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negative NBE has a negative starting radiation field change
that results from an inverted dipole (negative charge over
positive). The analysis presented here requires the use of
data from a station located near the event, and from at least
one station that is distant. In all situations, a vertically
oriented dipole is assumed.
[7] Using the near station data, we can determine the

electrostatic dipole moment change:

Dm ¼ 4pe0DESr
3
N ð1Þ

where DES is the electrostatic field change, and rN is the
distance from the event to the near measurement point. This
can also be determined from the radiation field change
using:

Dm ¼ 4pe0rDv2
Z Z

DED tð Þdtdt ð2Þ

where v is the propagation velocity, DED is the radiation
field change, and rD is the distance from the event to the
measurement point. Since the dipole moment change has
already been determined by the electrostatic field change,
we can directly determine the average propagation velocity
by setting equations (1) and (2) equal to each other and
integrating the radiation field waveform over then event
duration. Since the ground is not a perfect conductor, the
radiation field will fall off faster than r$1. Orville [1991]
showed that the radiation field actually falls off as r$1.13 so
rD in equation (2) is replaced with rD

1.13.
[8] The length of the discharge is determined by mul-

tiplying the propagation velocity by the event duration.
From this and the dipole moment change, the amount of
charge transferred can be determined. Finally the average
current can be calculated using the charged transferred and
the event duration. Due to the relatively large location
errors, the margins of error for the velocity, charge

transferred, current and discharge length are estimated to
be ±20%.

4. Positive Polarity NBE

[9] During the first two years of operation of the field
change arrays, 9100 positive NBE were observed. In con-
trast, approximately 850,000 lightning events were observed
during the same period. During two years of NBE observa-
tions, only 20 were determined to be closer than 15 km from
a station and most had no observed electrostatic field.
[10] The closest NBE observed was located 2.8 km from

the Los Alamos station at an altitude of 11.6 km MSL. For
this event two Los Alamos stations were in operation, one
with the standard dynamic range of ±50 V/m and one with
an expanded range of ±100 V/m. The station with the
standard range saturated for this event. Figure 1 shows the
waveforms for this event as observed by the Los Alamos
station and the Socorro station 200 km away. The Socorro
station only measured the bipolar radiation field component.
The close station indicated a waveform that was essentially
unipolar, with little of the bipolar radiation field evident,
while the distant station only detected the bipolar radiation
field. Comparing the two waveforms, note that when the
unipolar pulse has reached its maximum, the bipolar wave-
form is crossing back though zero (Figure 1e). Since distant
station measures only the radiation field, this zero crossing
in its waveform occurs when the time rate of change in the
current is zero and the current has reached its maximum
value. Induction fields are generated by the discharge
current, and reach peak amplitude when the current is at a
maximum. It follows that the negative peak that precedes
the electrostatic offset is due to induction. The peak induc-
tion field change ($43 V/m) is the difference between the
negative peak and the electrostatic offset and corresponds to
peak current of 29 kA (assuming a uniform current over the
length of the channel).
[11] The electrostatic field change was $39 V/m,

corresponding to a dipole moment change of 2 C-km. With
a event duration of 24 microseconds, the average propaga-
tion velocity was determined to be 1.7 % 108 m/s giving a
discharge channel length of 4 km. The NBE transferred
0.5C of charge at an average current of 21 kA.
[12] Four other NBE were observed to have waveforms

that exhibited an electrostatic offset after the bipolar pulse.
This offset decayed to zero with a time constant similar to
that of the field-change instrument. Figure 2 shows the
waveforms for these events, labeled A, B, C and D. For the
first three events, the electrostatic field change was nega-
tive, as is expected for the discharge of a dipole with
positive over negative charge when measured within the
reversal distance Event D had a positive electrostatic field
change indicating that the measurement was made beyond
the reversal distance. This NBE had an altitude of 8.3 km
and a reversal distance of 10 km. The near measurement
was made at 14.5 km, well beyond the reversal point.
[13] The dipole moment changes for events A, B, C and

D were calculated from the electrostatic field to be 1.6, 0.5,
0.15 and 0.6 C-km. The discharges were located 9.7, 8.9,
9.9 and 14.5 km from the near station. Durations for events
A, B and C were each 17 microseconds, while event D had
a duration of 24 microseconds. Event C appears to have a

 

 

 

 

 

  

 

 

 

Figure 1. Waveforms for close NBE event. Distant station
(radiation field) is shown in panels a and b, while the near
station waveforms are shown in c and d. Panel e compares
the two measurements. Note that the zero-crossing in the
radiation field corresponds to a peak in the near electric
field.
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What	
  is	
  a	
  narrow	
  bipolar	
  event	
  (NBE)?	
  
	
  
NBEs	
  are	
  compact	
  (<	
  2	
  km),	
  powerful	
  (>	
  10	
  kW	
  in	
  VHF),	
  and	
  impulsive	
  (~10	
  μs)	
  electrical	
  discharges	
  
in	
  thunderstorms,	
  also	
  known	
  as	
  compact	
  intracloud	
  discharges	
  (CIDs)	
  [e.g.,	
  Smith	
  et	
  al.	
  1999].	
  
	
  
Can	
  be	
  either	
  posi?ve	
  or	
  nega?ve	
  polarity	
  (Wu	
  et	
  al.	
  2012),	
  and	
  have	
  dis?nc?ve	
  broadband	
  
waveform	
  signatures	
  (Eack	
  2004)	
  someWmes	
  confused	
  for	
  +CGs	
  in	
  the	
  past	
  by	
  NLDN	
  and	
  other	
  
networks	
  (Tessendorf	
  et	
  al.	
  2007).	
  
	
  
NBEs	
  are	
  related	
  to	
  lightning	
  but	
  are	
  likely	
  op?cally	
  “dark”	
  (Jacobson	
  et	
  al.	
  2013).	
  
	
  
As	
  revealed	
  by	
  VHF	
  sensors	
  (both	
  satellite	
  and	
  ground):	
  
•  The	
  most	
  powerful	
  lightning-­‐related	
  VHF	
  sources	
  observed	
  (Jacobson	
  et	
  al.	
  2013)	
  
•  Tend	
  to	
  occur	
  at	
  the	
  beginning	
  of	
  intracloud	
  discharges	
  (Rison	
  et	
  al.	
  1999)	
  
•  Difficult	
  to	
  esWmate	
  alWtude	
  properly	
  due	
  to	
  receiver	
  saturaWon	
  (Thomas	
  et	
  al.	
  2001)	
  

continuing current that follows the NBE as well as a second-
ary discharge, both of which were not included in the event
duration or charge moment determination. For these events,
the propagation velocity was determined to be 2.9 ! 108,
2.2 ! 108, 1.7 ! 108 and 5 ! 107 m/s respectively, giving
discharge lengths of 5, 3.8, 2.9 and 1.2 km. The charges
transferred in these NBE were 0.3, 0.16, 0.17 and 0.12C at
average currents of 17.6, 9.4, 10 and 5 kA. The continuing
current for event C lasted for approximately 400 micro-
seconds and transferred 0.08 C of additional charge at an
average current of 200 A (assuming that the current flow was
along the entire 2.9 km channel length). It is not known if the
secondary discharge associated with this NBE occurred
along the same channel or not. If the second discharge did
occur down the NBE channel, it transferred an additional
0.3 C at an average current of 4 kA.

5. Negative Polarity NBE

[14] Over the same two year period, we also observed
approximately 3500 narrow negative bipolar events. Approx-
imately 20 of these were within about 15 km of an observing
station. The majority of these occurred in two storms that

were located about 10 to 12 km from the nearest field-change
station and did not have any detectable electrostatic or
induction fields. However, two events (Figure 3) did exhibit
electrostatic field changes, one of which was located 5.6 km
from the nearest station, the other 14.7 km. Both electrostatic
field changes were positive in polarity. This is opposite to
those of positive NBE within the reversal distance and
indicates that the dipole that is discharged in these events is
inverted (negative charge over positive). Dipole moment
changes were determined to be "1.6 and "0.77 C-km with
propagation velocities of 1.9 ! 108 and 1.5 ! 108 m/s. The
duration of each event was 17 microseconds, giving a
discharge length of 3.2 and 2.6 km. The charges moved were
"0.5 and"0.3 Cwith peak currents of 29.4 and 17.6 kA. The
second event also had a continuing current that lasted
approximately 500 microseconds and transferred and addi-
tional "0.1 C of charge with an average current of 200 A
(assuming a constant current in the entire 2.6 km channel).

6. Concluding Remarks

[15] To summarize my observations of NBE at close
range:

Figure 2. Near and distant station waveforms for four positive NBE events with observed electrostatic field changes.

Figure 3. Near and distant station waveforms for two negative NBE events with observed electrostatic field changes. Note
that the electrostatic field changes are opposite in polarity to those of the positive NBE.
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continuing current that follows the NBE as well as a second-
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duration of each event was 17 microseconds, giving a
discharge length of 3.2 and 2.6 km. The charges moved were
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second event also had a continuing current that lasted
approximately 500 microseconds and transferred and addi-
tional "0.1 C of charge with an average current of 200 A
(assuming a constant current in the entire 2.6 km channel).

6. Concluding Remarks

[15] To summarize my observations of NBE at close
range:

Figure 2. Near and distant station waveforms for four positive NBE events with observed electrostatic field changes.

Figure 3. Near and distant station waveforms for two negative NBE events with observed electrostatic field changes. Note
that the electrostatic field changes are opposite in polarity to those of the positive NBE.
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PosiWve	
  and	
  negaWve	
  NBE	
  examples	
  from	
  Eack	
  (2004)	
  



How	
  do	
  NBEs	
  relate	
  to	
  thunderstorm	
  structure	
  and	
  evolu?on?	
  
	
  
Good	
  quesWon!	
  This	
  is	
  sWll	
  open	
  for	
  exploraWon.	
  
	
  
What	
  we	
  know	
  to	
  date	
  
•  Tend	
  to	
  occur	
  near	
  strong	
  (~40-­‐dBZ)	
  cores	
  (e.g.,	
  Smith	
  et	
  al.	
  1999)	
  
•  Tend	
  to	
  occur	
  at	
  high	
  alWtudes	
  (>	
  8	
  km;	
  Wu	
  et	
  al.	
  2012)	
  
•  Correlated	
  to	
  cloud-­‐to-­‐ground	
  (CG)	
  flash	
  rate	
  (Suszcynsky	
  and	
  Heavner	
  2003)	
  
•  Correlated	
  to	
  30-­‐dBZ	
  heights	
  (Wiens	
  et	
  al.	
  2008)	
  
•  Certain	
  individual	
  storms	
  can	
  produce	
  very	
  high	
  NBE	
  rates	
  (Wiens	
  et	
  al.	
  2008)	
  
	
  
Outstanding	
  issues	
  
•  What	
  is	
  disWncWvely	
  different	
  about	
  storms	
  that	
  produce	
  many	
  NBEs?	
  
•  Case	
  studies	
  needed	
  of	
  NBE	
  occurrence	
  related	
  to	
  total	
  flash	
  rate	
  and	
  storm	
  evoluWon	
  

dominated by temporally isolated NBE flashes that occur at
a rate of a few per 15-minute interval (weak lightning
activity). The mid-rate region represents the most typical
lightning activity levels and demonstrates a robust and
statistically significant linear correlation between fCG and
fNBE. The high-rate region shows a continued correlation
between fCG and fNBE and a broadening and flattening of the
data with increasing rates.
[13] In the high-rate region, the broadening of the data is

simply due to poor event statistics and the flattening of the
data is due at least in part to a breakdown of the flash
definition at these rates. In a high-rate regime, the flash
definition begins to undercount the total number of flashes
as successive flashes become temporally indistinguishable
from each other. This limitation tends to obscure the true
functional dependence between fNBE and fCG at these high-
est rates. However, the linearity seen in the mid-rate region
( fCG/fNBE ! 10) probably extends to NBE rates beyond
1 min"1 although we cannot verify this in the current study.
Another contribution to the flattening at high rates may be a
decrease in CG rates that is known to occur at very high
total lightning flash rates [Lang et al., 2000].
[14] In addition to the data shown in Figure 2, 115,075

space-time cells with a non-zero fCG were found to have a
zero fNBE. However, Figure 3 shows that these cases seem to
be almost exclusively associated with the lowest flash rates
(97% of the cases occurred for a fCG ! 2 min"1 or less). The
implication of Figures 2 and 3 combined is that elevated CG
flash rates (i.e., moderately and strongly convective envi-
ronments) are almost always accompanied by elevated NBE
flash rates.
[15] In summary then, if fCG is assumed to be a proxy for

the strength of the convective updraft (and the results of
previous studies indicate that, statistically speaking, this is
true), the implication of Figure 2 is that NBE flash rates are
also statistically correlated to the strength of the associated
convective process. This trend appears to be independent of
NBE polarity. Results similar to those in Figure 2 were also
obtained by plotting the LASA total lightning flash

rate, fTOT, versus fNBE, although this method has the
disadvantage of plotting quantities that are not truly inde-
pendent of each other.

3.2. NBE Source Heights

[16] LASA NBE waveforms often exhibit a repeating
bipolar pattern arising from the original event followed in
time by similar but weaker bipolar structures due to one or
more reflections off the ionosphere. This phenomenon has
been discussed in Smith et al. [1999a] and is the basis for a
geometric technique that uses the inter-pulse time delay and
the two-dimensional location of the source event to calcu-
late a source height.
[17] This technique was used to generate Figure 4a

which plots the positive NBE source height, h+N, versus

Figure 2. Plot of LASA CG flash rate, fCG, versus NBE
flash rate, fNBE, for 22,156 space-time cells that had both
non-zero CG and non-zero NBE flash rates (small dots) and
the average NBE flash rate, h fNBEi, for all space-time cells
of a given fCG (large dots).

Figure 3. Histogram of LASA CG flash rates, fCG, for all
115,075 space-time cells with zero NBE flash rates (thin
line) and the 22,156 cells with non-zero NBE flash rates
(thick line).

Figure 4. (a.) Positive NBE source height, h+N, versus
LASA NBE flash rate, fNBE. (b.) Average positive NBE
source height, hh+Ni, versus fNBE.
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Jacobson and Heavner [2005] found that storms tend to
produce only one polarity of NBE but not the other. This
issue is explored further in section 3.3.
[55] To further investigate the occurrence of NBEs relative

to other lightning on the large scale, we tabulated the number
of total LASA, total NBE, and total NLDN events and flashes
in the whole computation domain and binned them into each
UTC hour during the days of 6-station LASA coverage in
May–July 2005. Figure 13 shows the time series of these
domain-wide hourly lightning counts. The total LASA,
NLDN and NBE flash rates are clearly well-correlated in
time and show a pronounced diurnal cycle. This diurnal cycle
has been shown in numerous other studies [e.g.,Nesbitt et al.,
2000] and is due to forcing of the convection by solar
insolation. The green line in Figure 13 shows the percentage
of NBE flashes relative to total LASA flashes. This domain-
wide NBE percentage is plotted against the hourly total
LASA flashes in Figure 14. The scatter is considerable about
the overall mean NBE percentage of 0.5%. The cumulative
frequency distribution of this domain-wide hourly NBE
percentage is plotted in Figure 15. The hourly NBE per-
centage exceeded 0.1% of all LASA flashes in the domain
only !50% of the time, and exceeded 1% of all flashes in
the domain only !10% of the time. These results are
similar when the events are not grouped into flashes.
Given that LASA is under-predicting the true total light-

ning, these NBE percentages are expected to be even
lower when compared with true total lightning rates.
[56] Thus far, these results have suggested that, on average,

whenNBEs occur at all, the NBE percentage tends to be quite
small with a mean range of 0.1% to 1%, at least when
integrated over the full domain. However, this masks the fact
that a very large percentage of the NBEs occurred in a short
amount of time. As shown in Table 5, a small fraction of
hours accounted for a large fraction of the lightning. This is
true for all lightning types, but is more pronounced for NBEs.
The 95th percentile of total domain-wide LASA flash rate
was 16277 flashes h"1. The lightning in those 5% of hours
that exceeded this rate accounted for 31.5% of all LASA
flashes. In comparison, the 95th-percentile of the domain-
wide NBE flash rate was 131 h"1, and the NBE activity in
those 5% of hours that exceeded this rate accounted for over
66.8% of all NBE flashes observed. These percentages are
similar when the events are not sorted into flashes (Table 5).
Periods of extreme (i.e., greater than the 95th-percentile)
NBE rate often corresponded with extreme NBE percentage.
Note, for example, the few time periods in Figure 13 during
which NBEs constituted 10–20% of the total LASA
events in the domain. Note, in particular, 24–25 May,
27–28 June, and 3 July. As discussed in our brief analysis
of two of these cases in the next section, such instances of
temporally clustered NBE activity accounted for most of

Figure 13. Hourly total LASA and NLDN lightning flashes and NBE flashes within the whole
computation domain for the months of May–July 2005. The hourly percentage of total LASA flashes that
contained NBEs is plotted against the right ordinate.
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Data	
  and	
  Methodology	
  
	
  
North	
  Alabama	
  Lightning	
  Mapping	
  Array	
  (NALMA)	
  
NaWonal	
  Lightning	
  DetecWon	
  Network	
  (NLDN)	
  
NaWonal	
  3-­‐D	
  Radar	
  ReflecWvity	
  Mosaics	
  (NMQ)	
  
	
  
McCaul	
  LMA	
  flash-­‐counWng	
  methodology	
  (McCaul	
  et	
  al.	
  2005)	
  
	
  
No	
  waveform	
  data,	
  so	
  instead	
  use	
  concept	
  of	
  “NBE	
  candidates”	
  
•  NALMA	
  flashes	
  containing	
  40+	
  dBW	
  source	
  (DB40)	
  
•  Flashes	
  containing	
  40+	
  dBW	
  iniWal	
  source	
  (NB40)	
  
•  Flashes	
  containing	
  50+	
  dBW	
  source	
  (DB50)	
  
•  Flashes	
  containing	
  50+	
  dBW	
  iniWal	
  source	
  (NB50)	
  
	
  
DB40	
  is	
  least-­‐stringent	
  category,	
  NB50	
  the	
  most	
  stringent	
  
	
  
Modest	
  alWtude	
  criteria	
  to	
  filter	
  out	
  very	
  poor	
  soluWons	
  

Re
st
ric
Wv
en

es
s	
  



0	
   500	
   1000	
   1500	
   2000	
   2500	
   3000	
   3500	
  
1	
  

4	
  

7	
  

10	
  

13	
  

16	
  

19	
  

22	
  

25	
  

28	
  

31	
  

34	
  

37	
  

40	
  

43	
  

46	
  

49	
  

52	
  

55	
  

58	
  

61	
  

64	
  

67	
  

70	
  

73	
  

76	
  

79	
  

82	
  

85	
  

88	
  

n40dbw	
  

n50dbw	
  

nnbe40	
  

nnbe50	
  

4	
  August	
  2011	
  

27	
  April	
  2011	
  tornado	
  super	
  outbreak	
  

DB40	
  
DB50	
  
NB40	
  
NB50	
  

Notable	
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Data	
  plosed	
  as	
  ~6-­‐h	
  cases	
  

The	
  two	
  ~6-­‐h	
  periods	
  on	
  4	
  
August	
  2011	
  are	
  by	
  far	
  
the	
  biggest	
  NBE	
  candidate	
  
producers,	
  by	
  any	
  metric	
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NBE	
  Candidates	
  

Flash	
  contains	
  40	
  dBW	
  source	
  anywhere	
  
(DB40)	
  

Flash	
  contains	
  50	
  dBW	
  as	
  iniWal	
  source	
  
(NB50)	
  

Two	
  ~6-­‐h	
  periods	
  on	
  4	
  August	
  2011	
  

Standout	
  NBE	
  candidate	
  
cases	
  are	
  middle	
  of	
  the	
  road	
  
in	
  terms	
  of	
  max	
  flash	
  rates	
  

NALMA	
  NBE	
  Candidates	
  vs.	
  Max	
  Flash	
  Rate	
  Densi?es	
  
(2002-­‐2012)	
  



Equilibrium	
  Level	
  ~14.8	
  km!	
  



4	
  August	
  2011	
  NMQ	
  composite	
  reflec?vity	
  (contours)	
  and	
  40	
  dBW	
  flashes	
  (X)	
  
100-­‐km	
  and	
  200-­‐km	
  NALMA	
  Range	
  Rings	
  (dashed	
  circles)	
  

Cell	
  mergers	
  appear	
  to	
  be	
  associated	
  with	
  enhanced	
  NBE	
  candidate	
  acWvity	
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  flash	
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  (5	
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  iniWal	
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50	
  dBW	
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Bulk	
  Regional	
  Time	
  Series	
  
•  Includes	
  all	
  observaWons	
  within	
  200	
  km	
  range	
  of	
  NALMA	
  center	
  
•  Superficial	
  comparison	
  suggests	
  good	
  correlaWons	
  among	
  30/40	
  
dBZ	
  volumes	
  and	
  various	
  flash	
  parameters,	
  including	
  NBEs	
  

Cell	
  Merger	
  (examined	
  later)	
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Echo	
  volumes	
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  candidates	
   NBE	
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NALMA	
  Range/DE	
  effects	
  

•  NBE	
  candidates	
  best	
  correlated	
  to	
  
40-­‐dBZ	
  echo	
  volumes.	
  	
  

•  DB40	
  category	
  highest	
  correlaWons	
  

•  Higher	
  NBE	
  correlaWons	
  to	
  +CGs	
  
interesWng	
  (Tessendorf	
  et	
  al.	
  2007)	
  

DB40/NB50	
  correlaWon	
  =	
  0.52	
  



CSU	
  Lightning,	
  Environment,	
  
Aerosols,	
  and	
  Radar	
  (CLEAR)	
  
sta?s?cal	
  framework	
  

Sub-­‐secWoned	
  NMQ	
  

Fuchs	
  et	
  al.	
  (2013)	
  tracking	
  
Twin	
  thresholds	
  -­‐	
  30	
  &	
  40	
  dBZ	
  
2-­‐D	
  median	
  filter	
  (4-­‐km)	
  

NALMA	
  flashes/sources	
  
NLDN	
  Flashes	
  
NBE	
  Candidates	
  

Lang	
  and	
  Rutledge	
  (2011)	
  

Basic	
  idea	
  –	
  IdenWfy	
  and	
  track	
  
features	
  in	
  radar	
  data,	
  link	
  
lightning	
  and	
  other	
  observaWons	
  
to	
  those	
  features	
  using	
  simple	
  
temporal/spaWal	
  criteria	
  for	
  later	
  
staWsWcal	
  or	
  case	
  study	
  analysis	
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Examina?on	
  of	
  Merger	
  	
  
Tracks	
  7	
  &	
  30	
  

LMA	
  total	
  flash	
  rate	
  [x10	
  (5	
  min-­‐1)]	
  
NLDN	
  CG	
  flash	
  rate	
  (5	
  min-­‐1)	
  
NMQ	
  Volume	
  30	
  dBZ	
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NMQ	
  Volume	
  40	
  dBZ	
  (x100	
  km3)	
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  sources	
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DB40	
  well	
  correlated	
  to	
  storm	
  metrics	
  
during	
  two-­‐hour	
  analysis	
  window	
  
	
  
NB50	
  somewhat	
  correlated	
  to	
  
reflecWviWes,	
  no	
  staWsWcally	
  significant	
  
correlaWon	
  with	
  TFR,	
  CGs	
  



Ver?cal	
  analysis	
  
Tracks	
  7	
  &	
  30	
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  C	
   40	
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  -­‐20	
  C	
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NB50	
  

TFR	
  

CGs	
  

LMA	
  total	
  flash	
  rate	
  [x10	
  (5	
  min-­‐1)]	
  
NLDN	
  CG	
  flash	
  rate	
  (5	
  min-­‐1)	
  

NMQ	
  Volume	
  20	
  dBZ	
  (km3)	
  
NMQ	
  Volume	
  30	
  dBZ	
  (÷2	
  km3)	
  
NMQ	
  Volume	
  40	
  dBZ	
  (÷4	
  km3)	
  
Solid:	
  T	
  <	
  0	
  C	
  
Dash:	
  T	
  <	
  -­‐20	
  C	
  
Dot:	
  T	
  <	
  -­‐40	
  C	
  

40	
  dBW	
  sources	
  (5	
  min-­‐1)	
  
50	
  dBW	
  init.	
  sources	
  [÷10	
  (5	
  min-­‐1)]	
  

DB40,	
  TFR,	
  and	
  CGs	
  
highly	
  correlated	
  to	
  
verWcal	
  intensity	
  
	
  
NB50	
  loosely	
  
correlated	
  at	
  best	
  



Z	
  @	
  -­‐40	
  C	
  (11	
  km	
  MSL)	
  
0405	
  UTC	
  -­‐	
  NB50	
  (X)	
  
5,10	
  flash/4	
  km2	
  (line	
  contours)	
  

NBE	
  candidate	
  burst	
  cell	
  	
  
•  Ground	
  zero	
  for	
  merger	
  of	
  larger	
  storms	
  
•  Mid-­‐strength	
  reflecWvity	
  structure	
  
•  Comparable	
  in	
  terms	
  of	
  total	
  flash	
  producWon	
  

DB40	
  (X)	
  
NB50	
  (X)	
  

VerWcal	
  cross-­‐secWon	
  
0405	
  UTC	
  
LaWtude	
  =	
  35.33	
  N	
  
5-­‐min	
  LMA	
  flash	
  histogram	
  (x5)	
  
	
  
	
  
	
  
	
  
VerWcal	
  cross-­‐secWon	
  
0405	
  UTC	
  
Longitude	
  =	
  87.00	
  W	
  
5-­‐min	
  LMA	
  flash	
  histogram	
  (x5)	
  



Conclusions	
  and	
  Future	
  Work	
  

NBE	
  candidates	
  occurred	
  within	
  strong	
  convecWon	
  
•  But	
  not	
  always	
  the	
  strongest!	
  
•  DB40	
  best	
  correlaWon	
  to	
  storm	
  metrics	
  (influence	
  of	
  TFR?)	
  
•  NB50	
  worst	
  correlaWon	
  (Sampling	
  issues?)	
  

•  Low	
  to	
  no	
  correlaWon	
  with	
  other	
  lightning	
  
•  Some	
  staWsWcally	
  significant	
  correlaWon	
  to	
  radar	
  metrics	
  	
  

•  NBE	
  candidate	
  burst	
  associated	
  with	
  cell	
  merger	
  	
  
	
  
Intense	
  convec*on	
  a	
  necessary,	
  but	
  not	
  sufficient,	
  condi*on	
  for	
  
NBE	
  produc*on?	
  
•  Results	
  consistent	
  with	
  NBEs	
  requiring	
  an	
  addiWonal	
  trigger	
  
•  Effect	
  of	
  solar	
  proton	
  storm	
  on	
  4	
  August	
  2011?	
  

To	
  Do	
  
•  Further	
  analysis	
  of	
  this	
  case	
  –	
  addiWonal	
  Wme	
  periods	
  
•  Examine	
  other	
  cases	
  (e.g.,	
  2nd	
  most	
  NBEs	
  -­‐	
  7/31/2012)	
  
•  StaWsWcs	
  for	
  NBE/No-­‐NBE	
  storms	
  


