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ABSTRACT 

A s e r i e s o f c o l o c a t i o n s t a t i s t i c s have been g a t h e r e d 
c o m p a r i n g h i g h - a l t i t u d e a i r c r a f t and s a t e l l i t e - d e r i v e d c l o u d 
m o t i o n v e c t o r s ( c m v s ) . The s p e c i f i c p u r p o s e was t o e x a m i n e 
t h e n e g a t i v e s p e e d b i a s i n t h e cmvs t h a t has been e v i d e n t 
f o r some t i m e a s r e v e a l e d by c o m p a r i s o n s w i t h r a d i o s o n d e 
w i n d s and by nwp model c o m p a r i s o n s . The b i a s s t a t i s t i c s a r e 
s t r a t i f i e d by p r o d u c e r , by l a t i t u d e b a n d , by s p e e d c a t e g o r y , 
and by t h e d i r e c t i o n o f t h e z o n a l f l o w . A g r o s s e r r o r c h e c k 
i s i n c l u d e d t o e l i m i n a t e m i s - l o c a t e d r e p o r t s a n d / o r 
t r a n s m i s s i o n e r r o r s . O v e r a l l , t h e r e s u l t s i n d i c a t e a l i n e a r 
s p e e d b i a s t h a t i s a f u n c t i o n o f s p e e d c a t e g o r y , b u t 
i n d e p e n d e n t o f p r o d u c e r , l a t i t u d e , o r t h e d i r e c t i o n o f t h e 
z o n a l f l o w . A n o t h e r c o n s i s t e n t , and p o s s i b l y new, r e s u l t i s 
a s m a l l p o s i t i v e s p e e d b i a s f o r w i n d s o f l e s s t h a n lOmps . 

1 INTRODUCTION 

Some f i f t e e n o r s i x t e e n y e a r s o f o p e r a t i o n a l u s e o f 
w i n d v e c t o r e s t i m a t e s f r o m s y n c h r o n o u s s a t e l l i t e i m a g e r y 
have r e v e a l e d an a p p a r e n t p e r s i s t e n t and i m p e r f e c t l y 
u n d e r s t o o d phenomenon: v i z , an u n d e r e s t i m a t e o f t h e s p e e d o f 
t h e h i g h - a l t i t u d e (upper t r o p o s p h e r e ) c l o u d - m o t i o n v e c t o r s 
[ h e r e a f t e r CMVs] when compared w i t h w i n d s p r o d u c e d by o t h e r , 
i n s i t u , m e a s u r e m e n t s ? o r when compared w i t h modern nwp d a t a 
a s s i m i l a t i o n e s t i m a t e s . T h i s b i a s , m o r e o v e r , i s t r a c e a b l e 
t h r o u g h t h e s t a t i s t i c s g i v e n i n t h e l i t e r a t u r e a l m o s t b a c k 
t o t h e b e g i n n i n g s o f t h e s e c o m p a r i s o n s . T h u s , i n s p i t e o f 
t h e s i g n i f i c a n t amount o f w o r k by t h e p r o d u c e r s o f CMVs on 
r e f i n i n g a l t i t u d e a s s i g n m e n t , t a r g e t d e f i n i t i o n , q u a l i t y 
c o n t r o l , and o t h e r a s p e c t s o f t h e d e t e r m i n a t i o n o f CMVs, t h e 
b i a s p e r s i s t s . 

I n an ECMWF T e c h n i c a l Memorandum [ # 1 1 1 ] , by P e r K a l l b e r g , a 
s c a t t e r d i a g r a m o f CMVs and c o l o c a t e d a i r c r a f t w i n d s p e e d s 
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was p r e s e n t e d u s i n g d a t a f r o m The G l o b a l E x p e r i m e n t [ F G G E ] . 
T h i s , I b e l i e v e , was t h e f i r s t s u c h c o m p a r i s o n made, and 
s e r v e s a s t h e m o t i v a t i o n o f t h e p r e s e n t w o r k . I n t h i s 
s c a t t e r d i a g r a m , t h e l o w - s p e e d b i a s o f t h e CMVs i s q u i t e 
e v i d e n t . F u r t h e r m o r e , t h e r e i s e v i d e n c e t h a t t h e b i a s i s a 
f u n c t i o n o f t h e w i n d s p e e d i t s e l f . T h i s f e a t u r e h a s s i n c e 
been a d e q u a t e l y d e m o n s t r a t e d by t h e i n v e s t i g a t i o n s o f a 
number o f i n d i v i d u a l s u s i n g c o m p a r i s o n s t o t h e EC 
a n a l y s i s / f o r e c a s t s u i t e and t o c o l o c a t e d r a d i o s o n d e w i n d s . 

C o n s i d e r a b l e e f f o r t h a s gone i n t o i m p r o v i n g t h e a l t i t u d e 
a s s i g n m e n t p r o c e d u r e s s i n c e a s y s t e m a t i c a l t i t u d e b i a s w o u l d 
t r a n s l a t e i n t o a w i n d s p e e d b i a s , a s s u n m i n g t h a t t h e r e i s no 
c i r r u s i n t h e s t r a t o s p h e r e . The r e a s o n i n g h e r e i s t h a t i n 
s t r o n g j e t s i t u a t i o n s an a l t i t u d e m i s - a s s i g n m e n t w i l l be 
more s e r i o u s than. I n a l i g h t e r - w i n d s i t u a t i o n b e c a u s e o f t h e 
s t r o n g e r v e r t i c a l s h e a r s p r e s e n t . The s i n g l e f e a t u r e o f t h e 
a c c u m u l a t e d s t a t i s t i c s on t h e b i a s t h a t does s u g g e s t an 
a l t i t i u d e b i a s i s t h e f a c t t h a t t h e b i a s i s a f u n c t i o n o f 
t h e w i n d speed i t e l f . Newer and more s o p h i s t i c a t e d a l t i t u d e 
a s s i g n m e n t p r o c e d u r e s have p r o d u c e d a r e d u c t i o n i n t h e b i a s , 
b u t t h e most a p p a r e n t l y s i g n i f i c a n t d e c r e a s e o c c u r r e d when 
t h e METEOSAT CMVs w e r e p r o d u c e d w i t h a new t a r g e t 
p r o c e s s i n g , a s w e l l a s a new a l t i t u d e a s s i g n m e n t , s y s t e m , 
[ e . g W o i c k , t h i s w o r k s h o p ] 

2 METHODS 
The p u r p o s e o f t h i s Note i s t o e x p l o i t t h e CMV v s a i r c r a f t 
c o l o c a t i o n p r o c e d u r e , r a t h e r t h a n u s i n g r a d i o s o n d e w i n d s o r 
nwp a s s i m i l a t i o n f i e l d s , t o a g g r e g a t e s t a t i s t i c s w h i c h m i g h t 
g i v e some i n s i g h t i n t o t h e s p e e d b i a s p r o b l e m . 

E n g i n e e r i n g s y s t e m s t u d i e s on modern a i r c r a f t n a v i g a t i o n 
e q u i p m e n t , INS and OMEGA, a s w e l l a s r e s e a r c h a i r c r a f t 
e x p e r i e n c e , i n d i c a t e t h a t a i r c r a f t n a v i g a t i o n w i n d s a r e more 
a c c u r a t e t h a n r a d i o s o n d e p r o d u c e d w i n d s . The v e r t i c a l 
a v e r a g i n g i n t e r v a l , on t h e o r d e r o f a k i l o m e t e r , f o r r a d a r 
o r r a d i o - d i r e c t i o n f i n d i n g s y s t e m s , makes them o f a 
d i f f e r e n t s o r t when compared w i t h CMVs. F i n a l l y , t h e 
s t a t i s t i c s o f w i n d v e c t o r f i t t o modern nwp a s s i m i l a t i o n 
w i n d f i e l d s s u g g e s t s a l s o t h a t a i r c r a f t w i n d s , i n 
o p e r a t i o n a l p r a c t i c e , a r e s l i g h t l y s u p e r i o r t o r a d i o s o n d e 
w i n d s . A i r c r a f t w i n d s a r e much more p l e n t i f u l o v e r t h e 
o c e a n s t h a n a r e r a d i o s o n d e s , m a k i n g them a more a t t r a c t i v e 
c o m p a r i s o n f o r r e g i o n s i n w h i c h t o p o g r a p h y s h o u l d n o t be a 
f a c t o r i n CMV d e t e r m i n a t i o n . 

A s e r i e s o f C M V - a i r c r a f t c o l o c a t i o n s a m p l e s have b e e n 
c o l l e c t e d s i n c e September o f 1 9 9 0 . T h r e e d i s t i n c t , 
i n d e p e n d e n t s a m p l e s h a v e been p r o d u c e d , b u t t h e d e t a i l s o f 
t h e sample s t r a t i f i c a t i o n h a v e d i f f e r e d . A b r i e f summary i s 
g i v e n i n T a b l e 1. 
The i d e a o f t h e s t u d y was t o i n v e s t i g a t e t h e s p e e d b i a s a s a 
f u n c t i o n o f l a t i t u d e , w i n d s p e e d , and p r o d u c e r . T h e s e b a s i c 
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d i s t i n c t i o n s a u g e r i n f o r m a t i o n on t h e a l t i t u d e a s s i g n m e n t 
p r o b l e m s i n c e , t h e e f f e c t o f l a t i t u d e b e i n g o b v i o u s , t h e 
t h r e e m a j o r p r o d u c e r s have a l l u s e d d i f f e r e n t a l t i t u d e 
a s s i g n m e n t a l g o r i t h m s . I n t h e l a t e r s a m p l e s , t h e d e c i s i o n 
was made t o f u r t h e r s t r a t i f y t h e s t a t i s t i c s by w i n d 
d i r e c t i o n - n a m e l y , i f e a s t e r l i e s o r w e s t e r l i e s were i n v o l v e d . 
T h i s makes i n t e r p r e t a t i o n more c o m p l i c a t e d , b e c a u s e s u c h a 
s t r a t i f i c a t i o n i s not i n d e p e n d e n t o f l a t i t u d e o r s p e e d . 
However , t h e r e s u l t s seem t o be i n t e r e s t i n g , a s s h a l l be 
e v i d e n t . 

The c o l o c a t i o n window was one d e g r e e o f l a t i t u d e d i a m e t e r , 
+ / - 3 h o u r s i n t i m e ; and 400 m e t e r s i n t h e v e r t i c a l . ' A g r o s s 
e r r o r c h e c k was i n c l u d e d i n o r d e r t o e l i m i n a t e m i s - l o c a t e d 
r e p o r t s a n d / o r t r a n s m i s s i o n and d e c o d i n g e r r o r s . 

TABLE ONE 
C M V - A i r c r a f t H i g h - L e v e l Wind C o l o c a t i o n S a m p l e s 

Sample # D a t e s 

1 Oct t o m i d - D e c 90 

m i d - D e c 90 t o 
m i d - M a r c h 91 

J u n e t o Aug 91 

S t r a t i f i c a t i o n 

P r o d u c e r 
Speed C a t e g o r y 
L a t i t u d e B a n d ( 5 0 N - 3 0 S ) 

P r o d u c e r 
Speed C a t e g o r y 
L a t i t u d e Band(NH) 

E a s t * * / W e s t D i r e c t i o n 

** i n a d e q u a t e s a m p l e , so a l l l a t i t u d e bands combined f o r 
e a s t e r l i e s . 

3 R E S U L T S 

The r e s u l t s a r e p r e s e n t e d , e s s e n t i a l l y , i n a s e r i e s o f 
F i g u r e s . W i t h t h e number o f p o s s i b i l i t i e s t h a t f o l l o w f r o m 
t h e breakdown g i v e n i n T a b l e 1, t h i s s e r i e s i s r a t h e r l a r g e 
and c a n n o t be r e p r o d u c e d i n t h i s c o n t r i b u t i o n . A sample o f 
t h e a v a i l a b l e m a t e r i a l i s shown i n s t e a d . The i n t e n t i s t o 
show t h e s p e e d b i a s o f t h e h i g h a l t i t u d e CMVs a s a f u n c t i o n 
o f p r o d u c e r , l a t i t u d e , and s p e e d c a t e g o r y . 

F i g u r e s 2 and 3 p r e s e n t t h e b i a s s t a t i s t i c s f o r t h e w i n t e r 
1990-91 and summer 1991 s a m p l e , f o r GOES and METEOSAT. 
F i g u r e 4 ( t o p ) p r e s e n t s t h e summer 1991 b i a s d a t a f o r 
GMS' /Himiwara . I n e a c h F i g u r e t h e o r d i n a t e i s t h e s p e e d b i a s 
i n m e t e r s p e r s e c o n d and t h e a b c i s s a i s w i n d s p e e d c a t e g o r y 
i n 10 mps i n t e r v a l s . The s t r a t i f c a t i o n i s by l a t i t u d e b a n d , 
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a s i n d i c a t e d . The number o f s a m p l e s i n e a c h p o i n t i s not 
g i v e n , b u t r a n g e s f r o m 5 t o a few h u n d r e d . I n g e n e r a l , o f 
c o u r s e , t h e l a r g e r s a m p l e s i z e s a r e i n t h e m i d - l a t i t u d e s a t 
t h e m o d e r a t e s p e e d s . S i n c e t h e r e p r o d u c i b i l i t y o f t h e c l e a r 
l i n e a r f u n c t i o n o f s p e e d b i a s a s a f u n c t i o n o f w i n d speed 
i t s e l f i s v e r y e v i d e n t - i n a l l s a m p l e s , a l l p r o d u c e r s , e t c -
t h e e x a c t numbers e n t e r i n g i n t o e a c h p o i n t i s o n l y o f 
s e c o n d a r y i n t e r e s t . 

The bot tom p o r t i o n o f F i g u r e 4 g i v e s t h e r e s u l t s o f 
c o m b i n i n g a l l t h r e e s a m p l e s ( T a b l e 1) f o r t h e L a t i t u d e band 
3 0 - 1 0 N , b u t r e t a i n i n g t h e d i s t i n c t i o n o f p r o d u c e r (GOES and 
M e t e o S a t ) . T h i s combined s a m p l e h a s t h e f o l l o w i n g numbers o f 
c o l o c a t i o n s : 

T A B L E TWO 

Sample S i z e f o r F i g u r e 3b 

Speed C a t e g o r y 0 / 1 0 1 0 / 2 0 2 0 / 3 0 3 0 / 4 0 4 0 / 5 0 

METEOSAT 13 62 90 44 14 

GOES 77 276 313 187 100 

The c o n c l u s i o n t o be drawn f r o m t h i s s e t o f s t a t i s t i c s seems 
c l e a r : t h e r e i s no d i s c e r n a b l e and c o n s i s t e n t d i f f e r e n c e i n 
t h e l i n e a r f u n c t i o n o f b i a s w i t h w i n d s p e e d when s t r a t i f i e d 
by p r o d u c e r , s e a s o n , l a t i t u d e , o r t h e d i r e c t i o n o f t h e z o n a l 
f l o w . T h i s r e s u l t s h o u l d be i n t e r p r e t e d i n t e r m s o f t h e 
t a r g e t d e f i n i t i o n , and a l t i t u d e a s s i g n m e n t u n c e r t a i n t i e s ; 
and v e r t i c a l and h o r i z o n t a l s c a l e d i f f e r e n c e s o f t h e 
a i r c r a f t and CMV w i n d v e c t o r s . M o r e o v e r , t h i s methodo logy i s 
n o t d e p e n d e n t upon an a s s i m i l a t i n g model and s h o u l d be 
c o n s i d e r e d , a l o n g w i t h r a d i o s o n d e w i n d c o m p a r i s o n s , a s a 
b a s i s o f CMV v e r i f i c a t i o n . 
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C o l o c a t i o n s A i r c r a f t - S A T O ß 

MeteoSat Dec-Mar 90/91 

4 
x 

x X 

50-30N 
m 

30-20N 
• 

20N-EQ 

0/10 10/20 20/30 30/40 40/50 

Speed Category (mps) 
>50 

C o l o c a t i o n s A i r c r a f t - S A T O B 

GOES Dec-Mar 90/91 
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F i g u r e 1 . B i a s s t a t i s t i c s f o r METEOSAT ( t o p ) and GOES 
( b o t t o m ) f o r t h e Dec9 0 t o March91 s t r a t i f i e d by l a t i t u d e and 
speed c a t e g o r y . A p o s i t i v e b i a s i n d i c a t e s t h a t t h e a i r c r a f t 
speed exceeds t h e CMV speed . 
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C o l o c a t i o n s A i r c r a f t - S A T O B 

MeteorSat Jun-Aug91 
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C o l o c a t i o n s A i r c r a f t - S A T O B 

-GOES Jun-Aug91 
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F i g u r e 2 . B i a s s t a t i s t i c s f o r METEOSAT ( t o p ) and GOES 
( b o t t o m ) f o r t h e June-Augus t 1991 sample s t r a t i f i e d by 
l a t i t u d e and speed c a t e g o r y . A p o s i t i v e b i a s i n d i c a t e s t h a t 
t h e a i r c r a f t speed exceeds t h e CMV speed . 
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C o l o c a t i o n s A i r c r a f t - S A T O B 

GMS-JMA Jun-Aug91 
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C o l o c a t i o n s A i r c r a f t - S A T O B 

Combined Samples-Lats 30-1 ON 

X 

X 

GOES 

P 
METEOSAT 
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Speed Category (mps) 

F i g u r e 3 . T o p . B ia s s t a t i s t i c s f o r t h e June -Augus t 91 sample 
f o r GMS/Himawara s t r a t i f i e d by speed c a t e g o r y and l a t i t u d e . 

B o t t o m . B i a s s t a t s i t i c s f o r a l l t h r e e samples 
combined (Tab l e 1) f o r METEOSAT and GOES s t r a t i f i e d by speed 
c a t e g o r y . 
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