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Virtual Capacitor Model (VCM) o o i

Plate area estimated by GLM flash area A. Can be an over- or under- estimation.

Plate separation d : 6.5 km (-CG), 10 km (+CG), 3.5 km (IC). NLDN used to determine flash-type.
Plate surface charge density estimated from GLM flash optical energy ¢ .

Total Flash Energy U estimated by capacitor energy: U= U, - U, .

Flash LNOx is YU/N,

During Flash
(Energy & to GLM)

Just Before Flash Just After Flash

U, = dQ?/(2A€,) IT=fQ U,=d[(-f) QF/(2A€,)
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Plot the NLDN flashes below

M atCh i ng crite ria to decide GLM flash-type

blue continues upward

GLM flash is deemed a “Cloud Flash”
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Period: June 2020 Anialysls Regllor
Flash-typed: GLM flashes using NLDN % ;““%q}i‘?;%
. 4,369,525 GLM flashes typed »@ LR, o
e 2,076,981 typed Ground ﬁ\\ Q/_/'< L
e 2,292,544 typed Cloud / /)/K
iod: [N 0
Period: January 2020 L N ( A
Flash-typed: GLM flashes using NLDN \%\\g 7
« 460,449 GLM flashes typed > =
« 191,092 typed Ground el
: AT
269,357 typed Cloud NS
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GLM Flash Optical Energy

June 2020 (Ground & Cloud Flashes) Jan 2020 (Ground & Cloud Flashes)
700000F & [
600000t 40000}
. 500000
g- 100000 Ave — 244.5 fJ ; 30000+ AVE 515 0 fJ R (] W (] S 2 1
g 400000E S r m m °
S 300000 § 20000} at I O I nte r/ u e r . .
200000t
100000 10000 - -
g | H’HHI! (1.e. ratio of averages shown, 515.0/244.5 =2.1)
0 (T e e e ‘ oLl HHHMH\IHHHIIH!HH
0 200 400 600 800 1000 0 400 600 1000
flash optical energy (f7) flash optical energy (fJ)
June 2020 (Ground Flashes) ) Jan 2020 (Ground Flashes)
300000 |-rg
250000F 15000 -
& 200000F Ave = 308.1f) & , Ave = 687.3 1) 2 2
g S 10000
§ o Ratio Winter/Summer: 2.2
* 100000} ' 5000
== {11l | HH
0 WWWHW\WmemW‘ 0 H‘HH’H||\HlHHIHHIHHm
0 200 400 600 800 1000 0 400 600 800 1000
flash optical energy (fJ) flash optical energy (fJ)
June 2020 (Cloud Flashes) Jan 2020 (Cloud Flashes)
400000F m
1 25000+
_ 30000048 Ave = 186.9 f) _ 200001 Ave =392.7 1) o .
Z’ &' N .
Ratio Winter/Summer: 2.1
g r <, 10000!]
100000+ ‘ } ’
50001 m
oLl H(Wﬂrrmrmmm - , otk ‘ H““HHHIIIIIIHHmmmm
0 200 400 600 800 1000 0 400 600 800 1000
flash optical energy (fJ) flash optical energy (fJ)

Koshak, NASA/MSFC



GLM Flash Optical Energy per Group

Jan 2020 (Ground & Cloud Flashes)

June 2020 (Ground & Cloud Flashes)
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GLM Flash Optical Duration

June 2020 (Ground & Cloud Flashes) Jan 2020 (Ground & Cloud Flashes)
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mean flash optical energy (fJ)

mean flash optical energy (fJ)

mean flash optical energy (f7)

GLM Flash Optical Energy vs. GLM Flash Optical Area
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There is scatter, so these are plots of mean vs mean

mean flash optical energy (fJ)

mean flash optical energy (fJ)

mean flash optical energy (fJ)

Jan 2020 (Ground & Cloud Flashes)

2000+ .0
[ ......
1500/ o
~ 2 00®®
1 fl/km o
1000 o
BH
....
(]
500[ L
[ -
o
oL oe® r
0 400 800 1200 1600 2000
mean flash area (km2)
Jan 2020 (Ground Flashes)
2000+ ...
[ o%00®
1500( o
~ 1fl/km2 e
(1)
1000 o
....
o....
500 g
[ ....
r [ 4
0l ee=?
0 400 800 1200 1600 2000
mean flash area (km2)
Jan 2020 (Cloud Flashes)
20001 ® oo
°
L]
) 00..
500~ g fifkm? e
o...‘ L4
1000~ oot
[ oe”® e
...
500+ a0
.‘
)
oL Se®°
0 400 800 1200 1600 2000

mean flash area (km2)

Koshak, NASA/MSFC

Ratio Winter/Summer: 1.4

More “optical bang” for the “areal buck” in Winter

Ratio Winter/Summer: 1.4

Ratio Winter/Summer: 1.3




VCM Total Electrostatic Flash Energy

June 2020 (Ground & Cloud Flashes)
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Ratio Winter/Summer: 1.1

Ratio Winter/Summer: 1.1

Ratio Winter/Summer: 1.3




VCM LNOx

f=0.1807 chosen to force mean in June 2020
to 250 moles; i.e.~ 18% of Q discharged by each flash)

June 2020 (Ground & Cloud Flashes)
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Ratio Winter/Summer: 1.0

Ratio Winter/Summer: 1.1

Ratio Winter/Summer: 1.3




On average:

*  Optical energy/flash in Winter storms is about twice as large as in Summer storms.

*  But, optical energy/group about the same in Winter & Summer storms.

* Flash optical area is about 60% larger in Winter storms compared to Summer storms.
Flash optical duration is about 30% larger in Winter storms compared to Summer storms.

*  Flash optical energy per flash optical area is close to 1 fJ/km?, and is about 40% larger in Winter
storms compared to Summer storms.

* VCM-derived electrostatic flash energy U & LNOx only slightly larger in Winter storms compared to
Summer storms. (Mapping from optical energy & area space to U/LNOx space is complicated:
nonlinear, depends on shape of distributions, depends on relative # ICs and CGs.)
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