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ABSTRACT 

The NESDIS w i l l be implementing an automated procedure f o r producing s a t e l l i t e 
measured winds a t h i g h as w e l l as low l e v e l s . The procedure w i l l be a p p l i e d to 
i n f r a r e d window and water vapor imagery. The system w i l l i n t roduce CO2 s l i c i n g 
f o r h e i g h t assignment, bu t on ly f o r the i n f r a r e d window v e c t o r s . To improve 
h e i g h t assignment f o r the water" vapor vec to r s an o b j e c t i v e , a s s i m i l a t i o n 
technique i s under development. The same procedure provides q u a l i t y c o n t r o l 
which should ease the manpower i n t e n s i v e manual e d i t i n g task , e s p e c i a l l y 
necessary w i t h the f a r h igher dens i t y o f vec to r s produced a u t o m a t i c a l l y . 

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

There are three avenues which promise r a p i d improvement i n the q u a l i t y o f 
S a t e l l i t e Mot ion Winds (SMW) produced a t the N a t i o n a l Environmental S a t e l l i t e 
and I n f o r m a t i o n Data Services (NESDIS). These are: 1) improved t a r g e t 
de s igna t i on , e s p e c i a l l y i n areas o f m u l t i p l e c loud l a y e r s ; 2) improved pressure 
a l t i t u d e assignment; and 3) improved q u a l i t y c o n t r o l i n f o r m a t i o n f o r user 
d i s c r i m i n a t i o n . U n f o r t u n a t e l y , b e t t e r t a r g e t d i s c r i m i n a t i o n i s c u r r e n t l y not a 
sub j ec t o f a c t i v e research a t e i t h e r NESDIS or the Cooperative 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 Studies where the SMW systems are developed. However, 
the l a t t e r two t o p i c s are . This paper r e p o r t s on some recent research r e s u l t s . 

Height assignment f o r the SMW has t r a d i t i o n a l l y been accomplished by an 
h is togram technique. A f t e r the s e l e c t i o n o f a t a r g e t , a 20 x 20 template o f 
p i x e l s i s e x t r a c t e d f o r p a t t e r n r e c o g n i t i o n i n the subsequent imagery. These 
400 samples are so r t ed i n a h i s togram and the co ldes t 15 percent i s assumed to 
represent c loud top temperature. That temperature, w i t h o u t e m i s s i v i t y 
c o r r e c t i o n , i s matched to a f o r e c a s t ( a t the SMW l o c a t i o n ) temperature p r o f i l e 
to ass ign the c loud pressure . The h i s togram method i s known to g ive poor 
r e s u l t s i n the case o f semi- t ransparent c l oud , and r e c e n t l y the CO2 s l i c i n g 
method has b een in t roduced ( M e r r i l l e t a l . , 1990) t o the NESDIS process ing o f 
upper l e v e l SMW. The new procedure i s c l e a r l y b e t t e r , bu t f o r l o g i s t i c a l 
reasons i t cannot be used f o r water vapor t r a c e r s . More i m p o r t a n t l y , i t w i l l 
not be a v a i l a b l e w i t h the next genera t ion o f GOES, s ince the r e q u i s i t e 
measurements are no t inc luded w i t h the imaging ins t rument . Thus a l t e r n a t i v e 
procedures need to be developed. A s i m i l a r s l i c i n g method can be used w i t h the 
6.7 micrometer band, which w i l l be a v a i l a b l e w i t h the next GOES. This method, 
i n v a r i a n t f o rm , i s a l ready used by Eumetsat (Schmetz e t a l . , 1987) f o r 
process ing METEOSAT data . However, the accuracy achievable w i t h the water vapor 
channel i s not as p rec i se as one would l i k e , as discussed i n a r e p o r t prepared 
by Smith and Fry i n a companion c o n t r i b u t i o n to t h i s volume. So, w i t h t h e 
i n t e n t o f i m p r o v i n g t h e a s s i g n m e n t o f w a t e r v a p o r V e c t o r s , and a lso i n 

p r e p a r a t i o n f o r the next se r ies o f GOES, a method o f h e i g h t assignment by 
a s s i m i l a t i o n i s be ing s t ud i ed . 
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a n a l y s t . C l e a r l y t h * P " ^ ^ ^ ^ & q u a l i t y 

r a t i o n a l t o combine the he S^t - s . gnmen t^by ^ ^ ^ ^ 
c o n t r o l procedure. To t h i s end _ J & „ ^ . ^ s y s t e m „ t t h l s 

extended to o f f e r an exper t sybu v r M s y s t e m i s known as 
stage o f development f o r accomplishing these tasKs. i n i s y 
the SMW a u t o - e d i t o r , and i t i s descr ibed and evaluated here . 

2. Method 

Height reassignment by auto-editor 

The bas ic f l o w o f the auto e d i t o r i s shown i n F i g . 1 . The o b j e c t i v e 

" h a l f ? h e « l * t ^ ^ L ^ e S ^ T u S Ä ' c Ä 

a t each i t e r a t i o n as descr ibed i n Hayden and Purser (1988) . 

F i g . 1 . The a u t o - e d i t o r system 

« ^ r - r ^ i s s s s r s ^ - r * ^ ä ä T -

o f pressure , i s c a l c u l a t e d f r o m : 

( (V(p)-SMW)/W)2 + ( (T(p ) -TC) /VT)2 + ( ( P -PW) /VP)2 (1) 
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where TC and PW are the t r a c e r temperature and pressure i n i t i a l l y assigned. The 
denominators W , VT, and VP are c u r r e n t l y g iven the weights 2, 10 and 100, 
meaning t h a t a v e c t o r discrepancy o f 2 ms"-1- has the same weight as a temperature 
discrepancy o f 10 degrees or a pressure reassignment o f 100 hPa. These choices 
are a r b i t r a r y , and were determined e m p i r i c a l l y . No c l a i m o f o p t i m a l i t y i s made. 
Equat ion (1) i s evaluated w i t h a v e r t i c a l r e s o l u t i o n o f 25 hPa, and the SMW i s 
reassigned a t the pressure which gives the smal les t v a l u e , i f t h a t va lue i s more 
than 25 hPa d i f f e r e n t f rom the o r i g i n a l assignment. Only two r e s t r i c t i o n s 
apply , the vec to r cannot be reassigned above the tropopause as determined f rom 
T ( p ) , and the minimum value o f (1) must be less than 100. I n those cases the 
SMW i s f l a g g e d . 

PW i s i n c l u d e d i n (1) t o d i s c r i m i n a t e between m u l t i p l e minima assoc ia ted 
w i t h the f i r s t term o n l y . I n e f f e c t , the minimum c l o s e s t t o the o r i g i n a l h e i g h t 
assignment i s taken . The use o f bo th TC and PW i n (2) may seem somewhat 
redundant, i n s o f a r as the l a t t e r i s u s u a l l y d e r i v e d f rom the fo rmer . However, 
by i n c l u d i n g the temperature we become more l e n i e n t i n h e i g h t reassignment when 
the lapse r a t e i s smal le r , and the TC-PW r e l a t i o n s h i p i s t h e r e f o r e less c e r t a i n . 
A l so , f o r CO2 h e i g h t assignment the two q u a n t i t i e s may be d e r i v e d 
independent ly . 

Some experiments were conducted where the f i r s t term i n (1) was rep laced 
w i t h separate terms f o r speed and d i r e c t i o n . This d i d no t appear to add 
a d d i t i o n a l d i s c r i m i n a t i o n . 

Table 1 . Spec ia l cons idera t ions a p p l i e d d u r i n g the a u t o - e d i t i n g procedure, 

o Flag removed when r e p r o d u c i b i l i t y check < ( 3 . * [ v ] ) V 2 

o Background obse rva t ion we igh t , l a t i t u d e v a r i a t i o n 

LAT FAC 

>30N 1. 
30N - 15S [ L A T ] / 6 0 . + .5 

<15S 0.75 

o Height assignment q u a l i t y ( 5 . / B F ) l / 2 ; BF>5. 

o Observat ion we igh t , v o r t i c i t y adjustment 
l . E - 4 < VOR < 3.E-4 ; FAC= V0R*1.E4 

o High v e l o c i t y adjustment 
[V] > [VG] ; [V] > 25 MS" 1 ; P < 400 ; "IR" 

QCMAX = QCMAX - .25 

Quality control assignment 

F o l l o w i n g h e i g h t reassignment, o r i g i n a l weights are r e s t o r e d to the data 
( w i t h one excep t ion as expla ined below) and the o b j e c t i v e ana lys i s i s repeated. 
One need not do t h i s . New weights c o u l d be assigned based on the p e n a l t y 
f u n c t i o n magnitude, or the obse rva t ion weight a t the end o f the f i r s t a n a l y s i s , 
or a combinat ion o f these. Experiments w i t h such op t ions have no t proven 
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f r u i t f u l . The magnitude o f the pena l ty f u n c t i o n i s r e t a i n e d , however, 
normal ized as shown i n t ab l e 1 , as an independent q u a l i t y i n d i c a t o r . The 
except ion noted above i s a m o d i f i c a t i o n o f the o r i g i n a l we igh t , as shown i n 
t a b l e 1, i f the r e l a t i v e v o r t i c i t y ( i n the background f i e l d ) i s s u f f i c i e n t l y 
s t r o n g . I t may be increased by as much as a f a c t o r o f 3. This m o d i f i c a t i o n i s 
in tended to g ive grea ter c r e d i b i l i t y t o observat ions i n areas o f h i g h curva ture 
or h i g h h o r i z o n t a l shear. 

The weight o f each obse rva t ion a f t e r the f i f t h i t e r a t i o n i s used f o r wind 
e d i t i n g . Wi th one excep t ion , any wind w i t h a weight o f less than .75 i s 
f l a g g e d . The excep t ion i s f o r winds which are f a s t , h i g h l e v e l , f a s t e r than the 
guess, and de r ived f rom the i n f r a r e d window. As shown i n t a b l e 1 , f o r these SMW 
the r e j e c t i o n c r i t e r i o n i s lowered to 0 .50. The weight assoc ia ted w i t h unedi ted 
vec to r s i s passed on as a q u a l i t y i n d i c a t o r , bu t n e i t h e r i t nor the q u a l i t y 
associa ted w i t h the pena l ty f u n c t i o n discussed e a r l i e r have proven to be very 
i n f o r m a t i v e i n terms o f .the, absolute accuracy o f the SMW. 

3. A p p l i c a t i o n 

Height Reassignment 

F i g . 2 represents an i n v e s t i g a t i o n o f the h e i g h t reassignment aspect o f 
the e d i t o r a p p l i e d to a s i n g l e case study o f A p r i l 24, 1990. The h e i g h t 
assignment methods considered are : the h i s togram method (PWHI); the C 0 2 method 
(PW58); and the a u t o - e d i t o r (APW). The methods are con t ra s t ed aga ins t each 
o the r . 

The upper l e f t panel con t ra s t s the CO2 w i t h the a u t o - e d i t o r 
assignment f o r the f u l l sample. Be aware t h a t t h i s panel inc ludes p o i n t s 
where the CO2 assignment was no t the f i n a l s e l e c t i o n i n the wind 
process ing , and the a u t o - e d i t o r would beg in f rom a d i f f e r e n t assignment. 
For example, the p o i n t s where the PW58 are a t 150 hPa are cases where t h a t 
method has f a i l e d . The s c a t t e r a t h i g h pressures i s caused by a 
c o n s t r a i n t i n the wind p r o d u c t i o n a l g o r i t h m which places the SMW a t 900 
hPa i f h i s togram and C0 2 assignments ( the l a t t e r i n c l u d i n g an i n f r a r e d 
window es t imate) are a l l g rea te r than 600 hPa. This 900 hPa assignment 
has b iased the APW assignment. But even i n c l u d i n g these a b e r r a t i o n s , the 
mean d i f f e r e n c e i s on ly 14 hPa, and major d iscrepancies are r a r e . 

The lower l e f t panel con t ra s t s the C 0 2 w i t h a u t o - e d i t o r assignments 
which were f o r c e d to beg in f rom PW58 assignments (APWC). Note t h a t the 
s c a t t e r a t h i g h pressures seen i n the upper l e f t panel has vanished. This 
would appear to cast doubt on the wisdom o f the 900 hPa r u l e . The sample 
has a lso been d imin ished by 37 members where the pena l ty * f u n c t i o n has 
r e j e c t e d the vec to r assigned to the PW58 l e v e l . I t i s apparent t h a t the 
CO2 s l i c i n g and the a u t o - e d i t o r assignment are q u i t e compat ib le , and no 
b ias e x i s t s . 

I t i s w e l l known t h a t the h is togram method f r e q u e n t l y assigns a 
pressure which i s too h i g h because o f the semi-transparency o f many 
c louds . This i s conf i rmed by the upper r i g h t panel which compares 
h i s togram assignments (PWHI) w i t h a u t o - e d i t o r assignments begun f rom the 
h i s togram h e i g h t (APWH). That the b ias i s f o r the most p a r t removed by 
the auto e d i t o r i s shown by the lower r i g h t panel which compares APWC and 
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APWH. Some o f the b ias i s r e t a i n e d , bu t t h i s i s cons i s t en t w i t h the 
phi losophy t h a t the a u t o - e d i t o r h e i g h t assignment should g ive some weight 
to the o r i g i n a l . 

The lower r i g h t panel shows cons iderable s c a t t e r a t h i g h pressures , 
which i n d i c a t e s t h a t the a u t o - e d i t o r assignment i s c o r r e l a t e d w i t h the 
i n i t i a l assignment. This imp l i e s smal l wind shear a t low l e v e l s so t h a t 
the second and t h i r d terms o f (1) predominate. This r e s u l t suggests t h a t 
the denominator w e i g h t i n g o f (1) should be pressure dependent. 
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F i g . 2 . Sca t te r diagrams o f pressure a l t i t u d e assignment. Upper l e f t ; CO2 
he igh t s (PW58) v s . a u t o - e d i t o r he igh t s (APW); upper r i g h t ; IR h i s togram he igh t s 
(PWHI) v s . a u t o - e d i t o r he igh t s (APWH) which used the PWHI as a f i r s t e s t imate , 
lower l e f t ; PW58 vs . a u t o - e d i t o r he igh t s (APWC) which used PW58 as a f i r s t 
es t imate ; lower r i g h t : APWC vs . APWI. v 
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As a general comment, F i g . 2 suggests t h a t the h e i g h t reassignment a s p e c t of the 

au t o - e d i t o r performs q u i t e w e l l . Changes to the o r i g i n a l assignments are 

g e n e r a l l y modest, but l a r g e r f o r the l e s s r e l i a b l e method. 

Rejections 

F i g . 3 shows the SMW coverage f o r the t r a d i t i o n a l high, middle, and low 
l e v e l d e s i g n a t i o n s , and i n d i c a t e s by bold f a c e the v e c t o r s which were flagged by 
the a u t o - e d i t o r . (Those f a i l i n g the redundancy check are not shown.) The 
percentage of r e j e c t i o n s i s q u i t e s m a l l a t high l e v e l s , somewhat g r e a t e r a t 
middle and low l e v e l s . What may be somewhat s u r p r i s i n g i s t h a t those which are 
flagged are o f t e n not obviously rogues. T h i s i s probably the r e s u l t of the 
a r b i t r a r y 0.75 gate f o r a c c e p t a n c e / r e j e c t i o n . More d i s t u r b i n g i s some apparent 
coherence i n those r e j e c t e d . Note i n p a r t i c u l a r the low l e v e l v e c t o r s o f f the 
west c o a s t or the m i d l e v e l v e c t o r s near the Great Lakes. One must su s p e c t some 
r e s i d u a l h e i g h t misassignment.v However, i f the h e i g h t i s not being p r o p e r l y 
assigned, the SMW should be r e j e c t e d . 

/ + / + 

^ < f r F <N \ 7 ( 
' J « « V 

++ 

i 

APRIL 25 12UT 1000 > P > 699 (BOLD: E0ITE0I 

F i g . 3. SMW coverage f o r A p r i l 

24, 1990, 1200 UT. The three 

panels r e p r e s e n t low, middle, and 

high l e v e l v e c t o r s . Vectors 

flagged by the a u t o - e d i t o r are 

shown as bo l d f a c e . 

RPRIL 25 12UT H00 > P (BOLD: EDITED) 

^ 
RPRIL 25 12UT 700 > P > 399 (BOLD: EDITED) 
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Accuracy 

The accuracy o f SMW exposed to the a u t o - e d i t o r has been eva lua ted i n the 
t r a d i t i o n a l manner, by comparison w i t h c o l l o c a t e d rawinsondes. For the r e s u l t s 
presented here , f o u r t ime per iods f rom the case study o f A p r i l 24-25, 1991 are 
i n c l u d e d . I n these c o l l o c a t i o n s , a 200 km window i s used. There i s v i r t u a l l y 
no t ime discrepancy. S t a t i s t i c s are g iven i n Table 2. Comparisons between the 
NMC f o r e c a s t and the rawinsonde are a lso presented. 

Table 2. Mean v e c t o r e r r o r between c o l l o c a t e d rawinsonde and SMW (NMC f o r e c a s t ) 
f o r A p r i l 24-25, 1990. Values are g iven f o r uned i ted se t , a u t o - e d i t e d se t , and 
manually e d i t e d ( a f t e r a u t o - e d i t ) se t . U n i t s are ms"-'-. 

Unedi ted Auto Ed i t ed Manual 

Level E r ro r Sample Er ro r Sample E r r o r Sample 

Low 6 .1 (3 .7 ) 51 4.8 (4 .0 ) 59 4.0 (3. ,3) 40 
Mid 8.3 (4 .9 ) 167 5.2 (4 .6 ) 129 4.2 (4. .0) 82 
High 8.8 (7 .3 ) 364 7.2 (7 .1 ) 341 7 .1 (6, ,9) 208 
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F i g . 4. Sca t t e r diagram o f SMW 
e r r o r v s . NMC f o r e c a s t e r r o r f o r 
h igh l e v e l vec to r s de r ived A p r i l 
24-25, 1990. Upper l e f t : uned i ted ; 
upper r i g h t : a u t o - e d i t e d ; lower I 
r i g h t ; auto- and manual e d i t e d . 
Un i t s are m s " l . 
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The r e s u l t i n Table 2 f o r h i g h l e v e l SMW i s also shown as a s c a t t e r diagram i n 

F i g . 4. Several conclusions can be drawn. 

The a u t o - e d i t i n g i s success fu l i n a l l cases i n reduc ing the e r r o r o f 
lne auto e u ^ " » 6 f i n a l r e s u l t does n o t , however, 

SW n a v e a n accuracy, as compared to rawinsondes, approximate ly eourvalent 

to the guess. 

Manual e d i t i n g a f t e r the a u t o - e d l t l n g has o n l y a smal l e f f e c t . Some 
improvement i s n o t e ! a t m l d l e v e l s . . I n t e r e s t i n g l y th«, _ « , ~ , ~ t 

~ f , n I Q Q I w e have run the a u t o - e d i t o r on aata s e u t > 

S c h h ^ r S e ^ a n u a i i / f d l t l d and c o n s i s t e n t l y the accuracy i s markedly 

improved. 

F i g . 4 s h o w ^ t h a t the e r r o r o f the SMW i s c o r r e l a t e d w i t h the e r r o r 
o f the f o r e c a s t This r e s u l t i s unavoidable as long as the f o r e c a s t plays 
o f t h e f o " C ! f ^ d i t i s c h e m e . We have been c a r e f u l t o keep the 
any r o l e i n the e d i t i n g schem ^ ^ a c c u r a c y 

s t a t i s t i - a t mid f e v e U S e dependence cou ld be f u r t h e r decreased by 
t h f i n c i u s i S T f morl data , e i t h e r a d d i t i o n a l SMW or other observa t ions . 

F i g . 4 presents some very l a rge e r r o r s . The wors t o f these i s 

auto e d i t o r (or i n most cases by the manual e d i t o r ) . 

The s t a t i s t i c s presented I n Table 1 have not made use o f the P J ^ ^ ' 1 " 

f l a g . I f t h i s i s done » I t h a cuto o f 0 5 s » ar ° ^ J ™ ^ £ 

S'ÄÄ« " o u c „ e ° g h t ° t h e cos t , so c u r r e n t l y the a u t o - e d i t o r 

does no t use the pena l ty f u n c t i o n f l a g . 

A r e c u r r i n g d e f i c i e n c y i n the SMW prov ided by NESDIS i s the "slow b i a s " . 
A t h i g h w h e e l s the SMW L e c o n s i s t e n t l y an - d e r e s t i ^ o.ewhat 

S e SMW i n the ana lys i s preceding the h e i g h t reassignment. I t i s a problem 

r e q u i r i n g f u r t h e r a t t e n t i o n . 

4. Summary 

The n r i n c i p a l impact o f the a u t o - e d i t o r i s i n the reassignment o f SMW 
. r e s su re a l t i t u d e The. number o f vec to r s r e j e c t e d a t the q u a l i t y c o n t r o l stage 
i s r e l a t i v e l y modest, and most o f those seem to represent a poor a l t i t u d e 
aSssri i m ^ e l y T h i s i s an expected r . . u ! t 

x ^ Z ^ ^ ^ ^ ^ ^ — s t h i m i l s r w i t h 

other data we are avo id ing t h a t problem. I t doesn ' t mat ter i f the, mot ion 
represents a t r a c e r or some deep l a y e r . We are as s ign ing each vecto - e l 
where i t i s r e p r e s e n t a t i v e . I f i t i s nowhere r e p r e s e n t a t i v e , i t i s r e J ^ e d . 

Notn ing i s f r e e . By us ing a s s i m i l a t i o n we are g i v i n g up independence. 
Some o f the ImW we reass ign we should n o t . Some which we r e j e c t , based on 
cons is tency , we should keep. I n the mean the a u t o - e d i t o r works . I t does as 
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