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Abstract

Relevant topicsof a workshopon “TornadoesandHail” initiated by the in-

suranceindustryareoutlinedwith specialemphasisonEuropeanseverelocal

stormresearch.Pointsof immediateinterestfor Europecompriseanimproved

climatologyanddamageanalysisof thesestorms,bothon Europeanandre-

gionalscales.Deriving tornadoor downburst intensityfrom post–stormwind

damageassessmentstill presentsa challenge. Contemporaryconceptssuf-

fer from oversimplificationwhile recentlyproposednew procedureshave not

yet proven their applicability. Aside from thesetechnicalpoints,dataqual-

ity controlanddisseminationof resultsareimportantfuture tasksto educate

scientists,insurers,andpolicy makersaboutthetruetornadothreatin Europe.
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1 Introduction

Tornadoesandhailstormspresenta violent threatto societyeven in CentralEu-

ropewheretheir annualtotal numberis smallerthanin theUnitedStates’tornado

belt. To improveknowledgeof thesestormsin theUnitedKingdomthefirst private

tornadoandstormresearchorganisation(TORRO, www.torro.org.uk)wasfounded

in 1974andlaterdevelopedits own tornadointensityscale(Meaden,1976). This
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TORRO or T scaleis nearlyidenticalto theF scale(Fujita& Pearson,1973;Fujita,

1981),but comprisestwice asmany intensityclasses— what makesthe T scale

in principlemoreattractive to insurancecompaniesperformingpost–stormdamage

analysesin denselypopulatedregions.Duringthelastdecadeof the20thcentury, in

otherEuropeancountriessimilar researchgroupsandnetworksdevelopedlike, for

instance,theseverelocal stormsresearchnetwork TorDACH in Germany, Austria,

andSwitzerland(cf. www.tordach.org for a list of links to thesegroups).

More evidenceof newly thriving severelocal stormresearchin Europewasthe

1stEuropeanConferenceonTornadoesandSevereStormsETSS2000in Toulouse,

France(www.eurotornado.ou.edu,proceedingswere editedby Snow & Dessens

(2001)andasummarywasgivenby Elsom(2000)in this journal).Thisconference

broughttogethermany scientistsfrom all over Europeandthe US andturnedout

to bea greatsuccess,bothscientificallyandin raisingpublic awarenessof the im-

portanceof severelocal stormphenomena.Consequently, preparatorywork for the

2ndEuropeanConferenceonSevereStormsECSS2002in Prague,CzechRepublic

(www.chmi.cz/ECSS2002)is now underway.

Parallel to andindependentof thedevelopmentin Europe,in orderto enhance

informationexchangebetweenscientistsandthereinsuranceindustrytheRiskPre-

diction Initiative (RPI, www.bbsr.edu/rpi)wasfoundedat theBermudaBiological

Stationfor Research(BBSR,www.bbsr.edu)in theearly1990s.Bermudawascho-

senbecausemany reinsurershave moved therein recentyears. Due to its geo-

graphicalpositionRPI’s primary interestis hurricaneresearchwhich hasbeenthe

subjectof anumberof RPIworkshopsin thepast.However, triggeredby thesevere

tornadooutbreakof 3 May 1999in OklahomaCity, RPI sponsorsnow demanded

a workshopon insurancerisks due to severe thunderstorms:tornadoesand hail.

Being awareof the ETSSconferencein Toulouseandthe growing momentumof

Europeanseverelocal stormresearch,RPI alsorequesteddetailedinformationon

tornadoesin Europe. The successfultwo–dayevent held in Hamilton, Bermuda

wasworthwhileboth for scientistsandinsurers— andthe2001hail seasonin the

UnitedStatessubstantiatedtheurgency of thisworkshop.

Thispapersummarizesthemaintopicsof theRPIworkshopin Sec.2. In Sec.3

a brief overview on key tornadoresearchtopicsin Europefollowing theBermuda
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workshopis givenbasedonourcurrentknowledgeof severelocalstormsin Europe.

Sec.4 presentstheconclusions.

2 Workshop summary

2.1 Tornadoes

Thesessionon tornadoeswasopenedby two speakersfrom theUniversityof Ok-

lahoma,Norman:Howard Bluesteingave anoverview on thestateof theart in re-

searchondynamicsof tornadoesandtheirparentthunderstormcells,beforeJoshua

Wurmanpresentedhis highly–resolved Doppler radarfield measurementsof tor-

nadofunnels. After that, David Imy (StormPredictionCenterSPC,Norman)re-

viewedcurrentpredictive skill in potentiallytornadicsynopticsituations:thedev-

astatingseverelocal stormsof 3 May 1999in OklahomaCity servedasanimpres-

sive example.All thesethreepresentationsmainly helpedto improve theinsurers’

knowledgeon tornadoes.

Topicsmoredirectly relevantto theinsuranceindustrywerecoveredin thefol-

lowing talks by two presentersfrom NOAA’s NationalSevereStormsLaboratory

NSSL,Norman:CharlesDoswelladdressedpeculiaritiesin climatologicaldataof

extremeeventslike tornadoeswhich have to beconsideredin interpretingthedata.

This affectsbothrealclimatologicalvariationson theregionalscale(e.g. orogenic

effects) and statisticalartifactslike varying reportingfrequency as a function of

time, tornadointensityandpopulationdensity. In this context, Harold Brooks’ talk

addedmoredetailsconcerningevolution andrepresentativenessof tornadoclima-

tologiesin theUSA comparedto othercountries.Someaspectsof thesetwo pre-

sentationsarealso treatedby Brooks& Doswell (2001). Most remarkablyis an

apparentuniversalityof tornadointensitydistributionsworldwide: theonly signif-

icantdifferencebetween,for instance,theUSA andEuropeappearsto bethetotal

numberof eventsperyear, while statisticalpropertiesof the distributionsseemto

benearlyidentical.

Datagatheredandpublishedwithin Europe(e.g.Meaden,1976;Elsom& Mea-

den,1982; Reynolds,1999a;Dotzek,2001; Holzer, 2001; Paul, 2001) were de-
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scribedbyNikolai Dotzek(DeutschesZentrumfür Luft- undRaumfahrtDLR, Ober-

pfaffenhofen)in moredetail.Duringthelastyearsameaningfulimageof serverelo-

calstormclimatologyin many Europeancountrieshasbeenobtained.What’smore,

an increasingnumberof well–documentedcasestudiesis now at hand. Follow-

ing this presentation,methodsandconceptsto reliably reconstructtornadofunnel

windspeedsfrom observeddamageandimproveddamagestatisticswereaddressed

by Michael Riley (National Instituteof StandardsandTechnology, Gaithersburg)

in his talk on the relationof windspeedandwind damage.Aside from the influ-

enceof structuralbuilding quality on thedegreeof damagealsootherfactorsplay

a role, like for instanceimpacttime of the tornadovortex on a givenspot,amount

andcompositionof flying debrisandthestrengthof peakwind gustscomparedto

meanwindspeed.While it is awell–known factthatbothFujitaandTORRO inten-

sity scalesalonedonotsuffice to characterizethefull complexity of tornadovortex

windfieldsattheground,thereareonly preliminaryconceptsfor animprovedinten-

sity descriptionavailableatthistime(e.g.Fujita,1992;Dotzeketal.,2000;Hubrig,

2001).

A methodfor long–termforecastsof tornadoactivity in theUSA waspresented

by Mark Bove(AmericanReinsuranceCompany, beforehandFloridaStateUniver-

sity) by taking into accountEl Niño/ SouthernOscillationeffects. In generalone

canexpecta degradationof tornadoactivity in TexasandthesouthernGreatPlains

during El Niño–years.In La Niña–years,on the otherhand,moreandalsomore

devastatingtornadoesarelikely to beobserved.Statementslike theseareof course

interestingfrom aninsurer’spoint of view, but significanceof this statisticalanaly-

siswassubjectto lively discussions.Concerningsucha concept,definitely longer

timeseriesof reliabletornadodataarenecessaryto eitherverify or falsify its appli-

cability.

2.2 Hail

Similar to the tornadosession,thesessionon hail on theseconddayof thework-

shopalsostartedwith adetailedintroductionto thefield. CharlesKnight (National

Centerfor AtmosphericResearchNCAR, Boulder)reviewedcloudmicrophysical
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processesrelevantto hail formation.Most impressivewerenumerousshown cross

sectionsthrough large hailstoneswhich allow for reconstructionof hail growth

mechanisms.Tumbling motion of large hail which canbe detected,for instance,

by polarimetricDopplerradarcanattaina tumbling frequency of up to 60 Hz and

is thereforeaudibleto the humanear. This canserve asan explanationfor many

severehailstormreportsfrom theUSA in which beforetheonsetof very largehail

at thegroundaclearlyperceptibledull hummingsoundwasobserved.Climatology

of hail in theUSA wasreviewedby David Chagnon(NorthernIllinois University,

DeKalb). Spatialdistribution is similar, but not equalto that of tornadicstorms.

A now available100–yeartime seriesof dataallows to detectspatialandtemporal

trends.Thesetrendswhichmaybepersistentfor oneor evenmorethanonedecade

canof courseheavily bias interpretationof hail suppressionexperimentsusually

lastingonly a few years.

In situhailexperiments,eitherconcerninghail suppressionor fundamentalcloud

physicalstudies,weredescribedby Paul Smith(SouthDakotaSchoolof Minesand

Technology, RapidCity) in theworkshop’slastpresentation.Onaglobalscalethere

is a strongcouplingof hail–proneareaswith orography, andseriousphysicaldam-

agedueto hail in many countrieshasled to a varietyof hail suppressionstrategies:

Field programshave beenlaunchedin severalEuropeancountries,suchasFrance,

Switzerland,Germany, Spain,Greece,Bulgaria,Yugoslavia, andtheformerSoviet

Union. In someof thesecountries,operationalthunderstormcloudseedingis still

beingfunded.Froma scientificpoint of view, in mostfield programsusefulnessof

hail suppressioncouldneitherbeverifiedor falsifiedconvincingly onaclimatolog-

ical timescale.

While thebasicscientificassumptionsunderlyinghail preventionby cloudseed-

ing with artificial cloud condensationnuclei aresound,a significantandscientifi-

cally rigoroustestingof the effectivenessof suchmethodsin the field is hardly

possibleor even impossiblein principle. Oneandthesamethundercloudwith its

environmentcannotbe examinedtwice — with andwithout cloud seeding.Thus

sciencecanusuallyneitherproveefficacy nor inefficacy of suchanapproach.

Nevertheless,hail suppressionprogramsremain attractive from an insurer’s

point of view, becauseevena smallpermanentreductionof yearly lossesby a few
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per centwould result in major monetarysavings at leastfor reinsurancecompa-

niesandeasilymorethancompensatethecostof any hail suppressionprogram.In

this field thereis a highly differentview of weathermodificationbenefitsbetween

scientistsand“users”,i. e. claimantsand(re)insurers.Sotriggeredby thesediffer-

ent viewpointsof scienceandinsuranceindustry, it is very likely that operational

hail suppressionmethodsaswell asfield programsto evaluatethesemethodswill

continuein thefuture.

3 Issues related to European tornado research

Following theRPI workshopin Bermudasomekey for severelocal stormresearch

tasksfor Europecanbeidentified.They arebasedon our currentunderstandingof

severethunderstormsandtheir climatologyaswell ason informationdemandsby

thepublicandinsurancecompanies.However, theirdegreeof sophisticationis lim-

ited by thecapabilityof existing privateresearchnetworks to performsustainable

andcoordinatedresearchwork.

3.1 Climatology

Eventhoughtornadoreportsin Europedatebackto theMiddle Ages,statistically

reliabletimeseriesof tornadoactivity only exist from about1900on. Thestill out-

standingmonographby Wegener(1917)on tornadoesin Europegivesa thorough

treatmentof that time’s knowledge. Availabledatadensityhasfurther increased

dramaticallyafterWorld War II. However, aspublic awarenessof tornadoesvaries

throughthe yearsin differentEuropeancountries,time seriesmustbe interpreted

with greatcare.Evenneighboringcountries,suchasFranceandGermany, canhave

only weaklycorrelatedtime seriesof tornadoreportsdueto thedifferentdetection

efficiency in eachcountry(Dotzek,2001;Paul,2001).Two World Wars,changing

nationalboundaries,andthe separationof WesternEuropefrom the Easternbloc

during the Cold War have alsohindereddataacquisitionon severe local storms.

Althoughit is too earlyto judgeintra–Europeantornadicactivity trendsdueto fac-

tors suchasa rise in meanglobal temperature,statisticsarenow detailedenough
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to provide anassessmentof currenttornadothreatin CentralEurope.Theanalysis

of Reynolds(1999b)likely appeareda few yearstoo early to give a goodestimate

of total numberof tornadoeseachyearin Europe,but it is not very daringto ex-

pectthattheECSSconferencein 2002will provideenoughinformationto givethis

number.

Most continentalEuropeantornadoclimatologiesshow strongsimilaritieswith

theUS tornadoclimatology. Diurnalandannualcyclesof tornadoactivity arecou-

pled to thoseof thunderstormformation,i. e. thehighestnumberof tornadoesoc-

curs in the late afternoonhours,andfrom May to September. Dependingon the

numberof waterspoutsin eachnationalrecord,the monthwith the most tornado

outbreakswill beshiftedfrom July(few waterspouts,e.g. Austria)to August(many

waterspouts,e.g. Italy). Thefewer winter tornadoesin Europearemostlycoupled

to coldfrontalthunderstormswithin strongstormcyclonesfrom theAtlantic Ocean.

In summer, thegreatestthreatis posedby thesocalled“Spanishplume” (Morris,

1986),a regional weatherpatternthat bringshot andmoist air from the Mediter-

raneanSeato CentralEurope. Any cold air outbreakfrom the northwestis then

likely to induceintensethunderstormdevelopmentoftenaccompaniedby damag-

ing hail, downbursts,or tornadoes.This scenariois similar to the meteorological

conditionsconducive to tornadoformationin the US tornadoalley during spring

andearlysummer.

Computedwith respectto total countryareamany CentralEuropeancountries

have tornadorecurrencedensitiesrangingfrom 0.1to above0.5tornadoesperyear

andper10000km
�

— roughly10to 20timeslessthanin theUStornadobelt. Typ-

ical intensitydistributionsshow anexponentialrelationshipwith theFujitaF scale,

exceptfor thevery weaktornadoes.Thesituationappearsto besimilar to US tor-

nadostatisticsbefore1950 when most weak tornadoeswere not detectedor re-

mainedunrecorded.TodayUStornadodatareproduceanexponentialintensitydis-

tributiondown toF0intensity;wecanexpectthesamebehavior for tornadoesin Eu-

rope,asschematicallydepictedin Fig. 1. Assuminga completelylin–log intensity

distributionandtakingdatafrom Germany asanexample,thisshowsthattodaystill

probablyonly every third tornadois reportedthere(Dotzek,2001). The majority

(about2/3)of tornadoesareweakandonly a few percentareviolent,againclosely
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resemblingthesituationin theUnitedStates.SothebasicdifferencebetweenEu-

ropeanandUS tornadoesappearsto be the larger total numberof about1000per

yearin the USA. Geographically, tornadoesaremoreor lesshomogeneouslydis-

tributedover the EuropeanPlainsalongthe North andBaltic Seacoasts(cf. also

Wegener,1917;Reynolds,1999b).In hilly andmountainousterrain,however, local

terrainforcing becomesincreasinglyimportantfor tornadoformationandcanlead

to highly variableregional tornadoprobabilities(Dotzek,2001). Theseprocesses

have to be studiedin muchgreaterdetail thanbeforein Europe. Climatological

mapsof terrainforcingeffectson tornadogenesiswill beusefulbothfor European

insurersandfor scientistsworldwide.

3.2 Intensity scales

To make tornadointensityestimatescomparablefrom oneEuropeancountryto an-

other(andeventuallyon a globalscale),building strength,populationdensityand

land–use(vegetation,soil) characteristicshave to be taken into account.This is a

well–known factandhasbeenstressedduringtheRPI workshop.Reducingavail-

ableinformationon strongestwind damageor windspeedsto just onenumberon

theT or F scaleresultsin a big lossof informationandcanleadto certainambigu-

ities whenindividual tornadoor downbursteventsarebeingcompared.Dueto this

factdifferentconceptshavebeendevelopedoverthelastthreedecadesto overcome

thedangerof deceptive intensityratingswithout losingtheadvantageof simplicity

thatconventionalT or F scalevaluesoffer.

Onestepin thisdirectionwasto includedamagepathlengthandwidth to char-

acterizetornadoor downburst intensity(Fujita & Pearson,1973),but ambiguities

concerningbuilding structureor forestvulnerability asa function of treespecies

andsoil typeremained.For six structuralbuilding classes,Fujita’s f scaleconcept

(Fujita,1992)wasdesignedasanextensionof his original F scale.Its matrix–like

schemeis depictedin Fig. 2. It offersa simpleoption to betterratewind damage

over residentialareasandmaintainsa singlenumber— the f value— asthe out-

put quantity. However, detailedmapsof pre–stormbuilding typearenecessaryto

performapost–stormf scaleanalysis,andtheconceptis notapplicableoverunpop-
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ulatedareas.Therefore,it hasnotyet foundwidespreaduse.

To circumventthenecessityfor mapsof building typeandyet to moreprecisely

relatewind damageto tornadointensity, Dotzeket al. (2000)recentlyintroduced

a revisedverbaldescriptionof the TORRO andFujita scalesadaptedfor Central

Europesupplementedby typicalmeanlossratios
��
, cf. Table1 andFig. 3:

��
in % � ����� lossoccurredin or US$

reinstatementvaluein or US$ �
The averagelossratio is a commonlyavailablequantityin the insuranceindustry

andcanbeevaluatedby local insurancerepresentatives.Stormintensitycouldthen

beinferredfrom theobservedlossratio for damagedobjects,furthersplit into
��
	�������

for light and
��
����������

for strongbuildingsin CentralEurope.The
��

valueshavebeen

determinedandlinkedto theadaptedverbaldescriptionof theTORRO (and,owing

to their inherentsimilarity, alsotheFujita)scaleof tornadointensity. Wind damage

ratingsof upcomingyearswill show theapplicabilityof this methodcomparedto

otherproceduressuchasFujita’s f scaleconcept.Neverthelessthechallengeto re-

lateforestdamageto stormintensitywasonly qualitativelyaddressedin theadapted

verbaldescriptionof theT scaleby Dotzeketal. (2000).

Wind damageto treesis indeedvery difficult to relateto windspeeds.Not only

doesit dependon treeageor species(e.g. deciduousor coniferous,root system

characteristics)but alsoon the soil type, soil moistureand, last but not least,on

forestalcharacteristics(youngor old–growth, compactor patchy, healthyor pre–

damagedby earlier stormsor pests). Methodsto include at leastsomeof these

effectsweredevelopedveryrecentlyduringseveraldamagecasestudiesfrom storm

cyclonesandseverelocal storms(e.g. Hubrig,1999).As shown by Hubrig (2001),

up to T5 intensityit is possibleto find typicaldistinctionsbetweenseparateT scale

values. From T6, i. e. F3 on hardly any treewill withstandthe storm,andonly

beginningdebarking(from T7–8on) could yield informationon strongor violent

storms.

A completelyconvincingsolutionto theproblemof reliably ratingtornadoand

downburstintensityby asimpleprocedure,however, is notyetathandandremains

anissuefor researchersworldwide.
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4 Conclusions

From the RPI workshopon “TornadoesandHail” the following conclusionscon-

cerningseverelocal stormresearchin Europecanbedrawn:

� Damagefrom severelocal stormscannotbeneglected,asit canapproachor

evenexceedonebillion or US$perevent(hail or tornado/ downburst),

� Augmentedseverelocal stormclimatologieswithin Europearenecessaryto

test recentfindingson universalcharacteristicsof tornadostatistics,and to

providesoundestimatesof totalandregionaltornadothreatin Europe,

� Intensity reconstructionfrom damagewill continueto be the main source

of informationon near–surfacestormwind fields (“forensic meteorology”).

More representative, but neverthelesssimplemethodshave to be developed

for agloballyapplicableintensityscale,

� Dataquality controlof existing severelocal stormdatabasesandunreserved

disseminationof resultsandraw datais vital for furtherdevelopmentof Eu-

ropeantornadoresearch.Only in this way the necessarycompletepicture

of severelocal stormactivity all over Europecanbeconveyed to scientists,

insurers,andpolicy makers,

� In turn, an enhancedpublic appreciationof the work performedby private

researchgroupsovermany yearscouldfacilitateconsolidationof severestorm

researchon theEuropeanlevel.

The final goal of contemporaryEuropeanprivateresearchnetworks shouldbe to

establisha professionalsevereweatherresearchauthorityin Europe(a “European

SevereStormsLaboratory”,ESSL)being the centerof competencefor analysis,

warning,andclimatologyof severelocal stormsfor the public, weatherservices,

andtheinsuranceindustry.
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Tables

Table1: TORRO andFujita scalesof tornadointensitycompiledto anequivalent

windspeed� given in ms��� andkmh ��� . The velocity range ��� of eachT–scale

stepandmeanlossratios
��
	�������

and
��
����������

for CentralEuropearealsoshown (cf.

Fig. 3).

significant

weak strong violent

Fujita F0 F1 F2 F3 F4 F5

TORRO T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

 in ms! " 17– 25 25– 33 33– 42 42– 51 51– 61 61– 71 71– 82 82– 93 93– 105 105– 117 117– 130 130– 143

 in kmh! " 76 # 14 104 # 14 135 # 16 167 # 16 202 # 18 238 # 18 275 # 20 315 # 20 356 # 22 400 # 22 445 # 23 491 # 23

$  in ms! " 8 8 9 9 10 10 11 11 12 12 13 13

%& ' ( ) * +
in % 0.05 0.10 0.25 0.80 3.0 10.0 30.0 90.0 100 100 100 100

%& , + - . / )
in % 0.01 0.05 0.10 0.25 0.80 3.0 10.0 30.0 60.0 80.0 90.0 95.0

13



Figure captions

Figure1: Schematicdiagramof mostcontemporaryEuropeantornadointensitydis-

tributions(solid,alsovalid for theUSA before1950)andexpectedfuturechanges

(arrows) to a likely universallin–log distribution(dashed).

Figure2: The f scaleconcept(after Fujita, 1992)modifying the original F scale

values(Fujita& Pearson,1973;Fujita,1981)accordingto building strength.

Figure3: Lossratios
��
	�������

(circles)and
��
����������

(squares)from Dotzeket al. (2000)

for light andstrongoutbuildingsin CentralEurope(cf. Table.1).
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To convert   f scale   into   F scale,   add the appropriate number
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