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Algorithms Use
Maximum Group Area (MGA)

to retrieve
Ground Flash Fraction (a)




GLM Observes a Mixture of CG and IC MGAs
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Retrieve characteristics about these.

Three Basic Algorithms:

simple: X = aX; +(1-a)X,
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INVERT

get o (assume X, & X,)

Bayesian: P(X;a, fy, fhe, ) = Py (6 g1y,e-) + L= @) P, (X thg5--) = get (@, py, pes )

Perturbation Methods: P(X;@) =ap,(x)+(1—-a)p.(x) = get{e, p,(x), p.(X)} !




Summary of Ground Flash Fraction Retrieval Algorithms

Increasing Sophistication

Assume Model
(Find parameters of
a fixed model)

No Assumptions
(Find model)

Assume means
(Just use means)

Retrieval Using
a Distribution Model

{(Mixed Exponential Distributions,

Retrieval Using

Retrieval Usin
the Means of the g

Perturbation Methods

DISt"bUtlnn Mixed Gamma Distributions,
Other Distributions)

Single Multiple Basic Cuasi-Analytic Analytic
Characteristic Characteristic Perturbation Perturbation Perturbation
Saolution Solution Iethaod Iethod Method

Original Initialization (w, &) ¢ ¢
Grobner Initialization (4 @ 99
DIFFEREMTIAL Analytic Grobner
GRID SEARCH DFPIAIN
. . EVOLUTION Salution
Mumerical Mumerical ' i
Minimization Minimization Numerical for mixed
Iinimization gxp. dist. madel
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Estimate of o

v Vv
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Optimum Model Parameters
e.g (@ py, o) for miked exp dist. model

Retrieves o andthe ground &
cloud flash MGa distributions
(not just lower order moments)




The pathway to the
Analytic Perturbation Method
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m=ag+(1-a)c (Actual)

m=cu+@l-c,)Vv (Dynamic Model)

Figure 1. Basic geometry of the Perturbation Method depicted in 3-space.



BASIC PERTURBATION METHOD
(Vary both d and e)

Find («,,d,e) that minimizes:

S(ex,,d,e) =(m-m’)

m=ag+(1-«a)c

m =¢[a+d]+(1-¢,)[b+e]=cu+(1—c,)V
(a,b) = fixed climate

(d,e) = perturbants (perturbation vectors)




QUASI-ANALYTIC PERTURBATION METHOD

(Vary just e; d obtained analytically)

So force m'=m

m=cqu+(l-c,)v

m =a, (& +d)+1-)b +e) .

lives in (U, V) plane (-
(U, v)p g -Mm-@-a)bre) o

o

r

Figure 2. The solution planedepicted in 3-space. The plane must be moved so that
it containsthe mixture vector m.



ANALYTIC PERTURBATION METHOD

(d and e obtained analytically)

Define: H=H(a,;:;m,ab)=p(a)|dl’ +q(a)|ef= p(,)) d’ +a(e,)D e .
i=1 i=1
But: d?=Ae’+Be +C. .
Hence: H=Y[(pA+q)e’ + pBe +pC, | .
i=1

Where:

A=A@)=P. B =B (a.mab)=2L(%a=4)

2 , | »
: z Ci =Ci(ar,m,a,b)=¢\' 20,8 + o, &
0

; al
¢| =mi_ﬂrbi ’ ﬂr =1_ar
p=p(,), 9=q(z) .

Find e that minimizes H:

dH

—— =2(pA+Qq)e, + pB, =0 . R P
de,

Substitute optimal e back into expression for H:

. R _p'B
H(oz,,m,a,b)—iz_l:{pci 4(pA+q)]

.. Quick plot of H vs. &, provides the solution (i.e. value of &, than minimizes H)
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Assessing Ground Flash Fraction
Retrieval Algorithm Performance
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Retrieyol Error

RETRIEVAL ERRORS
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Sampling from population [to create climate (a, b)]:
* Ng =40,000 flashes
e Nc=120,000 flashes
e Z=Nc/Ng=3




Thank You

(Questions?)




