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1. INTRODUCTION ies strongly suggest that noninductive charging plays the

This study focuses on numerical simulations of the 29Primary role in producing electrification levels close to
June STEPS (Severe Thunderstorm Electrification anéghat of observed storms (MacGorman and Rust 1998).
Precipitation Study) supercell that produced an F1 torHHowever, it is believed that inductive charging could
nado and predominately positive ground flashes. The ob@lso play a role (Brooks and Saunders 1994). Induc-
jective is to evaluate the simulated charge structuret-igh tive charging occurs in the presence of an electric field,
ning flash rate, and polarity against the observed stornvhen a rebounding collision occurs between two polar-
and determine the sensitivity of the model to electrifica-ized particles. In the model, inductive charging is only
tion parameterizations. The origins of positive cloud-to-included during graupel-droplet collisions and then only
ground (CG) flashes and the relationships between th# “dry-growth” mode. Noninductive charging (indepen-
modeled total flash rate and storm characteristics are dient of the electric field) occurs with rebounding col-

particular interest. lisions between riming graupel and ice particles in the
presence of liquid water. The spatial separation of op-
2. MODEL DESCRIPTION posite charges on large and small cloud and precipita-

The dynamic cloud model is three dimensional, non-tion particles due to their differential fall speeds getera
hydrostatic and fully compressible Straka (1989). Thefields strong enough to produce lightning. For the pur-
model includes prognostic equations for velocity compo-pose of this study, the noninductive charging parameteri-
nents (momentum), perturbation pressure, potential temzation is based on the laboratory results of Saunders and
perature, turbulent kinetic energy, water vapor and hy-Peck (1998) (SP98).
drometeor mixing ratios, rime history, and charge vari-
ables. 3. 29 JUNE AND SIMULATIONS

The model employs a microphysics package that ina. Model Initation
cludes two liquid hydrometeor categories and ten ice cat- The supercell storm is initiated on an 80 by 80 by 20
egories distinguished by particle density, habit, and siz&m domain. All simulations use a 1 km grid spacing in
(Straka and Mansell 2004). The microphysics allows forthe horizontal with vertical resolution on a stretched grid
fractions of mass to move from one category to anothefanging from 200 m at the surface to 500 m aloft. The
depending on droplet collection, riming rate, and melt-model environment is determined using a modified ver-
ing. Source and sink terms for form and phase changesion of the NCAR mobile GLASS sounding from Good-
are included in the microphysics scheme for condensatand, KS (Fig. 1). The sounding is modified in the con-
tion and evaporation, deposition and sublimation, freezyective boundary layer (CBL) by increasing the tem-
ing and melting, aggregation and nucleation, and rimingerature and moisture to better depict the environment
of ice particles, graupel and hail. where the storm initiated as indicated by surface obser-

The model also includes a choice of parameterizatongations. These mobile mesonet observations in the vicin-
for the charging of hydrometeors and a branched lightity of the storm recorded higher temperatures and dew-
ning parameterization (Mansell et al. 2002). This studypoints than the mobile sounding earlier that day (E. Ras-
uses both inductive and noninductive charging for elecmussen, personal communication, 2004). The base of
trification. The results of laboratory and modeling stud-the elevated residual layer capping the moist CBL was
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bility of the environmentin the modified sounding is thus CAPE 319 2853

greatly increased, raising the CAPE from 1370 Jktp | RN o e o
2875 Jkg! and lowering the CIN from 100.3 Jkg to ; sku:_y3 3 okl =
22.1 Jkg!. The Bulk Richardson Number (BRN), de- . m “w_"'
fined as the ratio of the CAPE to the lower tropospheric "7 “uu| A
vertical wind shear, increases from 10.3 to 23.1. The [ "\0/* * X Gy
CAPE and BRN of the modified sounding are supportive / X RN
of possible supercell development (Weisman and Klemp - N Z; ¥
1982). The model environment is horizontally homoge- Z X Og& %
neous as defined by the modified sounding. A warm bub- « < \ iy g
ble (A¢ = 3 K) with randomized thermal perturbations N/\/ %
and a radius of 9 km is used to initialize the simulation. S0\ pé &
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b. Dynamical and Microphysical Evolution oo a4 /’ /%&Q\y\/ e N
The simulated storm initially develops an elongated o |44 LA S /31

multicell structure with successive main updraft cores
along the edge of the outflow on the upshear side. By
76 min, the storm has developed a solid core of reflectivFigure 1:0bserved NCAR mobile GLASS sounding released from
ity extending to ground with a deep updraft and forwardGoodland, KS at 2022 UTC on 29 June 2000 (thick grey linesle Th
anvil region During the first 90 min. the storm moves modified sounding used for model initialization is overléithck). The

L hod his th for both dings, with riuight
towards the east-northeast. By 90 min, it is hypothe- OCDgrapn 18 11 SaMe Jor ot Sauacings, wih coreepd "

- ! g (km) AGL denoted. The motion of the observed and modeledvstor
sized that storm rotation and the cold pool have inten=ajter developing supercell characteristics is denoted pjus and a
sified sufficiently to force the storm to turn right towards circle respectively. CAPE (J kg'), CIN (J kg~'), BRN, and 0 to 3
the south and decelerate. The storm continues along " SRH (n? s~2) are shown for both soundings, observed (grey) and
) . -2 modified (black).

south-southeasterly track for the remainder of the simu-
lation (Fig. 2).

The updraft speed of the simulated storm reacheg. Electrification

30ms! at 16 min, it remains strong throughoutthe sim-  The result of the SP98 scheme at 28 min is a mid-
ulation and increases to as large as 61t sThe simu-  |evel positive charge with an upper negative charge. As
lated supercell shows evidence of convective surges duinductive charging and precipitation recycling and fall-
ing its life cycle. The first growth phase occurs at ap-out quickly develop a lower negative charge region for
proximately 20 minutes with increases in updraft masshe third layer, the inverted dipolar charge structures re
flux and graupel volume (Fig. 3) as well as updraft vol- placed by an inverted tripolar structure at about 35 min.
ume (not shown). Another convective surge occurs at 9@y 76 min, the storm exhibits an inverted tripole struc-
minutes as the storm begins its southerly track. The maxture with a main mid-level positive charge region with
imum strength of the storm occurs between 140 and 16@orizontal extent of the charge layers through the storm.
min, when a reflectivity maximum of 69 dBZ is attained. A positive surface corona charge layer is also noted at 76
Updraft mass flux and graupel volume also reach a peakin below 0.5 km AGL. The mature stage of the storm
during this time. The overall evolution of the simula- at 116 min depicts a very complex structure with oppo-
tion is similar to that of the observed storm on 29 Junesite charges occurring at the same altitude (Fig. 5a). The
especially after 90 min. This agreement between the obreflectivity core regions continue to maintain a tripolar
served and simulated storms is significant as most of thetructure, but outside this region there are five or more
total lightning and virtually all the CG flashes occur after vertically stacked charged layers are seen. The overall
the right turn of the storms. charge structure is similar to that of an inverted storm as
The timing of the right turn is used as a referenceproposed by Marshall et al. (1995) with complexities as
point for comparison between the simulated and ob-described in Stolzenburg et al. (1998).
served storms (Fig. 2). The initial development of the Simulated intra-cloud (IC) flashes begin at 28 min,
observed storm is much slower than the simulations, thevith a flash rate of approximately 30 flashes per minute
latter being intialized by a thermal bubble. The devel-during the first hour (Fig. 4). The IC flash rate reaches a
opment of the observed and modeled storms is in bettemaximum of 264 flashes per min at 120 min and main-
agreement from the time of the right turn onward, as sup+tains a flash rate above 150 flashes per min during the re-
ported by visual comparison of results at 90 min of themainder of the simulation. Lightning leaders travel pref-
simulation and 2330 of the observed storm. erentially through layers of opposite charge, with posi-
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tive leaders concentrated in negative charge near 5 krative charge and above positive charge. The obser-
and 13 km. Conversely, mid-levels of the storm are dom~vations and the simulations also reveal that the low-
inated by negative leaders and positive charge. est charge region must be negative to produce positive
The SP98 scheme produces a total of 98 positiveground flashes in the convective core, a result that was
ground flashes, the first occurring at 67 min, with nonoted by Mansell et al. (2002) in previous thunderstorm
negative ground flashes produced. The CG flashes initisimulations. Though ground flashes seem to be cor-
ate between 5 and 7 km surrounded by the main positivéelated to areas of descending charge at very low lev-
charge region above and a negative charge region belowls (probably associated with precipitation cores), it is
In the simulation, positive CG flashes are composed of @resently unclear if this correlation could be used to pre-
negative leader traveling upward through positive charglict the exact timing and location of ground flashes due
and a positive leader traveling downward through negato their inherent stochastic nature.
tive charge to ground (Fig. 6). Most simulated lightning ~ Fluctuations of convective and precipitation intensity
flashes exhibit considerable branching by lightning lead-correlate positively with changes of the total flash rate.
ers in all directions from the initiation. On occasion, a The correlation between intensity and flash rate is forced
leader might may go directly to ground, though often aby the noninductive charging and the subsequent three-
flash goes to ground more than 1 km away (horizontally)dimensional recycling motions of the charged hydrome-
from its initiation point. The direction of the path of lead- teors. The model results agree with observations that the
ers to ground is dependent on the distribution of chargéotal flash rate—rather than ground flash rate or polarity—
surrounding the leader. The majority of the CG strikesprovides the most robust electrical representation of the
is located just downshear of the main convective coremicrophysical and kinematic intensity of storms that
though some occur directly under the main updraft. are sufficiently deep for development of updrafts in the
mixed phase region.
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Figure 2: Simulated storm path for 2.3 h. Position of storm
shown every 10 min starting at 40 min after initiation. Ob-
served storm path (grey dash line) relative to model patim fro
2300 UTC through 0100 UTC.
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Figure 3: Time series of graupel volume (Kn(black) and
updraft mass flux through-20°C (m?) (grey).
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Model Simulations
SP98 and RR NIC (116 min)
Figure 5: Charge structure from: (a) SP98 simulation at 116
min, airflow shown by grey streamlines; typical IC ar€G in
black (b) observations of 29 June once the storm had deweélope
supercell characteristics, from Hamlin et al. (2003) wétaders
and charge structure inferred from LMA activity.
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Figure 6: Three positive CG flashes from SP98 model sim-
ulation at: (a) 80 min; (b) 137 min; (c) 170 min. Left pan-
els: Vertical cross-section through storm. Positive arghtiee
charge regions are contoured in solid red and blue respégtiv
vectors are of the electric field, black and grey contours- ind
cate equipotential lines. Lightning leaders in white filhtour,
positive with red outline, negative with blue outline. Riglan-
els: 3-D view of each flash, initiations shown in green, posit

Figure 4: Lightning flash rate for the SP98 simulation. In- |eaders in red and negative leaders in blue. Location of x-z
cloud flashes per min (black) and positive cloud-to-ground crgss-section shown in left panel denoted by grey-dashed |i

flashes per min (grey).



