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Abstract

A combinedanalysisof datafrom a C–bandpolarizationdiversityDopplerradaranda 3D

VHF interferometriclightningmappingsystemis presentedfor the21July1998EULINOX

supercellthunderstorm.Its lowerpositive chargecenteremittedmuchmoreVHF radiation

thanexpectedfrom thewell–known tripole concept.In highercloudregionsVHF activity

wassometimeslinked to distinct levels, but their height variedstronglywithin the Cb–

cell during its evolution. In early stagesthe supercellshowed moderateVHF activity in

reflectivity regionsnear30 dBZ. In later stagesVHF activity roseconsiderablyandwas

linkedto higherreflectivity factorsof 40 to 50dBZ.

1 Introduction

Thetwo–yearEuropeanlightningnitrogenoxidesproject(EULINOX) mainlyaimedatanim-

provedunderstandingof NOx productionwithin centralEuropeanthunderstorms.During the

intensiveobservationperiodin summer1998a greatvarietyof analysismethodswereapplied:

asidefrom aircraft measurementsof chemicalconstituentswithin andaroundthunderclouds,

interferometricmeasurementsof VHF sourcesfrom lightning dischargesin two andthreedi-

mensionswere madeby the ONERA and comparedto thoseof a two–dimensionalLPATS

(LightningPositioningandTrackingSystem)network.
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TheONERA interferometriclightningmapper(ITF) consistedof two VHF interferometric

stations40 km apart,eachat 25 km distancefrom theoperationalcenterin Oberpfaffenhofen.

Lightning flashes,either intracloudor cloud–to–ground,emit stronglyin the VHF band,and

eachinterferometricstationdetectsthis radiationin a narrow band(1 MHz width) at 114MHz

andrecordsits amplitudeanddirectionof arrival with a23 � ssamplingrate.TheITF mapping

systemcandetectthe negative leadersandhigh currentdischarges(intracloudrecoil stream-

ers,cloud–to–grounddart leadersandreturnstrokes)all alongtheir propagationpaths. Both

stationsgive theazimuthof theVHF sources,andthethree-dimensional(southern)stationcan

alsomeasuretheelevationof thesources.The � , � –positionof a sourceis determinedfrom the

azimuthaldirectionsrelative to the two stationsandthe elevation thenallows to retrieve the

altitudeof thesource.VHF sourcesarethenassociatedin “bursts”,which correspondto indi-

vidual discharges,andburstsaregroupedinto flashes.We mustnotethat the accuracy of the

elevationsensordecreasesrapidlyfor verylow (below 5� ) andveryhigh(above48� ) elevations.

Therefore,a stormcanbefully observedfrom 2 km AGL up to 11km if it is within 10km and

25km distancefrom thesoutherninterferometricstation.

TheC–bandpolarimetricDopplerradarPOLDIRAD atDLR in Oberpfaffenhofenprovided

three–dimensionalinformationon the storm’s dynamicalandmicrophysicalstructureandal-

lowedfor an identificationof thedifferenthydrometeortypesin the thundercloudandtheac-

companyinganvil region. Thepresentcombinationof datafrom ONERA’sVHF interferometric

lightningmapperandDLR’spolarizationdiversityradarprovidedadetailedview ontheevolu-

tion of the lightning activity andits relationto cloudmicrophysicsanddynamicsin spaceand

time:

� identificationof mainlightning activity regionsinsidethecloudcomparedto theoretical

predictions,

� correlationsbetweenlightning dischargesandcertainradarparameters,suchasthe re-

flectivity factor,

� trendsin thesefindingsduringcloudevolution.

Thepaperis organizedasfollows: Sec.2 briefly reviews the life–cycle of thesupercellstorm

beforein Sec.3 theverticaldistribution of VHF activity dueto lightning flashesis described.

The relationbetweenelectricalactivity andradarreflectivity is treatedin Sec.4. TheSecs.5

and6 presentdiscussionandconclusions.
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2 Life cycle of the supercell storm

The EULINOX supercellstormof 21 July 1998(Höller et al., 1999,2000,this volume)was

the right–mover of a storm splitting at about1645UTC over the Allgäu region in southern

Germany. While the left–moving cells decayedvery soon,the right–moving cell (headingin

an easterlydirectionwithin the mid–level flow from south–west)intensifiedvery rapidly and

developedradar–detectablesupercellcharacteristicssuchas a single persistentprecipitation

core,aboundedweakechoregion,anechooverhang,andmesocyclonicrotation.

After 1700UTC the youngsupercellstormapproachedthe experimentalareaof approxi-

mately60km radiusaroundOberpfaffenhofen.Fig.1 showstheflashrateperminutemeasured

by the ITF sensor, both for the whole area(solid line) andthe region of the supercellalone

(lower filled curve). While therewasconsiderablethunderstormactivity in theareabeforethe

supercelloriginatedfrom its parentstorm,we focuson thetimeperiod1700–2000UTC which

containsthe intensificationphase(up to 1800UTC), the maturestage(up to 1830UTC) and

the subsequentdecayof thestorminto a multicellularcomplex. Coincidentally, thesupercell

passedright over the 3D ITF–stationbetweenabout1800–1815UTC, alreadyslightly weak-

ening. We seefrom Fig. 1 that the supercellflashrateduring the mostvigorousphaseof the

stormexceeded40 min 	
�

andhardlyfell below 30 min 	
�
. Notetherapidriseof theflashrate

after1730UTC andtheminimumaround1815UTC,whichis likely causedby thestorm’spas-

sageover theITF sensor(revealedby radarandLPATS observations)andnot dueto a genuine

decreaseof lightningactivity.

Radarobservationsshowedthatthemostnoticeablecloudgrowth andinternalorganization

tookplacefrom 1730UTC to 1800UTC,accompaniedby thelargerisein flashrate.Thestorm

wastrackedby POLDIRAD sectorvolumescansrepeatedroughlyevery 3 minutesandaddi-

tional two–dimensionalrange–height-andplan positionindicatorscans.The radar–observed

echotops(cf. Höller etal.,2000,thisvolume)aredepictedby thenumbersin Fig. 1 from 1730

to 1833UTC. TheCb–systemlost its supercellstructureafterabout1845UTC andthenwas

bettercharacterizedasa multicellular stormwith somephasesof reintensificationdueto the

developmentof new cells.
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3 Vertical structure of VHF activity

Theoreticalandexperimentalresultsindicatethe presenceof a negative charge centeraround

the 
���
���� ��� ��� � C level andanupperpositive chargecenternearthe 
���
���� ��� ��� � C

level within matureCb–clouds.A smallerlowerpositivechargeregioncansometimesbefound

closeto the freezinglevel. This three–level conceptualmodel is known asthe tripole model

of thunderstormelectrification(Williams, 1989;Saunders,1993).On 21 July 1998theheights

of thesetemperaturelevelswerededucedfrom a compositeafternoonvertical soundingfrom

radiosonde,aircraft,dropsondeandmesonetdata. Theheightof a negative chargecentercan

beexpectedto bewithin 5 and7.5km AGL, andanupperpositivechargecenterapproximately

3 km higherup, i. e. ataheightof about8 to 10km AGL. Theseregionsareindicatedin Fig. 2

by thehatchedareas.Thefreezinglevel wasatabout3.5km AGL.

Within the evaluationarearangingbetween10 km and25 km aroundthe 3D ITF station

Wielenbachverticalprofilesof VHF sourcesintegratedover3 min intervalsanda cubic1 km�

grid (chosento coincideroughlywith the radarscanvolumeandtime interval) have beenan-

alyzedfor thepresenceof peaklevels. This spatialresolutionis comparablebothto radarand

mesoscalemodeldata(cf. Höller et al., 2000,this volume).During thetime periodconsidered

(1700to 2000UTC), mostvertical profilesfor which distinct peakscould be identifiedwere

single–peakprofiles(666 cases).In another204 casestwo peakswerefound. Thenoneand

two–peakprofileswereaveragedseparately. The dashedline in Fig. 2 gives the averageof

all one–peakprofilesandthe solid line the averageof the two–peakprofiles. In both casesa

low–level maximumat 3.5 km heightis mostpronounced.Thesolid curve, however, shows a

secondarymaximumat6.5km AGL whichcorrespondsto the–15� C level of 21July1998.Yet

in neitherof the averageprofilesdo we find anupper–level maximumnearthe –30� C region

insidethecloudwherewe would expectthemainpositive charge level of a Cb–tripole.There

areVHF sourcesat thatlevel, but notenoughto form adistinguishablepeak.

To resolvethetemporaltrendin theheightof theselevelsandto giveanimpressionof their

variability Fig. 3 shows the time–heightseriesof thepeaksin the666single-(a) andthe204

double–peakprofiles(b). Especiallyfor profileswith onemaximumthereis a largevariation

of themaximum’s heighteven in therathersmallevaluationareaconsideredhere.Thesingle

maximumcanbefoundpracticallyanywherein theCb–cloudalthoughmostprofilespeaknear

the freezinglevel. Similar argumentsapply for Fig. 3b. Note the largescatterbetweenabout
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1800 and 1815 UTC when the supercellpassedoverheadthe 3D–ITF sensorand made3D

reconstructiondifficult, andalsothesignificantminimumof theobservedlevel heightsaround

1845UTC. This correspondsto a time at which the supercellhadmostly decayedwhile new

(multicellular) activity hadnot yet formedagain. We may statethat active cells with strong

updraftsleadto a riseof thezoneswith maximumVHF emissions.

4 Synthesis of ITF and radar data

For a discussionof lightning andpolarimetricradarparametersin this stormcf. Höller et al.

(2000, this volume). Herewe addressthe mostbasicradar–derived quantity, the reflectivity

factorZ.

In theEULINOX stormtheregionof highVHF activity typically wasshiftedawayfrom the

reflectivity coreof thesupercellstorm. Theshift wasmostly to the left downshearsideof the

storm’s center, i. e. on thenorthernflank of the east–moving storm(Dotzeket al., 2000). To

obtaininformationon the correlationbetweennumberof VHF sources��� �"! andreflectivity

factorZ, thevolumedatameasuredby theradarat1730,1745,1757,1809,1821,and1833UTC

wererelatedto thetotal numberof VHF sourceswithin 3 min periodsstartingat thesix given

volumescantimes. As the radardatawereinterpolatedonto thesame1 km� grid asusedfor

theITF data,thepointscoulddirectlybeanalyzedfrom ascatterdiagramof �#�$�"! versusZ.

This is shown in Fig. 4a for the growing phaseof the storm(1730,1745,squares)andin

Fig. 4b for its earlydecayingstage(1821,1833,crosses).In all four volumescansthehighest

observed reflectivities interpolatedto the cartesian1 km� grid were in the rangefrom 50 to

52.5dBZ. In thedevelopingstageof thestorm,noVHF datapointsarefoundfor Z %'&�� dBZ.

Instead,weakVHF activity is foundwith usuallylessthan10 VHF sourcesper3 min interval

andper km� . The peakof the scatteredpoints is locatedat roughly 32 dBZ. The numberof

sourcesdecreasesslower towardslower reflectivity factorsthan to higherdBZ–values. This

skewnesstowardsthehighervaluesof Z is alsofoundduringthedecayingstageof thestormin

Fig. 4b. But now thereflectivity in grid boxeswith VHF sourcesextendsup to about52 dBZ

andtheVHF activity itself alsohasincreasedsubstantially:many grid boxescontain10or more

sourcesper3 min interval andperkm� with a peakvalueof 30. In additionthelocationof this

maximumhasshiftedtowardshigherreflectivity factors.Insteadof 32 dBZ in theearlystage,

the scatterplot now peaksat 45 dBZ andthendropsoff very rapidly with increasingZ. The
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dataaremorestronglyskewedthanbefore,but in generaltheshapesof thetwo scatter–datasets

seemto bearasimilarity, becausethepointsfrom Fig. 4aroughlygroupwithin theleft flankof

thedataregion of Fig. 4b. As a consequence,for Z ( 25 dBZ thenumberof VHF signalsis

alwayslessthan5 perkm� and3 min interval.

5 Discussion

For theverticalstructureof lightningVHF activity our resultsindicatethatin somepartsof the

cloudVHF signaturesshowing a preferencefor oneor two levelsof high activity appearedto

be present.However, otherpartsof the cloud showeda large vertical variability of enhanced

VHF emissions.Following Rust& Marshall(1996)we canstateherethattherealstructureof

thunderstormsis far morecomplex thanthe simpletripole concept,even thoughthe physical

processesleadingto thetripolearelikely to bepresentin somepartsof thethundercloud.

ThestrongVHF activity nearthefreezinglevel within thissupercellstormremainsanopen

issue.Ontheonehandthiswouldindicatethatthelower(secondary)positivechargelayerof the

Cb–cloudwasoverwhelminglyactivein thisspecialcase.Physicalevidencefor thisassumption

is givenby Williams (1989)andSaunders(1993)aswell asin a differentcontext by Shepherd

et al. (1996)who alsoobservedstrongelectricfieldsandchargesnearthemeltinglayer in the

stratiformpart of mesoscaleconvective systems.The authorsargue that a melting–charging

mechanismcouldberesponsiblefor that.

On the otherhandthe low–level negative leaderswhich werefound in the datafrom the

EULINOX supercellarelikely to behighly prominentin VHF dueto thelargerair pressureat

this low altitude(Lalande& Bondiou–Clergerie,1997). Thusthey tendto enhancethe VHF

signaturesof lightning activity there. Futureanalysisof otherEULINOX stormsof different

typewill furtherclarify theprocessesthatgoverncloudelectricitynearthefreezinglevel.

6 Conclusions

Our analysisof theradarandITF datarecordedduring the21 July 1998EULINOX supercell

leadsusto conclude:

1. cloud–scaleaspectsof thunderstormelectricitycaneffectively bestudiedby combining

radarandVHF interferometriclightningmapperdata,
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2. only in partsof theCb–cloudVHF signalswerelinkedto certainpersistentheightregions,

3. theheightsof largeVHF emissionsfollow theevolutionof thecloud— higherupduring

cloudgrowth, lowerduringandafterdecay,

4. astronglowerpositivechargecenternear0� C wasobservedin thissupercellularstorm,

5. with proceedingstormevolution, VHF activity becomesmore intenseand is linked to

increasingvaluesof Z.
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Figure captions

Figure1: Flashratefor thesupercell(filled) andthe total observationarea(solid) in the time

period1530–2200UTC measuredby the ITF sensor. The numbersatopthe curvesgive the

supercellradarechotop in km AGL.

Figure 2: Average(1700–2000UTC) vertical VHF profilesof 666 columnscontainingone

distinct maximum(dashed)and 204 columnscontainingtwo maxima(solid). The hatched

heightrangesmarkprobablelocationsof mainchargelayerson21July1998.

Figure3: Time seriesfrom 1700–2000UTC showing the heightof the maximafor the one–

peakprofiles(a) andthe two–peakprofiles(b) of Fig. 2. Thesymbol ) denotestheheightof

thelower, and * theheightof theupper–level VHF maximum.

Figure 4: Scatterplot betweennumberof VHF sourcesper 3 min interval km 	 � and radar

reflectivity factorZ for 1730,1745UTC (a,squares)and1821,1833UTC (b, crosses).
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