
MONITORING OF CLOUD-MOTION WINDS AT ECMWF 

B . S t r a u s s 

European C e n t r e f o r Medium-Range Weather F o r e c a s t s 
S h i n f i e l d P a r k , R e a d i n g , U . K . 

ABSTRACT 

An e v a l u a t i o n o f t h e q u a l i t y o f C l o u d M o t i o n Wind d a t a i s p r e s e n t e d , 
i n c l u d i n g t r e n d s i n p e r f o r m a n c e s i n c e 1988, based on compar i son w i t h 
t h e ECMWF 6-hour f o r e c a s t s . A l l s a t e l l i t e s e x h i b i t a s l ow b i a s a t 
l e v e l s above 400 hPa, f o r w i n d speeds above 20 m / s . I n t h e range 30 t o 
50 m/s t h e v a l u e o f t h i s b i a s i s c u r r e n t l y a round - 2 . 5 m/s f o r METEOSAT 
and -5 m/s f o r GOES. For GMS, t h e b i a s v a r i e s more f r o m month t o month , 
i n t h e range - 1 t o -6 m / s . 

1 . INTRODUCTION 

M o n i t o r i n g o f C l o u d M o t i o n Wind d a t a f r o m o p e r a t i o n a l m e t e o r o l o g i c a l 
s a t e l l i t e s , i n b o t h r e a l - t i m e and d e l a y e d mode, i s p e r f o r m e d 
o p e r a t i o n a l l y w i t h i n t h e ECMWF g l o b a l d a t a m o n i t o r i n g s y s t e m . The 
assessment o f t h e q u a l i t y o f t h e o b s e r v a t i o n s i s based on s y s t e m a t i c 
compar i sons between t h e o b s e r v e d v a l u e s and t h e v a l u e s p r e d i c t e d by t h e 
6-hour f o r e c a s t ( f i r s t - g u e s s f i e l d ) . D e t a i l e d i n f o r m a t i o n on t h i s 
t e c h n i q u e can be f o u n d i n H o l l i n g s w o r t h e t a l . , 1986. S p e c i f i c r e s u l t s 
r e l a t i n g t o SATOB d a t a m o n i t o r i n g a r e g i v e n i n R a d f o r d , 1989. I n t h e 
f o l l o w i n g , we c o n c e n t r a t e m a i n l y on mean d i f f e r e n c e s f r o m t h e f i r s t -
guess , a l t h o u g h RMS d e p a r t u r e s a r e a l s o r o u t i n e l y computed . 

2 . MONTHLY RESULTS 

F i g u r e 1 i s a c h a r t o f t h e m o n t h l y mean v e c t o r d e p a r t u r e s i n May 1 9 9 1 , 
f o r upper l e v e l s (above 350 hPa) , d i s p l a y e d i n boxes o f 5° x 5° . 
Numbers a r e p l o t t e d f o r boxes w i t h a t l e a s t 10 o b s e r v a t i o n s . I t can 
be seen t h a t i n s o u t h e r n m i d - l a t i t u d e s most o f t h e b i a s e s a r e a g a i n s t 
t h e mean f l o w . A l s o n o t i c e a b l e i s a change o f p a t t e r n be tween t h e East 
A t l a n t i c and t h e N o r t h A t l a n t i c n o r t h o f 25°N, showing d e p a r t u r e s i n 
t h e GOES a r ea t o be l a r g e r t h a n i n t h e METEOSAT a r e a , whereas t h e 
q u a l i t y o f t h e f i r s t - g u e s s i s homogeneous ove r t h e whole o f t h e N o r t h 
A t l a n t i c . 

I n t h e Sou the rn Hemisphere m i d - l a t i t u d e s , t h e r e a r e a l s o s t r i k i n g 
d i f f e r e n c e s between t h e t h r e e a v a i l a b l e s a t e l l i t e s , i n t h e o r d e r o f 2 
t o 4 m/s on a v e r a g e . I n t h i s case t h e q u a l i t y o f t h e f i r s t - g u e s s v a r i e s 
f r o m one a rea t o a n o t h e r , and c e r t a i n l y a c c o u n t s f o r p a r t o f t h e s e 
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d i f f e r e n c e s ; however , compar i sons w i t h r a d i o s o n d e o b s e r v a t i o n s have 
shown t h a t , on ave rage , t h e s p a t i a l v a r i a t i o n s o f f i r s t - g u e s s q u a l i t y 
a re s m a l l e r t h a n t h e s e d i f f e r e n c e s ( R a d f o r d , 1 9 8 7 ) . 

F i g u r e 2 i s t h e same p l o t f o r l e v e l s be low 700 hPa. Excep t f o r INSAT 
d a t a , b i a s v a l u e s a t t h e s e l e v e l s a r e g e n e r a l l y v e r y s m a l l . INSAT d a t a 
a l s o show i n t e r n a l i n c o n s i s t e n c i e s w h i c h a r e r e f l e c t e d on t h e c h a r t by 
t h e i r r e g u l a r v a r i a t i o n s o f t h e a r r o w s f r o m box t o b o x . T h i s c o n f i r m s 
p r e v i o u s r e s u l t s about t h e i n a d e q u a t e q u a l i t y o f t h e s e d a t a f o r use i n 
a s s i m i l a t i o n . 

3 . TREND SINCE 1988 

Wind speed and w i n d d i r e c t i o n b i a s e s have been computed m o n t h l y s i n c e 
January 1988 f o r each s a t e l l i t e . The d a t a a r e s t r a t i f i e d by mean speed 
c l a s s , i . e . by t h e average o f t h e o b s e r v e d and p r e d i c t e d w i n d speeds. 
A l s o t h e ' d a t a a re s t r a t i f i e d i n t h r e e l a y e r s : above 400 hPa, f r o m 700 
t o 400 hPa, and be low 700 hPa. 

F i g u r e 3 shows t h e speed b i a s e s f o r METEOSAT, GOES and GMS d a t a , f o r 
f o u r d i f f e r e n t speed c l a s s e s , f o r l e v e l s above 400 hPa. I t i s c l e a r 
t h a t i n t h e s e s t a t i s t i c s , t h e q u a l i t y o f t h e f i r s t - g u e s s must have an 
i m p a c t , p a r t i c u l a r l y i n t h e T r o p i c s where i t i s more v a r i a b l e t h a n i n 
t h e m i d - l a t i t u d e s (no te t h a t o v e r t h e p e r i o d 1988 - 1990, t h e main 
changes t o t h e ECMWF model t o o k p l a c e i n May 1989 and May and June 
1990) . However, c a re i s needed when i n t e r p r e t i n g t h e r e s u l t s t o compare 
t h e q u a l i t y o f t h e s e t h r e e s a t e l l i t e s . I n a d d i t i o n t o t h e impac t o f 
i r r e g u l a r f i r s t - g u e s s q u a l i t y , a s e r i o u s d i f f i c u l t y a r i s e s f r o m t h e 
f a c t t h a t t h e s e l e c t i o n o f t a r g e t s w i t h r e s p e c t t o t h e s y n o p t i c 
s i t u a t i o n i s d i f f e r e n t f r o m one s a t e l l i t e t o a n o t h e r , t h e r e f o r e l e a d i n g 
t o inhomogeneous d a t a s a m p l i n g . 

For a l l t h r e e s a t e l l i t e s , d a t a a t low speed a re v i r t u a l l y u n b i a s e d , b u t 
a n e g a t i v e b i a s i s f o u n d a t h i g h e r speeds; no such b i a s i s o b s e r v e d i n 
t h e l o w e r l e v e l s ( n o t shown) . For METEOSAT, s i g n i f i c a n t r e d u c t i o n o f 
t h e b i a s has been a c h i e v e d s i n c e 1988; f o r speeds h i g h e r t h a n 20 m/s , 
t h e c u r r e n t v a l u e o f t h e b i a s i s a r o u n d -2 t o -3 m / s . The c o r r e s p o n d i n g 
v a l u e f o r GOES d a t a ranges f r o m -2 t o -5 m / s . For GMS t h e change o f 
h e i g h t a ss ignment t e c h n i q u e i n A p r i l 1990 l e a d t o a l a r g e r e d u c t i o n o f 
t h e b i a s , however , t h e r e i s s t i l l a l a r g e v a r i a t i o n f r o m month t o 
mon th , w i t h b i a s v a l u e s r a n g i n g f r o m - 1 t o -6 m / s . 

W i t h r e g a r d t o t h e w i n d d i r e c t i o n , t h e b i a s o f METEOSAT d a t a i s shown 
s e p a r a t e l y f o r t h r e e s u b - a r e a s : n o r t h o f 20°N, 20°N t o 20°S , s o u t h _ o f 
20°S, f o r l e v e l s above 400 hPa ( f i g u r e 4) . A s m a l l b u t c o n s i s t e n t b i a s 
can 'be seen, w h i c h i s p o s i t i v e i n t h e N o r t h e r n Hemisphere and n e g a t i v e 
i n t h e S o u t h e r n Hemisphere . T h i s i s o b s e r v e d o n l y a t h i g h l e v e l s ; a 
p o s s i b l e e x p l a n a t i o n may be t h e p r e f e r r e d l o c a t i o n o f t h e s u i t a b l e 
t a r g e t s i n j e t a r e a s . A s i m i l a r s i g n a l i s f o u n d f o r GOES and GMS d a t a . 
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4 . CONCLUSION 

C l o u d M o t i o n Wind d a t a c o n s t i t u t e an e s s e n t i a l component o f t h e G l o b a l 
O b s e r v i n g System. For n u m e r i c a l wea the r p r e d i c t i o n , t h e i r i m p a c t i s 
q u i t e b e n e f i c i a l ( c f paper by K e l l y , t h e s e p r o c e e d i n g s ) , p r o v i d e d a 
s u i t a b l e q u a l i t y c o n t r o l i s a p p l i e d . S i g n i f i c a n t improvements have been 
a c h i e v e d over t h e l a s t f ew y e a r s , b u t i t i s c l e a r t h a t much s t i l l needs 
t o be done t o b r i n g a l l p r o d u c e r s t o a s i m i l a r l e v e l as f a r as d a t a 
q u a l i t y i s conce rned , and a l s o , i n t h e case o f t h e a p p l i c a t i o n t o NWP, 
t o enhance t h e way i n w h i c h t h i s i n f o r m a t i o n can be u sed . 
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Fig. 1 Mean vector of cloud-motion wind observations minus first-guess wind for May 1991 in the layer 350-
150 hPa, averaged over boxes of 5° x 5° 
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Fig. 2 Same as Fig. 1 for the layer 1000-700 hPa 
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METEOSAT (IR) OB-FG FF bias above 400hPa - GLOBAL 
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Fig. 3 a) Graph of the evolution between January 1988 and August 1991 of the upper-level wind speed bias of 
METEOSAT observations. Graphs are shown for four classes of averaged wind speed (average of the 
predicted and observed speeds): 10-20 m/s, 20-30 m/s, 30-40 m/s and 40-50 m/s. 
b) Same as a) for GOES. 
c) Same as a) for HIMAWARI. 

156 



METEOSAT (IR) OB-FG DD bias above 400hPa - 2 0 ° N - 9 0 ° N 

|—e—10-20 m/s - 20-30 m/s i 30-40 m/s —*—40-50 m/s 

15.0 T . _ 

10.0 

1 D . U T — i 1 — i — i 1—i 1 — i — I — i — — | — 1 1 1 , — , 1—I 1 1 1 , 1 ! , 1 — 1 , 1 ,——.—, 
1988 1989 1990 1991 

Y E A R / M O N T H 

METEOSAT (IR) OB-FG DD bias above 400hPa - 2 0 ° N - 2 0 ° S 

15.0 T — 

U I 1 1 ' ' T | i 

1988 1989 1990 1991 
Y E A R / M O N T H 

METEOSAT (IR) OB-FG DD bias above 400hPa - 2 0 ° S - 9 0 ° S 

15.0T : -

10.0 

^ 5.0 

ro 

- i o . o 4 -

-15.0 | i — — I 
1988 1989 1990 1991 

Y E A R / M O N T H 

Fig. 4 a) As fig. 3a) but for the wind direction bias in the Northern Hemisphere extra-Tropics (North to 20°N). 
b) Same as a) for the equatorial belt (20N to 20S). 

c) Same as a) for the Southern Hemisphere (South to 20S). 
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