as possible in 1988 

to define ci)jectives for the Intenlatiooal. Decade and to fonrulate an 

institutiooal. framework for the technical cxn:1uct of the program. 
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selected* Natural Disasters of '!his O!ntmy 

A(:praKimate 
Year Event I.ocatiat Death Toll 

1900 lllrricane USA 61000 
1902 Volcanic EJ:uptioo Martiniq.Je 291000 
1902 Volcanic Eruptioo QlataDal.a 61000 
1906 Typloa'l Hcn;J I<'a¥J 101000 
1906 Earthquake Taiwan 61000 
1906 EarthquakeJFire USA 11500 
1908 Earthquake Italy 751000 
1911 Volcanic Eruptioo Rliliwines 11300 
1915 Earthquake Italy 301000 
1916 Ian:lslide Italy I Austria 101000 
1919 Volcanic Eruptim Irxlalesia 51200 
1920 Earthquakeji.al'XIslide China 2001000 
1923 Earthquake/Fire Japan 1431000 
1928 Hurricane/Flood USA 21000 
1930 Volcanic Eruption Irxlalesia 11400 
1932 Earthquake China 701000 
1933 Tsunami Japan 31000 
1935 Earthquake Irdia 601000 
1938 lllrricane USA 600 
1939 EarthquakejTsunami atile 301000 
1945 Floodsji.al'XIslides Japan 11200 
1946 Tsunami Japan 11400 
1948 Earthquake USSR 1001000 
1949 Floods China 571000 
1949 Earthquake/Ian:lslide USSR 12100Q-201000 
1951 Volcanic Eruptioo PUpJa New Guinea 21900 
1953 Floods North sea ooast (FA.ll:q)e) 11800 
1954 Ian:lslide Austria 200 
1954 Floods China 401000 
1959 Typloa'l Japan 41600 
1960 Earthquake fti)roc:xx> 121000 

* Disasters selected to represent glcilal vulnerability to rapid-ooset natural 
disasters . 
SOORCE: CCI'rpiled fran (a) Office of u.s. Foreign Disaster Assist:.arae (1987) ; 
(b) Natiatal. Geograprlc Society (1986); (c) K. 'lbki.1 Disaster Preventim 
Research Institute (Japan) 1 persooa1 c:xmrami.catim (1987); (d) R. L. Sdluster1 
u.s. Geological Smvey1 persooa1 c:xmrami.catim (1987); (e) c. Na.bal.l1 u.s. 
Geological Smvey 1 persooa1 c:xmrami.catim (1987) • 
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selected Natural Disasters of '1his centmy (cmtirJ.Jed) 

�te 
Year EVent I.ocatiat Death Toll 

1961 Typloat li:n;J }((DJ 400 
1962 :I.al'dslide Peru 41 ooo-51 ooo 
1962 Earthquake Iran 121000 
1963 Trc:pical cycl.ate Bimjladesh 221000 
1963 Volcanic Eruptioo Indalesia 11200 
1963 tamslide Italy 21000 
1965 Trc:pical cycl.ate Bimjladesh 171000 
1965 Trc:pical cycl.ate Bimjlw!esh 301000 
1965 Trc:pical cycl.ate Bimjlw!esh 101000 
1968 Earthquake Iran 121000 
1970 Earthquake,tlaiD;lide Peru 701000 
1970 Trc:pical cycl.ate Bimjladesh 300 I ooo-500 I ooo 
1971 Trc:pical cycl.ate Iniia 10100G-251000 
1976 Earthquake China 2501000 
1976 Earthquake Guatemala 241000 
1976 Earthquake Italy 900 
1977 Trc:pical cycl.ate Iniia 201000 
1978 Earthquake Iran 251000 
1982 Volcanic Eruptioo Mexico 11700 
1985 Trc:pical cycl.ate Bimjladesh 101000 
1985 Earthquake Mexico 101000 
1985 Volcanic Eruptioo OllCIIbia 221000 
1987 Wildfire China 200 
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2 

REtlJCIBl 'IHE DftC1'S OF NAWRAL IW'.A1W 

'lhe natural hazards eq:basized :in this report-floods, lamslides, 

eart:lx;luakes , tsunamis , hurricanes, taJ:nadoes, volcanic eruptiCXlS, and 

wildfires-share many characteristics. All are relatively sndden and are 

of short duraticn. '!heir oocurrenoe is easily identified geograpti.cally. 

'Ihey occur frequently e!Dlgh ,  glcbllly, that we now have a large body of 

data en them and ca'lSiderable experiE!rD! :in allevia� their effects. 

Ani we can reduce their iDpacts with a O""on set of skills, in::lud.in:J 

iiiiDMiate wamiJ'¥1s , OCI1Structicm tec:tmiques, land use planni.n;J, and 

emergeiX¥ relief. In many cnmtri.es, knowled)eahle scientists, ergineers, 

am others are prepared to help :in this mitigaticm effort. 

'lhe effects of many lcn;r-term natural hazards--dJ:'c:u#lt, insect 

plagues, and desertification , for exanple-can also be mitigated. 'lbese 

hazards can be just as devasta� as rapid-alset hazards , b1t deali..rg 

With them callS fOr a saoeromat different set Of skills. Generally 1 

mitiga� these hazards requires a greater ecological or social eq:basis, 

am civil en;Jineeri.n:;J aJ:Proadles are less critical than for short-duraticn 

hazards . Further , the a0Cl1111.llaticn of knowlecge , trained professicnal.s, 

am plblic awareness already concentrated on rapid-ooset hazards means 

that cxnt:inued work em them cluri..rg the Decade will yield the JOOSt tanjible 

am inmediate benefits, given the limited resources available. 'lhus , 

13 

Copyright © National Academy of Sciences. All rights reserved.

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

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


while not excl\Xlin;J laxj-tenn hazards , the initial focus of the IIHIR 

shool.d be the eight hazards listed above. 

Of ocm:se, many of the activities designed to cepe with rapid-cnlet 

hazards will also lessen the risks of lcnrtenn hazards . For i.nst:aooe, a 

better urderst:ardin;J of meteorological pzooesses involved in storm hazards 

rre.y benefit our un:Jerst.amin;J of draJght as well . In additiCI'l, other 

efforts, such as the prcposed IntematiCI'lal Geqilysical Year (IGY) ani the 

IntematiCI'lal Bi� Pl:OJLdiD (IGBP) I should measurably 

iDprove our un:Jerst.amin;J of the ecological basis of many laxJ-tenn 

hazards . 

Technological hazards , althcA.J;Jh of great i.Dport:ame, are not 

considered in this report. 'Ihey are dlara.cterized by qpntunities for 

human cxtlb:ol--bath political ani tec.tmological-that are not available 

for natural hazards . 

A �AT RISK 

Virtually all parts of the world are at risk fran the inevitable 

ocx::::urreJ'D! of a1e or DDre types of natural hazards. Fadl year, tnmdreds 

of p:rtentially damagirg eartlquakes (magnitu:ie 6 or greater) occur. 'lbcse 

that are located sufficiently near a city pzecipitat.e clisast.ers . HJst 

eartlquakes occur at the margins of major tectarlc plates. 'lbe highest 

percentage of the total seismic enezgy released in eartlquakes is 

clistrib.Jted alaxJ the "rirg of fire, " whidl marks the tnJrx:Jaey of the 

Pacific plate. It is also the ZCile at greatest risk fran tsunamis ani 

volcanic eruptioos. AlthcA.J;Jh these three natural hazards can cause severe 
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ecxmanic am social disrupti.oos, they occur relatively infrequently. In 

cx:mtrast, floods, lan:Jsl.ides, am severe wi.rdstonDs (cyclmes , hurricanes, 

and tm:nadoes) are ume fl:equent . Floods ocx:ur arnJally in alDJst all 

natioos. 'lbey are also a <D'lSeC}Uei'O! of the st.ozDB associated with 

lnlrricanes and cyclmes . larD;lides ocx:ur a1mst universally, usnally as 

a fur¥:ti.CI'l of the sl� of the terrain and natural and human actioos that 

reduce the capacity of a sl� to SURX>rt rock and soil . Wildfires ocx:ur 

seasalally in many parts of the world in wooded or brush areas durirg hot, 

<hy weather: unocntrolled fires also ocx:ur in cities in oatjunctiCI'l with 

earthquakes and other hazards . Hurricanes am cyclmes are arnJal 

seasalal st.ozDB in trq>ical ocean areas, and tomadoes , also seasalal , are 

spawned inlam. 

Natural hazards can ocx:ur inii.viclually or in OCII'binatiCI'l with other 

hazards. For exanple, earthquakes, lamslides, floods, and wildfires -were 

part of the May 1980 eruptiCI'l of Mamt st. Helens. Hurricanes typically 

OCII'bine with floodirg , as in JUne 1972 durirg Hurricane Agnes. 

Earthquakes , lamslides, am tsunamis can ocx:ur together, as they did in 

the Pril'D! William, Alaska, earthquake in Mardl 1964. Earthquakes and 

fires ocx:urred together in san Fraooisoo in 1906 and in Tokyo in 1923. 

Foor interrelated facto:rs cxmtinle to place the world's pcpllatiCI'l 

centers at risk fran natural hazards--DI)re so l'lCM than ever before: 

o rapid pc:pllatim growth am its in::reasirg CD10el1tra.tiCI'l in urban 

areas, 

o in::reasirg capital outlays worldwide, owpled with new, sanetimes 

vulnerable t:.edmoloqies, 
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o the exist:erD! of large rnnbers of unsafe b.ti.l.c:li.n1s , vulnerable 

critical facilities, am fragile lifelines, am 

o the � of peq>le in local, natimal, am global 

CXJI'IIImities. 

WOrldwide pqulatiCI'l growth arxl its in::reasin;J ocn:altratiCI'l in mban 

areas-particularly areas of high risk, such as seismic reqioos, liOJJ1tains 

am hillsides, coasts , am flood plains--aooentuate the potential for 

natural disaster. As governments att:arpt to reoacile public safety 

int.el:ests with quality-of-life issues am short-tenn eoauni.c 

q.portunities, new deman:is are placed Cl'l management of these hazards . 

Where are grc::JWi.rq pqulatioos free to settle? How are peq>le in 

risk-p:t:a.e areas to be insured against loss? What increase in 

expenlltm:es shool.d be made for safer OCI1Struction? What investment 

shool.d be made in p:t:edictiat arxl wamin;J systems , ani \oih) will pay? 

Han:l in hard with pqulaticm growth has oane iJx:reasecl capital 

develop&ent . Globally, the l'J.Dii:)er ani value of structures have grown 

markedly. Alcn;r with the l:m'gec::rlirg oarplexity arxl price tag of the 

}ilysical plant :t:eSpasible for the world's eccnani.c artprt: , capital 

develop&ent virtually ensw:es that each natural hazard will eiXXllD1ter am 

destroy an in::reasin;J ano.mt of prcparty if steps are oot taken to iDprove 

the safety of cities. 

Technological advaooes , thcu;#l intemed to reduce the OCI'lStraints 

inposed by nature, often create new ani unexpected llrpacts . 'lhe DDVe off 

the fann am tawan1 mbanizatiCI'l, new high-rise tuil.clin;Js, large dams, 

OCI1StructiCI'l Cl'l man-made islams in ooasta1 ani ha:t:bor areas, the 
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proliferatiCI'l of ru::lear reactors , relia!De Cl'1 Jld)ile hc:mes for low-cx:st 

hoosin} ,  new DJdes of travel ani Dme exterBive transportatiCI'l 

worlclwide--eacil of these tren:Js creates new wl.nerabilities to natural 

hazards . 

'!be large stock of hazardoJs b.ti.l.cl.in;Js is also critical to increasin;J 

world risk. Many structures were b.ti.l.t well before a partirul.ar hazard 

was urderstood, often without the benefit of DD:Jem design principles. In 

additiCI'l, hospitals, sdlools, fire ani police statioos, ani other critical 

facilities are similarly at risk due to their locatiCI'l or o:nrtJ:uctiCI'l. 

Lifelines-the Vital links Of transport, SlJR)ly 1 ani cxmrtmicaticn-are 

likewise wl.nerable in many areas . 

Finally, the �  of iniividuals, <XI'IIIID'lities, ani natioos 

OCI'ltirues to grow: eoonanies are linked by nutua1 need, rul.tures by an 

exparxJed ability to travel ani <XI'II1lD"licate. 'lhus , mre than ever before, 

natural disasters are shared events , affectin;J others far aJtside the 

illlllf!diate area. Di.snJptiaa of local erouani.es , for �, may brin;J 

shortages in neighborin;J mgioos or a flood of refu;Jees. Social ani 

political tunooil sparked by a disaster in Cl'1e oountry can have 

:repercussioos in adjacent natioos. Intel.natiCI'lal. relief efforts tax all 

natioos' n!SCm."oeS-n!SCm."oeS that oould be used to blild rather than to 

reblild. 
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'lHE BmEFITS OF MITIGM.'Iaf: CASE S'IUDIES 

'1hc:u#1 natural hazards may be inevitable, the disasters they 

precipitate can be prevented or mitigated. Reliable predicticm am 

warnin:J, carefully plamed � respase, jullcioos lam use 

policies, am hazard-resistant designs have all led to notable successes . 

'1he follawirg case sbxlies oattrast situatioos in which actioos were taken 

to anticipate a hazard with other situatioos in which oo acticm was 

taken. '!hey speak eloquently of the pranise of a hazard-resilient world. 

Barv;Jladesh: Cq>in;J with Killer cyclones 

In 1970, a killer cyclone struck Barv;Jladesh am precipitated the worst 

stonn disaster of this century, killin;J 300, ooo-soo, ooo pecple am leavin;J 

1. 3 millicm hanel.ess . Many victims were migratory laborers , squatters, 

am fishennen subsistin;J on the shifti.n} islets koown as dlars. '!hey were 

cau:jht withrut warnin:J. In respase to this event am the oatt.i.n.tini 

daR]ers posed by such storms, the u.s. am Barv;Jladesh goverrments worked 

closely to install a satellite-based severe sto:rm warnin:J system. Usin;J a 

full array of new tools to track am forecast stonn st.J:en;Jth, di.recticm, 

am potential inpact, this system allows residents of the lCM-lyin;J 

coastal areas to be alerted to a stonn's �ch am to escape to higher 

gram:l. 
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In the early DDmi.rg hoors of May 25, 1985, the wam.i.n;J system proved 

its wrth as another killer cyclcme of equivalent sb:ength struck 

Ban;Jladesh . W.in:Js � 160 kilaoeters per hem', generatin) surf 3-8 

meters above nmaal . '!he govexnnent had issued advance warnin;Js--bat:b 

natimally ard locally--advisin;J residents of the daJ1;Jer. '1hcu;Jh saae 

10, 000 died, the ultimate inpact of the 1985 cyclcme was many times less 

than that of the 1970 event . '!he ability to wam-to be umerstood in 

local dialects ard to OCIIIIImicate accurately the prci)able threat to life 

ard property with sufficient lead time for actiat was the basis for this 

successful effort in the face of disaster. 

Tan:;Jsban ard Valparaiso: lot:dem Earthquake Ergineerin;J 

In 1976, a magnitude 7 . 8  earthquake devastated �, China. Of 

the 1. 5 millicn peq>le livin;J in the affected regicn, nart: lost their 

banes ard JIK)re than 250, 000 died. Nine years later, in 1985 , a magnitude 

7 . 8  earthquake occurred near Valparaiso , Chile, affectin;J saae 1 milliat 

peq>le. '1holJ;Jh the quakes were of equal magnitude , ally 150 died in 

Valparaiso ard damage was moderate. 

'!he difference in the extent of damage in the two cities was due to 

brll<iin1 design. Valparaiso incorporated IOOdern seismic design to prevent 

collapse ard minimize damage ard � did not . '!he limited 

residential , ocmnercial , ard in:lustrial damage in Valparaiso oattrasts 

shazply with the alJoost total damage suffered in� ard provides a 

measure of the p:rt:ential of hazard-resistant design. 
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Haic::ben;J and Targshan, China :  '!he JesSQ'lS of Pndictiat 

cart:rastin;J the Tan;Jshan disaster with amther Chinese eartl'qJake 

shews the potential benefits of earthquake predictim. In Februaey 1975, 

after stu:lyin;J various signs thcujlt to iniicate an iDpen:l.i.rq earthquake, 

authorities in the northem provi.ooe of Lialxn) ordered the evacuatiat of 

several cities. SCIDe boors later, a large earthquake (magnituie 7 . 3) 

cJan!iqd 1, 000 square ki.lcmeters (385 square miles) and deal:>lishecl 90 

percent of the city of lfai.c:ben:J. Forbmately, the peq>le were out in the 

stzeets and cpm spaces , and relatively few were killed or injured. 

A little over a year later, the Tan;Jshan quake (magnituie 7 . 8) 

occurred . With earthquake predictim in its infancy, oo short-tenn 

predictim had been made, and the poorly b.rllt mascm:y b.rlldin;Js becal!e 

death traps . 

'lhese eleperi� dellalstrate the need to develq> eartl'qJake 

predictim fran an unreliable art to an established scieme. In the 

united states , researdl al predictim is umer way in Parkfield, al the 

San Amreas fault in california. HUnjreds of instruments have been 

deployed theM for OCI'1tinuous JID'litorirq of minute P1Ysical c:tlarges in the 

earth. 

'1hcu#l eartl'qJake predictim depen:1s m scientific researdl, use of 

this informatim depen:1s m effective decisicn-makin;J procX!Sses by 

scientists and local officials. '!hey 1II.1St decide lrthen the plblic shc:W.d 

be wamed and how to ensure that the wamin;J reaches all those who are 

vulnerable. oooe wamed, a plblic prepared by educatim and t.rainirg JIIJSt 

then take actim, as in Haic:tlen1. 
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Mount st. Helens am Nevada del Ruiz: wami.n:1s lleecled am Ignored 

A lazge loss of life was averted m May 18 , 1980, � Mcunt st. 

Helens volcano in � state erupted .  '!be eruptim devastated an 

area as far as 29 kilaoeters fran the volcano-causi.rq lan:Jslides, debris 

flows, am floods. Total ecxlr.mi.C losses are estimated at $860 mi.llial. 

'lWo years befm:e the blast, scientists had identified the volcano's 

potential hazards .  When it began to show signs of renewed activity 

beqinn:inj in late Marcb 1980 , �Y blil.<iin1 toward a major eruptim, 

the hazazd za1e was evacuated. Ian:l use of the area had been so 

restricted that� the volcano finally erupted eight weeks later, ally 

57 lives were lost due to the blast am associated landslide am fire. 

Jt:>re than 22 , ooo OJlarbians were killed as a result of a relatively 

small volcanic erupt.im m Nove1ber 13 , 1985, � Nevada del Ruiz, the 

northerrmJst active volcano in the Ardes, erupted. li:Jt volcanic ash 

scoored am melted part of the ice cap a'l the volcano's sunmit, triggerirg 

debris flows that swept down river valleys am overran villages in their 

path. '!be cat:.astrcprlc loss of life, caused by a failure in� 

resp::ase, cxW.d have been averted. OJlarbian am intematiooal 

scientists , alerted by nearly a year of precursory activity, had wamed 

that Ruiz might erupt am had prepared a hazazd zarln;l map that accurately 

predicted the tragic effects of the erupt.im weeks earlier. 
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Japan ani I.os Ar9!1es: landslide Preventicn 

Pl:dJably the world's JOOSt c:xmprehensive prop:am of reducin} lan:Jslide 

losses is in Japan . Its sttaq natiatal. progxam of lan:Jslide cattrol has 

sbazply reduced the risk of death or property loss fran the high levels of 

30 years aqo . BeginrrlnJ in 1958, the Japanese govetTIDe11t enacted sttaq 

legislaticn to prevent lan:Jslides. It provided for lard use plarurin} am 

OCilStructiat Of dleck dams 1 drainage systems, aM other p,.ysical CQJUolS 

to prevent slq:e failures . '1hese measures have met with great success . 

In 19381 nearly 1301 000 banes were destrayed aM JIK)re than 500 lives lost 

in lan:Jslides. Yet in 1976-the worst year for lan:Jslides in Japan in the 

last two decades--a'lly 21 000 banes were destrayed aM fewer than 125 lives 

lost. Si.ooe then , the raJI1'bers have inproved still further. 

1he city of I.os Ar9!1es also has an inpressive progzam to reduce 

lan:Jslide damage . Until 19521 CXI'ltrolS al hillside gradi.rq aM 

develqment in I.os Ar9!1es were limited. '!ben, after severely damaqin} 

winter stonos, the city adqJted a gradi.rq cxxie that instituted procedures 

for safe develqment of hillsides . 1he gradi.rq regul.aticms were 

significantly .i.Dpraved in 1963 . 1he benefits of these regul.aticms are a 

clear cb:'q> in the risk of lan:Jslide damage at sites develqled after 1963 . 

For exanple, durin} the severe storms of 1978 , for a c:x:aparable nmber of 

sites, the damages to sites develqled before 1963 were nm:e than 10 times 

greater than to those sites develqled after 1963 . 
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Major lands11de-tr1gger1ng stonns 

losses due to major landslide disasters (mainly debrts flows) in Japan from 1938-81. All of 
these landslides were caused by heavy rainfall, most commonly related to typhoons·, and many 
were associated with catastrophic flooding. Source: Ministry of Construction (Japan). 1983. 
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sanriku, Japan: SJlOOeSs against Tsunamis 

In 1896 , a tsunami C)E!I'lemted by a neamy earthquake struck the sanriku 

district of Japan , several h\.nh:'ed kilaDeters north of Tokyo. '!he max:imJm 

run-up (height of the wave) recorded in this regioo was awrmdmately 30 

meters, an:i t.housanjs lost their lives. Nearly 40 years later , in 1933 , 

another major tsunami frail a local earthquake struck the regioo, killin;J 

aba1t 3 , 000 an:i causin;J significant prcperty damage . Again in 1960 , the 

sanriku district suffered a serious tsunami generated in Orlle; aba1t 200 

pecple died an:i prcperty valued at $50 millim was lost . 

'1hese events led to oanstructim of major protective st.J:ucb.u:'es, lan:i 

use management , an:i a district waminJ system to protect ooast:a1 

cxmrunities fran serious i.m.Jrx:Jatim . One exauple is the seawall blilt by 

the town of Taro. Aba1t 8 meters high, it is shoreward of the fi.shin;J 

hal:tx>r , wbi.dl itself is protected fran stonn waves by a breakwater. With 

an adequate waminJ system, the area can I'X1ttl be evacuated to the town in 

case of an �dlin;J tsunami . 

In 1960 , the ati.lean tsunami flooded the center of the city of 

Ofunato, also located in the sanriku district, to a depth of several 

meters . Siro! then, a massive tsunami breakwater was blilt across the 

� to Ofunato Bay. It protected the city fran at least me local 

tsunami in 1968 . Several kilaneters north of Ofunato, a similar structure 

was blilt at Kamaishi. to protect the local steel iniustry an:i fi.shin;J 

fleet. 'lhus, Japan has effectively protected itself in selected regims 

fran serious damage by CX'I'l'binin;J large protective stJ:ucb.u:'es with 

effective lan:i use management . 
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'1he city of Hilo , Hawaii , �dled tsunami pratecticn differently . 

After sust:.ainin;J damage fran � 1960 arl.lean tsunami , Hilo ocnhlcted a 

sb.dy to define protecticn against similar events . '1he nart: eoaonic 

soluticn was to create a buffer za1e near the coast that eo'"'I6Ssed the 

area inm:Jated in 1960 . CD.Jpled with a tsunami wamin;J system, this 

awroacb has also praved effective. 

H.rh valuable work em the reclucticn of losses fran natural hazards has 

been carried out by er¥Jineers, P1Ysical am social scientists, an:tdtects , 

CX111t'Ul\ity planners, emergezx:y managers , am others in many cnmtries. Not 

smprisin}ly, sane of these efforts are intematicnal. in their scxpa am 

participaticm . It is the success of these oocperative projects that 

umerlies the concept of an Intematiaal Decade for Natural Hazard 

Reducticn . SCIDe of these progtatns are described below. 

World Meteorological organizaticm (lM>) 

'1he World Meteorological organizaticn stams as an exanple of the 

benefits of intematicnal. oocperaticm for hazard reducticn . Reoognizin} 

that the world has blt cme at:msplere am that suooessful l!leather 

forecastin} requires measurements am IOOdel.in} of the at:msplere, ocean, 

am lam surfaces as a whole, natioos began enterin} into a series of 

agreements in 1947 . '1hese agreemesrt:s provide for real-time exd1arge of 

25 

Copyright © National Academy of Sciences. All rights reserved.

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

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


data ani establishment of stamards for data quality cad:rol ani 

timeliness . '!hey also foster the sharirg of expertise in 1r11eather 

predictioo ani mdificatioo ani the tumamental. l.D'ldeJ:stardi of 

atDa;pteric processes . As a result , each natioo is able to provide for 

the plblic safety ani eoc:runi.c protectioo of its citizens by dl:'awinj a1 an 

intematialal. �tive framework. 

Worldwide stardaniized seisnwJgrapl Network (W'tSSN) 

'Ibis network was created in the early 1960s to upgrade dJservatialal. 

sei smlogy . It has been successful in inprovirg ani \.D'li.fyirg earthquake 

ocx::urrerD! maps worldwide. '1he mawirg has iDpraved earthquake risk 

assesS""P11t ani oart:ri.brt:ed essential SUAX>rt to lOOdem theories of plate 

tectadcs. S?JCCess stemned fran three aspects of the network: it is 

worldwide, providirg glcbU. ooverage of the tsrporal ani spatial patterns 

of seismicity ani earthquake focal medlani.sns; it CXI'lSists of a 

st:amardi.zed set of instruments , providirg mrl.fonn respaiSe at all 

staticns; ani it is coordinated, with �tirg OCJlD1tries havirg 

explicit medlanisms for oollectirg ani distrib.ttirg the� data. 

'1he Tsunami. wam:irg System was established in the wake of the Aleutian 

tsunami of April 1 ,  1946 , tmi.dl devastated parts of the Hawaiian Islams . 

Aftez'wards , scientists pointed rut that the tsunami. could have been 
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forecast en the basis of the seismic waves recorded in Hawaii ard at other 

seismic observatories within J$'aites of the earthquake ard hoors befm:e 

the tsunami struck .  '!here are l'X7t\f 22 seismic observatories ard 53 tide 

staticns in the 'DS oaver:i.rg the Pacific Basin . 

'1he first test of the 'DS came in cau.acticn with the SE!pt.ali)er 1948 

'l'a'ga Islarm earthquake. A travel time of 6 hoors an:1 35 min.ttes was 

predicted for the wave to mve fran the epicenter to fkn)lulu, ard 

military ard civilian agen:::ies were alerted. Because the wave turned rut 

to be small , the alert was caooeled. '1he first major tsunami in the 

Pacific for lrobidl advame wam:i.rg saved lives was in oaa.acticn with the 

NovE!llber 1952 Kandlatka earthquake. Since the systEm's i.Ja!ptim, 

wamin;Js have been given in cannecticn with great earthquakes-such as the 

May 1960 Chilean earthquake ard the March 1964 Prince William Sourd, 

Alaska, earthquake. 'DS has substantially reduced social ard ec:xn:mi.c 

dislocaticns fran tsunamis. 

'1he st.rag MXim Array in Taiwan (SMARI'-1) 

In 1978 , an intematiaa.l workshq> was held m captur:i.rg st.rag groord 

DDtiat records near the faults generat:i.rg earthquakes of magnitu:Je 7 ard 

above .  Follow:i.rg the workshq>, the reqim near I.oturg, Taiwan, was made 

available for a �tive experiment m a spatial scale not att:atpted 

before. An array of digital st.rag DDtim instruments oalSist:i.rg of a 

central installatim ard 36 staticns located m three ocncentric ri.J'9; of 

radii 200 meters, 1 kilaneter, ard 2 kilaneters was installed. '1he array 

has recorded nme than 40 earthquakes hav:i.rg significant groord DDticns. 

27 

Copyright © National Academy of Sciences. All rights reserved.

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

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


'lhese data OCI1Stitute a large percentage of the worldwide strcn;J gram 

mtim array data base. . '!bey provide a tedmical base for resolvin;J such 

practical en:Jineerin;J design prc:blems as the variability of the earthquake 

gram mtim CNer short di.stan::les c:xmparable to the base dimensia'lS of 

en:Jineered structures am frequency-dependent seismic wave atteruatim. 

t.JNESCX) I.amslide Project 

'!be t.JNESCX) project Pratecti.oo of the Lithosdlere as a o '"mer¢ of the 

Envil;allent is an exanple of an intematiooal effort to oqe with 

lamslide hazazds . '1his project, whi.dl lasted fran 1981 to 1984 , was 

administered by the Soviet unim, with ooc:p!I'Cltim by lan:Jslide experts 

fran China , F'raln!, Japan, the united K.in;P:m, the united states, am 

several develq:>in} natia'lS. It resulted in significant lllll.tinatiooal. 

lamslide research am mitigatim. '!be project spalSOred intematiooal 

workshqls am seminars am published research am mitigatim sbxlies that 

have proven significant in lamslide hazard recluctim. 

Jt:>rava River Project 

Fran 1974 to 1976 , en:Jineers fran the university of california at IJJS 

An;Jeles (UCIA) am the u.s. OJrps of En:Jineers Hydrologic En:Jineerin;J 

center ocn:luctecl a successful t.ec:tmology transfer of digital oa!plter 

IOOdel.s fran the united states to Yu;p;lavia. F\Ir)jed by the united Natia'lS 

Develq::ment Programne, the transfer involved trainin;J Yt¥;Joslav en:Jineers 
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at UCIA in the use of 22 hydrologic, hydraulic, an::l gec:llmliloloqic 

models . 'lbese models were installed at ocap.rt:ers in Belgrade an::l tested 

at the Hx'ava River, a tril:Jutal:y of the Deu'albe, for their usefulness in 

predictin:J floods an::l anticipatin;J sediment transport. Frecptnt flood:in;J 

had laq plagued amrmrl.ties alaq the M:mlva an::l siltatiat had threatened 

to fill local reservoirs . '!he models have significantly upgraded flood 

oaltml plannin:;J alaq the M:mlva. 

united states/Japan Coqlerative Earthquake En;Jineeri.rg Pl:ogxam 

'!he united states/Japan Coqlerative Research Program at Earthquake 

En;Jineeri.rg utilizi.rg I.arge-Scal.e Test Facilities recently OCIIpletecl a 

closely oocmiinated stu:ly i.nvolvi.rg OCIIplex static an::l dynamic tests at a 

seven-stoJ:y reinforced oamete blildi.n:J an::l a six-story steel blildi.n:J. 

New umerst.ardin;J gained here of the inelastic respcn;e of blildin;Js to 

stJ:ag DDtiatS has led to several .i.nprovements for possible i.txx>rporatiat 

into blildi.n:J codes worldwide. 
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3 

'1HE HAZARD REDJCTICii fBX!f15S 

A 0 IIIICil t:heiDie in the Olapter 2 case sbxli.es is that disasters can be 

avoided or minimized t:hrco;Jh �licaticn of sci� ani tec::hoology. 

Without it, disasters are likely to ioorease as the pressures of 

pcpllaticn ani OCI1IDeZ'Oe el'kXlll.Jrage the use of DDre hazard--praM! azeas . 

Sciero! ani tec::hoology �licaticns that can be used to avoid 

disasters are of two types, J;ilysical adjustments ani social adjustments. 

Hlysical adjustments for avoidin;J a hazard's i.npacts ioolude: 

o plann.irg ani blil.din;J to withstani a hazard, 

o identifyirq ani avoidin;J the sites where a hazard is likely to 

occur, 

o predictirq the oocurrenoe of a hazard, ani 

o preventirg or alterirq a hazard's characteristics. 

SOCial adjustments for avoidin;J a hazard's i.npacts oalSist of: 

o restrictirq the uses of lard ani establi.shin;J miniDaJm stamanls for 

avoidin;J hazardaJs sites ani ocn:titicns, 

o i.nstit:uti.rg plblic awareness canpaigns in areas prcne to hazards, 

o initiatirq emergency preparedness progzams to protect life ani 

prcperty ax:e a wamin;1 is issued or an event ocx:::urs , 
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o � the ecxaonic loss anag a larger pqulaticn thrcu#l 

insurance, taxaticn, an:l mr::netaey grants, an:l 

o recci'IStructin a <X'IIIIImity so that it is less vulnerable to the 

next hazard. 

'lbese avoidance strategies substantially alter the il1pacts of natural 

hazards . Nlen several are p.JrSUed together, they can reduce a hazard's 

i:apact fran a cat.ast.rqile to a mderate disrupticn. '!he best mix of 

actioos depen:)s en the hazards faced by a <X'IIIIImity, the availability of 

scientific lax:Jwlecqe, an:l the resooroes an:l goals of the <X'IIIIImity. What 

is effective in cne situaticn or hazard may :oot work in ar¥Jther. For 

instance , toleratin:J P1Ysical damage fran a hurricane might be awrqriate 

for a large naticn ..mose ecxaany will likely decline cnly a few tenths of 

a percent fran hurricane losses. art: such a strategy is J..nawrc.priate for 

a tiny oamb:y like Daninica, tAlere a sin;Jle hurricane en;JU].fed the islan:l 

am affected every <X'IIIIImity in 1979 . Likewise, a sin:Jle earthquake 

affected virtually the entire iniustrial producticn of Nicaragua in 1972 . 

Whatever the strategy, avoidin:J disasters nust in=ll.D! anticipaticn of 

the hazard's inpacts. Yet most measures now in use to ocp! with natural 

hazards are reactive: firefightin:J, seardl an:l rescue ,  emergency medical 

care, debris clearaJX:le, pravisicn of food an:l tetporary shelter, an:l 

pravisioos for tetporary water stJR>lY an:l waste di spJFI81 .  'lbese emergency 

:respa15e measures may be plarmed in advance b.tt are :oot pit into effect 

\D'lti.l after a disaster occurs . It is clear, however, that major 

:reductioos in losses of life an:l prcperty can cnly cane \dlen the eqilasis 
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shifts fran reactioo to anticipatioo. DDeJ:gerx::y respc.nse am postdi.saster 

relief are .blpJrtant am will still be neeied, bit oo a declirrlnj scale as 

disaster preparedness, ha.zard-oa1scioos lam use management, 

hazard-resistant CDlStructioo, am other anticipatmy measmes reduce the 

world's wlnerability to natural hazards . 

strategies for avoi.dinj the iDplcts of natural hazards am lines of 

awlied research am t:ec:hrx>logy that can dramatically reduce the frecJJerx::Y 

of catast:J:qiles are reviewed in the followirg sectia'lS. 

HAZARD AND RISK ASSESSMENI' 

How does a OCill'llll'lity begin to reduce the inpacts of natural 

disasters? 'D1e first step is to detennine the types of hazards likely to 

oocur, their trecperx::y, dlaracteristics, am ocn;equenoes . Experie.rna is 

a good teadler, bit c:ilarges in pqW.atioo patterns, P1Ysical 

characteristics of structures, am ecxxani.c develq:ment aver the past 

oentm:y � that relyin} oo experie.rna alooe is inadequate for jmgin) 

wlnerability. 

Risk assessments of the nature, extent, am ocn;equerx::es of natural 

hazards lie at the core of adqJtin;J efficient am ecxxani.c actia'lS to 

lessen cat:ast.rqile potential . 'lhere is a natural CXIlpetitioo for 

resooroes between investment in hazard reductioo measures for the future 

am use of capital am labor that will yield rurrent in:xme or inprove the 

quality of life imnediately. Evaluatin} risks can help in estimatin) the 
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likely level of hazard am in deteJ:minin;J the ecxmanic am social costs 

associated with varioos levels of investment in hazard reducti.oo. 

Assessment has three essential features: 

o Detenninatioo of the hazard. 'lhis is often described in terms of 

hazard or intensity maps of the maxiDum event likely to ocx:::ur, trecpn:y 

of the event (for exauple, demarcaticm of a so- or 100-year flood area) , 

am the mmerical values of design parameters requirecl to wit:hstarxi the 

foroes of a natural hazard (for exanple, the level of grouni DJticm a 

structure llllSt aoo ""odate) • 

o Detenninaticm of the wlnerability of the stroctures am facilities 

exposed. '1his irdu:Jes :imividual structures am networks of i.nt.eractin;J 

structures , such as water SUR>lY am distrib.Jticm pipelines, am social 

institutioos, such as fire am hospital services. 

o Detenninaticm of the significaiX:le of the inpacts . '1his 

detennineticm llllSt : differentiate anw:n;r sav� lives, protectin;J 

ptq)erty, am pi eserv� essential <X'IIIIImity furx:tioos ; oarpare the 

benefits of avoic:lin;J a disaster with those of invest� in other ecxmanic 

am social furx:tioos; recognize the different roles of structures am 

institutioos in emergeJ'cy respcmse am r:et:X:NerY activities; am reoognize 

the different am possibly oanflictirg goals am values of :imividuals am 

I<'r¥:Jwin;J that a major natural hazard my ocx:::ur is not sufficient in 

itself to cause actioo. california, where nine major eartlquakes occurred 

in the last 150 years ( ilx:ll.din:} foor great earthquakes) , did not begin a 
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c:utptehensive earthquake safety p:cgzam until the seismic threat was 

clearly l.U'derst:oocl ecuunically am politically. '1his � came 

abaJt 1hrn the office of the President of the United states dst:eJ:minecl the 

scale of the bpact of a catastrqilic earthquake m the local am naticmal 

eccn:.my. '!he specter of a st:.aggerirq $100 billim loss-with att:.emant 

loss of life am d.aJJ&]e to irdustrial. productivity--pz:oopted local , state, 

am federal gcverments to begin a cxn::mted effort to prepue for the 

oocurrenoe of great earthquakes. 

'!he ki.rds of infonuatim that natiatS recpiJ:e to develc:p am adqJt a 

catast.rqile avoidance plan do not vary Dl.lCh fran oamtry to oamtry, b1t 

the strategies �iate to different ooontries abvioosly do. 

Fonllll.atin) goals am taJcin} actim depen:l a11oost entirely upcm scx::ial 

organizatioo am al the willi.n;pless of the plblic to aooept the 

ca'lSeql1ellOeB of its actiatS. sane iniividuals am groups will dloose not 

to act because of an incorrect urde.rst:arxii. of �t they are to do, a 

lack of educatim in how to do it, or a vested interest in doirq saoethin;J 

else. '!he ecuoni.c, scx::ial ,  am institutiatal. dimensiatS of a 0Cl1'111.Dlity 

may well detennine �t is awrcpriate as well as �t is possible. 

Disaster preparedness is the detailed plannirr;J for pzatpt am 

efficient zespa1se are a hazard cxx::urs ; it is the first step in adqJtirq 

an anticipatozy awroach to natural hazards . '!his cxupzehensive effort 

inclmes plblic educatim am awareness canpaigns, provisim for i..ssuirq 
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� ' develqanent of evacuaticn plans, an:l preparatioos for proviclin;J 

evacuees with emeigenCy food an:l shelter. SUCh efforts have been very 

Sllcoessful in reducirg deaths due to natural hazaxds in saae 

iniustrialized natioos. '!he chal.len;,e durirg the IIHIR is to exten:1 this 

Sllcoess to develq>irg as lrM!l as other in:lustrialized natioos. It 

requixes a sensitivity to different sociocultural settin;ls, in::lu:li.rq an 

ability to leam fran looal. ways of adjustirg to natural hazards . 

HAZARD MITIGM'ICfi 

Disaster preparedness an:l evacuatiat can reduce death an:l injuries, 

rut they do little to prevent pn:perty damage an:l the saDetimes 

devastatirg ecxxonic inpact associated with disasters . 'Ibis is the 

prov,in:,e of hazal:d mitigaticn, Wose benefits can be substantial . For 

instance , prdlibitin;J basements in new coastal tuilc:li.rgs an:l st.rergt:henirg 

their win:l resistarre by so percent might reduce stonn losses up to 

$1 billiat per year (1978 dollars) in the united states alene. Ad:lirg 

sitirg an:l oalStructiat OCI'Itrols in u.s. cities that do not currently have 

them an:l elevatirg all new bli.lc:li.rgs in the so-year flood plain foor feet 

might lower flood losses nearly $500 millicn (1978 dollars) . 

Fssentially, the }ilysical inpacts of hazard oocurrences can be reduced 

by preventirg or JOOdi.fyin;J the oocurrenoe of the hazard, avoidin;J the 

hazal:d by sitirg structures an:l functi.oos away fran the hazal:d, an:l 

� structures to reduce or eliminate damage � a hazal:d 

occurs . 
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In certain i.nst:arK:&I , preventicm or mdificatioo of a hazal:d is 

possible. For exaople, brl.l.di.nj dan&, c:bamel� rivers, ard brl.l.di.nj 

levees are methods widely used to reduce losses fran flocxlin.J. 'lhese 

methods are reasooably well un:1erstood ard usually entail CXIlStructicm of 

large-scale civil works . However, mdificaticm of DDJt other hazaJ:ds is 

still at the research stage . For instance, there are saae in:licaticms 

that weather can be DDiified to lessen the likelihood of hail , increase 

rainfall, and possibly alter the oc:m"Se of larqe stanDs . Future 

earthquakes may even be JOOdified so that a rJJII!bpr of small earthquakes 

wa.U.d ocx:ur rather than a sirgle larqe ooe . 

Avoidin;J the hazal:d throogh land use management is effective for saae 

hazal:ds . Use of land that is prme to flocxlin.J, lamslidi.nj, or 

liCJ]efacticm can be avoided or limited to those p.trposes that are least 

threatenin;J. For exaople, flood plains can be used for parks and f�: 

steep slcpes can be left umevelqm to avoid either natural or triggered 

lamslides : tsunami inln:Jatioo areas can be planted as parks , thus both 

avoidi.nj the hazal:d and reducirg the nm-up of the tsunami by increasirg 

the surface rcu;lhness: and critical facilities can be located rutside the 

possible flood plain that wa.U.d be created should a neaJ:by dam fail . 

It is oot possible to avoid all potentially hazardous areas . Rivers 

nust be crossed. water, electricity, and fuel nust be transported . 

CcmDeroe nust be maintained. 'Ihe acts of regulatirg lard use ard sitirg 

facilities based em potential hazal:d or the oc:l'lSeC}l1el' of their failure 

go right to the heart of how a CXJII'JIJI1i.ty functicms. Hazard oalSideraticms 

are but a part-often ignored-of the overall decisioo process . Mld1 

:remains to be leamed abaJt effectively integratirg lard use strategies 

into ec::xn:mic develqanent , but experierx:le fran many oamunities shows that 
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even sinple restrictioos en the use of flood plains, as menticned above , 

can Ieduoe the oonsequen:es of floocii.n). 

Ca'ltrolli.n;J b.rlldi.n;J practices offers cne of the DJSt effective 

� to  limitin;J the effects of natural hazaxds . lllen a st.ructm'e 

is designed, oc:n;t:ructed , an:l maintained to resist a hazard, then the 

hazard has little or m hpact. a1t the design of a st.ructm'e to 

wit:hstani a hazaJ:dals event is not a sinple matter. What foroes will the 

st.ructm'e enca.mter? How will its different elements interact? How will 

the cxnrtructicn materials perfonn? '1hese are questioos the en;Jineer 1IIJSt 

answer. 

Many EDpirical rules have evolved to aid the en;Jineer in oa'lStructirg 

b.rlldirJ1s that perfonn well durin;J natural hazaxds . However, b.rlldi.n;J 

practices � the world are develq>i.n;J rapidly, creatin;J both ner.i 

dangers an:l ner.i q:porbm:ities. sane inproved cx:nrt.ructim techniques have 

already proved their worth. For exanple, usi.n;J cement DDrtar rather than 

lime/san:l mrtar, usi.n;J reinforci.n;J steel , an:l attachin;J di� to 

walls can Ieduoe the wlnerability of masomy bli.l<iin1s fran almost 

certain collapse in an eartb:Juake to ooe of no:iest or light damage. 

Similarly, attachin;J the roof to the walls an:l the walls to the foormticn 

of a wood frame haJse can greatly reduce win:l destructim duri.n;J 

lmrricanes , cyclooes , an:l tornadoes. 

a1t rapid c.han;Je in CXI'lStructim practices also poses ner.i dangers. 

Tedln:iques are often aJ:Plied far fran where they were develq>ed, without 

regard to their limitatioos . FUrther, their perfo� may be 

ocnjectural. ,  not umerstooc1 fran actual experieB:le . only d:lsel:vatioos of 

actual perfo� in the field--<Xlt'bi.ned with laboratoey research-can 
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validate nar methods . SUdl investigatioos do not yield results easily or 

cpickl.y. 

ADaq the principal tools for safe CXI'lStructiat are b.rl.l.din;J codes ard 

regulatioos. '!hey too offer bath benefits ard problems for transferrin;J 

experiero! fran ate <X11111mity or CXJlD1b:y to another. '!he benefit is that 

a group of Jcni:Mledjeable imividuals has assessed experi� ard resean:h 

results to develcp the code . '!he problan is that a code respaDI to the 

ocn:titioos, tuildin;J uaterials, ard ocmstructicn practices of the 

cx:mm.mity that originated it: the code DBY not be entirely awlicable 

art:side this c::art:ext . Nalethel.ess, tuilders in other natioos, unaware of 

those limitatioos, uay try to use the code without adapti.n;J it. 

As menticned earlier, a key limitaticn to mitigati.n;J damage fran 

natural hazaJ:ds is the large inventory of substanjard, even hazardous 

structures . !otlst worldwide resear:dl ard developoe:ut of bti.ldin;J practices 

focuses at nar tuildirx]s, not at rehabilitati.n;J existi.n;J l.DlSafe 

bti.l�. Because existi.n;J facilities represent the DBin hazard 

eveeywhere in the "WOrld, research ard perfonnanoe evaluatioos have lli1Ch to 

offer this critical ama . 

Predicti.n;J a uajor natural hazard has eoontOJS potential for reduci.n;J 

its disast.raJs cxmsequences . Even short advance notice gives time to 

protect life ard pz'q)erty: a laq period provides an qlpOrtlmi.ty to 

relocate ard reinforce prcperty. '!he capability to predict varies with 
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the type of hazard am has made OCI'lSiderable strides thrcu#l research am 

tec:tmi.cal umerst:anding. CDrpJter DJdel.fn:J of watersheds, \tben linked to 

a networlt of meteorological am hydrograpli.c statialS, has enabled 

accurate flood warnin;p; to be clevelcped . Fran tomado watch IJ109l:aDS 

linked to weather radar syst:.eD&, the path of a tomado can be estimated, 

givin:J both the <X11111mity am its fire, rescue, am mdi.cal services a 

short time to prepare. 'lhe clevelqanent of Dcg>ler radar has greatly 

advanced the ability to predict weather-related hazards am has len;Jthened 

the time between wamirg am the alSet of a hazard. In regims of 

t.rq>ical storms, the precisiat of warnin;p; issued in advarx:le inproves as a 

stonn awzoac:bes , haJr by halr; ultimately, accuracy is dictated by 

mathenatical DJdel.s of a stonn am the data feedirg into them. 

'lhe Pacific Tstmami. Wan'linj center am its network of 1l'IE!IIiJer countries 

is an excellent illustratioo of the CSR>licatim of sciero! in a 

ooqlerative, Jllltually beneficial way. For eartl1quakes am other hazards , 

short-tenn predictiat is generally nme problematic. 'lhe inability to 

repeat the successful predictim of the Haichen;J, arlna , eartllquake-1le 

t:llaJsams of casualties were avoided-is a reminder of both the difficulty 

of predicticm am the need to pursue further research . 

All these forecasts rely oo a mathenatical DJdel. or an arpirical 

umerst:anding of the );ilysical );ilerxlnena , the weather patterns, or the 

t:ect:a'li.c structure of the earth-lax:Jwled;Je that can be c:xmtinuo.Jsly 

updated with OOseiva.tions. '1hese OOseiva.tions sanetimes ilx:ll.D! the 

actual sight� of a J;ilenanerx>n-as with tornadoes am hurricanes-am the 

JOOde1 then tracks the storms's piCJgZess . As these mdels inprove , so will 

accuracy of the predictim. 'lhe significaiX:le of inprov� the accuracy of 
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predict.irq a tmrricane's larxlfall fran a 160-kilCJDeter (l<>0-1Dil.e) aa::uracy 

to an so-ldlCJDeter (so-mile) accuracy can be measm:ed in the millicms of 

dollars if the stm:m is near a large city. 

Many of the prci:>lems of foreca.sti.rg are socioloqical ; others relate to 

instructicms dictates the type of infonnatiat to be provided as well as 

when arxl how it shall.d be disseninated. If the infonnatiat is uncertain, 

then the failure of the forecast event to materialize can lead to 

skepticism, 'tthidl damages subsequent att:.eupt:s to wam the plblic. 

'1he DODeJlt of iDpact of a hazard initiates the emergerx::y respc.n;e 

period, when savirq lives am CXI'lt.rollin;J prqJerty loss becane matters of 

minutes . Typically, the first Cll-Site respooses are the spart:anecus 

acticms of local residents. M..1ch of their effectiveness depems at 

traininj; the speed arxl efficien=y with 'tthidl omnmitywide respcn;e 

occurs is determined by plannin:j am rehearsal . For savirq lives, p:tatpl 

am coordinated seard1 arxl rescue operatioos are crucial. F\1n:Jamental 

prci:>lems in all EJDEU'9eJlCY respooses inclu:Je: gettirq accurate infonnatiat 

at the nature am � of the i.npacts, allocatin;J am managin;J local 

resooroes, marshalirq am allocatirq exte.rna1 resooroes , am dealirq with 

the oc:nvezge.rn! of peq>le arxl materials at the .inpact:ed area . 

'1b:u]h projects � as part of the IIHIR will rot involve 

relief operatioos for specific disasters, they will inclu:Je careful 
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analysis of respcmses to disasters umer various social am p:»litical 

circ::umst:ar¥Je. Emergency respcmse generally entails Jllldl wasted effort, 

am there are often liBI1Y mgeut tasks that niiBin unaddressed, am Jllldl 

liiOrlciJ¥j at cross puxp::JSeS . or.tril::ut.in;J to this ocn:liticm is the fact 

that p:»lioe am other plblic senants DJJSt saJddenly perfm:m liBI1Y tasks for 

whicn they are oot routinely trained. Both t.ec:tlmlogical am social 

solutia'lS are recJlired to inprove this situaticm. For exanple, 

devel.opuent am installaticm of backup PJWer sources am advance plann.irg 

for makiJg use of amateur radio operators have iDpraved emergerx::y respc:nse 

in liBI1Y disasters . Likewise , various strategies for plblic educatial am 

advanoe trainirg for emergerx::y resp:x1Se tasks have also been successful . 

As the emergency period wanes ,  a CXIIIII.Dlity enters the lag recovery 

am redevelopueut period duri.rq which it restores itself. It buries the 

dead, treats the injured, houses the dispossessed, restores the damaged 

ecx:n:my, am makes plans to minimize the hazards of fUture disasters , 

cmag J11U1Y other activities. If the emergerx::y resp:x1Se period is 

typically ale in which the spirit of tmity am cx:qleraticm prevails, then 

the rea:Nerf period is typically ale in whicn old divisia'lS am OCilfl.icts 

resurface, exaoemated by the difficult decisia'lS that DJJSt be made. 

CDlfl.icts arise between a st.rag sentimental force to reb.rlld the 

CXIIIII.Dlity just as it was before-perhaps in the flood plain or in a 

seismically vulnerable style-an:l a l1DYeiDel1t to seize the q:portlmity to 
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make radical c::baD;Jes. CDlflicts can also develq> aver the use of 

aoort-tem solutioos that interfezoe with ume satisfactmy laq-tem 

soluticms. An exanple is the introductiat of taJpmny haJsin;J, Wli.ch 

often tec.vJnes penaanent . still other oa'lflicts arise aver alloc:atiat of 

inadequate resources ani evaluatiat of c:aab:c:dictm:y advice ftan SUAXJSEd 

experts . 'lbese oa'lflicts often lower CXIIIIImity Dm'8le ani urx:1e1:mine 

respect for political leadership ani instituticms, oc:mp::ll1l'din the 

problaas of restorin;J a OCIIIIID'li.ty. 

Plam:in;J for futme hazardous events involves several � durin;J 

this period. Qmgmities often rely excessively at a sin;Jle strategy: 

for exanple, reblil.di.n;J the levees bit mak:in;J them higher ani st.rcn;Jer, 

thus reducin;J the hazard of mild floodirg bit in::reasin;J the CXIIIIImity' s 

size-ani thus the extent of damage in case of DDre extensive floodirg. 

Plam:in;J is also jnpedecl by a sense of i:am.mity. Residents my feel 

either that ''we have had our quake ani there 'Wal't be amther like it in 

our lifetime, " or that ''we weathered this hurricane so we can weather 

anyt:hin;J nature throws at us. " 

En:m:s made in the rea:NerY stage can stay with a CXIIIIImity for 

generatioos. Ccllparative sb.dies of ret:XNerY in several OCIIIIID'li.ties have 

identified scme c:haract:eristic errors as well as exanples of DDre 

EDX"eSsful eJCperierxa;. However, further sb.dy is needed of both the 

short- ani laq-tenn ecaonic consequences of various rea:NerY pattems 

ani their effects at political stability ani c::ultural developuent. 

Distrib.Jtirg the ecaonic loss cm:n;J a larger unaffected OCIIIIID'li.ty 

lessens the severe ecaonic inpacts of natural cat:astrqiles, althalgh this 

strategy does not directly reduce casaml ties or damage . Illsural'n! is me 
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o1•11aa vehicle for :redistriblticn of loss. lfc:JWeVer, because of the 

magni.tme of the loss fl'an many catast.rq:iles, the capacity of insurance 

and financial institutioos may be inadequate to cx:wer it. other forms of 

zedi.st.rib.lticn are ecx&'1CIIli.c assistance fl'an dlaritable and private 

disaster organizatioos and fl'an gcvernnent:s, � tax receipts and 

intematicmal. grants. 

Respalsibilities for hazard reducticn are so widely distriblted aJIDl} 

such a variety of organizaticns that ooordinaticn-even for sharin;J of 

informaticm-is a parano.mt prci)lem. ll1cb of the essential activity in 

reducin;J the inpacts of natural hazards is carried w.t as a sideline by 

oxganizatioos tr.bose main purp::ses have little to do with hazard 

reducticn. For exa��ple, plblic educaticn for hazard reducticn is carried 

w.t by the sdlools, the mass media , voluntaJ:y associaticns, and 

arplayers. F.quipnent for research and reswe is borrowed fran brlldin;J 

ocmtractors, and its nature and locaticns are seldan known by those 

directin:J EJDeZgel'lCy respa1S8 . To zemedy this situaticn, governnent llllSt 

take a nm:e active ooordinatin;J role. I.eadership of plblic officials is 

essential at all staqes of hazard reductiat and emezgeooy respcn;e . 

Because roost disasters ocx::ur intermittently, creatin;J organizatioos 

solely for hazard reductioo is not feasible. Q:n;equently, sustaini.rg and 

c:lirectirg work done as a sideline by oxganizaticns with other primaJ:y 

pnposes is a prci>lem. case stu:ti.es shc::M that difficulties arise in the 
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relaticns between professialal ani lay gi'OllpS ; anr::n;r local , naticmal., ani 

organizaticns; between ad hoc ani penaanent organizaticns ; ani aJID'K1 all 

these gi'OllpS . MJch rEIIBins to be leamacl a1:x:1ut praii:Jtin) <XIIWmicaticn 

aJID'K1 organizaticns ani enccuragin;J pattems of coordinaticn that do not 

stifle the gi'OUpS involved. A key to reducin;J the inpacts of a hazard is 

un:Jerstanclin; how cxganizaticns perf01.'1D before ani durin;J an event . 'Ibis 

will cane cnly ftan systematic ciJservaticn of J11U1Y instituticns as they 

plan for ani respcni to different hazards . 

One clear ocn:::lusicn of this analysis is that there are J11U1Y 100re 

cg:mt:lmities to devel.q> disaster avoidance � than there are 

efforts to adrleve them. 

'lW mjor ciJservaticns en the status of disaster avoidance acticns 

worldwide warrant careful <XIlSideraticn by political ani scientific 

leaders of naticns at risk: 

o J11U1Y Jcoown pzocedures canmt be ClR)lied worldwide because 

experience in their ClR)licaticn or critical data for their effective use 

in a partic::ular :regicn are not available, ani 

0 DBI1Y pranisin;J � lack the cu:JOin:J research effort recJlired 

to devel.q> them for future ClR)licaticn. 
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Research at cat:astrqhic natural disasters is hanpm:d by the fact 

that they axe relatively rare occ::urrero:s in aey given m;Jiat. ait 

globally they axe mt rare . Because adVcm::les in the science am 

en;,� of hazard mitigatiat require repeated ciJservatiat of 

in:lividual hazards , progzess recJrlres an intematiCilal. awroach· 

'1hcu#l there axe sane very a¥X"eSsful bilateral am lllll.tinatiCilal. 

research efforts, they axe usually narrowly focused at oamtey-specific 

objectives. Far exanple, the united states/Japan testiJg progzam at 

seismic perf� of CXXlCiete frames has f\mctiated well, rut it does 

mt inclu:Je the types of structures likely to be used in other countries. 

Nor does it :inx>xporate the experience am data of New Zealarxi, Mexico, 

arl.l.e, Italy I the Soviet uniat, am other seismically krx:Jwled]eable 

countries. Similarly, the Tsunami wamin;J System has perfonned well , rut 

its focus is solely at estilnatin;J arrival times in the Pacific Basin, mt 

at minimizin;J tsunami damage by samd lam use am b.ti.l.din;J practices. 

As stated earlier, technologies develqm for ClR)licatiat in cme 

country axe often ClR)lied in another without adaptatiat. 'lhe �g>lied 

Tedmology CD.Jrx:il (Jm::) develqm recxmnended b.rlld.in;J practices for 

earthquake-resistant design for use in the united states. One of the 

first inplementors--even before the united states-was OJlCIIbia. ari.l.din;J 

practices am materials in OJlCIIbia axe sanewhat different, am the 

tectaric nature of OJlcmt>ian earthquakes is different fran that of 

california earthquakes , for which the 1m:: recx:aiiierdaticns were pr�ipally 

forlllll.ated. Forb.mately, contacts between OJlCIIbian am u.s. en;,ineers 

involved in the 1m:: effort axe st.ra"q. OJlCI'l'bian en;Jineers were able to 
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adapt the guidelines-with advice fl'an u. s .  developers-to their 

circumt:ances. Many others who have ClR)lied these finiin1& have oot had 

this advantage. 

Fran this di soJSSicn it can be seen that glcilal efforts taward natural 

hazard reducticn are piecemea1 , an:l naticns' research an:l infonnaticn 

disseninaticn pzogxams are fragmentaey an:l narrowly focused. Further, 

these limited naticnal. efforts will oot lead to the rapid developaeut an:l 

ClR)licatioo of new �  to avoid.in;J an:l managin;J catastzqiles. 

� oatprehensive progzans of research an:l ClR)licaticn are rare in any 

oountry, the O:li(Olel'lts of such an effort are often pzesent within a groop 

of c::amtries an:l ocW.d yield real research progxess if they were 

coordinated an:l needless duplicatioo rediJOed-in other words, if an 

intematicnal. ampaign were umertaken. 

Why shalld an intematicnal. effort be DD.Il1ted? First, natural 

cli.sasters exact costs that are unacceptable by any social , eoaunic, or 

p:»litical meaSJJre . 5eccn:l, ClR)lied science an:l technology is the ally 

means to reduce these :i.npacts. 'Ihird, natural hazards an:l catastzqnes do 

oot zespect naticnal. bourdaries, an:l the tec:tmiques to limit their 

ocx:urrence are oot specific to any oountry. Experience fl'an events in cne 

place may be useful elsewhere befoze a similar event cxx:::urs . A 

coordinated intematicnal. effort offezs the �ty to develq> an:l 

ClR)ly avoi.darKJe ClR)roadles nme quickly an:l at a lower cost than can 

separate naticnal. strategies alene. Imeed, a cx:qlerative intematicnal. 

effort may be the ally way to develq> effective avoidance methods for 

glcilal ClR)licatioo, natwit:hst.an:ii.n;J the suooesses of saue bilateral 

pJ:'09Zams . 

'lbe Internaticnal. Dealde for Natural Hazard Reductioo offezs its 

participants the q:portuni.ty to acxx:mplish the follCMin;J: 
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1 .  Enhance the flow of infonnaticn and mtperlence across geogzapuc 

and natiCilal. bc:lurDaries. 

2 .  Make efficient use of lllll.tinatiCilal. and experimental facilities 

and laboratories thrc:u:jlcut the 1110rld. 

3 .  Adlieve the critical mass of �leci:]e, experience, and 

investigative capability recJ,rl.red to truly devel.� disaster avoidance . 

4 .  Allow researcbers and professiCilal.s of many naticns to gain access 

to azeas and infonnaticn that would oot othetwise be available. 

5. a,t:ain and share c:leloonstrable results within a relatively short 

time that clearly advance en;Ji.neerin:;J and scientific unr::Jerst:andi and can 

be adapted for use within the participants' own <XllD1tries. 
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'!be nature of eadl mjor natural bazaJ:d is c:U.stiJ'¥::t, as aze the 

dlallen;es associated with reducin;J its inpact:s. 'Ibis dlapter traces the 

l.Dlique dlaracter of the najor hazards ani � IIHfR projects to 

aa:b:ess eadl ooe . '1bese project lists aze by no means exhaustive ani aze 

interxted ally to in:licate the possible socp! of IIHfR activities. 'lhe 

dlapter also explores the socioecxn:JDic aspects of hazard reducticn ani 

the special dlallen;es of c:q>in;J with lllll.tiple hazards .  

An earthquake-a snaien DDtiat of the earth caused by an abrupt 

release of slowly a<XJDDJlatin;J stress-is a potent natural hazard. 

� associated with earthquakes irclme the J;ilenaDena of q.t'Ol1l'd 

sbakin;J, surface faultin}, q.t'Ol1l'd failures , ani tsunamis. Althalgh 

earthquakes cause less eocn::mic loss aJ11"1la.lly than scme other natural 

hazards , they have the potential for causin;J great srdien disasters . 

Within ooe mirute, an earthquake can destroy part or all of a city. 

Depen:tin;J upcn its locaticn ani magnitu:Je, it can damage brllc:tinls ani 

banes valued at billicns of dollars, cause loss of life ani injuzy to tens 

of t.hcusams, ani totally disrupt a OCIII1Illl.ity's social ani eoc:n:mic 

fuootiatin;J. 
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At least 35 c::amtries face a high prc:bability of loss fl'an eartbJlakes . 

lblerate (magni.tmes of 6-7) and large (magnitmes of 7-8) earthq.Jakes 

pose the greatest thJ:eat because they em! JIIJdl more frec;pant than great 

earthquakes (magni.tmes of 8 and above) . Far exa��ple, a D:lderate 

eartlvpake takes place abaJt aal a year in califomia, blt a great 

earthquake haRe's ally aal every 100 years or so. 

'lbe extent of a disaster wrc::u;Jbt by an eartlvpake depen:Js upa1 the 

magni.tme of the earthquake , its proximity to a city, and the city's 

preparaticn to :resist an earthquake . In the past 25 years , the two roost 

destructive u.s. earthquakes were in Pril'D! William Soun:l, Alaska, in 

March 1964 (magni.tme 8 . 4) and in San Feman:Jo, califomia, in Februa%y 

1971 (magni.tme 6. 5) . DEunage of abaJt $500 millicn (1971 dollars) and 

scxn:es of deaths and injuries resulted fl'an each. Yet the united states 

has been relatively forb.mate. 'lbe TanJshan, China , earthquake of July 

1976 (magni.tme 7 . 8) destroyed the entire city, leavirg more than 250 , 000 

dead. 'lbe Mexico earthquake of sept.eai:ler 1985 (magnitme 7 . 8) caused 

10, ooo-20, 000 deaths and abaJt $6 billiat in damages . 'lbe D:lderate 

(magnitme 6) earthquake of 1960 near Jgadir, M:>rocoo, caused more than 

10, 000 deaths in a city of 30, 000 .  'lbe 1908 Messina , Italy (magni.to:Je 

7 . 8) earthquake killed abaJt 80, 000 , and the 1923 Tokyo eartlvpake 

(magnitme 9) killed m:re than 140, 000 . 

'lbe main goal of an earthquake hazard reducticn pru;Jiam is to preserve 

lives thraJgh the eoc:n:mi.cal rehabilitaticn of exi.stirg structures and the 

cxnrt:ructi.cn of safe new structures . One further goal is to ensure that 

emetgeney response , r:ecovery , and redeveloptent plans em! made to provide 

ocntinlity of eoaanic, social, and political activities in a cxmn.mity . 
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Adlievin1 these goals requiJ:es that the extent of the eart.bJake risks 

an:l the expostm! of citizens first be identified. '!his task can take the 

fm:m of preparin.J earthquake risk maps , which plot the prctability of 

experieooin.J a specific level of groun:l moticm within a specific time. 

Det.erminin) the expostm! of citizens relies a1 evaluatinj the safety of 

existin;J strucb.n'es, water an:l sewer systaDs, gas an:l oil pipelines, an:l 

other lifelines. However, deteJ:minin;J sb:ucture safety is often 

hardicaRBi by an inability to assess materials an:l designs used in older 

CXIlStructicm. 

Even with the best detenninaticm of b.rlldin.J properties an:l 

ocntiticms , the level of damage a specific groun:l ncti.cm may cause still 

carnJt be predicted acx::urately. Naletheless, a nlll'iJer of tedmiques can 

be used to st:ren;Jthen existin;J structures , an:l many b.rllc:tinJs have been 

retrofitted for in::reased seismic :t:esistaooe . As research further 

develqB these tedmiques an:l their cost falls, 100re b.rllc:tinls can be 

upgraded. 

What needs to be dale durin] the Decade? First, progzans llllSt be 

initiated that inclme avoidance, � zatirg, of CXIlStructicm cm 

wl.nerable sites as well as evaluaticm an:l recalSb:ucticm after a hazard 

occurs . In additicm, � zesponse for b.rllc:tinJs an:l lifelines llllSt 

be planned an:l care taken to ensure that these plans are prc:perly 

i.nplanent:ed. 

Seccni,. instrumentaticm networks llllSt be established to detezmi.ne 

groun:l DDticm influeooes caused by local site ocntiticms . SUdl networlcs 

will also provide the means to detemine the relatialShip beblaen specific 

groun:l DDticms an:l the degzee of damage to malHIBde strucb.n'es-fl'an 

initial damage to ultimate collapse. 
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'lhird, a testin;J pzcxp:am DllSt be un:Jertaken to explore this 

relatialShip between ground motia1S am the behavior of man-tlllde 

stJ:uctures up to the point of collapse, am to develop eocnmical methods 

to iDprove the safety of existin;J b.ti.l.clilqs. 

FUrther, efforts DllSt be made to sustain a reascmable level of 

earthquake preparedness in the mirds of citizens . 'lhis need inclmes a 

OCI1ti.nued readiness to respcni to earthquake wamin]s despite the lcn;r 

periods between destructive quakes am the uncertainties of most wamin;ls . 

Potential projects durin;J the IIHtR inclme: 

o establishment of a ooqler8tive intematimal. pzcxp:am in st.raq 

DDticn measurement am data analysis, 

o organizaticn of a coordinated intematimal. earthquake infomaticn 

service, 

o develqment of new earthquake predicticn mdel.s, 

o stmy of the ti.mi.rg am methods for effective delivery of 

earthquake wamin;ls , 

o assessment of technical ocn;ideratia1S in st:rEn;)theni.r brittle 

reinforoed-oacrete b.ti.l.clin;Js am other hazardoos structures , 

o stmy of the intematimal. finaJx:ial am � i.Dplicatia1S of 

catastrq:irlc earthquakes, 

o inprovement of techniques to CXllltrol ncnstxuctural. damage (for 

exaDple, oeili.n:;Js, partitia1S, winic::Ms, am other interior fi.xtm'es) ' 

o analysis of various strategies for preparedness am respcnse to 

earthquakes , 

o stmy of failur:e toodes of structures, 
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o study of the special OCI'lOemS in designin), OCl1St1:ucti.rg, ani 

rehabilitatirg critical facilities, 

o inprovement of guidelines for �resistant design, 

o preparaticn of unified risk maps that include hazaJ:d potential , 

frequerx:y of ocx:urrerx:e, expected gJ:QJnd moticns, ani site variaticns, 

o study of microzcnaticn in worldwide sei.saDJtect:arc analogs, 

o developoeut of seismic-safety analyses for exi.sti.n;J daD& ani 

l'llClear PJWer facilities, ani 

o ocmtimed stu:iies of seismic gaps (faults with no recent 

activities) ani their ilrplicaticns. 

I..amslides occur in virtually every ocunb:y in the world, ani they 

have a variety of causes : heavy rains , meltirg snow or ice, earthquakes, 

volcanoes , ani human activities. I..amslides often extern beyad the 

ba.1rx1s of a sin;Jle state or ocunb:y, bnyin;J banes ani other structures 

ani clisn1ptin;J transport ani the delivery of emergency services. 

Notable lan:lslides of the recent past include the Reventador, Falador, 

lan:lslides of Marcil 1987 . A magnitude 6 . 9  eartlquake followin;J a DD1th of 

heavy rains precipitated lan:lslides soourin;J the slq:e; of Mt. Reventador. 

Early estimates show 1, 000 dead ani 4 , 000 missin;J. In acHiticn, the event 

ruptured the trans-Falador oil pipeline-the naticn's prime eoaonic 

asset--causin;J an �te $1 . 5  billicn loss. In 1962 ani 1970 , 

di.sast.rals slides plurged fran the slq:e; of lbmt lllaScaran in 
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Peru. In the 1970 event, caused by a 7. 8 magnitlxie eartbplke, nearly 

20, 000 died as DUiflows b.Jried the neaJ:by towns of Yun;Jay am Ranrahirca. 

In the united states, the April 1983 thaw of a heavy smw pack 

precipitated a lamslide near 'lbistle, utah, whicb caused Dm"8 than $200 

millicn in direct losses , cuttin;J two major highways am a 

transc:attinent rail link am dimwnirq the Spanish Fork River. 

I..amslic:lin;J in the united states causes at least $1-2 billicn in 

ecxxlCIIlic losses am 25-50 deaths eacb year. Despite a grcwiJ'g 

� of the geology of lamslides am a rapidly develcpin;J 

agineerin;J capability for lamslide ocmrol , losses ocntin.1e to 

in::rease . '1his rise is largely a c:xnsequerD! of residential am 

(XJIIDercial develq:ment that CXX1tinJes to e>epam art:o the steeply slcpin;J 

or unstable terrain that is DJSt prooe to lamslides. 

'!here are methods for mitigatin;J lamslide losses . I.an:l use 

management , J::WJ.c:Urg am graclj.rq codes, the use of wel.l�igned 

agineerin;J techniques for lamslide ocmrol am stabilizaticn, the timely 

issuaJ'o! of E!ll1eZgel'lCy wamin;Js , am the availability of lamslide 

i.nsuraooe can significantly reduce the catast.rqirlc effects of 

lamslides. '1hcu;Jh sane techniques for predict.i.rq lamslides have been 

develcpecl , research in this area is insufficient. For exanple, � 

interval. techniques am other tEilporal descripticns of risk are 

essentially unexplored. sane research has been carried rut en the use of 

early wamirg systems to alert the public to in:lividual local lamslides, 

am there have been a few successful dEm:nstraticns. art: there has never 

been extensive i.Dplementaticn of an early wamirg system in any cnmt.J:y . 

Successful am cost-effective lamslide mitigaticn pro;JEams can be 

i.Dplemented, am such progzams do exist (Japan, for exanple) . '1hcu;Jh 
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there have been sane illpressive local dalastrati.oos of 1an:lslide ocmrol 

in other OCl.D'Itries, infomaticn abcA.1t them has not been widely 

djsSf"'inated. 

Naletheless, D.1Ch can be da1e to reduce lamsl.ide losses �. 

'lbere are c:twious needs for geologic ard ergineerin;J research, developoeut 

of new JIBR)in) tec:imiques, widespread adqJticn ard enforoemeJJt of 

CJRXcp:iate builclirg ard gradirg CXldes, Dm"e effective lard use plal'll'liJg 

ard management, wide disSf"'inaticn of infcmnaticn abcA.1t lamslide risk ard 

loss reducticn, ard serious examinaticn of the feasibility of lamslide 

insurarx::e . 

An effective progzam to reduce lamslide losses worldwide can beqin 

today. Erlstin;J knowledge abcA.1t lamslide prooesses ard loss reducticn 

practices can provide a basis for widespread ard effective i.Jrplementaticn 

of the loss reducticn tec:imiques I'D1 available. At the same time , 

research shalld be urdertaken to iJrprove the tedlnical base for 

fonllllatirg design, builclirg, ard gradirg CXldes ard develcpin;J new 

tedlniques to prevent loss. 

Potential projects durin;J the IIHIR inclu:Je: 

o study of lamslide ptooesses , i.ooludi.n;J lamslide initiaticn ard 

the mechanics of lamslide transport ard depositicn, 

o develcpaent ard demcnstraticn of inproved lamslide JDaR>inJ methods 

en a broad rarJ!Je of map scales, 

o organizaticn of an intematicnal. lamslide informaticn sezvioe to 

provide data ard tedlnical assistance to groops interested in settin;J up a 

lamslide JDaR>in;J progzam , 
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0 study of the eccn:mic, political , am social px-ocesses that 

ermmtge or ill{lede lan:1slide mitigatioo pn:gzams , 

o develcpaent am awlicatioo of lam use practices am regul.atia'lS 

that reduce wlnerability to lan:Jslides, 

o develq:ment am use of l.amslide cx:uLtol measures, such as soil 

drainage, 

o analyses of regiooal. am te•tmal. lan:Jslide distrihltia'lS to 

develc:p recurrence DD:Jels, predictive criteria, am risk assessments, 

o instrumentatioo of lan:Jslide piale areas for hazaJ:d assessme�tt, 

pxedictioo, am wamirg, 

o assessment of interrelatiooships between lan:Jslides am other 

natural hazazds , includin:;J intense storms, earthquakes , volcanoes , floods, 

am wildfil:es, 

o develq:ment of design criteria relatin:j gJ:QJnd defomatioo am 

damage to structures, 

o inprovement of respav;e strategies for lan:Jslide disasters , am 

0 awlicatioo of I'Bi tedlniques in satellite remJte sensi.n;J, 

geqilysics, am geotec:tmical agineerin;J for delineatioo of areas of 

lan:Jslide hazal:d . 

Tsunamis are large ocean waves generated by i:npllses fran geqilysical 

events oocurrin;J oo the ocean bottan or alCDJ the ooastline, such as 

earthquakes, lan:Jslides, am volcanic eruptia'lS. 'lhese waves usually have 
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relatively small heights in the desp ocean, tut they can teo ••e 

destructively large as they � shallow water an:i nm up m the 

shore . Tsunami damage is a diJ:ect result of three factors: inlrxlatim, 

wave illpact m stJ:uctures, an:i coastal erosim. 

Tsunamis cause significant damage an:i loss of life in many mgialS of 

the world. Aba.Jt 6, 000 pec:ple have been killed by these destructive waves 

in the past decade alme. In the united states, for exanple, the tsunamis 

generated by the Prince William sam, Alaska, earthquake of March 1964 

killed nm:e than 120 pec:ple an:i caused damage esti:aated at greater than 

$100 millim (1964 dollars) , i.ncltdin;J extensive damage to the town of 

crescent City, Califomia. 

Many other cnmtries have been serioosly affected by bath distant an:i 

locally generated tsunamis . For exanple, the 1960 earthquake (magnittne 

8 . 6) near Qmoepcim, Chile, generated a tsunami that traveled across the 

Pacific Ocean at abcA.1t 800 kilaneters an hour (500 miles per hour) an:i 

caused significant prcperty damage an:i loss of life. '!be Japan sea 

tsunami of May 1983 caused �tely 100 deaths an:i extensive prcperty 

damage an:i flc:xxii.n} alcn;r the northwest coast of Japan. '!his tsunami was 

partiall.arly well�, an:i the rich data set OCI'Ipiled fran it will 

ilrprove oor umerstardi.rg of tsunami actim. 

'!be ocx::ur:rer¥:2 of disast.rals tsunamis is a major threat to 22 

cnmtries alcn;r the rim of the Pacific, althcujl disast.rals tsunamis have 

also been felt in Portu;Jal , the Mediterranean , an:i other parts of the 

world. On:zent technology' if awlied, can mitigate the destructive 

inpacts of tsunamis m lives an:i prcperty . Protectim against tsunami 

run-up can be achieved by OCI'lSt.ructin; barrier walls an:i other diversioos, 

as has been da1e in Japan. art. the cost of such projects an:i their 
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deg:Ladatioo of natural seascapes restrict their use . I.an:l use zarl.n;r of 

coastal aMaS uay be a less costly way to reduce eocn:.mic losses fran 

tsunamis . 

savin;J lives t:lu'tuJh effective early waming of tsunamis prqagated in 

the open ocean is certainly possible today. li:JWever, aJID'g the 22 

oamtries in the circum-Pacific regioo, ally a few have st:amard cparatin;J 

pzocedures for i1111!f!!diate evaruatioo or reliable, rapid CXJ11'1'1m.i.catioo 

systems capable of reoeivin;J real-time wazniD;Is fran the Pacific Tsunami 

wamin;J center. In recent years , Olile, with tec:bnical assi.st:aro! fran 

the united states, has significantly upgraded its disaster preparedness 

am evacuatioo plamirg efforts. '!be united states installed a prototype 

nearshore tsunami waming system that is used to tric;Rer evaruatioos alcn) 

the Olilean coast within minutes of uajor offshore eartlquake events . '!be 

Olilean §t&yxk!rrl Operations Procedure tJanml for tsunami waming am 

evaruatioo is a JOOdel. for other threatened natioos. 

A png1am to reduce tsunami losses wcW.d, certainly, inclme 

develq:ment of glOOal forecastin;J of tsunami dan;Jers am the evaluatioo 

am mitigatioo of coastal tsunami hazards . D.Jrin;J the IIHIR, a 

significant effort shruld be made to gather field data related to the 

generatioo am propagatioo of a tsunami . For exanple, instruments could 

be deployed in a regioo off the Alaska Peninsula, \1dlere the probability of 

a tsunami -causin;J earthquake is high. Instruments could also be deployed 

in distant nearshore regioos . SUch a prog%am wcW.d help refine predictive 

capabilities with regard to timin;J am the destructive potential of a 

wave. 

For evaluation of coastal tsunami hazanls, the probability of 

�, the maxilrum limits of i..nurdatioo, am maxilrum forces that can 

be exerted oo stationary am DVJVeable ct>jects rtUSt be detennined . SUch 
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infcmnatioo can provide lam use guidelines am en;,ineerln;J design 

criteria for potentially threatened areas am could beor:me the baseline 

for reducin;J life am prcperty loss. 

Potential projects durin;J the ImHR il¥::1\de: 

o open ocean mea.smaoent of tsunamis ooopled with eartlquake 

measurements to c:btain field data 00 tsunami generatioo am prq:agatioo, 

o a pro;JEam for nearshore measuument of tsunamis am their run-up, 

with instrumentatioo of selected sites aran:l the Pacific that 

historically have been affected by tsunamis, 

o devel.qment am ilrplementatioo of l'I.DIIerical mdels to be 

inco1p01ated in wamin;J systems to provide real-time tsunami iram:Jatioo 

estimates, 

o OCI'lfimatioo of l'I.DIIerical mdels with large-scale hydraulic mdels , 

am 

o structurin;J of intematiCI'lal. teams for rapid respcnse to 

investigate tsunami events quickly before evidei'D! of run-up am damage is 

ooliterated. 

Win:1st:orm-related events worldwide cause an average of 30 , 000 deaths 

am $2 . 3 billioo in damage each year. severe trq:>ical storms (called 

hurricanes in the Atlantic, caribbean, am eastem Pacific, typlOCilS in 

the westem PacifiC, am cyclooes in the Iniian OCean) 1 tomadoes, 

blizzards, am other storms affect the brll.t envirament am agriculture 

in every cnmtJ:y of the world. 
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Disasters associated with severe t.rq>ical cyclcmes can CXNer hl.1rm"eds 

of square kilaneters, lead to humn!ds of t.housaJ'm of casualties, an:l 

cause billia1S of dollars in ecx�adc loss. Wims � 350 

kilaoeters per hour (200 miles per hour) , rains exceed.in;J 80 centimeters 

(30 i.nc:bes) in a few days, an:l stonn surges of 8 meters (25 feet) 

dlaracterize the Dm"e intense stoiDB of this type . Abcut 15 percent of 

the world's pc:p.tlatiat is at risk fran t.rq>ical storms-in the 

sartheastem united states, Japan , the 9rlli.R>ines, southem arlna, an:l 

sa.rt:h Asia. Partiallarly wl.nerable to deadly stonn surges are the river 

deltas of Asia, l1tbere death tolls of 300 , 000 or Dm"e have been recorded in 

a si.rgle event . In the United states, hurricanes are JIX)re often 

associated with widespread property damage, as in 1972 , l14len a.Jrricane 

Agnes caused nearly $2 billiat in damage ate of the costliest natural 

disasters in u.s. histoJ:y. 

'1he United states leads in the �  of tornadoes, but they have 

also been reported in canada , Argentina , Australia, �ladesh, Irxli.a , an:l 

Eurqle . '1he JOOSt extensive tomado-related disasters have occurred in the 

United states. In 1974 , 149 tornadoes stJ:uck fran canada to the Gulf of 

Mexico in 36 hours ,  killi.rg Dm"e than 200 an:l causi.rg damage exceeclin;J $1 

billiat. Wi.rd speeds ClR)roachirg 500 Jdlaneters per hour (300 miles per 

hour) are possible in a tomado, an:l win:lbome debris is a significant 

hazard . Irdividual stonns are small in extent (fracticns of a kilaneter) , 

but art:bxeaks of many stonns affectin;J large areas (hun:lreds of square 

kilaoeters) are CXIIIIOll in the United states. A tomado strikin;J the 

center of a large city wcW.d certainly be a major disaster. 

'lbcu;Jh it is incamamicable to design for the JOOSt intense to:mado 

wilds, the less intense winds can be effectively resisted with use of 
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awzopriate c:xmstructim tec:brl.ques. IDpraYed t.amado � times  am 

:instructiCilS to the p.lblic that place peq>le in optiDaa locatiCilS within 

brllclin;ls are a:edited with greatly reducirg deaths am injuries fran 

t.omadoes in the United states. 

Extratrcpical cyclmes , fratts, t:hurderstonl& , am downslqJe winds 

also t:hreaten peq>le am property. Dl.ml!lgirg winds, lightni.n:J, hail , am 

ice that acxxmpmy these events kill t.halsar¥B am cause billiCilS of 

dollars in damage each year. 'lhese wild-related events can be dealt with 

Dm"e easily than severe trcpical cyclmes am t.omadoes, but the extent of 

their ocx:urrerx:e is wider. Virtually oo CXJII1'UI1ity in the world is imlune. 

Predictim of cata.st.rqirlc winds-whether associated with 

extratrcpical cyclmes , hurricanes, downslqJe wi.rdstonns , t.omadoes , or 

thun:Jerstonn gust fratts-involves fomcastin;J m all time scales: laq 

ran;Je (Jim'e than 10 days) 1 intermediate ran;Je (3-10 days) 1 short ran;Je 

(1-3 days) 1 very short ran;Je (a ff!!lll hrurs) 1 am HRJWCaStsH (events in 

pzogzess) .  xey to the utility of wini forecasts are timeliness , accuracy 

of locatim, am overall reliability. xey to their credibility are 

dJservatiCilS of current cxniitions that are accurate, quality ocntrolled, 

am of high J:eSOlutiCil in bath space am time, am good Do:Jels of weather 

pz'OC'eSses m the scales ciJsel:ved . 

In the near fub.Jre , many natiCilS need to invest substantially in 

mdernizin;J their weather obsetvatim networks . '1his effort involves 

deployin;J new satellites, tqpler radars ,  autanated surface networks, am 

other technologies. It also requires new infonnatim management syst:eas 

to integrate the data. 

I.cnJ-tetm predictim of the magnittne of extrane weather events 

permits evaluatim of maxiDun structural loads am �  analysis of 
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the ecxmanic viability of designirg structures to ac::o *iiiodate those 

loads. For design PJ1ll0Ses, the use of wini speeds predicted to cxx::ur 

aD! or twice a oentuey shalld pennit DDit structures, includin;J 

in:lividual houses, to withstan:l with auy mi.rm' damage the maxinum winds 

generated by DDie than half of all lmrricanes an::l tomadoes. 

As with other natural hazards, the two basic strategies in CUIIIIOh use 

to decrease the illpact of weather-n!lated disasters are avoidarre an::l 

mitigatiat. For exanple, a laq-term avoidance strategy for lmrricanes is 

lard use plam'linJ in whidl OCI'lStructiat at barrier islards an::l low coastal 

areas is restricted. on another level , a short-term avoidarre strategy 

for lmrricanes is a 12- to 24-hour evacuatiat notice aimed pri.Darily at 

protectin;J lives. 

Short-term mitigatiat measmes for use after lmrricane watdles or 

wamin;Js are p:lSted in=l\XIe boardirg up win:Jaws , installin;J aircraft 

tiEHb.ms, an::l other quickly performed activities. I.on;Jer-term measures 

incl\XIe mdificatiat of b.rl.ldin;J practices based at so- or 1oo-year 

predictioos of the magnittne of exb:ane events. Inprovecl CCilStructiat an::l 

inspectiat requirements have dramatically decreased win:! damage in both 

trurricanes an::l nw:xlerate-level tornadoes at a low cost durin;J CCilStructiat 

an::l have reduced loss of life an::l damage in severe tornadoes. 

�ial projects durin;J an IIHiR in=l\XIe: 

o inprovement of glOOal weather networks usin;J satellite an::l surface 

dJservations to forecast an::l track severe stom systems, 

o oooniinated intematiatal. programs to study severe trcpical stonns, 

tomadoes, an::l other severe weather }ilenanena resp:::l'lSible for flash 

floods, blizzards, hail , an::l high winds, 
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o enhancement of wi.rd tunnel research at wim/sb:ucture i.nteracticms, 

0 iDproYaDent of tectmiques for poststmm cbnn!ltge evaluatiat to assess 

o JDaR>inJ of hurricane wi.rd fields after lardfall, 

o st:ardaJ:dizatiat am assesS"'P'lt of extzaue wi.rd speeds am wi.rd 

loads to inprave blildin) design practices, 

o inprovement in CXIlS'tructiat practices to resist wi.rd, with eqilasis 

at lO!IIr-OOSt haJsin) 1 

o irwestigatiat of the role of � in lessenirg the eoaanic 

inpacts of wimstoJ:m d;rmaq:\, 

o develc:pnent of inproved t:.ec:tmiques for predictirg storm SUZ"ge 

wlnerability am risk, 

o design of storm shelters am refLJ;Jes to save lives �e minimizin) 

the need for nassive evacuatiat, am 

0 enhancement of prog:tams to aid local officials am � 

managers in decidin;J when am how to evacuate dL1rin:J severe st.onDs .  

Flooclirg is arrt aln>rmally high water flow that overtqJs the natural 

or artificial coofinin) bc:Jun:Jaries of a wat:e:tway. Eadl year, floods take 

an ila:easin) R.1ll'ber of lives am p:tq:�erty. Sin)le events can :teSUl.t in 

heavy tolls of death am p:tq:lerty � ' as in the Sictruan, China, flood 

of 1983 , when JID:te than 1, 300 died, 1 . 5  milliat we:te left haDel.ess, am 

damages totaled $1. 1  billiat. 

In the United states alme, rainstonos am their :teSUl.tin;J flooclirg 

(inclu:lin;J Jllld am debris flaws) ac:x::omted for DDre than 63 percent (337 

62 

Copyright © National Academy of Sciences. All rights reserved.

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

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


out of 531) of the federally declared disasters fran 1965 to 1985 . 'lhese 

floods caused 1 ,  767 deaths. 

Intematimally, floods take an even greater p%oportimal toll . Fran 

October 1,  1985 , to Septarber 30, 1986 , a year ldlen no exceptimal flood 

disaster oocurrecl, floods took 626 lives ani affected Dm"e than 1 . 6  

milliat others in six c:omtries. '!be l'1l.1llber of deaths is significantly 

higher in develq>in) c:omtries than in imustrialized c:omtries because 

CXIIIJimicatiCI'1S are often poor ani wami.nJ systems ani evacuatiat plans 

inadecp.Jate. Further, the l'1l.1llber of flood deaths is expected to i.oorease 

as pq:W.atiat pressures force pecple into wl.nerable areas such as 

lc:M-lyin) agricultural areas or avei'CI"'Wdecl urban sl\DDS at flood plains. 

Floods are caused not only by rain blt also by man-made c:ban;Jes to the 

earth's surface: farmi.n;J, deforestatioo, ani urbanizatiat, far exanple. 

'lhese actiCI'1S increase :runoff fran rains, ani stonns that previrusly wa.Ud 

have caused no floodin) i.nurdate vast areas today. In cdtitioo to the 

human ocntr.ibltioo to the causes of floods, disaster ocnii.tiCI'1S are 

created by reckless brlldin) in wl.nerable areas, poor watershed 

management , ani failure to control floodin). 

Flash floods are local floods of great volume ani short duratioo. A 

flash flood qenerally results fran a torrential rain or clad:lurst at 

relatively small ani widely dispersed streams . Runoff fran the intense 

rainfall results in high flood waves . Discbarges quickly readl a maxiDun 

ani diminish a1m::lst as rapidly. Flood fl� frequently OCI1tain high 

oalOel'ltratiCI1S of sediment ani debris. Flash floods also result fran 

failure of a dam or the SIDien brealo.Jp of an ice jam. Flash floods are 

particularly a:m1on in no.mtai.rnls areas ani desert regiCI'1S, blt they are 

a potential threat wherever the terrain is steep ani ldlen surface :runoff 
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rates are high, streams flow in narrow canya1S, an:l severe thurxJerstonns 

occur. 

Riverine floods are caused by precipitatiat CNer large areas, the 

sprinJ srx:JW melt, or bath. '!hey differ fran flash floods in extent an:l 

duratiat. Whereas flash floods are of short duratiat in small streams, 

riverine floods take place in river system whose tr:ihrt:aries my drain 

large geograpuc areas an:l � many .imepement river basins. 

Floods at large river system my CDitinue for periods rarqi.rg fran a few 

hrurs to many days. Flood flows in large river system are infll.1e!XBi 

primarily by variatioos in the intensity, cmamt, an:l distrihltiat of 

precipitatioo. 'lbe ocn:litioo of the groon:l (cmamt of soil mi.stm:e, 

seascnal. variatia'lS in vegetatioo, depth of srx:JW cover, ilrperviousness to 

water due to url:mrl.zatiat) directly affects I'llOOff. 

Floods damage human settlements, force evacuatioo, cbnnage crc:p; an:l 

food stocks, strip farml.an:l, wash away irrigatioo system , erode large 

areas of lard or make them otheJ:wise unusable, an:l dlarqe the oan:se of 

streams an:l rivers. Alleviatin:.J the hannful effects of floods gldlal.ly 

requires actiat oo three f:rart:s: reduci.rg the wlnerability of human 

settlements an:l :resideooes, reducirq the wlnerability of local an:l 

natiooal. ecaonies, an:l stren;Jtheni.n: the social structure of CX'IIIIImities 

so that they can absorb the :i.npacts of a disaster an:l :reoaver rapidly. 

'lbe first step in wlnerability reductiat is to identify the high-risk 

areas t:lln::u;Jh risk maps shCJwin;J flood prOOabilities. oooe these maps are 

cx:��plete, specific mitigatioo measures can CXIllliE!!I'¥Je . 'Dlese ird.llie: 

o develqment of extensive p.lblic awareness pn:gz:ams to infonn the 

p.lblic abaJt flood hazards an:l illustrate what can be dale to prevent a 

disaster, 
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o lan:l use zarl..rq to oaltrol develq:ment, 

o oct'lStructioo of dams, reservoirs, channel by-passes, levees , an:l 

other protective works, 

o restrictive develq:ment J:egU].atioos to ensure that artt develq:ment 

meets certain stan:Jards that take into OCI1Sideratioo the threat to a site, 

o lan:l exdlarge, Widl might provide alternatives to develq:ment of 

wlnerable sites, 

o establishment of iln!nti.ves to etlC:nJrage develq:ment oo safer sites 

an:l safer methods of oct'lStructioo (for exanple, favorable taxatioo, loans , 

an:l subsidies to those qualifyin) in terms of l::W.l� methods or sites) , 

o diversificatioo of agricultural productioo, that is, identificatioo 

an:l plantin;r of flood-resistant crqlS an:l adjusbtent of plantin;J seasaa, 

if p:ISSible, to l!IOrk arclD"d the flood seasaa, 

o establishment of cash an:l food reserves ,  

o reforestatioo, ran;re management, an:l aninal. grazin;J CD'Jtrols to 

i.oorease absorptioo an:l Ieduoe rapid runoff, an:l 

o cxnst.ructioo of raised areas or l::W.ldin;Js specified as re� when 

evacuatioo is i.Dpossible. 

Potential projects durin) the II:NHR i.rcluje: 

o develq:ment of cost-effective, real-time flood wami.rg syst:ars 

readily adaptable for devel�in;J oountries, 

o intematiooal. tedmology transfer of oc:rrpJter mdels specifically 

designed for flood analysis, includin;J models for the peak flood rout:i.nJ 

of riverine an:l flash floods down river channels, an:l mdels that 

delineate water surface profiles throughrut the flood plain, 
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o research oo the maxinum prdlable rainfall arxl nmoff in flood-prale 

areas ,  

o intematiooal tedmology transfer of t.ec:bni� arxl methods for the 

pl.amin;J, design, arxl i:aplement:atioo of stiUctura1 arxl I1CI1St.ructura flood 

cxtltrol worJcs 1 arxl 

o establishment of intematiooal regiooal flood centers oo the 

world's major rivers. 

Volcanic exuptioos have claimed m:m! than 266 , 000 lives in the past 

400 years . Fatalities occurred in at:nrt: 5 percent of all exuptioos; ooe 

out of six of the earth's active volcanoes has caused death. Because of 

the increasirq pq:W.atioo density oo the planet, volcanic hazards are of 

growirg c:xn::mn . '!bey are likely to take a gmater toll in the futul:e 

unless volcano hazani assesS"'ent arxl narl.torirq efforts arxl tedmi� 

inprave . Volcanic activity is oa'lfined to well-defined geologic zooes 

that are related to the unstable 111in'gins of crustal plates. Eruptioos 

have imnediate catastrq:hlc effects tlu'tu;Jh ash falls, sw:ges of lethal 

gas , blasts, 111ldflows or lahars, arxl lava flows. 'lhe lazgest arxl JDJSt 

dan;Jerous eruptioos occur fran volcanoes that lie dormant for bL1rm:eds of 

years between periods of activity. CCilsequentl.y, their potential hazani 

is often igoored durirg plannin;J arxl develq::uent of the surraD'Xiin;J 

regioo. Vesuvius, the volcano near Naples, Italy, arxl the Rabaul caldera 

in Papla, New Guinea ,  are prime exanples. In both instances, large 

pq:W.atioos have settled in the hazani zooes . 
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.ADag the hazards of volcanic activity are the depositiat of 

ashes-such as buried the city of Palprli-lava flows, lan:Jslides, 

11lJdflows, ani rock falls. Pyroclastic flows ani surges , whidl claimed 

29 , 000 lives in the erupticm of MJunt Pele in .Martinique in 1902 ani 2 , 000 

lives aram:l E1 Chi.d'Dl in Mexico in 1982 , are particularly lethal . 'lhese 

density currents of extremely oot gases ani particles flow dawn the slopes 

of a volcano at tens to hun:h'eds of meters per secxni ani oaver hun:h'eds 

of SQlJim! kilaoeters . Because of their aD:Jenness ani speed, pyroclastic 

flows ani surges are difficult to escape ;  within mi.mtes of their 

initiatioo, they can ergul.f towns ani villages. 

lb:ifl.ows aCXXJUI'1t for at least 10 percent of all volcano-related 

deaths. '1hey are flowin;J masses of volcanic debris mixed with water. '!be 

water DBY be derived fran a volcano's icecap: a relatively mioor erupticm 

of snow-clad Nevada del Ruiz in 1985 triggered lahars that killed m:re 

than 22 , 000 in Colarbia. 

Very large eruptions may also have la¥J-tenn effects, iD::ludin;J 

climate c:tlarge ani agricultural disruptioo. '!be large explosive erupticm 

of Talli:x:>ra in Inialesia in 1815 caused a major coolin) of the Northern 

lfemi.st:be:re ani brcu;Jht al the •tyear withoot SUIIIIIer. "  '!be ash fall fran 

the eruptioo so a.utailed local food productioo that a famine oocurrecl, 

claimirg 80, 000 lives oo S\lni:)awa ani Iatixlk Islanis. An in:lirect effect 

of volcanic activity is the acx:urrulatioo of volcanic gases in deep crater 

lakes. BucHen release of these gases can be cat:astrq:hic: gas releases 

fran lake !bnm ani lake Nyos in Camerocn in 1984 ani 1986, respectively, 

claimed 1, 800 lives. 

Advaooes in \D'lClerst:arxl volcanoes ani their hazards pennit the 

identificatioo of potentially hazardous areas near volcanoes ani 
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predictim of certain types of volcanic activity. Potential hazards can 

be assessed thrc:u:Jh geologic sb.dy ani historical J:eView of a volcam's 

activity. '!he assessments are useful primarily in forecastin;J the kims, 

scales, ani likelihood of activity, bit are of little value in predict.inj 

the timin;J of futul:e erupticn;. '!he predictim of volcanic erupticn; can 

be adrl.evecl em the basis of geq:hysical ani geoc:banical volcam 

11Dlitorin;J. SUCh predictim relies m c1et.ectinJ precursoey events ani 

usin;J the rate of c:ilan;Je in precursoey � suc:b as minor tream:s 

near the volcam . Hazard assesmnmt stmies have been carried out for 

ally a small fractim of the earth's active volcanoes. Because of the 

costs, ally a dozen volcanoes are wel.l1D'li.tored today, so that predict.inj 

erupticn; is feasible for ally these few. 

IDss of life ani prql8Ity due to volcanic activity can be 

significantly reduced thn:u;Jh coordinated natimal. ani intematimal. 

efforts at volcanic hazani assessment, narl.torin;J, ani warnin;J . cn;,e 

volcanic risk areas are identified, zcmin;J to restrict lard use ani 

develq:ment is the sin;Jle roost effective mitigatim measure . 

Potential projects durin) the IImR l..rx:luje: 

o identificatim am glcbal. mawin:J of active ani potentially active 

volcanoes , 

o assesS"'ent of the potential hazal:ds of these volcanoes thn:u;Jh 

sb.dy of their deposits ani histoey of past eruptions, 

o quantitative assessment of the intensity (mass eruptim rate) ani 

magnitl.D! (total eruptive mass) of all historic erupticn; as a step toward 

establishment of a glcbal. view of volcanic energy release , 
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o baseline geqilysical ani geochemical DO'litorin;J of volcanoes , 

particularly in densely pqW.ated areas, to provide early waminJ of 

eruptioos ani to signal � activity has ceased, 

o t:rainin) ani educatim pzogxans for specialists in all volcanically 

active oountries, 

o fm:matim of expert intematimal. volcam crisis assistance teams 

to respcni to develq>in;J volcam auergen::ies, 

o develq:ment of coordinated � wamin;;J, evacuatim, an:l 

respalSe methods ani tec:hni.ques , ani 

o st:my of the enviroranental i.npacts of volcanic eruptioos m the 

earth's a� ani m world climate. 

Wildfires are uncontrolled CXI'lflagrations that spread freely t:hrcu]h 

the envil:aaueut . '!bey may be initiated by natural causes or human acts . 

Lightnin:J causes many wildfires; others are caused by sparks fran 

canpfires, a:rsat, ani even earthquakes ani volcanic eruptioos. 8aDe 

wildfires rage in wooded areas, sane in brush, ani sane sweep t:hrcu]h 

cities. 

In wild areas ,  t:ilrber ani forage may be destroyed , animal habitat 

di.srupted, soil rrutrients depleted, ani scenic value diminished in the 

wake of wildfire. Rapid ruooff fran a blmed-over area can also 

cart:ribrt:.e to fl�, Wile erosim of exposed soil can trigger 

landslides. As human pqW.ations oattinJe to encroach m areas of 

al:mrlant natural fuels , wildfires increasin;Jly irx:ll.de significant human 

tolls. Fires at the wildlan:J!urban interface can quickly decimate 
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sub.n'ban, resort, am fannin;J (XID!Imities, leadin) to great loss of life 

am destructiat of a (XID!Imity's ecxmanic base . 

Several recent exanples dema&trate the destructive potential of 

wildfire. In May 1987 , me of the largest wildfires at recxmi occurred in 

China. '1his fire bnned 10, 000 squaze kilaDeters, killed 191 people, 

destroyed 12 , 000 banes, am forced 56, 000 people to flee. In February 

1967 , the "Black 'IUesday" fire in Tasmania, Australia, bnned mre than 

260 squaze kilaDeters ( 100 squaze miles) , dest.royin:} mre than 2 , 000 

structures, killirg so , ooo sheep, am CD1Sl1lllirq mre than 5 pen:a1t of the 

pasture lam in the state. 

Farlier, a series of brush fires in Qlana in 1983 destroyed 35 

peroent-154 , 000 metric tals--of the OOUI'1tty's standi.rg ctqlS am stored 

cereal. Earthquake-imuoed fires are typified by the san Francisco fire 

in 1906 am the Tokyo fire in 1923 . Both fires ocn;umed substantial 

porticn; of the cities. 

M.1ch can be dale to prevent, cart:rol , am mitigate wildfire am its 

effects. Preventicm, of course ,  is the first line of attack. It is 

saoetimes feasible to DXXlify vegetative fuels am reduce the severity of 

fire hazanl. OXItrolled l:mnin;J, thinniJ'g vegetaticm or replacirg it with 

DDre fil:e-resistent species, am creatirg voids or breaks in large 

expanses of natural fuels are all ways to deprive fires of fuel . 

Preventicm has its human side as well . PUblic educaticm activities, 

such as those that familiarized the u. s .  pqW.atim with Slookey the Bear's 

pqW.ar message , ''RemeDiber, only ya1 can prevent forest fires, "  are 
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effective in crea� an awareness of the need · to  be careful with fil:e. 

'!he message is significant, <:alSiderin;J that peeple cause a substantial 

nJII'ber of wildfil:es. 

lJtpraYement in bath fil:efighter trainin;J ani equipDent also yields 

ridl dividerm. In saDe CDJnt:ries, such as the united states, 1lllCh has 

been dale to prepare fil:efighters ani· their OZ9<Ulizatioos to respcni 

quickly arxl effectively. El.satmere , the awlicatim of existin;J basic 

fil:e Slg)reSSim tedmology ooold greatly Ieduoe the destructim of 

wildfil:es • In all CDJnt:ries, there · is  <:alSiderable I'CXIIl for ilrprovin;J 

fil:efightin;J capability in wildlard/urban interface situations. For 

exanple, IOOSt u. s .  fil:efighters are trained arxl equi� to fight either 

wildlarxl or structural fil:es-not bath. 

'!he OCilStzuctim, design, arxl curpositim of a structure influence the 

pn:tability of its sw:vivirg a wildfil:e threat. Wood sl'lin;Jle roofs beoane 

highly flannable: fiberglass skylights arxl attic vents melt, pennittirg 

erciJers to enter a b.ti.ldirg: c:p!J'l-furred roofirg (aS with· Spanish tile) 

also lets E!l1i:lers in: arxl unshuttered glass ·win:lows blow out fran heat 

stress . All these hazardoos cxn:litions can be ·aa:h:essed with 

la�-tedmology solutions. 

ActiC:Ils taken after a fil:e can also mitigate the severity of bath the 

short- arxl lorg-tenn inpacts. On 1� bJms ,  plantirg grass seed or 

other grourd CXNer reduces soil erosim. Erosim can also be CD'ltrolled 

with structural arxl earthen barriers to retard surface runoff. 

Many advances have been made in umerst.aming the P1Ysical arxl 

biological relationships of wildfire control arxl preventim. 8Jt the 

social aspects of wildlard/urban interface areas still present many 
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difficulties. SOluticn; require a better urderst:.aRii.n of hew to c:tlarge 

behavior in the faae of .incraasin) fire risk or how to adapt fim 

protectiat to behavior patteJ:ns. 

Many measures for mitigati.rq other natural hazards can be �lied to 

the wildland fires, inclu:iin;J ·retrofittin;J, disaster relief, DDiificatiat 

of existin;J uses, and postclisaster pl.armin:j. 

Potential projects cJurinJ the ImHR inclme: 

o detenninatiat of the distrib.ttiat of the wildland,lm:ban interface 

and malitorirg of its fire-related trems, · sudl as housin) design, 

materials, and placement, 

o refinement of the urderstan:1in;J of fire P"tYsics and the expected 

behavior of large fires, particularly as they relate to the wildland,lm:ban 

interface, 

o develq:ment of models for evaluati.rq the risks of irdividual 

o initiatiat of an international pzogzam to exdlarge koowleci1e of 

fire suwressiat tectmiques and fire effects and identificatiat of 

koowleci1e gaps unique to iniividual zegions, 

o illprovement of fire-resistant OCilSb:uctiat DBterials, systalls , and 

starmrds, 

o stuiy of how to manaqe wildfire Slt¥lke to eliminate health hazards 

and the negative effects at air corridors and transportatiat networks , 

o research at the relationship of fire to desertificatiat, climate 

c:tlarge, and biodiversity, 
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predictiaB of fire severity, 

o i:aprovement of the ability to CXIII'IImicate the eocxuaic c:xn;equeooes 

of fire hazard mitigatioo activities an:i to assess the ecD1alli.c tradeoffs 

aJ1K:D1 the hazard reductioo strategies, 

o c:baracterizatioo of haneowners, blilders, firefighters, an:i local 

governnents as to their UR:Jerstamirg an:i peroeptiaB of risks an:i the 

factors that m::Jti.vate them in rel.atioo to wildfire, 

o integratioo of exi.stirg social , ecD1alli.c, fire behavior, an:i 

enviramlental. mdels to develcp pzogzams for influencirg behavior toward 

fire hazards , an:i 

o assessment of the hazard an:i the wlnerability for cities at risk 

fran large, l.1J'XX)Jlt,rolled fires, (especially eartlquake-ignited fires) , an:i 

developtent of plans for fire control in the event of street blockage by 

oollapsed b.rlldin;Js, damage to water supply an:i distril::utioo, an:i damage 

to fire statialS an:i CC11111.D'li.catia1S systems. 

SOCIOEXXHMIC ASP!a'S OF HAZARD REIXJCI'I� 

To be suooessful ,  methods for reducirg natural hazards JlllSt be 

carefully adjusted to the CXIII'IImities they serve . SCiero! an:i tec:tmology 

can help avert natural disasters, bit ally when aR>lied with a oammti.ty's 

social , cultural , political , an:i eoonani.c c:xntext in min:i. An area 's 

ecxxnnic an:i other resources-ani the cx:xtpetirg delnarx:Js for them-affect 

the level of risk it will tolerate an:i detennine the 8R)roaches it takes 

to hazard reductioo. An area with aD.nmnt resources an:i relatively few 
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unsafe structures may, for exanple, dloose seismic reinforcement of its 

tuildin;ps to minimize risks. Amther OCIIIII.D'li.ty wheJ:e J:eSOurOE!S m:e sau:ce 

am the nmt)er of unsafe structures is large may dloose to live with 

mderate risk, relyirg at sbort-t.em earthquake predicticn ard cmeful 

emezgel'X:¥ pl�. 

For 

exanple, how 'Wall.d the predictiat of an earthquake within five years 

affect the eccxany of a mid-sized c:amtmity? In scae areas ,  

well-intentimecl intematiatal relief efforts followi.IJ;J a mjor disaster 

have bankrupted local businesses by eliminatirg their markets . In other 

have justified greater investment in hazard reductiat than se raJ 

reascl'lable at the time . 

Hazard reductiat measmes often benefit scae segmatts of a OCIIIII.D'li.ty 

at the elepel&e of others . For exanple, l"E!!IICJVirg wlnerable flood plain 

haDes or :requirirg costly seismic reinforcement of old tuildin;ps can 

J.'eCluoe the SUR>lY of lc:M-OOSt holsirg for the poor. An:l tax exeupticms 

for the costs of upgradirg the safety of privately owned tW.ldin;ps are of 

little use to many retirees ard others with a small or m taxable inxme . 

Specific � to hazard reductiat can sanetimes violate widely 

shared OCIIIII.D'li.ty values . sane historic tW.ldin;ps that are unsafe have 

been insensitively destroyed or defaced. or the natural beauty of streams 

ard waterfrart:s has been marred by calCiete channels ard seawalls. In 

scae instances, the aooept:.aJn! of risk, oarbi.ned with an eqilasis at 

emezgel'X:¥ evacuatiat pl�, my be preferable to envircnnental 

desecratiat or the profanatiat of sacred sites. 

Why does available scientific ard tectmological knowled1e exceed em' 

use of it to J.'eCluoe hazards? A I'JUIIi)er of OOstacles can stani in the way 
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of adcptiD;J of mitigaticm tec:tmiques . For i.nst.alo! , saDe measures are 

xesistecl because they � to threaten the ec:xxanic or political 

interests of hp:ntant groops in a <XIIIIIJnity. umerst.arxlin) these 

interests am local political processes is essential. 

Traditicmal practices am cultural meanin;pl are also a source of 

xesist.aooe. Peq)le my refuse to DDYe fran especially wl.nerable 

locations solely for sentimental reascnJ . Ani traditicmal practices that 

oa1trihlte to vulnerability-like develq:usut of seashore prcperty in 

hurricane areas-1ay ocntinJe even \ttben a dan;Jer is realized. 

umerst.an:lin;J local traditicm am leadership often helps negotiatiaB in 

these instances . 

Difficulties also arise in OCIIIII.Dlicatirg � am other disaster 

infonnaticm to varioos �ations in a ocmm.mity. wamin:JS are saJEtimes 

delayed or infonnaticm em hazanb.Js ocn:litiaB withheld because of an 

uncertain p.Jblic respcn;e . A wamin;J given too early or a false alann uay 

cause peq>le to <h1bt subsequent �; yet mass panic--tllcl¥#1 

relatively rare-ocul.d ensue fran a last-mirute wamin;J . !b:h rauains to 

be leaxned about how to ensure that disaster infonnaticm is urderstood am 

respaded to c:xnstructively. 

Mitigaticm measures are designed with the future in min:l am 

frequently shc1il m inmediate benefits. 'Ibis gives rise to the prci>lem of 

disocNerin;J am cultivatin;J ilrentives for oxganizations am iniividuals 

to umertake hazard reducticm ptocp:ams . Even after initial steps are 

taken , sustainin;J interest am preparedness durin;J exten:Jed periods 

between disasters requires careful stmy. 

75 

Copyright © National Academy of Sciences. All rights reserved.

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

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


P\Jrther, respoosibilities for hazard reductiem an:i emergency respc:n;e 

are clistril:uted cmx:n;J many mganizatioos an:i goverrJDE!I1t agen::ies. '1hi.s 

disparateness inpedes c:xx:m:linatiem of efforts an:i often inpedes effective 

hazard mitigatiem. 'lbcu;lh a good deal of research has been devoted to 

fin:lin;J ways to facilitate ooonlinatiem, 1DJCh ratBins to be leaxned. 

� projects dur.in;J the IIHIR in::l.me: 

o developte:nt of guidelines for establishi.n:j aoceptable risk an:i 

selectinq hazard reductiem strategies un::Jer varied eoc:nanic an:i 

sociocultural o:n:li.ticms, 

o a wide-rarg.i.rg oatparative sb.dy of the eoc:nanic effects of various 

hazard reductiem measures ,  

o developtart: of guidelines for ensur.i.rg that the effects of hazard 

reductiem pzogzmns em the oamami.ty are shared equitably, 

o a oatparative sb.dy of the zel.aticmshi.p between hazard reducticm 

measures an:i mjor OCIIIII.D'li.ty values in diverse cultural settin;p;, 

o a CXJ'CP'rative sb.dy of the political processes affectinq the 

success of hazard reductiem pzogzmns an:i developteJrt: of �icms for 

effectively deal.i.rg with these processes , 

o selective sb.dy of situaticms in Widl traditicmal. practices an:i 

cultural meani..J'9; inpde potentially beneficial hazard reductiem pzogzmns , 

o developtart: an:i disseninatioo of guidelines for disaster 

infonnatiem pzogzmns an:i for zel.ease of hazard wamin;Js based em sb.dy of 

o:n:li.ticms lead.i.rg to p.Jblic misurDerst:an:l, mass panic, false-al.ann 

disillusicrment, an:i other cnmtezproductive respcn;es , 

o develq:ment of guidelines for prtm:Jt.iD} CXI!IIImi.ty involvement, 

DDtivat.i.rg organizaticmal. an:i imi.vidual participatiem, an:i sustai.nin:J 

interest an:i activity in hazard reductiem pzogzmns , an:i 
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o developualt of DBl"'lal.s for achievin} effective ooordinatiat aJID"g 

organizatiaB involved in hazard reductioo am disaster n!SpCr)Se . 

Natural hazards often take place as Dlll.tiple processes in which an 

initial hazard triggers seoc:rdary events . For exanple, an earthquake my 

trigger a subnarine landslide, which in tum my cause a tsunami , with 

devastatin} effects. or two or DDre hazards, altholJ3h not directly 

related to each other, nay occur at the same time in the same or adjacent 

localities, tric;Rered by a cu1uun cause. For exanple, heavy precipitatioo 

nay iniuce debris flows or DDiflows alag hillslqle.S at the same time that 

flocxiiJg cxx::urs in adjacent river valleys. As mentiated earlier, several 

exanples of such interrelated Dllltiple hazard events stani rut: the 1964 

Pri..rD! william sam, Alaska, earthquake (magnituJe 8 . 4 ) , which tric;Rered 

tsunamis , local flocxiiJg, am many landslides; the killer cyclateS in 

Bargladesh in 197o am 1985 , when wi.ni am flood hazards oarbined to kill 

at least 300 1 000 am leave 1 .  3 milliat haneless ; the 1980 eruptiat Of 

!bmt st. Helens in �, which ocx:urred in associatioo with 

earthquake activity, wildfire that OOilSlD'R9d large tracts of tild:Jer, am 

:rock-slide failure of the northern side of the volcano ' s c::xx1e , which in 

tum precipitated debris flows am floods up to 100 kilaneters downst.J:eam; 

the 1986 Ecuadoran earthquake , which caused landslides am flocxiiJg due to 

the fozmatiat am breadlin} of natural dams; am the 1923 Tokyo 

earthquake , which caused a di.sast.rals fire, killin} 40 , 000 . 
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Typically, natural hazard mitigaticn is umertaken en the basis of 

in:tividual hazards . '!here are eart:hcplke damage reducticn pxUJEams , flood 

oaltrol prcg1CIIIS , lamslide stabilizatiat pl'CXJECIIIS, ani other such 

pxogzartB . '1hcu#l they possess many mtaat featm:es, they also have uni.c:p! 

elements that my not be aR>licable to more than ate kim of hazard. In 

aanticn, the same mitigative or respoose actiat my be generally 

aR>licable to different types of hazards, blt my not be identical for 

eadl hazard. For instance , an evacuaticn plan my be C�AXq>riate for a 

I"JIJilt)er of different hazards , blt routes may have to be DDiified to avoid 

low elevaticns duri.rg floods am hillsides durin} lamslides. 81ildin;J 

code requirements may deal with floods, eartl'quakes , lamslides, and 

tornadoes , blt the ideal requirement for structural walls my be different 

for eadl hazard. For exauple, a b.tildin;J elevated to avoid floods my be 

at greater risk fran earthquake hazards . 

K.lltiple-hazard mitigaticn can am should be viewed as a logical am 

necessary mecbanism for cwercc::mi.rg the limitaticns of existirg 

sin}le-hazard mitigaticn prcg%811& . Hazarc1-jn+'§rtctial prdllf!'l§ reauire a 

broader systans fzamewor1c. Iooreasi.rgly, scientists, en;Jineers, lard use 

planners, am plblic officials are reoognizi.rg the existen:e of 

interactive hazards that may ooc::ur s.i.nul.t.aneoosly or in sequence ard DBY 

produce synergistic, cunul.ative inpacts that are different fran those of 

their separately acti.rg cx:ttp:A'lel1t hazards. 
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A group of i:arportant natural hazards can be di.sti.rKJuishe fran those 

described above because they m:e mt typified by a rapid CllSet. Instead, 

these hazards are relatively sla� in their CllSet b1t prolcnJed in their 

i:apact. Droughts, famines, epidemics, ard desertificatiem are well-JaxJwn 

1�-t.em disasters. 

� my be defined as arrr Ul'JJSiutl prolcnJed cb:y period. 'l1la.9l 

generally associated with semiarid or desert climates, they also oocur in 

areas that 110Z111al.ly enjay adequate rainfall . Drc:u;Jhts are usually 

accalpmi.ed by cb:y, hot wims , ard they may be tenni.nated by violent 

storms . 

'1he basic causes of drcujlt are still mt clear. It is generally 

believed that drcujlts are a consequen::le of c:hargin} glcilal. weatber 

patterns tric;Rered by such ecological events as solar radiatiem, excessive 

buildup of heat em the earth's surface, ard increased particulate matter 

in the earth's at::D¥Jst::ilere. Drc:u;Jhts are aOOCII'pUlied by reduced clcu:l 

OCNer, thus increasin} mcposure of the lard to solar radiatiem. '1he 

result-increased transpiratiem ard evaporatiem rates-tems to perpetuate 

the drcujlt. oooe established, these ocn:li.tions are difficult to reverse . 

Human activities also oontrib.rt:e to developoe:nt of drcujlt 

ocn:li.tia1S. <>vergrazin}, }X)Or CI"Cg>in} methods , deforestatiem, ard 

lll'prcpar soil conservatiem techniques often help to create a drcujlt. 

Desertificatiem is a seocnjaey effect of drcujlt. Tedmically, 

desertificatiem ocx::urs when the soil reaches a given level of dryness . 

Slll'ply stated, desertificatiem ocx::urs when lard takes em the 

characteristics of a desert . It can mean the encroadlment of sam dimes 
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an:i the loss of mst vegetaticm or replaoeme�Jt of normal vegetaticm with 

desert scrub bJshes an:i other plants especially adapted to the desert 

envir:ament. In either case, the lan:i is rerdered useless without 

large-scale an:i CXJStly :teel.amaticm measures . 

Fightin;J desertificaticm is bath CXJStly an:i ftustratirg. FeW 

develq:>irg cnmtries have the resooroes necessaey to stop this process 

CI'D! it takes hold, an:i :teel.amaticm SI.JOC:.'!eSses have been rather limited. 

'1be best way to stop desertificaticm is to pxevent its initiaticm, and the 

best way to acxx:mplish this is t.hrcu;lh c:x::qn:ehensive measures tbat aldl:ess 

widespread ecxn:mic an:i agricultural developtaJt. 

Reducirg the hazards of drcu]ht an:i desertificaticm requires a 

balcm::a:l pnx;;JLam that develops good water resooroes , � the 

pn:blE!IIE of soil erosim, an:i adqJts realistic limits em the expansiem of 

animal herds , or aCXXJJpmies the expansiem of herds with c:x::qn:ehensive 

rarge management . Agricultural iDprovements to pxevent these hazards 

ilx::l.\de mcdifyirg CI"CWin:J patterns an:i introducirg drcu]ht-resistant crq> 

varieties; ran;Jelan:i management in::lmes iDprovement of grazin;J lams an:i 

grazin;J patterns, introcluctiem of feedlots, an:i protectiem of shrubs and 

trees . 

Expansive soils-soils that exhibit lazge potential for shrinkin;J an:i 

swellirg with c:baJ'¥1es in moisture oattent--are another 1�-t.em hazard . 

CCtlstructicm em these soils is extzemel.y vulnerable to damage even total 

destructicm-as the grcun:1 surface elevatiem c:baJ'¥1es in respalSe to 

seasooa.1 fluctuatiaB an:i rainfall . '1be pn:blem is partic:ularly acute in 

arid an:i semiarid reqicms. Shrinkin;J an:i swellirg soils m:e foom in 

in:tustrialized an:i develq:>irg naticms alike. '1be total cost of damage 
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associated with expansive soils is estimated at a m:iniJium of $6 billicn 

per year in the united states ala.; it is the natiat's JOOSt costly 

natural hazanl. Extremely high costs m:e likely to be typical for JE1.Y 

other naticms as well . '1hcu;Jh mitigaticn measures involvi.n) land use and 

l:W.l.din:J design m:e well JaxJwn, they m:e often not awlied due to 

igr¥:Jranoe, cost, and lack of enfcn:oaoeut. 
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5 

ACI'IVl'l' I ffi ft'R AN INIJBJATIQW, IEAIE 

An activity of the socpa of the IIHIR requires camful plannin;J in the 

best spirit of intematimal. ocxperaticm. 'l1le detailed plannin;J and 

organizaticm of the Decade is not the provil'D! of this zepart. liJwever, 

this dlapter explores activities of general i:aportance to the ocnhJct of 

the Decade, lDltever its OCI'lfiguraticm. Tcpics il'¥::1\de the nature of 

ocxperative projects, facilitatin;J oammti.caticm at both the scientific 

and lay levels, and scae s.g;resticn; for zegimal. hazaJ:d facilities. 

OOOPERATIVE �: ESSENCE OF 'IHE IIHIR 

Types of Q:)qlerative Projects 

A primazy focus of the IIHIR is initiaticm of a wide rtmJe of 

ocxperative projects designed to pJt into practice the knowledJ! that 

exists and to stillul.ate further ocxperaticm and researdl. Q:)qlerative 

activities between scientists and practiticmers--those :r:espalSible for 

illplEIDel'lt.iD} hazard reducticm measures-can be both daDestic and 

intematimal. in socpa . Possible ooq»erative projects generally fall into 

thzee categories: 

o the oollecticm, disseninaticm, or 8R;>licaticm of exi.stirg 

knowledJ! and identificaticm of gaps in knowledJ!, 
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o ar:plied researd1 that is prcblem-focusecl and aimed at fillin} 

gaps that have been identified, and 

o new researcb that can yield ackl.itimal. lcrK::Jwleckje for general 

ar:plicatioo. 

Researdl silo! world war II provides the tedmical capability to 

greatly reduce the nmj)er of deaths caused by natural hazal:ds. For 

earthquakes, cyclcmes , and other rapid-ooset events ,  BlSt deaths occur in 

the '1hird world. M:lst of them result fran the failure of inpzoperly 

designed and ocn;tructed bli.l.din;Js. By sinply distillin} existin;J 

infonnatiat and translatin} it into practical guidelines for inproved 

ccnstructiat, we can significantly inprove the perfonnance of even the 

most basic bli.l.din;Js. In a sense, the buildin;Js that are least 

dlal.len;rin} have been ignored. Instead, attentioo is focused at the DDre 

oarplex and scientifically interestin;J structures . For exanple, 

high-rise, high-cost, and high-oc:c:upan::y buildin;Js have c:x:mnanied the 

attentiat of the researdl OCIII'IlD'lity, and J'la'leR}ineered buildin;Js have 

received relatively little attentioo. D.lrin} the Intematimal. Decade for 

Natural Hazani Reductiat, all sectozs will receive DDre attentioo, 

increasin} the ar:plicatiat of lcrK::Jwleckje to areas where results can be 

i.Dmedi.ately attained and st:inul.atin} further work in the DDre oarplex 

bli.l.din} syst:em; . 
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'1he safety of facilities � failure woold affect large 

pq:W.aticms�, mcl.ear power plants, pipelines, :refineries, cbanical 

prooessin;J plants, an:i others-will be i:aproYed by ooordinatin;J an:i 

ooclifyin;J procedures for hazard assessment, risk analysis, an:i enJi,neerin;J 

design. 'lhis ocW.d be adlieved thJ:'cu]h cxqJerative projects. Further, 

knc7.rlle(9a abcut disaster preparedness gained fran irdividual disasters can 

be dissednated an:i awlied worldwide tlu:'cu#l ocxperative ventures. In 

aa:iitim, disaster data that oow exist in in:livi.dual. ocmrt:ries an:i in 

different data files in a sin;Jle cnmtry can be collected, processed, am 

disseminated thJ:'cu]h ooq:erative effort. 'lhis effort woold benefit all 

oaDmlSd naticms am help identify significant gaps in knc7.rlle(9a. 

Many prci>lems attendant to natural hazards can be aci:1ressed thJ:'cu]h 

ocxperative hazard mitigatim projects that mrl.te scientists am 

practitimers in activities that focus m CU"'U'l prci>lems. For exaaple, 

after identifyin;J a particular prci>lem area--sudl as usin;J meteorological 

data to better prepare for an awroadrlrg hurricane-scientists an:i 

practitimers ocW.d then fonn a team to acklress the situatim. '1he 

scientists woold provide en-the spat research to OCI'tplement the av;JOin;J 

:inplementatim efforts of the disaster plaJ'll'lin;J officials. In this way, 

the researdlf:illplementatioo,lfeedback process ocW.d be aooelerated, an:i the 

projects ocW.d dem::llstrate positive results adlieved within a l.'eaSCilable 

time. 'lhis type of prcbl�foc:used project ocW.d be a key activity of the 

IJ:IIIR. 
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Aoother exanple of prci>l�focused research relates to the eart:tq.Jake 

safety of exi.st.in;J c:x:ncrete dams. A safety analysis of an ardl dam, for 

instance, requires data m seismic matims at the points of ocntact 

between the dam and the canyat floor and walls. 'lbese matims have never 

been recxm:Jecl. A sin;Jle c::nmtry inst.rument.in; sane of its dams might have 

to wait a lag time before J:eOOrt1in1 the desired informatim. An 

internatiooal. awroadl, with dams in varia.JS seismically active areas 

bein;J i.nstrument.ed, could provide the infcmnatim JII.JCb SOCI'ler. 

'lbe ImHR will also stillulate major new research . Whether they are 

geqilysical stuiies of tsunami generatim or the develqrnent of a 

cxqJerative internatiooal. progxam in st:rcn;J earthquake DDtim measurement , 

the possible �tive projects un:ler the aegis of the Decade are 

n.JIIIeZ"QJS . F\Jrt:her, a10e attentim fcx::uses m the activities of the 

Decade , new tq>ics will emerge . Be they scientific, tec:tm.ical , social , or 

administrative, many will require new research efforts and fresh 

awroadles · By brin;Jin;J researdlers and practitimers together in a 

variety of forums , the ImHR can generate new ideas and greatly el'lhaiD! 

the state-of-the-art in all areas . Intematiooal. '«>rkshqs oxganized 

axoorn specific disasters or specific mitigation awxoadles will provide a 

structure for in-depth di SOJSSions to fonrul.ate new progxa:rns of crucial 

research . 
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'!be Scxlpe of Intematiooal Projects 

'!be nature am socpe of ooqerative inteJ:natiooal projects will vary 

depen:lin;J a1 the tq>ic. For exanple, sane geqilysical projects require a 

regiooal awroach am will involve scientists ftan several -often 

many--oamtries. '!be st:u:ly fun:Jed by the united Natia'lS a1 earthquake 

risk in the Balkan regioo in the 1970S involved hundl:eds of earth 

scientists ftan the regioo am ftan ather participatiJg cnmtries. 

Possible regiooal projects in::lme: 

0 risk am hazard mappi.rg 1 

o geqilysical stu:lies, 

o climatic stu:lies, 

o networks of data recorclin;J instruments , am 

o regiooal early wami.rg networks. 

On the ather hard, projects designed to ilrprove blildi.rg perfm:maooe 

DUSt often be umertaken a1 a cnmtry-by-cu.mb:y cq:proac:n. 5aDetimes they 

DUSt be broken down even further within a cnmtry to inteJ:praviooial 

levels. However, even in these activities, buildi.rg types tern to 

repeat-albeit with variations. '!be ImNR will bri.rg E!n)ineers, 

architects , and planners with practical experierD! in a1e cnmtry into 

cootact with their colleagues in ather cnmtries to shaze their 

experierD!S. Possible projects in::lme: 
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o reducin;J the wl.nerability of residential hcusin;J, 

o plannin;J for disaster preparedness , 

o fonulat.in) c:alSistent buildin;J regulatia'lS, stan:lan:Js , an:l 

practices. 

Experience fran ather internatiCI1al.ly recxlgnized decades (for exaaple, 

the IntematiaBl. Hydrological [)er'wie an:1 the Decade of <llild survival) 

shews that sinply identifyin;J a tq>ic an:l designatin;J it as a matter of 

internatiCI1al. c:xmoem generates an unprecedented awareness of the subject 

an:l ocmnit:ment to the issues by virtually every naticn. For exanple, the 

united Nations estimates that, in the IntematiCI1al. Year of Shelter for 

the HaDeless alene, CNer $1 billion in new projects has been ocmnitted 

worldwide. In a decade of expanjed hazard reducticn activities, with 

virtually every disaster-prale cnmtry car.r:yin;J out new initiatives, the 

qpntunities for ocxperative activities, joint projects, technical 

exr.::baJ'ges, an:l new research are unbourrled . 

cx:tMJNICATIOO OF RISK 

turin;J the IIHiR, a major effort shcW.d be made to inprove reliability 

of the wamirg system used for eadl natural hazard. wamin;J systeas--scme 

87 

Copyright © National Academy of Sciences. All rights reserved.

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

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


DDre reliable than others-exist for several hazards. '1he wami.rg time 

available varies for each hazard, am different actims are possible 

aocord.i.n;J to the len;Jth of the wamiJg . When the wami.rg is up to a few 

minltes , as with sane tornadoes, the awzqn·iate actims are to seek 

shelter, avoi.d.in.J areas lil4lere fallin:;J objects or debris may strike . When 

the wami.rg is a few hours, as with predicted flood crests alaq a river, 

a <XJDIImity can activate emergency plans, reinforce protective works , am 

halt hazardous imustrial pzocesses . still other circumstanoes may offer 

several days, weeks, or JOOI1ths of wami.rg, as in the case of scme volcanic 

eruptims. Further ex��plicatin:;J the wamiJg pzooess is the fact that a 

hazard may affect ally a few in the CXI'IIll.mi.ty, as with a riverine flood, 

or eveeya1e, as with a hurricane. CJ:wiously, each wamirg period am Jtinj 

of <XJDIImity iDpact may require a different wamirg system to infonn the 

CXI'IIll.mi. ty. 

'1he tsunami wamirg system is an exanple of the need for inpraved 

reliability. '1he present wamiJg system for the Pacific regicn is based 

m detect.irg a major earthquake, evaluatin:;J its tsunami-causin:;J character 

in tenDs of the epicenter am magnitlde of the earthquake, detenninin;J 

mather a tsunami has been generated , am evaluatin:;J the p:Jtential for 

damage at a particular site. '1he inaccuracies associated with this 

pzooess result in a wami.rg system of ally limited reliability. For 

exanple, the Aleutian earthquake in the sprin:;J of 1986 resulted in a 

wami.rg issued in Honolulu, Hawaii, that caused a chaotic evacuaticn for a 

tsunami of negligible anplitlde. In its overall effect, this wami.rg was 
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worse than m wamin:J at all. If the tsunami -causin;J dlaracter of the 

earthquake could have been evaluated Dm'8 accurately, the wamin:J wall.d 

have been Dm'8 �c:priate to the real hazard posed. 

lbrt: often, IitYSical JIX'del s of the r;ileraDena need iDprovaDent. to 

provide timely wamin:J for evacuatim an:l other E!IDI!l:geJ1Cy r:espalSes . 'Ibis 

need may mean that develqment of mmerical liX'dels to predict, for 

exanple, iram:Jatim regicms at a real-time basis is required . It may also 

mean that new measuu!lheut tedmiques need to be develcped to pz"OVide basic 

data for these JIX'dels . 

EklucatiCI1al Plogzams 

Eklucatim is at the core of � disaster mitigatim pzogtam. 

Adrl.evement of the IIHiR goals requires varied educ:atiCI1al progtams suited 

to a broad rarge of auiiera!S . Fran initiatin;J specialized graduate 

researdl progtams to stinulatin;J plblic awareness in rEmJte regicms 

subject to natural disasters , the transfer of lcnallileci;Je is key to major 

success in hazard teductian. 

At an early stage of the ImHR, the full rarge of educ:atiCI1al progtams 

DllSt be defined an:l :resources assigned. Many of these progtams will be 

lUlpi'e09dented in socpe an:l will require innovative design. Q:aplex issues 

of social, eoalallic, an:l lan;}Uage differences arocn;J participatin;J 

cnmtries pz esent aa:iitiCI1al dlal.len;Je&. 
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Because plblic SUAXrt for hazard mitigatim is vital in all 

countries, a key activity of the [)ecalie shcW.d be expanr:iin} plblic 

awareness of hazard reductim p:asibilities. However, achievin] plblic 

ERJR)Ort is not sbply a matter of spreadin:J the ward. Ill-<Xl101!ived 

plbiic awareness ampaigns can be ineffectual or even oount:erproductve. 

aJstacl.es to enli.st.in) plblic fJUA)Ort in::lme i� of cultural and 

political factors, failure to un:Jerstard the probable ecxn::mic 

c:alSE!qUei10eS of varia.JS mitigatim measures, and the difficulty of 

achlevin;J �tim anx:n:J organizaticms involved in hazard mitigatim. 

Nalethel.ess, many ocmrt:ries have devel.cpd plblic awareness pngzans , and 

intematimal ext:.harge of <XIIIIllllicatim tedmiques is a field in need of 

further devel.qrnent of ideas and methods . �ible ocqm-ative projects 

in::l\de: 

o plblic awareness and involvement activities, 

0 uautorin] the eoaanics of mitigatioo efforts, 

o explorin] culturally based reacticms to disasters, 

o i.Jrprovin] �tim anag organizaticms, and 

o pzoovi.d.irq inf01111atim to planners and financiers of major 

oa1Structim projects. 

To pzoovide tedmical and scientific ERJR)Ort for hazard reductim 

activities in fUture decades , new generaticms of eRJineers and scientists 

will need to be trained and DDtivated. Participatin] countries can 

benefit ftan organized exc:barqe ptogzams to brin] stments to areas t.bere 

special mitigatim expertise exists . To acqWnt students with the 
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professiooal. cgxntunities am en:xm:age their ent1:y into this field, the 

Decade shcW.d st.i:aul.ate a wide rarge of student activities. An exanple is 

the intematiooal. en}ineerirg am plam.irg o::upetitia'lS held as a pn!].me 

to the 1976 United Natioos Habitat Ccnference in Vaooouver, British 

CblUllt>ia. stments wre enc::nnaged to select a OCillllmity that met given 

criteria am to devel� DJdel. plans for upgradi.rq the envhailbE!Iil am 

livirg oc:ntitioos. In the IIHIR, similar activities ocW.d be enc::nnaged 

in order to involve students in devel�irg wm:Xable solutia'lS for specific 

OCI'IIli.D'lities or oc:ntitioos--possibly in their own OCAD'Jlries or in selected 

well-koown hazardous situatioos. 

other types of educatiooal. ptogt:ams to be ocn;idered as part of the 

IIHIR are: 

o progt:ams in hazard-prone cxurt:ries, in::lt.di.n;J local progt:mns at 

inplementirg natural hazard reductiat, develqrnent of materials in native 

larguages, am workshqls am seminars given by experienced mitigation 

practiticmers , 

o specific mrl.versity currirul.a focused at natural hazard reductiat, 

am seminars am workshqls focused an actual practice of mitigatiat 

measures ,  

o personnel trainirg am exchan;Jes, :involvirg practiticnar ext:.harge, 

student intern piogt:ams , am intematiooal. student fellowship progrmns ,  

am 

o educatiooal. OCI'IIli.D'licatian, in::lt.di.n;J gldlal satellite transmissiat 

of educatiooal. video progt:mns am establishment of an intematiatal 

education exdlan;Je network usirg personal c::arprt:ers. 
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Infonnatim Exd1an;Je 

Eac:tl na'blral hazard-whether it is an eart.lqJake , flood, win:Jsto.J:m, 

l.amslide, wildfire, or volcano-has a unique set of data that identifies 

it. 'lbese data provide the basis for oor urderst:ardi.n; of the nature of 

hazards, the human I'eSpCl1Se to them, ard the effectiveness of previous 

mitigatim measures . '1he mcn:e oe��plete these data, the soomer the basis 

for fUture mitigatim efforts. '1he data for eadl hazard falls into three 

broad categories: 

o data describin;J the na'blral hazard event (for exaaple, wim 

velocity measm:ements ard strcn;J DDtim earthquake reoorc:lin;Js) ,  

o data describin;J the damage inpact of the hazard event (for exaaple, 

ramiler of brllclirq.; cJamaged or ramiler of deaths) , ard 

o data ard infonnatim describin;J the institutimal. respcl'lSe to a 

hazard event (for exaaple, E!111eJ:9e11C¥ sezvioe ard lifeline perfonuaooe) .  

Ideally, all these data wcW.d be illmediately available for eadl of the 

major natural hazards. For exaaple, the ideal data set in these three 

categories for floods inclu:les: 

o the teuporal ard spacial distrib.ttioo of the rainfall that caused 

the flood, 
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o the teupora.1. an:l spacial distri.butioo of the flood, in::J.udi.n;J the 

i.nlniated area, 

o the total prcperty damage costs an:l the ramiJer of lives lost, an:l 

o the perfol:11BJlCe of the flood wami.n} system, the lifeline system, 

an:l the disaster relief ozganizatia'lS. 

a.ti.lclin;J the capability for such data gatherin;J an:l � is an 

8R'Jrc:priate activity for the [)er'wie . To inplement a ex��plete infcmoatioo 

gatherin;J systEm for each natural hazard requires networks of real-time 

data gatherin;J instruments . '1hey CDlld be linked by satellite to a 

regialal. hazard reductioo facility for rapid disseminatioo to all 

interested groops . 

Qmplementin;J this eqilasis oo data gatherin;J JlllSt be an equal 

eqilasis oo data han:ll.in;J an:l infcmoatioo flCM. '1he great volume of data 

that already exists oo natural hazards thrtu;Jhalt the world has nat been 

brcu;Jht together into a usable, c00erent systEm. Poor data quality, lack 

of stan:Janlizatioo, a.Ibooded data storage equipnent, an:l the use of 

\.D'IValidated analytical methods are all oontribJtin;J factors. Yet the 

volume of new data expected durin;J the Decade is E!llCmiOlS . If the 

activities of the Decade are to be a success-with infcmoatioo accessible 

to all--DI.lCh attentioo JlllSt be given to han:ll.in;J an:l organizin;J these data 

into a useful infcmoatioo systEm. 'Ibis systEm, together with tested 

analytical tedmiques, silrul.atioos, an:l risk/benefit methods, will provide 

the informatioo base neoessaey for timely an:l cq:prq>riate actia'lS. 

Cclmllnicatin;J this infonnatioo also requires attentioo. A pr.imaey 

focus of the IDUiR will be to .ilrprave CX'IllliJili.catioo between researdlers 

an:l those re:sponsible for cq:plyin;J the knowleC9a gained fran researdl . 
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New rart:.es--sudl a5 cl.ear�-for disseninatin;J data should be 

tested, and special educ:atim ptogt:ams for planners, brll.ders ,  emergency 

managers , and other professimal.s should be develcped . 

CCniuct of the internatimal decade should inclme an organized series 

of meetirgs for plannin;J and evaluatin;J pxogt:ess . sane will be large, 

with representatim fran many oamtries; others may be relatively small, 

:invol virg representatives fran ally a few oamtries or a sirgle c:nmtry . 

careful plannirg is required to ensme that the meetin:Js are productive. 

Plannirg is particularly inportant in the initial pmses of the ImHR, 

� the  overall socpe of the procp:am is fonrulated and directims 

established for in:lividual hazal:ds . 

Eac:h �tin;J c:nmtry should establish a natimal Decade for 

Natural Hazard Reductim ocmnittee for plannirg and <XIOrclinatirg natimal 

effortS . It is advisable that the natimal ocmnittee awoint a 

sutxxmnittee for each natural hazard of c::xmcem, with each sutxxmnittee 

represented m the natimal ocmnittee. 'lhe natimal ocmnittee should also 

have representatim fran natimal organizatioos, govet:1'IDBI1t agencies, the 

disaster preparedness CXIIIII.url.ty, and other oc:n::mned grcq:s . 

An internatimal ocmnittee DllSt be established, with representatim 

fran the natimal ocmnittees, to plan and guide internatimal activities. 

An internatimal plamirg meetirg should be held as SOCil as possible to 

diso'ss the Intet:natimal Decade for Natural Hazard Reductioo, to draw up 

guidelines, and to make recx:mnen:Jatioos. 
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