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INTRODUCTION

TheNew Mexico TechLightning MappingArray (LMA) producesletailed3-dimensionabbsenationsof thetotal
lightning actvity in a stormby locating the sourcesof impulsive VHF radiationproducedby the lightning. Both
individual lightning dischagesandthe overall activity of the stormaredetermined.The radiationeventsarelocated
by accuratelymeasuringheir time of arrival at a network of 10-13measuremendtationsspreadover anareaup to
60-80km in diameter TheLMA waspatternedaftertheLightning DetectionandRanging(LDAR) systendeveloped
at the NASA KennedySpaceCenter[e.g., Maier et al., 1995]. Thetime-of-arrival techniquefor studyinglightning
waspioneeredn SouthAfrica by David Proctor(e.g.,Proctor 1981;Proctor et al., 1988)

The LMA hasbeenoperatedn 1998in centralOklahomaduring MEaPRS[Krehbiel et al., 2000], at Langmuir
Laboratoryin centralNew Mexico during1998and1999[Rison et al., 1999; Thomas et al., 2000,2001],andin the
SevereThunderstornklectrificationandPrecipitationStudy(STEPSXuring2000in northwesteriKansasandeastern
Colorado.Next generatiornversionsof the mappingsystemarebeingoperatedn NorthernAlabamaby NASA andin
centralOklahomaby the University of Oklahomaandthe U.S. National Severe StormsLaboratory In this paperwe
briefly describeobsenationsobtainedduring STEPS2000.

RESULTS

Figure 1 shows the locationof the LMA network during STEPS.The systemhasthe ability to monitor lightning
over arelatively large geographicabrea,with graduallydecreasingaiccurag out to a maximumrangeof about250
km. Figure2 showvs a closerview of the STEPShetwork. In additionto locatinglightning, the systemis ableto locate
andtrack othersourcesof impulsive RF radiation,in this casethe steadystreamof sparkdischagesproducedby a
commerciakirlinerflying throughthe downwind arvil of two storms.
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Figurel: Obsenationsof lightning over partsof Kansas, Figure 2: Closerview of the STEPSLMA network,
Colorado,and Nebraskaduringa 10 minutetime inter- ~ Shawing lightning in two stormsto the west of the
val on May 26, 2000. The maximumrangeis limited to ~ network and the track of a commercialaircraft flying

about+300km by the curvatureof the earth. throughthe downwind arvil of the storms. The aircraft
wasflying atabout8.5 km altitudeandwasproducinga
* Cold andArid RegionsResearchnstitute,Lanzhou,PR.C. steadystreanof sparksasaresultof collisionalchaging

with ice crystalsin thearvil.



Figure 3: Height versustime plot of the lightning activity in the tornadicstorm of June29, 2000, shaving a) the
occurrenceof a numberof corvective suigesin the storm (the first four of which arelabelledA-D), b) the timesof
lightning ‘holes’ andof anF1tornadothataccompaniethethird cornvective surge, c) substantiaintensificationof the
lightning actiity atthetime of thethird corvective sugeandthetornado andd) theonsetof +CG lightning alsoatthe
time of the third corvective suge. The storminitially electrifiedwith a lower positve andmid-level negative chage
(interval ), thendevelopeda pseudo-normatripolar electricalstructurewith anapparentlydominantlower positive
chageregion(interval ). Thechageregionsthengraduallysubsidedo producestrongandpersisteninvertedpolarity
electrificationhaving dominantmid-level positive chage anduppernegative chage. The stormproducedhumerous
IC dischagesduringits first 90 min but only a singleCG dischage.

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 resultswere astonishing. The first indicationsof the natureof the stormswere
thattheintracloud(IC) lightning in the +CG stormswasconsistentlyinvertedin polarity. Ratherthanbeingbetween
dominantmid-level negative chageandupperpositive chaige,andto developin anascendingnanneythelCsusually
developeddownward betweenapparentuppernegative chaige and dominant,deepmid-level positive chage. The
+CG dischageswerefoundto originatein the inferredmid-level positive chage region, explaining their anomalous
polarity. Exampleof invertedpolarity ICs and+CGsareshovn by Hamlin et al. [this conferencehndby Krehbiel et
al., [2002]. Invertedpolarity IC dischageswereobsenedwith the LMA in the Oklahomastudiesandreportedat the
previousICAE conferencdKrehbiel et al., 1999].

Basedon the lightning obsenations, the anomalousstormshave an inverted polarity electrical structure. This
inferenceis beingconfirmedby balloon-borneslectricfield measurementis the STEPSstormsandby detailedcom-
parisonsof the soundingand LMA data[Rust et al., 2002; Rust et al., this conference]. Invertedpolarity storms
werecommonplaceluring STEPS half or moreof the stormshaddominantor substantiaperiodsof invertedpolarity
lightning. Inverted-polaritylightning wasobsenedin all of the severestormsobsenedduring STEPS but wasalso
obsenedin non-supercelstormsor partsof storms.

Additional resultsconcerningheinverted-polaritystormsareasfollows:

The stormscango for long periodsof time, 1-2 hours,without producingary CG lightning (eitherpositive or
negative), while atthe sametime having substantialC actiity. A coupleof stormsduring STEPSproducecho
CG lightning during their entirelifetime, including the Bird City stormof June4, 2000. The absencef +CG
dischagesindicatesthat the invertedstormslack significantamountsof lower negative chage (the equivalent



of lower positive chage in normalpolarity storms),andreinforcesthe ideathat lower chage is necessaryor
theproductionof CG dischages.

Theonsetof +CG lightning in theanomaloustormsis consistentlyassociatedvith strongcornvective sugesin
thestorms.The corvective sugesaredetectedby meansof numerousshort-duratioriC dischagesthatriseup
abovetheotherlightning activity in the storm,andsignaltheintensificationof the storm(Figure3). Corvective
sugelightningwasalsoobsenedwith theLMA in theMEaPRSstudyandreportedatthelastiICAE conference.
It is not understoodchow the corvective suigescause+CG lightning to begin. Low CG flashrate stormshave
alsobeenreportedoy Lang et al., [2000].

Of substantiainterestis the questionof how the stormsbecomeanomalouslyelectrified. Basedon the lightning
obsenations,the tornadicstormof Figure 3 initially electrifiedwith a mid-level negative andlower positive chaige
(interval ‘A’ of Figure 3), thatis, the lower dipole of a normal-polaritytripole structure. The lower positive chage
was colocatedwith 40-50dBZ graupelor hail betweenabout3 and 7 km altitudein the developing storm (Figure
7, Hamlin et al., this conference).The lower positve chage appearedo be a dominantchage, asthe descending
IC flashesdid not continueto groundto produce-CG dischages,asthey would in a normalstorm. This electrical
structureis consistentvith reversed-polaritychaging of the graupelandhail.

About 25 min into the stormthe lightning actiity intensifiedand indicatedthe rapid developmentof multiple,
alternatingchagelayersabove the lower dipole (Figure8, Hamlin et al.; interval ‘B’ of Figure3). Therapid onsetof
this change coupledwith the alternatingnatureof the chage distribution, is surprisinglysuggestie of aninductive
chagingprocess.

By thetime of corvectivesuige‘A’ thestormhaddevelopedadom-
inant, deep,mid-level positive chage thatremainedstablefor the re-
mainderof the storms life. Corvective suige‘C’ substantiallyinten-
sified the stormboth electricallyand dynamicallyandled to the oc-
currenceof anF1tornadoin the storm. Thetornadowasprecededy
the developmentof a spectaculalightning ‘hole’ (Figure). The hole
coincidedwith the updraftof thestormandwith aboundedveakecho
region (Lang et al., 2003). The tornadooccuredon the westside of
the hole, similar to obsenationsof a tornadicstormduring MEaPRS
(Krehbiel et al., 2000). Similar but lesswell-formed lightning holes
wereobsenedduringthe earliercorvective suiges;they appeato re-
flect the exclusionof chaiged precipitationparticlesfrom within the
updraftandthe subsequeritvrapping’ of thechaigedparticlesaround
theupdraftby therotationalmotionof thestorm.

The lightning obsenationsfor the Bird City stormof June4, 2000
indicatethatthe stormbeganwith awell-developedmid-level positive
andupperlevel negative chage andessentiallymaintainedhis struc-
turethroughoutits entire2 hourlife (Figures2—5,Hamlin et al.). The
positive chageregionwascolocatedvith thecorvectvecoreandhail ) ) )
region of the stormfor its entirelifetime, but alsoextendedhorizon- Figure4: Lightning ‘hole’ thataccompanied
tally downwind of the core later in the storm. The Bird City storm the third convective suge (‘C') andF1 tor-
producecho CG lightning, eitherpositive or negative, andmaintained nadoin thestormof June29, 2000.
arelatively steady-statstructurewith no corvective suiges.

The abore obsenationsare strongly suggestie of positive chaging of hail by the chaige-reversalmicrophysics
process.An interestingfeatureof the lightning in the invertedpolarity stormsis thatit is moreindicative of a pre-
cipitation chaging procesghanin normalpolarity storms. In particulay negative polarity breakdevn is commonly
obsenedto descendlownwardthroughthe precipitationregion andsometime®vento traceout well-definedor com-
plex hailshafts(e.g.,Figure5, Hamlin et al.). Theimplicationis thatthe positive chage is beingcarriedby the hail
itself. While suchbehaior might alsobe expectedn normalpolarity stormschaigedby a precipitationmechanismit
is generallynot seen.(Downward developingbreakdevn doesoccurduring the leadersof -CG dischages,but thisis
belown themid-level chageregionratherthanaboveit.)

As in normalpolarity storms theinvertedchage structureof theanomaloustormsalsoextendhorizontallyaway
downwind from the corvective core,decreasingn altitudesomeavhatwith distance Anotheraspecbf theanomalous
chage distribution is that the positive chaige hassignificantvertical depth,while the negative chage immediately
above it positive appearselatively shallon. In addition,the negative chaigeis found at substantiallyhigheraltitudes
thanin normal polarity storms,and the inferred positive chaige region is also higher and colder thanis might be
expectedof a chage-reversalmechanism.Finally, the invertedpolarity chage structuresarelong lived and stable,



commonlylastingfor hoursat atime aslong asthe stormremainsvigorousandelectricallyactive.

The aborve obsenationsindicate that other chaging processedecomeactive after being primed or continually
drivenby thechagereversalprocessGiventhe essentiallycontinuoudightning activity in thesestormsiit is possible
andeven likely that a chaging processcausedby the lightning dischagesthemseles enhance®r even comesto
dominatethe overall chaging process.
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