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1. 0 INTRODUCTION 

When a n a l y z i n g s a t e l l i t e imagery i n 
a n i m a t i o n , an i n t e r p r e t e r o f t e n f a c e s a 
v e r y d i f f i c u l t t a s k . Because a c l o u d f i e l d 
or system i s moving a c r o s s the e a r t h a t a 
v e r y r a p i d speed as i t develops,_,/,! t i s 
d i f f i c u l t t o s e p a r a t e movement' from 
development. I n a d d i t i o n , a c c u r a t e 
a n a l y s i s becomes i n c r e a s i n g l y c r i t i c a l the 
more i n t e n s e the weather systems become. 
However, such systems a r e o f t e n 
c h a r a c t e r i z e d by m u l t i - l e v e l c l o u d s and 
s t r o n g v e r t i c a l and h o r i z o n t a l s h e a r . When 
tho s e c o m p l i c a t i o n s i n c l o u d motion a r e 
coupled w i t h a systems movement, an 
a n a l y s t s a b i l i t y t o e x t r a c t mesoscale 
d e t a i l about the system can become 
overwhelmed. 

A t e c h n i q u e t o a i d i n the a n a l y s i s of 
animated s a t e l l i t e imagery has been 
developed a t CIRA u s i n g the VDUC Wide Word 
Wo r k s t a t i o n running PC McIDAS. The 
t e c h n i q u e a l l o w s f o r the removal of a 
c o n s t a n t v e l o c i t y v e c t o r from a c l o u d 
f i e l d , r e s u l t i n g i n an animated image 
sequence i n which the c l o u d f i e l d remains 
r e l a t i v e l y s t a t i c w h i l e f e a t u r e s on the 
s u r f a c e of the e a r t h move. T h i s a l l o w s f o r 
the d i a g n o s i s of mesoscale f e a t u r e s w i t h i n 
an e v o l v i n g c l o u d f i e l d . When s a t e l l i t e 
imagery i s viewed i n t h i s c l o u d r e l a t i v e 
mode, i t becomes e a s i e r to d e t e c t a number 
of storm r e l a t e d f e a t u r e s . For example, 
much of the h o r i z o n t a l s h e a r i n a v o r t i c i t y 
c e n t e r appears as r o t a t i o n when viewed i n 
c l o u d system r e l a t i v e mode: t h i s a l l o w s f o r 
v e r y a c c u r a t e p o s i t i o n i n g of the v o r t i c i t y 
c e n t e r a t c l o u d l e v e l . I n a d d i t i o n , flow 
a t d i f f e r e n t l e v e l s r e l a t i v e to a 
thunderstorm system i s e a s i l y diagnosed i n 
t h i s mode, thus h e l p i n g d e l i n e a t e s e v e r e 
from non-severe environments. T a r g e t s f o r 
c l o u d t r a c k i n g a r e e a s i l y l o c a t e d . Often 
when the o b j e c t i v e i s c l o u d t r a c k i n g f o r 
the p r o d u c t i o n of c l o u d d r i f t winds, i t i s 
n e c e s s a r y to l o c a l i z e a t a r g e t d u r i n g the 
a n i m a t i o n sequence. T h i s i s v e r y d i f f i c u l t 
i n r e g i o n s of s t r o n g winds w i t h t h e i r 
c h a r a c t e r i s t i c s t r o n g h o r i z o n t a l and 
v e r t i c a l wind s h e a r s . When the mean motion 
of c l o u d i n e s s about a j e t a x i s i s removed 
from the a n i m a t i o n sequence, the s h e a r s and 

l o c a t i o n s of the f a s t e s t moving c l o u d s a r e 
e a s i l y l o c a t e d and tagged. 

2.0 TECHNIQUE 

Software to p r o v i d e the c a p a b i l i t y of 
v i e w i n g a s e r i e s of s a t e l l i t e images i n 
storm r e l a t i v e mode was developed u s i n g PC 
McIDAS and the VDUC Wide Word Wo r k s t a t i o n 
l o c a t e d a t CIRA. The s o f t w a r e a l l o w s 
e x t r a c t i o n of a storm r e l a t i v e v e c t o r from 
an image s e r i e s i n s e v e r a l ways: 1) by 
c u r s o r ; 2) by s p e c i f i e d l a t i t u d e and 
l o n g i t u d e c o o r d i n a t e s ; or 3) by the 
s p e c i f i c a t i o n of the d i r e c t i o n and speed 
of t h e v e c t o r . I n method 1, the c u r s o r 
mode, the u s e r s i m p l y uses the mouse/cursor 
to s e l e c t a common c l o u d f e a t u r e to a l i g n 
on any two images i n the s e r i e s . I n method 
2, t h e l a t i t u d e and l o n g i t u d e of a f e a t u r e 
a r e g i v e n , a g a i n f o r any two images i n the 
s e r i e s ( f o r example the l o c a t i o n of a 
v o r t i c i t y c e n t e r a t two d i f f e r e n t t i m e s ) . 
I n method 3, the u s e r s p e c i f i e s a s t a r t i n g 
p o s i t i o n f o r the v e c t o r on any image i n the 
s e r i e s , t hen e n t e r s the d i r e c t i o n and speed 
of t h e v e c t o r to e x t r a c t . 

A f t e r the i n p u t has been g i v e n u s i n g 
one of the t h r e e methods, the motion v e c t o r 
to e x t r a c t from each image i s c a l c u l a t e d 
based on t h e time d i f f e r e n c e between each 
image and t h e base image, as w e l l as on the 
time of t h e s c a n l i n e a t the s p e c i f i e d 
p o i n t . The image s e r i e s i s r e l o a d e d w i t h 
the c l o u d r e l a t i v e p o i n t a t t h e c e n t e r of 
the s c r e e n . Any f i n e t u n i n g can be 
r e p e a t e d on the new image s e r i e s u s i n g the 
same t e c h n i q u e . The powerful i n t e r a c t i v e 
c a p a b i l i t i e s of the w o r k s t a t i o n a l l o w f o r 
the c o m p l e t i o n of the e n t i r e p r o c e s s i n 
a few minutes or l e s s : the l i m i t i n g f a c t o r 
i s image frame l o a d time. 

3.0 ANALYSIS 

When v i e w i n g the s a t e l l i t e imagery 
from both t h e P l a i n f i e l d (August 28, 1990) 
and Andover ( A p r i l 25, 1991) tornadoes, 
complex flow f e a t u r e s and i n t e r s e c t i n g 
storm boundaries made i t d i f f i c u l t t o 
a s c e r t a i n s p e c i f i c mesoscale flow f e a t u r e s 
c o n t r i b u t i n g to each storm's development. 
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However, when time s e r i e s loops of v i s i b l e 
s a t e l l i t e imagery from t h e s e storms were 
revi e w e d i n c l o u d r e l a t i v e mode, s e v e r a l 
c i r c u l a t i o n p a t t e r n s became apparent. 

3.1 August 28, 1991 

I n t h i s s i t u a t i o n , F i g u r e 1, a band 
of c i r r u s extended from west to e a s t a c r o s s 
the storm development r e g i o n . Two nearby 
rawinsonde s t a t i o n s P e o r i a (PIA) and Green 
Bay (GRB) showed s t r o n g winds a c r o s s the 
r e g i o n a t both 12Z and 00Z. I t was known 
t h a t t h e j e t stream was i n the v i c i n i t y and 
t h a t i t would p l a y an important r o l e i n 
s e v e r e storm development d u r i n g the day. 
The j e t a x i s l o c a t i o n was e a s i l y i s o l a t e d 
through c l o u d t r a c k i n g i n c i r r u s r e l a t i v e 
mode. I n F i g u r e 1, note the l a r g e number 
of t r a c e r s (wind b a r b s ) , t h a t were 
d e t e c t a b l e , as w e l l as the s t r o n g s h e a r 
a c r o s s t h e a r e a . While both the c l o u d 
t a r g e t s and s h e a r were e a s i l y d e t e c t e d when 
an i m a t i o n was performed i n a c i r r u s 
r e l a t i v e mode, t h i s was not the c a s e when 
a n a l y s i s was performed i n an e a r t h r e l a t i v e 
mode. I t i s i n t e r e s t i n g t o note t h a t the 
maximum winds a t GRB and PIA a t 12Z were 
78 and 69 k t s , r e s p e c t i v e l y , and were 85 
and 67 k t s , r e s p e c t i v e l y by 00Z. 
Furthermore, t h e r e i s e v i d e n c e of b l o c k i n g 
of the upper l e v e l flow by t h e storm, 
s i m i l a r t o t h a t found by Purdom and Weaver 
(1992) i n s t u d y i n g the 26 A p r i l 1991 
tornado outbreak. 

F i g u r e 1. GOES 1 km r e s o l u t i o n v i s i b l e 
image w i t h wind barbs, i n knots, d e p i c t i n g 
c i r r u s c l o u d motions. 

3.2 A p r i l 26, 1991 

On A p r i l 26, 1991, an a r e a of s t r o n g 
thunderstorms developed over Oklahoma and 
Kansas. That systems development was 
s t u d i e d by Purdom and Weaver (1992) and i s 
r e p o r t e d e l s e where i n t h e s e P r o c e e d i n g s . 
The f o l l o w i n g i s t a k e n from t h a t paper: "An 
a r e a of c y c l o n i c r o t a t i o n a t m i d - l e v e l s was 
r e a d i l y d e t e c t a b l e when the imagery was 
viewed i n c l o u d r e l a t i v e mode... When 
c i r r u s r e l a t i v e a n imation was performed, 
i t was apparent t h a t the c i r r u s slowed 
down as i t approached the thunderstorms, 

p r o v i d e d s t r o n g e v i d e n c e t h a t the storms 
b l o c k e d t h e flow a t upper l e v e l s . When a 
v e c t o r of 234 degrees a t 85 knots was 
removed from c i r r u s motions, the e f f e c t of 
t h i s b l o c k i n g was d r a m a t i c a l l y apparent... 
Based on measurements from r a p i d s c a n 
imagery, storm motion a t 1846 was from 215 
degrees a t 35 k n o t s . When t h a t v e c t o r was 
removed from the r a p i d s c a n sequence and 
a n i m a t i o n was performed i n a storm r e l a t i v e 
mode, the cumulus to c i r r u s l e v e l s h e a r was 
found to be g r e a t e r to the south [ t h e 
r e g i o n where the t o r n a d i c storms formed]." 

4.0 CONCLUSIONS 

A method f o r r o u t i n e l y d i s p l a y i n g 
animated s a t e l l i t e imagery i n a c l o u d 
r e l a t i v e mode has been developed. R e l a t i v e 
motion a l l o w s f o r the d i a g n o s i s of 
m e s o s c a l e f e a t u r e s w i t h i n an e v o l v i n g c l o u d 
f i e l d . When s a t e l l i t e imagery i s viewed 
i n t h i s c l o u d r e l a t i v e mode, i t becomes 
e a s i e r t o d e t e c t a number of storm r e l a t e d 
f e a t u r e s . A number of a p p l i c a t i o n s have 
been t e s t e d : 
a) p o s i t i o n i n g of v o r t i c i t y c e n t e r s ; 
b) d e l i n e a t i o n of s e v e r e from non-severe 

thunderstorm environments; 
c ) d e t e c t i o n of r o t a t i o n a t c l o u d top f o r 

t o r n a d i c thunderstorms; 
d) improved m e s o s c a l e c l o u d t r a c k i n g . 

The s o f t w a r e f o r t h a t t e c h n i q u e has 
been t r a n s f e r r e d to o t h e r l o c a t i o n s w i t h 
s i m i l a r a n a l y s i s equipment: the N a t i o n a l 
S e v e r e Storm F o r e c a s t C e n t e r i n Kansas 
C i t y , t h e N a t i o n a l H u r r i c a n e C e n t e r i n 
Miami and the S y n o p t i c A n a l y s i s Branch a t 
the World Weather B u i l d i n g i n Washington, 
D.C . 
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