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Lightning Evolution and Thunderstorm Dynamicsfor the
21 July 1998EULINO X Supercell Storm
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Intr oduction

During the 1998field campaignEULINOX extensve measurementwithin andaroundthunderstorms
werecarriedoutmainlyin southerrGermany. As theprimarygoalwasto determinenoreexactly thepro-
ductionandtransporbof nitrogenoxidesproducedy lightning phenomenahe measurementscluded
aircraft measurementsf chemicalconstituentqCb arvil penetrationaswell aslowerlevel flights),
DLR’spolarimetricC—bandDopplerradarobserationsandlightningdetectiorusingthe ONERAsVHF
interferomete(ITF). The EULINOX projectwasfinishedat the endof 1999,andthe preliminaryanal-
ysis presentechereis focusedon the cloud physicsof the 21 July 1998 supercellstorm concerning
lightning evolution asmeasuredvith radarandITF. A supercelhadformedafteracell splitting overthe
Alpine forelandin thelate afternoonof 21 July 1998andsoondevelopedtypical characteristicsuchas
a persistensingle updraftanda pronouncedveak echoregion with a significantechooverhang.This
cell moved eastover oneof the ITF stationsandpassedapproximately20 km S of DLR’s radarsite at
Oberphaffenhofen.

VHF Interfer ometer Data

The ITF system(Solomonet al., 1999)hasbeendesignedo detectVHF sourceof lightning eventsat
a frequeng of 114 MHz. It is especiallysuitedto obsere intracloud(IC) flashesbut canalsodetect
negatie cloud-to—groundCG) flashegyuite well. However, 3D reconstructiorof individual dischages
is limited to an elevationintenal from 8° to 42°. In thefollowing we will discussi) volumedata,i. e.
VHF sourcesveragedover 3 min in time anda 1 km? grid in spaceandii) pointdatawhich revealthe
3D structureof eachflashby giving the 3D locationof eachVHF signalwithin anindividual flash.

12 . Thevolumedatawereanalyzedn orderto
1 204 2-Peak-Profiles — | yarive meanprofilesof VHF activity within
the supercellstorm. Due to the elevation
limitation, only datafrom thatregionwhere
verticalprofileswereavailablefrom atleast
3 km to 9 km AGL were used.Averag-
ing the vertical columnsat eachhorizon-
tal gridpoint revealeda maximumof VHF
- activity at about3.5-4.5km AGL. Some
— individual vertical VHF columnshad two
R— peaks however. Thesewere averagedsep-
arately and the resultis given in Fig. 1.
Aside from the low—level maximum,now
i s s 4t & <+ & o asecondarynaximumat 6.5-7.5km can

Average No. of VHF Sources be seen.This is dueto dominantlC acti-
Figure 1: Mean vertical profile of VHF sourcesbetween ity put lower than expected.Similar pro-

17:00—-20:00UTC. To reveal the Secondpeakat 6.5 km files have beenreportedby Solomonet al.

only profilescontainingtwo distinctpeakswereaveraged. (1999) justasthetemperaturéevelsfound
Thelowerpeakat3.5kmis presentn all profiles, hovever.  for thesepeaks,0°C and -15°C, respec-

tively. Few signalsarelocatedbelonr 2.5kmin Fig. 1 dueto the8° elevationcriterionduringEULINOX.
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Radar and VHF Interfer ometer Point Data

ThepolarizationdiversityDopplerradarat DLR wasusedto determinghelife cycle of thestormandthe
microphysicaktompositionof the hydrometeorsHoéller etal. (1994)developedanalgorithmwhich uses
thepolarimetricquantitiesZ, ZDR, andLDR to discriminatebetweerindividual hydrometeotypes.
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Figure2: Graupelcontentin gm~2 computedrom anRHI scanat231° throughthestorm.NearbyVHF
lightning signalsplottedasline sggmentsandcrossesarehighly correlatedwith thegraupelregion.

As shavn in Fig. 2, VHF signalsfrom flashegline sggmentsandcrosseshearthe depictedRHI scanat
17:40UTC agreewell with the areain which graupelis found within the storm.A wealer correlation
exists betweernthe VHF sourcesandthe snawv content.In addition,mostflashesarelocatedon the left
flank dowvnshearf the mainupdraftandthereflectivity maximum.Similar resultshave beendescribed
by Cargy & Rutledge(1998).Interestingly theseauthorsalsoobsered anunusuallyhigh IC/CG ratio
justaswasthe casefor the EULINOX storm.

Conclusions

By meansof C—bandradarandVHF interferometrythelife cycle of a supercellstormwasinvestigated
to clarify thelightning initiation processe<Our studyconfirmsthe stronginfluenceof graupelparticles
for the chage separatiorandthe downsheadisplacemenof lightning activity dueto updrafttilting and
adwectionof chaged hydrometeor®ff the stormscoreregion. Furtherstudieswill helpto identify the
causedor the high IC/CG rratio in the stormwhich might be dueto the small separatiorof only 3 km
betweerthefreezinglevel andthe-15°C—level correspondingo thealtitudesof highestnumberof VHF
sourcesGainingmoreinsightin theseeffectswill aid in developingimproved lightning parameteriza-
tionsfor mesoscalandglobalmodels.
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