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This study investigated the electrical and kinematic evolution
of an isolated supercell storm observed on 13 June 2014.
Lightning characteristics from Beijing Lightning Network
(BLNet) and Doppler-derived vertical velocities, radar
reflectivity, are examined during the whole life time nearly 6-h
period of storm. The most striking feature of this supercell was
its high percentage of cloud-to-ground (CG) lightning. At the
initial stage, lightning mainly occurred in the strong radar echo,
a high percentage of CG lightning was positive during this stage.
Although this storm was dectrically active, with maximum flash
ratesnear 180 per minute, no CG flashes of either polarity in the
stratiform region were detected at mature stage. At dissipating
stage, lightning decreased sharply but with high percentage of
+CG lightning. Overall, CG lightning of supercell presented early
+CG and dissipating +CG mode. The charge structure of
supercell inferred from the BLNET observations showed the
dipole charge structure with large scale positive charge region,
and the normal tripole charge distribution at the mature stage.
At dissipating stage, the positive charge region in the upper level
dant to stratiform region, leading to increased +CG lightning.
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INTRODUCTION

dimensional structure of lightning (diameter-100 )krdne
lightning flash produces hundreds of impulsive icf VHF
radiation which can be measured and used to desthib
structure of the lightning. SAFIR 3000 measures phase
difference of electromagnetic waves of lightningngsan
antenna array with a very high frequency from 1108 MHz
and a low frequency (LF) from300 Hz to 3 MHz (Lit &.,
2011).

Utilizing the lightning information observed by eth
lightning detection network, the lightning actieii of different
categories of convective system are investigateghthing and
radar echo had good relationship, most of lightrogurred in
the strong radar echo. With the fine lightning @gated
structure, the charge structure of thunderstormeveequired,
including tripole charge structure, invert chargeucure,
dipole charge structure and multi charge structuked
Lightning frequency change sharply could be as dictior of
convective forecasting (Schur et al., 2009).

Lightning not only indicates the intensity and deypenent
of the convection system, but also forecast theldgwment of
storm. Studies of lightning activities combined twithe
dynamical or microphysical processes of thundemssowill
reveal the charge structure of a thunderstorm aodige a

In recent years, the networks capable of accuratehqeoretical reference for forecasting lightning idties in

measuring the total lighting, and many importastulss have

severe weather (Williams et al., 1989; Qie et al., 1993). The

been achieved. The LDARIightning detection and ranging mesocyclone region of a supercell storm had tdéshfrates

network upgraded after LADR (Carey et al., 2005)
comprised of an array of seven VHF antenna andverse A
median range of accuracy of 2 km is expected aamlie of
100-150 km from the center of the network. Thevairtimes
of lightning are measured by demodulating the Vhihas
into a 5-MHz base band with a center frequency Miz.
The lightning mapping array (LMA) (Thomas et alQ02) is
similar to the LDAR, included six sensors operatingthe
frequency range of 60 to 66 MHz, with location aecies
reaching 50 m that are capable of describing threeth

iswere larger than in most other types of isolateornss

(MacGorman et al. 2005). From electric-field soungdi,
Marshall et al., (1995) and Stolzenburg et al., 98)9
investigated the charge structure of supercell, @mdpared
charge structure in strong and weak updrafts ofeaghl
storms. MacGorman et al., (2005) and Wiens et(2005)
examined the electrical structure of supercell stoiduring
STEPS, found that supercell storms presented imsteitge
structure, and the strong updraft had fewer vdlfic®parated
charge regions than near the rainy downdraft, anel t



updraft's lowest charge was elevated higher. Weissal
(2012) and Klumn et al. (2009) analyzed the evohutand
structure of lightning in the anvils of superceibrsns. They
found that lightning initial within or near the stger
reflectivities of the parent storm propagated twilaarea or
generated in anvil itself. Simulations of supercsibrms
(Ziegler and MacGorma 1994; Mansell 2000; Barthe and

Pinty, 2007 Kuhlman et al., 2006) utilized electrical model

simulated the charge structure of supercell stofomd that
the charge structure in different supercell presgrtifferent
features.

Aforementioned researches shed new light on thrigg
activity of super storm that the lightning propagatand
lightning location are significantly related to theharge
structure distribution of thunderstorm. Due to dg&ta
accuracy limitation, it is not easy to get the gdigtning
information in the well-organized thunderstorms.ttWihe
established Beijing lightning network during ttynamic-
microphysical-electrical Processes in Severe Thsatolens and
Lightning Hazards (Storm973yhe lightning activities and charge
structure in different types of thunderstorm wille b
investigated deeply.

DATA AND METHODS

Beijing lightning network

The lightning data involved in this study is BLNET(
Beijing Lightning Network), which including 16 sudtation,
covered within covering most part of the “Jing-Jih{Beijing-
Tianjin-Hebei) metropolis zone (Figurel). The BLNE®uld
detect total lightning information with good effiticy, which
the theoretical horizontal error over the netwaskidss than
200 m and the vertical error is less than 500 mr dfie
network. Each station is comprised of fast eleatrifield
change meter, slow electrical field change metesigmatic
antenna, and lightning detection antenna with viigh
frequency (VHF), which multi-band
comprehensive observation of lightning. In orderirtgorove
the accuracy of lightning, the lightning pause degected LF
antenna at least four stations at same time. Tla@ @lgorithm

and lightning efficiency of this network in detadse see the
results of Wang et al.(2016).

Figure 1. The topography of BeijinE area with tleedtion stations of BLNT,
including 16 sub-stations around Beijing area.

Radar data

The radar data used in this study is providednfiS-band
Doppler radar located at 39.81N and 116.472 E available
from the Beijing Meteorological Administration. ltas the 7-
level elevations scan every 6 minutes and coverange of
230 km radius.

Beside of the S-band radars, the detection netinatlkded
two X-band multi-parameter radar, participated ihe t
coordinated observations of Dynamic-microphysidatiical
Processes in Severe Thunderstorms and Lightningrbsz

Meterological data

In this study, the data form rain gauge, soundimgl a
automatic meteorological station are also utilizedanalyze
the lightning activity

During the period of coordinated observation, weerhed

and Levenberg-Marquardt method are adopted to ddcat different types of thunderstorms including squaihe)

lightning algorithm. In addition to locate the liging radiation
pulses in 2D or 3Din different band, the chargaree
neutralized by the lightning discharge can beeettl either.

Lightning data

According to the method of Cummius et al. (1998g
lightning data were filtered such that a flash é\vera 10 km
range within 1s was considered as a single liggtrilash.
Furthermore, the positive and negative polaritiésreiurn
strokes were defined as +CG an@G flashes, respectively.
The location of CG lightning flash is determined Hye
position of return stroke. Meanwhile, distant omosy
intracloud (IC) lightning flashes might be recogrizas +CG

thunderstorm groups, super cell and hailstorm hia study,
the lightning actives of supercell are investigatgdadar and
lightning data.

RESULTS

Case overview

Due to the special terrain conditions of the waester
mountains and eastern plain, combined with lowilleve
northerly cold and southerly warm flow, generatevective
weather system frequently around Beijing area. @ofion
system gradually intensifies as a result of toppigi@forcing,

flashes; therefore, +CG flashes less than 10 kA ewerand radar reflectivity is then enhanced as theesysmoves

considered as IC lightning in this study. The la@raglgorithm

downslope from the mountain edges. The spatiaiiloligton of
thunderstorm occurrence indicates that southerlymwand



moist flow is forced upward by the slanted toposap
generating a windward upslope effect favorable ftbe
initiation of convective storms. In this area, theare
meteorology observations including several radaticsts, and
weather stations, but lack of lightning detection.

A supercell happened on June 13th, 2014, moved fror *

northeast to southeast, lasted for 8 hours withdisaster and

gust during the coordinated observations of Dynamic- == ! e

microphysical-electrical Processes in Severe Thigholens
and Lightning Hazards. This supercell, influencgchbrtheast
cold vortex, initiated at the edge of northeastapuntain, and
gradually intense and characterized as a highqutaton
supercell when it went into Beijing area, producgaeddest
amounts of hail with surface report of large (5 ¢raijstones.
Lightning activitiesin supercell

At the initial stage, the convective system graljual
formed, the amount of lightning increased sharpig aCG
lightning predominated at this stage. With the ttenstorm
developed, convective leading line tended to cumte circle
shape and the lightning mainly occurred in the regroadar
echo. At 16:42 LT (Local time), when the thundenst into
developing stage, +CG lightning exhibited high petege
than —CG lightning. And the lightning mainly locdtén the
strong radar echo (greater than 45 dBZ), it is pdothat the
BLNET lightning network has good detection efficign
Doppler-derived updraft speed was greater than 38, rand
the maximum radar reflectivity reached to 68 dBzhak' the
main body of supercell entranced into Beijing asrapunt of
lightning detected during this stage. Within thertlerstorm
developed into the mature stage, IC lightning a@llightning
increased sharply, the amount of lightning reached
maximum. At 17:36 LT, the strong radar echo gretitan 45
dBZ presented obvious circle shape, forming a 8ipic
supercell system, although the IC lightning predwated in the
whole lifetime of thunderstorm, -CG lightning ieased
rapidly and the ratio of +CG lightning decreasedrply. With
the supercell into the dissipating stage, the €isttong radar
echo disappeared, the scale and intense of radaralar
decreased. Lightning distribution slanted to theatdorm
region and dominated with +CG lightning. Lightning
frequency gradually declined, but still with higbrpentage of
+CG lightning. During the whole life time of supelic the
lightning activity presented +CG lightning predoatied at
early and later time.
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Figure 2. The radar echo superimposed with therigh within 6 minutes,
black circle stands for IC lightning, black triaagtands for —CG lightning,
“+"stands for + CG lightning. (a)16:24 , (b) 16:4917:00, (d) 17:36,
(e)17:54 (f) 18:48 LT.

385

Figure 3 showed lightning frequency withinminutes of
supercell. During the early time of supercell (I8X¥:00 LT)
the lightning gradually increased and the percentaig+CG
larger than —CG lightning. With the supercell caim® the
developing stage, lightning frequency increasedndtecally,
especially IC lightning. At the mature stage, biHightning
and CG lightning reach to the maximum, correspogdbd the
strong radar echo formed into round shape. And tien
percentage of IC lightning gradually decreased ahd
percentage of CG lightning increased, particulanly —CG
lightning. When the supercell into dissipating staghe
lightning frequency gradually decreased, but witighh
percentage of +CG lightning.
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Figure 3 lightning frequency within 5 minutes, gmebar stands for —-CG
lightning, red bar stands for + CG lightning.
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Vertical distribution of lightning

Figure 4 show the IC lightning pulses supgosed on
radar cross section during mature stage. Becaus®aused
on the vertical lightning distributions, the heigsftlightning
pulse with zero is not considered. At 17:24, lightnpulse
mainly concentrated in the transition zone, whicmrected
the leading convective and trailing stratiform wegi IC
flashes in the strong radar echo (>45 dBZ) readhetigher
level of 8 km, then sloped down to the stratiforegion
through transition zone. At the lower level (abdukm)of
strong radar echo, it is clear to see that thetdigly channel
initiated from the core of radar echo and propatjat@wn to
the ground. In the trailing stratiform region, ltgig pulses
scattered in the large scale of secondary maximadarrecho.
Carey et al., (2005) using the lightning radiatisources,
analyzed charge structure in a MCS and pointedigitining
radiation reached to maximum in convective regiod alant
to stratiform region through transition area. At:36, the
strong radar echo extend to higher level and ligigtrpulses
reach to upper level. In the transition area, @¢da be seen the
lightning path from convective region to stratifonmagion.
The lighting pulses concentrated in the great gmtddf radar
reflectivity.
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Figure 4. Radar cross-section and lightning puéstsibution within 6
minutes, (a) 17:24 ,(b) 17:36

CONCLUSION

Utilzed a lightning network of BLNET, the lightning
activity of supercell is investigated. +CG lightgitake a high
percentage of CG lighting, particularly in the gaaihd later

time. Plausible explanations for the +CG lightnimgturring

in supercell include tilted charge structure, erdeainlower
charge region, and inverted charge structure (Mdirgt al.,

1995; Rust et al., 2005). MacGorman et al. (200geoved
inverted-polarity IC and +CG flashes in a supercedre

caused by inverted-polarity storm structure, argltassume
possibly due to a larger than usual rime accretite for

graupel in a strong updraft. In this study, -CGhtigng

predominated at the mature stage, discharge by negjative
region. The distribution of lightning pulses demoated that
one part of the lightning initiated from convectivegion to
stratiform region through transition area, anotipent of

pulses generated in the stratiform region by itskifthis case,
the +CG flashes in supercell might be caused btnzontal

upper-level positive charge from the convectiveioedgo the
stratiform region by the advection flow along treneective
region. Without less sheltering from lower negatkearge
region, the upper positive charge in stratiform ioag
discharged directly to the grounButure works will combine
model simulation with observation to investigate tightning

activity of supercell in greater detail.
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