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ABSTRACT 

This  t a p e r  d i scusses  one t o  two day f u t u r e  t r o p i c a l  cyclone i n t e n s i t y  

I 
change f ro+ both  a composite and an i n d i v i d u a l  case  point-of-view. 

Tropica l  c c lones occurr ing  i n  t h e  Gulf of Mexico during t h e  per iod  Y 
1957-1977 qorm t h e  primary d a t a  source.  A dense rawinsonde da ta  network 

s i d e  of s torms i n  t h i s  region al lows more q u a n t i t a t i v e  

environment of i n d i v i d u a l  s torm cases  than i s  poss ib l e  

of t h e  NW A t l a n t i c  were i n i t i a l l y  examined i n  hopes 

of f i nd ing  omtnon meteoro logica l  parameters which were d i f f e r e n t  between 

t h e  i n t e n s i  ying and non-intensifying cyclones.  Few obvious and con- 

s i s t e n t  d i f  e rences  could b e  found. A rawinsonde composite a n a l y s i s  I was then performed t o  i n v e s t i g a t e  mean d i f f e r e n c e s  between these  two 

c l a s s e s  of systems. By c o n t r a s t  t o  t h e  ind iv idua l  case  a n a l y s i s ,  com- 

p o s i t e  d i f f e r ences  were de t ec t ed  i n  t he  200 mb he igh t  f i e l d s ,  t h e  850 mb 

temperature f i e l d s ,  t h e  200 mb zonal wind and t h e  v e r t i c a l  shea r s  of t h e  

zonal wind. The i n d i v i d u a l  cyclones which make up t h e  composite s tudy 

were then  s t p a r a t e l y  examined using t h i s  composite case  knowledge. 

S imi la r  parameter d i f f e r e n c e s  were found i n  a ma jo r i t y  of i n d i v i d u a l  

cases.  

A cycldne i n t e n s i t y  change f o r e c a s t  scheme was developed from t h e  

r e s u l t s  of t a e i n d i v i d u a l  storm systems. This  f o r e c a s t  scheme was then 

t e s t e d  a g a i i  t independent s torm cases .  Correct  p r e d i c t i o n s  of in ten-  

s i f i c a t i o n  o non- in t ens i f i ca t ion  could be  made approximately 75% of t h e  

time. The s heme was a l s o  t e s t e d  on o t h e r  rawinsonde composite d a t a  s e t s  I 
i n  o t h e r  oce n bas ins .  Again, t h e  r e s u l t s  were h ighly  s i g n i f i c a n t .  A 

favorable  st 1 ength of t h i s  scheme is  t h e  q u a n t i t a t i v e  cyclone i n t e n s i t y  

change index which is  developed from pure ly  o b j e c t i v e  techniques. 



A l l  r e s u l t s  i n d i c a t e  a  r e l a t i o n s h i p  between intL..lin;: bn ruz l in i c  

zones and subsequent s torm weakening o r  l a c k  of f u r t  er s tor in  i n t e n s i -  

f i c a t i o n .  The f o r e c a s t  scheme measures those parame 1 a f f ec t ed  

by such b a r o c l i n i c  i n t e r a c t i o n  and al lows a  Tr f u t u r e  18  t o  

42 hour i n t e n s i t y  change. 

. . . . . . .  . .  , ,  . 1 1 ;  , i t  . , ,  I ;I: I:--+ 4 i!. 
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1. INTRODUCTION 

Desf e a l l  t h e  r ecen t  advances in e l ~ c t g ~ ~ i ~  computer and s a t e l l i t e  
P 
, t r o p i c a l  cyclone i n t e n s i t y  change f o r e c a s t i n g  s k i l l  Il;is not  

(Hebert , 1978) . The computer has made more meteor- 

prbducts  a v a i l a b l e  and t h e  s a t e l l i t e  has  made us  more aware of 

t h e  l o c a t i o ~  aovement and c loudiness  of t r o p i c a l  systems. Howaver, 

n e i t h e  if 1 s e  technologica l  devgloprnents has  l e d  t o  s i g n i f & i n t  im- 

I I 
provements : t h e  cyclone i n t e n s i t y  change f o r e c a s t  s k i l l .  More research  

i n t o  +he of t h i s  procc i s  needed. 

1, t r o p i c a l  cyclone i n t e n s i t y  change appears  t o  be a s soc i a t ed  

l r e r n a l  and e x t e r n a l  s torm mechanisms such a s  t h a t  given i n  

0 where I = cy rune i n t e n s i t y ,  A = i n n e r  core  (0-3 r ad ius )  mesoscale in-  P 
f l uences  on 0 c lone  i n t e n s i t y  change, B = o u t e r  reg ion  (3-12 r ad ius )  

P 
0 

synop t i c  sca e in f luences ,  and C = g loba l  s c a l e  (> 12 r ad ius )  i n t e r a c t i o n  

and feedback in f luences  on cyclone i n t e n s i t y  change. We might view t h e  

t y p i c a l  t ime s c a l e s  of t hese  i n t e n s i t y  change in f luences  t o  be approxi- 

mately 0-12 ours  f o r  i n f luence  A,  12-48 hours  f o r  i n f luence  B and > 48 t 
hours f o r  inkluence C. Limited convent ional  observa t ions  of t h e  inne r  

t ' .. 
co re  do no t  l low us t o  r o u t i n e l y  measure t h e  i n n e r  core  phys i ca l  para- 

meters which l i k e l y  l ead  t o  s h o r t  time s c a l e  i n t e n s i t y  change. However, 

new s a t e l l i t  c loudiness  a n a l y s i s  techniques by the  National  Oceanic and 1 
Atmospheric d m i n i s t r a t i o n / ~ a t i o n a l  Environmental S a t e l l i t e  Serv ice  4 

Aeronautic and Space Administrat ion (NASA), 
. ~ 

Pred ic t ion  Research F a c i l i t y  (NEPRF) 
+ ,  3 - 1 T I  

t o  show some promising 



c o r r e l a t i o n s  on t h e  s h o r t e r  time s c a l e .  New eviaen  e  by E.  N6i1ez (1981) 

i n d i c a t e s  t h a t  t h e  s torm o u t e r  reg ion  environment h  s t h e  most s i g n i  f i- 

cant  e f f e c t  on 1-2 day fu tu r t  a :nsi ty  char . r e f o r e ,  t h i s  s tudy 

examines t h e  surrounding ou te r   ion envfrr 

i 
,.,fluences ( e f f e c t  

B i n  Eq .  1 )  t o  determine how they a c t  t i n f luence  : u r e  p r e d i c t i o n  o f  

i cyclone i n t e n s i t y  change. A s  more becomes knorm -" u t  both i nne r  :111d 

o u t e r  reg ion  storm c h a r a c t e r i s t i c s  and storm i n t e n s  t y  f u r t h e r  iniprove- 

:J r 4. ;- . .. . , 

ment of cyclone i n t e n s i t y  f o r e c a s t  s k i l l  may be pos i b l e  through corn- 7 
b i n a t i o n  of bo th  i n n e r  and o u t e r  storm i n t e n s i t y  ch nge r e l a t i o n s l ~ i p s .  4 

The r ecen t  r e sea rch  f ind ings  of E.  Ntinez (1981 on tropic,-il cyclone 

i n t e n s i t y  change form t h e  gene ra l  background inform 1 t i o n a l  base f.or t he  

i n i t i a t i o n  of t h i s  s tudy.  NGfiez (1981) examined cyc 

by comparing rawinsonde composited cases  of deepenir 

ne i n t e n s i t y  change 
I 

versus f i l l i n g  

t r o p i c a l  cyclongs i n  t h e  northwgsg Pacif.$c qnd n o r t i  
r :)h: < - , , V , ,  6 * ..-.nnl : i, J 

However, he  d id  not  d e a l  wi th  i n d i v i d u a l  cas  of cq 
1 

11. : 
r e s u l t s  were t h a t  f i l l i n g  syster  

m:11 1 ,  

he igh t  and temperature g r a d i e n t s  o  
- ,. + .. -, . 9 " 

* < , &  

and upper l e v e l  trough e x i s t e d  t o  t h e  n  

cen te r  t h a t  w a s  n o t  p re sen t  wi th  t h e  growing o r  s t e a  
U , ,  - \ 2 * - 

s t  A t l a n t i c .  r I 

' I -  one chan , H i s  ; ,, 

and upper l e v e l  1 i 
Often a middle 

1 ! 
I '  I 

f i l l '  storin 

a t t r i b u t e d  t h e  d i f f e r e n c e s  between t h e  f i l l i n g / d e e p e  ~g d a t a  s e t s  t o  I 

: I .  
s t r o n g  b a r o c l i n i c  i n t e r a c t i o n  on t h e  no r th  and northwest o c t a n t s  of t he  J 

- i  1 8  

storm. 
-u >, . 

Based on t h e  NGiiez composite d a t a  r e s u l  t l  :ho~-s have under- 
1 

taken t h e  i n v e s t i g a t i o n  of such b a r o c l i n i c  n t e r a c t i  an ind iv idua l  
, 7 , r . 1  

case b a s i s .  Tropica l  cyclones i n  t h e  Gulf of dexico ? r e  s e l e c t e d  

because of t he  abundance of d a t a  on t h e  poleward s i d  > f  t he se  sys  terns. 

Storms were s t r a t i f i e d  a s  i n t e n s i f y i n g  and non-intenbifying.  
. , .' , c  



It was hoped t h a t  t h e  e f f e c t s  of l a r g e  s c a l e  b a r o c l i n i c  i n t e r a c t i o n  

on t h e  n o r t  s i d e  of t h e  non-intensifying cyclones systems would produce 

evidence of i n t e n s i t y  change t h a t  could be recognized from the  weather h 
a f t e r  hours  of d e t a i l e d  a n a l y s i s  of upper and lower tropo- 

h e r  c h a r t s ,  t h e  au tho r s  became convinced t h a t  i n d i v i d u a l  

weather cha ts by themselves d i d  no t  provide obvious and c o n s i s t e n t  

q u a n t i t a t i v  d i f f e r e n c e s  which would s i g n a l  i n t e n s i t y  change. Although 1 
of trough i n t e r a c t i o n  was observed i t  was d i f f i c u l t  t o  quan- 

e c t s  of t h a t  i n t e r a c t i o n  s o l e l y  from coziparisons of i n d i v i -  

cha r t s .  Therefore,  rawinsonde composites were formed f o r  

both d a t a  s Its. The rawinsonde composite techniques developed a t  Colorads e S t a t e  U n i v e ~ s i t y  (CSU) were then used t o  determine t h e  major phys i ca l  

d i f f e r e n c e s  between systems. The knowledge gained from t h i s  comparative 

composite stbdy was then  t e s t e d  i n  i n d i v i d u a l  cases  t o  determine t h e  

e x t e n t  t o  whkch such d i f f e r e n c e s  could be  de t ec t ed  i n  each p a r t i c u l a r  

f o r e c a s t  s i t  l a t i o n .  Such d i f f e r e n c e s  were found i n  about t h ree -qua r t e r s  

of t h e  cases  A pure ly  o b j e c t i v e  and q u a n t i t a t i v e  scheme f o r  f o r e c a s t i n g  

t r o p i c a l  cycJone i i l t e n s i t y  change w a s  then  devised.  Independent d a t a  

were s e l e c t e *  t o  f u r t h e r  t e s t  t h e  f o r e c a s t  scheme. A thorough s t a t i s t i c a l  

a n a l y s i s  was made of a l l  t h e  sampled da t a .  

1.1 cornposiking Philosophy 

The ~ u l k  of Mexico is one of t h e  b e s t  l o c a t i o n s  i n  the  world t o  
. I  

study i n d i v i d u a l  storms because of t he  abundance of s u r f a c e  and upper 

a i r  observind s i t e s  throughout t h e  Caribbean and southeas te rn  United 

1 , '  
S t a t e s  ( F i g . 1 ) .  But, even i n  t he  Gulf of Mexico problems a r i s e  be- 

cause of the  s p a r c i t y  of da t a  over  Ilexico and t h e  l a c k  of observa t ions  

wi th in  the  cqn te r  of t he  Gulf. The r o u t i n e  obse rva t iona l  d a t a  i s  o f t e n  

augmented by a i r c r a f t  observa t ions  but  t hese  d a t a  a r e  o f t e n  l imi t ed  t o  

inner  core  idformation and r a r e l y  a t  more than one o r  two 

l e v e l s .  The composlting technique al lows us t o  overlook these  shor t -  ~ 



Fig.  1. West A t l a n t i c  rawinsonde d a t a  network u t i l i  
s t u d y .  

., , 9 

comings by u s i n g  rawinsonde d a t a  f o r  many c y c l o n e s  w 

c h a r a c t e r i s t i c s .  

The composi te  t echn ique  t e n d s  t o  smooth over  m a d y  of t h e  i n d i v i d u a l  

c h a r a c t e r i s t i c s  and d i u r n a l  v a r i a t i o n s  of a s i n g l e  sdorrn. S t i l l . ,  by 

proper  d a t a  s e l e c t i o n  and hand l ing  t e c h n i q u e s ,  w e  c a  g a i n  v a l u a b l e  4 
i n f o r m a t i o n  on storrn c l a s s  d i f fe re r~ces .  Once suct? d'fferences are  1 
found they  can then  b e  a p p l i e d  t o  t h e  i n d i v i d u a l  c a s i s  t o  s e e  how r e p r e -  

s e n t a t i v e  t h e  composite d i f f e r e n c e s  are. 



1 . 2  Corr 

The comdosite i s  accomplished by pos i t i on ing  a c y l i n d r i c a l  g r i d  

w i th  a  rad: 

time I eac 

0 
of 15 l a t i t u d e  a t  t h e  s u r f a c e  c e n t e r  of t h e  storm f o r  

iod.  - -  ie g r i d  c o n s i s t s  of 21 v e r t i c a l  l e v e l s  extending 

from 1 ace t _  j0 mb. The ho r i zon ta l  g r i d  is divided i n t o  e i g h t  

octanl anc i g h t  r a d i a l  b e l t s  a s  depic ted  i n  Fig. 2 .  This subd iv i s ion  
I 

y i e l d s  64  bodes whose a r e a l  e x t e n t  i n c r e a s e s  r a d i a l l y  outward. 

ly u s i  t h i s  g r i d  system over every s torm i n  our s e t ,  we can 

accumulate ma y va lues  of each parameter i n  each of t h e  64 boxes. The 

accumulated v  l u e s  i n  each g r i d  box a r e  averaged and the  va lue  i s  

assigned .present t h e  corresponding box. Repeating t h i s  averaging 

process  : ~ c h  of t h e  meteoro logica l  parameters i n  each of t h e  64 g r i d  

:he b a s i c  s t r u c t u r e  f o r  t h e  composited cyclone. 

rved o r  computed parameters  i nc lude  14 dynamic and 10 

I 
e t e  

u  (zonal  4 

V ( r ad i a  r d i n  

rameters  a s  l i s t e d  below: 

Thermodynamic Parameters 

T  ( temperature)  

Tv ( v i r t u a l  temperature) 

0 ( p o t e n t i a l  temperature)  

VH ( tar  : a l  wind) Z (he igh t )  
I 

V (wind pa a l l e l  t o  storm motion) RH ( r e l a t i v e  humidity) 
P  

Vn (wind no ma1 t o  s torm motion) q ( s p e c i f i c  humidity) 

V f 'Cor io l i  s ( s t a t i c  energy) r 1 

:a1 moisture t r a n s p o r t )  h  (moist s t a t i c  energy) 

DIV (d iverge  ce)  'I h* ( s a t u r a t e d  moist s t a t i c  energy) 

w ( v e r t i c a  motion) i ( r a d i a l  he igh t  g rad ien t )  
a 1- 

qc " ( v e r t i c a  moisture t r a n s p o r t )  

5 ( v o r t i c i y )  t 
7u ( v e r t i c a l  zonal wind shear )  
-. 

3 1' 1 



OCTANT NO I 

5 

F i g .  2. Conipos-itin8 g r i d .  A r r o w  p o i n t s  n o r t h .  

A l l  pa ramete rs  were  examined i n  t h i s  s t u d y  b u t  on11 

c a l  s h e a r  of t h e  z o n a l  wind,  h e i g h t  and temperat  , 
s t r o n g  d i f f e r e n c e s  between t h e  i n t e n s i f y i n g  and n o n j i  

systems. 

h e  z o n a l  wind, v e r t i -  

3und t o  e x h i b i t  

:ns i fyi .ng cyclone 

C o r r e c t i o n s  i n  t h e  r e l a t i v e  p o s i t i o n  of t h e  rt nsonde t o  t h e  s torm 
t 

c e n t e r  a r e  rlade by assuming t h e  b a l l o o n  is  r e l e a s e d  30 minu tes  p r i o r  t o  

- 1 
t h e  schedu led  o b s e r v a t i o n  t i m e  and t h a t  t h e  a s c e n t  l fa te  i s  5 m s . 

D r i f t  c o r r e c t i o n s  a r e  then  made by u s i n g  t h  repor t  d .nd p r o f i l e s .  4 
1 

Computat ional  p rocedures  a l s o  c o r r e c t  f o r  t----I movement of t h e  , 

i 
s to rm w h i l e  t h e  b a l l o o n  i s  a i r b o r n e .  , 

The computer programs a r e  des igned  t o  composlt ~n f o u r  d i f f e r e n t  

c y l i n d r i c a l  c o o r d i n a t e  sys tems ,  b u t  t h i s  s t u d y  w i l l  

n a t u r a l  (NAT) c o o r d i n a t e  system. I n  t h i s  coord ina t  

e  l i m i t e d  t o  t h e  

system t h e  composi- 

t i n g  g r i d  i s  s t a t i o n a r y  w i t h  r e s p e c t  t o  t h e  s t u ~ r n  c r  ~ t e r .  Oc tan t  1 is t 



always poi  

movement . I 
1 . 3  Data ~ e i  

ing t o  t he  n o r t h ,  r e g a r d l e s s  of t he  s to rm ' s  d i r e c t i o n  of 

dy u t i l i z e s  21 yea r s  (1957-1977) of northwest A t l a n t i c  ra-  

from t h e  s t a t i o n s  shown i n  Fig.  1. The d a t a  come from 

emisphere Data Tabula t ions  (NHDT) t a p e s  from Ashevi l le ,  

Records Center which was made a v a i l a b l e  t o  t h e  Colorado 

S t a t e  Univerqi ty (CSU) p r o j e c t  cour tesy  of M r .  Roy Jenne and h i s  group 
' 1. 

a t  t he  ha'tior Center f o r  Atmospheric Research (NCAR) i n  Boul.der, CO. 

Both 00 and 2 GMT soundings were used. 

The cyc ones were s e l e c t e d  from t h e  o f f i c i a l  b e s t  t r ack  p o s i t i o n s  

of t h e  Natlo 1 1 Hurricane Center.  The cyclones were chosen if they 

along t h e  Gulf Coast of t h e  United P t a t e s  from approxi- 

lles south of Brownsville,  TX t o  t h e  F lo r ida  Keys. Cyclones 

made 1andFall  
1 

mately 100 

were strn+ i ? t o  i n t e n s i f y i n g  o r  non-intensifying d a t a  s e t s  based 

on t h e i r  maxibum wind speed changes f o r  t h e  t ime they were i n  t he  Gulf.  

A cyclone was snsidered an i n t e n s i f i e r  i f  i t  had a wind speed inc rease  

of g r e a t e r  t h  n 20 knots  ( k t s )  i n  a 24 hour per iod  wi th in  42  hours of I 
l a n d f a l l  see Figs.  3 and 4) .  There were seven cyclones which were 

c l a s s i f i e d  a s  i n t e n s i f y i n g  but  showed a s i g n i f i c a n t  f i l l i n g  a few hours 

p r i o r  to  i f a l l .  These storms were not  considered i n  t h i s  s tudy.  A 

complete l i s t i n g  of a l l  cyclones which make up t h e  two d a t a  s e t s  i s  

shown i n  T; 
I t I. Table 1 a l s o  l is ts  the  cyc lone ' s  maximum sus ta ined  

wind speed ;he LF -42, LF -18 and l a n d f a l l  time per lods  (LF repre-  
I 

s e n t s  Land  ail). The average i n t e n s i t y  of t h e  i n t e n s i f y i n g  cyclones i.s 

nea r ly  twice 
. I . -  , 

s t rong  a s  the  non-intensifying systems. 
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. ,, 
Fig. 3. Wind speed changes for all storms which mak up the intensifying 

composite data set. 



I I I I 1 I 1 
-60 -48 -36 -24 -12 BEFORE AFTER . . I :  1 

LAND FALL LAND FALL . i 
TIME ( hrs  1 

mum wind speed changes f o r  a l l  storms which malie up the 
i n t e n s i f y i n g  composite d a t a  s e t .  : \ t  #+ $ ,  

The corn i i t e s  were prepared f o r  two time per iods  - appl----imately 

18  and 43 Lrs p r i o r  t o  t h e  l a n d f a l l  per iod .  These time per iods  were 
,.,r:+-*.Y ! 

' I  

s e l e c t e d  t o  pproximate the  c r i t i c a l  warning per iods  t 
Nat iona l  Hur icane  Center ( i . e . ,  24 and 48 hours  pr in  t , ,, l a n d f a l l ) .  

The l a n d f a l l  per iod minus 18  hours  (LF -18) was obtained by using both 

t h e  LF -12 a  d  LF -24 d a t a  composited around the  LF -18 cyclone pos i t i on .  t 
This  was don t o  double t h e  rawinsonde r e p o r t s  because t h e  d a t a  samples 

. ' 1  
re s m  2 i n t e n s i f y i n g  cases  vs .  1 3  non-intensifying cases ) .  

t a .  

-42 composite was obtained by using I,? -36 and LF -48 

b b e r  of soundings which f e l l  i n t o  each of t h e  64 g r i d  

per iod  LF -18 i s  shown i n  Fig.  5 f o r  t he  i n t e n s i f y i n g  and 

ing  s e t s .  It is easy t o  see from t h i s  f i g u r e  t h a t  t h e  most 

abundant d a t  sources  l i e  t o  t h e  poleward s i d e  of t h e  storni - a f a c t o r  which we t 
w i l l  t a k e  i n  o  cons ide ra t ion  l a t e r .  The d i s t r i b u t i o n  of soundings f o r  4 



TABLE 1 

 ist tin^ of i n d i v i d u a l  storms f o r  t h e  i n t e n s i f y i n g  and no - in t ens i fy ing  

( i n  knots )  is i n d i c a t e d  f o r  t h e  t h r e e  t i m e  per iods .  
composite s e t s  r e l a t i v e  t o  t i m e  be fo re  Landfa l l  (LF). Th maximum sus t a ined  wind 

INTENSIFYING SET 
I 

STORM 

HI Audry 25-28 JUN 1957 

T~ Bertha 8-11 AUG 1957 

H Debra 22-27 JUL 1959 

H J u d i t h  17-21 OCT 1959 

H Car la  3-15 SEP 1961 

H Cindy 16-19 SEP 1963 

T Abby 5-8 AUG 1964 

6 0 80 

Missing 3 3 5 

2 5 3 5 li I u 

Missing 30 " 6 5 

110 130 150 

Missing 30 70 

251.1.r. .J 2 5 5 5 

H I s b e l l  8-16 OCT 1964 30 

H Betsy 26 AUG - 12 SEP 1965 110 

H Beulah 5-22 SEP 1967 9 5 

H Abby 1-13 JUN 1968 30 

T Candy 22-26 JUN 1968 Missing 

H Camille 14-22 AUG 1969 100 

M Cel ia  30 JUL - 5 AUG 1970 60 

H E l l a  8-13 SEP 1970 30 

T F e l i c e  11-17 SEP 1970 30 

H Edi th  5-18 SEP 1971 45 

H Carmen 29 AUG - 1 0  SEP 1974 70 

H Caro l ine  24 AUG - 1 SEP 1975 3 5 

H E l o i s e  13-24 SEP 1975 

H Anita 29 AUG - 2 SEP 1977 75 

B Babe 3-8 SEP 1977 25 4 0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AVERAGE INTENSITY r 56 6 7 
- - - - ------------------------  
AVERAGE CHANGE OF MAXIMUM 
SUSTAINED WIND SPEED 



T Debbie 7-8 SEP 1957 

T Esther 1-6-19 SEP 1957 

TABLE 1 (dont Id) 

NON-INTENSIFYING SET 

MEASURE3 OR ESTIE1ATED M A X I W  SUSTAINED WIND (kts) 

LF -42 LF -18 LF - 
Missing 

Miss ing 

H Ella 30 AU - 6 SEP 1958 f 6 0 
T Arlene 28 - 2 JUN 1959 30 

Missing 

Missing 

2 5 

T TS#1 2-11 UN 1964 

T TS#1 11-18 JUN 1965 1 
H Alma 17-: MAY 1970 

H Agnes 14-24 J U N  1972 55 6 5 7 5 
. - - - - - - - - - - - - - - - - - - - - - - - - - - -  

AVE 2E IN: SITY 38 3 8 44 
_ _ _ - _ _ - - - _ _ _ _ _ _ - _ - - - - - - - - - -  

AVERAGE CH, 
SUSTAINED 1 

;E OF MAXIMUM 
ID SPEED 0 6 

- - _ _ - _ - - _ _ - - - - - -  - -- 

'H repr sents a maximum intensity of hurricane (> 65 kts). 
,Y e - 
L 
T reprdsents a maximum intensity of tropical storm (> 35 kts) 

7 1 - 
.J ~issind is used because the cyclone had not yet formed. 

4~~1/1 o 1960 should have been stratified as an intensifying sys- 
tem based on post analysis. The error could not be corrected for the 
composite st 1 dy but the system is treated as an intensifying cyclone 
in sections 2 and 5. 



OCTANT NO. I 

NON- INTENSFYING 4 NORTH 

I 
OCTANT NO. I 

Fig .  5. D i s t r i b u t i o n  of t h e  number of rawinsonde o r t s  w h i c h  were I -. 
composited w i t h i n  each  g r i d  box f o r  t h e   in^ n s i f y i n g  ( t o p  

I 

diagram) and n o n - i n t e n s i f y i n g  (bottcm J+gnr m\  a n t s  f o r  t h e  
time p e r i o d  Landfall (LF) -18 hours .  i , 



, < 

:ime per iod  was s i m i l a r  t o  t h a t  shown f o r  t h e  t ime per iod  
. .: A I !  Lll: i i  a !  * q  L I $ '  



2. RAWINSONDE COMPOSITE COMPARISON: INTENSIFYING VS. NON 

Although meteoro logica l  parameter comparisons between 

s i f y i n g  and non-intensifying composite d a t a  s e t s  were made f o r  t h e  inne r  

0-4O r a d i a l  b e l t s ,  t h e  most r e l i a b l e  comparisons a r e  found a t  o u t e r  

r a d i i  (5-11') where rawinsonde d a t a  is more abundant and r l l i a b l e .  It 

is  a l s o  t h i s  o u t e r  5-11' r a d i u s  r eg ion  which b e s t  s p e c i f i e :  .he f u t u r e  

1-2 day change i n  i n t e n s i t y .  Also, because t h e  i n t e n s i f  

an average i n t e n s i t y  which is  n e a r l y  twice a s  l a r g e  as t h e  non-intensifying 

s e t ,  t h e  d i f f e r e n c e s  i n  parameters  a t  c l o s e  r a d i i  may be  bqased by t h i s  

i n t e n s i t y  d i f f e r ence .  It was observed t h a t  a t  o u t e r  r a d i i  t h e  d i f f e r -  

ences i n  cyclone i n t e n s i t y  between t h e  two systems i s  negl  / g i b l e .  The 

I o u t e r  r eg ion  i s  a l s o  where w e  would expect  any b a r o c l i n i c  :' e r a c t i o n  t o  

be most no t i ceab le .  For t h e s e  reasons then  t h e  main w i l l  be g u t  

on parameter d i f f e r e n c e s  found over  o u t e r  r a d i i  (5- l lO) .  i s  s e c t i o n  

examines t h e  c l ima to log ica l  d i f f e r ences ,  e f f e c t s  of L ,  '3ermodynamic 

d i f f e r e n c e s  and dynamic d i f f e r e n c e s  f o r  t h e  

2 . 1  Cl imatological  Di f fe rences  

I n  t h e  northwest  A t l a n t i c ,  August 5 through October 2: .s cl imatologi-  

c a l l y  t h e  most a c t i v e  period f o r  t r o p i c a l  cyclone developm t wi th  a P 
1 

minor secondary maximum occurr ing  i n  June . Table 2 gives  breakdown 

of t he  occurrence by month of t h e  cyclones which make up composite 

s tudy.  I f  w e  l e t  the ' a c t i v e  pe r iod '  b e  t h e  e n t i r e  ---+-I.- 

September and October we s e e  t h a t  82% of t he  i n t e n s i f :  

t h e  non-intensifying cyclones occur dur ing  t h i s  per iod .  1f1 w e  cons ider  

a l l  cyclones from t h i s  s tudy  which occur dur ing  t h e  a c t i v e  e r iod  f o r  P 
'netermined from cumulative summaries over t h e  years  11886-1977 as 

found i n  T rop ica l  Cyclones of t he  North A t l a n t i c  Ocean, 18'  ,1977. 



TABLE 2 

Monthly ( 

which mahc 
.urrence of a l l  Gulf of Mexico s torms dur ing  t h e  yea r s  1957-1977 
up t h e  composite s tudy  as l i s t e d  i n  Table 1. 

I M Y  JUN JUL AUG SEP OCT TOTAL 

t h e  yea r s  1 7-1977, we f i n d  t h a t  72% of them a r e  i n t e n s i f y i n g  systems. 
I 

Of a l l  cyc l  n e s  which occur dur ing  May, June o r  J u l y  only 40% i n t e n s i f y .  I 
Prel im'nary in spec t ion  of Table 2 may l ead  t o  t he  conclusion t h a t  I 

.I, t h e  basic 'Terence between t h e  i n t e n s i f y i n g  and non-intensifying sys- 

tems r e s u l t  'rom t h e i r  d a t e  of occurrence.  This  i s  n o t  t h e  case  how- 
, , . .  

ever .  ~ e a s b n a l  c l ima to log ica l  d i f f e r e n c e s  do occur bu t  they a r e  no t  

dominant . discuss ion  of those  d i f f e r e n c e s  w i l l  be included i n  s e c t i o n  

4. Allowan e s  f o r  t hese  seasonal  d i f f e r e n c e s  w i l l  be made a s  t h e  fore-  ! , - \  - 6 . \ 
I. '! 

I.' . . , 
cas t ing  sch  ! is developed. I 

$ .  1 ' 

2.2 Cyclon fovement 

l one  t r a c k s  f o r  both d a t a  s e t s  arg shown i n  F igs .  6 and 7. 

s i n d i c a t e  t h a t ,  i n  gene ra l ,  cyclones wi th  a  west northwest 

a r e  more l i k e l y  t o  i n t e n s i f y  wh i l e  t hose  wi th  a no r th  o r  

no r theas t  ( NE) t r a c k  a r e  more l i k e l y  t o  f i l l .  The average d i r e c t i o n  of ? 
0 

m t h e  composite s tudy  is  towards 303 f o r  t h e  i n t e n s i f y i n g  

0 
:owards 330 f o r  t he  non-intensifying s e t  a t  t h e  LF -42 

time per iod  

i n t e n s i f y i n  

Averages f o r  t h e  LF -18 time period a r e  315' f g r  the  . . 7 
0 

; e t  and 342 f o r  t he  non-intensifying s e t .  The d i f f e r e n c e s  

0 
between t n e  d a t a  s e t s  i s  a c o n s i s t e n t  27 f o r  both time per iods .  



,- ? 

Fig. 6 .  Tracks of non - in t ens i fy ing  cyc lone  systems.  I 
"' " 

&!I  , '!; , -f a:l 1 e 

I 

Fig .  7 .  Tracks of i n t e n s i f y i n g  cyclone systems. 



c a u s e  of e r r a t i c  cyc lone  movements i n  bo th  d a t a  s e t s ,  any 

i o n s  abou t  i n t e n s i t y  change and motion r e l a t i o n s h i p s  may n o t  

o r  t h e  i n d i v i d u a l  c a s e .  

eed  of movement between t h e  two d a t a  sets was a l s o  ana lyzed  

d .  I n  t h e  mean t h e r e  was l i t t l e  d i f f e r e n c e .  But a f t e r  a  

cyclone h a s  ~ d e  a t u r n  toward t h e  NNE t h e r e  is a  s l i g h t  a c c e l e r a t i o n  a s  

t h e  cyc lone  becomes caught  up i n  t h e  w e s t e r l y  wind zone. A c o r r e l a t i o n  

found between t h e  rate of deepening o r  f i l l i n g  and t h e  

2.3 Thermodynamic Paramete rs  

0 
Temperature D i f f e r e n c e s .  F i g u r e  8 shows t h e  3-5 r a d i a l  b e l t  aver -  

age of t h e  . ~ e r t i c a l  p r o f i l e  of t h e  t empera tu re  d i f f e r e n c e  o b t a i n e d  by 

s u b t r a c t i n g  t h e  n o n - i n t e n s i f y i n g  t empera tu re  p r o f i l e  from t h e  i n t e n s i -  

f y i n g  p r o f i l e  a t  b o t h  t h e  LF -42 and LF -18 t i m e  p e r i o d s .  F o r  bo th  

t ime p e r i o d  t h e  i n t e n s i f y i n g  set is  s l i g h t l y  warmer th rough  t h e  t ropo-  

s p h e r e  w i t h  t h e  l a r g e s t  d i f f e r e n c e s  o c c u r r i n g  i n  t h e  lowes t  l e v e l s .  A t  a 
t h e  t r o p o p a s e  l e v e l  t h e  i n t e n s i f y i n g  set i s  c o l d e r  by one t o  two 

degrees .  T ese d i f f e r e n c e s  cou ld  b e  due t o  t h e  d i f f e r e n t  a v e r a g e  i n t e n -  I L 

sities betw en t h e  d a t a  s e t s  b u t  i n v e s t i g a t i o n  of t h e  t empera tu re  f i e l d s  

a t  t h e  lowedt s t a n d a r d  l e v e l  ( i .  e. , 850 mb) shows t h i s  i s  n o t  s o  

The 85 mb tempera tu re  f i e l d s  f o r  b o t h  i n t e n s i t y  c l a s s e s  a t  t h e  

LF -42 and F -18 t ime  p e r i o d s  a r e  shown i n  F i g s .  9 and 10.  Diagram c  

of F igs .  9 1 nd 10  r e p r e s e n t s  t h e  d i f f e r e n c e  between t h e  t w o  d a t a  s e t s  

found by s u  t r a c t i n g  t h e  n o n - i n t e n s i f y i n g  d a t a  s e t  from t h e  i n t e n s i f y i n g  b 
r g e s t  d i f f e r e n c e s  occur  over  t h e  n o r t h  and nor thwes t  qua- 

e s torm.  I n  t h i s  a r e a  t h e  i n t e n s i f y i n g  set a v e r a g e s  two t o  

s warmer f o r  bo th  t ime p e r i o d s .  The a n a l y s i s  a l s o  shows a  



TEMPERATURE ('C) I 
0 

F ig .  8. 3-5 r a d i a l  b e l t  average  of t h e  v e r t i c a l  pro e  of t h e  
t empera tu re  d i f f e r e n c e  o b t a i n e d  by s u b t r a c  th6 on- 

' >  i n t e n s i f y i n g  t e m p e r a t u r e  p r o f i l e  from t h e  i n  e n s i f y i n g  p r o f i l e  
a t  b o t h  t h e  LF -42 and LF -18 t ime p e r i o d s ,  

t 
i , "  ,I I ' . I * .  .: I .  

\ 

I I 
d t t e m p e r a t u r e  t rough  over  t h e  n o r t h w e s t  s e c t o r  f o r  t h  

I ! .  .- . {on-in t e n s i f y i n g  

o,J,...4, , s e t  - a f e a t u r e  n o t  found on t h e  i n t e n s i f y i n g  maps. 

, , , , , Mois tu re  D i f f e r e n c e s .  F i g u r e  11 shows t h ~  7-5' e l t  a v e r a g e  of 

s p e c i f i c  humid i ty  f o r  t h e  LF -18 t i m e  p e r i o d  and F i  
D 

s t h e  r e l a t i v e  

humid i ty  p r o f i l e  f o r  t h e  same t i m e  and a r e a .  The a p e ,  
" , ? 'T I  - e l a t  i v e  

h u m i d i t i e s  are b o t h  s l i g h t l y  l a r g e r  f o r  t h e  i n t e n s i  d a t a  sc but 

t h e  d i f f e r e n c e  i s  s o  small t h a t  i t  i s  h a r d l y  measurab!~ S i m i l a r  

c o m p a r i s o n s  f o r  t h e  LF -42 t ime  p e r i o d  a l s o  i n d i c a t e  i t t l e  o r  no d i f -  
It , 

* 41 
,Eerence between t h e  two systems.  T h i s  f i n d i n g  was a 1  o  observed by 

, . , ..NGiiez (1981) . 
I 

,:,. , , ,,,. Height  D i f f e r e n c e s .  Because of t h e  warmer tropo! e r e  found i n  

- , , t h e  i n t e n s i f y i n g  d a t a  s e t ,  t h e  h y d r o s t a t i c  p r e s s u r e  I -  t i o n s h i p s  d i c -  

. , t a t e  t h a t  t h e  p r e s s u r e - h e i g h t  f i e l d s  a t  upper l e v e l  hould b e  h i g h e r  
I, L C 

.,,r i n  t h e  i n t e n s i f y i n g  s e t .  The 200 mb h e i g h t  a n a l y s i  s shown i n  F i g s .  



I 
b I T,,, LF -42 

INTEN- NON-INTEN 

mb temperature field for the LF -42  time period for the 
ensifying data set (diagram a), the non-intensifying data 
(diagram b) and the difference between the two (diagram c )  

ained by subtracting the non-intensifping from the inten- 
0 

ying data set. Units are C. 
1 



J:' . f ,  I ( '  I 

> I  

1 ' I : I '  

F i g .  10. Same as Fig .  9 bu t  f o r  t h e  LF  -18 t imc pc>r iod.  



SPECIFIC HUMIDITY ( g  kg" ) 

a d i a l  b e l t  a v e r a g e  of  s p e c i f i c  humid i ty  f o r  t h e  LF 
e r i o d  . 

8 8 ,  

INTENSIFYING 

NON-INTENSIFYING \ \ 
RELATIVE HUMIDITY ( X ) 

I 

. , 0 I .  I . .  The  3-5 r.ldir11 b e l t  .iver,lsc ~ l i  r e l a t i v e  h u m i d i t y  f o r  t h e  LF 
-18 time p e r i o d .  



1 3  and 14. A t  t h e  LF -42 time period (Fig. 13) t h e  

is e s t a b l i s h e d  i n  both s e t s  bu t  t h e  he igh t  g rad ien t  

much s t ronge r  i n  t h e  non- in tens i fy ing  s e t .  Diagram 

an t i cyc lone  cen te r  

t o  t h e  nor th  is 

c  of Fig.  13  (ob- 

ta ined  by s u b t r a c t i n g  t h e  non-intensifying compositd from t h e  i n t e n s i -  1 

fy ing  composite) shows a  l a r g e  d i f f e r e n c e  over t h r  e s t ,  northwest ,  and 

nor thern  o c t a n t s .  A t  t h e  LF -18 time period (Fig.  1 4 ) ,  t h e r e  is  very 

l i t t l e  change i n  t h e  i n t e n s i f y i n g  s e t .  The ant ' ycl - en t e r  found  on 

t h e  previous non-intensifying f i g u r e  has diminj ed and the  preasnce 

a trough impingement t o  t h e  northwest is more exrider P in  t he  d i f -  

fe renc ing  diagram (Fig. 14c) shows l a r g e  he igh t  a i F F , L e n ~ e s  over t he  1 
west through no r the rn  o c t a n t s .  I I 

' , $ * I  Negl ig ib le  d i f f e r e n c e s  were found i n  a l l  o t h e r  

meters.  

thermodynamic para- 

2 . 4  Dynamic Dif fe rences  

T o t a l  Wind. The t o t a l  winds a r e  depic ted  i n  t h  plan views shown 

i n  Figs.  15-18 f o r  t h e  900 and 200 mb l e v e l s  and f o r  both time per iods .  

Di f fe rences  i n  t h e  t o t a l  winds a t  t h e  900 mb l e v e l  r e  small  f o r  both 

time per iods .  But a t  200 mb one can s e e  t h a t  the  w s t e r l i e s  a r e  much 

0 

I 
s t ronge r  and extend f u r t h e r  south  i n  t h e  non-intensi '  ing s e t .  There 

a l s o  i s  an apparent  wind maximum between 3-11 on t h  north s i d e .  The 

an t i cyc lone  i s  no t  w e l l  developed i n  t he  non-inte- 

d i sp laced  about 4' t o  t h e  sou theas t  a t  t h e  LF -42 ,, 

LF -18 time period t h e  an t i cyc lone  becomes even more 

a quick s t r eaml ine  a n a l y s i s  would put t he  cen te r  a t  

/fying s e t  and is  
I '  

pe r iod .  By the  I , , 

isorganized and 

0 
about 6 t o  t h e  

1 : 
I 

sou theas t .  A s  was previously found wi th  the  200 mb e i g h t  f i e l d ,  t h e  1 7  

1 

l a r g e s t  d i f f e r e n c e s  occur over  t h e  west through no r t  a n t s .  



I:i;:. 1.;. 1 + 2  hour  201) nib t ~ e i s h t  p a t t e r n s  f o r  t h e  i n t e n s i f y i n g  com- 
1.0 t. (d  i.q:r.lrn ,I) . t h e  n o n - i n t s n s i r ' y i n g  c o n p o s i t s  ( d i a r r a m  b )  
1 1 i f 1  n c e  b e t w e n  t h s  two ( d i a g r a c  c )  ~ b t a i n e d  by sub- 
t r . ~ c  in:_: t h e  I i n t e n s i f y i n s  compos i t e  from t h e  i n t e n s i f y i n g  
zl>rp s i t ? .  l111ts i n  didsrcic i  c a r ?  r ? t e r s .  
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I *  

I I 
F i g .  14 .  Same as  F i g .  13 bu t  f o r  t h e  LF -18 t i m e  p e r i o d .  



Fig .  15. views of t h e  200 mb t o t a l  winds f o r  t h e  i n t e n s i f y i n g  d a t a  
(diagram a )  and the n o n - i n t e n s i f y i n g  d a t a  set (diagram b)  
t h e  LF -42 t i m e  p e r i o d .  Wind b a r b s  are i n  k n o t s  where 

ba rb  = 10 k t s  o r  5 m s-l. 

(a)  (h ) 

:IS Fig. 1 5  h u t  f ~ ? r  t h ?  900 mh l e v e l .  



Fig. 17 .  P lan  views of t h e  200 mb t o t a l  winds f o r  t h  i n t e n s i f y i n g  d a t a  
I set (diagram a )  and t h e  non- in tens i fy ing  da a s e t  (diagram b )  
1 m 

-1 
f u l l  barb = 10 k t s  o r  5 m s . 

i 
' f o r  t h e  LF -18 time period.  Wind barbs  a r e  i n  knots  where a 

F i g .  18. Same as F ip -  1 7  but  f o r  

900mb ' 
'h NON-INTEN 

LF -18 

t h e  900 mb l e v e l .  



2 7  

Zon nds. The zonal  wind a t  200 mb was next  i nves t iga t ed  and - - 
be seen i n  Figs.  19 and 20. Again t h e  major d i f f e r e n c e s  

and nor th  bu t  t h e  zonal  wind a l s o  shows some major 

d i f f e r e n c e s  t h e  southwest o c t a n t  providing more evidence of a t r oug l~  

i n t r u s i o n .  e  200 mb wind maximum found i n  t he  p lan  views of t h e  t o t a l  4 0 

winds (Figs.  15b and 17b)appears  t o  be more confined t o  t he  5-11 b e l t  

- 1 on the  n  - s ide .  This  wind maximum h a s  a  s t r e n g t h  of 20-24 m s and 

n t  f e a t u r e  between t h e  two time per iods .  

Another f e a t u r e  which has  been found by o the r  

1975; McBride, 1979) and which is  a l s o  appar- 

presence of weak v e r t i c a l  wind shea r  near 

t h e  cen te r  of .e i n t e n s i f y i n g  system. F igures  21 and 22 show t h e  p lan  

views of t he  ..-_m shea r  of t he  zonal  wind, U I - 
200 mb '900 mb f o r  t he  two 

time per iods .  A t  both time per iods  t h e  i n t e n s i f y i n g  s e t  main ta ins  t h e  

zero shear  li e  over  t h e  top  of t h e  storm whi le  t h e  non-intensifying s e t  b - 1 
has 15-20 m s shear  above storm cen te r .  McBride (1979) i nd ica t ed  the  

need f o r  s t r  upper t ropospher ic  wes t e r ly  shea r  t o  t he  poleward s i d e  4 
and c+rnn g  s t e r t y  shea r  t o  t h e  equatorward s i d e  f o r  cyclone development. 

This  phenor on i s  p re sen t  i n  t h e  i n t e n s i f y i n g  d a t a  s e t  a t  both t h e  LF 

-42 and LF ' 8 time per iods .  The non-intensifying d a t a  set a l s o  has  a  

l a r g e  wes t c  

middle 1 

y shea r  t o  t h e  no r th  b u t  c l o s e r  a n a l y s i s  r evea l s  t h a t  t h e  

b a r o c l i n i c i t y  ( i . e .  850-400 mb) c o n t r i b u t e s  l a r g e l y  t o  t h e  

d shea r .  I n  r n t r a s - ,  t h e  ma jo r i t y  of t h e  shea r  found i n  t he  i n t e n s i f y i n g  

s e t  comes m t h e  upper t roposphere ( i . e .  350-200 mb). Also, t h e  non- 

i n t e n s i f y i n g  d a t a  s e t  does no t  e x h i b i t  e a s t e r l y  shea r  t o  t h e  south  u n t i l  



Fig.  19 .  300 nb z o n a l  wind f i e l d  f o r  t h e  LF -42 t i m  p e r i o d  f o r  t h e  
; ! , -1, 

i n t e n s i f y i n g  d a t a  s e t  ( d i a p - a x  a ) ,  t h e  non i n t e n s i f y i n g  d a t a  
s e t  ( d i . ~ ~ r a m  h )  and t h e  c i i f f e r z n c e  be twsen  1 t h z  ti..@ (d iag ram c )  
founLl by s u b t r , ~ c t i n g  t h e  i n t e n s i f y i n g  d a t a  set  f r a n  t h e  non- 
i n t c . n s i i y i n $  d a t n  s e t .  I n  d i ~ g r a m  c p o s i t  ! numbers i n d i c a t e  
t h ~ t  thtt zon.il wind is s t r o n g e r  i n  t h e  r ~ o n  ~ t e n s i f y i n g  d a t a  
ss t .  U n i t s  s r e  m s-I, 



Fip. 170. - 

4% U,,, LF -18 
NON- INTEN 

? as  F i g .  1 3  b u t  f o r  t h s  LF -18 t h e  p e r i c d .  , 



Fig.  2 1 .  Plan views of t h e  zonal  wind shea r  (UZou V y d ~  mb) ( i n  u n i t s  
of m s - l )  f o r  t h e  i n t e n s i f y i n g  d a t a  s e t  ($Fagram a) and t h e  
non- in tens i fy ing  d a t a  s e t  (diagram b)  f o r  t he  LF -42 t ime 

1 

per iod .  I 

NON- I NTEN 

( . I \  

I .  2 .  S,lmc .is Fis. 2 1  h u t  f o r  t h e  1.F -18 time p 



The r a  i a l  wind, t a n g e n t i a l  wind, divergence and v e r t i c a l  motion 4 
p a r a m e t e r ~  . p r p  ? - - ~ e l y  examined f o r  bo th  d a t a  s e t s .  The d i f f e r e n c e s  

noted 
i 

.he i n t e n s i f y i n g  systems maintained an  inf low through 

a deeper r e s u l t i n g  i n  more convergence and s t r o n g e r  v e r t i c a l  

motion observed i n  t h e  non-intensifying systems. Because of t h e  
I 

d i f f i c u l t y  n  c a l c u l a t i n g  t h e  parameters  on an  i n d i v i d u a l  case  b a s i s ,  9 
t he se  param - - r s . w i l l  no t  be considered f o r  f u r t h e r  i n v e s t i g a t i o n .  1 
2 . 5  Summary 

The corn 

f Composite R e s i ~ l t s  

- r e s u l t s  show t h a t  l a r g e  d i f f e r e n c e s  occur i n  s p e c i f i c  

rameters  between i n t e n s i f y i n g  and non-intensifying 

t rop ica l  :y one systems. It appears  t h a t  t hese  d i f f e r e n c e s  a r e  a r e s u l t  q' 
of l a r g e  sca b a r o c l i n i c  i n t e r a c t i o n  s i n c e  most of t he  d i f f e r e n c e s  were 

found on the 1 poleward s i d e  of t he  storm. The major r e s u l t s  of t he  com- 

p o s i t e  studv are :  

arge s c a l e  environment of t h e  i n t e n s i f y i n g  cyclone i s  
r through t h e  depth of t h e  t roposphere with t h e  l a r g e s t  

erences found below 700 mb. ,The h o r i z o n t a l  p lan  views a t  
mh i n d i c a t e  t h a t  most of t h e  temperature d i f f e r e n c e  occurs  

west through nor th  o c t a n t s .  

2 )  Moi t u r e  a n a l y s i s  i s  not  a  good i n d i c a t o r  of i n t e n s i f i c a t i o n .  P 
l a r g e s t  he igh t  d i f f e r e n c e s  occur a t  t h e  upper l e v e l s  over 
?st through n o r t h  oc t an t s .  The h o r i z o n t a l  he ight  g r a d i e n t s  

s t r o n g e s t  t o  t h e  no r th  and northt .~est .  

extend f u r t h e r  south  and a r e  much s t ronge r  i n  
s e t .  A smal l  wind maximilm occurs between 

s i d e  of t h e  non-intensifying system. 

d i f f e r e n c e s  i n  t h e  zonal  wind a r e  l a r g e s t  over t h e  south- 
t o  no r th  o c t a n t s .  This  y i e l d s  evidence of a  b a r o c l i n i c  

gh impinging upon the non- in tens i fy ing  system from t h e  

6 )  An r e a  of zero v e r t i c a l  zonal  wind shear  U200 mb - UgO0 mb 
exi. t s  over t he  c e n t e r  of t h e  i n t e n s i f y i n g  s e t  while  15-20 i m s shear  i s  found just t o  t h e  w e s t  and e a s t  of t h e  non- 
i n t  s i fy ing  storm cen te r .  



I I . 3 .  DEVELOPMENT OF THE INTENSITY CHANGE FORECA 

\ The r e s u l t s  of t h e  composite s tudy  ind ica t ed  i m  o r t a n t  
,, . . P 

d i f f e r e n c e s  on the  northwest s i d e  of t h e  cyclone svs  
L 

IS. The] o r e ,  
I 

t h i s  s tudy chose t o  concen t r a t e  on t h e  reg ion  betweel 

o c t a n t s  8 ,  1 and 2. For cyclones moving through t h e  

t h i s  region g i v e s  the b e s t  d a t a  coverage ( see  F i g .  2 

Resul t s  der ived from the  composite a n a l y s i s  of 

I 0 
i and 11 over 

\.cllf of Mexico, 

I 
i 

ra7ious s e c t i o n  1 

were app l i ed  t o  i nd iv idua l  cases  of t h e  composi d a i a  s e t s .  This was 

done t o  s e e  how w e l l  t he  composite information could be used on an in- 

d i v i d u a l  case  b a s i s .  Add i t i ona l ly ,  i t  g ives  us a q u Q n t i t a t i v e  measure 

f o r  how a p p l i c a b l e  a f o r e c a s t i n g  scheme might be. 

For s i m p l i c i t y  only t h e  s tandard  weather "" "'- , I  'analyzed a t  t h e  

850, 500, and 200 mb l e v e l s  were u t i l i z e d .  These c h Q r t s  a r e  r e a d i l y  

a v a i l a b l e  t o  f o r e c a s t e r s  i n  any weather s t a t i o n  and an  be used t o  make i 
,. t h e  r ap id  con?putations necessary i n  an ope ra t iona l  ,, ronment. Also, 

by s e l e c t i n g  these  l e v e l s  we can supplement t h e  850 dnd 200 mb cha r t s  
1 

with s a t e l l i t e  der ived  winds i n  t he  d a t a  s p a r s e  r eg1  ns.  1 
3.1  Se lec t ion  of Parameters 

. , Temperature. The composite r e s u l t s  i nd ica t ed  t q a t  t he  850 mb tem- 

pe ra tu re  f i e l d  was no t i ceab ly  d i f f e r e n t  over t he  nor hwest oc t an t  of 
I 

t h e  i n t e n s i f y i n g  vs .  non- in tens i fy ing  storm system e f 0 mb tempera- 

t u r e  was s e l e c t e d  a s  one of t h e  parameters and an rage value was ---{ 
i computed over t h e  o c t a n t s  8, 1 and 2 w i t h i ~  a d i a l  

through l i n e a r  averaging by 2' r a d i a l  b e l t s .  Applyir t h i s  procedure 

F' ; t o  t h e  two da t a  s e t s  a t  both time per iods  y ie lded  an - e r~ , - .  850 mb 

1 



of t h e  d i s t r i b u t i o n  of rawinsonde s t a t i o n s  f o r  t h e  
Mexico r eg ion .  Not ice  the  l a c k  of d a t a  from the  

t o  west G u l f  r eg ions .  

temperature  

non-in !ns: 

- 1 7 . 5 ' ~  f o r  t h e  i n t e n s i f y i n g  d a t a  s e t  vs.  1 5 . 5 ' ~  f o r  t h e  

0 ! 5 d a t a  set o r  a  d i f f e r e n - e  of  2 C.  

Height  . The 200 mb h e i g h t  d i f f e r e n c e s  between t h e  i n t e n s i f y i n g  

and non-in1 
0 

s i f y i n g  d a t a  sets computed over  t h e  5-11 r a d i a l  b e l t  over  

and 2 was about  60 m f o r  both t h e  LF -42 and LF -18 t ime 

per iods .  g h t s  were 12410 m f o r  t h e  i n t e n s i f y i n g  s e t  and 12350 m f o r  

s i f y i n g  set.  The 5-11' r a d i u s  h o r i z o n t a l  h e i g h t  g r a d i e n t s  

b u t  t h e  d i f f e r e n c e s  between t h e  d a t a  sets was on ly  about  

1 2  m p e r  6' a d i u s .  

Zono 1 W I - - -I 
wind  Fields. b r t i c a l  p r o f i l e s  of t h e  zona l  wind were f i r s t  made for 



0 the  5-7 r a d i a l  b e l t  over t h e  northwest s e c t o r ,  oc t a  l ts  1, 2 .lild 3 (I:is. 

2 4 ) .  Very l a r g e  d i f f e r e n c e s  occur ,  p a r t i c u l a r l y  i n  ,:he s t r e n g t h  of the  

w e s t e r l i e s  i n  t h e  upper l e v e l s  and i n  t h e  v e r t i c a l  s$ear.  But f o r  

storms i n  t h e  Gulf of Mexico we encountered t h e  prob:.em of da ta  d e f i -  

c i e n c i e s  over o c t a n t  3.  Therefore,  a  s i m i l a r  p r o f i l y  was made f o r  the  

5-7' r a d i a l  b e l t  over o c t a n t s  8, 1 and 2. Resul t s  a::e shown i n  F i g .  25. 
,,. J" 

-?= 

Although the  wind d i f f e r e n c e s  a r e  not  a s  l a r g e ,  they a r e  s t i l l  very stri-  

king,  e s p e c i a l l y  a t  200 mb where t h e  d i f f e r e n c e s  a r e  more than 10 m s 
-1 

% I  1 
, .. 

between systems. 
' 1. -: 

F i n a l l y ,  t o  be cons i s t en t  w i th  the  methods f o r  ompurlng t h e  tem- Y 
p e r a t u r e  and he igh t  va lues  and a l s o  t o  smooth ou t  po .ble  eddies  i n  

t h e  6' r a d i a l  b e l t ,  a v e r t i c a l  p r o f i l e  of t h e  zonal ind was -made f o r  

t h e  5-11' b e l t  over  o c t a n t s  8, 1 and 2 a s  shown i n  F g. 26. The same 

_. , d i f f e r e n c e s  i n  t h e  zonal  wind s t i l l  occur althougl- 1 ey a r e  no t  a s  

l a rge .  By expanding t h e  a r e a l  coverage of t h e  mez--- l y  ment we can min- 

imize t h e  d a t a  no i se  and g e t  a  more s t a b l e  represent ,  of t h e  para- 

meter d i f f e rences .  Therefore,  we w i l l  average a l l  pa ameters  over t h e  

5-11' r a d i a l  b e l t .  This  improves t h e  d a t a  q u a l i t y  wi hout  g r e a t l y  

reducing t h e  d i f f e r e n c e s  between t h e  two systems. 
.I ' 

V e r t i c a l  Wind Shear.  The v e r t i c a l  wind shea r s  c  mputed over  t he  
I I 1  t 1 

mb a r e  a l s o  very  d i f f e r e n t  (Fig. 26).  The 850-50C 

I 
5-11' r a d i a l  b e l t  over  o c t a n t s  8 ,  1 a n d  2  between 851 100 mb and 850-200 

.eri a1 wind shear  

-1 is only about 3 m s f o r  t h e  i n t e n s i f y i n g  s e t  vs .  6 I ,or t h e  non- 

i n t e n s i f y i n g  set. The 850-200 mb v e r t i c a l  shear  is a  ou t  12 m s-' f o r  

-1 
t h e  i n t e n s i f y i n g  set vs.  21-25 m s f o r  t h e  non-i '- s i f y i n g  d a t a  s e t .  

The d i f f e r e n c e s  a r e  e v e n , l a r g e r  i f  we compute the  : i c a l  shea r s  from 

Figs.  24 and 25. 



ZONAL WlND ( m 5 ' ' )  

Fig.  2i -' - t i c a l  p r o f i l e  of t h e  z o n a l  wind f o r  t h e  6' r a d i a l  b e l t  
a5dd over  o c t a n t s  1, 2 and 3 f o r  t h e  LF -42 t ime per iod  
t diagram) and t h e  LF -18 t ime p e r i o d  ( r i g h t  d iagram).  

I --- 
NON- INTEN 

- - .L -2 
5 10 15 

, . ZONAL WlND ( m  S - I )  

0 
p r o f i l e  of t h e  z o n a l  wind f o r  t h e  6 r a d i a l  b e l t  

r o c t a n t s  8, 1 and 2 f o r  t h e  LF -42 t ime  p e r i o d  
TI) and t h e  LF -18 t ime  p e r i o d  ( r i g h t  d iagram).  

. ' 1  " 



300 - 

- 400- 
n 

- INTEN 
--- NON- INTEN 

ZONALWIND ( m s - 1 )  

SFC i_L 
- 5  > 

ZON 

INTEN 
-- NON-INTEN 

P i g .  2 6 .  The v e r t i c a l  p r o f i l e  of t h e  z o n a l  wind ave aged o v e r  the  
5-11' r a d i a l  b e l t  f o r  o c t a n t s  8, 1 and 2 f r t he  LF -4.2 
time ( l e f t  d iagram) a n d  the  LF -18 time pe iod  ( r i g h t  dingram). i 

Summary. Fur ther  a n a l y s i s  of tlie composite 'atq s e t s  01.1 the  north-  

e rn  s i d e  cont inues t o  produce l a r g e  differences,*be en t h e  two d a t a  i 
11 I '  

s e t s .  But t h e  unanswered ques t ion  i s  how much va r  r e 

the  parameters of t h e  i n d i v i d u a l  cyclone cases  which 

s i t e  s tudy.  Furthermore, how w e l l  can we use these  des 

t h e  compo- 

produce 

s k i l l f u l  f o r e c a s t s ?  To answer these  ques t ions ,  t h e  d a rameters  discussed 

i n  t h i s  s e c t i o n  w i l l  be  measured f o r  each i n d i v i d u a l  

compared a g a i n s t  t h e  mean t o  s e e  i f  we can 

f o r e c a s t i n g  scheme. - .. 

3 .2  ~ ~ ~ l i c a t i o n  of 'parameters t o  Ind iv idua l  Cases 

cyclone system and 

r e l i a b l e  

'f 
t Spec ia l  computer programming techniques develop d by Edwin Buzzell. 
t 

of t h e  CSU t r o p i c a l  storm group were employed t o  r e t d i e v e  the  d a t a  f o r  I ; 
each of t h e  i n d i v i d u a l  storms which made up t h e  compc 

procedures were used t o  c a l c u l a t e  a l l  parameters ,  '7 
t e s .  Objec t ive  

aea-sparse reg ions  I 
8 8 



smoothing 1 ~cedures  were used t o  determine t h e  parameter va lues .  A 

complete ,-- i ng  of t h e  computations can be found i n  Tables 7-10 of 

Appendix A. A summary of those  t a b u l a r  va lues  can be seen i n  F igs .  2 7  1 I 

I and 28. 
I 

I Temperat, . The average 5-11' r ad ius  850 mb temperature f o r  a l l  

0 cyclones rangled from 1 3 . 5 ' ~  t o  21 '~ .  The va lue  of 15.5 C was chosen a s  

a thrc,l.old v l u e  upon which t o  base  i n t e n s i f i c a t i o n .  Only 9% of t he  

i n t e n s i f y i n g  ystems (2 of 23 cyclones averaged over t he  LF -42 and LF I 
0 

' 7 time p e r i L  " had an  850 mb temperature co lder  than 15 .5  C .  O f  t h e  

: systems, 50% (6 of 12 storms) have 850 rnh temperatures 

1 1 iOc but  had o t h e r  parameters which d id  not  favor  inten-  

f  a l l  cyclones averaged over t h e  two time pe r iods ,  77% 

n i d e n t i f i e d  a s  i n t e n s i f y i n g  o r  non- in tens i fy ing  simply 

0 
' ive 5-1.1 r a d i u s  850 mb temperature f i e l d s  being 

.- <. 

I 15.5 '~ .  ' I ,  ,, .; ,- $ 5  q 

I Height. le 200 mt he igh t  f i e l d  averaged over t h e  5-11' r a d i a l  

b e l t  over  o c t  8 ,  1 and 2 a l s o  d i s p l a y s  a good d e l i n e a t i o n  between 

systems. The of 12380 m provided a base va lue  upon which 74% and 

80% of t h e  s t  rms a t  t he  LF -42 and LF -18 time per iods  could have been 4 
cha rac t e r i zed  s i n t e n s i f y i n g  o r  no t .  Most of t h e  remaining 26-20% 

I I 
I 

was made up 
i. 

n tens i fy ing  systems wi th  he igh t  va lues  < 12380 m .  I n  

h no case  d i d  a torm i n t e n s i f y  with a he igh t  f i e l d  < 1232Cl m and con- 

ve r se ly  on1 ne storm d i d  n o t  i n t e n s i f y  when t h e  he igh t  f i e l d  was 

> 12420 m. Fuythermore, a t  t h e  LF -18 time period a s  t h e  cyclone 

approached la1 a l l  and f u r t h e r  b a r o c l i n i c  i n t e r a c t i o n ,  only one cyclone 

d id  no t  in ten :  y with a he igh t  f i e l d  > 12380 m. 



F i g  

11 
NON-INTENSIFYING 

27.  T a b u l a r  v a l u e s  of  each of t h e  f i v e  i n t e n s i t y  change paramete rs  a s  they  a re  r i i s t r  i ! , ~ t ~  r l  i , ~  t t i c  i r 
r e s p e c t i v e  s c a t t e r  graph f o r  t h e  LF -42 t i m e  p e r i o d .  The 0 l i n e  r e p r e s e n t s  t h e  t -h reqk ,o ld  v n l u e  
of each p a r a m e t e r  a s  determined from t h e  s c a t t e r  of t h e  da ta .  The a b s c i s s a  On t t ~ r -  bottom of the 
graph i s  used  i n  t h e  computat ion of  t h e  i n t e n s i t y  change paramete r .  





Zonal Wind. The i n d i v i d u a l  case  measurement- of -..- -mpinging 

zonal  w e s t e r l i e s  upon t h e  storm system a l s o  ver i f ies !  t h e  r e s u l t s  of t he  

composites. The nega t ive  of t h e  zonal  wind (- i? 
200 ! is p l o t t e d  i n  Figs.  

- 
27 and 28 and t h e  e s t a b l i s h e d  th re sho ld  i s  -10 m s '. The r e s u l t s  ore  

Pes t  a t  t h e  LF -18 time period where 80% of t h e  cvc ones a r e  proper lv  4 
c l a s s i f i e d  a s  i n t ens i fy i r . g  o r  no t .  The ma jo r i t y  of 

cyclones which were i n c o r r e c t l y  c l a s s i f i e d  had zona ] l w  
t h e  threshold  value.  These storms were p r imar i ly  

with a  we l l  e s t a b l i s h e d  an t i cyc lone .  The e f f e c t s  oj 

cyclone a t  200 mb was t o  add t o  t h e  s t r eng th  

6' b ~ l t  on t h e  no r the rn  o c t a n t s .  
.: I L, 

V e r t i c a l  Wind Shear. S imi la r  r e s u l t s  werc 

v e r t i c a l  zonal  wind shea r  c a l c u l a t i o n s .  A tL -?shu~r  

f o r  t h e  850 mb minus 200 mb zonal  wind was e s t a b l i s l  

l s i f  ying 

Is s t ronger  han 

nn systems 

I found i n  t h e  

- 1 a .--l.ie of -16 m s 

from t h e  s c a t t e r  

of t he  d a t a  a s  depic ted  i n  F igs .  27 and 28. Here ag i n  t he  i n t e n s i f y i n g  B 
cyclones with l a r g e  v e r t i c a l  wind shear  ..ere nrim e cyclones 

with a  s t rong  upper l e v e l  an t icyc lone .  Howeve] mot of t hese  cyc l  
I 

had a  compensating weak v e r t i c a l  wind shea r  from 850 t o  500 mb. 

To summarize F igs .  27 and 28 we f i n d  t h a t  a  : e  v a r i a b i l i t y  e x i s t s  I 
i n  each of t h e  parameters bu t  a  d i s t i n c t  d i v i s i o n  i 5  ev ident  between the  

two d a t a  s e t s .  An at tempt  t o  maximize t h e  p o s i t i v e  benef s of each 

parameter was made by a d j u s t i n g  t h e  s c a l e  of ei based on 

i t s  importance a s  determined from s t a t i s t i c a l  rn+ 
b , . 
4 I I. 

7 - c ,  

3 . 3  Designat ion of t h e   orec cast in^ Parameter 
I 
I 

shown i n  s e c t i o n  5 .  

An i n t e n s i f i c a t i o n  parameter ( I P )  can be deterrn1n.u from a  normal- I 

, . i z ed  sum of each parameter a s  determined from t h e  

, of F igs .  27 and 28 o r  
I 

4 I 

:gle on t h e  bottom 



er was des igned  t o  imply t h e  n a t u r e  of a s t o r m ' s  poten- 

a t i o n  b u t  n o t  n e c e s s a r i l y  t h e  degree  of t h a t  i n t e n s i f i c a -  

p l e ,  i f  I P  0 we would e x p e c t  t h i s  storm t o  be  a 

g  sys tem;  i f  I P  > 0 t h e  s torm should i n t e n s i f y  p r i o r  t o  

l a n d f a l l .  Th e  i s  a  c l i m a t o l o g i c a l  v a r i a b i l i t y  i n  I P  through t h e  I1 
s to rm season  d  a n  ad jus tment  f o r  t h i s  v a r i a b i l i t y  is  made t o  compen- el 
sate f o r t h e  a l a n c e .  D i s c u s s i o n o f t h e  climaticvariabilityisgiven 1.p 
i n  s e c t i o n  4.4 bnd d e t a i l s  of t h e  c o r r e c t i o n  a r e  d i s c u s s e d  i n  Appendix 

, i 
B. .- 

- ;I; 

IP  applied1 a t  t h e  LF -42 t ime p e r i o d  c o r r e c t l y  f o r e c a s t s  t h e  i n t e n -  

s i t y  change f  r 71% of t h e  35 s t o r m s .  A t  t h e  LF -18 t ime  p e r i o d  t h e  11 
s k i l l  improve o  77%. IP  was p l o t t e d  a g a i n s t  t h e  n e x t  24 hour wind j t  
speed change lot each s to rm and t h e  r e s u l t s  can be  seen  i n  F i g s .  29 and 

30. The i c a l  i m p l i c a t i o n s  of t h e s e  f i g u r e s  w i l l  be  t r e a t e d  i n  

two d a t a  sets appear  s i g n i f i c a n t l y  d i f f e r e n t .  The 

e x c e p t i o n s  of b a r t i c u l a r  n o t e  i n  t h e  f i g u r e s  a r e  t h e  open c i r c l e s  

l o c a t e d  t o  l e f t  of  t h e  z e r o  l i n e .  These d a t a  p o i n t s  r e p r e s e n t  t h e  

s:  Cindy 1963, I s b e l l  1964 ,  Abby 1968, E d i t h  1971, 

Carmen 1974, a d  E l o i s e  1975. A c a r e f u l  a n a l y s i s  of t h e  weather  c h a r t s  t 
f o r  t h e s e  s t o r + s  r e v e a l e d  t h a t  t h e y  a l l  moved i n t o  and t n t e n s i f i e d  i n  a 

b a r o c l i n i c  r e g  on. T h i s  i s  p r e c i s e l y  t h e  k ind  of  i n t e r a c t i o n  which 

t y p i c a l l y  p r e v  n t e d  t h e  n o n - i n t e n s i f y i n g  systems from i n t e n s i f y i n g .  

Perhaps  t h e s e  gtorms had d i f f e r e n t  i n n e r  c o r e  c h a r a c t e r i s t i c s  and t h e  

b a r o c l i n i c  i n t q r a c t i o n  i n  some way d i d  n o t  weaken t h e  cyclone a s  i s  

normal ly  t h e  cdse .  I t ' s  p o s s i b l e  t h a t  a  measurement of t h e  imposing 



F i g .  29. I n t e n s i t y  change parameter ( I P )  vs .  the ne*8 L4 nOUr 
s u s t a i n e d  wind speed change f o r  the LF -42  ime per iod .  
C i r c l ed  d a t a  p o i n t s  a r e  t h e  c e n t r a l  v a l u e s  c the r e s p e c t i v e  
S P t  - 
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b a r o c l i n i c  £ 4  d a lone  is n o t  enough and t h a t  t h e r e  i s  a combination of 

i 
which governs i n t e n s i t y  change. Carefu l  budget s t u d i e s  

( p a r t i c u l a r l $  

i n t e n s i f  i ca tq  

ngular  momentum) may y i e l d  a b e t t e r  answer t o  each s torm's  

t r ends .  

There hd !n confusion i n  regard  t o  t h e  i n t e r p r e t a t i o n  of t h e  

in f luence  of pper l e v e l  t roughs and b a r o c l i n i c i t y  on t h e  poleward s i d e  

of t r n n i c a l  y lones .  One must c l e a r l y  d i s t i n g u i s h  between t h e  t y p i c a l  I I- 
deep l a ]  bs x l i n i c  t rough a s s o c i a t e d  wi th  middle l a t i t u d e  storms and 

t h e  d i s t i n c t 1  t r o p i c a l  upper t ropospher ic  t roughs ( t h e  so-ca l led  TUTTI 

o f t e n  assoc ia  3 wi th  t r o p i c a l  cyclone development w i th in  t h e  t r a d e  winds. 

The T ' is  a/ ummer phenomenon of t h e  sub- t ropica l  oceans and is gen- T e r a l l y  favorah e t o  t h e  development and/or  enhancement of t r o p i c a l  storm 

systems when Le t rough i s  loca t ed  t o  t h e  northwest of t h e  i n c i p i e n t  

system. B: t r a s t ,  a deep l a y e r  b a r o c l i n i c  t rough i s  no t  f avo rab le  

f o r  cyclone d zlopment o r  enhancement. It i s  very important  t o  make 

t h i s  d i s t i l  130. This  paper p r e s e n t s  evidence on t h e  weakening in-  

f luence  t o  cy e ~ l l c  s t r e n g t h  of a deep l a y e r  b a r o c l i n i c  reg ion  t o  tlze 

cyclone 's  po l  3rd s i d e .  Note i n  Fig.  11 t h a t  t h e  950-400 mb l a y e r  

v e r t i c a l  wind lear f i e l d s  between t h e  i n t e n s i f y i n g  and non-intensifying 

systems a r e  vbh d i f f e r e n t .  It is  t h i s  lower and middle l e v e l  baro- 

c l i n i c i t y  whi is  t h e  primary f a c t o r  i n  determining cyclone weakening 

no t  upper t r o  s p h e r i c  b a r o c l i n i c i t y .  It is very  important  t h a t  t h i s  

d i s t i n c t i o n  b 

3 . 4  Rate of 

Another 

i ts r a t e  of 

t h e  i n t e n s i t y  , 
I 

inge of I P  

) o r t a n t  f e a t u r e  of t h e  i n t e n s i t y  change parameter i s  

nge. Pre l iminary  r e s u l t s  of case  s t u d i e s  show t h a t  when 

arameter r e g i s t e r s  a l a r g e  i n c r e a s e  with time, t h e  s torm 



typically responds with a strong intensification 

Conversely, a sharp decrease in IP is usually fol 

or filling storm. Therefore, the initial value o should not be 

the sole determinator in forecasting storm intens but the trend of 

the IP parameter should also be taken into consid 
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. J?PL*vATION OF IP  TO INDEPENDENT DATA 
;: 1 ' (  

1 be u n f a i r  t o  make gene ra l  conclusions about t he  r e l i a b i l i t y  

i F i c a t i o n  parameter (IP) based on only  35 cases .  Therefore,  

t h e  au thor  
I 
ught independent d a t a  on which t o  f u r t h e r  t e s t  t h e  parameter.  

s from t h e  s torm seasons of 1978 and 1979 were examined. 

Secondly, 

1 were s t u d i  

r o p i c a l  depress ions  f o r  t h e  pe r iod  1967-1979 (23  cases)  

Then, t h e  c l ima to log ica l  and d i u r n a l  v a r i a b i l i t i e s  on 

I 1: t h e  paramece s were examined t o  determine t h e  adjustments  t o  be made t o  
I I 

I i 
IP  t o  al low o r  t h e s e  v a r i a b i l i t i e s .  F i n a l l y ,  t h e  scheme was appl ied  t o  

I i 23 indepenJ- t i n t e n s i t y  change composite d a t a  s e t s  of t h e  w e s t  A t l a n t i c  i 
I 

I 
: P< f i c  y v a i l a b l e  a t  CSU. A . l i s t i n g  of a l l  a d d i t i o n a l  cyclones 

I I i anc W . ~  1 

! I sis of t h e  f i v e  components which go i n t o  t h e  IP parameter 

-Ins 11-14 of Appendix A.  

7 )  ) , ' I  
of Independent ~ ' t o r h  ~ n a l ~ s i s  

,.I of west A t l a n t i c  t r o p i c a l  depress ion  p o s i t i o n s  was 

bu t  i t  wasn ' t  u n t i l  1974 t h a t  they were assigned depress ion  

n s i t y  changes f o r  depress ions  a r e  not  included i n  t h e  sum- 

maries u n t i l  
I 

I 

~I 1 1 i n t enp i  f y i ~ o  
' I ! 

dep r er 

' t o  15  m s-- 

a l l  c r i t e r i a  

t h e  purposes 

t h e  excent; n 

zy reach  a minimum t r o p i c a l  s torm s t r e n g t h .  Hence, t h e  

make a gene ra l  assumption t h a t  a l l  depress ions  were non- 

avstems. This  is  n o t  n e c e s s a r i l y  a good assumption s i n c e  

ave been known t o  form i n  weak wave-trough systems, i n t e n s i f y  

~ ~ n i n  24 hours  and then make l a n d f a l l  a s h o r t  t i m e  l a t e r  -- 
dhich would c l a s s i f y  t h e  system a s  i n t e n s i f y i n g .  But f o r  

L ' ' .  I 

~f t h i s  s tudy  a l l  depress ions  w i l l  be t r e a t e d  equal ly  w i th  

-2 Depression /I9 of 1975. This  depress ion ,  a s  noted by 

a ? I  . 8 - 2  



N. Frank (1976), was one which formed quick ly  and ' 3d m i l l i o n s  of 

d o l l a r s  of damage i n  f l ood ing  a s  i t  moved in l and .  

speed change was no t  a v a i l a b l e  f o r  t h i s  depress ion ,  .ons were 

t h a t  i t  was an i n t e n s i f y i n g  s y s t e m :  ' '  

The parameters were analyzed f o r  a l l  independen :yclones using the  , 1 ' 

U i n d i v i d u a l  weather c h a r t s  fol lowing t h e  cornputationa lures  f o r  

,:.A, i n t e n s i t y  change a s  d iscussed  i n  Appendix B. The r e  of t h i s  

a n a l y s i s  a r e  presented  i n  Figs.  31  and 32. Since da 

hour wind speed change was unknown f o r  t h e  dep res s io  

t h e  next  24 

T.TpC assumed 

r i  t h a t  t hese  wind speed changes were zero.  Even w i t  ssumption t h a t  1 1 
a l l  depress ions  are non-intensifying systems we coul  . o r ecas t  t he  

.,, t c o r r e c t  i n t e n s i f i c a t i o n  t r end  f o r  1 5  of 20 cyclones 

b .  
.. I t ime per iod  and 24 of 31 cyclones (77%) a t  t h e  'LF -1l 

These r e s u l t s  a r e  comparable t o  those  obta ined  from 1 

sets. The b i g  d i f f e r e n c e  i n  examining t h e  independe4t 

t h a t  t h e  f a l s e  alarm r a t e  has  i nc reased  (more cyclonl 

c lone 

f o r e c a s t  t o  in-  

t e n s i f y  than a c t u a l l y  d id )  bu t  t h e  r a t e  of m i s s  i n t e n s i t y  i nc rease  
3 1 

has  been lowered. 

Tables 7-14 of Appendix A l ist  t h e  d a t a  f o r  eDP 
L *. . ,- 

g ive  a b e t t e r  understanding of t h e  v a r i a b i l i t y  of the 
I 

each d a t a  set a s  l i s t e d  i n  t h e  t a b l e s ,  Fig. 33 was 
> (1 '  

lone LUY 

parameter f o r  I i I 
1 ! I  

how t h e  d a t a  i s  d i s t r i b u t e d  about t h e  median ~al2.x~ 
1 % b g  1 1 . , I .  

. , 

r ep re sen t s  t h e  range over  which approximately 50% of 
, ?  

The dashed l i n e  g ives  t h e  range i n  which about 7ny 

s t r u c t e d  t o  show i I , !  
le s o l i d  l i n e  I I 

I 

Because of t h e  small sample s i z e  (5 cases)  of 
, !w '< 

s i f y i n g  d a t a  set a t  t h e  LF -42 t i m e  pe r iod ,  t h e  s o n  A 
', h 

s e t  r e p r e s e n t s  a 60% range. This  f i g u r e  shows no ov e 1 

f a l l .  

F a l l .  

t i n  t en- 



LF -42 
0 INTENSIFYING 

n s i c y  change parameter ( I P )  versus  t h e  next  24 hour 
a ined  wind speed change f o r  all independent storms a t  
LF -42 time per iod .  C i r c l ed  d a t a  p o i n t s  a r e  t h e  c e n t r a l  
e s  of t h e  r e s p e c t i v e  d a t a  sets. 

0 INTENSIFYING 
NON - INTENSIFYING 

P i g .  3 2 .  Sarn a s  F i g .  31 but  f o r  t he  LF -18 time period.  '1 



DATA SET 

Intensifying LF -42  ; I, . I ; - ! , ,  ,. 
Non-intensifying LF -42 ' . 
Intensifying LF -18 , 

Non-intensifying LF -18 
Independent intensifying LF -42 
Independent non-intensifying LF -42 
Independent intensifying LF -18 
Independent non-intensifying LF -18 
Average of all intensifying cases 
Average of all non-intensifying cases 

TENSIFYING 
N-I NTENSIFYING 

AMPLE SIZE 

5 8 : 1 
6 3 . 1  ; ;  

. s  

I ' I 

Fig. 33. Variability of the IP parameter for individual cyclone cases 
as distributed about the median value of 4 h data set. The 
solid line represents the range over whi approximately 50% 
of all cases fall. The dashed line give the range in which 
about 70% of all cases fall. An excepti is data set 5 which 
represents a 60% range because of the sm I sample size. The 
number beside the open/closed circles r esents the data 
sets described above. Z'I 

l 
, l i<.Y ' 1'1 

intensifying and non-intensifying cases at the 50% However, at 

the 70% level some overlap occurs in nearly all dat 

indeterminant region in k~hich the forecast -errors s 

I 
el, 

s. lis is the 

+n be expected. 



(Table 

4.2 Climat ogical and Diurnal Variation of the Parameters ?P 
The moJthly distribution of intensifying vs. non-intensifying CaQes 

, paring ea I , '  

storm seasor 

I ge 15) gives indications that the differences found in the 

1 . l ~  may be due to climatological differences found by com- 

11 and late storms to those which occur during the peak of the 
However, after the addition of the independent cyclone 

1 data almost such seasonal variability exists. Table 3 shows nearly 
I1 

an equal dis ibution of cyclones by month for both the intensifying 

and non-inte sifying cyclone systems. l'l' 
I 

climatological variations do occur in all parameters. 

e IP parameter must also have a seasonal variation which 

must be, fompIns$ted for,i~ the, forecast scheme. A ten year (1958-1967 1 
I 

monthly mean ver 18 rawinsonde stations located in the Gulf coastal 

3ya3 was com uted for j? 
i ll 200 and TBS0. The seasonal variation of these 1 . I :  1 

I 

I :ers i shown in Figs. 34 and 35. The dashed line in the figure 

value established for the forecast scheme. Monthly 
- 

wind p_arame,ger.s (c 
850' '500 and 5 ) were evaluated 

200 

averaging coastal rawinsonde stations over a 5 year period 

. I , w  ,,,,se climatological measurements a monthly mean 

Of It P parameter was calculated. The variations of the IP 

parameter shown by the heavy solid line in Fig. 36. All cyclone 

cases from t s gtpdy yers pubdivided into 15 day (half-month) periods 

and average I values were computed for all cases as shown in Fig. 35. J 
The seasonal triations of all individual cases closelv parallels 

the climatol 
, Leal curve. A compensation curve to allow for these 

seasonal var :ions in the IP parameter is shown in Fig. 37. Basically, 
\ 

the cal,cu$at- value of the I P  is increased during the early and late 
1 n 



TABLE 3 1 
I 

Monthly occurrence of a l l  cyclones which make e study.  The t a b l e  
i nc ludes  both t h e  i n d i v i d u a l  cyclones from t h e  o s i t e  s tudy and t h e  
cyclones from t h e  independent sample. 

I 

M Y  JUN JUL (G SEP OCTTOT1U. 1 1  
I !  

l NTENSIFYING 0 4 4  14 2 30 i 
( ' I 

NON-INTENSIFYING 2 5 5 12 6 36 I ; I  8 

-- i i i  
( I  

I 

I p o r t i o n  of t h e  s torm seaso,, and decreased dc-'-- peak of t h e  season. 
i I 

? .  Exact d e t a i l s  of t h e  c o r r e c t i o n s  a r e  given 1 4ppen 

Y L 3 1 
Diurna l  v a r i a t i o n s  i n  T were noted when mak 85 0 computations 1 1 

I 1 ,  

f o r  t h e  independent cyclone systems. The v a r i a t i - - -  

s i g n i f i c a n t  f o r  cyclones centered  i n  t h e  western Gu 

0 
a a t h e  5-11 b e l t  of o c t a n t  2 is  l o c a t e u  u---- ---&-- 

I 
p a r t  of Texas is s l i g h t l y  e l e v a t e d  and exj 

ing.  The s u r f a c e  hea t ing  i s  r e f l e c t e d  a t  850 n 

h igh as 2 7 ' ~  were observed a t  00Z i n  con t r a s -  ,- 

of 1 7 ' ~  a t  122. For s torms i n  t h i s  a r e a ,  only t h  

should be used. Large d i u r n a l  v a r i a t i o n s  i n  '?mp~ 

,.,. served i n  o t h e r  a reas .  1 
- 

- , , Diurnal  v a r i a t i o n s  i n  H200 were no t  observed. 

I I 7 f 7  
. !I 

I d  I 

4 .3 Comparative Composite Analysis  

Accepting t h e  hypothes is  t h a t  poleward baroc  

, , , causes s torm weakening, i t  is t o  be  expected lat 
f 

those  shown f o r  t h e  Gulf of Mexico should a l s o  occu 

a r t  u l a r l y  i I 
I i 

xico  where i ' 
: ) I  , 

wesr T E S .  This  ( 1 1  

i t rong  su r f ace  heat-  i I 

r L 1 . a  1 . 8 I 

temperatures a s  1 
! 1 -. erage  ,-mperature I 

8 ,  

(22 temperature ! i 
\ 1 ,  

\ A  
" 1 1 ,  

a c  i n t e r a c t i o n  

d s  s i m i l a r  t o  

1 in Other Ocean  



MAY JUN JUL AUG SEP OCT 

Fig. 34. Te year  (1958-1967) monthly mean of t h e  200 mb he igh t  
a v  raged over  18 rawinsonde s t a t i o n s  through t h e  Gulf c o a s t a l  
a r  

1 .  1 i . f , , 
The dashed l i n e  i s  t h e  threshold  va lue  e s t a b l i s h e d  f o r  

% . I  , 
s study,.  . ' li . &K .. ' .:I.. 

h. b 8 . .  
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da F i g .  3; hut  f o r  t h e  8-50 mb tempsrature.  ; I '  
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Fig. 36, Mean monthly values of IP as computed fro climatology (heavy 

f . 1t.l.L .. $>:) %i solid curve), all individual intensifying cases (dotted curve), 
. . ' 1 .  . I  I < : 1 ,  1 . + - all individual non-intensifying cases (da curve) and an , 

average of both intensifying and non-intel ing cases 
(dash-dotted curve) 
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Fig. 37. Seasonal correction curve to be applied 
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bas ins .  Th+ au thor  examined t h e  comparative composite cyclone i n t e n s i t y  

es made by previous  i n v e s t i g a t o r s  a t  CSU -- Frank (1977), 

and Niifiez (1981). Only those  s t u d i e s  which contained a 

number of s terms poleward of 15' l a t i t u d e  were considered.  Climatologi- 

l i n i c  t roughs r a r e l y  p e n e t r a t e  equatorward of 15' l a t i t u d e  

torm season. See Appendix C f o r  a d e t a i l e d  d e s c r i p t i o n  of 

each compos t e  d a t a  s e t .  1 
Analys @ of t hese  comparative composite s t u d i e s  (Table 4)  y i e l d s  t 

r e s u l t s  simi/$ar t o  those  found i n  t h e  Gulf of Mexico,. I n  a l l  f i l l i n g  

composite d t a  s e t s  t h e  i n t e n s i t y  change parameter is s i g n i f i c a n t l y  

sma l l e r  t h a  f o r  t h e  corresponding deepening set. This  d i f f e r e n c e  can 

e a s i l y  be a t r i b u t e d  t o  b a r o c l i n i c  i n t e r a c t i o n  by examining t h e  i n d i v i -  

dua l  parame C r s  of t h i s  t a b l e .  For example, f o r  t h e  non-intensifying cases  I 
t h e  w e s t e r l i e s  a r e  much s t r o n g e r  and a r e  c l o s e r  t o  t h e  s torm cen te r ;  

t h e  v e r t i c a l  wind shea r s  a r e  much s t r o n g e r ;  t h e  low l e v e l  temperature 

f i e l d s  a r e  l d e r ;  and t h e  upper l e v e l  h e i g h t  f i e l d s  a r e  lower. 

Minor d i f i c a t i o n s  had t o  be  made t o  t h e  procedures f o r  computing 

I P  i n  t h e  Pa i f i c  bas in .  Cl imato logica l ly ,  t h e  850 mb temperature f i e l d  

is warmer an  1 t h e  200 mb he igh t  f i e l d  is h igher  i n  t h e  Pacif,Jc than t h e  
i 

A t l a n t i c .  Therefore, new th re sho ld  va lues  had t o  be  e s t a b l i s h e d  f o r  

t h e s e  paramehers. IP  was computed f o r  a l l  d a t a  sets and t h e  r e s u l t s  

can be  seen  I n  Fig.  38. It is most important  t o  compare t h e  d i s t a n c e  

sepa ra t ing  eQch of t h e  d a t a  s e t s  r a t h e r  than t h e  r e l a t i v e  placement on 

u r t h e r  s tudy  i n  t h e  P a c i f i c  b a s i n  needs t o  be done on in- .& + 4 

s t o  b e t t e r  r e f i n e  t h e  th re sho ld  va lues  bu t  t h e  pre l iminary  

r e s u l t s  of F g. 38 show promise f o r  implementation of a q u a n t i t a t i v e  sys- 

tem f o r  t h a t  ocean b a s i n  a l s o .  However, t h e  c l ima to log ica l  and d i u n r a l  I e f f e c t s  must be  examined more c a r e f u l l y  f o r  t h e  P a c i f i c  bas in .  
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F -- TABLE 4 
I 

-* - - - - - - - 
Summary 6Tf t h e  parameters  analyzed f b r  t h e  ~ompara+ive  composite s t u d i e s  done a t  CSU. 

= A l l  wind parameters  are i n  meters, - 
3 T850 

is C and H200 is +I2000 m. 

COMPOSITE TITLE 
- - - - - - 

~'BELT T850 H200 U850-U500 '850-~200 - IP  AIP 
'200 - - - -  

Dropco i n t e n  LF -42 
Dropco non-inten LF -42 

Dropco i n t e n  LF -18 
Dropco non-inte.n LF -18 

W I  deep ( a l l  l a t i t u d e s )  
WI f i l l  ( a l l  l a t i t u d e s )  

NI deep (< 30° l a t i t u d e )  
WI f i l l  (< 30' l a t i t u d e )  

Zehr develop t r a d e  c l u s t e r s  
Zehr s t a g e  0 non-develop 

Hol l iday  r a p i d l y  deep -24 
Hol l iday  r a p i d l y  deep 0 
Hol l idnv  r n n i d l y  deep i-24 - - 
B i l l  Frank Data Sets- ------  - - -  
rype A deep ( 20: l a t )  
Type A f i l l  (7 - 20 l a t )  

Type A e a r l y  deep (> 20° l a t )  -3.2 -1.1 -1.3 
0 - -0.2 1.9 - 

-. 
-2.7 .- 18.8 496 145 -. - 

-5.2--- Type B f i l l  (> - 20 l a t )  8.0 1 . 9  -3.3 -11.3 5 .7  17.9 464 38 107 



COMPOSITE TITLE 

-- 

%ABLE 4 (cont 'dl  

AIP 

Type A deep (< 30: 1 s t )  
Type A f i l l  (7 - 30 l a t )  

Type A e a r l y  deepo(< 30° l a t )  -1.5 -3.8 -5.5 -1.2 ' -4.0 -0.9 18.5 477 101 
Type B f i l l  (< 30 i a t )  - 7.8 1.7 -3.6 -5.3 -11.4 5.0 17.8 461 36 65 

Type I deep 
Type I f i l l  

Type I1 deep 
Type I1 f i l l  

Type I11 deep 
Type I11 f i l l  

' ~ h e s e  values  a r e  missing because thermodynamic runs w e r e  not made f o r  these  two composite s t u d i e s .  
However, t h e  wind parameters show a g r e a t  d i s p a r i t y  between t h e  deepening and f i l l i n g  da ta  sets. 



N - INTENSIFYING 

0 2 n  Circ les  . ----- 

1. Dropco I n t e n s i f y i n g  LF -42 

- -- 
'1 ' 

v s  Dropco 

2. Dropco I n t e n s i f y i n g  LF -18 v s  Dropco Non- n t ens i fy ing  LF -18 i 
3. West I n d i e s  Deepening ( a l l  v s  West I n d i e s  F i l l i n g  ( a l l  l a t i -  

l a t i t u d e s )  tudes ) 

4. West I n d i e s  Deepening (<30° v s  West I n d i e s  F i l l i n g  (430' l a t i -  
l a t i t u d e )  tude)  

5. Zehr Developing Trade Clus- v s  Zehr Stage Non-developing 
ters 

6. Fra* Type A Deepening v s  Frank Type Fi l l i .ng  (>20° - l a t i -  
(>20 - l a t i t u d e )  tude)  

7. Frank Tyge A Ear ly  Deepen- v s  Frank Type F i l l i n g  (>20° l a t i -  B - 
i n g  (220 l a t i t u d e )  t ude) 

8. Fran% Type A Deepening 
(<30 - l a t i t u d e )  

v s  Frank Type 4 F i l l i n g  (L300 l a t i -  
tude)  I 

v s  FrankI , , ,  
tude)  

J F i l l i n g  (430' - l a t i -  

10. Frank Type I Deepening vs  Frank Type I, F i l l i n g  

11. Holl iday Rapidly Deepening -24 
I 

12. Holl iday Rapidly Deepening 

13. H o l l i d a y  Rap id ly  Deepening +24 1 k * 

Fig.  38. Graph of IP f o r  comparative i n t e n s i t y  cha ge ra4insonhe com- 
p o s i t e  d a t a  s e t s .  Numbers denote each co p o s i t e  d a t a  s e t  
comparison. The l i n e  between t h e  d a t a  po n t s  shows t h e  d i f -  
f e r ence  between t h e  i n t e n s i f y i n g  and non- n t e n s i f y i n g  d a t a  

sets. 

I 
sets. See Appendix C f o r  a d e t a i l e d  d e s c ~  t i o n  of a l l  d a t a  



en-.., 

r from rawir 

a 1 : I I. 

r e c a s t i n g  scheme w a s  a l s o  app l i ed  t o  a s e t  of r a p i d l y  deep- 

nc (Jeepening rate - > 42 mb d-') from t h e  northwest P a c i f i c  

udied by Holl iday and Thompson (1979). IP  w a s  determined 

nde composites prepared f o r  t h e s e  s torms f o r  t h r e e  t ime 

, per iods  (RD-24, RD-0, W 2 4 )  a s  d.escrihed i n  Appendix C .  Computations 
I 
I 

of I P  made these  Holl iday and Thompson cases  i n d i c a t e d  t h a t  in ten-  

mine IP (I 

hould occur.  Close a n a l y s i s  of t h e  parameters  which de ter -  

le 4) revea led  t h a t  a l a r g e  p a r t  of t h e  i n c r e a s e  i n  IP 

between KI pe r iods  f o r  t h i s  d a t a  set was due t o  changes i n  t h e  200 mb 

he igh t  f i e l d 1  It appeared t h a t  t h e  s t o w s  yere moving i n t o  a n  a r e a  of 

h igher  200 3 h e i g h t s  (> 12470 m) a s  t h e  r a p i d  deepening was occurr ing.  

Ind ica t ion  i t  may be j u s t  as important  t o  watch f o r  changes 

i n  t h e  ind rameters  as w e l l  a s  t h e  t o t a l  change i n  I?. 
.,. 

. x n i s  s e c t i o n  has  provided more v e r i f i c a t i o n  t h a t  

t e r a c t i o n  does i n  f a c t  m ~ d i f y  a s f o m ' s  i n t e ~ s i f y  and more 
1 1  

. 
: .i . L ." ' 6 , ~ -  ' ~ ' i > i ~  

:r 1 1 

t t h e  i n t e r a c t i o n  can be  measured i n  a q u a n t i t a t i v e  sense.  
I 

The s k i l l  making f o r e c a s t s  us ing  t h i s  q u a n t i t a t i v e  scheme has been 

shown t o  b > 70% c o r r e c t .  The au tho r  is  hopeful  t h a t  through f u r t h e r  
1 ' ,, . I  ,. 

refinement ':his f o r e c a s t  s k i l l  can be  increased  somewhat. 

'a; 
:3 



5. STATISTICAL ANALY0'S 

The d a t a  as presented  i n  t h i s  s tudy  appea h igh ly  s i g n i f i c a n t .  
1 
I 

1 8 )  
To determine t h e  l e v e l  of s i g n i f i c a n c e  of t hese  r ea  1 a l l  d a t a  were 1 

, .  examined c o l l e c t i v e l y  f o r  t h e  t ime pe r iods  LF -42 add LF -18. The s t a -  1 
t i s t i c a l  methods used f o r  t h e s e  non-parametric d a t a  

- - , * T I  
t a b l e s ,  p ref igurance  - p o s t  agreement, s k i l l  s co re s  

, developed technique termed Multi-Response Permutatic - " '  7-31 - - - 

A complete d e s c r i p t i o n  of t h e  MRPP technique can 

.* e t  al .  (1976, 1981) and Mielke (1979). - ' I  _ -  

its were ntingency 

una i n  r 

span t l y  

" - lke  

I S  ' j  
' < I  ,, 

5.1 Contingency Tables  
. '  

Contingency t a b l e s  r e p r e s e n t  a neans of test 
h .. . discrepancy 

I . , ! . I 
between observed r e s u l t s  and those  expected 

i n g  parameter.  Two by two contingency t a b l e s  were &md t o  p l o t  f u t u r e  

f o r e c a s t  i n t e n s i f i c a t i o n  (I) and non- in t ens i f i ca t  g a i n s t  t h a t  

.4 ! L:1 
+r. - ' I 

a c t u a l l y  observed (Fig. 3 9 ) .  For t h i s  s t a t i s t i c a l  r: sr: any cyclone F 
which exper 

pe r iod  was 

i e n c e d  a wind speed change - > 10 k t s  over  e next  24 hour 
' ,,: 1 2, . h-. .- I 1 . 1  

considered a n  i n t e n s i f y i n g  system. Figul 40 shows t h e  no- 

I b s k i l l  t a b l e  t h a t  would have r e s u l t e d  i f  t h e  f o r e c a s t  r e a l l y  had no 

s k i l l  and h i s  c o r r e c t  f o r e c a s t s  were due t o  rando ~ i l i t y .  This  

no - sk i l l  t a b l e  is formed from Fig.  39 by multiply in^ 

column t o t a l s  and then d iv id ing  by t h e  grand t o t a  

t a b l e s  we can then compute t h e  chi-square s t a t i s t  

ow totals by 

Using t h e s e  two 



: I LF -42 
OBSERVED . , 

LF -18 
OBSERVED 

TOTAL 

I 

N I  

TOTAL 
S 

TOTAL 

F 39 .  ~ n t i n g e n c y  t a b l e s  made from a l l  s torm c a s e s  f o r  t h e  LF - 42 
ime pe r iod  ( l e f t  diagram) and t h e  LF -18 t i m e  pe r iod  ( r i g h t  

-Iiasr:) 

. . .  T.. ,- 

. - I 4 ,  1 4 ' $3 . r , A  ' * . I ' < ,  

I 

OBSERVED 

N I  TOTAL I NZ TOTAL 

s 
TOTAL 

Fig.  40. B 

a f i .  
t 

s k i l l  t a b l e  made from t h e  cont ingency t a b l e s  i n  F i g .  39 
mul t ip ly ing  t h e  row t o t a l  by t h e  column t o t a l  and d i v i d i n g  
t h e  grand t o t a l .  L e f t  diagram is f o r  LF -42 t ime per iod  

.ght diagram is  f o r  t h e  LF -18 t i m e . p e r i o d .  



where 0 is t h e  observed counts  (Fig. 39) and Hi is  
i 

(Fig. 40). We f i n d  t h a t  f o r  t h e  t i m e  per iod  LF -42, 

2 
LF -18, x = 19.7. Using chi-square t a b l e s  w i th  one 

we f i n d  t h a t  f o r  both time pe r iods  t h e  p r o b a b i l i t y  v 

is  l e s s  than 0.001 t h a t  a no - sk i l l  f o r e c a s t  would ha  
a 1 . .# 

v e r k f i c a t i o n  t a b l e s  (Fig. 39). 

t h e  no - sk i l l  counts 

x2 = 1 2 . 4  and a t  

degree of freedom, 

~e f o r  chi-square 

.- l e d  t o  t h e  given 

1 .,A; The usefu lness  of t h e  p r e d i c t o r  can a l s o  b i m i n e d  by forming 

contingency r a t i o s  (Fig. 41). These a r e  simply t h e  a t i o s  of t h e  

numbers i n  t he  contingency t a b l e s  (Fig. 39) t o  the s i n  t h e  cor- 

responding no - sk i l l  t a b l e s  (Fig. 40). m e n e v e r  r a t i o s  a r e  g r e a t e r  t 
- $?! : 1 

I 

than un i ty ,  t he  r e l a t i o n s h i p  between t h e  d outcome is  much 

b e t t e r  than a chance one. As we can s e e  f r o r  "ig.  t h e  f o r e c a s t i n g  4 
parameter is  s i g n i f i c a n t l y  b e t t e r  than  chance i n  fort  s t i n g  both in ten-  

s i f i c a t i o n  and non- in t ens i f i ca t ion .  

5.2 Pref igurance  - Pos t  Agreement 

Pref igurance  measures t h e  e x t e n t  t o  which f o r e c q s t s  g ive  advance 

n o t i c e  of t h e  occurrence of a c e r t a i n  event .  Post  a 
C - '  ./I 

LF -42 
0 BSERVED 

' F i g .  41. Contingency r a t i o s  formed by d iv id ing  t h e  a l u e s  An t h e  con- 
,: 11 t ingency t a b l e s  (Fig. 39) by t h e  va lues  i n  t h e  no-sk i l l  t a b l e s  

Y : , I  ,=.  (Fig. 40). L e f t  diagram is  f o r  LF -42 per iod  and r i g h t  

diagram is f o r  LF -18 time per iod .  



.L.u..C CV ~ i c h  subsequent observa t ions  confirm the  p r e d i c t i o n s  when 

a  c e r t a i n  rent is f o r e c a s t .  This  in format ion  can be found by us ing  

t h e  previou l y  cons t ruc ted  contingency t a b l e s  (Fig. 39) t o  develop t h e  

t a b l e s  f o u  i n  Figs.  42 and 43.  The d a t a  from t h e s e  f i g u r e s  i s  con- 4 
densed be: ,: 

I Pref  igurance  
e rcentage  Accuracy) 

TABLE 5 , ' d  - *"  
f 

1 

Pos t  Agreement 
i - + =  (Percentage Accuracy) 

A s  a n  examplb ur the  use of Table 5, w e  might consider  t h e  LF -42 t i m e  

per iod .  W see t h a t  f o r e c a s t s  of i n t e n s i f i c a t i o n  were followed by in-  

t e n s i f i c a t -  1 65% of t h e  t i m e  whi le  occurrences of i n t e n s i f i c a t i o n  were 

ind ica t ed  -- advance 80% of t h e  t i m e .  The t r e n d  i n  t h e  scheme i s  t o  

I over  fo recas  n t e n s i f i c a t i o n  whi le  under f o r e c a s t i n g  non- in tens i fca t ion .  

5.3  S k i l l  :ores 

The i. r m a t i o n  contained i n  t h e  contingency t a b l e s  can he combined 

!x (S) ,  c a l l e d  a  s k i l l  score .  It i s  def ined  by 

t A r 

i~ " s = -  C - E 
+ ,. 1,' 

4 , ~8 T - E ,  - * i a .  0 1 ,  

t 
f 

d I i s q  i 
- * ,, 1 

I where - is e nllmber of c o r r e c t  f o r e c a s t s ,  T is  t h e  t o t a l  number of 

i 
. 1. . 

f o r e c a s t s  an4 E i s  t h e  number expected t o  be  c o r r e c t  by chance. Skill 

omputed f o r  t h e  two time pe r iods  and found t o  be .43 and 

.55 f o r  t h e  -42 and LF -18 time pe r iods  r e spec t ive ly .  These numbers 



0 L$ ERVED 
-I8 LF  -42 

OBSERVED 

R 
E ,a 

I 
C .  
A NI 
S 

TOTAL 

F i g .  42. Percent  of t ime each observed category was ( 

(Pref igurance) .  
1 1 -0 1 . L  < *. 

.< 1 4, 
,-. 1 - b - a  

i .. 
N r - 8  l y j :  i l l  7 .  : a . . r , , ,, ir 

: t l y  f o r e c a s t  

-, . :. . , .' .~ ,:' : * .':' & ' . ,, . .. .. 
. '. 8" < 

i . .  I . .  . *'7 ' . 

OBSERVED .I. ?, . '  L 

TOTAL N I  TOTAL 

C 

s r  R p a r t i c u l a r  F ig .  4 3 .  Percent  of time each f o r e c a s t  event occurred 
,. n , T i  r . :+. categorv (Post  Agreement). 



represei 

25%. 

average c o r r e c t  f o r e c a s t  r a t e  of 75% which b e a t s  chance by 

I 
5.4 MRPP 

The KRPI echnique which has  been developed a t  CSU ( c f .  Plielke - e t .  

a l . ,  1976, 1981; Mielke, 1979) is  a nonparametric s t a t i s t i c a l  methodology - 

which does n o t  involve  normali ty  o r  o the r  assumptions usua l ly  made i n  

s t a t i s t i c a l  ~ . n a l y s e s .  It al lows t h e  simultaneous comparison of one o r  

more v a r i a t e q  of one d a t a  set w i t h  t h e  same v a r i a t e s  of o t h e r  d a t a  sets. 

The proced i e s s e n t i a l l y  measures t h e  Euclidean d i s t a n c e  between a l l  
I 

d a t a  po in t -  i n g  t h e  l i k e l i h o o d  of one s e t  of d a t a  being s t e t i s t i c a l l y  7- - 
t h e  same a s  2 opposing d a t a  s e t .  The MRPP technique was appl ied  t o  t h e  

I 

d a t a  of t h i s  s tudy  i n  t h r e e  ways: 

araineters were examined u n i v a r i a t e l y  comparing t h e  in ten-  
ng ve r sus  non- in tens i fy ing  s e t .  

- 
2) The /three most s i g n i f i c a n t  parameters ,  H200, and $00 

(6' l e l t )  were combined i n  a three-way combination. 

3) A l l  i v e  parameters were examined i n  a five-way combination. f 
The r e s u l t s  ok t h e  a n a l y s i s  a r e  shown i n  Table 6.  One can s e e  t h a t  t he  

v e r t i c a l  winc hears  a r e  t h e  weakest parameters  bu t  when combined wi th  

t h e  o t h e r  , :*meters t o  form IP ,  t h e  r e s u l t s  become extremely s ign i f i -  

can t .  
I 

The RPF t a t i s t i c  can a l s o  be used t o  improve t h e  s e l e c t i o n  of 

parameters i n  ' ev is ing  a f o r e c a s t i n g  scheme. For example, i n  t h e  NW 

Pac i f i c s8  datya s l e s s  abundant p a r t i c u l a r l y  a t  t h e  500 mb l e v e l .  There- - I 
f o r e ,  us e scheme without  t h e  con t r ibu t ion  of t h e  850 t o  500 mb 

shear  should 1 ~ n  g ive  good r e s u l t s .  I n  f a c t  t h e  MRE'P r e s u l t s  i n d i c a t e  i it t h e  21 b he igh t  f i e l d  a lone  may be s u f f i c i e n t  t o  produce a 

reasonat  LC fo  ecas t  



TABLE 6 

MRPP s i g n i f i c a n c e  l e v e l s  on p r o b a b i l i t y  t h a t  t h e  i n t e  Ffying and I ~ 

! 
non-intensifying d a t a  sets are t h e  same. Parameters ,a l i s t e d  i n  order  ' 

of s i g n i f i c a n c e  a s  determined by an average of both  t me per iods .  
Values a r e  given i n  percent  (%). 

L 

PARAMETER 

I .  - 1  1 

3 Way combinationL 
:I r I J q  

t , 1 : , 9 ,. ., T850 . ,  i -  .! L !.! , 
. ,  . 

- 
. L C . l ' .  , . ; .  . ~ ~ ~ ~ ( 6 ~  b e l t )  !,, : r , 8 ! .  , 1.18 ,0724 ' I  

0;; 115 Way combination c o n s i s t s  of a l l  f i v e  p a r  

- 
23 Way combination c o n s i s t s  of H 

. n  . ; .LC;, , fl 

200 Y T850 and i,/,, (6Obelt) 

L 1 I 

dl-Discussion.  The fou r  s t a t i s t i c a l  methods had a$  shown t h a t  t h e  t 
r e s u l t s  produced by t h e  f o r e c a s t i n g  scheme a r e  h ig l  s i g n i f i c a n t .  

 this al lows us t o  adapt  t h e  scheme t o  opera t iona l  . a high 

degree of confidence. However, we must remember t h a t  

a ! an o b j e c t i v e  t o o l  designed t o  be  used by l e s s  ex" OCed f o r e c a s t e r s  

1:jland may only b e  of minor he lp  f o r  t h e  experienced f 



6. CONCLUSION ). 

n a l  goa l s  of this r e sea rch  were t o  d e t e c t  sys t ema t i c  o u t e r  

r a d i u s )  meteoro logica l  d i f f e r e n c e s  between i n t e n s i f y i n g  

s torms merely by examining t h e  t r o p i c a l  weather 

t h e  Nat iona l  Hurricane Center.  But many hours  of 

c h a r t s  could only  g ive  weak s u b j e c t i v e  i n d i c a t i o n s  

of possib: r o c l i n i c  i n f l u e n l e g  on cyclone i n t e n s i t y  change. There- 

sonde compositing scheme was employed i n  o rde r  t o  i n v e s t i -  

e d i f f e r e n c e s  i n  a n  o b j e c t i v e  manner. Composite d i f f e r -  

t o  be  s i g n i f i c a n t .  O f  p a r t i c u l a r  i n t e r e s t  were t h e  

d  i n  t h e  850 mb temperature f i e l d ,  t h e  200 mb he igh t  

zonal  wind, and v e r t i c a l  wind shea r s  of t h e  zonal  wind. 

r e s u l t s  ob ta ined  from the  composite s tudy  the  i ~ ~ d i v i d u a l  

i n  analyzed f o r  t hese  s p e c i a l  parameter d i f f e r e n c e s .  

a s  i nhe ren t  i n  t h e  r e s u l t s ,  bu t  a  d i s t i n c t  demarcation 

t a  s e t s  was ev ident  i n  70-80% of t he  cases .  Spec ia l  

combina t i c  the  parametejs  &d t o  a  q u a n t i t a t i v e  scheme f o r  fore-  

c a s t i n g  op. 
I 

zyclone i n t e n s i t y  change. 

L U 3 ~  S L L I Z ~ ~  he ld  up w e l l  when t e s t e d  a g a i n s t  independent 
L 

erne was a b l e  t o  f o r e c a s t  i n t e n s i t y  change 71-77% c o r r e c t  

f o r  a l l  t ime e r i o d s  and was a t  i ts  b e s t  a s  t h e  cyclones were wi th in  t 
24 hours  of 1 It was found t h a t  t r ends  i n  t h e  parameters should 

a l s o  ca re f  watched as i n d i c a t o r s  of i n t e n s i t y  change. Through 

the  u-- i ous  comparative rawinsonde composite s t u d i e s ,  we were 

a b l e  t o  show h a t  t h e  r e s u l t s  of t h i s  s tudy  a r e  a p p l i c a b l e  t o  composite 1 
d a t a  sets (an mostly l i k e l y  i n d i v i d u a l  cases  a l s o )  i n  t h e  o t h e r  regions 9 
of t h e  w e s t  A t  

' ' ) I  
a n t i c  and a l s o  i n  t h e  western P a c i f i c .  l L ~ , _  



,- \. . 
The f o r e c a s t i n g  sc1lerne presen ted  i n  t h i s  s tudy  

exceed the  accuracy of t he  forec i l s t s  roduced by t h  

s i ) ; n i  l ' i c i~nc ly  

.s at t h e  

Nat iona l  Hurr icane Center  o r  t h e  J o i n t  Typhoo~l !.Jam ng e n t e r  bu t  i t  

does g i v e  q u a n t i t a t i v e  guidance t o  t he  paraniet ; w i c h  app r t o  be 

important  t o  i n t e n s i t y  change. Because t h e  --' gned f o r  use 

on s t anda rd  i s o b a r i c  c h a r t s ,  any duty forecz e r  (rl r d l e s s  of experience)  

should be a b l e  t o  make t h e  IP c'o"gukation w i t h i n  10 15 minutes .  Also, 1 
t h e  s e l e c t i o n  of t h e  850 and 200 mb c h a r t s  a l lows or t o  supplement t h e  

, ! s t anda rd  a n a l y s i s  a t  t he se  l e v e l s  w i th  SMS s a t e l l i t t  e r i ved  winds. 

, j  The scheme can a l s o  be programmed f o r  r o u t i n e  comput p r i n t o u t .  

, . . Although t h i s  s tudy  f a i l e d  t o  c o r r e c t l y  p r e d i c  i n t e n s i t y  change 

i n  approximately 25% of t h e  ca se s ,  t h e  scheme app 
f 

t o  perform a s  wel l  

o r  b e t t e r  than o t h e r  c u r r e n t l y  a v a i l a b l e  forecast-.., ---1niques. You 

w i l l  always have an E l o i s e  t o  defy your b e s t  physica reasoning. How- , 

!, , r  eve r ,  t h e  i dea  t h a t  i n t e n s i t y  change can be approach '- a  I 

, manner bea r s  f u r t h e r  i n v e s t i g a t i o n .  More r e sea rch  s be made t o  

I i 
determine how t h e  phys i ca l  coupl ing between t r o p i c a l  m s  and t h e  l a r g e  ' 

s c a l e  b a r o c l i n i c  zones Qn t h e  poleward s i d e  t a k e s  p l  -1. - - ~ p e f u l l y ,  

some of  t h e  i d e a s  presen ted  i n  t h i s  s t udy  w i  st: a t e  f u r t h e r  cyclone 

1 ,  i n t e n s i t y  research .  

6 
An a d d i t i o n a l  s i d e  b e n e f i t  of t h i s  s t  P i t i o n  t o  t h e  p a r t i -  

. , ; , i  c u l a r  r e s u l t s  p resen ted  bn'c;clone i n t e n s i t y  change, he formula t ion  ! 

r ' ,  Q S  a methodological  technique f o r  q u a n t i t a t i v e  f o r e c  development I 
i 

I<-; through t h e  use  of rawinsonde composite a n a l y s i  >logy 
. '3. 

:>Jii is  summarized by t h e  progress ive  s t e p s  of r o u t e  u ~ig.44. 
1 1 

tr 01i~e ..,< Q u a n t i t a t i v e  f o r e c a s t  schemes cannot t yp i c ,  e  developed from I 

*,. * I \ (  
d i r e c t  i n s p e c t i o n  of i n d i v i d u a l  weather maps a s  indic by r o u t e  A of  , 



?., going d i r e c t l y  from s t e p  2 t o  s t e p  9 ). One is usua l ly  

requir6 fol low the procedures i l l u s t r a t e d  i n  rou te  U of t h i s  

u a n t i t a t i v e  f o r e c a s t  scl~cme devclopmcnt usua l ly  r equ i r e s  

on of numerous rawinsonde r e p o r t s  f ro~n t l i f  ferci l t  c l a s s c s  of 

weather -ys ems t o  determine mean d i f f e r e n c e s  between c l a s s e s .  Only II 
when t h  is  :complished can one begin t e s t i n g  t o  determine t h e  e s t e n t  

t o  which suc  h mean c l a s s  parameter d i f f e r e n c e s  can be de t ec t ed  i n  i nd i -  

v idua l  case 

technique 

idea  t o  - 

:uations.  I n  t h i s  manner t h e  rawinsonde compositing 

)een used a s  a v e h i c l e  t o  t r anspor t  us from a gene ra l  

. L A C  a p p l i c a t i o n .  Then t h o r o u g h s t a t i s t i c a l  t e s t i n g  t o  

determine f o  e c a s t  s k i l l ,  t e s t i n g  wi th  o t h e r  independent d a t a  s e t s ,  e t c . ,  i' 
fol lows i n  1 g i c a l  progress ion  as shown by r o u t e  B of t h i s  f i g u r e .  t 

The r e s  a r ch  meteoro logis t  can only ca r ry  t h e  procedures  as f a r  a s  

s t e p  8 ,  The f i n a l  t e s t i n g  of any new f o r e c a s t  scheme must be done i n  t 
a 1  environment by ope ra t iona l  meteoro logis t s  ( s t e p  9 ) .  

t i c i p a t e d  t h a t  t h i s  empi r i ca l  methodological approach '. . * r 

using compos'te rawinsonde d a t a  can be u t i l i z e d  t o  develop many o t h e r  4 
types of p rac  i r a l  f o r e c a s t  schemes. le 



, , , 1: ' " .  

, f  , ,  ,r,.:r , , - ;  , ,, 

' , , ' : ' . 3 :  I 

CATION DATA I F  FORECAST SCHEE HAS 
APPARENT SKiLL. 

Fig. 44. Flow diagram of t h e  procedures  needed t o  deve op an emp i r i ca l  a I 

f o r e c a s t  scheme. This  s t udy  fol lowed t h e  p ro  edures  o u t l i n e d  I I 
by Route B where rawinsonde cornposit inn /-+a- 
and necessary s t e p .  



The au t  

encouragemen 

author has b 

fessor  Gray' 

l i k e  t o  than: 

n i c a l  a s s i s t ,  

D r .  Edwin NCzj 

M r .  Greg Hol: 

Merrill of t l  

acknowledges 

t o  a t tend Col 

This res 

Atmospheric P 

ACKNOWLEDGEMENTS 

,r wishes t o  acknowledge the  guidance and continued 

given him by h i s  adviser ,  Professor William M. Gray. The 

!n fo r tuna te  t o  have had the  rawinsonde da ta  base of Pro- 

research p ro jec t  ava i l ab le  t o  him. The author would a l s o  

M r .  Edwin Buzzell and M r s .  Barbara Brumit f o r  t h e i r  tech- 

Ice. The author has a l s o  benefi ted from discussions with 

z (now of the  Universi ty of Puerto Rico), M r .  Geoff Love, 

nd, M r .  Cheng Shang Lee, M r .  Johnny Chan and M r .  Robert 

CSU t r o p i c a l  cyclone research projec t .  The author a l s o  

he US A i r  Force f o r  providing the  author t h e  opportunity 

rado S t a t e  University. 

arch has been supported by t h e  National.Oceanic and 

n i n i s t r a t i o n  Grant No. NA 79 RAD00002. c ;: 



.,,-: 
REFERENCES 

_. I.  

Arnold,  C. P . ,  1977: T r o p i c a l  cyclone cloud and i n t e  
Dept. of Atmos. S c i .  Paper  No. 977 - -  @ L - L -  

COY 154 pp. 

Dunn, G. E. and S t a f f ,  1962: The h u r r i c a n e  season 
Rev 90, 107-119. * 9 

Dunn, G. E. and S t a f f ,  1963: The h u r r i c a n e  season of 
71 I r - Rev., 91 ,  199-207. 

, , Dunn, G. E. and S t a f f ,  1964. The h u r r i c a n e  season 
k., 92, 128-138. 

I 
Dunn, G. E. and S t a f f ,  1965: The h u r r i c a n e  season 

Rev 93, 175-187. * 9 

:Erickson, S. L . ,  1977: Comparison of  devel--ing vc 
t r o p i c a l  d i s t u rbances .  Dept. of Atmos i c i .  I 

1 i r e  , ~ < S t a t e  Univ., F t .  C o l l i n s ,  CO, 81 pp. 

I 

i t y  r e l a t i o n s h i p s .  
! -- , F t .  C o l l i n s ,  

Mon . Wea . - -  

)h3.  Mon. Wea. -- 

~ v r l o p i n ~  
- 274, Colo. 

Frank,  N. L . ,  1970: A t l a n t i c  t r o p i c a l  systems of I . Mon. Wea. g., 
98. 307-314. 1 -- 

Frank, N. L. ,  1971: A t l a n t i c  t r o p i c a l  systems of 1971 Elon. Nea. Rev. -- - - 
99, 281-285. 

Frank,  N .  L . ,  1972: A t l a n t i c  t r o p i c a l  systems of 1971' ""-- Wea. Rev. , - -  
100,  268-275. 

Frank, N.  L . ,  1973: A t l a n t i c  t r o p i c a l  systems of 197: 
101,  334-338. 

Mon. 'iqea. Rev. , - 

Frank, N.  L. ,  1975: A t l a n t i c  t r o p i c a l  systems of 197L ---  ._---. . .?a.  Rev. 
103, 294-300. 

I 
Frank, N. L . ,  1976: A t l a n t i c  t r o p i c a l  systems of 197'' --- Mon, Wea. Rev., 

104, 466-474. 

Frank, N. L. and G. C la rk ,  1977: A t l a n t i c  t r o p i c a l  sybt 
Mon. Wea. Rev 105,  676-683. - - - 3  

Frank, N. L. and G. C la rk ,  1978: A t l a n t i c  t r o p i c a l  s y  tems of 1977.  
Mon. Wea. Rev., 106, 559-565. --- r 

Frank, N. L. and G. C la rk ,  1979: A t l a n t i c  t r o p i c a l  
Mon. Wea. Rev 107,  1035-1041. - - - 9  

Frank, N .  Id. and G. C la rk ,  1980: A t l a n t i c  t r o p i c a l  s y  tems of 1979. 
Mon. Wea. Rev., 108,  966-972. - 



REFERENCES (cont 'd )  

! P. J. Hebert ,  1974: A t l a n t i c  t r o p i c a l  systems of 1973. 
102, 290-295. 

Frank, W. M . ,  1976: The s t r u c t u r e  and e n e r g e t i c s  of t he  t r o p i c a l  cyclone. 
Dept. f  Atmos. Sc i .  Paper No. 258, Colo. S t a t e  Univ., F t .  C o l l i n s ,  
CO, 18  pp. 8 

1968: Global view of t h e  o r i g i n  of t r o p i c a l  disturbanc.es 
r m s .  Mon. Wea. Rev., 96, 669-700. --- 

1975: T rop ica l  cyclone genes is .  Dept. of Atmos. S c i .  
o. 234, Colo. S t a t e  Univ., F t .  C o l l i n s ,  COY 121 pp. 

Gray, W. M . ,  1980: Observat ional  and t h e o r e t i c a l  a s p e c t s  of t r o p i c a l  
cyclone genes is .  Report prepared a s  a  r e s u l t  of t h e  a u t h o r ' s  
appoint  e n t  a s  an ad junct  r e sea rch  p ro fe s so r  of meteorology a t  
t h e  US a v a l  Pos tgraduate  School,  Monterey, CAY from 7 J u l y  t o  
7 Augus 1980, 71 pp. I 

nd W. M. Frank, 1977: T rop ica l  cyclone r e sea rch  by da t a  
ing.  NEPRF Technical  Report TR-77-01. Naval Environmental 
on Research F a c i l i t y ,  Monterey, CAY 70 pp. 

Gray, W. M. nd W. M. Frank, 1978: New r e s u l t s  of t r o p i c a l  cyclone 
r e s e a r c  from obse rva t iona l  a n a l y s i s .  Technical  Report TR-78-01, 

4 

105 pp. 

I 
Naval E vironmental  P red ic t ion  Research F a c i l i t y ,  l ionterey, CAY T 

Hebert ,  P. J I ,  1976: A t l a n t i c  hu r r i cane  season of 1975. Mon. Wea. Rev. , - - -  
104, 454-465. 

, 1978: I n t e n s i f i c a t i o n  c r i t e r i a  f o r  t r o p i c a l  depress ions  
n o r t h  A t l a n t i c .  Mon. Wea. Rev., 106, 831-840. 

Hebert,  P .  J , 1980: A t l a n t i c  hu r r i cane  season of 1979. Mon. Wea. Rev - - - '  ' 
108, 97 -990. 

Hebert,  P .  J. and N. L. Frank, 1974: A t l a n t i c  hu r r i cane  season of 1973. 
Mon. We . Rev., 102, 280-289. - 1 

Holliday,  C. R. and A. H.  Thompson, 1979: Cl imato logica l  c h a r a c t e r i s t i c s  
of rapid,ly i n t e n s i f y i n g  typhoons. -- Mon. Wea. w., 107, 1022-1034. 

Hope, J. R . ,  9 7 5 :  A t l a n t i c  hu r r i cane  season of 1974. yon. Wea. Rev., - 
103, 285 293. 

I 

Jarv inen ,  B.  and C.  J. Neumann, 1979: S t a t i s t i c a l  f o r e c a s t s  of t ro-  
i n t e n s i t y  f o r  t h e  no r th  A t l a n t i c  bas in .  NOAA Tech. 
NHC-10 Nat iona l  Hurricane Center ,  Miami, FL, 22 pp. 



REFERENCES (cont ' d) 

Lawrence, M. B., 1977: Atlantic hurricane season of h976. Mon. Wea. -- 
Rev 105, 497-507. - 3 

Lawrence, M. B., 1978: Atlantic hurricane season of r977. Mon. Wea. 
Rev 106, 534-545. -* 9 

Lawrence, M. B., 1979: Atlantic hurricane season of 978. Mon. Wea. 
Rev 107, 477-491. -. 9 1 - -  

McBride, J. L., 1981: Observational analysis of trop cal cyclone forma- 
tion, Part I: Basic. description of data sets. . Atmos. Sci. 

McBride, J. L. and R. Zehr, 1981: Observational anal sis of tropical 
cyclone formation, Part 11: Comparison of non-d veloping versus 
developing systems. J. Atmos. Sci. 

Mielke, P. W., 1979: An asymptotic distributions 
of MRPP statistics. Cormnun. A8, 1541-1550. 

Mielke, P. W., K. J. Berry and E. S. Johnson, 1976: ulti-response 
permutation procedures for a priori classificati n. Commun. 
Statist.-Theor. Meth., A5, 1409-1424. 1 -- 

Mielke, P. W., Jr., K. J. Berry and G. W. Brier, Application of 
multi-response permutation procedure for seasonal changes 
in monthly mean sea-level pressure patterns. . Wea. Rev. , 109, -- 
120-126. 

Mosteller, F. and R. E. K. Rourke, 1973: stics. Reading, 
MA, Madison-Wesley, 394 pp. 

Neumann, C. J., G. W. Cry, E. L. Caso and B. R. ~arviden, 1978: 
Tropical cyclones of the North Atlantic Ocean, 1871-1977. Asheville, 
NC, U.S. Government Printing Office, 1978, 170 pd. 

~Ggez, E., 1981: Tropical cyclone structure and inte sity change. 3 Dept. of Atmos. Sci. Ph. D. Thesis, Colo. State niv., Ft. Collins, 
CO, 192 pp. 

Panofsky, H. A. and G. W. Brier, 1968: Some applicat3ons of statistics 
to meteorology. University Park, PA: The ~ennsylvania State Univ., 
224  pp. 

Ramage, C. S., 1974: The typhoons of October 1970 in the south China 
Sea: Intensification, decay and ocean interacti n. J. Appl. Meteor., 
13, 739-751. 

Ruprecht, E. and W. M. Gray, 1976: Analysis of sateldite-observed tro- 
pical cloud clusters, Part I: Wind and dynamic #' -1ds. Tellus, 
28, 391-413. 



Simpsc 
1 7 1 ~  

REFERENCES (cont 'd)  

H. and P. J. Hebert,  1973: A t l a n t i c  hu r r i cane  season of 
Mon. Wea. Rev., 101, 323-333. --- ,,. * -*,, , O ,  1 ', 

Simpson, R. H. and J. R. Hope, 1972: A t l a n t i c  hu r r i cane  season of 1971. 
a., 100, 256-267. 7: . 

L Simpson, R. P e l i s s i e r ,  1971: A t l a n t i c  hu r r i cane  season of 
99, 269-277. 

; 9 , r l (  . 
and S t a f f  , 1970 : A t l a n t i c  hu r r i cane  season 

98, 293-306. 

N. Frank, D. Sh ide l e r  and H. M. Johnson, 1968. A t l a n t i c  
1967. Mon. Wea. Rev., 96, 251-259. --- 

., N. Frank, D. Sh ide l e r  and H. M. Johnson, 1969: A t l a n t i c  
d i s turbances  of 1968. -- Mon. Wea. Rev., 97, 240-255. 

Sugg, A. L.,  1966: The hu r r i cane  season of 1965. Mon. Wea. Rev., 94, 
183-191. 

Sugg, A .  L . ,  1967: The hu r r i cane  season of 1966. --- Mon. Wea. Rev., 95, 

131-1421. 
Sugg, A. L. 

1968. . 
1 P. J. Hebert,  1969: The A t l a n t i c  hu r r i cane  season of 
1. Wea. Rev., 97, 225-239. - - -  

P e l i s s i e r ,  1968: The hu r r i cane  season of 1967. 
96, 242-250. 

Williams, K. and W. M. Gray, 1973: S t a t i s t i c a l  analysisC3of s a t e l l i t e  
cloud c l u s t e r s  i n  t h e  western P a c i f i c .  T e l l u s ,  2 1 ,  

313-336 

6: T rop ica l  d i s tu rbance  i n t e n s i f i c a t i o n .  Dept. of Atmos. 
er No. 259, Cola. State Univ., F t .  C o l l i n s ,  CO,  9 1  pp. 



APPENDIX A 

Appendix A is a summary of the parameters analyzed 
'i 

- all storms 

which make up this study. Tables 7-10 represent the data1 for the orig- 

inal composite study. Tables 11-14 list all results for the independent 

0 storms which were tested. All parameters analyzed (exce r 6 belt r200) 'P 
,% 4 . .  d . 1  . 'I 1 I 
represent the 5-11' belt average over octants 8, 1 and 2 Units for the 

respective parameters are as follows: 

- - 
zonal wind parameters (c - 1 

I ..( 850' u500' '200) m s 
G '  , -  

- - - 
~q~ti~.?$ zfpI9a1 wind shear (F -1 

850-~500' u850-u2~0) 

temperature field (Tas0) 

height ,, ., field L (%00) 

intensification parameter (IP) 

wind speed change -, . . . :; .: 

no units 

kts 



TABLE 7 

Summary of the parameters  analyzed for t h e  i n t e n s i f y i n g  set a t  t h e  LF -18 time period 

STORM 
-NAE 

Audry 
Bertha 
Debra 
J u d i t h  
Car l a  
Cindy 
Abby 
I s b e l l  
Betsy 
Beulah 
Abby 
Candy 
Camille 
Ce l i a  
E l l a  
F e l i c e  
Edi th  
Carmen 
Carol ine  
E l o i s e  
Ani ta  
Babe '. 

Average 

N- - 
'IND SPEED 
HANGE 



. , ', r- TABLE 8 

Summary of the parameters analyzed for the intensifying set at the LF -42 time period 
L -4 i: . 

STORM 
NAME .u 

NEXT 24 HOUR 
WIND SPEED 
CHANGE 

Audry 
Bertha 
Debra 
Judith 
Carla 
Cindy 
Abby 
Isbell 
Betsy 
Beulah 
Abby 
Candy 
Camille 
Celia 
Ella 
Fel 

21.6 '- 3.0 - 2.6 
1. _ --men 14.5 T.3 - 1.2 '2.9 
Caroline -5.8 -3.0 -3.9 - 9.9 6.1 
Eloise 6.8 - 3.7 - 5.9 - 2.2 1.7 5.0 
Anita 4.8 - 2.7 - 3.6 - 0.9 - 8.4 3.8 
Babe 4.9 - 1.0 - 3.4 - 2.4 - 8.3 2.1 

Average 



TABLE 9. 

Summary of the parameters ana lyzed  for the non-intensifying systems at t h e  LF -18 time period 

57 Debbie 
57 Esther 
58 Ella 
59 Arlene 
59 I rene 
60 TS #1 
60 Florence 
64 YS #l 
65 'I's bl 
68  Gladys 
69 Jenny 
70 Alma 
72 Agnes 

Average 16.4 2.0 - 2 .9  - 5 . 1  

- 
h r r 

FVLLVD SPEED 
i 

CHANGE - 



TABLE 10 

Summary of t h e  parameters analyzed f o r  t h e  non-intensifying systems a t  t h e  LF -42 time period : .  . 

NEXT 24 HOUR 
WIND SPEED 
CHANGE 

STORM 
YR NAME 

57 Debbie 
57 Esther 
58 E l l a  
59 Arlene 
59 I r e n e  
60 TS /I1 
60 Florence 
64 TS #1 
65 TS /I1 
68 Gladys 
6 9 Jenny 
70 Alma 
72 Agnes 



TABLE 11 

Summary of t h e  parameters  analyzed f o r  t h e  independent i n t e n s i f y i n g  systems 
f o r  a per iod  approximately 24 hours  p r i o r  t o  l a n d f a l l  

DATE w 

- - - - - - XT 24 HOL 
TP WIND SPEED 

CHANGE 

73 D e l i a  4 Sep 12.2 
75 DEP #9 28 J u l  10 .1  
78 A m e l i a  30 J u l  + 0.6 
78  Debra 28 Aug 11.4 
79 Bob 10  J u l  12.2 
79 F r e d e r i c  12  Sep 8 . 3  
79 Henr i  16  Sep 11.4 

Average 9.5 
: . i ' .  

-. 



TABLE 12 

Summary of  t h e ' p a r a m e t e r s  a n a l y z e d  f o r  t h e  independen t  i n t e n s i f y i n g  sys tems  
f o r  a p e r i o d  a p p r o x i m a t e l y  48 h o u r s  p r i o r  t o  l a n d f a l l  

- - - - - - - - - NEXT 24 HOUR 
YR STORM DATE 'ZOO '500 '850 '850-~500 '850-'200 6 0 B ~ ~ T  T850 H200 I P  

NAME 
WIND SPEED 

- - - - '200 --- CHANGE 

73 Delia 3 Sep 1 0 . 1  -4.7 -7.6 -2.9 -17.7 9.0 1 7 . 3  426 I3 
78 Debra 27 Aug 4 .6  1 . 8  -2.8 -4.6 - 7.4  4 .0  1 8 . 5  428 3 8  
79 Bob 9 J u l  1 6 . 4  -0.2 2.0 2.2 -14.4 1 6 . 3  1 7 . 8  427 40 
79 F r e d e r i c  11 Sep 13 .2  -3.8 -4.8 -1.0 -18.0 1 2 . 0  16 .4  414 -7 
79 H e n r i  15 Sep 8 . 2  3.6 -1.6 -5.2 - 9.8 4.7 1 6 . 7  451 6 3  

Average 



, , . -  ? - 
TABLE 1 3  

Summary of the parameters analyzed for the independent non-intensifying systems 
W* G v 5 ~ 6  for a period approximately 24 hours prior ' 3  landfa" 

w TE 1 TT n 

NAME "200 %OO "850 850-"500 U850-U200 b-m UQ,, 

24 HOUR 
I F  WIND SPEED 

DEP 4 Jul 
DEP 27 Aug 
DEP 20 Sep 
DEP 30 Sep 
DEP 7 Aug 
DEP 31 Aug 
DEP 13 Oct 
DEP i3 Sep 
DEP 115 17 Jul 
DEP /I12 25 Aug 
DEP 1/20 26 Sep 
DEP 119 28 Jul 
DEP #22 15 Oct 
DEP 1/14 6  Sep 
DEF //I7 23 Sep 
DEP //2 13 Jun 
DEP 113 18 Jul 
DEP /I19 24 Oct 
DEP 115 21 Jun 
DEP #9 9 Aug 
DEP #18 9 S e p  
Claudette 24 Jul 
1;lena 31 Aug 
Henri 23 Sep 

--  CHANGE 

Average 15.4 3.4 -1.2 - 4 . 6  -16.6 

'DE? represents a storm in the depression stage (max wind < 34 knots). Prior to 1974, depressions were - 
not numbered. 



TABLE 14 

? c: Summary of the parameters analyzed for the independent non-intensifying systems =: 

for a period approximately 48 hours prior to landfall 

- - - - - - - - - NEXT 24 HOUR 
YR STORM DATE '200 '500 '850 U850-U500 U850-U200 60Be~T T850 H200 IP 

NAME 
WIND SPEED 

- - - - U200 - - - CHANGE 

DEP ' 26Aug 10.7 -0.1 
DEP 19 Sep 11.2 -1.3 
DEP 30 Aug 10.0 -1.1 
DEP 12 Oct 27.0 7.4 
DEP 9 Sep 15.9 1.1 
DEP85 16Jul 0.6 -1.9 
DEP /I12 24 Aug 3.9 -4.8 
DEP /I20 25 Sep 19.3 15.1 
DEP #22 14 Oct 11.2 -2.6 
DEP 814 5 Sep 13.4 2.1 
DEP #17 22 Sep 32.8 12.0 
DEP/I19 8Sep 15.6 4.2 
Claudette 23 Jul 10.6 -1.7 
Elena 30 Aug 15.6 2.4 
*RT* z%§e-g .I l g  .1. 1 g 1 

Average 

'DEP represents a storm in the depression stage (max wind < 34 kts). Prior to 1974 the depressions were - 
not numbered. 
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APPENDIX B , i i . . . . . L  

. I . , . . . . . 
DCEDURES FOR THE INTENSITY CHANGE FORECASTING PARAMETER 

l t a t i o n  of t h e  i n t e n s i t y  change parameter ( IP)  has  been 

t h a t  i t  could be performed quick ly  and with d a t a  a v a i l a b l e  

a t  any weat e r  s t a t i o n .  It uses  t h e  s tandard  i s o b a r i c  850, 500, and P 
200 mb charks which a r e  a v a i l a b l e  twice d a i l y .  With only a minimum of 

p r a c t i c e  t h p  I P  could b e  computed i n  less than 15  minutes using the 

I . - i c  , , \ ! 8 ,v:+i, .I,: Y * ?  

i d e l i n e s :  ' 

1. Lo a t e  t h e  storm c e n t e r  on t h e  850, 500 and 200 mb c h a r t s  
ba ed on t h e  p o s i t i o n  given by t h e  Miami Hurr icane b u l l e t i n  
(o t h e  b u l l e t i n  i s sued  by JTWC) f o r  a p a r t i c u l a r  t ime period.  I 

2 -  Us ng a compass mark o f f  the., 4, 8 ,  looe  g%dJa,A. &&Q,.pn t h e  
4 no t h  s i d e  of t he  storm. ' - ' t 3 - .  , I ..7 * , 

t h e s e  r a d i a l  b e l t s  i n t o  t h e  45' o c t a n t s  8 ,  1 and 2 
2 .  For storms a f f e c t i n g  t h e  e a s t e r n  U.S., China, 

use.pct$pts  1, 2 and 3 .  
.*cl -. , ..-* .--... d 

I - - - 'I' 2 . '  
4 .  - Col ~ t e  average va lues  of t h e  parameters  T850, H200, U850, 

U5 0 and QO0 over t h e  5-11' b e l t  over o c t a n t s  8 ,  1 and 2 
(oq 1, 2 and 3) by: 

a .  Obtain an  average va lue  i n  each oc t an t  f o r  each of t h e  
5-7', 7-9' and 9-11' r a d i a l  b e l t s .  

b. Average t h e  va lues  from each oc t an t  i n  each r a d i a l  b e l t  t o  
g e t  t h r e e  b e l t  averages.  

c. Average these  t h r e e  b e l t  averages toge the r  and t h e  r e s u l -  
t a n t  number r e p r e s e n t s  t h e  5-11' b e l t  average over  t he  
des i r ed  oc t an t .  

A quick s t r e  mline a n a l y s i s  may have t o  be  done t o  make i t  e a s i e r  t o  t 
r e so lve  t h e  konal wind components. When t h e  wind components have been 

- 1 
determined : knots ,  d i v i d e  by 2 t o  g e t  t h e  wind speed i n  m s . It is  

h e l p f u l  t o  u e a t a b l e  such a s  t hose  found i n  Appendix A t o  keep t r ack  

l d u l a t e  t he  850 t o  500 mb and 850 t o  200 nb wind shea r s  from 
ab le .  



6. Using e i t h e r  t h e  graph i n  Fig.  45 o r  46 p l o t  
parameters on t h e  app ropr i a t e  s c a l e  and read/ o f f  t h e  v 

lv t h e  bottom of  t h e  graph. Addit ion of t hese  f i v e  nun 
t h e  i n t e n s i t y  change parameter ( I P ) .  

; t*' 

.. . 
n a l  

ie from 
y i e l d s  

Fu r the r  ref inements  can be made i n  t h e  At lan t :  based on 

t h e  seasona l  v a r i a t i o n s  descr ibed  i n  s e c t i o n  4.2. adjustments  t o  be 

made t o  I P  a r e  given i n  Table 15. A f t e r  a l l  coqu , t_a t i  ; and adjustments 
f ' '7  (1 r-- 

have been made, i f  I P  > 0 we should expect  an  
b l 

Negative va lues  would r ep re sen t  a  f i l l i n g  o r  s t eady  a, 

,.. , , 
i!. TABLE 15  

Correc t ion  f a c t o r s  t o  be app l i ed  t o  I P  based on seaso  a~ v a r i a t i o n .  
Apply t h e  a p p r o p r i a t e  c o r r e c t i o n  based on d a t e  of occ  r r ence  of t he  

cyclone system. 

I . . , , .  . 
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Fig. 45. Computation graph for IP in the Atlantic basin. 
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APPENDIX C 

DESCRIPTION OF COMPOSITE DATA SETS 
, t 1 

Dropcc ' 

ed 

tnsifying:  T rop ica l  storms and hu r r i canes  which e i t h e r  form- 

I i n t o  t h e  Gulf of Mexico and showed s i g n i f i c a n t  i n t e n s i f i c a -  

speed change >20 k t s  i n  24 hours)  p r i o r  t o  l a n d f a l l  along 

I f  coas t .  The d a t a  came from t h e  o f f i c i a l  b e s t  t r a c k  posi- 

Nat iona l  Hurr icane Center  f o r  t h e  yea r s  1957-1977 and in-  

.ses. The s t r a t i f i c a t i o n  w a s  based p r imar i ly  on wind speed 

change c e n t r a l  p re s su re  when a v a i l a b l e .  The composite was run f o r  

two time p r i o d s  t 42 hours  p r i o r  t o  l a n d f a l l  wi th  average l a t i t u d e  = 

,-I 23.  ON, !n gi tuds  - 8 8 . 4 ' ~  and 1 8  hours  p r i o r  t o  l a n d f a l l  with l a t i t u d e  

Drop 

formed o r  

ongi tude = 90.7'~. !A 

, . '  i\ ' I * '  
L 

t 

in tens i fy ing:  T rop ica l  s torn.1~ and hu r r i canes  which e i t h e r  

wed i n t o  t h e  Gulf of Mexico and showed l i t t l e  o r  no ten- 

dency f o r  ihtenSif iFatqion p r i o r  t o  lan$fal&., The d a t a  were s e l e c t e d  

from i t  t r a c k  p o s i t i o n  of t h e  Nat iona l  Hurr icane Center f o r  t h e  

-977 and inc lude  1 3  cases .  The s t r a t i f i c a t i o n  was made a s  

i n  t h e  i n  ~ s i f y i n g  case  and was a l s o  run f o r  two time per iods :  42 

h o u r  

18 houl 

t o  l a n d f a l l  wi th  l a t i t u d e  = 23. SON, longi tude  = 84.7O1~ and 

.or . , t o  l a n d f a l l  with l a t i t u d e  ,= 25.   ON, longi tude  = 88.0~14. 
< .'+,.'>> 

Deepening: Storms from t h e  Northwest P a c i f i c  

- 1 
where 24 hour deepening r a t e  was 2 42 mb day . 

TI s t r a t i f i e d  i n t o  t h r e e  per iods :  24 hours  p r i o r  t o  the  onse t  

!pening, t h e  period a t  onse t ,  and 24 hours  a f t e r  t he  onset  -r .. 

of deepen 



B i l l  Frank (1976) P a c i f i c  Data S e t s :  These da t a  s e t s  

t en  yea r s  (1961-1970) of Northwest P a c i f i c  rawinsonde 

were made from 

, The d a t a  

were s t r a t i f i e d  by both l a t i t u d e  and tendency i n  t h e  dollowing manner: 

Type I1 . 1  980 mb < P < 1000 mb * t o . ,  1. 
C - 1 '  1 

oc.,> , 1" :... ; ; 1 f 

Type I I E  , PC > 1000 mb - , 

' i " 1  

:JIJ : 2 .... Type A . t  I Storm which a t  some po in t  reachev-, 

Type A Ear ly  Same a s  Type A bu t  980 mb < PC 5 " 
deepening t r end  towards a typhoo_.. 

I : $ ,  ' 

Type B Storm w i t h  980 mb < PC - < 1000 mb I-- 

- I  . ; ""' below 980 mb. 

I vv mb and i n  a 

P never drops 
C 

B i l l  Frank (1976) West I n d i e s  Data S e t s :  These d a t a  e t s  were made t from 14  y e a r s  (1961-1974) of wes tern  A t l a n t i c  rawinsoyde da t a .  The 

d a t a  were s t r a t i f i e d  by l a t i t u d e  and f i l l i n g  o r  deepe ing tendencies  a s  4 
' ' t aken  from t h e  b e s t  t r a c k  p o s i t i o n s  of t h e  Nat iona l  H i r r i cane  Center.  

' '  
~ e h r  (1976) Developing Trade Wind C l u s t e r s :   re-typh&on dis turbances  

b .  .. 
found i n  t h e  t r a d e  wind b e l t  taken from t h e  time they were f i r s t  i den t i -  

Y i' 
f i e d  a s  cloud c l u s t e r s  u n t i l  they a t t a i n e d  an i n t e n s i  

' I 
"sus ta ined  winds of 50 knots .  The d a t a  were taken f ro]  

with m a x i m  

western North P a c i f i c  during t h e  ten  year  per iod  1961. 



ters in thl c e n t r a l  and w e s t e r n  P a c i f i c  f o r  t h e  p e r i o d  1967-1968. The 

Zehr (1976) 

I 

I 

I 

S t a g e  0 Non-developing C l u s t e r :  Non-developing c loud c l u s -  

e q u a t o r  c l u s t e r s  

1 6 0 ~ ~ .  

- 

t o  1 8 ' ~  and 1 2 5 ' ~  t o  were found i n  t h e  r e g i o n  from t h e  
I 

I I 

1 4  I .  4 
1 .  ' 




