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Abstract

Relevant topics of a workshopon “TornadoesandHail” initiated by the in-
surancendustryareoutlinedwith specialemphasi®n Europearseverelocal
stormresearchPointsof immediatanterestfor Europecompriseanimproved
climatologyanddamageanalysisof thesestorms,both on Europearandre-
gionalscales Deriving tornadoor downhurstintensityfrom post—stornwind
damageassessmerdtill presentsa challenge. Contemporaryconceptssuf-
fer from oversimplificationwhile recentlyproposechew procedurehiave not
yet proven their applicability Aside from thesetechnicalpoints, dataqual-
ity controlanddisseminatiorof resultsareimportantfuture tasksto educate

scientistsinsurers andpolicy makersaboutthetruetornadathreatin Europe.

Keywords: Tornado;Climatology;Intensity;Insurancéndustry;Europe

1 Introduction

Tornadoesand hailstormspresenta violent threatto societyevenin Central Eu-
ropewheretheir annualtotal numberis smallerthanin the United States’tornado
belt. To improve knowledgeof thesestormsin the UnitedKingdomthefirst private
tornadoandstormresearctorganisationf TORRO, www.torro.og.uk) wasfounded

in 1974 andlater developedits own tornadointensityscale(Meaden,1976). This
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TORRO or T scaleis nearlyidenticalto the F scale(Fujita& Pearson1973;Fujita,
1981), but comprisesgwice as mary intensity classes— what makesthe T scale
in principlemoreattractve to insuranceompanieperformingpost-storndamage
analysesn denselypopulatedegions.Duringthelastdecadef the20thcenturyin
otherEuropearcountriessimilar researclgroupsandnetworks developedlik e, for
instancethe severelocal stormsresearcmetwork TorDACH in Germalry, Austria,
andSwitzerland(cf. www.tordach.og for alist of links to thesegroups).

More evidenceof newly thriving severelocal stormresearchn Europewasthe
1stEuropearConferencen TornadoesindSevereStormsETSS2000in Toulouse,
France(www.eurotornado.ou.edyroceedingsere editedby Snav & Dessens
(2001)andasummarywasgivenby Elsom(2000)in thisjournal). This conference
broughttogethemary scientistsfrom all over Europeandthe US andturnedout
to be a greatsuccesshoth scientificallyandin raisingpublic awarenes®f theim-
portanceof severelocal stormphenomenaConsequentlypreparatoryvork for the
2ndEuropearConferenc®n SevereStormsECSS2002in PragueCzechRepublic
(www.chmi.cz/ECSS2002% now underway.

Parallelto andindependenbf the developmentin Europe,in orderto enhance
informationexchangebetweerscientistsaandthereinsurancéndustrythe Risk Pre-
diction Initiative (RPI, www.bbsredu/rpi)wasfoundedat the BermudaBiological
Stationfor ResearcliBBSR,www.bbsredu)in theearly1990s.Bermudavascho-
senbecausanary reinsurershave moved therein recentyears. Due to its geo-
graphicalpositionRPI's primary interestis hurricaneresearctwhich hasbeenthe
subjectof anumberof RPIworkshopsn the past.However, triggeredby thesevere
tornadooutbreakof 3 May 1999in OklahomaCity, RPI sponsorsiow demanded
a workshopon insurancerisks dueto severe thunderstormstornadoesand hail.
Being aware of the ETSSconferencen Toulouseandthe groving momentumof
Europearseverelocal stormresearchRPI alsorequestedletailedinformationon
tornadoesn Europe. The successfutwo—dayevent held in Hamilton, Bermuda
wasworthwhile bothfor scientistsandinsurers— andthe 2001 hail seasornin the
United Statessubstantiatethe urgeny of thisworkshop.

This papersummarizeshe maintopicsof theRPIworkshopin Sec.2. In Sec.3

a brief overview on key tornadoresearchopicsin Europefollowing the Bermuda
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workshopis givenbasedn our currentknowledgeof severelocal stormsin Europe.

Sec .4 presentshe conclusions.

2 Workshop summary

2.1 Tornadoes

The sessioron tornadoeswvasopenedoy two spealersfrom the University of Ok-
lahoma,Norman:Howard Bluesteingave an overvien on the stateof theartin re-
searchondynamicsof tornadoesndtheir parenthunderstorntells,beforeJoshua
Wurman presentedis highly—resoled Dopplerradarfield measurementsf tor-
nadofunnels. After that, David Imy (Storm PredictionCenterSPC,Norman)re-
viewed currentpredictive skill in potentiallytornadicsynopticsituations:the dev-
astatingseverelocal stormsof 3 May 1999in OklahomaCity senedasanimpres-
sive example.All thesethreepresentationsainly helpedto improve theinsurers’
knowledgeontornadoes.

Topicsmoredirectly relevantto theinsurancandustrywerecoveredin thefol-
lowing talks by two presenterdrom NOAA's National Severe StormsLaboratory
NSSL,Norman: CharlesDoswelladdressegeculiaritiesin climatologicaldataof
extremeeventslik e tornadoesvhich have to be consideredn interpretingthe data.
This affectsbothrealclimatologicalvariationson theregional scale(e.g. orogenic
effects) and statisticalartifactslike varying reportingfrequeng as a function of
time, tornadointensityandpopulationdensity In this contect, Harold Brooks talk
addedmoredetailsconcerningevolution andrepresentafienessof tornadoclima-
tologiesin the USA comparedo othercountries. Someaspectf thesetwo pre-
sentationsare alsotreatedby Brooks & Doswell (2001). Most remarkablyis an
apparentiniversalityof tornadointensitydistributionsworldwide: the only signif-
icantdifferencebetweenfor instancethe USA andEuropeappeargo bethetotal
numberof eventsperyear while statisticalpropertiesof the distributionsseemto
benearlyidentical.

Datagatheredandpublishedwithin Europe(e.g. Meaden1976;Elsom& Mea-
den, 1982; Reynolds, 1999a;Dotzek, 2001; Holzer, 2001; Paul, 2001) were de-
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scribedby Nikolai Dotzek DeutscheZentrumfir Luft- undRaumahrtDLR, Ober-
pfaffenhofen)n moredetail. Duringthelastyearsameaningfuimageof senerelo-
cal stormclimatologyin mary Europearcountrieshasbeenobtained What's more,
an increasingnumberof well-documenteaasestudiesis now at hand. Follow-
ing this presentationmethodsandconceptdo reliably reconstructornadofunnel
windspeed$rom obseneddamageandimproveddamagestatisticsvereaddressed
by Michael Riley (National Institute of Standardsand Technology Gaithershrg)
in his talk on the relation of windspeedandwind damage.Aside from the influ-
enceof structuralbuilding quality on the degreeof damagealsootherfactorsplay
arole, like for instancempacttime of the tornadovortex on a given spot,amount
andcompositionof flying debrisandthe strengthof peakwind gustscomparedo
meanwindspeedWhile it is awell-known factthatbothFujitaand TORRO inten-
sity scalesalonedo notsuffice to characterizéhefull compleity of tornadovortex
windfieldsattheground thereareonly preliminaryconceptdor animprovedinten-
sity descriptioravailableatthistime (e.g. Fujita, 1992;Dotzeketal.,2000;Hubrig,
2001).

A methodfor long—termforecastof tornadoactuity in the USA waspresented
by Mark Bove (AmericanReinsuranc€ompaly, beforehand-lorida StateUniver
sity) by takinginto accountEl Nifio/ SouthernOscillationeffects. In generalone
canexpecta degradationof tornadoactvity in Texasandthe southernGreatPlains
during El Nifio—years.In La Nifila—yearspn the otherhand,moreandalsomore
devastatingornadoesrelikely to be obsened. Statement$ik e theseareof course
interestingfrom aninsurers point of view, but significanceof this statisticalanaly-
siswassubijectto lively discussionsConcerningsucha conceptdefinitely longer
time seriesof reliabletornadodataarenecessaryo eitherverify or falsify its appli-

cability.

2.2 Halil

Similar to the tornadosessionthe sessioron hail on the secondday of the work-
shopalsostartedwith a detailedintroductionto thefield. CharlesKnight (National

Centerfor AtmosphericResearciNCAR, Boulder)reviewed cloud microphysical
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processeselevantto hail formation. Mostimpressve werenumerousshown cross
sectionsthrough large hailstoneswhich allow for reconstructionof hail growth

mechanisms.Tumbling motion of large hail which canbe detectedfor instance,
by polarimetricDopplerradarcanattaina tumbling frequeng of up to 60 Hz and
is thereforeaudibleto the humanear This cansene asan explanationfor mary

severehailstormreportsfrom the USA in which beforethe onsetof very large hail

atthegroundaclearlyperceptibledull hummingsoundwasobsened. Climatology
of hail in the USA wasreviewed by David Chagnon(Northernlllinois University,

DeKalb). Spatialdistribution is similar, but not equalto that of tornadicstorms.
A now available100—yeattime seriesof dataallows to detectspatialandtemporal
trends.Thesetrendswhich maybepersistenfor oneor evenmorethanonedecade
canof courseheaily biasinterpretationof hail suppressiorexperimentsusually
lastingonly afew years.

In situhail experimentseitherconcernindail suppressioor fundamentatioud
physicalstudiesweredescribedy Paul Smith(SouthDakotaSchoolof Minesand
TechnologyRapidCity) in theworkshopslastpresentationOnaglobalscalethere
is a strongcouplingof hail-proneareaswith orographyandseriousphysicaldam-
agedueto hail in mary countrieshasled to avarietyof hail suppressiostratajies:
Field programshave beenlaunchedn several Europearcountries suchasFrance,
Switzerland Germary, Spain,GreeceBulgaria,Yugoslaia, andthe former Soviet
Union. In someof thesecountries operationathunderstorntioud seedings still
beingfunded.Froma scientificpoint of view, in mostfield programsausefulnessf
hail suppressiorouldneitherbe verifiedor falsifiedcorvincingly on aclimatolog-
ical time scale.

While thebasicscientificassumptionanderlyinghail preventionby cloudseed-
ing with artificial cloud condensatiomuclei are sound,a significantand scientifi-
cally rigoroustestingof the effectivenessof suchmethodsin the field is hardly
possibleor evenimpossiblein principle. Oneandthe samethundercloudwith its
ernvironmentcannotbe examinedtwice — with andwithout cloud seeding.Thus
sciencecanusuallyneitherprove efficagy norinefficagy of suchanapproach.

Nevertheless hail suppressiorprogramsremain attractve from an insurers

point of view, becausevena smallpermanenteductionof yearlylossesby a few
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per centwould resultin major monetarysavings at leastfor reinsurancecompa-
niesandeasilymorethancompensatéhe costof ary hail suppressioprogram.in
this field thereis a highly differentview of weathemodificationbenefitsbetween
scientistsaand“users”,i. e. claimantsand(re)insurers Sotriggeredby thesediffer-
entviewpointsof scienceandinsurancandustry it is very likely that operational
hail suppressiomethodsaswell asfield programso evaluatethesemethodswill

continuein thefuture.

3 Issuesrelated to European tornado research

Following the RPIworkshopin Bermudasomekey for severelocal stormresearch
tasksfor Europecanbeidentified. They arebasedon our currentunderstandingf
severethunderstormandtheir climatologyaswell ason informationdemandsdy
thepublicandinsurance&eompaniesHowever, their degreeof sophistications lim-
ited by the capability of existing privateresearcmetworks to performsustainable

andcoordinatedesearctwork.

3.1 Climatology

Eventhoughtornadoreportsin Europedatebackto the Middle Ages, statistically
reliabletime seriesof tornadoactiity only exist from about19000n. Thestill out-
standingmonography Wegener(1917)on tornadoesn Europegivesa thorough
treatmentof that time’s knowledge. Available datadensityhasfurtherincreased
dramaticallyafter World War II. However, aspublic awarenes®f tornadoewvaries
throughthe yearsin differentEuropearcountries time seriesmustbe interpreted
with greatcare.EvenneighboringcountriessuchasFranceandGermary, canhave
only weakly correlatedime seriesof tornadoreportsdueto the differentdetection
efficiengy in eachcountry(Dotzek,2001;Paul, 2001). Two World Wars,changing
nationalboundariesandthe separatiorof WesternEuropefrom the Easternbloc
during the Cold War have also hindereddataacquisitionon severelocal storms.
Althoughit is too earlyto judgeintra—Europeatornadicactiity trendsdueto fac-

tors suchasarise in meanglobal temperaturestatisticsare now detailedenough



to provide anassessmerdf currenttornadothreatin CentralEurope.Theanalysis
of Reynolds(1999b)likely appeared few yearstoo earlyto give a goodestimate
of total numberof tornadoesachyearin Europe,but it is not very daringto ex-
pectthatthe ECSSconferencen 2002will provide enoughinformationto give this
number

Most continentalEuropeartornadoclimatologiesshown strongsimilaritieswith
theUS tornadoclimatology Diurnalandannualcyclesof tornadoactvity arecou-
pledto thoseof thunderstornformation,i. e. the highestnumberof tornadoe®c-
cursin the late afternoonhours,and from May to September Dependingon the
numberof waterspoutsn eachnationalrecord,the monthwith the mosttornado
outbreakswill beshiftedfrom July (few waterspoutsg.g. Austria)to August(mary
waterspoutse.g. Italy). Thefewer wintertornadoesn Europearemostly coupled
to coldfrontalthunderstormsithin strongstormcyclonesfrom the Atlantic Ocean.
In summeythe greatesthreatis posedby the so called“Spanishplume” (Morris,
1986), a regional weatherpatternthat bringshot and moist air from the Mediter
raneanSeato CentralEurope. Any cold air outbreakfrom the northwestis then
likely to induceintensethunderstorntdevelopmentoften accompaniedby damag-
ing hail, downbursts,or tornadoes.This scenarias similar to the meteorological
conditionsconducve to tornadoformationin the US tornadoalley during spring
andearlysummer

Computedwith respecto total countryareamary CentralEuropearcountries
have tornadorecurrencalensitiegangingfrom 0.1to above 0.5tornadoeperyear
andper10000km? — roughly10to 20timeslessthanin the US tornadabelt. Typ-
ical intensitydistributionsshov anexponentialrelationshipwith the FujitaF scale,
exceptfor the very weaktornadoesThe situationappeargo be similarto US tor-
nado statisticsbefore 1950 when most weak tornadoesvere not detectedor re-
mainedunrecordedTodayUS tornadodatareproduceanexponentialintensitydis-
tributiondown to FOintensity;we canexpectthesamebehaior for tornadoesn Eu-
rope,asschematicallydepictedn Fig. 1. Assuminga completelylin—log intensity
distributionandtakingdatafrom Germary asanexample this shavsthattodaystill
probablyonly every third tornadois reportedthere(Dotzek,2001). The majority

(about2/3) of tornadoesreweakandonly afew percentareviolent, againclosely
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resemblinghe situationin the United States.So the basicdifferencebetweenEu-
ropeanandUS tornadoesppeardo bethe larger total numberof about1000 per
yearin the USA. Geographicallytornadoesare more or lesshomogeneouslgis-
tributed over the EuropearPlainsalongthe North and Baltic Seacoastg(cf. also
Wegener1917;Reynolds,1999b).In hilly andmountainouserrain,however, local
terrainforcing becomesncreasinglymportantfor tornadoformationandcanlead
to highly variableregional tornadoprobabilities(Dotzek,2001). Theseprocesses
have to be studiedin much greaterdetail than beforein Europe. Climatological
mapsof terrainforcing effectson tornadogenesiswill be usefulbothfor European

insurersandfor scientistavorldwide.

3.2 Intensity scales

To make tornadointensityestimatesomparablérom oneEuropearcountryto an-

other(andeventuallyon a global scale),building strength populationdensityand
land—usegvegetation,soil) characteristichiave to be takeninto account.Thisis a

well-knownn factandhasbeenstressedluring the RP1 workshop.Reducingavail-

ableinformationon strongeswind damageor windspeeddo just one numberon

theT or F scaleresultsin abig lossof informationandcanleadto certainambigu-
ities whenindividual tornadoor downbursteventsarebeingcomparedDueto this

factdifferentconcepthave beendevelopedoverthelastthreedecadeso overcome
thedangerof deceptve intensityratingswithoutlosing the advantageof simplicity

thatcornventionalT or F scalevaluesoffer.

Onestepin thisdirectionwasto includedamagepathlengthandwidth to char
acterizetornadoor downhurstintensity (Fujita & Pearson1973),but ambiguities
concerningbuilding structureor forestvulnerability asa function of tree species
andsoil type remained.For six structuralbuilding classesFujita’s f scaleconcept
(Fujita, 1992)wasdesignedasan extensionof his original F scale.Its matrix—like
schemads depictedin Fig. 2. It offersa simpleoptionto betterratewind damage
over residentialareasand maintainsa single number— the f value— asthe out-
put quantity However, detailedmapsof pre—stormbuilding type are necessaryo

performapost—storni scaleanalysisandtheconcepis notapplicableoverunpop-
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ulatedareasThereforejt hasnotyetfoundwidespreadise.

To circumwentthenecessityfor mapsof building typeandyetto moreprecisely
relatewind damageto tornadointensity Dotzeket al. (2000) recentlyintroduced
a revisedverbal descriptionof the TORRO and Fujita scalesadaptedor Central

Europesupplementedy typical meanlossratiosS, cf. Tablel andFig. 3:

_ . lossoccurredn € or US$
Sin% = 100 — -
0 reinstatementaluein € or US$

The averagelossratio is a commonlyavailable quantityin the insurancandustry
andcanbeevaluatedby localinsuranceepresentates. Stormintensitycouldthen
beinferredfrom theobsenredlossratio for damageabjects furthersplitinto Sﬁght
for light andSsrong for strongbuildingsin CentralEurope.The S valueshave been
determinedandlinkedto theadaptedrerbaldescriptiornof the TORRO (and,owing
to theirinherentsimilarity, alsothe Fujita) scaleof tornadointensity Wind damage
ratingsof upcomingyearswill shav the applicability of this methodcomparedo
otherproceduresuchasFuijita’s f scaleconcept.Neverthelesshe challengeo re-
lateforestdamageo stormintensitywasonly qualitatvely addresseth theadapted
verbaldescriptionof the T scaleby Dotzeketal. (2000).

Wind damageo treesis indeedvery difficult to relateto windspeedsNot only
doesit dependon treeageor speciege.g. deciduousor coniferous,root system
characteristicsput also on the soil type, soil moistureand, last but not least,on
forestalcharacteristic§youngor old—grawvth, compactor patchy healthyor pre—
damagedoy earlier stormsor pests). Methodsto include at leastsomeof these
effectsweredevelopedveryrecentlyduringseveraldamageasestudiesrom storm
cyclonesandseverelocal storms(e.g. Hubrig, 1999).As shovn by Hubrig (2001),
upto T5intensityit is possibleto find typical distinctionsbetweerseparatd scale
values. FromT6, i.e. F3 on hardly ary treewill withstandthe storm,andonly
beginning debarking(from T7-8 on) couldyield informationon strongor violent
storms.

A completelycorvincing solutionto the problemof reliably ratingtornadoand
downburstintensityby a simpleprocedurehowever, is notyetat handandremains

anissuefor researchergorldwide.



4 Conclusions

From the RPI workshopon “TornadoesandHail” the following conclusionscon-

cerningseverelocal stormresearchn Europecanbedrawn:

e Damagefrom severelocal stormscannotbe negglected,asit canapproactor

evenexceedonebillion € or US$perevent(hail or tornadd downburst),

e Augmentedseverelocal stormclimatologieswithin Europearenecessaryo
testrecentfindings on universalcharacteristicef tornadostatistics,andto

provide soundestimate®f total andregionaltornadothreatin Europe,

¢ Intensity reconstructiorfrom damagewill continueto be the main source
of informationon nearsurficestormwind fields (“forensic meteorology”).
More representatie, but neverthelessimple methodshave to be developed

for aglobally applicableintensityscale,

e Dataquality control of existing severelocal stormdatabaseandunresered
disseminatiorof resultsandraw datais vital for furtherdevelopmentof Eu-
ropeantornadoresearch.Only in this way the necessargompletepicture
of severelocal stormactuity all over Europecanbe corveyedto scientists,

insurersandpolicy makers,

e In turn, an enhancedgublic appreciatiornof the work performedby private
researclyroupsovermary yearscouldfacilitateconsolidatiorof severestorm

researctonthe Europearievel.

The final goal of contemporaryEuropearprivate researcmetworks shouldbe to

establisha professionakevereweathemresearchauthorityin Europe(a “European
Severe StormsLaboratory”, ESSL) being the centerof competencdor analysis,
warning,andclimatology of severelocal stormsfor the public, weatherservices,

andtheinsurancendustry

10



Acknowledgments

| would like to thank Alois Holzer (Austria), Willi Schmid (Switzerland),and
FrancoisPaul (France)for their substantiatontribution of materialduring prepa-
ration of the RP1 workshop,andall other“tornadopeople”in Europewho com-
municatedheir findingsto me andtherebyhelpedto arrangea broadoverview of
Europeartornadoresearch Links to all thesesourcesaswell ascontinuouslyup-

datedfurtherinformationareavailableonlineat www.tordach.ag.

References

Brooks,H., C. A. Doswell,2001: Someaspect®f theinternationaklimatologyof

tornadoedy damageclassificationAtmos.Res, 56, 191-202.

Dotzek,N., 2001: Tornadoesn Germairy. Atmos.Res, 56, 233—-252[Availableat

www.tordach.og]

Dotzek,N., G. Berz,E. RauchR. E. Peterson2000: Die Bedeutungron Johannes
P. Letzmanns'Richtlinien zur Erforschungvon Tromben,Tornados Wasserho-
senund Kleintromben”fur die heutigeTornadoforschungMeteor Zeitsdr., 9,

165-174[Availableatwww.tordach.og]

Elsom,D. M., 2000: Reportonthe Conferencen EuropeanfornadoesandSerere

Storms,Toulouse February2000.J. Meteor, 25, 181-185.

Elsom,D. M., G. T. Meaden,1982: Tornadoesn the United Kingdom. Proc. 12th

Conf on Severe Local Storms SanAntonio, 55-58.

Fujita, T. T., A. D. Pearson1973: Resultsof FPPclassificatiorof 1971and1972

tornadoesProc. 8th Conf on Severe Local Storms Derver, 142—-145.

Fujita, T. T., 1981: Tornadoesanddownhurstsin the contect of generalizeglane-

tary scalesJ. Atmos.Sci, 38, 1511-1534.
Fujita, T. T., 1992: Mysteryof Severe Storms Univ. Chicago,298pp.

Holzer, A. M., 2001: Tornadoclimatologyof Austria. Atmos Res, 56, 203-212.
11



Hubrig, M., 1999: Dokumentatiorder Sturmsbadenvom29. 6. 1997 in Nieder
sachsensWalderndurch “Schwee lokale Stiirme”. Mitt. d. Niederséchsischen
Landesforsterw, 521, 4—139.

Hubrig, M., 2001: Tornado-und Downburst—Schadenskalgir Holzgevéachse
basierendauf der Skalierungnach TORRO angepasstir Mitteleuropa(Tor-
DACH). 2nd ForumKatastiopheworsome, Leipzig, 24—26SeptembeR001.

MeadenG.T., 1976:Tornadoes Britain: theirintensitiesanddistributionin space

andtime. J. Meteor, 1, 242-251.

Morris, R. M., 1986: The Spanishplume— testingthe forecastes nene. Meteor

Mag., 115, 349-357.

Paul, F., 2001: A developinginventory of tornadoesn France.Atmos.Res, 56,

269-280.

Reynolds,D. J.,1999a: A revisedtornadoclimatologyof the UK, 1960-1989J.
Meteor, 24, 290-321.

Reynolds,D. J.,1999b: Europeartornadoclimatology 1960-1989J. Meteor, 24,
376-403.

Snaw, J. T., J. DessengEds.),2001: Proceeding®f the Conferenceon European

TornadoeandSevere Storms,Toulouse February2000.Atmos Res, 56.

Wegener A., 1917: Wind- und Wasserhosern Europa Vieweg, Braunschweig,
301pp.

12



Tabl

€s

Table 1: TORRO andFujita scalesof tornadointensitycompiledto an equivalent

windspeedv givenin ms~! andkmh=!. The velocity rangeAv of eachT-scale

stepandmeanlossratios Slight and Sstmng for CentralEuropearealsoshowvn (cf.

Fig. 3).
significant
weak strong violent
Fujita FO F1 F2 F3 F4 F5
TORRO TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
vinms™? 17-25| 25-33 | 33-42 | 42-51 | 51-61 | 61-71 | 71-82 | 82-93 | 93—-105| 105-117| 117-130| 130—143
vinkmh™! | 764+ 14 | 1044 14 | 1354 16 | 1674+ 16 | 2024 18| 2384 18| 2754+ 20| 3154 20| 3564 22 | 4004 22 | 4454+ 23 | 491423
Avinms! 8 8 9 9 10 10 11 11 12 12 13 13
Siight IN % 0.05 0.10 0.25 0.80 3.0 10.0 30.0 90.0 100 100 100 100
Sstrong 1N % 0.01 0.05 0.10 0.25 0.80 3.0 10.0 30.0 60.0 80.0 90.0 95.0
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Figure captions

Figurel: Schematiaiagramof mostcontemporarfuropeanornadantensitydis-
tributions(solid, alsovalid for the USA before1950)andexpectedfuture changes

(arraws) to alikely universallin—log distribution (dashed).

Figure 2: The f scaleconcept(after Fujita, 1992) modifying the original F scale
values(Fujita & Pearsonl1973;Fujita, 1981)accordingo building strength.

Figure3: Lossratios Sy (Circles)andSsong (Squaresjrom Dotzeket al. (2000)

for light andstrongouthuildingsin CentralEurope(cf. Table.1).
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. Littl Mi Roof Wall Bl Bl
Dam age. Da:mgge Dalrrtl%rge Ggr?e Collzps:se ng A\(/)vg)r/]
f scale f0 f1 f2 3 f4 5
Windspeed' 17 m/s 33 51 71 93 117 143
. ' | FO F1 F2 F3 F4 F5
Scale 61 km/h 119 184 256 335 421 515

+— To convert fscale into F scale, add the appropriate number

Weak Outbuilding | -3 f3 f4 5 5 5 5

Strong Outbuilding| -2 f2 f3 f4 5 5 5

Weak Framehouseg -1 f1 f2 3 f4 5 5

Strong Framehousg 0O FO F1 F2 F3 F4 F5

Brick Structure 1 - fo f1 f2 f3 f4

Concrete Building | 2 - - fo fl f2 f3
Figure2
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