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Lightning MOnitor (LIMO)

Tool for monitoring lightning counts/attributes as related to changes in climate

e Written in the Wolfram Language (Mathematica 13.1.0.0)
* Replaces & expands upon the older Lightning Analysis Tool (LAT) written in IDL
* Puts Wolfram Knowledge Base “at your fingertips & ready for computation”

Ingests GLM-16 & NLDN datasets

Continuously evolving to identify, analyze & monitor new/insightful parameters
derived from the data. (also useful for GLM cal/val)

Supports National Climate Assessment (NCA) ... so focus on CONUS primarily
* How does a changing climate affect US lightning?
 What impact do changes in US lightning have on US infrastructure, economy, safety ...?
* LNOx, wildfires, power-outages, deaths/injuries, crop/property damage, ...
 What can changes in lightning tell us (i.e. “indicate”) about changes in climate?
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Overview of LIMO Analyses
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KEY: 6 basic plot types: SUMMARY:
f|a52;.energy e HIS: histogram ... fasap 5x60 = 300 Statistics Plots (Max, Ave, Std, Med, Min)

* a=area

* d=duration

* r=#groups

* x=MGA

* s=ave group energy
* p=peakcurrent

* m=multiplicity

* c=counts (GLM)
* n=counts (NLDN)
* + positive polarity
* - negative polarity

MAP: geographical CONUS heat map ... fasap

DIU: diurnal variation (0-24 hrs) ............ fasap
TIM: time evolution (day range) ............ fasap
TIM: time evolution (month range) ...... fasap
TIM: time evolution (year range) .......... fasap

fasap: for a selected analysis period; i.e. day(s), month(s), year(s)

5x4 = 20 Count Plots
4x2 = 8 Fraction (n/c, n+/n) Plots
Ix12 = 12 Histogram Plots

= 340 possible plots!

+ flash location plots (LOC)
+61/(6-2)! + 6 = 36 covariation plots (COV)
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Flash Energy a Proxy for LNOx Production

LNO Production P in moles:

Y Y :
P = |:N—A] E = [/BTA:| Q , Q in Joules

Y ~ 107 molecules J~! (Thermochemical Yield)
N4 = 6.022 x 10%® molecules mol™" (Avogadro’s Number)

B~ 1.35997 x 10~?* = ave P = 250 moles/flash over 1st 10 mo of 2018 reference year

A more universal approach is to simply assign = (Y/N,)(10-°J/fJ) = 1.66058 x 10-22
which gives 1 mole of LNOX per fJ of GLM flash optical energy; i.e. P = Q, where Q is now in femtoJoules.

For example, GLM flashes over CONUS are ~ couple hundred fJ ... so produce a couple hundred moles.
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GLM-16 2020 & 2021 COVARIANCE INDICATORS

(Box-car Scanning Average of the Raw Scatter-Plots Along x-axis)

2020_GLM 2020 _GLM 2020_GLM
900F o = r 1.0
g es™ 1500} a
800E " [ -
C a® a 2L
_ 700F aes" R “..- 08
I - c'.. 3 I ... ; eeta
< 600F ..‘.. 8 10001 .C'. = 06} ..l‘....l........
S ; «* s I a® 2 aseee®
~ 500 - ... E‘ ..‘ IS ... e
< F .. <5 ... ; ....
S 400F o’ S - e Q 041 o’
< : «* = 500t - & o
300F  4® I o = e
200F .'. [ - - 021 o
o [ (] a
L L L ' oL, @9 | | | | | , | | |
0 200 400 6(.’0 800 1000 0 400 800 1200 1600 2000 00, 200 200 600 800 7000
AVE Energy (fJ) AVE Area (km2) AVE Energy ()
2021 GLM 2021 GLM o 2021 GLM
900 _— .
et 0 ¢ a®
. Rl 150¢ .
- c".. .-‘.. 08}
a .
700 ae** P S
) -'.... g c‘... g eacacatad
5§ 600} - > 1000 . < 06] L
3 < o’ & e’ S acci‘...
S 500F o 3 at S ae®
3 o S t® 3 et
e a o\ L a®
= 400 «* & o o o
3 o = 500} . o
R = o = -
- .. ... 02+t e
200F ® - .
a - a
as
1 ' ! . oL @ . . . . | 0.0 : : l =
0 200 00 600 800 1000 0 400 800 1200 1600 2000 0 200 400 600 800 1000
AVE Energy (fJ) AVE Area (km2) AVE Energy (f7)

Koshak, NASA/MSFC



GLM-16 2020 & 2021 DISTRIBUTION INDICATORS

(flash energy in 15t column reasonable proxy to LNOXx)

2020 _GLM 2020 _GLM 2020 _GLM
7 x 10° | i u 35x10°} .
6 L -

6x10°H 8x10 3.0x10°} |
R 6 || — 6 L -
5 5x100H] = 6x10k TR 5 25x10°F |
S 4x10°}] 3 S 20x10°}
S 3 6 L S 6 | S 6 L o
& 3x10 S 4x10 & 15x10

2x10°}] ) , 1.0x10°} W

2x10°t '
1x10°H] H 500000} W Hmﬂ
% ZHOWOTWWDOFEWHW 800 1000 oL HTW TR ' 0% B
' 0 500 1000 1500 2000 0 10 20 30 40
Energy (f]) Area (km2) Group Energy (fJ/group)
2021 _GILM 2021 _GLM 2021 _GLM

7 x10°H ] 35x10°0  ff

6 x109H] 8x10°| 30x10°F T
> SxI0OHT > M M- > 2.5x10°F B
2 S 6x10°} g X il -
S 4x10° ) R 20x10°F ol
& 3xI10°F S 4x10° & 15xI10°F m

2x10°H 1.0x10°F b

6
1 x10°] " 2x10°¢ | 500000F J |W
0 200 400 600 800 1000 5 00 o T 500 0 10 20 30 40

Energy (f]) Group Energy (fJ/group)

Area (km2)

Koshak, NASA/MSFC



GLM-16 2020 & 2021 DIURNAL INDICATORS

(also experimenting with other time-bases such as Solar Time, ...)
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GLM-16 2020 & 2021 SPATIAL INDICATORS

(Flash Counts )

2020_GLM (Count = 42368628)
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(also daily flash location plots)
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GLM-16 2020 & 2021 SPATIAL INDICATORS

(Average Flash Energy)
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GLM-16 2020 & 2021 SPATIAL INDICATORS

(Average Group Energy)
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GLM-16 2020 & 2021 SPATIAL INDICATORS

(Maximum Flash Duration )
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GLM-16 2020 SPATIAL INDICATORS

(Maximum Group Area [MGA] Statistics)
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Thank You!
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