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ABSTRACT 

The o b j e c t  of t h i s  r e p o r t  is t o  determine an underlying o r  b a s i c  
t h e o r e t i c a l  s t a t i s t i c a l  model f o r  making p r o b a b i l i t y  in ferences  i n  regard 
t o  thunderstorm a c t i v i t y  a t  Cape Kennedy, F lo r ida .  The negat ive  binomial 
d i s t r i b u t i o n  w i t h  p r o b a b i l i t y  d e n s i t y  func t ion  

L k u Q  p k ( l  - p ) x ;  x = 0, 1, 2, ... x! r ( k )  
P(x) = 

k > 0 ,  O s p s l  

is presented t o  r ep resen t  the v a r i a t i o n  i n  thunderstorm events  per  day 
a t  Cape Kennedy. S t a t i s t i c a l  theory and methods are developed using the  
l a t e s t  and most comprehensive thunderstorm d a t a  a v a i l a b l e .  The conclu- 
s i o n  i s  reached t h a t  the  nega t ive  binomial d i s t r i b u t i o n  is  the  l o g i c a l  
choice f o r  an  underlying model t o  r ep resen t  thunderstorm events  a t  Cape 
Kennedy, F lor ida .  
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SUMNARY 

This i n v e s t i g a t i o n  was made t o  determine an  underlying,  or  b a s i c ,  
t h e o r e t i c a l  s t a t i s t i c a l  model f o r  making p r o b a b i l i t y  in ferences  i n  
regard t o  thunderstorm a c t i v i t y  a t  Cape Kennedy, F lo r ida .  The negat ive  
binomial d i s t r i b u t i o n  w i t h  p r o b a b i l i t y  d e n s i t y  func t ion  

- - p k ( l  - p)x;  x = 0 ,  1, 2, ... p(x)  - x! r(k) 

i s  presented  t o  r ep resen t  the  v a r i a t i o n  i n  thunderstorm events  per day 
a t  Cape Kennedy. The s t a t i s t i c a l  p r o p e r t i e s  necessary f o r  the  app l i ca -  
t i o n  of t he  nega t ive  binomial are presented ,  and i t  is shown t h a t  t hese  
a t t r i b u t e s  are p resen t  i n  the  d i s t r i b u t i o n s  of thunderstorm events  a t  
Cape Kennedy. The l a t e s t  and most comprehensive thunderstorm d a t a  a v a i l -  
a b l e  a r e  ana lyzed ,  and the conclusion i s  reached t h a t  the nega t ive  binomial 
d i s t r i b u t i o n  i s  the  l o g i c a l  choice f o r  an  underlying model t o  r e p r e s e n t  
thunderstorm events  a t  Cape Kennedy, F lo r ida .  

I. INTRODUCTION 

S t a t i s t i c a l  methods of a n a l y s i s  may be d iv ided  i n t o  two genera l  
ca t egor i e s ,  d e s c r i p t i v e  and a n a l y t i c a l ,  bo th  of which depend on the  
b a s i c  l a w s  of p r o b a b i l i t y .  Desc r ip t ive  methods reduce l a r g e  amounts 
of d a t a  t o  a few meaningful " s t a t i s t i c s "  such  as means and s tandard  
dev ia t ions .  A t h e o r e t i c a l  s t a t i s t i c a l  model ( d i s t r i b u t i o n  func t ion )  is 
assumed f o r  t he  observa t ions ,  and a n a l y t i c a l  methods a r e  used t o  d e t e r -  
mine how w e l l  the  empir ica l  d a t a  f i t  t h i s  model; i . e . ,  the  a n a l y t i c a l  
procedures determine the  "goodness of f i t "  between theory  and observa t ion .  

The purpose of t h i s  r e p o r t  i s  t o  determine an  underlying,  o r  b a s i c ,  
t h e o r e t i c a l  d i s t r i b u t i o n  f o r  making p r o b a b i l i t y  in ferences  i n  regard t o  
thunderstorm a c t i v i t y  a t  Cape Kennedy, F lo r ida .  



Thunderstorms are of primary concern i n  the  des ign  of launch v e h i c l e s ,  
i n  t he  planning of space  miss ions ,  and i n  launch opera t ions  a t  Cape 
Kennedy because of h igh  winds, l i g h t n i n g  hazard,  and extreme turbulence 
a s soc ia t ed  w i t h  t h i s  atmospheric phenomenon, The combinations of environ- 
mental  condi t ions ,  inc luding  uns tab le  a i r  wi th  a r e l a t i v e l y  h igh  mois ture  
conten t ,  and some type of l i f t i n g  a c t i o n  p resen t  dur ing  the summer months 
make F l o r i d a  one of t he  major thunderstorm genes i s  areas over the  e n t i r e  
ea r th .  The negat ive  binomial d i s t r i b u t i o n  is presented  t o  r ep resen t  the 
v a r i a t i o n  i n  thunderstorm events  per  day a t  Cape Kennedy. 

The au thor  wishes t o  acknowledge the assis tanee  of David Riggenbach, 
T e r r e s t r i a l  Environment Branch (R-AERO-YT), f o r  compiling the  frequency 
d i s t r i b u t i o n s  of thunderstorm events  f o r  Cape Kennedy from t h e  Nat iona l  
Weather Records Center data. 

11. STATISTICAL MODEL 

I n  p r a c t i c a l  s t a t i s t i c s ,  a d i s c r e t e  p r o b a b i l i t y  l a w  is requi red  t o  
d e s c r i b e  events  which seem t o  occur a t  random; f o r  example, the  a r r i v a l s  
of cus taners  a t  a s e r v i c e  p o i n t  o r  the number of acc iden t s  and break- 
downs i n  a f ac to ry .  It is  common p r a c t i c e  t o  assume t h a t  t he  f requencies  
of such events  f i t  a Poisson d i s t r i b u t i o n .  However, the  Poisson series 
r e q u i r e s  the  assumption t h a t  the p r o b a b i l i t y  of the  event  remains cons t an t .  
This assumption i m p l i e s  t h a t  the  variance of t he  d i s t r i b u t i o n  equals  i t s  
mean. I n  r e a l i t y ,  i t  is r a r e l y  t r u e  t h a t  the  p r o b a b i l i t y  of the  event  
remains cons tan t .  Any v a r i a t i o n  i n  the  p r o b a b i l i t y  of the  event ,  i n  
p a r t i c u l a r ,  t he  tendency f o r  one event  t o  inkrease  t h e  p r o b a b i l i t y  of 
another ,  w i l l  i nc rease  the  va r i ance  of t he  d i s t r i b u t i o n  i n  r e l a t i o n  t o  
the mean -- which means a negat ive  binomial d i s t r i b u t i o n  w i l l  b e t t e r  
desc r ibe  the  d a t a .  A r e p o r t  by the  weather observer  of a thunderstorm 
is proof t h a t  t he  atmosphere is i n  a s t a t e  of i h s t a b i l i t y  and condi t ions  
are p resen t  f o r  t he  formation of f u r t h e r  thunderstorm c e l l s ;  i .e. ,  the 
p r o b a b i l i t y  of the event  is inc reas ing .  

L e t  us consider  t h e  f i r s t  a p p l i c a t i o n  of the  nega t ive  binomial 
p r o b a b i l i t y  d i s t r i b u t i o n  by Yule i n  1910 11.1. We w i l l  inake a n  analogy 
between t h i s  a p p l i c a t i o n  and the  d i s t r i b u t i o n  of thunderstorms a t  Cape 
Kennedy. Suppose we have a popula t ion  of people subjec ted  t o  r e c u r r i n g  
exposures t o  a d i s e a s e  add t h a t  during a n  exposure each member of t he  
popula t ion  has an  equal  p r d b a b i l i t y  p of con t r ac t ing  the  d i s e a s e ,  
x exposures,  the  propor t ions  who have coht rac ted  the  d i s e a s e  0 ,  1, 2,  ... 
times w i l l  be g iven  by 

Af te r  

, ... (1 1 X x-1 x(x  - 1) p2qx-2 
21 4 , XPq , 
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where q = 1 - p. The terms given by (1) a r e  terms of t h e  binomial s e r i e s  
(q + P ) ~ .  
i nd iv idua l ,  t he  propor t ion  su rv iv ing  a f t e r  x exposures w i l l  be g iven  by 
the  f i r s t  k t e r m s  of t he  binomial (q + P ) ~ .  The p ropor t ion  dying dur ing  
the  x t h  exposure w i l l  be those who cont rac ted  the  d i s e a s e  (k - 1) t i m e s  
i n  the  f i r s t  (x - 1) exposures and who c o n t r a c t  i t  a g a i n  dur ing  the  x t h  
exposure; i . e . ,  i t  w i l l  be 

I f  k unfavorable  exposures t o  the  d i s e a s e  are f a t a l  t o  t h e  

and s i n c e  dea ths  d o  no t  begin u n t i l  the  k t h  exposure,  the  p ropor t ion  of 
dea ths  a t  the  k t h ,  (k + 1 ) t h  . . . exposure w i l l  be 

w 

which are success ive  terms i n  the  expansion of p k ( l  - q)'k, a binomial 
w i t h  a negat ive  index. Thus, the  propor t ions  of the o r i g i n a l  popula t ion  
dying during success ive  exposures a r e  g iven  by success ive  terms of t h e  
nega t ive  binomial d i s t r i b u t i o n  w i t h  the f i r s t  dea ths  occurr ing  a t  the  
k t h  exposure.  

Now, the  p r o b a b i l i t y  of exac t ly  x events  (dens i ty  func t ion )  is 
g iven  by 

Suppose i n  Yule 's  c l a s s i c  example we l e t  t he  people exposed t o  the  
d i s e a s e  be analogous t o  the days i n  some month, s ay ,  June,  being exposed 
t o  iche synop t i c  condi t ion  favorable  f o r  the  formation of thunderstorms a t  
Cape Kennedy. Now, the number of dea ths  t h a t  r e s u l t  from exposure t o  the  
d i s e a s e  w i l l  be analogous t o  the  number of thunderstorms t h a t  a c t u a l l y  
develop i n  June. Now, we have a l l  the  days i n  June sub jec t ed  t o  r ecu r -  
r e n t  exposures of synop t i c  condi t ions  favorable  f o r  the  formation of 
thunderstorms. We must assume t h a t  each day i n  June t h a t  is  exposed t o  
the  favorable  synop t i c  condi t ions  has an  equal  p r o b a b i l i t y  p of having 
a thunderstorm develop. This i s  a reasonable  assumption. Continuing 
our  analogy, t he  propor t ion  of thunderstorms that develop a t  the  k t h ,  
(k + 1) t h  . . . exposure w i l l  be g iven  by (3) , success ive  t e r m s  i n  t he  
expansion of p k (1 - q)'k, a negat ive  binomial whose d e n s i t y  func t ion  is 
g iven  by ( 4 ) .  
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Thus s t a t i s t i c a l  theory i n d i c a t e s  the  nega t ive  binomial d i s t r i b u -  
t i o n  as the  appropr i a t e  model f o r  the  d i s t r i b u t i o n  of thunderstorm 
a c t i v i t y  a t  Cape Kennedy, F lo r ida .  

111. ESTIMATION 

Numerous e s t ima to r s  f o r  the  parameters of the  nega t ive  binomial 
d i s t r i b u t i o n  have been proposed. We have chosen t o  use the  f i r s t  two- 
moment method proposed by Cohen [ 2 ] .  The negat ive  binomial d e n s i t y  
func t ion  g iven  by ( 4 )  may be w r i t t e n  i n  terms of the gamma f u n c t i o n  as 

The d i s t r i b u t i o n  func t ion  is g iven  by 

which g ives  the  p r o b a b i l i t y  of ob ta in ing  a va lue  of x less than o r  equal  
t o  some p a r t i c u l a r  va lue  of x ,  say  xo. 

Now, a f t e r  some a l g e b r a i c  manipulat ion of Cohen’s e s t ima to r s ,  we 
have f o r  t h e  moment e s t ima to r s  of the  parameters k and p 

where % is the  sample mean and s 2  i s  the  sample  va r i ance .  

The mean M of the nega t ive  binomial d i s t r i b u t i o n  is g iven  by 

and the  va r i ance  V is 
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The e f f i c i e n c y  of e s t ima t ing  p and k by the method of moments is 
der ived by F i she r  [3] .  I n  terms of the  parameters used here ,  the 
r e c i p r o c a l  of the e f f i c i e n c y  is g iven  by 

1 2 1 2 -  3 
E (k + 2 )  4 q2 (k + 2)  (k + 3)  
- = 1 + 2 1; q 

2-3 .4  + ...I . 1 
(k + 2 ) ( k  + 3 ) ( k  + 4 )  + y q ”  

I V .  DATA SAMPLE 

According t o  s tandard  United S t a t e s  weather observing procedure,  a 
thunderstorm i s  repor ted  whenever thunder is heard a t  the s t a t i o n .  It 
is repor ted  along wi th  o t h e r  atmospheric phenomena on the  s tandard  
weather observer ’s  form WBAN-10 when thunder is heard and ends 15 minutes 
a f t e r  thunder is las t  heard.  Notice t h a t  the s tandard  d e f i n j t i o n  of a 
thunderstorm may inc lude  mul t ip l e  occurrences of thunderstorms. For 
t h i s  reason,  we have chosen t o  use the  term “thunderstorm event” as a 
more appropr i a t e  d e f i n i t i o n  f o r  our s t a t i s t i c a l  a n a l y s i s .  

Since r e l i a b l e  r e p r e s e n t a t i v e  da t a  concerning the number of thunder- 
storms a c t u a l l y  passing over Cape Kennedy (or  t he  launch s i t e )  i s  not 
a v a i l a b l e ,  i t  should be pointed out  t h a t  the s t a t i s t i c s  presented i n  t h i s  
paper a r e  app l i cab le  only t o  an  a r e a  surrounding Cape Kennedy def ined by 
the d i s t a n c e  a t  which thunder can be heard by the  weather observer .  An 
observer  can hear  thunder up t o  a r ad ius  of approximately 25 k i lometers .  
The s t a t i s t i c s  are not appropr i a t e  f o r  making p r o b a b i l i t y  in ferences  i n  
regard t o  the  number of thunderstorms t h a t  a c t u a l l y  s t r i k e  the  launch 
pad .  

Also,  the type of s t a t i s t i c a l  a n a l y s i s  presented is use fu l  p r imar i ly  
f o r  t he  planning of missions r a t h e r  than f o r  a p p l i c a t i o n  t o  ope ra t ions .  
S t a t i s t i c s  may be use fu l  up t o  a few days before  a mission.  However, a t  
t h i s  time the  weather f o r e c a s t e r ’ s  p red ic t ions  should be more accu ra t e ,  
and the t r a n s i t i o n  is made from s t a t i s  t i c a l  i n fe rence  t o  weather fo re -  
c a s t i n g  dependent upon the  synop t i c  s i t u a t i o n  p reva i l i ng  a few days 
be fo re  the mission.  

The data sample used w a s  produced by ESSA, Nat ional  Weather Records 
Center ,  Ashevi l le ,  North Caro l ina ,  under government order  number H-76789 
f o r  the  T e r r e s t r i a l  Environment Branch, Aerospace Environment Div i s ion ,  
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and is  the l a t e s t  and most comprehensive thunderstorm d a t a  a v a i l a b l e  f o r  
Cape Kennedy, F l o r i d a .  The period of record i s  January 1957 through 
December 1967. 

V. ANALYSIS 

The negat ive  binomial and Poisson d i s t r i b u t i o n s  were t r i e d  as 
prospec t ive  models f o r  thunderstorm events  a t  Cape Kennedy. Table 1 
summarizes observed f requencies  of days t h a t  experienced x thunderstorm 
events  f o r  a l l  months, and f o r  the s p r i n g ,  summer, and f a l l  seasons a t  
Cape Kennedy. Table l a  g ives  the  r e l a t i v e  frequency of occurrence of 
days t h a t  experienced a t  l e a s t  one thunderstorm event  a t  Cape Kennedy 
f o r  the same re fe rence  per iods.  

Theore t i ca l  summaries of the months and seasons t h a t  experience 
s i g n i f i c a n t  thunderstorm a c t i v i t y  a t  Cape Kennedy a r e  given i n  t a b l e s  2 
through 1 2 .  I n  a l l  ca ses ,  t he  sample va r i ance  w a s  s i g n i f i c a n t l y  g r e a t e r  
than the  sample mean, i n d i c a t i n g  the  nega t ive  binomial d i s t r i b u t i o n  as 
the  appropr i a t e  model. The Kolmogorov-Smirnov s t a t i s t i c  w a s  used f o r  
a "goodness of f i t "  t e s t .  

Notat ions used i n  t a b l e s  1 through 1 2  a r e  as fol lows:  

X = the  number of thunderstorm events  per day 

= the  observed number of days during the  11-year per iod 
of record t h a t  experienced x thunderstorm events  fO 

r . f .  = the  r e l a t i v e  frequency of occurrence of x thunder- 
s torm events  

= the  observed d i s t r i b u t i o n  func t ion  

= the  expected f requencies  using the negat ive binomial 

FO 

f e  
d i s  tr ibu t ion  

F(x) = the  nega t ive  binomial d i s t r i b u t i o n  func t ion  

X = t he  sample mean 
- 

S 2  = the  sample va r i ance  

k", p" 
-1. 

= parameter e s t ima to r s  of the nega t ive  binomial 
d i s t r i b u t i o n  

n = sample s i z e  
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n 
= the  t abu la t ed  Kolmogorov-Smirnov s t a t i s t i c  f o r  

s a m p l e  s i z e  n and r e j e c t i o n  l e v e l  a = 0.05 Da 

- F(x) )  = t he  maximum abso lu te  d i f f e r e n c e  between the  
observed d i s t r i b u t i o n  func t ion  and the  nega t ive  
binomial d i s t r i b u t i o n  func t ion .  

IF0 

Condit ional  p r o b a b i l i t i e s  a r e  a l s o  included i n  the  t a b l e s .  

Consider the  month of June ( t a b l e  5 )  as a n  example. There w e r e  
40 days out  of 330 days (11 years  of Junes) that had e x a c t l y  two thunder- 
s torm events .  This g ives  a r e l a t i v e  frequency ( p r o b a b i l i t y )  of occur- 
rence of 0.121 of having e x a c t l y  two thunderstorm events  dur ing  any day 
i n  June. 
0.921 of having two o r  l e s s  thunderstorm events  dur ing  any day i n  June,  o r  - 
a p r o b a b i l i t y  of (1 - 0.921 = 0.079) of having more than two thunder- 
s torm events  during any day i n  June. The negat ive  binomial d i s t r i b u t i o n  
p r e d i c t s  36.9 days i n  June that w i l l  experience e x a c t l y  two thunderstorm 
events  and the  p r o b a b i l i t y  (F(x)) is 0.928 of having two o r  less thunder- 
s torm events  dur ing  any day i n  June, o r  a p r o b a b i l i t y  of (1 - 0.928 = 
0.072) of having more than two thunderstorm events  during any day i n  
June. The agreement between theory and observa t ion  is ve ry  good. Com- 
par ing  Fo w i t h  F(x) shows a maximum abso lu te  d i f f e r e n c e  i n  the d i s t r i b u -  
t i o n  func t ions  of 0.017 occurr ing  a t  x = 0. Since the  Kolmogorov-Smirnov 
s ta t  is t i c  

The observed d i s t r i b u t i o n  func t ion  (F,) g ives  a p r o b a b i l i t y  of 

is equal  t o  0.075, the  va lue  of 0.017 is n o t  s u f f i c i e n t l y  l a r g e  t o  
r e j e c t  the  hypothesis  a t  the  5 percent  r e j e c t i o n  l e v e l  t h a t  t h i s  sample 
can be f i t t e d  by a negat ive  binomial d i s t r i b u t i o n .  

Tt>e cond i t iona l  p r o b a b i l i t i e s  a r e  computed from the t h e o r e t i c a l  
f r e q u e m i e s  ( fe)  by us ing  a double summation technique due t o  0. E. 
Smith. ik 

The t a b u l a t i o n  on page 8 is  an  example of t h i s  technique using 
the  month of June (see t a b l e  5 ) .  Each element i n  the  second summation 

J- 

'Chief,  Terrestrial  Environment Branch, Aerospace Environment Divis ion,  
Aero-Astrodynamics Laboratory,  Marshal l  Space F l i g h t  Center ,  Alabama. 
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(E) is d iv ided  by the  appropr i a t e  top element i n  each column as indica ted  
i n  order  t o  o b t a i n  the cond i t iona l  p r o b a b i l i t i e s ;  i . e . ,  i n  each column 
under cond i t iona l  p r o b a b i l i t i e s , g i v e n  i thunderstorm events  (i = 1, 2 ,  3 ,  
...), t he  p r o b a b i l i t y  of having k a d d i t i o n a l  thunderstorm events  (k = 0,  
1, 2 ,  ...) i s  g iven  by 

i -I- k ) t h  element P ( i  + k I i) = ( (i) t h  element ' 

For example, f o r  i = 2; g iven  two thunderstorm events  on any day i n  June,  
what is the  p r o b a b i l i t y  of having two a d d i t i o n a l  thunderstorm events  
(k = 2) on t h a t  day i n  June? From equat ion  (8), 

4 t h  element - 12.5 o.130. 
2nd element 96.2 

- - =  P(4 I 2) = 

Also ,  g iven  four  thunderstorm events  on any day i n  June (i = 4 ) ,  the  
p r o b a b i l i t y  of having one add ic iona l  thunderstorm event  (k = 1) on t h a t  
same day i n  June is 0.304.  

V I .  CONCLUS IONS 

There a r e  many advantages i n  the use of a t h e o r e t i c a l  s t a t i s t i c a l  
model f o r  p r e d i c t i n g  a v a r i a b l e  such as thunderstorm events  a t  Cape 
Kennedy. Once s u f f i c i e n t  r e p r e s e n t a t i v e  samples have been co l l ec t ed  and 
analyzed and the  v a l i d i t y  of the  theory is e s t a b l i s h e d  by an appropr i a t e  
s t a t i s t i c a l  t e s t ,  the  t h e o r e t i c a l  model becomes "de terminis t ic"  and may 
be app l i ed  u n i v e r s a l l y  t o  the v a r i a b l e  under cons ide ra t ion .  Another 
advar,tage of theory over e m p i r i c a l  s t a t i s t i c s  is the  use of the  accept -  
a b l e  t h e o r e t i c a l  func t ion  fo r  making p r o b a b i l i t y  in fe rences  concerning 
va lues  of the  v a r i a b l e  o u t s i d e  of the  range of observa t ion .  It is o f t e n  
des i r ed  t o  make p red ic t ions  r e l a t i n g  t o  these  "never observed" va lues ,  
and t h e  t h e o r e t i c a l  approach permits  one t o  do so.  It should be pointed 
out  t h a t  no t h e o r e t i c a l  func t ion  can exp la in  a l l  observa t ions  f o r  which 
i t  is the proposed model. Some a r e a s  of non-agreement m u s t  occur between 
theory and observa t ion .  These a r e a s  should be considered as expected 
dev ia t ions  of the  observa t ions  from the  " f i tked"  t h e o r e t i c a l  curve. 

The phys ica l  p r o p e r t i e s  necessary f o r  the  a p p l i c a t i o n  of the  nega- 
t i v e  binomial d i s t r i b u t i o n  have been shown t o  be p re sen t  i n  our exper i -  
ment concerning the  number of thunderstorm events  a t  Cape Kennedy. I n  
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a l l  the  samples considered,  t he  sample va r i ance  exceeded the sample mean, 
i n d i c a t i n g  the negat ive  binomial as t h e  appropr i a t e  model. Our comparison 
w i t h  Yule's  classic a p p l i c a t i o n  of the  nega t ive  binomial s u b s t a n t i a t e s  i t s  
v a l i d i t y  t o  r e p r e s e n t  the  number of thunderstorm even t s  a t  Cape Kennedy. 

I n  a l l  11 samples considered,  the  conclusion w a s  reached t h a t  the  
nega t ive  binomial d i s t r i b u t i o n  could not  be r e j e c t e d  a t  the  5 percent  
r e j e c t i o n  l e v e l  as being an  accep tab le  model f o r  the number of thunder- 
s torm events  p e r  day a t  Cape Kennedy. Furthermore, t he  nega t ive  binomial 
gave a "be t t e r "  f i t  i n  a l l  cases  than  the  Poisson d i s t r i b u t i o n .  

Using statist ical  theory and methods , we have demonstrated t h a t  the 
nega t ive  binomial d i s t r i b u t i o n  is the  l o g i c a l  choice f o r  an  underlying 
model t o  r e p r e s e n t  thunderstorm events  a t  Cape Kennedy, F lo r ida .  

10 
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TABLE 2. March-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

- f o  r .f .  FO f e F(x) 

0 308 .902 .902 305.4 .896 

1 20 .059 .961 25.5 .970 

2 9 .026 .987 6.7 .990 

3 3 ,009 .996 2.2 ,996 

4 1 .003 1.000 .8 .999 

Condi t iona l  P r o b a b i l i t y  
i 

1 2 3 4 

1 

.277 1 

.078 .281 1 

.016 .059 .211 1 

F(x) x f  

0 299 .906 .906 295.9 .897 

1 18 .055 .961 25.3 .973 

2 10 ,030 .991 6 .1  .992 

3 3 .009 1.000 1.8 ,997 

e f 
FO r . f .  

0 

= 0.150 s 2  = 0.268 k* = 0.189 p' = 0.558 n = 341 

Condi t iona l  P r o b a b i l i t y  
i 

1 2 3 

1 

.226 1 

.042 .186 1 

Goodness of f i t :  D: = 0.074 

- F(x)l  = 0.009 I FO 

TABLE 3. Apri l -Negat ive Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

Goodness of f i t :  D t  = 0.075 

- F ( x ) (  = 0.013. I FO 
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TABLE 4: May-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

f F ( X I  
FO e 

x f  r.f. 
0 Condit ional  Pr obab il i t y  

i 

0 266 .779 .780 262.6 .770 

1 43 -126 ,906 52.4 ,924 

2 25 .073 ,979  16.6 , 9 7 2  

3 3 .009 ,988 5.9 .989 

4 3 .009 .997 2.2 .996 

5 0 .ooo .997 .9 .998 

6 1 .003 1.000 .3  .999 I .003 .007 .021 .061 .200 1 

1 2 3 4 5 6 

1 

,339 1 

,120 -354 1 

.041 . 1 2 2  .345 1 

.013 .037 ,106 ,306 1 

-1. x = 0.352 s 2  = 0.621 k"' = 0.460 p" = 0.567 n = 341 

0 r . f .  FO e F (x> f x f  

0 197 .567 -567 181.5 .550 

1 77 .233 .800 87.7 .816 

2 40 .121 .921 36.9 .928 

3 17 .052 .973 14.7 .972 

4 6 .018 .991  5.7 .989 

2 .006 .997 2 .2  .996 5 

6 1 .003 1.000 .8 .999 

n Goodness of f i t :  D a =  0.074 

Condit ional  P r o b a b i l i t y  
1 

1 2 3 4 5 6 

1 

.394 1 

.I47 -373 1 

.051 . I30  -348 1 

.016 .040 . l o6  .304 1 

,003 .008 .022 .064 . 2 1 1  1 

- F ( x ) \  = 0.017 I Fo 

TABLE 5: June-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

= 0.752 s2  = 1.169 k* = 1 

D: = 0.075 

IFo - F(x) 

Goodness of f i t :  

354 p" = 0.643 n = 330 

= 0.017. 

13 



TABLE 6 :  July-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

FO f e  F(x) x f o  r . f .  Condi t iona l  P r o b a b i l i t y  
i I 

0 177 .519 .519 166.2 .487 

1 80 .234 .753 99.4 -779 

r; 1 2 3 4 2 

1 

9 .026 .993 7 .2  .988 1 .044 .110 ,307 1 
2 ,006 1.000 2.7 .996 .009 .023 .066 .214 1 

2 47 .138 .891 45 .4  .912 

3 26 ,076 .967 18.6 .967 

~~~ ~ 

= 0.874 s2 = 1.277 k" = 1.893 pit = 0.684 n = 341 

Goodness of f i t :  D i  = 0.074 

- F ( x ) ~  = 0.032 I FO 

.39$ 1 

.143 .357 1 

TABLE 7 :  August-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

F ( X I  e f 
FO 

x f r . f .  

0 185 .542 .542 180.2 .528 

1 89 .261 .803 92.2 .799 

2 30 .088 .891 40.5 .918 

3 24 ,070 .961 16.9 .967 

4 10 .029 .990 6.8 .987 

1 5  3 .009 1.000 2.7 .995 

0 
Corid i t  i o n a l  Pr obab il i t y  

i 
1 2 3 4 5 

1 

.399 1 

-146 -366, 1 

.046 .116 .316 1 

~ .010 ,026 .070 .221 1 

n Goodness of f i t :  Da = 0.074 

IFo - F ( x ) ~  = 0.026 
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/ 

0 311 .911 ,911 307.7 ,902 

1 17 .050 .961 24.2 .973 

2 9 .026 .987 6.1 .991 

, 3  4 .012 1.000 1.9 .997 

TABLE 8: September-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

x f  0 r . f .  FO f e  F ( X I  

0 228 .691 .691 219.2 .664 

1 5 4  .164 .855 73 .1  .886 

2 33 . lo0  .955 24.8 .961 

3 1 2  .036 .991 8.5 .987 

4 3 .009 1.000 .2.9 .995 

x = 0.509 S *  = 0.777 k* = 0.967 
- 

Goodness of f i t :  D: = 0.075 

Cond it  i o n a l  P r o b a b i l i t y  

1 2 3 4 

1 

.316 1 

.089 .283 1 

.018 .057 ,203 1 

p* = 0.655 n = 330 

IFo - F(x) l  = 0.031 

TABLE 9 :  October-Negative Binomial D i s t r i b u t i o n  f o r  Thunderstorm 
Events a t  Cape Kennedy, F l o r i d a  

F (x) e 
f 

0 
r . f .  F I x  f o  

n 
Goodness of f i t :  Da = 0.074 

Condit ional  P r o b a b i l i t :  
i 

1 2 3 

1 

.235 1 

.045 .192 1 

-1. 

p" = 0.570 n = 341 

- P(x)l  = 0.011 I FO 

15 



f 

TABLE 10: Spring (March, A p r i l ,  May)-Negative Binomial 
D i s t r i b u t i o n  f o r  Thunderstorm Events a t  Cape Kennedy, F l o r i d a  

e F(x) f x f o  r . f .  

0 873 .863 .863 863.6 .853 
FO 

I 81 .oao .943 103.7 .956 

# Cond i t i o n a l  P r o b a b i l i t y  

1 2 3 4 5 6 
i 

1 

2 44 .043 .986 29 .2  .985 

3 9 ,009 ,995 9.8 .994 

4 4 .004 .999 3.5 .998 

5 0 ,000 .999 1 . 3  .999 

.312 1 

. l o 6  .339 1 

.035 .113 .335 1 

.011 .034 . l o 1  ,303 1 

= 0.215 s2  = 0.386 k“ = 0.271 pJc = 0.557 n = 1012 

6 1 .001 1.000 .5 1.000 

Goodness of f i t :  D Z  = 0.043 

.002 ,007 .022 .066 .217 1 

- F(x)( = 0.013 I FO 

e F (XI € x f  

0 549 .542 .542 527.8 .522 

1 246 .243 .785 279.6 .798 

2 117  -116 .go1  122.7  -919 

FO 
r . f .  

0 

TABLE 11: Summer (June, J u l y ,  August)-Negative Binomial 
D i s t r i b u t i o n  f o r  Thunderstorm Events a t  Cape Kennedy, F l o r i d a  

Condit ional  Probab il i t y  
1 

1 2 3 4 5 6 

1 

,404 1 

5 7 .007 .999 7.6 ,995 

6 1 .001 1.000 2.9 .998 

.017 .041 . lo8  .307 1 

.004 ,009 .023 .067 .216 1 

Goodness of f i t :  D: = 0.043 
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TABLE 1 2 :  Fall (September, October, November)-Negative Binomial 
Distribution For Thunderstorm Events at Cape Kennedy, Florida 

x f  0 r.f. FO f e F (XI 

0 860 .859 .859 845.2 .844 

1 77 .077 .936 109.5 .954 

2 45 .045 .981 30.6 .984 

3 1 6  ,016 .997 10.1 .994 

4 3 .003 1.000 3.6 .998 

Conditional Probability 
i 

1 2 3 4 

1 

.286 1 

.080 .281 1 

,017 .058 .208 1 

= 0.227 s 2  = 0.397 kgi = o  

n Goodness of fit: D, = 0.043 

IFo - F(x) 

Jc 302 p = 0.571 n = 1001 

= 0.018 
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