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Abstract

Resultsfrom a suney on averagetornadicactvity in Europeconductecamongthe partic-
ipantsof the ECSS2002 conferencere presented Comparedo Alfred Wegeners 1917
estimateof “at least100 tornadoeger yearin Europe”the presentsuney shavs a total
of 329+ 12 tornadoe®ver landandwaterperyearbasedn obserations,andmorethan
twiceasmary caseg$697+ 36) for anestimateof the expectedrueclimatologicainumbey
accountingfor presentunderreportingn mary Europearncountries. Traditionally Euro-
peantornadonumbersncludewaterspoutsiFor comparisorto the currentnumberof 1170
obseredtornadoe®verlandperyearin the USA, the Europeamumbersare 169+ 9 per
yearbasedn obsenrations,and304 + 25basedn estimatesAs Europearsesereweather
researchs rapidly developing,onecanexpectlessunderreportingn thefuture,leadingto

anaugmentedatabaséor upcomingsuneys like thepresenbne.
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1 Intr oduction

After the EuropeanConferenceon Tornadoesand Severe Storms(ETSS)held in Toulousein
February2000 (Snav and Dessens2001), one questionremainedunanswered:How mary
tornadoesretherein Europeasawholeon averageeachyear?

During the ETSSfollow—up, the EuropeanConferenceon Severe Storms(ECSS2002)in
Praguethe authordistributeda survey amongthe participantscomingfrom 28 differentcoun-
tries, to updatean estimateof this importantnumberwhich hasstoodfor over eightdecades:
Alfred Wegenel(1917,p. 84) gave this estimateof “at least100tornadoegperyearin Europe”

basedn his thoroughanalysisof historicalandcontemporaryornadoreports.
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In his book, he statedthat “Tornadoesandwaterspoutsreidenticalphenomenagnly that
the formertermis usedover land, while the latteris usedover the sea. Shouldit happerthat
smallunderlyingdifferencesdetweerthe two arediscorered,somethinghathascertainlynot
happenedintil now, thesewill presumablypeattributableto the differencesn surfacefriction”
(Wegener1917,p. 3, cf. App. A).

Further he definedtornadoesand waterspoutslike as “large vorticeswith vertical axis
extendingfrom the baseof a cumulonimtuscloudto the surface,visible completelyor in part
throughcondensatiomwr, in the lower partthroughdust,in the form of a pendantone,funnel,
hoseor column. In atrack typically on the order of hundredsof meterswide, with intense
convergencetowardstheregion of stronglyreducedair pressureroundthevortex axis,they in
generaktausedamageof a kind notobseredin eventhe strongestarger scalestorms”(Wege-
ner,1917,p.5, cf. App. A).

Thesedefinitionswerewell aheadof their time. The often—cited put not very helpful, def-
inition of the Glossaryof Meteorologys first edition (Huschle, 1959) hasbeena subjectof
criticism for mary years. Only recently the secondedition of the Glossary(Glickman,2000)
provided a similar definition to Wegeners given 83 yearsbefore. In this paper the notion
is adoptedthat tornadoesandwaterspoutsepresenthe samebasicphysicalphenomenomle-
scribedby Wegeners andGlickman’s definitions.

To addresshequestionon how mary tornadoesherearein Europe Sec.2 reviewsthedata
from theECSS2002sunwey, while Sec.3 briefly discussethedataandcurrentEuropearsevere

weatheresearclactvities. Sec.4 presentshe conclusions.

2 Surveydata

A total of 26 suney formswerereturnedjncludingtwo slightly differing onesfrom Germaxy.
All namef participantaveregivenontheforms. Usuallyone,but upto five peoplecontributed
to eachform. Theseparticipantsverewell-acquaintedvith their nationaltornadoclimatology
or evenkeeperof the nationaltornadorecord.

The sunwey dataare outlinedin Table 1 for tornadoesover land surfaces,andin Table 2
for tornadoesover water surfaces,i. e. waterspouts.Both tablesgive two different setsof
numbersFirst,the suney participantsvereaslkedto give theaveragenumberof tornadoesnd
waterspoutper yearbasedon historicalor recentobsenations. Secondthe surey asked for
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ary availableestimateof the “true” numberof eventsperyeatr in orderto getanimpressiorof
the expectedcurrentunderreportingf eventsin the participatingcountries.

Both Tables1 and 2 give the numbersper year per country For Norway and Sweden,
Denmark,and the Mediterranearisles Malta and Cyprus no first—handinformation on tor-
nadoobsenationswasavailableamongthe ECSSparticipants However, from the Tornadoand
StormResearcl®rganisatiof TORRO) databaselTerenceMeaderprovidedestimatechumbers
for thesecountries. Therefore,it shouldbe keptin mind that obsenationaldataare available
from 25 countries,while estimatesf tornadooccurrenceare provided for 28 locationshere.
Whenever on a surwey form rangesfor the obsened or estimatechumbersof tornadoesand
waterspoutperyearweregiven,the minimumandmaximumvaluesin Tablesl and2 indicate
thelowerandupperboundof thatrange.In thisway, atleasta proxy for therealuncertaintyin
the datacould be obtained.However, asthis shortsurwey did not explicitly askfor lower and
upperboundsof obserationsandestimatesmostsurey formsonly containedaveragevalues
without ary standarddeviation 0. Otheroptionsto approximates for obsered andestimated
numbersof reports,like Poissons uncertaintywhereos correspondso the squareroot of the
reportednumbers:, werenot choserfor this surey evaluation.

Turningfirst towardsthe datafor tornadoe®verlandin Tablel, we seethatcountrysizeis
nottheonly determiningcriterionfor numberof obseredtornadoestargerEuropearcountries
like Francereportonly 8 tornadoes year while the Netherlandseport20 obseredtornadoes
ayear And the Europearpartof Russiapy farthelargestcountryin this surwey, reportsonly 4
to 5 tornadoes year

So,asidefrom countrysizealone,otherfactorscontributeto thenumbersgyivenhere,e.g.:
e Climatology

e Lengthof historicalrecord,

e Populationdensityandmassmediaavailability.

The first point is ratherobvious. The analysisby Wegener(1917) alreadyshoved that e.qg.
the North Seacoastalplainsin France Belgium,the NetherlandsandGermaiy areregionsof
enhancedornadicactvity. Thereforejn thisregion, evenasmallcountrylik e the Netherlands

maywell experiencearatherhigh numberof tornadoegachyear



The secondpoint, lengthof historicalrecord,is more subtle. Someof the countrieshave
startedto analyzetheir tornadoreportsonly very recently It is not surprisingthatthey cannot
giveveryrobustaveragenumberdgrom only few recordedeventsduringthelastyears.Countries
with longertime serieslik e the United Kingdom, Germary, and Estonia,provide well-based
andusuallyhighernumbersgdespitetheir nottoo large size.

Thethird point, in closeconnectiorto the previous one,addresseprobability of detection
andprobability of nationwidereportingof atornado.In generalthe numberof weaktornado
obsenrationssuffersmostfrom low populationdensityanda sparsecommunicatiometwork.

Despitetheseissuesatotal of 169+ 9 tornadoe®ver land surfacesperyearareobsered
in Europe basedon 25 countries.

Looking at the estimatechumbersn Table 1, we seethatall countriesestimateat leastas
mary tornadoes yearasindicatedby their obserationalrecords. Russia,again,apparently
givesa very conserative estimate taking into accountthe large size of the countryandthe
proximity to countrieswith ratherhigh tornadooccurrencelik e Estonia(cf. Peterson2000).
For thecountriesvhichgive higherestimatesi, e. whichbelievein somekind of underreporting
of tornadicstorms,the factor of increaserom obsenationsto estimatess usually betweenl
and2. Only Spainexpectsa factorof 3 betweertheir estimateandcurrentobsenations.

In total, 304 + 25 tornadoesver land surfacesperyearareestimatedo occurin Europe,
basedn 28 countries.Usingonly the25 countriedor which obsenationswereavailableyields
anestimateof 295+ 25tornadoe®verlandsurfacesperyear Thisleadsto anoverallestimate
of the currentunderreportingdpy roughly 43%.

Table2 givesa similar impressiorfor tornadoesver watersurfaces.Of course,countries
without coastlinegyive no or only very few reportsfrom large lakes (tornadoesvhich merely
crossa river or a small lake shouldnot be classifiedas waterspouts).Ireland also gives no
waterspoubbsenationsatall, whichis causedy thefactthat,asindicatedin the surwey form,
mosttornadoesn Irelandarewaterspoutg€omingonshore Thesewerealreadyincludedin the
numbergivenin Tablel, andpureoffshorewaterspoutfiave apparentlynot beenreported.

Not surprisingly the highestnumberof obsened waterspoutcomefrom the Netherlands
(alreadyWegener1917,mentionghewell-developedvaterspouspottemetworkin theNether
lands).Spain,Italy, andthe UnitedKingdomalsoreportsubstantiahumbers All of thesecoun-
tries have long coastlinegelative to their size. The MediterranearSeaalsoprovideshigh sea

surfacetemperaturesyhichfurtherhelpsto explainthenumberdrom Spainandlitaly. Thedata
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for Switzerland,on the otherhand,arewell-basedfoo. Eventhoughthereis no coastlinein
Switzerlandjts larger lakes,especiallyLake Constancearereliable producerof waterspouts
in Summeyprobablyenhancedby orographidooundarylayercorvergenceinesnearthe Alps.

In total, 160 + 3 waterspoutperyearareobseredin Europe(25 countries),andthe es-
timated numbersare usually higher than the numberof obserations. The main difference
betweenthis andthe estimatef tornadoesn Table1l is that somecountriesnow give much
biggerestimatesn comparisorwith the availableobsenations. Apparently theamountof un-
derreportings believedto be considerablyargerfor waterspoutshanfor tornadoe®ver land.
For mostcountrieswith likely underreportingthis factoris about2 to 3. Germaiy, however,
estimateghreeto five times,and Spaineven six times higherwaterspounumberscompared
to presentobsenations. For Germary at least, waterspoutover the North and Baltic Seas
arecommonphenomendrom July to Septemberbut asof yet, no systematiaecordingtakes
place.Therefore a significantunderreportingf waterspout®ver coastawatersmightindeed
bereasonablatthistime.

In total, 393+ 11waterspoutperyearareestimatedo occurin Europe basedn 28 coun-
tries. Usingagainthe subsebf 25 countriesasfor thetornadoe®verlandyieldsanestimateof
382+ 11waterspoutperyear Thisleadsto anoverall estimateof theunderreportindpy about
58%.

Table 3 reviews the generalfindingsof this surney doneat the ECSS2002conference At
this pointin time, obsenationsof tornadoesandwaterspoutsliffer by lessthan10% on aver-
age. In the estimatesthe numberof waterspoutexceedsthat of tornadoesy roughly 30%.
The availableobsenationsleadto 329 + 12 tornadoesndwaterspoutperyearin the 25 Eu-
ropeancountriesfor which surneys werereturned.The estimatechumberdor 28 countriesare
697 + 36, andfor the subsetf 25 countries,677 + 36. The overall estimateof the underre-
portingis thenroughly51%.

3 Discussion

Wheninterpretingthe numbersfrom this first surwey on tornadoesn Europesincethe work

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

tornadoresearctandbasetheir obserationsandestimate®n rathershortor intermittenttime

series. Other countrieshave homogeneousecordsgoing back mary centuries. The level of
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uncertaintyin the surwey resultsis thereforemuchlargerthanindicatedby the quite tight “er-
rorbars”in Table3. Yet assevereweatherawarenesss stronglyrising in Europe,suneys of
this sortshouldbe muchmorerobustandreliablein the nearfuture.

Neverthelessthe statemenby Wegenel(1917)thatthereare“at leastl00tornadoes year
in Europe”is well corroborated And eventhe mostconserative conclusionfrom the current
numbersshouldnow be: At leastsomehundredf tornadoegincludingwaterspoutsayearin
Europe. Eventhoughthesedo not presenthe main severeweatherthreatin Europe,they are
notatall negligible.

Onaveragethereis only afactorof about2 betweerobsenedandestimatedtrue" numbers
of tornadoesn Europe.For individual countriesandespeciallyin the caseof waterspoutsthis
factorcanhowever be muchlargerandattaina valueof 6 asfor waterspoutsn Spain.All this
varietywill makeit very interestingo watchthe Europeamumberof tornadoreportscorverge
to morestableclimatologicalvaluesin the nearfuture.

The currentbestestimatefor tornadoegwithout waterspoutsin the USA is 1170peryeat
Nottakinginto accounthedifferentareasizesof Europg(wheretornadoeganoccurpractically
everywherepndthetornado—prongartof theUSA, onecandiagnosehatcurrentlyseventimes
lesstornadoesreobsenedin Europe(169/1170).Taking into accounthe estimatechumbers
from 28 countrieswe endup with only a factorof four timesfewer tornadoeghanin the USA
(304/1170).

It is unfortunatethat waterspoubbsenationsin the USA arenot recordedroutinely. Wa-
terspoutsareindeedlesslikely to be obsened thantornadoesover land surfaces. This holds
truefor boththe USA andfor Europe.Neverthelesswaterspoutganbe hazardouso shipsor
aircraft. So, from a climatologicalpoint of view, a waterspoutecordis valuableaswell, and
thesetornadoeshouldbe a point of interestfor Europearntornadoresearcthin thefuture.

Thestatemenaborethatsevereweathemwarenesss rising stronglyin Europecaneasilybe
substantiatedAside from the two successfuEuropearConferencesn SevereStormsin 2000
(Snav andDessens2001)and2002,andprivateresearcimetworkslike TORRO in the United
Kingdomor TorDACH in Germaly, Austria,andSwitzerlandtherearecurrentlyseveral other
researchnitiativeson the Europeanevel.

This includesthe conceptof a EuropearSevere StormsLaboratory(ESSL) developedby
the author the EuropearSevere WeatherDirectory (ESWD) introducedat the ECSS2002 by

Fulvio StelandDario Giaiotti from Italy, the EuropearStormForecasExperimen{ESTOFEX)
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involving researcherfrom the Netherlandsand Germary, andthe initiation of a Skywarn Eu-
ropestormspottersmetwork currentlyunderway in severalcountries.

Within this framewvork, anESSLcouldbeachiaredby first establishingaweb—basedenter
for conductingandcoordinatingsevereweatheresearclon a Europearevel. After someyears
of continuingresearchhe ESSLcould switchoverto arealcenterwith permanentacilitiesin
CentralEurope .Work usingtheweb—base@SSLis currentlyin progress.

The ESWD is intendedfor Europe—widereportingof varioussevere weathereventson a
convenientinternetplatform. Its primary purposes to raiseawarenes®f a progressingyn-
optic severeweathersituationby publishingsevereweathereventswhich couldtake placethe
next dayin aneighboringcountryasthe synopticpatternpropagatesAside from this primary
purposethe ESWD datacould enterclimatologicaldatarecordsof individual countriesor of
anESSLaftersomequality controlprocedure.

ESTOFEX wasinitiatedto focusthe recentlyestablishedlifferentsevereweatherforecast
initatives giving corvectionforecasty“convective outlooks”) for Europefor a period of two
or threedays. The synegy of meging the individual outlooksto a singleonewith evaluation
afterwardsby the ESTOFEX groupprovidesa promisingway to gainsevereweatherforecast-
ing experience.Eventually ESTOFEX may becomeone of the nucleifor a EuropeanStorm
PredictionCenterhostedby the Europearweatherservices.

Even more focusedon the operationalnowcastinglevel is the EuropeanSkywarn storm
spottersetwork. Similarto Skywarnin the USA, realtime spotterreportsareexpectedo enter
adatabasé¢o provide guidanceo weatherservicesandthe mediato enablethemto issuemore
timely andaccuratewvarningsto the public. The Skywarn Europeeffort alsoinvolvesspotter
trainingcoursesDuring or aftera severeweatherdayin Europe the Skywarndatarecordmay
enterthe ESWD andhelpto evaluateESTOFEX corvective outlooksafter someinitial quality
control,e.g. to eliminatemultiple reports.

Furthermoreit is worth mentioninghatthelastfive yearshave seeravividly growing storm
chasercommunityall over Europewho alreadydocumentednary interestingsevere weather

casesvhich otherwisemay have passedvithout noticeby the atmospherisciences.



4 Conclusions

The climatologicalsurvey ontornadoesn Europeduringthe EuropearConferenceon Severe

Stormsin Pragueshavedthefollowing:

e Basedondatafrom 25 countriesaboutl70tornadoe®verland,and160waterspoutare

currentlyobseredin Europeeachyearon average.

e Thenumbergivenby Alfred Wegenel(1917)wasreasonablegiventhe dataavailableat

thetime.

e Estimatechumberdrom 28 countriesindicateroughly 300 casegeryearfor tornadoes

and390peryearfor waterspouts.

e Total numbersfor all casesare 330 per yearbasedon obsenations,andabout700 per

yearbasedn estimateshataccountor thecurrentunderreporting.

e Thelevel of uncertaintyin thesenumberss still substantial.Neverthelessthe numbers
given hereappearto be quite conserative for mary countries,andfuture numberssig-
nificantly belon thesearenot likely. For somecountrieseven a substantiaincreaseof

reportscanbe expectedor longerperiodswith carefulobsenations,e.g. for Russia.

Hopefully, andwith supportby the describeccurrentserereweatheresearchnitiativesin Eu-
rope, a similar surwey to this oneduring the next ECSSin Léonin 2004 will leadto aneven
broadeperspectie ontornadicstormsin Europe.Thisshouldthenprobablyalsoincludedown-

bursts,whereanevenmoreseriousunderreportingproblemis lik ely to exist today
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A Wegenerstornadodefinitions

As his bookis not readily availabletoday herearethe original Germantext excerptswith the

definitionsby Alfred Wegenei(1917)translatedo Englishabove:

p. 3: “Windhosenund Wasserhosenrind gleichartigeErscheinungemur ist erstereBezeich-
nungauf demLande,letztereauf Seegebrauchlich.Sollte eseinmalgelingen,geringe
grundsatzlichdJnterschiedewischenbeidenzu entdeclken, was bishermit Sicherheit
nicht moglichist, sowerdensich solchevermutlichohneweiteresauf die verschiedene

ReilungamUntelgrundezurtickfiihredasser.

p.5: “ ... Wind- undWasserhosesindgrof3eLuftwirbel mit vertikalerAchse die vomRande
einer Cumulo—Nimlus—Wblke meistbis zum Erdbodenherabreichenin ihrem Inneren
durchKondensationn Form einesherabhéngendefapfens,Trichters,Schlauchesder
Séaule,im unterenTeil auchdurch Staub,ganzoderteilweisesichtbarsind undin einer
meistnachHektometerrzahlenderspurbreitedurchstirmische#linzustromerder Luft
zudemstarkluftverdinnterRaumum die WirbelachsegevthnlichderartigeVerwistun-
genverursachenwie sie auchbei denschwersterStirmengrol3ererAusdehnungicht

beobachtetverden’
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Tables

Table 1: Tornadoesver land, per countryperyear Firsttwo datacolumnsgive the average
numberbasedn obsenations,the secondwo give anestimateof the expected‘true” number

For thelastcountriesn thelist, only estimatedy T. Meadenwereavailable.

Obsenation Estimations
Country min  max min  max
Albania 0 0 2 2
Austria 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
Germary 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
RussialEurop.) 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
Norway andSweden n/a n/a 5 5
Denmark n/a nla 2 2
MaltaandCyprus n/a nla 2 2
Total 160 178 279 328
Averaget A 169+ 9 304+ 25
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Table2: As Tablel, but for tornadoe®verwatersurfacesj. e. waterspoutsThenumbergyiven
for Irelandare zerobecausenostwaterspoutgomeonshorehereandarealreadyincludedin
Tablel.

Obsenation 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
Germary 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
RussiaEurop.) 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
Norway andSweden n/a n/a 5 5
Denmark n/a nla 3 3
MaltaandCyprus n/a nla 3 3
Total 157 163 382 404
Averaget+ A 160+ 3 393+ 11
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Table 3: Datafor averagetotal tornadonumberin Europeperyear basedon Tablesl and?2.
First datacolumngivesaveragenumberperyearanduncertaintybasedon obsenationsin 25
countriesthe secondgivesthe correspondin@stimate®f the expected‘true” averagenumber

peryear Thelastcolumnincludesthe additionalestimateprovidedby T. Meaden.

Type Obsenation(25) Estimationg25) Estimationg28)
Tornadoest A 169+ 9 295+ 25 304+ 25
Waterspoutst A 160+ 3 382+ 11 393+ 11
All 329+ 12 677+ 36 697+ 36
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