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INTRODUCTION
TheNew Mexico TechLightningMappingArray (LMA) producesdetailed3-dimensionalobservationsof thetotal

lightning activity in a stormby locating the sourcesof impulsive VHF radiationproducedby the lightning. Both
individual lightning dischargesandtheoverall activity of thestormaredetermined.Theradiationeventsarelocated
by accuratelymeasuringtheir time of arrival at a network of 10-13measurementstationsspreadover an areaup to
60–80km in diameter. TheLMA waspatternedaftertheLightningDetectionandRanging(LDAR) systemdeveloped
at the NASA KennedySpaceCenter[e.g.,Maier et al., 1995]. The time-of-arrival techniquefor studyinglightning
waspioneeredin SouthAfrica by David Proctor(e.g.,Proctor 1981;Proctor et al., 1988)

The LMA hasbeenoperatedin 1998in centralOklahomaduring MEaPRS[Krehbiel et al., 2000], at Langmuir
Laboratoryin centralNew Mexico during1998and1999[Rison et al., 1999;Thomas et al., 2000,2001],andin the
SevereThunderstormElectrificationandPrecipitationStudy(STEPS)during2000in northwesternKansasandeastern
Colorado.Next generationversionsof themappingsystemarebeingoperatedin NorthernAlabamaby NASA andin
centralOklahomaby theUniversityof OklahomaandtheU.S.NationalSevereStormsLaboratory. In this paperwe
briefly describeobservationsobtainedduringSTEPS2000.

RESULTS
Figure1 shows the locationof the LMA network duringSTEPS.The systemhasthe ability to monitor lightning

over a relatively large geographicalarea,with graduallydecreasingaccuracy out to a maximumrangeof about250
km. Figure2 showsacloserview of theSTEPSnetwork. In additionto locatinglightning, thesystemis ableto locate
andtrack othersourcesof impulsive RF radiation,in this casethe steadystreamof sparkdischargesproducedby a
commercialairlinerflying throughthedownwindanvil of two storms.

Figure1: Observationsof lightningoverpartsof Kansas,
Colorado,andNebraskaduring a 10 minutetime inter-
val on May 26, 2000. Themaximumrangeis limited to
about

�
300km by thecurvatureof theearth.
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Figure 2: Closer view of the STEPSLMA network,
showing lightning in two storms to the west of the
network and the track of a commercialaircraft flying
throughthe downwind anvil of the storms.The aircraft
wasflying at about8.5km altitudeandwasproducinga
steadystreamof sparksasaresultof collisionalcharging
with icecrystalsin theanvil.



Figure3: Height versustime plot of the lightning activity in the tornadicstormof June29, 2000,showing a) the
occurrenceof a numberof convective surgesin thestorm(thefirst four of which arelabelledA–D), b) the timesof
lightning ‘holes’ andof anF1tornadothataccompaniedthethird convectivesurge,c) substantialintensificationof the
lightningactivity at thetimeof thethird convectivesurgeandthetornado,andd) theonsetof +CGlightningalsoat the
time of thethird convectivesurge. Thestorminitially electrifiedwith a lower positive andmid-level negativecharge
(interval � ), thendevelopeda pseudo-normaltripolar electricalstructurewith anapparentlydominantlower positive
chargeregion(interval � ). Thechargeregionsthengraduallysubsidedtoproducestrongandpersistentinvertedpolarity
electrificationhaving dominantmid-level positive chargeanduppernegative charge. Thestormproducednumerous
IC dischargesduringits first 90 min but only a singleCGdischarge.

A primary goal of STEPSwasto investigatestormsthat producepredominantlypositive cloud-to-ground(+CG)
lightning. The questionwas how thesestormsdiffer from normal stormsin which the CG lightning is primarily
of negative polarity. The lightning resultswereastonishing.The first indicationsof the natureof the stormswere
that theintracloud(IC) lightning in the+CG stormswasconsistentlyinvertedin polarity. Ratherthanbeingbetween
dominant,mid-levelnegativechargeandupperpositivecharge,andto developin anascendingmanner, theICsusually
developeddownward betweenapparentuppernegative charge anddominant,deepmid-level positive charge. The
+CG dischargeswerefoundto originatein the inferredmid-level positive chargeregion, explainingtheir anomalous
polarity. Examplesof invertedpolarity ICsand+CGsareshown by Hamlin et al. [this conference]andby Krehbiel et
al., [2002]. Invertedpolarity IC dischargeswereobservedwith theLMA in theOklahomastudiesandreportedat the
previousICAE conference[Krehbiel et al., 1999].

Basedon the lightning observations, the anomalousstormshave an invertedpolarity electricalstructure. This
inferenceis beingconfirmedby balloon-borneelectricfield measurementsin theSTEPSstormsandby detailedcom-
parisonsof the soundingandLMA data[Rust et al., 2002; Rust et al., this conference]. Invertedpolarity storms
werecommonplaceduringSTEPS;half or moreof thestormshaddominantor substantialperiodsof invertedpolarity
lightning. Inverted-polaritylightning wasobservedin all of theseverestormsobservedduringSTEPS,but wasalso
observedin non-supercellstormsor partsof storms.

Additional resultsconcerningtheinverted-polaritystormsareasfollows:
� Thestormscango for long periodsof time, 1-2 hours,without producingany CG lightning (eitherpositive or

negative),while at thesametimehaving substantialIC activity. A coupleof stormsduringSTEPSproducedno
CG lightning during their entirelifetime, including theBird City stormof June4, 2000. Theabsenceof +CG
dischargesindicatesthat the invertedstormslack significantamountsof lower negative charge(theequivalent



of lower positive charge in normalpolarity storms),andreinforcesthe ideathat lower charge is necessaryfor
theproductionof CGdischarges.

� Theonsetof +CGlightning in theanomalousstormsis consistentlyassociatedwith strongconvectivesurgesin
thestorms.Theconvectivesurgesaredetectedby meansof numerous,short-durationIC dischargesthatriseup
abovetheotherlightningactivity in thestorm,andsignaltheintensificationof thestorm(Figure3). Convective
surgelightningwasalsoobservedwith theLMA in theMEaPRSstudyandreportedatthelastICAE conference.
It is not understoodhow the convective surgescause+CG lightning to begin. Low CG flashratestormshave
alsobeenreportedby Lang et al., [2000].

Of substantialinterestis the questionof how the stormsbecomeanomalouslyelectrified. Basedon the lightning
observations,the tornadicstormof Figure3 initially electrifiedwith a mid-level negative andlower positive charge
(interval ‘A’ of Figure3), that is, the lower dipole of a normal-polaritytripole structure.The lower positive charge
wascolocatedwith 40-50dBZ graupelor hail betweenabout3 and7 km altitude in the developingstorm(Figure
7, Hamlin et al., this conference).The lower positive charge appearedto be a dominantcharge, asthe descending
IC flashesdid not continueto groundto produce-CG discharges,asthey would in a normalstorm. This electrical
structureis consistentwith reversed-polaritychargingof thegraupelandhail.

About 25 min into the storm the lightning activity intensifiedand indicatedthe rapid developmentof multiple,
alternatingchargelayersabovethelowerdipole(Figure8, Hamlin et al.; interval ‘B’ of Figure3). Therapidonsetof
this change,coupledwith the alternatingnatureof the chargedistribution, is surprisinglysuggestive of an inductive
chargingprocess.

Figure4: Lightning ‘hole’ thataccompanied
the third convective surge (‘C’) and F1 tor-
nadoin thestormof June29,2000.

By thetimeof convectivesurge‘A’ thestormhaddevelopedadom-
inant,deep,mid-level positive chargethat remainedstablefor the re-
mainderof thestorm’s life. Convective surge‘C’ substantiallyinten-
sified the stormboth electricallyanddynamicallyand led to the oc-
currenceof anF1 tornadoin thestorm.Thetornadowasprecededby
thedevelopmentof a spectacularlightning ‘hole’ (Figure). Thehole
coincidedwith theupdraftof thestormandwith aboundedweakecho
region (Lang et al., 2003). The tornadooccuredon the westsideof
thehole,similar to observationsof a tornadicstormduringMEaPRS
(Krehbiel et al., 2000). Similar but lesswell-formedlightning holes
wereobservedduringtheearlierconvectivesurges;they appearto re-
flect the exclusionof chargedprecipitationparticlesfrom within the
updraftandthesubsequent‘wrapping’ of thechargedparticlesaround
theupdraftby therotationalmotionof thestorm.

The lightning observationsfor theBird City stormof June4, 2000
indicatethatthestormbeganwith awell-developedmid-level positive
andupper-level negativechargeandessentiallymaintainedthis struc-
turethroughoutits entire2 hourlife (Figures2–5,Hamlin et al.). The
positivechargeregionwascolocatedwith theconvectivecoreandhail
region of the stormfor its entirelifetime, but alsoextendedhorizon-
tally downwind of the core later in the storm. The Bird City storm
producedno CGlightning,eitherpositiveor negative,andmaintained
a relatively steady-statestructurewith no convectivesurges.

The above observationsarestronglysuggestive of positive charging of hail by the charge-reversalmicrophysics
process.An interestingfeatureof the lightning in the invertedpolarity stormsis that it is moreindicative of a pre-
cipitation charging processthanin normalpolarity storms. In particular, negative polarity breakdown is commonly
observedto descenddownwardthroughtheprecipitationregionandsometimesevento traceoutwell-definedor com-
plex hailshafts(e.g.,Figure5, Hamlin et al.). The implication is that thepositive charge is beingcarriedby thehail
itself. While suchbehavior mightalsobeexpectedin normalpolaritystormschargedby aprecipitationmechanism,it
is generallynot seen.(Downwarddevelopingbreakdown doesoccurduringtheleadersof -CG discharges,but this is
below themid-level chargeregion ratherthanaboveit.)

As in normalpolarity storms,theinvertedchargestructuresof theanomalousstormsalsoextendhorizontallyaway
downwind from theconvectivecore,decreasingin altitudesomewhatwith distance.Anotheraspectof theanomalous
charge distribution is that the positive charge hassignificantvertical depth,while the negative charge immediately
above it positive appearsrelatively shallow. In addition,thenegativechargeis foundat substantiallyhigheraltitudes
than in normal polarity storms,and the inferredpositive charge region is also higherand colder than is might be
expectedof a charge-reversalmechanism.Finally, the invertedpolarity charge structuresare long lived andstable,



commonlylastingfor hoursat a time aslongasthestormremainsvigorousandelectricallyactive.
The above observationsindicatethat other charging processesbecomeactive after being primed or continually

drivenby thechargereversalprocess.Giventheessentiallycontinuouslightningactivity in thesestorms,it is possible
andeven likely that a charging processcausedby the lightning dischargesthemselvesenhancesor even comesto
dominatetheoverall chargingprocess.
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