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ABSTRACT

On 20 May 2013, a supercell thunderstorm developed wesbuthwest of NewcastleQklahoma, and even
tually produced an EF-5 tornado that struck Moore, Oklahoma. This article describes how total lightning
observations associatedavith this rotating storm could benefit warning operations. This effort focuses oni)
the Geostationary Operational Environmental Satellife pseudegeostationary lightning mapper product, (ii)
the Nati onal Aeronautics a nShort-®nnaRreglictioh dResearch saandr Taansitionn 6 s
Centerr/Met eor ol ogi cal Devel opment L a b o r a (iipa rgabtime lighaning | ' i ght
jump algorithm currently under development. Useoft hese t hree tools revealed a di
inthe stormdéds |l ightning flash rates prior taninrppgoported s
to severe hail and coincided with the stormdsmhnnitial
prior to tornado touchdown. This secondjump accompanied an increase in rotational depth and strength.
These rapid increases in total lightning activity can provide improved situational awareness to forecasters, as
lightning jumps relate to the rapid strengthening of a stormé updraft and serveas a precursor to the
stretching of the storm vortexprior to severe weather events. Although lightning jumps alone do not always
indicate imminent severe weather, theyi) have the potential tohelp reduce false alarms and(ii) can guide
forecastersto issue warnings earlier than they would have with radar data alone.

1. Introduction

A robust correlation between a rapid increase ifsoodman 20Q; Hodanish et al. 2013). Total lightning
total lightning (i.e., lightning jumps) and severe weathdata (i.e., both intracloud and clotmground obser
er has been wellocumented (e.g., Goodman et al.vations) provide rapid temporal updates on changes in
1988 2005 MacGorman et al. 198 Willams etal. at hunder st or mé s up d r-radarn c ha
1999; Schultz et al. 208 2011 Gatlin and Goodman Vvolumescan times. Upon launch tie Geostationary
2010). Current lightning jump research focuses on théperational Environmental Satellif®e (GOESR; Good
development of an algorithm to automatically detectman et al. 2012)total lightning data will be available
lightning jumps to aid in thesevere weathewarning continuously from the Geostationakyghtning Map
process (e.g., Schultz et al. 20®01% Gatlin and per (GLM; Christian et al. 1989, 1992; Christia006;
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Goodman et al. 2013yith a 20-s latency for data pro laboratory studies of graufigde charge exchange by
cessing. Takahashi (1978) and Jayaratne et al. (1983). This
Although lightning jumps can indicate increasingindirect connection between total lightning and severe
potential for severe weather, Metzger and Nuss (2013)eather assumes a primary (i.e., causative) physical
and Schultz et al.2013) found that lightning jumps connection between the mixg@thase updraft and the
alone are insufficient to discriminate one type ofsevere weather (e.griming growth of large hail,
severe weather from another. Thus, in order to userecipitation loading, and melting in downdrafts for
total lightning data and the lightning jump conceptstraightline wind events). As such, a quaseady and
more effectively in thesevere weatherwarning firotating updrafy is not required for the lightning
decisionmaking proces, they must be combined with jump to be useful in a general severe weather scenario.
other observations, such as nemrm environmental Furthermoe, several studies have found that total flash
data, radar, and satellite imagery (Schmit et al. 2005). at es wer e correl ated with
Goodman et al. (1988, 2005) analyzed two severmass flux (e.g., Lang and Rutledge 2002; Kuhlman et
weather cases where strong vertical growth waal. 2006; Deierling and Petersen 2008; Calhoun et al.
indicated by radar ahthat were accompanied by a 2013a).
rapid increase in total lightning flash rate prior to the The updraft itself plays a role in tmdogenesis
onset of damaging microbursts in northern Alabamahrough a series of events. Davikmes (1984) stated
Another case by Gatlin and Goodman (2010 h a't the rotation of a sto
described how the lodevel radial shear, which was the tilting of streamwise vorticityand this rotation
associated with the delepment of an FL tornado, | eads to the devel opment of
increased just after a lightning jump. This jumpThis development is impaht for severe weather
occurred about 20min pri or t o t hferecastingr as andaolyd 80% of storms with meso
development. Furthermore, White et al. (2012) notedyclones produce seveweather (Stumpf et al. 1998)
that increasing total lightning source densities werén which 26% of detected mesocyclones produce-torn
driven by strong updrafts reaching the mimthse adoes (Trapp et al. 2005). The tilting of streamwise
region of a storm. The source densities increased asrticity, coupled with lomevel convergengédeads to
the maximum radar redttivity increased aloft at vertical stretching of vortex tubes, thereby contributing
approximatelyi 20°C {.e., the mixedphase region). In to increases in cyclonic vertical vorticity (Lemon and
a separate study, Schultz et al. (2013) fothmitthe  Doswell 1979; Daviegones 1984; Roberts and
mean vertical profile of reflectivity increased in 329 Wilson 1995).
storms during the 1fin prior to a lightning jump and The direct physical connection between the
decrease during the 10min after the jump. This also midlevel mesoyclone and tornadogenedisind
was noted in a different case by Williams et al. (1999)herefore the indirect connection between the lightning
Recently, Metzger and Nuss (2013) demonstrétatl  jump and tornadogene8ids complex. As previously
there was rapid vertical growth of the-8BZ contour mentioned by Trapp et al. (2005), thereidy a weak
as a lightning jump was occurring in 64 of@served association between mesocyclone occurrence and
cases. tornadogenesis. é8earch suggests the importance of
The relationship between total lightning and thethe rear flank downdraft (RFD; Lemon and Doswell
mixedphase updraft is what indirectly connects thel979) for vortex stretching at the lowest levels. The
lightning jump to higimpact weather. The lightning RFD transports angular momentum fromthan the
jumps in two storms observed by the Kennedy Spaamesocyclone to the ground (e.g., Adlerman et al. 1999;
Centerds Li g ht nRangigpg (Izenbre dMarkowshki etaaln2803; Davieslones 2008). As this
1975; Lennon and Maier 199T)etwork coincided low-level angularmomenturarich air reaches the
with explosive vertical development and weresurface, it contributes to the previously mentioned
precursors to severe weather (Williams et al. 1999surface convergence and vertical stretching upon being
For these severe storms, the peak flash rate was mbsh gest ed i nto the stor mbés |
closely related to the vertical extent dfe radar Markowski etal. 2003; Davieslones 2008). Numer
reflectivity in the mixeephase region at low levels. As ous studies have concluded that the likelihood of a
Williams et al. (1999) descrilde this was consistent tornado, its intensity, and longevity increase as the
with the hypothesis that supercooled water was a keyeficit between the equivalent potential temperature
ingredient for electrification, as suggested by thevithin the RFD and the updrafis reduced (e.g.,
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Markowski 202; Grzych et al. 2007; Markowski and strated improvements in warning lead times, situa
Richardson 2009; Lee et al. 2012). tional awareness, and lightning safety (lHoigh et al.

The discussion above can be combined to createl®98; Bridenstine et al. 2005; Goodman et al. 2005;
conceptualand/or operational model for using total Demetriades et al. 2008; Nadler et al. 2009; Stano et
lightning in a supercell environment (e.g., Fawbushal. 2010aStano 2012).
and Miller 1954; Bluestein 1993pp. 475492 The goal of this paper is to demonstrate Hbe
Thompson et al. 2003, 208puch as on 20 May use of total lightning data could contribute to warning
2013. As a storm initiates in an environment withdecision support during severe weather operations in
favorable convective availble potential energy the future. None of the lightning data tools described
(CAPE) and shear, a rapid increase in total lightnincherein were available to operational forecasters in real
suggeststhat the storm updraft is intensifying. This time during the storm that produced the 20 May 2013
inference comes from total lightning being driven bytornado in Moore, Oklahoma. This paper is not
rapid increases in the vertical velocity of the updraft irntended as an exhaustive analysis dittht or md s
the mixedphaseregion. As vertical velocities in genesis and life cyclelnstead, his paper will
crease, the mesocyclone develops with streamwisiemonstrate collaborativeapabilities under devel
vertical vorticity accelerating in the midlevels. At this opment, as well asow these future capabilities could
point, tornadogenesis will depend on the favorabilityfit within operational warning practices. This iel
of the RFD, as discussed abovéhe forecaster will focuses on how these tools can support and enhance
infer this rapidly increasing vertical motion in the the operational warning decisionaking process.
mixed-phase region with total lightning before theyThese data also can aid situational awareness; parti
will see it with radar. Warningpresumablycan be cularly by providing the specific locations at which
issued earlier based on the total lightning datathunderstorms are beginning to develop. Oopéhis
Additional radar and neatorm environment data will that examples like the ones presented here can help
be reeded to determine if the warning will be a severdorecasters add techniques for using new observational
thunderstorm or tornado warning. capabilities during severe weather warning operations.

Several studies have evaluated the impact of using The remainder of this paper will focus on the
this conceptual model of the relationship betweemvaluation of total lightning observatie and visual
lightning jumps and storm severity in an operational oization tools with respect to the Moor®klahoma,
guasioperatimal setting for both supercell and tornadic supercell. Section 2 provides background on
nonsupercell environments. For example, Darden et ghe total lightning data, products, and tools used in this
(2010) revieved how lightning jumps were related to post analysis, and quickly highlights total lightning
the rapid development of a mesocyclone and a4 EF available in operations now. Section 3 provides -anal
tornado during the 6 February 2008 severe weathgses from the total lightning persptve of the Moore
outbreak in nghern Alabama. White et al. (2012) super cel | from the superce
describel how the lightning jump conceptrovided UTC to tornadogenesis at 1956 UTZD May 2013
guidancefor issuing the initial tornado warning during Section 4 provides a brief discussion of the event and
the onset of the 2 March 2012 tornado outbreak in thieow the visualization tools could fit into the warning
Huntsville, Alabama county warning area. Further decision support environment.
more, Goodhan et al. (2013) presetta case in which
the lightning jump played a vital role in aiding the 2. Data and methods
operational forecastean deciding toissue a tornado
warning during the development of a quiiisear con
vective system (QLCS) tornado in northern Alabama. For this study, total lightning observations (i.e.,
These examples show how lightning jumps can aithoth intracloud and cloutb-ground lightning) were
warning operations both when the environment iprovided by the grountlased Oklahoma Lightning
favorable for supercell storms and when the situatioMapping Array (LMA; Rison et al. 999; Thomas et
is less clear or harder to forecast (e.g., the QLCS). Usd. 2004; MacGorman et al. 2008)ith detection
of lightning jumps can alert a forecaster to pidly  efficiency and range matching that of other LMAs
developing storm and can provide increased eonfinstalled in several regions across the United States
dence in warning decisions. Assessments of the use @fig. 1). This study builds on previous work using total
total lightning observations in operations have demonlightning in operations (Patricknd Demetriades 2005;

a. Total lightning
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NASA operated networks
© Collaborative data sharing

(NA S A6 Shortterm  Prediction Research and
Transition Center (SPoRT; Darden et al. 2002;

Proposed or currently unavailable ~ ; : Goodman et al. 2004) and its collaborative National
’ | ' ‘ Weather Service (NWS) partners, national centers
: [e.g., Aviation Weather CenteffAWC), Storm
aoms N Prediction Cente(SPC) Opeations Proving Ground,
NJ O“aa a AA‘ and Weather Prediction Cerjtethe GOESR Proving
Langmui [ 2> g Ground (PG; Goodman et al. 2012), and the
N ‘l‘!‘v == Hazardous Weather Testbed (HWT) in Norman,
b M Oklahoma. Additional activities are supported by the
‘ ey University of OklahomiaCooperative Institutefor

North || f |
§= Colorado jg |

) L~ ) _— N
Provging '
North

Alabam

Center

oo v Mesoscale Meteorological Studies, particularly in

i 1 Locati  th ) ional liahtni _support of assessing the lightning jump algorithm
igure 1. Locations of the current operational lightning mapping ; ; ;
arrays (LMAs: red, NASA owned; yellow, collaborative partners),(L‘]A) developed at the University of Alabama in

as well as networks thaitherare not accessible at this time or are HuntSVi”e(_SChl_Jltz Qt al. 20_09, 2011)
proposed to be built (blueLlick image for an external version; Total lighting is not intended as a stahohe

this applies to all figures hereafter. tool. Its gregest use is to enhance situational aware
ness with higher temporal resolution than provided by

Nadler et al. 2009; Darden et al. 2010; White et aladar volumescan updates and to provide insight into
2012; Hodanish et al. 2013Fonceptually, LMAs are t h e devel opment of a st or me
similar to the system developed by Lennon (1975) angreases) in total lightning indicate a strengthening
further described byMaier et al. (1995). The LMA (weakening) updraft (Lhermitte and Krehbiel 997
network detects verigh frequency (VHF) radiation Tessendorf et al. 280Kuhlman et al. 206; Deierling
sources as a developing lightning flash will emitet al. 2008). In the warning decision environment,
electromagnetic radiation across a broad range @fubjectively analyzed lightning jumps are used to help
frequenciesvhen charges are accelerated (Maggio efforecastersdetermine whether to issue a warmn
al. 2005). The LMAs maghe sources using a time of More recently, studies are investigating use of an
arrival technique (Proctor 1971, 1981; Lennon 19753utomated.JA (Schultz et al. 2009, 2011; Calhoun et
Maier et al. 1995). The VHF source detections reprea|. 2013b) to provide the same situational awareness
sent stepped leader formation of lightning during theenefits to forecasterobjectively. Forecasters also
early stage of a lightning flash before the visible returhave begun using total lightning data focident sup
stroke, ahough VHF sourceslso can be observed port. In this role, total lightning data have been used to
after a return stroke. These VHF sourtiesncan be reduce exposure of individuals to the lightning hazard.
used for various operational products in either theiThis has ranged from forecasters in the field (e.g.,
raw form (i.e., source densities) or recombined intG&torm surveys), to outdoor workers (e.g., airport
flashes. weather warnings), as Wes supporting public safety

Total lightning has several abilities that yi®is  for |arge, outdoor events. With the exception of this
assessments have found to be useful for forecast offiggst application, these operational uses rely on the
operations (Bridenstine et al. 2005; Goodman et atelationships of total lightning with updraft charac
2005; Demetriades et al. 2008; Nadler et al. 2009eristics, mesocyclone development, and the vertical
Darden et al. 2010; Stano et al. 20Htano 2012; stretching 6vorticity as outlined in théntroduction.
White et al. 2012). These abilities inde total
l'ightielgatsi onshi p to(ia s Torallightifg déhsitd proddets and
high temporal resolution (2 min), that when
combined can aid in providing insight into whether a
storm may become severe. Furthermore, total lightnin
provides additional situational aneness as it can aid
in triaging which storms to investigatas well as , _
spatial information to aid with lightning safety. Interactive Processing Systdim(AWIPS-II; Tuell et

Assessments continue via ongoing activities betweed ! - 2009), using NASAn SPoR’

the National Aeronauti csnePhgn sytsm OrAWIRSH providessflexipility j o n 5

For the analysis of the 20 May 2013 Moore,
klahoma, tornadic supercell, two total lightning
roducts were used. Each was evaluated ilN#WSO s
new decision support systetine Advanced Weather
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as the legacAWIPS-| systemis rigid and each dataset were gridded on an Bm 2 8 km grid to mimic the
had to conform to a preesting format. In the case of basic reslution of the GLM. The final PGLM flash
total lightning, AWIPS-I had to bemanipulatedinto  extent density product counts the number of flashes
accepting the data as model out@MVIPS-II plug-ins  that enter each grid box. Each flash was counted only
provide improved ingest and display options, streamonce for any given grid box. The PGLM is the de facto
lined data manipulation, and superior data visualitraining product for th66 OESR PG and has been used

zations. Unlike ¢gacy AWIPSI that required end wit h t he HWTO6s Spring Progra

users to make numerous file changes for each produshd Magsig 2009; Kuhiman et al. 2010; Stumpf et al.
from each LMA network, thAWIPS-II plug-in can be  2010). The NASA SPoRT version, including the LMA
bundled as a single file that can be extracted on thslug-in, was used in 2013. The SPoRT PGLM has
system and will automatically update all required filesbeen available to the&WC andSPCsince 2012 (Stano
The LMAplugi n was designed t @tal0ol3)kBeyonhditHe PG R &dring & training for
original LMA data format so that one data streamhe GLM, the flash density provides some benefits
could support both legacpWIPS-1 and AWIPSII  over the source density produdthe flash density
end users simultaneously. Additionally, the LMA products are less dependent on the range from the
plug-in allows for greater flexibility in assigning center of the LMA network. Sourde-flash clustering
domains, product smlutions, and product types. resuts in normalizing the detection efficiency and
The first product of this plugn was the source mitigating range effects, which in turn reduces appar
density product (Goodman et al. 2005; Nadler et aknt changes in storm strength that may occur by-mov
2009; Darden et al. 2010; Stano et al. 2010b, 2012Zng from lower to higher source detection efficiency
White et al. 2012). This was the most basic totalocations and vice versa. Also, the flash depgitro-
lightning display andwas f i r st u s e duct IsymoreS iBtoitRel © sisdbecausean end user
partners at the Huntsville, Alabam#/eather Forecast immediately understands that a density of five means
Office (WFO) in 2003. It currently supports nearly afive flashes have occurred, whereas a source density of
dozen forecast offices. The source density product 500 could result from a single flasin multiple flash
the sum of all sources in eactkd 3 2 km horizontal es. The ambiguity in source densisydueto a single
grid box every2 min. Other partners use akin3 1  flash being composed of multiple sources, which can
km horizontal grid that updates evey min. This vary widely in number depending on tgmatial length
article includes the source density product fanifa  of the flash and the location of the flash relative to the
iarity with what is in operations at other WFOs. Cur network.
rently, the operational community is moving towards
anoperational flash extent density product (Stano et at. Total lightning tracking tool
2010¢ 2019 at the same spatial and temporal-res
olutions. The formation of the product is similar to thatt h

of the pseud@LM (PGLM) product described below. tracking tool (TLTT), which was collaboratively de

The primary difference with the PGLM is théhe veloped with theNational Oceanic and Atmospheric

stand_ard flas_h extent density product is used at Administration NOAA)/NWS Meteorological Devel
km grid spacing

opment Lapora él\/|%) )..The basic coptavas the
The se con d product wa s an@%& edgr))g ar ijr qn?erac%vé fdi lay systems,
flash extent density (Stano et al. 2010b, 2011, 2012}, uch as MDLG6s System for

which now incorporates eight collaborative LMAs. Nowcastin ; - -
o . g (Smith et al. 1998) and the Lightning
_The SPoRT PGLMoriginally was developed in 2009 Imaging Sensor Data Application Display (Boldi et al.

_ . : P
in discussions during %gﬁs? ebeY%taa{I.olg%), ich  refieli’ dhd” 9

Program, and has evolved sepqrately since then. T AA/National Severe StomsnLaboratory (NSSL)
SPORT PGLM product was designed to be a simplgy, ., cel |dentification and Tracking algorithm

demonstration and training product for forecasters tf’\]ohnson et al. 1998fhe TLTT was developed for

prepare for the GLM that will be aboal@OESR total i - :

. ghtning data in response to NWS forecaster
(Goodman et al. 2013). This product took the "A%eedback requesting the ability to visualize the time
VHF sources from the groudmzhsed LMAs and eedbac d g y

series of total lightning observations associated with

recombined them via a flash creation algorithm i : : .
ndividually tracked storms in redéiime. Currently,
(McCaul et al. 2005, 2009). From there, the flashes viduatly I y

Beyond the source density aRGLM products,
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NWS forecasters must mentally assemble a time series The LJA currentlyis being evaluated for possible
by applying theAWIPS sampling tool to each individ future NWS use by both the University of Alabama in

ual storm AWIPSII6 s abi | i t ywomtplog aHuontsvipet andctheNSSL, with support from several

ins wil/l enabl e f or e c a sdtherrogganitations i(CGalboum ¢t alr 2013k). F&EPhs R T 6
TLTT. To use this tool, a forecaster selects a storm gfaper, the algorithm wasin twice. The first was run

i nterest and indicat es tathHuntssille nrapdes pogvant inade. Tha secohdo o |

generates a pegp display of the timeseries. The run was performed at thHSSL in Norman, Okla
TLTT was first evaluated in the 20 HWT Spring homa. This run used the sarh@A, but with a real
Program. During the HWT evaluation, the TLTT wastime data feed and automated cell trackiAg. noted
difficult to implement for slowmoving storms. In later in the paper, thevd runs gave slightly different
AWIPSHI, the TLTT shows the entire storm tracktimes for the lightning jumps, which idue to the
highlighted by the forecaster. For slow storms, thitJAGs dependence on how a s
would obscure the actual total lightningitd as the Note that forecast offices with access to total lightning
cell-track pointscan get plotted over one another data for their regions of responsibility (e.g., Huntsville,
Additionally, forecasters noted difficulty initiating the Sterling, and Melbourne) have looked subjectivigly
TLTT if it was not added to the display at the first timelightning jumps for severe storm assessment. The
it wasloaded inAWIPS-II. Forecasters also requestedTLTT is intended to make it easier for a forecaster to
a fixedy axis on the pojp display, as opposed to a observe lightning jumps and may eventually incor
dynamicy axis that adjusted to the magnitude of theporate thd.JA for automated identification.

observed total lightning. Based on this feedback, the

TLTT wasadjusted for the Operations Proving Ground3. Analysis

and_ HWT eval_uatlons_ in spring 2014. The adjustmentg,L Prestorm environment

are included with additional enhancements asribe

tool handls mosttypes ofgridded, radar, and other The events of 20 May 2013 were well forecasted,
meteorological observations as part of the broaddroth from the national perspective at the SPC down to

MDL automated moving trace tool. the local NormanQklahoma,WFO. The environment
was very favorable for tornadic supercell formation, as
d. The lightning jump algorithm indicated by the SPCb6s con:

Oklahoma was highlighted as far back as the Day 6
qutlooks, with theSPCdiscussion stating thd& day
gmaybethedayofh’rgest tornad®n pot e
\'Fiunday, 19 May, the day before the event, the 0600

TC outlook indicateda moderate risk for central
Oklahoma, and the moderate risk status was dmain

gions of the country and is described in detail in théained throughout the event. Similar awareness was

appendix. A jump was defined whenever the preserffémonstrated in the NormaWF O6s  Hazar dc
total flash rate exceeded 10 flashein'® and the v/eather Outlooks dating back o May.

present time rate of change in the flash rate was more On the morning of the event, the environment over

than two standard devians (2s) ab ov e t h e Cedrpl Pklghoma was quite favorable for supercells.
change in flash rate for the past mh. The2s con-  1he 1200 UTC NormanOklahoma,sounding (Fig.

figuration has provided the best skill scores compareaa) '”d'cat¢9 a pl—km storm relative helicitf SRH)
to other configurations (Schultz et al. 2009, 2011f' 308 m s* while surfacebasedCAPE was 1920 J
given the environmental and regional variability in thekd - Effective bulk shear waabout25 m s while

flash ratesof storms (e.g.the tgh plains versusthe ~ |aPsSe rates were 5.8°C kirfor the lowest 3 kmand

East Coastersusthe Intermountain West; Boccippio 7-0°C km" for the 3 6-km layer (using the convention

et al. 2001). When thieA was triggered, it signified a of_|dT/dz). An intermediate sounding at _1800 uTC

l arge increase in that s(fi%#byemealedihgtgurfacgbasedCAPE increased: | ¢
Wiens et al. (2005), Figs. 5 and 6 from Deierling and0 around3100 J kg, with the mostnstable CAPE
Petersen (2008), and Fig. 10 from Calhoun et anear4900 J k§'. The SRHin the 01 km layer de
(2013a)], which tended tcasediocldldy’sThe lapsedatedronythersarface p o t
tial for producing severe weather. to 6 km increaed to 7.6°C kM Moreover Oklahoma

TheLJA compared the present timate of change
of the total flash rate against the recent flash rat
history of the storm. The current version of the
algorithm was developed and tested by Schultz et
(2009, 2011). This algorithm has been tested empi
ically on a large set of thundéssms in multiple re
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Figure 2. Observed soundings from Norman, OK, on 20 May 2013 at (a) 1200 UTC and (b) 1800 UTC. Embedded hodographs are
courtesy of the University of Wyoming uppair archive.

850

ST T U REEF
R S ST

Mesonet datédwww.mesonet.org/index.phpihdicated  stationary front, which was red just to the west of
that a quasstationary front was oriented southwiest the new convection. By 1904 UTC, the two clusters of
northeast and intersected a strong dryline west of theells appeared as a disorganized group of weak echoes
Oklahoma City metropolitan area. Through 850 hPdrom shower activity roughly halfway between
winds wee out of the soutsouthwest at 15 Msad  Chickasha and Moore, Oklahoma (Fig. 3b). Then at
vecting moisturenorthwardfrom the Gulf of Mexico. 1908 UTC, one of the more northecells in this

At 500 hPa, moderately strong cyclonic vorticity wasclusterbecame dominant, and its lovevel reflectivity
observed. This was coincident with 10 th(€0 kt) of increased (Fig. 3c). By 1912 UTC, the storm continued
speed divergence over eastern Oklahoma as a spets development as Iovevel reflectivity increased
maxmum approached from the west and a shwave  (Fig. 3d). It was at this time that the NWS in Norman,
trough ejected into the southern Great Plains.-Dif Oklahoma,issued its ifst severe thunderstorm warn
fluence was evident in eastern Oklahoma at 300 hPgg for this storm.

These observations suggested energy and fovegang A comparison of Figs. 4 and 5 shows how total
available to sustain this particular severe weathe lightning activity rapidly increased in 3-min time
event. period between 1908 and 1910 UTC. The source

density productupper left)is used by several SPORT
b. Total lightning perspective of the Moore, Gkla partnes in operationsthe flash extent density product
homa, tornadic supercell (upper right) uses PGLM data, which SPoRT is
This section focuses o rf'\\/}dé%gpe;giI\iﬁgéso'é?heeg(;ﬁfpeﬂfﬁ] (?5;“2 gv%ﬁﬁgfl%es
plug-in for displaying total lightning in conjunction . .
with the utility of theTLTT in AWIPS-II. Our analysis SE;LE;SS g;%dsutife \;Vggrctgzeﬁzomg# d ;éﬂ;ﬂ f?ansdh
began just prior to convective initiation that OccurreOthent%ensit b) products )
at 1851 UTC in the vicinity of Chickasha, Oklahoma yb) p ’

(Fig. 3a). These cells developed in the immediate Because current capabilities available to forecast
vicinity of an intersection of the dryline bulge and offices do not include an objective automated LJA,
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Figure 3. Basescan (0.5° elevation) reflectivifgBZ) in central OK from the Oklahoma City (KTLX) Doppler radar on 20 May 2013 at
(a) 1851 UTC, (b) 1904 UTC, (c) 1908 UTC, and (d) 1912 UTC.

lightning jumps presently have to be interpreted- subthe time of the MooreQklahoma,tornado. Note that
jectively. Subijectively, a lightning jup is described there were differences betwettie subjective analysis
as a rapid increase in total lightning within a shorwversus the LJA (Fig. 6). In the subjective analysis, the
period of time, usually 2nin. A rough rule of thumb largest, #min PGLM value in an &m 3 8 km grid
that is used is for the source density to exceed a miox over the cell of interest was used. Meanwhile, the
imum source density value of 100 sources. With theseJA used the flash rate of the entire storm cell, as
guidelines, the first ligtning jump was identified at determined by aonbjective cell tracker. Therefore, the
1908 UTC (Fig. 4), and was obvious by 1910 UTC inflash rate for the entire cell was greater tkiaat for a
both the source density and PGLM flash extent densityingle grid point (e.g., Fig. 6 versus Fig. 5 at 1910
(Fig. 5). Here the values reachablout800 sources UTC). As a result of this difference, the lightning
and 46 flashes mih respectively. jumps were observed at slightly different times.
Even thouglthe objectiveLJA, based on Schultz However, the subjective analysis and LJA were very
et al. (2011), was not available operationally, it waglose, with the LJA observing the initial lightning
run for this event for comparison. Figure 6 showgump3 minlater at 1911 UTC.
when the LJA detected lightning jJumps with respect to
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Flgure 4. An AWIPSII four- panel dlsplay from 1908 UTC 20 May 2013 showmg the OK LMA VHF smmimsny (upper left, sources
km'2 min'Y), PGLM flash extent density (upper right, flasiédskm'> min'?), stormrelative radial velocity (lower lefit), and reflectivity
(lower right, dBZp the latter twofrom the KTLX WSR88D radar at 0.5°. The total lightning tracking tool output is shown in the inset
windows for (a) source densities and (b) PGLM flash extent densities. The white circles highlight the locations of MNewecastle,

OK. The yellow veiital line ineachinset window indicates where in time the trace tool is with respect to the AWtRplay.

Figure 5. Same as Fig. 4 except for 1910 UTC.

To put this jJump in the context of otheiorm data, at 1910 UTC indicated the updraft was rapidly
the jumpds initial a p p e sirengtheoimy as the upvéag 8/ertithll i@otioa Mdhe i t s
rapid increase to a peak in PGLM flash extent densitynixed-phase regiotlikely was increasingapidly. The
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