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What do I do?
• Cloud microphysics parameterization is central to research

• Main developer for “NSSL” bulk microphysics scheme:
– Geared for severe convective storms, squall lines

– CM1, COMMAS, WRF (NU-WRF), ARPS [Coming soon: UFS/CCPP]

• Electrification: All kinds of convection - relating lightning to storm features
– Severe storms (of course) –[e.g., Geary, OK, case w/ Conrad Ziegler]

– Ordinary storms

– Tropical Cyclones (Fierro)

– Tropical convection

– Aerosol sensitivity

• Dabble in data assimilation (EnKF: lightning DA)

• Mobile radar data collection (NSSL’s NOXP radar)



NSSL Microphysics Key Features
• Fully 2-moment (mass and number), with 3-moment option for rain, graupel, 

hail (fast-falling species) 
– Can be run single moment, but why

• Specific attention to 2-moment sedimentation (adaptive limit on excessive 
size sorting). Important for dual-pol radar variables – better with 3-moment 
species

• Bulk CCNC prediction for aerosol sensitivity; explicit condensation (no 
saturation adjustment)

• Predicts bulk density of graupel and hail

• Hail species intended as “true” hail, characterized by size and source rather 
than simple density



Graupel density
example

Mansell and Ziegler (2013)
the ground is also delayed by increased CCN [e.g., as in
Khain et al. (2005)], with the source of initial rainfall
transitioning from warm-rain-process drops to rain from
melted graupel (Figs. 4f–j).

c. Electrification and lightning

The model electrification primarily comes from non-
inductive graupel charging, and thus it is an expected
result that lightning activity generally increases (Fig. 5)
as more graupel is generated (Figs. 4f–j), but changes in
ice crystal production also play an important role. Figure
5 also indicates the charge structure corresponding to
lightning structure, which maintains positive charge at
lower and higher altitudes (4–6 and 7–9 km), with neg-
ative charge at 5–7 km. At the lowest CCN of 50 cm23,

the storm has a positive dipole structure (positive charge
above negative) and a corresponding lightning structure
of negatively charged channels in the positive charge re-
gion and vice versa (Fig. 5a). At CCNof 300 cm23, a lower
negative dipole first develops (Fig. 5b), with an upper
positive charge appearing later. Even higher CCN
(1500 cm23; Fig. 5c) leads to earlier and stronger elec-
trification, but further increases (above 2000cm23) start to
reduce the charge separation and lightning activity (Fig. 5d).
Thus the charge structure tends to be a normal tripole with
a relatively weak upper positive charge for most of the
range of CCN. The reduction in electrification at very high
CCN is not a matter of reduced graupel production, but
rather how ice crystals are generated in the model as
modulated byCCN, aswill be discussed in the next section.

FIG. 3. (a)–(c) Simulated (Raleigh scattering) reflectivity and (d)–(f) graupel particle density (filled contours) andmass content (gm23, red
contours) at 53min for three CCN concentrations: (a),(d) 100, (b),(e) 500, and (c),(f) 5000 cm23.
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Higher CCNC (droplet 
concentration) ->
- Lower rime and graupel 

density
- Also more graupel mass as 

more droplets persist into 
mixed-phase region and 
lower graupel fall speeds



CCN example:

Mansell and Ziegler (2013)

FIG. 2. (a)–(c) Droplet concentration and supersaturation (orange contours at 0.25%, 1%–9% by 2%) and
(d)–(f) cloudwater content (filled contours) and rain content (red contours from 1 gm23 with a 1.5 gm23 interval)
in the towering cumulus growth stage (time5 35min) for three CCN concentrations: (a),(d) 100, (b),(e) 500, and
(c),(f) 5000 cm23. The green circle and yellow ellipse in (f) denote a region of ice crystal growth and incipient deep
updraft, respectively.
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Low CCNC: 
- Higher 

supersaturation
- Faster warm rain

Higher CCNC: 
- Lower supersaturation
- Slower warm rain



Graupel/Hail Fall Speed Sensitivity
Default vs. Milbrandt and Morrison (2013) (2hr)
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Graupel/Hail Fall Speed Sensitivity
Default vs. Milbrandt and Morrison (2013) (3hr)
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About 1/3 less rainfall for MM-2013



Typical Melting

Mansell, Dawson, 
and Straka (2020)

FIG. 10. Simulated (left) radar reflectivityZH and (right) rain median volume diameterD0r of the 1 Jun 2008
supercell for (a),(b) control, (c),(d) new bin-emulatingmelting, and (e),(f) spectral binmicrophysics at 0.93 km
AGL. All panels include simulated Z line contours at 10, 30, and 50 dBZ.
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Bin-emulating 
Melting

small numbers of larger bin diameters may be numerically
valid but are not necessarily physically meaningful, and
even less so when weighted by area or mass. Outside of the
core of large diameters, the bin and bin–bulk schemes agree
fairly well given the differences in reflectivity. All three
simulations consistently place the largest hail on the
southern edge of the storm along or near the 30-dBZ
contour.

The emulated differential reflectivity ZDR fields in the bulk
schemes (Figs. 12b,d) have similar structures as the simulations
inDawson et al. (2014) for the same case with an earlier version
of theNSSL three-moment scheme.As inDawson et al. (2014),
the hail is allowed to have a wet surface for calculating ZDR:
At points where hail and rain are both present, part of the
rain mass is transferred to the hail as a diagnosed liquid
fraction. This option has not been developed for the
Takahashi bin scheme, thus no comparable field is shown.
Control–bulk and bin–bulk have very similar ZDR patterns,
but bin–bulk has higher values outside of the hail core. This
is a result of slightly increased hail diameters, that, when
assumed to be water coated, can act like large raindrops. The
low ZDR in the hail core for both bulk results is an indication
that the hail dominates the emulated signal such that the very
different rain D0r in the two schemes (Figs. 10b,d) has little
influence.

5. 3D steady-state hail shaft

a. Setup
The third and final set of simulations examines the hail and rain

size differences seen in the supercell simulations with control–bulk
and bin–bulk, but without the complication of storm evolution.
This also provides a follow-up on the three-dimensional sedi-
mentation experiments of Dawson et al. (2014). They examined
the effects of the same1 June 2008windprofile (Fig. 2) ona steady-
state hail shaft, finding that hail size sorting was crucial for the
formation of a pronounced ZDR (differential reflectivity) radar
signature.As inDawson et al. (2014), a constant size distribution of
hail is imposed in a circular area (radius of 3km) at the top of the
domain (12km) and allowed to fall and melt until a steady-state
profile is reached (40min). The hail has a fixed density of
900kgm23 (i.e., not variable), initial shape parameter of 0, mean-
mass diameter of 4mm, and amixing ratio of 5 gkg21 at the center
of the circle and tapering to zero at the edge via a cosine-squared
function. The wind fields are held constant by turning off all mo-
mentum tendencies. The time step is 5 s as in the 1D hail shafts.

b. Results
The surface fields for the control–bulk result in Fig. 13

closely match the patterns in corresponding figures in Dawson
et al. (2014), including the band of higherZDR values that wrap

FIG. 12. (left) Hail diameters at lowest model
level (0.1 km) for 1 Jun 2008 maximum mass hail
diameter Dh,MxMas for (a) control–bulk and
(c) bin–bulk and mean-mass diameter Dh for
(e) bin. (right) Differential reflectivity ZDR at
0.93 km for (b) control–bulk and (d) bin–bulk.
Panels include simulatedZH line contours at 10, 30,
and 50 dBZ. Model time is 70min.
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Dual-pol emulator (CAPS) (3-moment physics)

(Figs. 10–12, bottom rows) in regard to the presentation
of the ZDR arc and low-ZDR hail signature, and both
compare favorably to observations (cf. Fig. 4c). The rHV

in the hail core in these simulations (Figs. 11f,h) is also
lowered relative to the no-hail-sorting runs (Figs. 11b,d),
in closer agreement with observations (Fig. 4g).
Even though the rain field is not allowed to sort in

SC1R3HVD, the pattern ofDmr is remarkably similar to
SC3R3HVD (Figs. 12e,g). This strongly suggests that
sorting in the hail field is the dominant factor in con-
trolling the location of the largest raindrops and asso-
ciated polarimetric radar presentation, at least in regard
to the ZDR arc and ZDR hail-core signature. However,
ZDR (Fig. 10f) is somewhat overpredicted on the north-
western flank of the storm as compared with both
SC3R3HVD (Fig. 10h) and the observations (Fig. 4c).
This result is reflected in the Dmr field, which shows
larger Dmr in this region in SC1R3HVD (Fig. 12e) than
in SC3R3HVD (Fig. 12g). Thus, while size sorting in the
graupel/hail category appears most important in regard
to the two main signatures of interest to this study, there
is a noticeable impact from rain sorting as well in the
overall ZDR presentation. Finally, we again note that in
both SC1R3HVD and SC3R3HVD, a secondary region
of enhanced ZDR (relative to the surroundings) north
and northeast of the hail core is evident. This signature is
a result of a mixture of relatively small, partially melted
hailstones that have ‘‘sorted out’’ on the northern side of

the hail core and similarly sized large raindrops. This
northern enhancement of ZDR can be viewed as repre-
senting a ‘‘transition zone’’ between the relatively large,
dry hail to its immediate south and progressively smaller
raindrops and completely melted hailstones to its north.

4. 3D sedimentation experiments

a. Methodology

Although the impact of size sorting of rain and
graupel/hail on forward-flank polarimetric signatures is
evident in the full supercell experiments, we can investigate
their impacts in a more simplified framework that better
reveals the underlying physics. To this end, we perform
four idealized experiments—mirroring those of the size-
sorting supercell experiments above—wherein a con-
stant hail source at the top boundary (set at 12 kmAGL)
is imposed, and the hail falls and melts in the same
horizontally homogeneous background wind and ther-
modynamic profile as used for the supercell experiments
(Fig. 3). These experiments are identified by the naming
template 3D#R#HVDwith the same convention as used
previously, and are summarized in Table 4. Horizontal
and vertical grid spacings are constant at 500 and 200m,
respectively. Based on the reference supercell experi-
ment (SC3R3HVD), we impose a constant circular source
region of hail at the 12-km level utilizing a cosine-squared

FIG. 6. As in Fig. 4, but for experiment SC3R3GLHVD, which includes separate variable-density graupel
and hail categories.
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1 June 2008 supercell; Dawson et al. (2014)

Hail
Zdr Arc



Small 
Thunderstorm 
electrification

Mansell, Ziegler, & 
Bruning (2010)

regions of higher positive charge in the lower positive
charge region (Fig. 7d) correspond to the two regions of
updraft at X 5 17 km and X 5 19.5 km, just below the
2108C isotherm. The region of 45 dBZ at X 5 17 km
(5–6-km altitude) developed over the previous minute
between the decaying left core and growing right-hand-
side core. Lightning channels from the flashes at 63:20
and 64:20 (Figs. 7b,e) penetrated this region, which had
substantial charge. Later, at 71:00 (Fig. 8b), the middle
region had continued to grow and became the source of
initiation of the upper IC flashes (Figs. 9b,c), with chan-
nels propagating back into the rightmost cell.

In the observed storm, Bruning et al. (2007) also noted
lightning from one cell propagating into a new cell, in which
lightning later initiated. Figure 8c shows the last flash of the
storm, at which time the higher reflectivities (.40 dBZ)
had fallen below the freezing level. The last flash at 74:00
also penetrated westward into the newer weak cell, whose
charge at an earlier time can be seen in Fig. 9d. Lightning
never initiated in this far western simulated cell.

At the mature stage of 69:20 min, the lower positive
charge region (Fig. 10a) consisted mostly of positively
charged graupel (Fig. 10c). The lower part of the main
negative charge region also had positive graupel particles

FIG. 7. Charge structure (color fill), electric potential (solid gray–black contours), and
lightning projection (positive channels in red outline, negative in blue, both with transparent
gray shading) at 20-s intervals. The wide dark curve is the 30-dBZ reflectivity contour. Hairline
contours indicate air temperature (2308 to 08 by 108C). (a) Structure 20 s before the first
lightning flash [(b): white star at initiation point]. (e) The first 2CG flash (second lightning)
of the simulation. The origin point of the slice relative to the model domain is given by O(x, y),
and horizontal distance is along a line at 216.78 from the true x axis.
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Charge and 
microphysical 
evolution
Can simulations help 
interpret observed 
behaviors?



Tropical Cyclone Electrification

Fierro and Mansell (2017,2018)
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(between 5 and 9 km) and propagated downshear. This
is likely reflective of large-scale net charging and charge
replenishment in the region and localized transport of
this charge away from the updraft core.
The duration and spatial extent of flashes contained in

the region of the peak updraft, southwest of the light-
ning hole tended to be quite short, containing only one
to five mapped points. Occasionally (2–3 min21 on av-
erage), a longer flash moved through the region. Given
the small size and duration of flashes in and around the
region of the peak updraft, it is possible that these
flashes produced too little light and transferred too little
charge to have been detected bymore traditionalmeans,
such as electric field change meters or optical sensors. In
contrast, regions in and near updrafts $20 m s21 (but
usually outside regions of $40 m s21) consistently
contained relatively large densities of flash initiations
(Fig. 15), as well as relatively large VHF source densities
(Figs. 16 and 17) throughout the analysis period. This is
consistent with the hypothesis that the periphery of the
updraft core is a favored region for noninductive charg-
ing, consistent with themodeling results ofKuhlman et al.
(2006) and as inferred from aircraft observations by Dye
et al. (1986).

3) LIGHTNING IN OVERSHOOTING TOP

High-altitude lightning, occurring at 15–16 km, above
the region of the lightning hole, has been noted in pre-
vious supercell storms occurring over LMA networks
(Lhermitte and Krehbiel 1979; Krehbiel et al. 2000;
Bruning et al. 2010; Emersic et al. 2011). An increasing
trend of lightning in the overshooting top is expected to

correspond generally to rapid vertical growthof the storm,
which would likely be related to pulses of increasing up-
draft velocities and increasing updraft mass flux.
In the 29May 2004 storm, the majority of high-altitude

VHF sources do not occur in episodic bursts, but occur
nearly continually at a very low rate of at least six to
eight separate VHF source points spread across every
second. These singular VHF sources are too far apart in
time and space to be considered a single flash, each
failing criteria of distance or time (e.g., MacGorman
et al. 2008; Lund et al. 2009) for associating it with other
points to form a flash. Furthermore, there typically is
aminimum inVHF source density between 13 and 16 km
and VHF sources above 16 km do not correspond
systematically to flashes lower down. Thus, it appears
likely that flashes contained in the overshooting top
are a separate entity from those in the storm core just
below.
A comparison with dual-Doppler analyses indicates

that these isolated points were concentrated directly
above the main updraft and BWER, as well as down-
shear of the updraft near the upper level of the 20-dBZ
reflectivity contour (Figs. 18 and 19). A sounding through
the updraft core revealed temperatures falling below
2408C at 11.7 km, more than 3 km below the height of
the lightning activity. The region likely consists of only
small, pristine ice crystals and no liquidwater, limiting the
amount of ‘‘traditional’’ charge separation in the region.
It is unknown why exactly the electrical activity in this

region consists of relatively isolated continual VHF
sources. However, because these source points were
located near the cloud top and along the edge of the

FIG. 13. Time–height plot of lightning VHF sources from the LMA per second per 100 m.
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Current and “to do” list
•Hail embryo tracking (fraction of hail from frozen drops vs. from 
graupel – AGU talk)
– Related to proposed ICECHIP field campaign

• Radiative Convective Equilibrium: Can aerosols affect lightning (spoiler: 
yes)
•Secondary ice production: Effects on microphysics and electrification

•Mixed phase particles (liquid fraction on ice)

• Bin microphysics: graupel density prediction 

•Supercell sensitivity (evolution and lightning) to CCN conc. (J. Blair)

Contact: ted.mansell@noaa.gov


