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IDL FlashMovie.pro Analysis

Typical Ground Flash:

Radiance(J /m2 /sr furn)=3.16628
Area{km?2)=1202.05
Duration(sec)=0.953000

#Events=36
#Groups=30

Multiplicity=1
#Grps/Mult=30.0000

PeakCurrent(kA)=30.3000
Separation(km)=27.9590
Separation(sec)=0.00400000
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Typical Cloud Flash:

Ic#321

Radiance(J /m2 /sr furm)=0.432189
Area{km?2)=322.578
Duration(sec)=0.235000

#Events=17
#Groups=12
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... large group areas seem to indicate presence of a return stroke
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Distributions of MGA

Ground Flashes:

Ground Floshes

Size {stots) = 12122
Size {shown) = 11947
Average = 493.011
Std Dev = 467.631
Max = 4786,34
Medion = 335.790
Min = 50,9740
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Cloud Flashes:

Cloud Flashes

Size {stots) = 107166 |
Size {shown) = 107135
Average = 21B.633 4
Std Dev = 167,371

Max = 4283,88 b
Median = 165,245
Min = 40,8690
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Use of Mean Data Example of CLT

=10

Mean optical data could be used to discriminate
flash type since Central Limit Theorem removes
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O Using mean data implies examining e Ta
several (say N ) flashes.

O Examining N flashes implies you are looking 0000 I TN L 500 1V R |
for the fraction of the N flashes that are | |

ground flashes. ]
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Paper #2 Highlights

Mean of k" optical charactertistic:

R . 1] e e _ “Poor Man” Retrievals
X, = — I p— . =
CNER TN {;X‘”k ' uzllx°'k} VLN N ] PG e
Z:(l 10(?;6110.045 Number of Cloud Flashes (Blue) = 107166
{ % =| aXy +{1-a)%, |,
‘ N .
a EWQ' (Ground Flash Fraction)
Multlple optical characteristics: 0085 e
Z(ng X ) (X — X) Z(/ugk Ho ) (K — )
0= T (for n>1),
Z(X o X Z(/ugk _/uck)z
k=1
One optical characteristic:
(X-X) . (X—x)
o = : (for n=1).
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Mixed Exponential Distribution Model

Ground MGAs Cloud MGAs

— Results from Paper #1

Distribution of MGA modeled as a Mixed Exponential Distribution:

p(y>=apg(y)+(1—a)pc(y)=ﬂﬁey’“u(l%‘)ey’%, y>0 |
g c

Population Means of MGA.

=[P (N)AY. a1 = yp.(v)dy -

Require that:

Hy > M,



Interactive Worksho
on Inverse Methods 1976

Workshop Speakers and Chairmen: {Left to right)

Front row: M. P. McCormick (Associate Chairman), Langley Research Center;
S. Twomey, U. Arizona; L. Kaplan, U. Chicago; M. Chahine, JPL/Cal. Tech; H. van de Hulst, U. Leiden, Netherlands: C. Whit-

ney, C. S. Draper Lab; E. Westwater, NOAA/WPL; D. Staelin, MIT; B. Conrath, Goddard SFC; J. Kurivan, UCLA; J. Gille,
NCAR; W. Chu, Old Dominion U.; A. Deepak (Chairman), Old Dominion U. Second row: J. Lenoble, U. de Lille, France;
B. Herman, U. Arizona; A. Fymat, JPL/Cal Tech; J. King, AFGL; A. Green, U. Florida: H. Malchow, C. S. Draper Lab; W. Ir-

vine, U. Massachusetts; H. Fleming, NOAA/NESS: C. Rodgers, U. Oxford, UK; C. Mateer, Atmos. Environ. Serv,

, Canada;
T. Pepin, U. Wyoming.
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Bayesian Inversion

Bayes’ Law:
y)— P(y| e, g, 11, ) Pt gy, 1)
P(y) |

Pla, py, 1,

Find parameters V= (&, 4, #) that maximize the probability on LHS.

Invoking ignorance prior, means you just maximize the following :

S(v)=In P(Y‘ v)=1In H p(yi\v) :Zln [ p(yi‘v)] = Zm & ahileg 1-a) e Vilte |
i=1 i=1 i=1 Hy H.
Formally :
oS(v) _ 0 = v="Maximum A Posteriori (MAP) Solution"
Practically :

Use Broyden-Fletcher-Goldfarb-Shannon variant of Davidon-Fletcher-Powell
numerical method to minimize —S(v).
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Initialization for Numerical Search

Population mean and variance of the mixture:

=] ypy)dy =ap, +@-a)p,  (line),

o’ = f (y— 1) p(y)dy = 05(2—05)/192 —2a(l-o)pyp, + 1-a®)u’ (rotated ellipse).

Using 1st equation to solve for £, gives an equation quadraticin #, , hence:

1, =ﬂ+\/%(l_7aj(02—ﬂ2)
1, =u—\/%(ﬁj(02—u2)

where initialization as follows results in an initialization of (,ug : /Uc) ;

a=0.5, u=y, o =S5,
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Retrieval Errors: Effect of Finite Sampling

N = 5000 N = 2000
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O Simulated tests
J 4000 known “mixtures” of CGs/ICs.

O Retrieval errors of ground flash fraction shown
for different values of N (# flashes analyzed)
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Retrieval Errors: Sensitivity to Alpha
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O Simulated tests
0 100 known “mixtures” of CGs/ICs for each ground flash fraction (alpha) bin

L Mean qground flash fraction retrieval errors shown for 2 values of N

O Errors largest for alpha near 0 or 1 due to well-known “label switching” ambiguity
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“Label Switching” Problem

p(y) is invariant under the following transformation:

:1—05, [lg = M ﬁc:ﬂg

Specifically:
p(y) = & g +(1t;‘7)e‘y’f‘c _@-a) oy A=) oy,
lug He H. :ug
- L 4 S g 2 p(y)

H, K



(Preliminary)

Resalutlan=4.0000000
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lobal Retrieval of Ground Flash Fraction
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5yrs OTD data
4,365,395 flashes
4° resolution bins
563 bins

>= 2000 flashes/bin
Mean Alpha = 0.158
Min Alpha = 0.009
Max Alpha = 0.95



