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ABSTRACT 
, V' 

I n support o f i t s m i s s i o n to f u r t h e r the a p p l i c a t i o n of s a t e l l i t e 
based measurements to meteorology, the C o o p e r a t i v e I n s t i t u t e f o r 
M e t e o r o l o g i c a l S a t e l l i t e S t u d i e s (CIMSS) has been c o n t i n u a l l y deve lop ing 
a winds a l g o r i t h m s i n c e 1987. Improvements i n winds p r o c e s s i n g a r e 
t e s t e d and made a v a i l a b l e f o r o p e r a t i o n a l winds p r o d u c t i o n by the NESDIS 
S y n o p t i c A n a l y s i s B r a n c h . Recent examples a r e improved h e i g h t 
ass ignments u s i n g the CO2 s l i c i n g technique and automated e d i t i n g based 
on a r e c u r s i v e f i l t e r w i t h d a t a q u a l i t y w e i g h t s . T h i s paper p r e s e n t s 
some e a r l y r e s u l t s o f the NESDIS/CIMSS wind a l g o r i t h m and d i s c u s s e s 
p o s s i b l e m o d i f i c a t i o n s to the CO2 h e i g h t ass ignment i n order to account 
f o r m u l t i p l e c l o u d l a y e r s . 

1. I n t r o d u c t i o n 

Cloud motions apparent i n a sequence of g e o s t a t i o n a r y s a t e l l i t e 
images r e p r e s e n t an important source of m e t e o r o l o g i c a l i n f o r m a t i o n , 
e s p e c i a l l y over the oceans . However, improvements i n d a t a a s s i m i l a t i o n 
and n u m e r i c a l weather p r e d i c t i o n (NWP) have outpaced improvements i n 
s a t e l l i t e d e r i v e d c l o u d motion v e c t o r (CMV) p r o d u c t i o n over the p a s t 
decade, and the reduced impact o f CMVs has caused the N a t i o n a l 
M e t e o r o l o g i c a l Center (NMC) to r e s t r i c t and the European C e n t r e f o r 
Medium range Weather F o r e c a s t (ECMWF) to d i s c o n t i n u e the use of upper 
l e v e l v e c t o r s . The p r i m a r y r e a s o n c i t e d i s a l a r g e s low b i a s , 
e s p e c i a l l y i n and near j e t c o r e s . 

C u r r e n t l y the main problem of CMV p r o d u c t i o n i s a s s i g n i n g c l o u d 
t r a c k e d motions to the c o r r e c t h e i g h t s . T h i n c louds which a r e most 
l i k e l y to be p a s s i v e t r a c e r s o f the f l o w a t a s i n g l e l e v e l a r e the b e s t 
t r a c e r s , but u n f o r t u n a t e l y t h e i r h e i g h t ass ignments are e s p e c i a l l y 
d i f f i c u l t . S i n c e the e m i s s i v i t y of the c l o u d i s l e s s than u n i t y by an 
unknown and v a r i a b l e amount, i t s b r i g h t n e s s temperature ( T ^ ) i n the 
i n f r a r e d window i s an o v e r e s t i m a t e o f i t s a c t u a l t emperature . Thus 
h e i g h t s f o r t h i n c louds i n f e r r e d d i r e c t l y from the observed T]-, and an 
a v a i l a b l e temperature p r o f i l e a r e s y s t e m a t i c a l l y low . 

He ight ass ignment e r r o r s c a r r y a heavy p e n a l t y because o f v e r t i c a l 
wind s h e a r , which i s g r e a t e s t n ear r e g i o n s o f a c t i v e weather . F o r t h i s 
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r e a s o n , r e c e n t winds r e s e a r c h a t the C o o p e r a t i v e I n s t i t u t e f o r 
M e t e o r o l o g i c a l S a t e l l i t e S t u d i e s (CIMSS) has emphasized improved h e i g h t 
as s ignments . A two-channel method u s i n g the "C02 s l i c i n g " approach 
(Menzel e t a l . 1983) has been developed a t CIMSS and i n c o r p o r a t e d i n t o 
the CIMSS e x p e r i m e n t a l winds a l g o r i t h m ( M e r r i l l 1989) . 

F o l l o w i n g encouraging t e s t s i n 1990, the CIMSS e x p e r i m e n t a l winds 
a l g o r i t h m was i n s t a l l e d as a pro to type o p e r a t i o n a l package f o r NESDIS i n 
1991. T h i s paper d e s c r i b e s the upgraded winds a l g o r i t h m , d i s c u s s e s the 
s c i e n t i f i c b a s i s of the h e i g h t ass ignment , and p r e s e n t s some p r e l i m i n a r y 
r e s u l t s . 

2. The NESDIS/CIMSS automated wind a l g o r i t h m 

The Synopt i c A n a l y s i s Branch (SAB) of the S a t e l l i t e S e r v i c e s 
D i v i s i o n of NESDIS produces w e s t e r n hemisphere CMV coverage i n support 
of NMC g l o b a l n u m e r i c a l weather p r e d i c t i o n and enhanced r e g i o n a l 
coverage i n support of the N a t i o n a l H u r r i c a n e Center (NHC). L o w - l e v e l 
winds are produced u s i n g an automated " p i c t u r e - p a i r " c o r r e l a t i o n 
a l g o r i t h m (Green e t a l . , 1975) . These winds are produced f o r the f u l l 
d i s k from i n f r a r e d window channe l imagery on the NMC computer sys tem. 
Middle - and u p p e r - l e v e l w inds , f o r m e r l y produced i n t e r a c t i v e l y , w i l l be 
produced w i t h the automated windco procedure i n the new NESDIS/CIMSS 
wind a l g o r i t h m on the VAS Data U t i l i z a t i o n Center (VDUC) computer. 

A f l o w c h a r t o f the automated winds a l g o r i t h m i s shown i n F i g u r e 1 
and i t s o p e r a t i o n i s summarized below. A d e t a i l e d d e s c r i p t i o n may be 
found i n the l i t e r a t u r e ( M e r r i l l e t a l . , 1991; M e r r i l l , 1989 ) . The 
procedure i s a p p l i e d to t h r e e s u c c e s s i v e i n f r a r e d window images a t 
t h i r t y minute i n t e r v a l s . 

A t a r g e t s e l e c t o r d i v i d e s the e n t i r e image i n t o a number of c e l l s 
( roughly 100 km on a s i d e ) , and w i t h i n each c e l l attempts to s e l e c t a 
p o i n t a s s o c i a t e d w i t h a maximum i n b r i g h t n e s s and g r a d i e n t , s u b j e c t to 
some c o n d i t i o n s on the o v e r a l l b r i g h t n e s s and c o n t r a s t o f the s cene . 
The h e i g h t of the c l o u d f e a t u r e i s a l s o computed a t t h i s s tage ( see the 
f o l l o w i n g s e c t i o n ) . 

The t r a c k i n g a l g o r i t h m i s then a p p l i e d f o r each t a r g e t p o i n t . A 
t r a c k i n g a r e a (24 by 24 p i x e l s ) i s c e n t e r e d on the t a r g e t i n the f i r s t 
image. The a l g o r i t h m then goes to the second image i n the loop and 
s e a r c h e s f o r the a r e a which b e s t matches the r a d i a n c e s i n the t r a c k i n g 
a r e a . To minimize computat iona l expense, the s e a r c h i s c o n f i n e d to a 
" s e a r c h a r e a " (38 by 38 p i x e l s ) c e n t e r e d around the guess d i sp lacement 
of the t a r g e t , determined from the f o r e c a s t wind f i e l d i n t e r p o l a t e d to 
the a s s i g n e d h e i g h t o f the t r a c e r . The p a t t e r n matching a l g o r i t h m i s 
i d e n t i c a l to t h a t used f o r NESDIS manual w inds . I f a s u c c e s s f u l match 
i s found, the i n d i c a t e d d i sp lacement i s used to p o s i t i o n a new t r a c k i n g 
a r e a on the second image and a new s e a r c h a r e a on the t h i r d , and the 
p r o c e s s i s r e p e a t e d . The two v e c t o r s are then averaged to produce a 
f i n a l wind e s t i m a t e . 
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Three forms of q u a l i t y c o n t r o l a r e then a p p l i e d . F i r s t , the p a i r 
o f v e c t o r s produced from the t h r e e images a r e compared, and i f they 
d i f f e r by 5 m/s or more i n e i t h e r component, the r e p o r t i s f l a g g e d and 
not used . I n s t a n c e s when the system i s t r a c k i n g a c o a s t l i n e or 
topographic f e a t u r e are a l s o f l a g g e d . Second, an o b j e c t i v e a u t o e d i t o r 
i s a p p l i e d which e d i t s and/or a d j u s t s the a s s i g n e d CMV h e i g h t ; a 
r e c u r s i v e f i l t e r w i t h data q u a l i t y we ights i s used to opt imize the CMV 
based on comparison w i t h n e i g h b o r i n g v e c t o r s and the f i r s t guess ( see 
paper by Hayden i n t h i s p r o c e e d i n g s ) . Sometimes as many as h a l f o f the 
i n i t i a l winds are a d j u s t e d a t t h i s s t a g e ; roughly t en p e r c e n t o f the 
i n i t i a l winds a r e d e l e t e d . T h i r d , the remain ing winds are then 
d i s p l a y e d on the VDUC and e d i t e d manual ly by c h e c k i n g f o r c o n s i s t e n c y 
and by comparing w i t h the f i r s t guess and rawinsondes ( i f a v a i l a b l e ) . 

3. Improved h e i g h t ass ignment 

The most important upgrade to the NESDIS winds c a p a b i l i t y i s 
improved c l o u d motion v e c t o r h e i g h t ass ignment . E s t i m a t e s o f the 
p r e s s u r e of a g iven c l o u d element are made w i t h a combinat ion o f the CO2 
s l i c i n g t echnique and the i n f r a r e d window h i s t o g r a m t e c h n i q u e . 

The CO2 s l i c i n g technique i s founded i n the c a l c u l a t i o n of 
r a d i a t i v e t r a n s f e r i n an atmosphere w i t h a s i n g l e c l o u d l a y e r . F o r a 
g i v e n c l o u d element the r a d i a n c e observed , R(v) , i n s p e c t r a l band v can 
be w r i t t e n 

R(u) = (1 - Ne) R c ] » + Ne * R h c d ( v ) (1 ) 

where Rci(u) i s the c o r r e s p o n d i n g c l e a r sky r a d i a n c e , RbcdC^) *- s t n e 

c o r r e s p o n d i n g r a d i a n c e i f the f i e l d o f v i ew were comple te ly covered w i t h 
an opaque c l o u d , N i s the f r a c t i o n of the f i e l d of v iew c o v e r e d w i t h 
c l o u d , and e i s the c l o u d e m i s s i v i t y . T h i s can be t r a n s f o r m e d i n t o 

P s d&[v, T ( p ) ] 
R ( u ) - R c ] » - Ne J r ( i / , p ) dp ( 2 ) 

P c dp 

where P s the s u r f a c e p r e s s u r e , P c the c l o u d p r e s s u r e , T ( I / , P ) the 
f r a c t i o n a l t r a n s m i t t a n c e of r a d i a t i o n of f requency v emi t t ed from the 
a tmospher ic p r e s s u r e l e v e l (p) a r r i v i n g a t the top of the atmosphere (p 
= 0 ) , and B [ i / , T ( p ) ] i s the P l a n c k r a d i a n c e of f requency v f o r 
temperature T ( p ) . The second term on the r i g h t r e p r e s e n t s the d e c r e a s e 
i n r a d i a t i o n from c l e a r c o n d i t i o n s i n t r o d u c e d by the c l o u d . F o r a g iven 
observed r a d i a n c e , i f the e m i s s i v i t y i s o v e r e s t i m a t e d then the c l o u d top 
p r e s s u r e i s a l s o ( p u t t i n g i t too low i n the a tmosphere) . 

To a s s i g n a c l o u d top p r e s s u r e to a g iven c l o u d e lement , the r a t i o 
of the d e v i a t i o n s i n observed r a d i a n c e s (which i n c l u d e c l o u d s ) from the 
c o r r e s p o n d i n g c l e a r a i r r a d i a n c e s f o r the i n f r a r e d window i n the CO2 
channe l s i s c a l c u l a t e d from o b s e r v a t i o n s w i t h VAS and from r a d i a t i v e 
t r a n s f e r c a l c u l a t i o n s . 
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P c d B [ ^ ! , T ( p ) ] 

R ( " l ) " R c l O l ) £ 1 X ^ C ^ l . P ) d P 
P s dp 

( 3 ) 

P c dB[i^2> T ( p ) ] 

R ( ^ 2 ) " ^ 1 ( ^ 2 ) e 2 I r ( v 2 , v ) d P 
P s dp 

Assuming t h e e m i s s i v i t i e s o f t h e two c h a n n e l s a r e r o u g h l y t h e same, t h e n 
one has an e x p r e s s i o n by w h i c h t h e c l o u d t o p p r e s s u r e o f t h e c l o u d 
w i t h i n t h e FOV can be s p e c i f i e d . The l e f t hand s i d e o f t h e e q u a t i o n i s 
e v a l u a t e d u s i n g o b s e r v e d r a d i a n c e s f o r t h e two c h a n n e l s and c l e a r 
r a d i a n c e s computed f r o m t h e f i r s t guess s o u n d i n g and a n a l y z e d s u r f a c e 
t e m p e r a t u r e s i n t e r p o l a t e d t o t h e t a r g e t p o i n t . The r i g h t hand s i d e i s 
t h e n computed f o r a s e r i e s o f p o s s i b l e c l o u d p r e s s u r e s , and t h e t r a c e r 
i s a s s i g n e d t h a t p r e s s u r e w h i c h s a t i s f i e s t h e e q u a t i o n . 

For t h e c l o u d m o t i o n v e c t o r h e i g h t a s s i g n m e n t , t h e CO2 r a t i o 
t e c h n i q u e i s a p p l i e d t o t h e 13 .3 m i c r o n c h a n n e l (VAS band 5) and t h e 
longwave i n f r a r e d window c h a n n e l (VAS band 8 ) . These c h a n n e l s have been 
s u g g e s t e d i n t h e w o r k o f Eyre and Menze l (1989) because t h e 13 .3 m i c r o n 
c h a n n e l i s s e n s i t i v e t o r a d i a t i o n e m i t t e d f r o m most t r o p o s p h e r i c 
f e a t u r e s , y e t t h e t r a n s m i t t a n c e t h r o u g h t h e a tmosphere i s d i f f e r e n t 
enough f r o m t h e 11 m i c r o n c h a n n e l t o p r o d u c e a n o t i c e a b l e c o n t r a s t . 
A d d i t i o n a l l y , t h e e m i s s i v i t y o f t h i n c i r r u s c l o u d s i n t h e s e two s p e c t r a l 
bands has been f o u n d t o be v e r y s i m i l a r . 

The o b s e r v e d r a d i a n c e s u s e d i n t h e above c a l c u l a t i o n a r e o b t a i n e d 
u s i n g a " c o l d s a m p l i n g " p r o c e d u r e . Da t a a r e t a k e n f r o m an a r e a r o u g h l y 
100 km on a s i d e , c e n t e r e d on t h e t a r g e t p o i n t , and a h i s t o g r a m o f t h e 
i n f r a r e d window b r i g h t n e s s t e m p e r a t u r e s i s c a l c u l a t e d . Rad iances f o r 
b o t h c h a n n e l s a r e ave raged f o r t h e c o l d e s t 25% o f t h e p i x e l s i n t h e 
window c h a n n e l . The h i s t o g r a m i s a l s o used t o m o d i f y t h e s u r f a c e ( s k i n ) 
t e m p e r a t u r e t h a t appears i n t h e c o m p u t a t i o n o f t h e c l e a r c o l u m n 
r a d i a n c e ; t h e warmer o f t h e 9 0 t h p e r c e n t i l e T b and t h e a n a l y z e d s u r f a c e 
t e m p e r a t u r e ( u s i n g model f o r e c a s t and s u r f a c e r e p o r t s ) i s u sed i n t h e 
f o r w a r d c a l c u l a t i o n . 

The CO2 r a t i o h e i g h t f a i l s when t h e d i f f e r e n c e b e t w e e n t h e 
o b s e r v e d and c l e a r r a d i a n c e s i n e i t h e r c h a n n e l i s l e s s t h a n t h e 
i n s t r u m e n t n o i s e ( . 2 m W / m 2 / s t e r / c m - l f o r 1 1 . 1 m i c r o n and 1.5 
m W / m 2 / s t e r / c m - l f o r 13 .3 m i c r o n ) . T h i s happens f o r l o w b r o k e n c l o u d o r 
v e r y t h i n c i r r u s . A n o t h e r d i f f i c u l t y o c c u r s f o r v e r y h i g h opaque c l o u d , 
where t h e c l e a r - c l o u d y d i f f e r e n c e s b e t w e e n t h e c h a n n e l s a r e n e a r l y 
i d e n t i c a l and t h e r a t i o i s a l m o s t i n v a r i a n t w i t h p r e s s u r e above a 
c e r t a i n a l t i t u d e . I n t h i s s i t u a t i o n t h e window c h a n n e l e s t i m a t e i s 
a d e q u a t e . 

A window c h a n n e l e s t i m a t e o f t h e c l o u d h e i g h t i s made b y a v e r a g i n g 
t h e i n f r a r e d window Tj-,s o f t h e c o l d e s t 25 p e r c e n t o f p i x e l s and 
i n t e r p o l a t i n g t o a p r e s s u r e f r o m t h e guess s o u n d i n g . I n an a t t e m p t t o 
m i n i m i z e t h e u n d e r e s t i m a t e o f c l o u d h e i g h t caused b y t r a n s m i s s i v e 
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c l o u d s , t h e i n f r a r e d window h i s t o g r a m t e c h n i q u e c o n s i d e r s o n l y t h e 
c o l d e s t 1 o r 2% o f t h e h i s t o g r a m o f T^s w i t h i n t h e t a r g e t a r e a and t a k e s 
t h i s ave rage t o be t h e c l o u d t e m p e r a t u r e w h i c h i s u sed t o i n f e r c l o u d 
h e i g h t ( M e r r i l l , 1 9 8 9 ) . The f i n a l h e i g h t i s s e l e c t e d f r o m t h e window 
c h a n n e l e s t i m a t e , t h e h i s t o g r a m e s t i m a t e , and t h e GO2 s l i c i n g e s t i m a t e . 
E s t i m a t e s o f 149 mb o r h i g h e r a r e e l i m i n a t e d , and t h e h i g h e s t o f t h o s e 
w h i c h r e m a i n i s s e l e c t e d . P e r i o d i c i n s p e c t i o n i s r e v e a l i n g t h a t a b o u t 
70 p e r c e n t o f t h e c l o u d m o t i o n h e i g h t s a r e a s s i g n e d b y t h e CO2 s l i c i n g 
method and t h e r e m a i n d e r a r e a s s i g n e d b y t h e i n f r a r e d window h i s t o g r a m 
me thod . 

4 . E r r o r s a s s o c i a t e d w i t h t h e p r e sence o f a l o w e r c l o u d l a y e r 

The CO2 s l i c i n g a l g o r i t h m assumes t h a t t h e r e i s o n l y one c l o u d 
l a y e r . However , f o r oye r 50% o f s a t e l l i t e r e p o r t s o f uppe r t r o p o s p h e r i c 
opaque c l o u d , t h e g r o u n d o b s e r v e r i n d i c a t e s a d d i t i o n a l c l o u d l a y e r s 
b e l o w (Menze l e t a l . , 1 9 9 1 ) . To u n d e r s t a n d t h e e f f e c t s o f l o w e r c l o u d 
l a y e r s , c o n s i d e r t h e r a d i a t i o n sensed i n a c l o u d y f i e l d o f v i e w . For a 
s e m i - t r a n s p a r e n t o r c i r r u s c l o u d l a y e r , t h e r a d i a t i o n r e a c h i n g t h e 
s a t e l l i t e , R c i d > l s g i v e n by 

R c l d " R a + e * R c + d - 0 * R b ( 4 ) 

where R a i s t h e r a d i a t i o n coming f r o m above t h e c l o u d , R c i s t h e 
r a d i a t i o n coming f r o m t h e c l o u d i t s e l f , Rj-, i s t h e r a d i a t i o n coming f r o m 
b e l o w t h e c l o u d , and e i s t h e c l o u d e m i s s i v i t y . When a l o w e r c l o u d 
l a y e r i s p r e s e n t under t h e s e m i - t r a n s p a r e n t o r c i r r u s c l o u d , Rj-, i s 
s m a l l e r ( i . e . , some o f t h e warmer s u r f a c e i s o b s c u r e d by t h e c o l d e r 
c l o u d ) . I f p r i m e i n d i c a t e s a two l a y e r c l o u d s i t u a t i o n o f h i g h s e m i -
t r a n s p a r e n t c l o u d o v e r l o w e r c l o u d , and no p r i m e i n d i c a t e s t h e s i n g l e 
l a y e r h i g h s e m i - t r a n s p a r e n t c l o u d , t h e n 

V < R b . ( 5 ) 

w h i c h i m p l i e s 

R c l d ' < R c l d ' ( 6 ) 

Thus t h e d i f f e r e n c e o f c l o u d and c l e a r r a d i a n c e i s g r e a t e r f o r t h e two 
l a y e r s i t u a t i o n , 

[ R c l r " R c l d ' ] > [ R c l r " R c l d ] • ( 7 ) 

The e f f e c t o f two c l o u d l a y e r s i s g r e a t e r f o r t h e 1 1 . 0 m i c r o n 
c h a n n e l t h a n f o r t h e 13 .3 m i c r o n c h a n n e l , because t h e 1 1 . 0 m i c r o n 
c h a n n e l "sees" l o w e r i n t o t h e a t m o s p h e r e . So 

[ R c l r ( 1 1 . 0 ) - R c l d ' ( 1 1 . 0 ) ] > [ R c l r ( 1 3 . 3 ) - R c l d ' ( 1 3 . 3 ) ] . ( 8 ) 

T h i s r educes t h e r a t i o o f t h e c l e a r minus c l o u d r a d i a n c e d e v i a t i o n i n 
Eq. ( 3 ) because t h e d e n o m i n a t o r i s a f f e c t e d more t h a n t h e n u m e r a t o r 
(when t h e l e s s t r a n s m i s s i v e c h a n n e l i s i n t h e n u m e r a t o r ) , 
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[ R c l r ( 1 3 . 3 ) - R c l d ' ( 1 3 . 3 ) ] [ R c l r ( 1 3 . 3 ) - R c l d ( 1 3 . 3 ) ] 
< . , (9) 

[ R c l r ( 1 1 . 0 ) - R c l d ' ( 1 1 . 0 ) ] [ R c l r ( 1 1 . 0 ) - R c l d ( 1 1 . 0 ) ] 

or L' < L, where L r e f e r s t o the l e f t side of Eq. ( 3 ) . An example p l o t 
of P c versus R (where R r e f e r s t o the r i g h t side of Eq. ( 3 ) ) , shown i n 
Figure 2, i n d i c a t e s t h a t L' < L implies Pc' > Pc. Thus, when 
c a l c u l a t i n g a cloud pressure f o r the upper semi-transparent cloud layer 
i n a two cloud l a y e r s i t u a t i o n , the CO2 s l i c i n g a l g o r i t h m places the 
upper cloud l a y e r too low i n the atmosphere. 

An example from 25 October 1990 i s presented to i l l u s t r a t e f u r t h e r 
the magnitude of the e r r o r s t h a t can be induced by lower l e v e l clouds 
( r e s u l t s f o r other days and other s i t u a t i o n s were found t o be 
comparable). Ground observers i n Omaha, Nebraska reported t h i n c i r r u s 
clouds w i t h no other u n d e r l y i n g clouds present. The r a t i o o f the 13.3 
to 11.0 micron s a t e l l i t e observed radiance d i f f e r e n c e s between c l e a r and 
cloudy FOVs (the l e f t side of Eq. (3) ) i s 0.37 on 25 October. This 
implies s i n g l e l a y e r cloud a t 300 mb ( s o l v i n g the r i g h t side of Eq. (3) 
f o r P c as shown i n Figure 2 ) . 

As explained above, i f there had been an opaque cloud l a y e r below 
300 mb, R c i d ' would have been smaller than measured f o r these cases. 
The changes i n R c i d ' were modelled f o r u n d e r l y i n g opaque cloud layers a t 
920, 780, 670, 500, 400 and 300 mb (producing d i f f e r e n t r a t i o s L' i n the 
l e f t side of Eq. ( 3 ) ) . These changes w i l l suggest d i f f e r e n t Pc' 
so l u t i o n s as R, the r i g h t side of Eq. ( 3 ) , i s matched t o L'. I n the 
absence of any knowledge of a lower l a y e r , the CO2 a l g o r i t h m i n c o r r e c t l y 
i n t e g r a t e s from the surface t o an i n c o r r e c t Pc' ( r a t h e r than from the 
lower cloud pressure to the c o r r e c t upper cloud pressure). Figure 2 
shows R as a f u n c t i o n of P c f o r the s i t u a t i o n of 25 October. The e r r o r s 
i n c a l c u l a t e d cloud top pressure from the o r i g i n a l 300 mb s o l u t i o n , Pc'-
Pc, are shown as a f u n c t i o n of he i g h t of the u n d e r l y i n g opaque cloud 
l a y e r i n Figure 3 f o r 25 October. 

I n the two cloud layer s i t u a t i o n , the p o s i t i o n of the lower cloud 
l a y e r a f f e c t s the accuracy of the estimate of the h e i g h t of the upper 
cloud l a y e r . Opaque clouds i n the lower troposphere near the surface 
underneath h i g h c i r r u s have l i t t l e a f f e c t on the c i r r u s Pc. While the 
13.3 micron channel senses only about h a l f of the r a d i a t i o n from below 
800 mb, the i n f r a r e d window channel sees mostly low i n the atmosphere. 
Opaque clouds i n the middle troposphere, between 400 and 800 mb, 
underneath h i g h c i r r u s , cause the c i r r u s P c to be s u b s t a n t i a l l y 
overestimated (lower i n the atmosphere); l a r g e s t e r r o r s occur f o r the 
very t h i n h i g h c i r r u s cloud. The decreases i n Rj-, produce smaller r a t i o s 
f o r the l e f t side of Eq. (3) which i n t u r n produces l a r g e r estimates of 
Pc. Opaque clouds high i n the atmosphere, underneath higher c i r r u s , 
have l i t t l e e f f e c t on the c i r r u s Pc, since the h e i g h t of the lower 
opaque l a y e r approaches the h e i g h t of the semi-transparent upper cloud 
l a y e r and the CO2 a l g o r i t h m i s going t o estimate a heig h t i n between the 
two l a y e r s . 
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The e r r o r s i n P c were examined f o r d i f f e r e n t e m i s s i v i t i e s of 
transmissive clouds (see Figure 3 ) . This was modelled by v a r y i n g the 
e m i s s i v i t y and forming new r a t i o s on the l e f t side of Eq. ( 3 ) . The 
maximum cloud top pressure e r r o r of roughly 290 mb occurred i n very t h i n 
cloud w i t h e m i s s i v i t y of .10. The e r r o r i n P c reduced as the e m i s s i v i t y 
of the transmissive clouds increased. For a cloud w i t h e m i s s i v i t y of 
0.5, the maximum e r r o r i n P c i s about 80 mb. For more dense clouds w i t h 
e m i s s i v i t y of 0.9, the maximum e r r o r i n P c i s less than 20 mb. The GOES 
VAS data have shown a nearly uniform p o p u l a t i o n of e m i s s i v i t y center 
around 0.5 (Wylie and Menzel, 1989), so one can conclude t h a t the e r r o r s 
i n the cloud top pressure caused by un d e r l y i n g clouds should average 
under 120 mb. 

To minimize these e r r o r s , an a l g o r i t h m i s being developed t o 
evaluate the cloud c l u s t e r s i n p l o t s of CO2 and IR window radiances 
w i t h i n the t a r g e t area,yand then t o use the radiances from these 
c l u s t e r s t o estimate the cloud top pressures of the lowest and highest 
cloud l a y e r s . The lowest cloud c l u s t e r belongs to the l a r g e s t radiances 
t h a t are not re p r e s e n t a t i v e of the e a r t h surface. A CO2 s l i c i n g h e i g h t 
i s determined f o r t h i s c l u s t e r . The highest cloud c l u s t e r belongs to 
the smallest radiances; a CO2 h e i g h t i s determined f o r t h i s c l u s t e r 
using the pressure of the lowest cloud c l u s t e r i n the t a r g e t area as the 
surface pressure i n Eq. ( 3 ) . Early attempts w i t h t h i s a l g o r i t h m have 
been encouraging but f u r t h e r t e s t i n g and refinement i s s t i l l necessary; 
the two l a y e r a l g o r i t h m i s not p a r t of the improved NESDIS/CIMSS winds 
system y e t . 

5. Early Results 

The improved winds a l g o r i t h m has been running d a i l y i n a t e s t mode 
at 1200 UT during September 1991. Global wind vectors are produced 
a u t o m a t i c a l l y w i t h CO2 s l i c i n g or IR histogram h e i g h t assignments. The 
au t o e d i t e r than adjusts and e d i t s the vectors. No manual e d i t i n g has 
been performed, although NESDIS intends to e d i t the data when operations 
begin. Comparisons w i t h respect t o radiosonde observations over North 
America are made i f c o l l o c a t i o n s are w i t h i n 1 degrees l a t i t u d e / l o n g i t u d e 
and w i t h i n 90 minutes. The same i s also done f o r the model f i r s t guess, 
which i s the s i x hour a v i a t i o n f o r e c a s t from the Na t i o n a l Meteorological 
Center. Sample s t a t i s t i c s f o r the middle and high winds from 21 through 
23 September are presented i n Table 1. 

The a u t o e d i t i n g i s improving the rms e r r o r i n t h i s small sample, 
most d r a m a t i c a l l y i n the mid l e v e l s . The rms d i f f e r e n c e s of the high 
l e v e l winds f o r both model and autoedited s a t e l l i t e are comparable, 
w h i l e f o r the middle l e v e l winds the autoedited s a t e l l i t e has smaller 
d i f f e r e n c e s w i t h respect t o the radiosonde wind observations. I n a l l 
cases rms vector d i f f e r e n c e s are less than 7.0 m/s. This encouraging 
s t a r t i s even more encouraging when i t i s remembered t h a t the s a t e l l i t e 
winds have not been manually e d i t e d ; i t i s reasonable t o expect t h a t 
manual e d i t i n g w i l l improve the s a t e l l i t e wind e s t i m a t i o n performance. 
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Table 1. Sample s t a t i s t i c s of vect' 
from 21-23 September 1991 of the NE 
any manual e d i t i n g ) f o r high (above 
below 350 mb) winds compared to the 
presented f o r the model f i r s t guess 

Level Number Model minus 

rms 

A l l 41 5.6 
30 6.1 

High 21 6.6 
20 6.6 

Mid 20 4.5 
10 4.8 

r d i f f e r e n c e s (rms i n meters/second) 
DIS/CIMSS winds a l g o r i t h m ( w i t h o u t 
350 mb) and middle (above 700 mb and 
radiosonde winds. The same i s also 
compared to radiosonde winds. 

Raob Sat Wind minus Raob 
rms 

8. 8 (unedited) 
5. 9 (autoedited) 

7. ,2 (unedited) 
6. ,9 (autoedited) 

10, .3 (unedited) 
3, .0 (autoedited) 

6. Future plans 

NESDIS/CIMSS have been implementing and t e s t i n g the improved winds 
a l g o r i t h m f o r most of 1991. I t i s planned to begin o p e r a t i o n a l 
u t i l i z a t i o n f o r f u l l d i s k winds fo u r times per day w i t h the new software 
i n December 1991. Low l e v e l winds w i l l be produced by p i c t u r e p a i r 
techniques and middle and high l e v e l winds from the CO2 software. 
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Figure Captions 

Figure 1. Flow chart of the CIMSS experimental wind system. High
l i g h t e d processes have been s u b s t a n t i a l l y upgraded i n the past year. 
Boxes enclose processes, and dashed o u t l i n e s define s i n g l e j o b steps on 
the UW McIDAS. 

Figure 2. The c a l c u l a t e d r a t i o from the r i g h t side of Eq. (3) as a 
f u n c t i o n of cloud top pressure f o r the sounding of 25 October 1990. The 
measured r a t i o from the l e f t side of Eq. (3) i s i n d i c a t e d . The cloud 
top pressure i s i n f e r r e d t o be 300 mb. 

Figure 3. The e r r o r s i n c a l c u l a t e d cloud top pressure (from the 
o r i g i n a l 300 mb s o l u t i o n ) f o r several d i f f e r e n t Ne as a f u n c t i o n of 
h e i g h t of the u n d e r l y i n g opaque cloud l a y e r . 
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Figure 1. Flow chart of the CIMSS experimental wind system. High
l i g h t e d processes have been s u b s t a n t i a l l y upgraded i n the past year. 
Boxes enclose processes, and dashed o u t l i n e s define s i n g l e j o b steps on 
the UW McIDAS. 
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C A L C U L A T E D RATIO 

Figure 2, The c a l c u l a t e d r a t i o from the r i g h t side of Eq. (3) as a 
f u n c t i o n of cloud top pressure f o r the sounding of 25 October 1990. The 
measured r a t i o from the l e f t side of Eq. (3) i s i n d i c a t e d . The cloud 
top pressure i s i n f e r r e d to be 300 mb. 
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Figure 3. The e r r o r s i n c a l c u l a t e d cloud top pressure (from the 
o r i g i n a l 300 mb s o l u t i o n ) f o r several d i f f e r e n t Ne as a f u n c t i o n of 
he i g h t of the u n d e r l y i n g opaque cloud l a y e r . 




