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The New Mexico Tech Lightning Mapping Array (LMA) measures the total lightning activity of a storm
by locating the sources of impulsive VHF radiation events produced by the lightning. The LMA produces
detailed 3-dimensional images both of individual lightning discharges and of the overall lightning activity of
electrically active storms. The discharges are imaged by locating the sources of impulsive radio signals in an
unused VHF television channel (typically 60-66 MHz, U.S. Channel 3). The radiation events are located by
measuring their time of arrival at a county-wide network of measurement stations. The LMA was patterned
after the Lightning Detection and Ranging (LDAR) system developed at the NASA Kennedy Space Center
by Carl Lennon and Launa Maier (Maier et al., 1995). More detailed descriptions of the system operation
and results have been given by Rison et al., (1999), Krehbiel et al., (2000), and Thomas et al., (2000),
(2001).

In this paper we present results obtained during the Severe Thunderstorm Electri�cation and Precipitation
Study (STEPS) conducted during the summer of 2000 in northwestern Kansas and eastern Colorado. For
this study, thirteen measurement stations were deployed over an area 60–80 km in diameter. The LMA
has been similarly deployed and operated in central Oklahoma and central New Mexico. As shown in
Figure 1, the system is able to monitor lightning over a relatively large geographical area, with gradually
decreasing accuracy out to the maximum range of the instrument. Figure 2 shows a closer view of the
STEPS network. In addition to locating lightning, the system is able to locate and track other sources
of impulsive RF radiation, in this case the steady stream of spark discharges produced by a commercial
airliner �ying through the downwind anvil 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 �ying
throughthedownwind anvil of thestorms.Theaircraft
was�ying at about8.5km altitudeandwasproducinga
steadystreamof sparksasaresultof collisionalcharging
with ice crystalsin theanvil.
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Figure3: Height versustime plot of the lightning activity in the tornadicstormof June29, 2000,showing a) the
occurrenceof a numberof convective surgesin thestorm(the �rst four of which arelabelledA–D), b) the timesof
lightning `holes'andof anF1tornadothataccompaniedthethird convectivesurge,c) substantialintensi�cationof the
lightningactivity at thetimeof thethird convectivesurgeandthetornado,andd) theonsetof +CGlightningalsoat the
time of thethird convectivesurge. Thestorminitially electri�ed with a lower positive andmid-level negative charge
(interval a), thendevelopeda pseudo-normaltripolar electricalstructurewith anapparentlydominantlower positive
chargeregion(intervalb). Thechargeregionsthengraduallysubsidedto producestrongandpersistentinvertedpolarity
electri�cation having dominantmid-level positive chargeanduppernegative charge. Thestormproducednumerous
IC dischargesduringits �rst 90min but only asingleCGdischarge.

Additional features of the LMA observations are as follows:

� The lightning activity in a storm has been found to be a good indicator of storm development and
severity. Lightning in severe storms has been found to be essentially continuous and volume-�lling. Of
particular interest have been the �ndings that a) strong convective surges signaling the intensi�cation
of a storm are detected by the presence of upward-developing discharge events above the other
activity of the storm (Figures 3, 5 and 6), and b) the occurrence (or potential occurrence) of tornados
is signaled by the development of a lightning-free region, or lightning `hole', that can accompany a
convective surge (Figure 4).

� Severe and supercell storms have an anomalous electrical structure which is inverted in polarity from
that of normal, non-severe storms. In particular, the intracloud (IC) lightning is inverted in polarity
from that of normal storms, and the storms produce predominantly positive cloud-to-ground (+CG)
lightning. Examples of inverted and normal polarity lightning are shown in Figures 7 – 10.

� Such inverted polarity storms can produce substantial IC lightning for long periods of time (or for their
entire lifetime) without producing any CG lightning, or relatively few CG discharges (e.g., Figures 3
and 6). The onset of +CG lightning always appears to be associated with convective surges in the
storm (Figures 3 and 6).

� The lightning in large storm systems and in dissipating storms can have substantial horizontal extent
and spectacular structures (Figures 7 and 11).
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Figure 4: Lightning `hole' that accompaniedthe third
convective surge(`C') in the tornadicstormof June29,
2000. The tornado(an F1) occurredon the left (west)
sideof theholeandwason thegroundfor about15min.
The earlier convective surgescausedlesswell-formed
lightning holes. Lightning holeshave beenobserved in
other tornadicstormsand appearto be a characteristic
signatureof the impendingoccurrenceor potential for
occurrenceof a tornado.

Figure 5: Convective surge `D' in the June29 storm.
The surgesarerevealedby theoccurrenceof numerous
small electricaldischargesthat rise up above the other
lightning activity in the stormover a time spanof 3–4
minutes. The upward developingdischarge eventsare
seenin theheight-timepanelat thetop of the�gure and
abovethecoreof thestormin theverticalprojectionpan-
els. Suchlightning activity typically ascendsto 16 to 19
km altitudeMSL.

Figure6: Heightversustimeplot for the�rst of two supercellstormsonJuly22,2000.Thisstormproducedsubstantial
small hail at the groundduring its electrically intensestage. The stormelectri�ed in a similar manneras the June
29 storm and exhibited several convective surgesbut did not becometornadic. +CG dischargesaccompaniedthe
initial surges; by this time the storm had developeda fully invertedelectricalpolarity. After 20:10 the electrical
activity decreasedandthestormsubsequentlybecamere-electri�ed with normalpolarity, andproducednegative CG
discharges.
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Figure7: A normalpolarity, negativeCG�ash (negative
charge loweredto ground)that had a substantial(> 50
km) incloudhorizontalextentandaspectaculardendritic
structure. The small trianglesindicate the -CG strike
pointsasdeterminedby the NLDN, but provide no in-
dicationof theoverall sizeof thedischarge.

Figure8: A positive CG discharge,which loweredpos-
itive charge to groundfrom the samealtitude rangeas
negativechargein normalpolarity storms.The`x' sym-
bols indicate two NLDN-locatedgroundstrike points.
Thedischargedevelopedin two directionsawayfrom the
channelto ground.

Figure9: A normalpolarity, bilevel intracloud(IC) dis-
charge, betweennegative charge at mid-levels (6-8 km
altitude MSL) andpositive charge in the upperpart of
thestorm. Normalpolarity ICs arecharacterizedby up-
wardinitial developmentatVHF andby delayedactivity
in thenegativechargeregion. MoreVHF activity occurs
in theupperpositiveregionthanin themid-levelnegative
chargeregion.

Figure10: An invertedpolaritybilevel IC discharge,be-
tweenmid-level positiveanduppernegativecharge.The
inverteddischargesarecharacterizedby downward ini-
tial developmentatVHF andby moresourcesin themid-
level (positive)regionthanin theupper(negative)region.
Stormshaving invertedpolarityIC dischargeswerecom-
monin STEPSandwerethedominantform of lightning
in supercellandseverestorms.
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Figure11: A horizontallyextensive(80km) positiveCG
discharge in the trailing stratiform region of an MCS.
Four +CG strokes occurredat widespreadlocationsas
the discharge propagatedthroughthe stratiformregion.
Immediatelyfollowing eachstroke theradiationsources
rapidly expandedaway from the ground strike point.
Thisis thetypeof lightningthatinitiatesspritesandelves
high in theatmosphere.

Figure12: Initial resultsof high time-resolution(10 � s)
observationswith the LMA, in this caseof a normal
polarity -CG �ash, showing detailedbranchingof the
steppedleaderto ground.Thedischargewasa`bolt from
theblue' �ash from STEPSthatwasalmostidenticalin
natureto theNew Mexico �ash of Figure13.

Additional points of interest concerning the LMA and its observations are:

� The LMA normally has a time resolution of 80 or 100 � s, enabling it to locate as many as 10,000
or so radiation events per second. However, the system can also be operated with an enhanced
time resolution of 10 � s to provide �nely detailed pictures of individual lightning discharges. An initial
example of such observations from STEPS is shown in Figure 12. The LMA is currently being operated
at Tech's Langmuir Laboratory in central New Mexico in a compact array con�gur ation (8 stations
within a 5-km diameter area plus 4 outlying stations) for highly detailed studies of lightning.

� The mapping system has shown numerous instances of lightning `bolts from the blue', and provides
a clear and simple explanation of their occurrence (Figure 13). In particular, bolts from the blue begin
as a normal polarity IC �ash between mid-level negative and upper positive charge in a storm, then
develop sideways out of the cloud, either from within the upper positive charge region (Rison et al.,
1999), or from partway along the vertical channel between the two charge levels (Figures 12 and 13).
Bolts from the blue have been identi�ed previously in observations from the LDAR system at Kennedy
Space Center, Florida by Forbes and Hoffert (1998).

� Experimental observations of a pulsed RF transmitter on board a sounding balloon show that the LMA
is able to locate events with a high degree of accuracy, on the order of 10 m rms in the horizontal, and
20 m rms in the vertical for events between about 2 and 10 km altitude above the network of stations
(Thomas et al., this conference). The sounding observations demonstrate the feasibility of locating
multiple, lightweight, low-power pulse transmitters in other kinds of ground or airborne applications.

In conclusion, three-dimensional observations of the total lightning activity in storms provide a valuable
and complementary means of characterizing the storms, and can be used to indicate when the storms
intensify and become severe.
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Figure13: A lightning `bolt from theblue' observedover LangmuirLaboratoryin centralNew Mexico during1999.
Thedischargeis shown in verticalprojection(left) andhorizontalprojection(right), overlaiduponvertical(RHI) and
plan(PPI)cross-sectionsof theradarechothroughthestorm.The�ash beganasanormalpolarity IC discharge,with
negative-polaritybreakdown developingupward betweenmidlevel negative andupperpositive charge in the storm.
Thebreakdown thenexited thestormto the left (west),apparentlyalongpositive screeningchargeat the radarecho
boundary, andturneddownwardasa negativesteppedleaderto ground.Thegroundstrikepoint wasabout9 km (5–6
miles) westof the coreof the storm,well outsidethe storm's radarecho. The stormpresumablyhadan excessof
midlevel negativechargeanda de�cit of upperpositivecharge,but the�ash wasinitiatedaboveratherthanbelow the
negativechargeregionandthereforebeganasanIC discharge.
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