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Summary. On9 Septembet995a short—livedtornadooccurredn the UpperRhinevalley

nearOberkirch—Nuf3bachyprootingseveral treesaswell asdamagindouildings andcars.
Thestorm,confirmedby eye withessesinddamagenalyseperformedoy Wetteram#rei-

burg of the GermanWeathelService wasalsodetectedy theIMK C—bandDopplerradar
in Karlsruhe.The datashav a well-definedmesogclonic rotationin the tornadaos parent
Cb cloud. The orographydistinctly influencedthe developmentof a wind field suitable
for supercelfformation. This pointsto preferredareasof tornadicactvity. The dominant
effects of vertical wind shearcomparedto corvective enegy during tornadogenesiare
evident for this storm. Its small scaleconfirmsthe existenceof small supercellstorms

beingstudiedin the USA in recentyears.

Fallstudie eines Tornadosim Oberrheingraben

Zusammenfassung. Am 9. Septembef995bildetesichim Oberrheingrabebei Ober-
kirch—NuRbacleinkurzlebigerTornadodereinegré3ereAnzahlvon Baumenrentwurzelte
sovie Gebaudeind AutosbeschadigteDer durchAugenzeugenberichtend Schadenana-
lysen desWetteramtsFreiturg belegte Tornadoist auchin denDatendesIMK C-Band
DopplerRadarsn KarlsruhenachzuweiserDie Beobachtungeheleggeneineausgepragte
Mesozyklonein der Cb—Muttervolke desTornados.Die Orographiehat die Ausbildung
einesfur Superzellen—EntstehugginstigerstromungsfeldesntscheidenfieeinfluRtwas
einen Hinweis auf bevorzugte Tornadogebietém Oberrheingrabetiefert. Bei diesem
Sturmdominiertebei der Tornadogenesaie vertikaleWindscherungyegeniibeder poten-
tiellen Auftriebsenggie. SeinegeringeAusdehnungintermauertie Existenzderkleinen

Superzellen—Getter, die in denUSA seiteinigenJahrerstudiertwerden.



1 Introduction

In the Tornadoand Storm ResearchOrganizationTORRO ! statisticsof 1995, two tornadoes
in southernGermary are recorded(26/27 Januaryand 9 Septembed 995), yet still lacking
distinctmeteorologicatonfirmation.

Whereaghereporton the Januaryeventis rathersketchyandcould not be corroboratedy
newspapemrticles,inquiriesat forestauthoritiesandby othersourcesthe eventof September
1995couldbe verified. ThetornadooccurrednearOberkirch—Nuf3bachndwasconfirmedby
eye witnessesandnewspapeiarticlesaswell asby damageanalysegrom the GermanwWeather
Service(DWD), performedby Wetteramtrreikurg (DWD 1995a). The eventwasalsorecog-
nizedin the dataobtainedby a C—bandDopplerradarlocated70 km north of the tornadosite
at the Institute for Meteorologyand Climate Researchn Karlsruhe(IMK). Due to the small
distancebetweerthe tornadoandthe radar detailedanalysef that particulartornadicstorm
couldbe performed.Theresultsof theseinvestigationarepresentedhere.As amainpointit is
anticipatedhatthe orographyof the Rhinevalley areastronglyinfluencedthe developmentof
thesmallsupercelstormtowardsits tornadicphase.

The article is divided into the following sections:in Sec.2 a brief generalovervien on
weatherconditionswhich may lead to tornadicactvity in the Upper Rhine valley is given.
The synopticsettingof 9 Septembefl995including a descriptionof the tornadois outlinedin
Sec.3. Analysisof theradardatais presentedh Sec.4 and(thermo-)dynamicprocesseduring
the vortex developmentareidentified. Theresultsarediscussedn Sec.5 andrelatedto other

recordedornadiceventsin the centralregion of the UpperRhinevalley.

2 Conditionsfor tornadogenesis

This sectiongivesa brief andexemplaryovervien on typical weatherfactorswhich favor tor-
nadogenesis the UpperRhinevalley region duringthe warm seasorandrelatesthemto rel-
evant meteorologicabarameters.For a broaderdescriptionof thunderstormsespeciallysu-
percellsexhibiting mesogclonic rotationandtornadogenesithe readeris referredto Klemp
(1987)andHouze(1993).

Data analysisof recordedtornadoesdrom pastdecadegevealsthat during the summer

thttp:/iwwwtorro.og.uk/



monthstornadicstormsin the UpperRhinevalley region aremostprobablef warmandmoist
air from theMediterraneair from centralSpainis adwectedacrossoutherrFrancethe“Span-
ish plume” (Morris 1986))throughthe Rhonevalley, the SwissJuramountainsandthe Belfort
Gap? into the Rhinevalley (cf. Dessensind Snav 1989). If the synopticconditionsprevail
andthe adwectedair massagesthelow—level moisturecontentrisesin the Rhinevalley dueto
evapotranspiratiomvith limited verticalmixing belon alow—level inversionat a typical height
of aboutl.5 km. Simultaneouslythe temperaturéncrease$rom dayto day dueto strongin-
put of solarradiation. As a consequencthe low—level equivalentpotentialtemperatureQ.,
continuouslyattainslargervalues.

Lifting at a cold front approachingrom W—NW or positive vorticity adwectionwith the
passagef a short—vave upperlevel trough may remove the inversionlayer above the near
surfacehigh-©, air andinducedeepmoistcorvection.Anotheringredientnecessarjor severe
convectiontriggeringtornadogenesis the occurrenceof strongmid- or uppertropospheric
windsveeringwith height,e. g. low—level southerlywindsanda westerlyjet stream(\Weisman
andKlemp 1984).

In the UpperRhinevalley the directionalwind sheaiis strongeshearthetop of the bound-
arylayer Thisis causedy a specificinteractionof airflow andorographytheboundary—layer
air is channeledlongthevalley betweerthe Vosgesandthe Black Forest,leadingto southerly
flow in the lowesta 0.5 km of the atmosphergAdrian and Fiedler 1991). In higherlevels
theflow regimeis considerablynfluencedby anotherorographicfeature:betweerthe Vosges
andPalatinianmountainghe saddle—lile depressionf Saverneleadsto anenhancedvesterly
flow abore =~ 0.5 km. This flow systemis supportedoy the terrainwestof the Savernede-
pressiorgentlyrising eastvard,thusgraduallyacceleratinghewesterlywinds. Fartherinto the
Rhinevalley aconvergencdine forms,separatingheair massesvith westerlyhigherlevel and
southerlyboundary—layewinds. This resultsin a large low—level shearsituationwhich may
continuein the vertical. The hodographthendisplaysveeringwinds becomingstrongerwith
height,a necessargonditionfor supercelformationasstatedabove.

If the abovementionedsynopticand meso—meteorologicaettingoccursduring the warm
seasonseverethunderstorm@roducinghail and sometimespavning tornadoesarelikely to

developin theUpperRhinevalley region. The strongPforzheimtornadoof 10 July 1968is an

2For adepictionof geographicahamesf. Fig. 1 shoving theorographysurroundingheradarwith rangerings

addedat 30 kmintenals.



impressve exampleof sucha situation(Nestle1969).
Theprobabilityof supercellulastormscanbeestimatedy seseralparametergcf. Weisman
andKlemp 1984,Brooksetal. 1994):

e corvectie availablepotentialenegy CAPE
LNB

CAPE= g /
LFC

defininganupperlimit of potentialenegy dueto buoyang forcesavailableto anair par

0,—-06
v "vd
e,

celrising from the level of free corvection,LFC, to thelevel of neutralbuoyang/, LNB.
While ©, denotesvirtual potentialtemperaturef the ascendingarcel,®,, corresponds
to anernvironmentalounding NotethatCAPE s stronglydependenbnthenearsurfice

valuesof ©,,.

e bulk—RichardsomumberRi,
CAPE
(v — vp)?
estimatingthe degreeto which the moist corvectionis dynamicallyor thermodynami-

Rip =2

cally dominated.Thewind vectorswv; andwv,, referto low andmid—tropospheritevels,
respectrely.

e storm-relatre helicity SRH
H

SRH:—/ez-(v—c) X 0,v dz
0
indicating helical component®f the storm—relatre flow field in the vertical. Positve

SRH correspondso cyclonic senseof rotation. While ¢ is the stormmotionandwv the
environmentalwind vector H is thatparticularlevel betweergroundand=: 3 km which
yieldsthelargestSRH.Closelyrelatedto SRHis thecriterionthata supercelstormmay
occurif the hodographshowns veeringwinds with heightand a storm motion vector ¢

situatedo theright of thehodograph.

e enegy-helicityindex EHI

CAPEx SRH
EHIg

accountingfor the probability of strong(EHI > 1) or violent tornadoeqEHI > 2.5)

EHI =

for anempiricalreferencevalueEHI,. For GreatPlainstornadoesn the USA EHI, =

1.6 x 10° P kg2 is assumed.



3 Synoptic conditionsand storm parameters

On 9 Septembel 995the synopticsettingwassimilar to the situationdescribedibove. South—
westernGermarny wasinfluencedoy adeeplow centerecabout500km farthernorthwhich had
originatedfrom tropical hurricaniris. A weakcold front hadalreadypassedhe region under
considerationbut on the low’s southerrflank warm andmoistair still movedinto the south—
westernpartsof Germary. Fig. 2 shavs the correspondingsurface analysisof 00:00 UTC

(adaptedrom DWD 1995b).A mid—tropospheritroughpassedheareaaroundnoonincreas-
ing the atmospheriénstability. A cold pool over the UpperRhinevalley canbeinferredfrom

therelative topographys0/100kPa—charf 12:00UTC (notshownn here).

In the unstablystratifiedair massseveralrain shoversdevelopedover south—westeriGer
mary; afew thunderstormsverealsoobsenred. At 12:55LST (localstandardime, 10:55UTC)
oneof thesestormsspavnedatornadonearOberkirch—Nuf3baclocatedat the easterrlank of
the UpperRhinevalley. The funnelwasobsered by several persons.In the region affected
mary large appleandplum treeswere uprootedandthrown away up to 20 m. Shingleswere
blown down from someNul3bachhousesdamagingcars. The tornadoswath wasaboutl km
longand50m wide. Fromthetrees’fall patterna counterclockwiseotatingvortex couldbere-
constructedDWD 1995a).Accordingto the TORRO andFujitaintensityscale{Meadenl 976,
Fujita 1981)thereporteddamagesdicatea T2/F1tornadointensity i. e. aweaktornado.

For calculatingthe variousstormparametera completesetof meteorologicatlatanearthe
tornadosite is required. The datausedwerethoseof the 13:00LST rawinsondeascentrom
Stuttgartlocated~ 90 km eastof Nuf3bachat 330 m ASL aswell asthoseof the IMK 200m
mastandthe C—bandDopplerradar bothlocated10 km northof Karlsruheand70 km north of
NufRbachat110m ASL (cf. Fig. 1).

Masttemperaturenddewnpoint dataareaddedto the Stuttgartsoundingto considemear
surfacemeteorologicalariablesn the UpperRhinevalley. This procedurdeadsto theprofiles
shovnin Fig. 3. Theimportanceof thenearsuracevaluesurnsoutin calculatingCAPE:using
the Stuttgartsoundingonly, CAPE amountsto 70 Jkg ! whereagaking the mastdatain the
lowestlevelsinto accountyieldsa CAPE of 440Jkg~! with LFC = 1.3km andLNB = 7.3km
ASL 3,

The profilesof horizontalwind speedanddirectionin Fig. 3 givenby the Stuttgartrawin-

3For the UpperRhinevalley region considerechere ASL ~ AGL + 110 m.



sondedataandcalculatedrom IMK Dopplerradardataby theVVVP (volumevelocity processing)—
method(WaldteufelandCorbin1979)show increasingvindsveeringwith heightin thelowest
3 km. A hodograplrepresentatie for the UpperRhinevalley region canbe obtainedby using
IMK mastandradardatafor lowerlevelsandStuttgartrawinsondedatafor upperheightswhere
no radardataare availabledueto a lack of echoes.Theresultis shavn in Fig. 4 by the solid
line. The shearvectorcontinuouslyveerswith heightestablishinga situationsuitablefor the
developmenibf stormswith embeddedounterclockwiseotatingmesogclones(Weismanand
Klemp 1984).Denotedby theasteriskin Fig. 4 is thestormmotionvector Evaluatingthewind
profile leadsto a SRHof 105Jkg~! andEHI ~ 0.3, valuestypically foundin the ervironment
of weaktornadoegKerr and Darkow 1996). The obtainedRi;, of 25 is further evidencefor
possiblesupercelthunderstorniormation(WeismanandKlemp 1984).

For comparisorFig. 4 alsoshows the low—level winds of the Stuttgartsounding(dashed
line). Thathodographs of a morestraight—linetype with the stormmotionvectorlying very
closeto it. TheresultingStuttgartvaluesof SRH= —4 Jkg! andEHI ~ —0.002 provide no

evidencefor ary possiblesupercelthunderstorms.

4 Analysisof Doppler radar data

SinceJanuaryl994 operationalC—bandDopplerradarmeasurementare performedat IMK,
comprisingpolarvolumeradarreflectvity andDopplervelocity valuesin 16 elevationswithin
arangeof 120km every 10to 12 min (seeGysi(1995)for a detaileddescriptionof theradar).
Figs.5 and 6 provide valuableinformationof the stormdevelopment. For 12:33,12:45,
and12:57LST, respectrely, Figs.5 a—cshaw reflectvity PPIswithin the areamarked by the
rectanglein Fig. 1 at an elevation of 1.5 deg correspondindo an altitude of roughly 2.5 km
ASL. Thedevelopmenbf anintenseprecipitationcorecanclearlybe seenwith thereflectiity
partially exceedings0 dBZ. However, the hook echobeingtypical of tornadicsupercellsvas
not obsered. This may be dueto eitherthe small size of the stormor the limited spatialand
temporaradardataresolution.Fig. 6 is anechotopdisplayshoving thetop heightof the40dBZ
planeat differenttimes. Its fastlifting to morethan4 km ASL further provesthe existenceof
strongupdraftswithin the cloud. Closelyresemblingthe temporalevolution of the 40 dBZ
echotop radardetectectloud topsreachecdheightsof about8 km. Thisis in goodagreement

with the LNB of 7.3km givenabove.



Figs.7 a—dshav Dopplervelocity PPIs(PlanPositionindicator)within theareamarked by
therectanglan Fig. 1 for 12:40LST atelevationsof 0.2,1.0,2.0and3.0de&g, correspondingo
heightsof about1.0,2.0,3.1and4.3km ASL, respectrely. Theenvironmentalwind velocities
anddirectionsin theseheights(SW-W flow of roughly15ms™!, cf. Fig. 3) resultin Doppler
velocitiesof about—10 ms™! (i. e. towardsthe radar). This superposetheanflow component
is givenby thevertically hatchedareain Fig. 7. Consideringleviationsfrom this meanflow, the
vortex signatureypical of a counterclockwiseotatingmesogclone(Donaldsonl970,Doviak
and Zrnic 1984)is visible in the PPIsof the lowest 3 elevations (Figs. 7 a—c) by pairwise
locationsof positive and negative Dopplervelocity deviationscenteredoughly on the 75 km
rangering. The deviation extremaare separatedy about3 km and their differenceequals
15ms!. Thisyieldsameanshearf 0.005s™!; avaluesuficientfor recognitionof significant
mesogclonic vortex signaturesas definede. g. by Linder and Schmid(1996). The vortex
signaturehasa vertical extentof about3 km andis centeredoughly 10 km westof NuRRbacH.
A tornadohadnotbeenobsenedatthattime. Fig. 7 d shavsthatataheightof about4.3kmthe
vortex signatureno longerexists. Instead,a divergencesignatureappearscloserto the radar
the Dopplervelocity componentowardsthe radaris largerthanfartheraway. This divergence
in theuppercloud partsimpliesanupdraftwithin the mesogcloneunderneathgonsistentvith
thereflectvity analysisgivenabove.

Fig. 8 shavs the samescanareaasFig. 7 at an elevation of 1.0 deg 12 min later (12:52
LST); shortlybeforethetornadowasobseredat Nul3bach Thevortex signatures still present,
but superposetby a corvergencesignature:the areaof positve Dopplervelocity deviation is
locateda little closerto the radarthanthe areaof negative deviation. A corvergence—caused
horizontalshrinkingandverticalstretchingof thevortex mayfinally have initiatedthetornado.

Theintensificatiorof the mesogcloneandthetornadotouchdavn arein phasewith amax-
imum of updraftintensity apparenfrom the temporalevolution of the 40 dBZ echotop.lt is
thereforesuggestethatvortex—stretchingoelown the overshootingcloudtop is the mainsource
for theincreaseof vorticity andhelicity prior to formationof thetornadovortex. A similarcase
of a mesogclonewith afastdevelopmentandvertical extensionof high reflectvity areashas
alsobeenfoundby LinderandSchmid(1996)investigatingatornadicstormthatstrucknorthern

Switzerlandon 22 July 1995. On this day, severethunder andhailstormsoccurredthroughout

4Dueto the smallnes®f this meswortex theterm“misocyclone” asproposedy Fujita (1981)would be more

appropriateFor simplicity, only the morecommonexpressiorfmesogclone”is usedin this paper



theRhinevalley aswell, but no furthertornadoesverereported.

For completenessve mentionthat 3 additionalmesogclonesasidefrom the one of the
NulRbachstormwere detectedon 9 Septembed 995. Someof theseshaved even more dis-
tinct vortex signaturedeadingto a meanshearof about0.007s™!. However, neitherwere
additionaltornadoe®bsenednor did the responsibldorestauthoritiesgetarny informationon
extraordinarywind damage.Fig. 9 shaws the tracksandthe timesof initiation and decayof
the 4 mesogclonesof 9 Septembefl995. Thesemesogcloneswereidentifiedin the Doppler
radardataby vortex signaturesembeddedvithin persistensingleupdraftsbeneattregionsof
upperlevel horizontaldivergence.All thesecaseshave the following featuresn common:i)
the mesogclonesdevelopedin a region betweenRastattand Strasbouy, andii) they formed
inmidstthe valley’s flat region, propagateeastvard anddecayedsoonafter reachingthe hilly
terrain of the northernBlack Forest. In the remainderof the radars obsenration area,how-
ever, containingalmostthe completeUpper Rhine valley and large areasof the surrounding

mountainousegions,no othervortex signaturesverefound.

5 Discussion

In this casestudythe (thermo-)dynamigrocessesesponsibldor the formationof a tornado
nearthe easterrflank of the UpperRhinevalley wereinvestigatedy useof a C—bandDoppler
radarandrawinsondedata. The resultsshav thatthe thunderstornspavning the tornadowas
a small supercellwith a well-definedmesogclone at lower levels and divergenceat higher
levelsof the Cb cloud. This canbe attributedto a strongupward—directeatornvectve masslux
throughthe updraftcoreof thestorm.

Mostly undisturbedy orographiceffects,the stormdevelopedabove therelatively flat ter-
rain of theRhinevalley for thetransitionto thetornadicphasewhile the downwardgeneration
of thefunnelwasfacilitatedby alow—level vorticity increaseabove the upslopingterrainatthe
easterrflank of thevalley. However, the smallsupercellwastoo weakto maintainthe tornado
vortex onits way to thehilly terrainof the northernBlack Forestfor longertimes. In effect, the
tornadopersistedor only afew minutesandthe supercelblsodisappearedboutl5 min later.

Theradarobseredcloudtopsat~ 8 km ASL fit well in theanalysisof atmospheristrati-
ficationconsideringhe speciaheatandmoistureconditionsin the Rhinevalley. Typical super

cell featureawvereobsenedwith the NuRRbachstorm. However, boththe verticalextentandthe
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horizontaldimensionof the mesogcloneshawv thatthe stormwasabouta factorof 2 smaller
thanclassicalGreatPlainssupercellsin the USA theseé'mini"—supercellularstormshave been
obseredaswell (Kennedyetal. 1993).

The rathersmall value of CAPE supportsanalysesof Kerr and Darkow (1996), limiting
themainrole of CAPEto the strengthof corvective initiation while stressinghe relevanceof
storm—relatre windsandhelicity for furtherevolutionto atornadicsupercell Accordinglythe
UpperRhinevalley, especiallytheregionin thevicinity of Baden—BadeandRastattjs well—
suitedfor the formation and intensificationof supercellsdueto corvergenceof a channeled
boundary—layeflow andthe presencef high-O, air in the Rhinevalley aswell asmid—level
cross—flov enhancedtby the Savernedepressiomasdiscusse@bore. Theinfluenceof thelarger
scaleorographyis also importantsince someof thosestormsdevelopinginto supercellsdo
not form in the Rhinevalley itself, but have their “nuclei” over the gently eastvard upsloping
terrainof the high plainsof Lorraine (westof the Savernedepression).This is in agreement
with investigation®ntheintensificatiorandgrowing organizatiorof corvectionoverupsloping
terrain(SmithandYau(1987),DessenandSnav (1989))aswell aswith suggestionby Schaaf
etal. (1988)ontheinitiation of “convectionnuclei” inducedby certainorographideatures.

Thereforehecentralregion of the UpperRhinevalley seemdo bea preferredarealfor non—
tornadicsupercelistorms. Due to strongwind shearsand ©.—gradientsearthe corvergence
line of air masseshanneledy boththe depressiorf Saverneandthe Rhinevalley it is also
likely that tornadicsupercellsoccur Although the resultsare preliminary and needfurther
researchit is supportedy Fig. 10in which thetracksof the 9 Septembef995mesogclones
andthe damageswathsof severaltornadoegrom pastdecadesredepicted.An accumulation

of tornadiceventsalonga well-definedornado—allg becomespparent.
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Figure captions

Figurel: OrographysurroundingheDopplerradar Markedboxesindicatetheareaf Figs.5,
7 and8 (smallrectangle)and9 (square).Locality namesusedin thetext areincluded. BB =
Baden—Baderfm = Frankfurt,Fr = Freilurg, Ka = Karlsruhe N = NuRbachPf = Pforzheim,
Ra= RastattSb= Saarbriickn, Stg= Stuttgart,Str= Strasbouy, Wi = Wirzhkurg.

Abb. 1: Orographidn derUmgelungdesDopplerRadarsDie gekennzeichneteAusschnitte
entsprechedenBereicherderAbbn.5, 7 und8 (kleinesRechtecksowie 9 (Quadrat).

Figure2: Surfaceanalysischartof 00:00UTC (02:00LST), 9 Septembel995. For detailssee

text.

Abb. 2: Bodenwetterkarteom9. Septembet995,00:00UTC (02:00LST). NahereErlauterun-

genim Text.

Figure 3: Wind and temperatureprofiles of 9 Septembel995at 13:00LST. Datafrom the

Stuttgartrawinsondesupplementely IMK meteorologicaimastandDopplerradardata.

Abb. 3: Wind- und Temperaturprofil&@om 9. Septembef995um 13:00LST. Radiosondenda-
tenvon Stuttgart,erganztum Wertevom meteorologischeMef3masund vom DopplerRadar
desIMK.

Figure4: Hodographof thewind datashavn in Fig. 3 for the UpperRhinevalley region (solid
line) andthe Stuttgartsounding(dashedine). Numbersat the dots representeightsin km

ASL. Theasteriskmarksthe stormmotionvector

Abb. 4. Hodogrammder WinddatenausAbb. 3 fir denmittlerenOberrheingrabefausgezo-
genelinie) unddie StuttgarteiSondierunggestrichelt) Die ZahlenandenPunktengebendie

Hohed. NN in km an. Der Sternmarkiertdie Verlagerungsgeschwindigk derMesozyklone.
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Figure5: PPIlof radarreflectvity atanelevationof 1.5deg for a) 12:33,b) 12:45,andc) 12:57
LST. N = NuRRbach.

Abb. 5: PPIder Reflektvitat bei einer Elevationvon 1,5 Gradum a) 12:33,b) 12:45undc)
12:57LST.

Figure6: Temporalvariationsof 40dBZ reflectvity echotop(in km ASL). N = Nuf3bach.

Abb. 6: Zeitlicher Verlauf der Obergrenzd€in km 0. NN) der 40 dBZ—-Flache(Echotop—Dar-

stellung).

Figure7: PPIlof Dopplervelocity for 12:40LST at elevationsof a) 0.2deg, b) 1.0deg, c) 2.0
deg andd) 3.0degy. Velocity valuesareindicatedby hatchedareasasgivenby theinsert. N =
NuRbach.

Abb. 7: PPl der DoppleGeschwindigkit um 12:40LST bei den Elevationena) 0,2 Grad,
b) 1,0 Grad,c) 2,0 Gradundd) 3,0 Grad. Geschwindigkitensind durchdie in der Legende

gezeigtersSchrafurengekennzeichnet.

Figure8: PPlof Dopplervelocity asin Fig. 7 b (atelevation1.0deg), but for 12:52LST.
Abb. 8: PPIder DopplerGeschwindigkit wie in Abb. 7 b (Elevation 1,0 Grad), jedochftr

12:52LST.

Figure9: Tracksof radardetectednesogcloneson 9 Septembefl995. Timescorrespondo
respecte first andlastradarscansrevealingmesogclonic in—cloudrotationand upperlevel

divergencesignaturesStr = Strasbouy, Ra= RastattBB = Baden—Bader\ = Nuf3bach.

Abb. 9: Zugbahnerderam9. Septembefi995aufgetreteneiMesozyklonenDie Zeitengeben

jeweilsderenerstebzw. letzteRadarDetektierungan.

13



Figure 10: Groundtracksof radardetectednesogcloneson 9 Septembed 995 (thin lines)
anddamageswathsof tornadoegthick lines) in the centralregion of the UpperRhinevalley.
Numbersattrackscorrespondo datesof occurrencel.) 4 Jul 1885,2.) 7 Jun1952,3.) 27 Apr
1960,4.a,b) 10Jul1968,5.) 8 May 1985,6.) 23Jul 1986,7.) 21 Jul1992,8. a—d)9 Sep1995.
N = NuBbachPf = Pforzheim Stg= Stuttgart,Str= Strasbouy.

Abb. 10: ZugbahnererMesozyklonerdes9. Septembet 995(diinneLinien) undverschiede-

nerTornadogdicke Linien) im mittlerenOberrheingraben.
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