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Number of TLE Parent CG Occurences vs. Cloud Top Tempertures
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Reflectivity at Reflectivities characteristic
TLE Parent of stratiform region
CG Location (dBZ)
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Carey et al. (2005)

Intense convective cores of the MCS eject massive amounts of condensate
at high levels above the stratiform region, where the material slowly
descends in the FTR circulation, forming the secondary precipitation
region. It is likely that both advection and in situ charge generation play a
role in forming the extensive charge layers in the stratiform region. We
seek to use LMA data to better understand nature of SP+CG’s.



Yucca Ridge




Sensor at Duke
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NEW TERMINOLOGY:

Charge Moment Change

Impulse Charge Moment Change

Charge Moment Change = AMq (t) = Q (t) x Zq [C km]
Impulse Charge Moment Change = iAMq (t) = Q (~2 ms) x Zq [C km]

The product of the charge lowered to ground and the altitude in the cloud
from which it is removed. This is a function of TIME.



2007 Observed Sprites *

"MLDON detected parent flash

500 km

Observed Sprites 1304 total
NON-Detected 217 total

A YRFS # YRFS camerasite

Msu # MSU camerasite

Duke “‘|"‘ Duke camera site
Tulsa * Tulsa camera site

Effective radius ~ 5001000 km
of OK LMA @ radius fromYRFS

i | |




3 hours ending 20070704 0510 UT

CMCN

Display (3 hr running
total updated every 5
minutes). Large red
crosses are likely from
sprite parent +CGs
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Late June to early July 2007
locations of high probability 300+ C ki
sprite parent +CGs
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83% OF SPRITES HAD A NLDN-DETECTED SPRITE PARENT +CG

Nebraska

20 Jun 2007
00:00 - 07:00 Z We will look at only a few!

Kansas

Colorado
Missouri

&

New Mexico

Observed sprite CG's

A Total =282
Total non-Det =49

Total < 200 km = 111

200 km range
of OK LMA




Distribution of NLDN peak currents for
sprite parent +CGs (20 June 2007)

Distribution of NLDN peak currents for
all +CGs 10 kA (20 June 2007)

160000

Distribution of Peak Current
of All Positive CGs == 10ka
03to 07 UTC

Distribution of Peak Current
of Sprite Parent CGs
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Distribution of ICMC values (C Km)
for Sprite Paremt CGs

Sprites associated with large range of
iICMC values; all sprites associated
with positive CG’s or non-detects (17%)
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Nebraska

20 Jun 2007
00:00 - 01:00 Z

Colorado Kansas

Missouri

Positive CG = 10 kA
866 total

Negative CG = 10 kA
15555 total

Ohserved sprites
0 total

New I"."Iu:*xiu:E

&

200 km range
of OK LMA




Nebraska

20 Jun 2007
01:00 - 02:00 Z

Colorado Kansas

Missouri

Positive CG = 10 kA
1770 total

Negative CG = 10 kA
21641 total

Ohserved sprites
0 total

200 km range
of OK LMA




Nebraska

20 Jun 2007
02:00 - 03:00 Z

Colorado Kansas

Missouri

_‘ Oklahoma

B ks
New Mexidh’ o9 ° Positive CG > 10 kA
2624 total

O Negative CG = 10 kA
27113 total

Ohserved sprites
0 total

200 km range
of OK LMA




Nebraska

20 Jun 2007
03:00 - 04:00 Z

Colorado Kansas

Missouri

'*' Oklahoma

°«F % §

New I".'1|:~:u<||:|:> E;gé . Positive CG = 10 kA
2470 total
Negative CG = 10 kA
38391 total

Observed sprites
60 total
29 < 200km
200 km range
of OK LMA




Nebraska

20 Jun 2007
04:00 - 05:00 Z

Colorado Kansas

Missouri

Positive CG = 10 kA
2003 total

Negative CG = 10 kA
42217 total

Observed sprites
90 total
36 < 200km
200 km range
of OK LMA




Nebraska

20 Jun 2007
05:00 - 06:00 Z

Colorado Kansas

Missouri

l‘N‘ew Mexico Positive CG = 10 kA
1644 total
Negative CG = 10 kA
30391 rotal

Observed sprites
45 total
25 < 200km
200 km range
of OK LMA




Nebraska

20 Jun 2007
06:00 - 07:00 Z

Colorado Kansas

Missouri

Positive CG = 10 kA
1419 total

Negative CG = 10 kA
26027 total

Observed sprites
37 total
21 < 200km
200 km range
of OK LMA




Nebraska

20 Jun 2007
07:00 - 08:00 Z

Colorado Kansas

Missouri

New Mexico Positive CG = 10 kA
X 1175 total
Negative CG = 10 kA
23124 rotal

Observed sprites
0 total

200 km range
of OK LMA




Colorado

Mew Mexico %
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Nebraska

20 Jun 2007

03:00 -04:00 Z

Kansas

x '*' Oklahoma

Missouri

Positive CG =10 kA
2470 total

Negative CG =10 kA
38391 total

Negative iCMC
=100 Ckm

39 total
Negative iCMC
=200 Ckm

7 total
Negative iCMC
=300 Ckm

2 total

200 km range
of OK LMA




Colorado

Nebraska

20 Jun 2007

04:00 -05:00 Z

Kansas

Missouri

Positive CG =10 kA
2003 total

Negative CG =10 kA
42217 total

Negative iCMC
=100 Ckm

16 total
Negative iCMC
=200 Ckm

2 total
Negative iCMC
=300 Ckm

0 total

200 km range
of OK LMA




Colorado

Mew Mexico

Nebraska

20 Jun 2007

05:00 -06:00 Z

Kansas

Missouri

Positive CG =10 kA
1644 total

Negative CG =10 kA
30392 total

Negative iCMC
=100 Ckm

8 total
Negative iCMC
=200 Ckm

1 total
Negative iCMC
=300 Ckm

0 total

200 km range
of OK LMA




Colorado

Nebraska

20 Jun 2007

06:00 -07:00 Z

Kansas

Missouri

Positive CG =10 kA
1419 total

Negative CG =10 kA
26027 total

Negative iCMC
=100 Ckm

13 total
Negative iCMC
=200 Ckm

0 total
Negative iCMC
=300 Ckm

0 total

200 km range
of OK LMA




Colorado

Mew Mexico

Nebraska

20 Jun 2007

07:00 -08:00 Z

Kansas

Missouri

Positive CG =10 kA
1175 total

Negative CG =10 kA
23124 total

Negative iCMC
=100 Ckm

15 total
Negative iCMC
=200 Ckm

2 total
Negative iCMC
=300 Ckm

1 total

200 km range
of OK LMA




Colorado

o
o

o

Nebraska

20 Jun 2007

03:00 -04:00 Z

Kansas

'*' Oklahoma

Missouri

Positive CG =10 kA
2470 total

Negative CG =10 kA
38391 total

Positive iCMC
=100 Ckm

10 total
Positive iCMC
=200 Ckm

8 total
Positive iCMC
=300 Ckm

23 total

200 km range
of OK LMA




Colorado

Mew Mexico

Nebraska

20 Jun 2007

04:00 -05:00 Z

Kansas

Missouri

Positive CG =10 kA
2003 total

Negative CG =10 kA
42217 total

Positive iCMC
=100 Ckm

5 total
Positive iCMC
=200 Ckm

5 total
Positive iCMC
=300 Ckm

11 total

200 km range
of OK LMA




Colorado

Mew Mexico

Nebraska

20 Jun 2007

05:00 -06:00 Z

Kansas

Missouri

Positive CG =10 kA
1644 total

Negative CG =10 kA
30392 total

Positive iCMC
=100 Ckm

11 total
Positive iCMC
=200 Ckm

9 total
Positive iCMC
=300 Ckm

1 total

200 km range
of OK LMA




Colorado

Nebraska

20 Jun 2007

06:00 -07:00 Z

Kansas

Missouri

Positive CG =10 kA
1419 total

Negative CG =10 kA
26027 total

Positive iCMC
=100 Ckm

19 total
Positive iCMC
=200 Ckm

12 total
Positive iCMC
=300 Ckm

11 total

200 km range
of OK LMA




Colorado

Mew Mexico

Nebraska

20 Jun 2007

07:00 -08:00 Z

Kansas

Missouri

Positive CG =10 kA
1175 total

Negative CG =10 kA
23124 total

Positive iCMC
=100 Ckm

6 total
Positive iCMC
=200 Ckm

T total
Positive iCMC
=300 Ckm

13 total

200 km range
of OK LMA




Oklahoma Lightning Mapping Array
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e 05-06 UTC
LMA Source Density

100.0

Convective Line over
LMA network

100.0

Bi-level Structure
Consistent with

Normal Tripole
(Carey et al. 2005; JGR)

o
|

Upper Density Max 11-12 km (+)

N-S Lower Density Max 7-8 km (+)

T T T T T
-100.0 0 100.0 0 50 100150

(High resolution analysis suggests

Norman Sounding - 00 UTC 20 Jun third maximum near 4-5 km -

0 °C ~ 4.8 km MSL another positive charge layer?)
-10 °C ~ 6.3 km MSL
-20 °C ~ 7.5 km MSL No evidence for significant

-40 °C ~ 10.0 km MSL evolution during passage



Altitude (km)

Distance N—S of KTLX (km)

Plan View Vertical (1st 10 LMA pts)
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White Diamond - Mean loc of 1st 10 LMA pts 88 km from OK LMA

[LE 035921 UTC (Max Radar O

3592) LMA Altitude Histograms
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Altitude (km)

Plan View Vertical (1st 10 LMA pts)
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[LE 042700 UTC (Max Radar 04272)
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Altitude (km)

ILE Flash 060G/
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TLE ©60726 UTC
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2007 Sprite Studies...

LMA allows us to study details of positive cloud to
ground flashes that were associated with sprites

ICMC data are useful for isolating those storms and
portions of those storms that are producing sprites

Three sprite producing positive discharges were
examined. Two began near the melting level in the
transition zone and tapped upper level positive charge.
The third flash initiated at high levels near the convective
core and then propagated rearward and downward into
the stratiform region, consistent with a sloping positive
charge layer. Casual analysis of other flashes supported
these two models.

Examine more flashes, study more cases.



