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Abstract

Resultsfrom a survey on averagetornadicactivity in Europeconductedamongthepartic-

ipantsof the ECSS2002conferencearepresented.Comparedto Alfred Wegener’s 1917

estimateof “at least100 tornadoesper year in Europe”the presentsurvey shows a total

of 329
�

12 tornadoesover landandwaterperyearbasedon observations,andmorethan

twiceasmany cases(697
�

36) for anestimateof theexpectedtrueclimatologicalnumber,

accountingfor presentunderreportingin many Europeancountries. Traditionally, Euro-

peantornadonumbersincludewaterspouts.For comparisonto thecurrentnumberof 1170

observedtornadoesover landperyearin theUSA, theEuropeannumbersare169
�

9 per

yearbasedonobservations,and304
�

25basedonestimates.As Europeansevereweather

researchis rapidly developing,onecanexpectlessunderreportingin thefuture,leadingto

anaugmenteddatabasefor upcomingsurveys like thepresentone.
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1 Intr oduction

After the EuropeanConferenceon TornadoesandSevereStorms(ETSS)held in Toulousein

February2000 (Snow and Dessens,2001), one questionremainedunanswered:How many

tornadoesaretherein Europeasawholeonaverageeachyear?

During theETSSfollow–up,the EuropeanConferenceon SevereStorms(ECSS2002)in

Prague,theauthordistributeda survey amongtheparticipantscomingfrom 28 differentcoun-

tries, to updatean estimateof this importantnumberwhich hasstoodfor over eight decades:

Alfred Wegener(1917,p. 84) gave this estimateof “at least100tornadoesperyearin Europe”

basedonhis thoroughanalysisof historicalandcontemporarytornadoreports.
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In his book,hestatedthat “Tornadoesandwaterspoutsareidenticalphenomena,only that

the former term is usedover land,while the latter is usedover the sea.Shouldit happenthat

smallunderlyingdifferencesbetweenthetwo arediscovered,somethingthathascertainlynot

happeneduntil now, thesewill presumablybeattributableto thedifferencesin surfacefriction”

(Wegener,1917,p. 3, cf. App. A).

Further, he definedtornadoesand waterspoutsalike as “large vorticeswith vertical axis

extendingfrom thebaseof a cumulonimbuscloudto thesurface,visible completelyor in part

throughcondensationor, in thelower part throughdust,in theform of a pendantcone,funnel,

hoseor column. In a track typically on the orderof hundredsof meterswide, with intense

convergencetowardstheregionof stronglyreducedair pressurearoundthevortex axis,they in

generalcausedamageof a kind not observedin eventhestrongestlargerscalestorms”(Wege-

ner,1917,p. 5, cf. App. A).

Thesedefinitionswerewell aheadof their time. Theoften–cited,but not very helpful,def-

inition of the Glossaryof Meteorology’s first edition (Huschke, 1959)hasbeena subjectof

criticism for many years.Only recently, thesecondeditionof theGlossary(Glickman,2000)

provided a similar definition to Wegener’s given 83 yearsbefore. In this paper, the notion

is adoptedthat tornadoesandwaterspoutsrepresentthe samebasicphysicalphenomenonde-

scribedby Wegener’sandGlickman’sdefinitions.

To addressthequestiononhow many tornadoestherearein Europe,Sec.2 reviewsthedata

from theECSS2002survey, while Sec.3 briefly discussesthedataandcurrentEuropeansevere

weatherresearchactivities. Sec.4 presentstheconclusions.

2 Surveydata

A total of 26 survey formswerereturned,includingtwo slightly differingonesfrom Germany.

All namesof participantsweregivenontheforms.Usuallyone,butuptofivepeoplecontributed

to eachform. Theseparticipantswerewell–acquaintedwith theirnationaltornadoclimatology

or evenkeepersof thenationaltornadorecord.

The survey dataareoutlinedin Table1 for tornadoesover land surfaces,and in Table2

for tornadoesover water surfaces,i. e. waterspouts.Both tablesgive two different setsof

numbers.First, thesurvey participantswereaskedto givetheaveragenumberof tornadoesand

waterspoutsperyearbasedon historicalor recentobservations. Second,thesurvey asked for
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any availableestimateof the“true” numberof eventsperyear, in orderto getanimpressionof

theexpectedcurrentunderreportingof eventsin theparticipatingcountries.

Both Tables1 and 2 give the numbersper year per country. For Norway and Sweden,

Denmark,and the MediterraneanIsles Malta and Cyprusno first–handinformation on tor-

nadoobservationswasavailableamongtheECSSparticipants.However, from theTornadoand

StormResearchOrganisation(TORRO) database,TerenceMeadenprovidedestimatednumbers

for thesecountries.Therefore,it shouldbekept in mind thatobservationaldataareavailable

from 25 countries,while estimatesof tornadooccurrenceareprovided for 28 locationshere.

Whenever on a survey form rangesfor the observed or estimatednumbersof tornadoesand

waterspoutsperyearweregiven,theminimumandmaximumvaluesin Tables1 and2 indicate

thelowerandupperboundof thatrange.In thisway, at leasta proxy for therealuncertaintyin

thedatacouldbeobtained.However, asthis shortsurvey did not explicitly askfor lower and

upperboundsof observationsandestimates,mostsurvey formsonly containedaveragevalues

without any standarddeviation � . Otheroptionsto approximate� for observedandestimated

numbersof reports,like Poisson’s uncertainty, where � correspondsto the squareroot of the

reportednumbers� , werenotchosenfor thissurvey evaluation.

Turningfirst towardsthedatafor tornadoesover landin Table1, weseethatcountrysizeis

nottheonlydeterminingcriterionfor numberof observedtornadoes:LargerEuropeancountries

like Francereportonly 8 tornadoesa year, while theNetherlandsreport20observedtornadoes

ayear. And theEuropeanpartof Russia,by far thelargestcountryin thissurvey, reportsonly 4

to 5 tornadoesayear.

So,asidefrom countrysizealone,otherfactorscontributeto thenumbersgivenhere,e.g.:

� Climatology,

� Lengthof historicalrecord,

� Populationdensityandmassmediaavailability.

The first point is ratherobvious. The analysisby Wegener(1917)alreadyshowed that e.g.

theNorth Seacoastalplainsin France,Belgium,theNetherlands,andGermany areregionsof

enhancedtornadicactivity. Therefore,in this region,evena smallcountrylike theNetherlands

maywell experiencea ratherhighnumberof tornadoeseachyear.

3



The secondpoint, lengthof historicalrecord,is moresubtle. Someof the countrieshave

startedto analyzetheir tornadoreportsonly very recently. It is not surprisingthat they cannot

giveveryrobustaveragenumbersfromonly few recordedeventsduringthelastyears.Countries

with longertime serieslike the United Kingdom,Germany, andEstonia,provide well–based

andusuallyhighernumbers,despitetheirnot too largesize.

Thethird point, in closeconnectionto thepreviousone,addressesprobabilityof detection

andprobabilityof nationwidereportingof a tornado.In general,thenumberof weaktornado

observationssuffersmostfrom low populationdensityandasparsecommunicationnetwork.

Despitetheseissues,a total of 169 � 9 tornadoesover landsurfacesperyearareobserved

in Europe,basedon25countries.

Looking at theestimatednumbersin Table1, we seethatall countriesestimateat leastas

many tornadoesa yearasindicatedby their observationalrecords.Russia,again,apparently

givesa very conservative estimate,taking into accountthe large sizeof the countryandthe

proximity to countrieswith ratherhigh tornadooccurrence,like Estonia(cf. Peterson,2000).

For thecountrieswhichgivehigherestimates,i. e. whichbelievein somekindof underreporting

of tornadicstorms,the factorof increasefrom observationsto estimatesis usuallybetween1

and2. Only Spainexpectsa factorof 3 betweentheirestimateandcurrentobservations.

In total, 304 � 25 tornadoesover landsurfacesperyearareestimatedto occurin Europe,

basedon28countries.Usingonly the25countriesfor whichobservationswereavailableyields

anestimateof 295 � 25 tornadoesover landsurfacesperyear. This leadsto anoverallestimate

of thecurrentunderreportingby roughly43%.

Table2 givesa similar impressionfor tornadoesover watersurfaces.Of course,countries

without coastlinesgive no or only very few reportsfrom large lakes(tornadoeswhich merely

crossa river or a small lake shouldnot be classifiedaswaterspouts).Irelandalsogivesno

waterspoutobservationsatall, which is causedby thefactthat,asindicatedin thesurvey form,

mosttornadoesin Irelandarewaterspoutscomingonshore.Thesewerealreadyincludedin the

numbersgivenin Table1, andpureoffshorewaterspoutshaveapparentlynot beenreported.

Not surprisingly, the highestnumberof observedwaterspoutscomefrom the Netherlands

(alreadyWegener,1917,mentionsthewell–developedwaterspoutspotternetwork in theNether-

lands).Spain,Italy, andtheUnitedKingdomalsoreportsubstantialnumbers.All of thesecoun-

trieshave long coastlinesrelative to their size. TheMediterraneanSeaalsoprovideshigh sea

surfacetemperatures,whichfurtherhelpsto explainthenumbersfrom SpainandItaly. Thedata
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for Switzerland,on the otherhand,arewell–based,too. Even thoughthereis no coastlinein

Switzerland,its larger lakes,especiallyLake Constance,arereliableproducersof waterspouts

in Summer, probablyenhancedby orographicboundarylayerconvergencelinesneartheAlps.

In total, 160 � 3 waterspoutsper yearareobserved in Europe(25 countries),andthe es-

timatednumbersare usually higher than the numberof observations. The main difference

betweenthis andthe estimatesof tornadoesin Table1 is that somecountriesnow give much

biggerestimatesin comparisonwith theavailableobservations.Apparently, theamountof un-

derreportingis believedto beconsiderablylargerfor waterspoutsthanfor tornadoesover land.

For mostcountrieswith likely underreporting,this factoris about2 to 3. Germany, however,

estimatesthreeto five times,andSpaineven six timeshigherwaterspoutnumberscompared

to presentobservations. For Germany at least,waterspoutsover the North and Baltic Seas

arecommonphenomenafrom July to September, but asof yet, no systematicrecordingtakes

place.Therefore,a significantunderreportingof waterspoutsover coastalwatersmight indeed

bereasonableat this time.

In total,393 � 11waterspoutsperyearareestimatedto occurin Europe,basedon28coun-

tries.Usingagainthesubsetof 25countriesasfor thetornadoesover landyieldsanestimateof

382 � 11waterspoutsperyear. This leadsto anoverallestimateof theunderreportingby about

58%.

Table3 reviews thegeneralfindingsof this survey doneat theECSS2002conference.At

this point in time, observationsof tornadoesandwaterspoutsdiffer by lessthan10%on aver-

age. In the estimates,the numberof waterspoutsexceedsthat of tornadoesby roughly 30%.

Theavailableobservationsleadto 329 � 12 tornadoesandwaterspoutsperyearin the25 Eu-

ropeancountriesfor which surveys werereturned.Theestimatednumbersfor 28 countriesare

697 � 36, andfor thesubsetof 25 countries,677 � 36. Theoverall estimateof theunderre-

portingis thenroughly51%.

3 Discussion

Wheninterpretingthe numbersfrom this first survey on tornadoesin Europesincethe work

of Wegener(1917),somecaremustbetaken. For example,somecountrieshave just initiated

tornadoresearchandbasetheir observationsandestimateson rathershortor intermittenttime

series. Othercountrieshave homogeneousrecordsgoing backmany centuries.The level of
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uncertaintyin thesurvey resultsis thereforemuchlarger thanindicatedby thequite tight “er-

rorbars”in Table3. Yet assevereweatherawarenessis stronglyrising in Europe,surveys of

thissortshouldbemuchmorerobustandreliablein thenearfuture.

Nevertheless,thestatementby Wegener(1917)thatthereare“at least100tornadoesayear

in Europe”is well corroborated.And eventhemostconservative conclusionfrom thecurrent

numbersshouldnow be:At leastsomehundredsof tornadoes(includingwaterspouts)ayearin

Europe.Eventhoughthesedo not presentthemainsevereweatherthreatin Europe,they are

not atall negligible.

Onaverage,thereis only afactorof about2 betweenobservedandestimated"true"numbers

of tornadoesin Europe.For individualcountries,andespeciallyin thecaseof waterspouts,this

factorcanhowever bemuchlargerandattaina valueof 6 asfor waterspoutsin Spain.All this

varietywill make it very interestingto watchtheEuropeannumberof tornadoreportsconverge

to morestableclimatologicalvaluesin thenearfuture.

Thecurrentbestestimatefor tornadoes(withoutwaterspouts)in theUSA is 1170peryear.

Not takingintoaccountthedifferentareasizesof Europe(wheretornadoescanoccurpractically

everywhere)andthetornado–pronepartof theUSA,onecandiagnosethatcurrentlyseventimes

lesstornadoesareobservedin Europe(169/1170).Takinginto accounttheestimatednumbers

from 28 countrieswe endup with only a factorof four timesfewer tornadoesthanin theUSA

(304/1170).

It is unfortunatethatwaterspoutobservationsin the USA arenot recordedroutinely. Wa-

terspoutsareindeedlesslikely to be observed thantornadoesover land surfaces.This holds

truefor boththeUSA andfor Europe.Nevertheless,waterspoutscanbehazardousto shipsor

aircraft. So, from a climatologicalpoint of view, a waterspoutrecordis valuableaswell, and

thesetornadoesshouldbeapointof interestfor Europeantornadoresearchin thefuture.

Thestatementabovethatsevereweatherawarenessis risingstronglyin Europecaneasilybe

substantiated.Asidefrom thetwo successfulEuropeanConferenceson SevereStormsin 2000

(Snow andDessens,2001)and2002,andprivateresearchnetworkslike TORRO in theUnited

Kingdomor TorDACH in Germany, Austria,andSwitzerland,therearecurrentlyseveralother

researchinitiativeson theEuropeanlevel.

This includesthe conceptof a EuropeanSevereStormsLaboratory(ESSL)developedby

theauthor, theEuropeanSevereWeatherDirectory (ESWD) introducedat theECSS2002by

Fulvio StelandDarioGiaiotti from Italy, theEuropeanStormForecastExperiment(ESTOFEX)
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involving researchersfrom theNetherlandsandGermany, andthe initiation of a SkywarnEu-

ropestormspottersnetwork currentlyunderway in severalcountries.

Within this framework, anESSLcouldbeachievedby first establishingaweb–basedcenter

for conductingandcoordinatingsevereweatherresearchonaEuropeanlevel. After someyears

of continuingresearchtheESSLcouldswitchover to a realcenterwith permanentfacilitiesin

CentralEurope.Work usingtheweb–basedESSLis currentlyin progress.

The ESWD is intendedfor Europe–widereportingof varioussevereweathereventson a

convenientinternetplatform. Its primary purposeis to raiseawarenessof a progressingsyn-

optic severeweathersituationby publishingsevereweathereventswhich couldtake placethe

next dayin a neighboringcountryasthesynopticpatternpropagates.Asidefrom this primary

purpose,the ESWDdatacouldenterclimatologicaldatarecordsof individual countriesor of

anESSLaftersomequalitycontrolprocedure.

ESTOFEX wasinitiatedto focustherecentlyestablisheddifferentsevereweatherforecast

initativesgiving convectionforecasts(“convective outlooks”) for Europefor a periodof two

or threedays.Thesynergy of merging the individual outlooksto a singleonewith evaluation

afterwardsby theESTOFEX groupprovidesa promisingway to gainsevereweatherforecast-

ing experience.Eventually, ESTOFEX may becomeoneof the nuclei for a EuropeanStorm

PredictionCenterhostedby theEuropeanweatherservices.

Even more focusedon the operationalnowcastinglevel is the EuropeanSkywarn storm

spottersnetwork. Similar to Skywarnin theUSA, realtimespotterreportsareexpectedto enter

a databaseto provideguidanceto weatherservicesandthemediato enablethemto issuemore

timely andaccuratewarningsto the public. The SkywarnEuropeeffort alsoinvolvesspotter

trainingcourses.Duringor aftera severeweatherdayin Europe,theSkywarndatarecordmay

entertheESWDandhelpto evaluateESTOFEX convective outlooksaftersomeinitial quality

control,e.g. to eliminatemultiple reports.

Furthermore,it isworthmentioningthatthelastfiveyearshaveseenavividly growingstorm

chasercommunityall over Europewho alreadydocumentedmany interestingsevereweather

caseswhichotherwisemayhavepassedwithoutnoticeby theatmosphericsciences.
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4 Conclusions

Theclimatologicalsurvey on tornadoesin Europeduring theEuropeanConferenceon Severe

Stormsin Pragueshowedthefollowing:

� Basedondatafrom 25countries,about170tornadoesover land,and160waterspoutsare

currentlyobservedin Europeeachyearonaverage.

� Thenumbergivenby Alfred Wegener(1917)wasreasonable,giventhedataavailableat

thetime.

� Estimatednumbersfrom 28 countriesindicateroughly300casesperyearfor tornadoes

and390peryearfor waterspouts.

� Total numbersfor all casesare330 per yearbasedon observations,andabout700 per

yearbasedonestimatesthataccountfor thecurrentunderreporting.

� Thelevel of uncertaintyin thesenumbersis still substantial.Nevertheless,thenumbers

givenhereappearto bequite conservative for many countries,andfuture numberssig-

nificantly below thesearenot likely. For somecountrieseven a substantialincreaseof

reportscanbeexpectedfor longerperiodswith carefulobservations,e.g. for Russia.

Hopefully, andwith supportby thedescribedcurrentsevereweatherresearchinitiativesin Eu-

rope,a similar survey to this oneduring the next ECSSin Léon in 2004will leadto an even

broaderperspectiveontornadicstormsin Europe.Thisshouldthenprobablyalsoincludedown-

bursts,whereanevenmoreseriousunderreportingproblemis likely to exist today.
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A Wegener’s tornadodefinitions

As his book is not readilyavailabletoday, herearetheoriginal Germantext excerptswith the

definitionsby Alfred Wegener(1917)translatedto Englishabove:

p. 3: “Windhosenund WasserhosensindgleichartigeErscheinungen,nur ist erstereBezeich-

nungauf demLande,letztereauf Seegebräuchlich.Sollteeseinmalgelingen,geringe

grundsätzlicheUnterschiedezwischenbeidenzu entdecken, was bishermit Sicherheit

nicht möglich ist, sowerdensichsolchevermutlichohneweiteresauf die verschiedene

ReibungamUntergrundezurückführenlassen.”

p. 5: “ ����� Wind- undWasserhosensindgroßeLuftwirbel mit vertikalerAchse,dievomRande

einerCumulo–Nimbus–Wolke meistbis zum Erdbodenherabreichen,in ihrem Inneren

durchKondensationin Form einesherabhängendenZapfens,Trichters,Schlauchesoder

Säule,im unterenTeil auchdurchStaub,ganzoderteilweisesichtbarsindund in einer

meistnachHektometernzählendenSpurbreitedurchstürmischesHinzuströmenderLuft

zudemstarkluftverdünntenRaumumdieWirbelachsegewöhnlichderartigeVerwüstun-

genverursachen,wie sie auchbei denschwerstenStürmengrößererAusdehnungnicht

beobachtetwerden.”
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Tables

Table1: Tornadoesover land,per countryper year. First two datacolumnsgive the average

numberbasedonobservations,thesecondtwo giveanestimateof theexpected“true” number.

For thelastcountriesin thelist, only estimatesby T. Meadenwereavailable.

Observation Estimations

Country min max min max

Albania 0 0 2 2

Austria 3 3 5 5

Belgium 2 5 5 10

Bulgaria 1 3 2 2

CzechRepublic 7 7 10 10

Estonia 8 11 8 11

Finland 5 5 10 10

France 8 8 10 30

Germany 10 10 30 30

Greece 6 6 8 10

Hungary 8 9 10 13

Ireland 10 10 10 11

Italy 15 15 12 18

Latvia 1 4 3 7

Lithuania 1 1 3 5

Netherlands 20 20 35 35

Poland 4 4 5 6

Portugal 1 2 3 3

Romania 1 1 3 3

Russia(Europ.) 4 5 8 10

Slovakia 1 1 4 4

Slovenia 1 1 1 1

Spain 8 12 30 30

Switzerland 2 2 3 3

UnitedKingdom 33 33 50 50

NorwayandSweden n/a n/a 5 5

Denmark n/a n/a 2 2

MaltaandCyprus n/a n/a 2 2

Total 160 178 279 328

Average��� 169 � 9 304 � 25
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Table2: As Table1,but for tornadoesoverwatersurfaces,i. e. waterspouts.Thenumbersgiven

for Irelandarezerobecausemostwaterspoutscomeonshorethereandarealreadyincludedin

Table1.

Observation Estimations

Country min max min max

Albania 0 0 1 1

Austria 1 1 1 1

Belgium 2 2 5 5

Bulgaria 2 2 3 3

CzechRepublic 0 0 0 0

Estonia 2 3 6 8

Finland 5 5 10 10

France 2 5 2 5

Germany 4 5 15 25

Greece 5 5 10 10

Hungary 1 1 1 2

Ireland	 0 0 0 0

Italy 25 25 23 27

Latvia 1 1 1 1

Lithuania 1 1 1 1

Netherlands 60 60 100 100

Poland 2 2 4 4

Portugal 0 0 0 1

Romania 1 1 2 2

Russia(Europ.) 1 2 3 4

Slovakia 0 0 0 0

Slovenia 1 1 1 1

Spain 25 25 150 150

Switzerland 1 1 2 2

UnitedKingdom 15 15 30 30

NorwayandSweden n/a n/a 5 5

Denmark n/a n/a 3 3

MaltaandCyprus n/a n/a 3 3

Total 157 163 382 404

Average�
� 160 � 3 393 � 11
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Table3: Datafor averagetotal tornadonumberin Europeperyear, basedon Tables1 and2.

First datacolumngivesaveragenumberperyearanduncertaintybasedon observationsin 25

countries,thesecondgivesthecorrespondingestimatesof theexpected“true” averagenumber

peryear. Thelastcolumnincludestheadditionalestimatesprovidedby T. Meaden.

Type Observation(25) Estimations(25) Estimations(28)

Tornadoes�
� 169 � 9 295 � 25 304 � 25

Waterspouts��� 160 � 3 382 � 11 393 � 11

All 329 � 12 677 � 36 697 � 36
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