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Summary of Main Advances

Mathematical Advances to Analytic Perturbation Method

»  Derived closed form solution for ground flash fraction ... no
numerical scanning of H function.

»  Derived explicit analytic forms for the perturbation vectors.
»  Derived a way to determine flash type of specific flashes.

APM Error Analysis Completed Via Simulations

DEMO Completed

Journal Paper Completed & Ready for Submission (JTECH)



Size {stats) = 1000 ]
Size {shown) = 1000.00
Averoge = 429.01100
Sid Dev = 388.16905
Max = 1971,0000

Medion = 297,00000
Min = 5,0000000

G =N,g

oo D ALALAALAL LR LA AR L SR AL

sl

T s T

Frequency

400 ©00 800 1000 1200 1400 1600 1800 2000
CG MGA Obseryations (km2)

0 200

Instrument Observes
N MGA:s.

Invert this Distribution
to Find Ground Flash
Fraction a

Frequency

A0 [TTTTTITTT T

300

T

g
(=3
o

100

a 200 400 8600 800
ALL MGA Observations (km2)

AL L Lt L

M

TETTTTITT T

Size (stats) = 5000
Size (shown) = 5000.00
Average = 282.31520
Std Dey = 268,14030
Max = 1971,0000

Median = 203.00000
Min = 1,0000000

TIETTTTITTITTIr T

Nm

1000 1200 1400 1600 1800 2000

Frequency

Size (stats) = 4000
Size {shown) = 4000.00
Averoge = 24564125
Sid Dev = 213.33402
Max = 1957,0000
Medion = 187,00000
Min = 1,0000000

C=N.

oo 19 L LALALALALI LLALA LAY AR LA SR L) AR LR

200

400 ©00 800 1000 1200 1400 1600 1800 2000
IC MGA Observations {km2)

0 200

M=G+C
m=ag+(1—a)c
a=N /N




APM SOLUTION PROCESS

Minimize: H =a d*+(1-a,)e’
Subject to: m=a,.g +(1—« )c,

Rd — Results in perturbation: p=m-a a—(l-«, )b

Geometry of the APM depicted in 3-space. Climate vectors are (a, h) which are perturbed
by (d, e) so thatthe estimatesg=a+d, c=b+e are made.

The effect of the perturbationis to create a hyperplane out of (gr.cr )that containsthe
(fixed) mixture density m. The geometry is depicted in 3-space.

M=ag+((1l—a)C (truth)

M= g, +(1—¢,)c, (model)




APM SOLUTION SUMMARY

PERTURBATION GIVES:
_ _(m-b)y'@-b)
r (a-b)’
g, :m+(1_ar)(a_b)
c,=m-c, (a—b)

PROBABILITY FLASH, HAVING MGA =x, IS A GROUND FLASH:

: argr(x)_l_(l_ar)cr (X)

P,(x)> 0.5 = Ground Flash
P,(x) < 0.5 = Cloud Flash




Frequency

Simulate Population from OTD Data (Flash Type Categorized by NLDN)
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Simulate Population from LIS Data (Flash Type Categorized by NLDN)
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Inversion Algorithm Performance Simulator
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FUNCTIONAL DEMO NOW EXISTS

DEMO: Analytic Perturbation Method ... William ]J. Koshak NASA/MSFC
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