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Abstract

A combinedanalysisof datafrom a C—bandpolarizationdiversity Dopplerradaranda 3D
VHF interferometridightningmappingsystenis presentedor the21 July 1998EULINOX
supercelthunderstormits lower positive chage centeremittedmuchmoreVHF radiation
thanexpectedrom the well-knawn tripole concept.In highercloudregionsVHF actvity
was sometimedinked to distinct levels, but their height varied strongly within the Cb—
cell duringits evolution. In early stageshe supercellshaved moderatevVHF actvity in
reflectvity regionsnear30 dBZ. In later stagesVHF actvity roseconsiderablyandwas

linkedto higherreflectvity factorsof 40to 50 dBZ.

1 Introduction

Thetwo—yearEuropearlightningnitrogenoxidesproject(EULINOX) mainly aimedatanim-
proved understandin@f NOx productionwithin centralEuropearthunderstormsDuring the
intensve obsenationperiodin summerl998a greatvariety of analysismethodsvereapplied:
asidefrom aircraft measurementsf chemicalconstituentswithin and aroundthunderclouds,
interferometricmeasurementsf VHF sourcedrom lightning dischagesin two andthreedi-
mensionswere madeby the ONERA and comparedo thoseof a two—dimensionaLPATS

(Lightning Positioningand TrackingSystem)network.



The ONERA interferometridightning mapper(ITF) consistedf two VHF interferometric
stations40 km apart,eachat 25 km distancefrom the operationacenterin Oberpaffenhofen.
Lightning flashes eitherintracloudor cloud—to—groundemit stronglyin the VHF band,and
eachinterferometricstationdetectghis radiationin a narrav band(1 MHz width) at 114 MHz
andrecorddts amplitudeanddirectionof arrival with a 23 us samplingrate. The ITF mapping
systemcan detectthe negative leadersand high currentdischages(intracloudrecoil stream-
ers, cloud—-to—groundlart leadersand returnstrokes) all alongtheir propagatiorpaths. Both
stationggive the azimuthof the VHF sourcesandthethree-dimensiongkouthern)stationcan
alsomeasurehe elevationof the sourcesThe z,y—positionof a sources determinedrom the
azimuthaldirectionsrelative to the two stationsand the elevation thenallows to retrieve the
altitudeof the source.VHF sourcesarethenassociatedh “bursts”, which correspondo indi-
vidual dischages,andburstsare groupedinto flashes.We mustnotethatthe accurag of the
elevationsensodecreasesapidlyfor verylow (below 5°) andvery high (above 48°) elevations.
Thereforeastormcanbefully obsernedfrom 2 km AGL upto 11 kmiif it is within 10 km and
25 km distancerom the southerrinterferometricstation.

TheC—bandpolarimetricDopplerradarPOLDIRAD atDLR in Oberphffenhoferprovided
three—dimensionahformationon the storm’s dynamicaland microphysicalstructureand al-
lowed for anidentificationof the differenthydrometeotypesin the thundercloudandthe ac-
compairying arvil region. Thepresentombinatiorof datafrom ONERAs VHF interferometric
lightningmapperandDLR’s polarizationdiversityradarprovideda detailedview ontheevolu-
tion of the lightning activity andits relationto cloud microphysicsanddynamicsin spaceand

time:

¢ identificationof mainlightning actwvity regionsinsidethe cloud comparedo theoretical

predictions,

e correlationsbetweenlightning dischargesnd certainradarparameterssuchasthe re-

flectivity factor

e trendsin thesefindingsduringcloudevolution.

The paperis organizedasfollows: Sec.2 briefly reviews the life—cycle of the supercellstorm
beforein Sec.3 the vertical distribution of VHF actvity dueto lightning flasheds described.
The relationbetweerelectricalactvity andradarreflectvity is treatedin Sec.4. The Secs5

and6 presentiscussiorandconclusions.



2 Lifecycleof the supercell storm

The EULINOX supercellstormof 21 July 1998 (Hdller et al., 1999,2000, this volume)was
the right—-mover of a storm splitting at about1645UTC over the Allgau region in southern
Germary. While the left-moving cells decayedvery soon,the right—-moving cell (headingin
an easterlydirectionwithin the mid—level flow from south—west)ntensifiedvery rapidly and
developedradardetectablesupercellcharacteristicsuch as a single persistentprecipitation
core,aboundedveakechoregion, anechooverhangandmesogclonicrotation.

After 1700UTC the youngsupercellstormapproachedhe experimentalareaof approxi-
mately60 km radiusaroundOberpaffenhofen Fig. 1 shavstheflashrateperminutemeasured
by the ITF sensaorboth for the whole area(solid line) andthe region of the supercellalone
(lower filled curwe). While therewasconsiderablehunderstornactuity in the areabeforethe
supercelbriginatedfrom its parentstorm,we focuson thetime period1700-2000JTC which
containsthe intensificationphase(up to 1800UTC), the maturestage(up to 1830UTC) and
the subsequentiecayof the storminto a multicellularcomplex. Coincidentally the supercell
passedight over the 3D ITF—stationbetweenabout1800-1813JTC, alreadyslightly weak-
ening. We seefrom Fig. 1 thatthe supercelfflashrate during the mostvigorousphaseof the
stormexceeded0 min—! andhardlyfell belav 30 min—!. Notetherapidrise of the flashrate
after1730UTC andtheminimumaroundl815UTC, whichis likely causedy thestorm’s pas-
sageoverthelTF sensolrevealedby radarandLPATS obsenations)andnot dueto a genuine
decreasef lightning actwity.

Radarobsenrationsshavedthatthe mostnoticeablecloud growth andinternalorganization
took placefrom 1730UTC to 1800UTC, accompanietly thelargerisein flashrate. Thestorm
wastracked by POLDIRAD sectorvolume scansrepeatedoughly every 3 minutesand addi-
tional two—dimensionatange—heightand plan positionindicatorscans. The radarobsered
echotops(cf. Holler etal., 2000,this volume)aredepictedoy thenumbersn Fig. 1 from 1730
to 1833UTC. The Cb—systenost its supercellstructureafterabout1845UTC andthenwas
bettercharacterizeds a multicellular stormwith somephasef reintensificatiordueto the

developmenbf new cells.



3 Vertical structureof VHF activity

Theoreticaland experimentalresultsindicatethe presencef a negatve chage centeraround
theT = —15° + 10° C level andanupperpositve chage centerneartheT = —35° + 10°C
level within matureCb—clouds A smallerlower positve chageregion cansometimedefound
closeto the freezinglevel. This three—l@el conceptuaimodelis known asthe tripole model
of thunderstornelectrification(Williams, 1989;Saunders1993). On 21 July 1998the heights
of thesetemperaturdevels werededucedrom a compositeafternoonvertical soundingfrom
radiosondeaircraft, dropsondeandmesonetata. The heightof a negative chage centercan
beexpectedo bewithin 5and7.5km AGL, andanupperpositve chage centerapproximately
3 km higherup,i. e. ataheightof about8 to 10 km AGL. Theseregionsareindicatedin Fig. 2
by the hatchedareas.Thefreezinglevel wasatabout3.5km AGL.

Within the evaluationarearangingbetweenl0 km and 25 km aroundthe 3D ITF station
Wielenbachvertical profilesof VHF sourcesntegratedover 3 min intervalsanda cubic1 km?
grid (chosento coincideroughly with the radarscanvolumeandtime interval) have beenan-
alyzedfor the presencef peaklevels. This spatialresolutionis comparabldéothto radarand
mesoscalenodeldata(cf. Holler etal., 2000,this volume). During the time periodconsidered
(1700to 2000UTC), mostvertical profilesfor which distinct peakscould be identifiedwere
single—pealprofiles (666 cases).In another204 casesgwo peakswerefound. Thenoneand
two—peakprofiles were averagedseparately The dashedine in Fig. 2 givesthe averageof
all one—pealprofilesandthe solid line the averageof the two—peakprofiles. In both casesa
low—level maximumat 3.5 km heightis mostpronounced.The solid curve, however, showvs a
secondarynaximumat6.5km AGL which correspond#o the—15 C level of 21 July 1998. Yet
in neitherof the averageprofilesdo we find an upperlevel maximumnearthe —3®° C region
insidethe cloudwherewe would expectthe main positve chage level of a Cb—tripole. There
areVHF sourcesatthatlevel, but notenoughto form a distinguishablgeak.

To resole thetemporaltrendin the heightof thesdevelsandto give animpressiorof their
variability Fig. 3 shavs the time—heightseriesof the peaksin the 666 single-(a) andthe 204
double—pealprofiles(b). Especiallyfor profileswith one maximumthereis a large variation
of the maximums heightevenin the rathersmall evaluationareaconsideredere. Thesingle
maximumcanbefound practicallyanywherein the Cb—cloudalthoughmostprofilespeaknear

the freezinglevel. Similar agumentsapplyfor Fig. 3b. Note thelarge scatterbetweerabout



1800 and 1815 UTC whenthe supercellpassedoverheadthe 3D-ITF sensorand made3D
reconstructiordifficult, andalsothe significantminimum of the obsenedlevel heightsaround
1845UTC. This correspondso a time at which the supercellhad mostly decayedwvhile new
(multicellular) actvity hadnot yet formedagain. We may statethat active cells with strong

updraftsleadto arise of the zoneswith maximumVHF emissions.

4 Synthesisof ITF and radar data

For a discussiorof lightning and polarimetricradarparametersn this stormcf. Holler et al.
(2000, this volume). Here we addresghe mostbasicradarderived quantity the reflectvity
factorZ.

In theEULINOX stormtheregionof high VHF actvity typically wasshiftedaway from the
reflectvity coreof the supercellstorm. The shift wasmostlyto the left downshearsideof the
storm’s center i. e. on the northernflank of the east-muing storm(Dotzeket al., 2000). To
obtaininformationon the correlationbetweemumberof VHF sourcesNyyr andreflectvity
factorZ, thevolumedatameasuredy theradarat1730,1745,1757,1809,1821,and1833UTC
wererelatedto the total numberof VHF sourceswithin 3 min periodsstartingat the six given
volumescantimes. As the radardatawereinterpolatedonto the samel km? grid asusedfor
thelTF data,the pointscoulddirectly beanalyzedrom a scatterdiagramof Nyyr versusZ.

This is shawvn in Fig. 4afor the growing phaseof the storm(1730,1745,squarespandin
Fig. 4b for its earlydecayingstage(1821,1833,crosses)In all four volumescanghe highest
obsenred reflectiities interpolatedto the cartesianl km? grid werein the rangefrom 50 to
52.5dBZ. In thedevelopingstageof the storm,no VHF datapointsarefoundfor Z > 43 dBZ.
Instead weakVHF actvity is foundwith usuallylessthan10 VHF sourceger 3 min interval
andperkm?. The peakof the scatterechointsis locatedat roughly 32 dBZ. The numberof
sourcesdecreaseslower towardslower reflectvity factorsthanto higherdBZ—values. This
skawnesgowardsthe highervaluesof Z is alsofound duringthedecayingstageof thestormin
Fig. 4b. But now thereflectvity in grid boxeswith VHF sourcesxtendsup to about52 dBZ
andthe VHF actwity itself alsohasincreasedubstantiallymary grid boxescontain10or more
sourceer3 min interval andperkm? with a peakvalueof 30. In additionthelocationof this
maximumhasshiftedtowardshigherreflectvity factors.Insteadof 32 dBZ in the early stage,

the scatterplot now peaksat 45 dBZ andthendropsoff very rapidly with increasingZ. The
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dataaremorestronglyskewedthanbefore butin generatheshape®f thetwo scatterdatasets
seento beara similarity, becaus¢hepointsfrom Fig. 4 aroughlygroupwithin theleft flank of
the dataregion of Fig. 4b. As a consequencédor Z < 25 dBZ the numberof VHF signalsis

alwayslessthan5 perkm? and3 min interval.

5 Discussion

For theverticalstructureof lightning VHF actwvity ourresultsindicatethatin somepartsof the
cloud VHF signatureshawing a preferencdor oneor two levels of high activity appearedo
be present.However, otherpartsof the cloud shoved a large vertical variability of enhanced
VHF emissionsFollowing Rust& Marshall(1996)we canstateherethatthe real structureof
thunderstormss far more complex thanthe simpletripole concept,even thoughthe physical
processekeadingto thetripole arelik ely to be presenin somepartsof thethundercloud.

ThestrongVHF actvity nearthefreezinglevel within this supercelstormremainsanopen
issue.Ontheonehandthiswouldindicatethatthelower (secondarypositivechagelayerof the
Cb—cloudwasoverwhelminglyactivein thisspecialkcase Physicakevidencefor thisassumption
is givenby Williams (1989)andSaunderg1993)aswell asin a differentcontext by Shepherd
etal. (1996)who alsoobsenred strongelectricfields andchagesnearthe melting layerin the
stratiform part of mesoscaleornvective systems. The authorsargue that a melting—chaging
mechanisntouldberesponsibldor that.

On the other handthe low—level negative leaderswhich were found in the datafrom the
EULINOX superceliarelikely to be highly prominentin VHF dueto thelargerair pressureat
this low altitude (Lalande& Bondiou—Clergerie1997). Thusthey tendto enhancahe VHF
signaturef lightning actiity there. Futureanalysisof other EULINOX stormsof different

typewill furtherclarify the processethatgoverncloudelectricitynearthefreezinglevel.

6 Conclusions

Our analysisof theradarandITF datarecordedduringthe 21 July 1998 EULINOX supercell

leadsusto conclude:

1. cloud-scaleaspectof thunderstornelectricity caneffectively be studiedby combining
radarandVHF interferometridightning mapperata,
6



2. onlyin partsof theCb—cloudvHF signalswerelinkedto certainpersistenheightregions,

3. theheightsof large VHF emissiongollow the evolution of the cloud— higherup during

cloudgrowth, lower duringandafterdecay
4. astronglower positve chage centemear0° C wasobseredin this supercellulastorm,

5. with proceedingstorm evolution, VHF actvity becomesnoreintenseandis linked to

increasingvaluesof Z.
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Figure captions

Figurel: Flashratefor the supercell(filled) andthe total obserationarea(solid) in the time
period 1530-2200UTC measuredy the ITF sensor The numbersatopthe curvesgive the

supercelradarechotopin km AGL.

Figure 2: Average(1700-2000UTC) vertical VHF profiles of 666 columnscontainingone
distinct maximum (dashed)and 204 columnscontainingtwo maxima (solid). The hatched

heightrangesmarkprobabldocationsof mainchagelayerson 21 July 1998.

Figure3: Time seriesfrom 1700-2000UTC showing the heightof the maximafor the one—
peakprofiles(a) andthe two—peakprofiles(b) of Fig. 2. The symbol< denoteghe heightof

thelower, and+ the heightof theupperlevel VHF maximum.

Figure 4: Scatterplot betweennumberof VHF sourcesper 3 min intenal km=—2 and radar
reflectvity factorZ for 1730,1745UTC (a,squaresand1821,1833UTC (b, crosses).
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