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ABSTRACT 

While q u a l i t a t i v e i n f o r m a t i o n f rom m e t e o r o l o g i c a l s a t e l l i t e s has l ong been 
recognized as c r i t i c a l f o r m o n i t o r i n g t r o p i c a l cyclone a c t i v i t y , q u a n t i t a t i v e data 
are r e q u i r e d to improve the o b j e c t i v e ana lys i s and numerical , weather p r e d i c t i o n o f 
these events . I n t h i s paper, r e s u l t s are presented which show t h a t the i n c l u s i o n o f 
h i g h - d e n s i t y , m u l t i s p e c t r a l s a t e l l i t e - d e r i v e d i n f o r m a t i o n i n t o the ana ly s i s o f 
t r o p i c a l cyclone environmental wind f i e l d s can e f f e c t i v e l y reduce the e r r o r o f 
o b j e c t i v e t r a c k f o r e c a s t s . 

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

Ana lys i s u n c e r t a i n t i e s are o f t e n c i t e d as a major source o f f o r e c a s t e r r o r s i n 
numerica l models. This i s e s p e c i a l l y t r u e i n hu r r i cane t r a c k p r e d i c t i o n , where l ack 
o f conven t iona l t ropospher ic observat ions over the oceanic regions can l ead to 
erroneous d e p i c t i o n s o f the environmental f l o w t h a t accounts f o r much o f the storm 
mot ion . Opera t iona l me teo ro log i ca l s a t e l l i t e s ( p a r t i c u l a r l y geos t a t i ona ry ) have the 
a b i l i t y to f r e q u e n t l y sample the l a rge scale oceanic environment, making them prime 
t o o l s f o r m o n i t o r i n g t r o p i c a l cyclones . At the U n i v e r s i t y o f Wisconsin-Cooperat ive 
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 (UW-CIMSS), an e f f o r t has been 
underway to develop and incorpora te h i g h d e n s i t y , h i g h q u a l i t y s a t e l l i t e - d e r i v e d 
wind observat ions i n t o analyses o f t r o p i c a l cyclone environmental wind f i e l d s i n 
hopes o f reduc ing t r a c k f o r e c a s t e r r o r s . This program i s a coopera t ive e f f o r t w i t h 
the NOAA N a t i o n a l Hurr icane Center (NHC), the A t l a n t i c Oceanographic and 
M e t e o r o l o g i c a l Labora tory-Hurr icane Research D i v i s i o n (AOML-HRD), the N a t i o n a l 
Environmental S a t e l l i t e Data and I n f o r m a t i o n Service (NESDIS), and 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). The impact o f these s a t e l l i t e data on b a r o t r o p i c model 
hur r i cane t r a c k f o r e c a s t s i s examined here . 

2 . Methodology 

E f f o r t s a t UW-CIMSS have focussed on improving the d e p i c t i o n o f the wind f i e l d s 
i n the t r o p i c a l cyclone environment by enhancing the o p e r a t i o n a l l y - d e r i v e d c loud-
motion winds w i t h h i g h - d e n s i t y vec to r s f rom severa l d i f f e r e n t sources o f GOES 
s a t e l l i t e data . The enhanced s a t e l l i t e wind sets i n c l u d e : 1) h i g h - d e n s i t y c loud-
motion vec to r s produced by automated methods us ing sequences o f h i g h - r e s o l u t i o n 
in f r a red -window imagery, 2) a u t o m a t i c a l l y - d e r i v e d vec to r s f rom animated imagery o f 
two VAS (VISSR Atmospheric Sounder) water vapor channels (6 .7 and 7.3 m i c r o n ) , and 
3) g r ad i en t winds de r ived f rom m u l t i s p e c t r a l VAS- re t r i eved h e i g h t f i e l d s . These 
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enhanced s a t e l l i t e winds are combined w i t h o p e r a t i o n a l l y - d e r i v e d c loud-mot ion winds 
produced a t NESDIS ( f u l l - d i s k , low d e n s i t y ) and rawinsonde u p p e r - a i r r e p o r t s . The 
data set i s q u a l i t y c o n t r o l l e d by bo th automated and manual techniques , and then 
o b j e c t i v e l y analyzed a t the mandatory l e v e l s f rom 850 to 200 mb. The f i n a l step i s 
the c r e a t i o n o f a t ropospher ic (850-200 mb), mass-weighted deep layer-mean (DLM) 
wind ana lys i s f rom these f i e l d s . The DLM ana lys i s i s a good approximat ion o f the 
environmental s t e e r i n g f l o w i n most cases, and can be used q u a l i t a t i v e l y by NHC, or 
to i n i t i a l i z e o b j e c t i v e hu r r i cane t r a c k f o r e c a s t models. The f o r e g o i n g procedures 
were developed on the Man-computer I n t e r a c t i v e Data Access System (McIDAS) a t UW-
CIMSS and have been implemented i n t o opera t ions on the VDUC (VAS Data U t i l i z a t i o n 
Center) system a t NESDIS i n Washington, DC. Routine process ing has been conducted by 
NESDIS since 1988. Through a telecommunications l i n k to NHC, the winds and DLM have 
been t r a n s m i t t e d du r ing hu r r i cane season i n a q u a s i - o p e r a t i o n a l mode f o r e v a l u a t i o n 
by NHC f o r e c a s t e r s . 

3. S a t e l l i t e Data Impact-Resul ts 

I n t h i s s e c t i o n , cases f rom 1989 A t l a n t i c Hurr icanes Hugo, G a b r i e l l e and J e r ry 
are used to examine the s p e c i f i c impact o f the q u a n t i t a t i v e s a t e l l i t e data on model 
mean f o r e c a s t e r r o r s (MFE). Two independent ana lys i s and f o r e c a s t schemes are 
u t i l i z e d to determine the cons is tency o f the impact . I n a d d i t i o n , the r e l a t i v e 
c o n t r i b u t i o n s o f two s a t e l l i t e data components (c loud-mot ion and VAS g r a d i e n t ) 
towards the r e d u c t i o n i n model MFE are examined. 

a. UW-CIMSS analysis and forecast system 

The enhanced s a t e l l i t e wind sets were produced i n an o p e r a t i o n a l mode by NESDIS 
d u r i n g Nor th A t l a n t i c and East P a c i f i c t r o p i c a l cyclone events i n 1989. 18 data sets 
(cases) produced d u r i n g Hurr icanes Hugo and G a b r i e l l e are i n v e s t i g a t e d f o r t h e i r 
impact on model t r a c k f o r e c a s t s . The f o r e c a s t procedure cons i s t s o f two components: 
a nondivergent b a r o t r o p i c f o r e c a s t o f the environmental f l o w f i e l d , and a p o i n t 
(s torm cen te r ) t r a j e c t o r y f o r e c a s t based on the b a r o t r o p i c f o r e c a s t o f the 
environmental f l o w . The t r a j e c t o r y begins a t the s p e c i f i e d storm center l o c a t i o n , 
and i s c a l c u l a t e d a f t e r each b a r o t r o p i c f o r e c a s t t ime step (30 m i n ) . 72-hour 
fo r ecas t s f rom the 18 cases i n i t i a l i z e d w i t h the s a t e l l i t e data-enhanced DLM f i e l d s 
are compared w i t h fo r ecas t s i n i t i a l i z e d w i t h DLM f i e l d s t h a t do no t i nc lude the 
enhanced s a t e l l i t e winds (on ly conven t iona l data and o p e r a t i o n a l s a t e l l i t e w inds ) . 
The r e s u l t s o f the t r a c k f o r e c a s t s are t a b u l a t e d i n Table 1 . A 9-17% r e d u c t i o n in_ 
middle to longer range MFE i s found when the model i s i n i t i a l i z e d w i t h the s a t e l l i t e 
wind-enhanced analyses. I n the con tex t o f simple b a r o t r o p i c model t r a c k f o r e c a s t i n g , 
t h i s represents a no tab le improvement. 

T a b l e 1. Mean t r a c k f o r e c a s t e r r o r s (km) from t h e UW-CIMSS 
a n a l y s i s and f o r e c a s t s y s t e m i n i t i a l i z e d on DLM a n a l y s e s 
w i t h (SATWINDS) and w i t h o u t (NOSAT) s a t e l l i t e - e n h a n c e d 
w i n d s , f o r a sample o f c a s e s from 1989. 

F o r e c a s t I n t e r v a l 
NOSAT 
SATWINDS 
# o f C a s e s 
% D i f f e r e n c e 

12 h 24 h 36 h 48 h 60 h 72 h 

53 95 160 250 375 510 

51 88 133 207 321 457 

14 14 14 13 12 11 

2 7 16 17 14 9 

/ 
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G i v e n t h e p o s i t i v e i m p a c t o f t h e e n h a n c e d s a t e l l i t e w i n d s on t h e o v e r a l l 

r e d u c t i o n o f MFE, i t i s o f i n t e r e s t t o examine t h e c o n t r i b u t i o n s b y t h e i n d i v i d u a l 

w i n d components, o r t y p e s . 72-hr t r a c k f o r e c a s t s from t h e 18 c a s e s were p r o d u c e d 

u s i n g DLM a n a l y s e s c o n t a i n i n g t h e e n t i r e w i n d s e t , a nd w i t h i n d i v i d u a l t y p e s ( c l o u d -

m o t i o n and VAS g r a d i e n t ) t a k e n o u t . The r e s u l t s a r e shown i n T a b l e 2. The c l o u d -

m o t i o n v e c t o r s a r e l o c a t e d m a i n l y n e a r 850 and n e a r 200 mb, w h i c h a r e l e v e l s t h a t 

a r e n o t a s w e l l c o r r e l a t e d w i t h s t o r m m o t i o n a s t h e m i d d l e t r o p o s p h e r i c l e v e l s , and 

do n o t t y p i c a l l y make a s t r o n g c o n t r i b u t i o n t o t h e m a s s - w e i g h t e d DLM f l o w . 

T h e r e f o r e , t h e i r i m p a c t on f o r e c a s t s from t h i s r e l a t i v e l y s i m p l e a n a l y s i s and 

b a r o t r o p i c f o r e c a s t s y s t e m i s m i n i m a l . 

T a b l e 2. Mean t r a c k f o r e c a s t e r r o r s (km) from t h e UW-CIMSS 
a n a l y s i s and f o r e c a s t s y s t e m , w h i c h i n c l u d e s a c o n t r o l 
c o n t a i n i n g a l l enhanced s a t e l l i t e wind v e c t o r s (SATWINDS), 
c o n t r o l minus enhanced c l o u d - m o t i o n v e c t o r s (NOCLDMOT), and 
c o n t r o l minus VAS g r a d i e n t v e c t o r s (NOGRAD) f o r a sample of 
c a s e s from 1989. . „V* 

F o r e c a s t I n t e r v a l 12 h 24 h 36 h 48 h 60 h 72 h 
SATWINDS 51 88 133 207 321 457 
NOCLDMOT 52 90 137 211 325 470 
NOGRAD 55 100 156 246 373 530 
# of C a s e s 14 14 14 13 12 11 

VAS g rad ien t winds a t 850, 500 and 200 mb were inc luded i n the enhanced 
s a t e l l i t e data sets processed i n 1989. A somewhat s u r p r i s i n g r e s u l t f rom Table 2 i s 
the magnitude o f the impact o f the g r a d i e n t winds . I t i s r a t h e r unexpected t h a t 
g rad ien t winds would have such an impact i n t r o p i c a l a p p l i c a t i o n s . An examinat ion o f 
the i n d i v i d u a l s a t e l l i t e wind se ts , however, revea ls t h a t ve ry few g r a d i e n t wind 
vec tors south o f 20N passed through the q u a l i t y c o n t r o l procedures a t NESDIS. I n 
a d d i t i o n , Hurr icane Hugo t racked i n t o the s u b - t r o p i c s l a t e i n i t ' s t r e k , and 
Hurr icane G a b r i e l l e moved northward i n t o a m i d - l a t i t u d e regime f o r much o f i t ' s 
l i f e t i m e . Thus, cases f rom these two storms p rov ided an o p p o r t u n i t y f o r the g rad ien t 
winds to show an impact . 

T a b l e 3. Mean t r ack fo recas t e r ro r s (km) from the UW-CIMSS 
analys is and forecas t system i n i t i a l i z e d on DLM analyses 
which inc lude a l l enhanced s a t e l l i t e wind vectors 
(SATWINDS) , and SATWINDS minus the VAS g rad ien t wind vectors 
(NOGRAD), f o r a sample of cases from 1989. The cases are 
s t r a t i f i e d by those w i t h i n i t i a l storm p o s i t i o n south of 25N 
l a t i t u d e ( t o p ) , and those no r th of 25N (bot tom). 

South o f 25N 
F o r e c a s t I n t e r v a l 12 h 24 h 36 h 48 h 60 h 72 h 
SATWINDS 54 98 149 241 368 516 
NOGRAD 57 103 157 249 378 523 
# of C a s e s 10 10 10 10 10 9 
% D i f f e r e n c e l e s s t h a n 5 % 

North o f 25N 
F o r e c a s t I n t e r v a l 12 h 24 h 36 h 48 h 60 h 72 h 
SATWINDS 45 76 124 169 208 338 
NOGRAD 54 96 163 242 356 531 
# o f C a s e s 6 6 6 5 4 3 
% D i f f e r e n c e 18 21 24 — 30 41 36 
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This impact i s f u r t h e r examined by s t r a t i f y i n g the r e s u l t s i n Table 2 i n t o those 
cases n o r t h and south o f 25 N. This l a t i t u d e was p i cked somewhat a r b i t r a r i l y t o 
separate t r o p i c a l cases f rom s u b - t r o p i c a l or m i d - l a t i t u d e cases. The r e s u l t s are 
presented i n Table 3. I t i s ev iden t t h a t the g rad i en t winds have a major impact on 
t r a c k f o r e c a s t s n o r t h o f 25N. I n f a c t , up to a 41% degradat ion i n the MFE (a t 60-h) 
r e s u l t s w i t h the e x c l u s i o n o f these winds f rom the data se t . 

b. AOML-HRD analysis and forecast system 

I n t h i s s e c t i o n , the VICBAR t r a c k f o r e c a s t model i s used to eva lua te the impact 
o f the s a t e l l i t e data . The VICBAR f o r e c a s t i n g system cons i s t s o f a m u l t i l e v e l 
ana lys i s and a b a r o t r o p i c p r e d i c t i o n model. This f o r e c a s t i n g system i s more 
s o p h i s t i c a t e d than the r e l a t i v e l y s imple UW-CIMSS system, w i t h the l i k e l i h o o d o f 
increased s e n s i t i v i t y to enhanced data . Con t ro l f o r ecas t s u s ing o n l y the NMC 
o p e r a t i o n a l data base were made f o r 21 cases f rom 1989 A t l a n t i c hu r r i canes Hugo, 
G a b r i e l l e and J e r r y . The enhanced h i g h - d e n s i t y c loud-mot ion winds were then added to 
the data base and the fo r ecas t s r e - r u n (enhanced c loud-mot ion winds were a v a i l a b l e 
i n 18 o f the 21 cases) . Figure 1 i l l u s t r a t e s the impact o f the enhanced c loud-mot ion 
winds on the VICBAR t r a c k f o r e c a s t s r e l a t i v e to the c o n t r o l . A p o s i t i v e impact i s 
found i n the 24-72 h f o r e c a s t i n t e r v a l s , peaking near 14% a t 48 h . The maximum 
impact a t the middle and longer f o r e c a s t i n t e r v a l s i s c o n s i s t e n t w i t h the UW-CIMSS 
r e s u l t s . Table 4 summarizes the impact o f the c loud-mot ion winds on the VICBAR 
f o r e c a s t s . The r e d u c t i o n i n f o r e c a s t e r r o r s a t 48 h was found to be s i g n i f i c a n t 
( p a i r e d t - t e s t ) a t the 95% conf idence l e v e l . The consis tency o f the r e d u c t i o n i n 
f o r e c a s t e r r o r s i s shown by the f a c t t h a t the t r a c k p r e d i c t i o n s are improved 64-81% 
o f the t ime a t the l a t e r f o r e c a s t p e r i o d s . 
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ENHANCED 

CLOUD 

(CASES) (18) (18) (17) (16) 
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V E R I F I C A T I O N T I M E (HRS) 

Table 4. Impact of enhanced cloud-motion vectors on VICBAR 
f o r e c a s t s . V e r i f i c a t i o n s t a t i s t i c s are v a l i d for forecasts 
from the NMC operational data base plus the enhanced cloud-
motion vectors: number of f o r e c a s t s (N), e f f e c t i v e number of 
independent f o r e c a s t s (N ) , and mean f o r e c a s t e r r o r (MFE). 

h Also given are comparisons with f o r e c a s t s from the 
operational data base only: the mean f o r e c a s t improvement 
(MFI), expressed both i n km and as a % r e l a t i v e to the 
operational data-only fore c a s t e r r o r , the standard deviation 
of the improvements (SDI), the frequency of improved 
f o r e c a s t s ( F I F ) , and whether the improvements are 
s t a t i s t i c a l l y s i g n i f i c a n t at the 95% confidence l e v e l (SIG). 

(15) (14) 

—V 
6 0 7 2 

F o r e c a s t N N* MFE MFI SDI MFI F I F SIG 

I n t e r v a l 
(y/n) (h) (km) (km) (km) (%) (%) (y/n) 

12 18 11.2 42 -2 13 -4.5 39 n 
24 18 11.2 74 3 21 3.8 44 n 
36 17 10.4 116 14 32 10.5 65 n 
48 16 9.4 181 28 42 13.5 81 y 
60 15 9.0 296 31 57 9.5 67 n 
72 14 8.6 424 34 79 7.3 64 n 

F i g u r e 1 . Impact on mean VICBAR 
t r a c k f o r e c a s t e r r o r s by adding 
enhanced c l o u d - m o t i o n v e c t o r s t o 
a c o n t r o l data s e t . E r r o r s are 
shown r e l a t i v e t o the mean 
f o r e c a s t e r r o r o f the c o n t r o l . 
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The next experiment invo lves the i n c l u s i o n o f the VAS g r a d i e n t winds to the 
o p e r a t i o n a l data base. Figure 2 i l l u s t r a t e s the impact o f the g rad i en t winds on the 
VICBAR f o r e c a s t s , r e l a t i v e to the c o n t r o l runs . As was the case w i t h the c loud-
motion winds, the g rea tes t f o r e c a s t impact occurs i n the 36-72 h t ime p e r i o d . This 
i s not s u r p r i s i n g , s ince g rad ien t wind i n f o r m a t i o n i s no t a v a i l a b l e i n c loudy 
regions near the s torm. P o s i t i v e impact r e s u l t s main ly f rom an improved d e f i n i t i o n 
o f the synop t i c - sca l e environmental f l o w f ea tu r e s away f rom the storm c i r c u l a t i o n , 
e s p e c i a l l y n o r t h o f 25 N as shown e a r l i e r . Table 5 presents a summary o f the impact 
o f the g rad ien t winds on the VICBAR f o r e c a s t s . The MFE are reduced by 6-9% i n the 
36-72 h f o r e c a s t p e r i o d , and are s t a t i s t i c a l l y s i g n i f i c a n t a t the 95% conf idence 
l e v e l . I n a d d i t i o n , n e a r l y 3/4 o f the cases are improved over t h i s p e r i o d by the 
i n c l u s i o n o f the winds , i n d i c a t i n g a good degree o f cons is tency i n the r e d u c t i o n o f 
f o r e c a s t e r r o r . I n agreement w i t h the UW-CIMSS r e s u l t s presented e a r l i e r , the most 
improved f o r e c a s t s were associa ted w i t h cases out o f the deep t r o p i c s . 
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CON I KOI. DATA SKT: 

OPERATIONAL DATA 

GRADIENT 

( C A S E S ) (19) (19) (19) 

— I — 

(17) 

12 

(16) 

60 

(15) 

- f 
72 24 36 48 

VERIFICATION TIME (URS) 

F i g u r e 2. I m p a c t on mean VICBAR t r a c k f o r e c a s t s e r r o r s by a d d i n g VAS 
g r a d i e n t v e c t o r s t o a c o n t r o l d a t a s e t . E r r o r s a r e shown r e l a t i v e t o 
t h e mean f o r e c a s t e r r o r o f t h e c o n t r o l . 

Table 5. As i n Table 4, except the s t a t i s t i c s r e f l e c t the 
i n c l u s i o n of the VAS gradient winds only. 

Forecast N N* MFE MFI SDI MFI F I F SIG 
I n t e r v a l 

(h) (km) (km) (km) (%) (%) (y/n) 
12 19 10.4 39.3 0.6 4.5 1.6 66 n 
24 19 10. 4 71.1 3 . 0 — 8.7 4.1 58 n 
36 19 10. 4 121.3 10. 6 13.1 8.1 76 y 
48 17 9.0 180.8 17.4 20.9 8.8 82 y 
60 16 8.6 291.2 22.2 27.9 7.1 75 y 
72 15 8.2 415.8 27.1 39.1 6.1 73 y 

V e r i f i c a t i o n s f o r the combined s a t e l l i t e data set (enhanced c loud-mot ion p lus 
g rad ien t winds) aga ins t the c o n t r o l are shown i n F i g . 3 and Table 6. The f o r e c a s t 
e r ro r s are reduced a t n e a r l y a l l f o r e c a s t p e r i o d s , w i t h the 23% r e d u c t i o n i n MFE a t 
48 h s i g n i f i c a n t a t the 99% l e v e l o f conf idence . High l e v e l s o f conf idence (> 95%) 
are a lso found a t 36 and 60 h . An example o f the combined impact o f the enhanced 
c loud-mot ion p lus g rad ien t winds on an i n d i v i d u a l f o r e c a s t f r o m Hurr icane G a b r i e l l e 
i s shown i n F i g . 4 . 
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CONTROL DATA SET: 

OPERATIONAL DATA 

( C A S E S ) (16) (16) (16) V ( 1 5 ) (14) (13) 

0 12 24 36 48 60 72 
VERIFICATION TIME (HRS) 

_l 1 I I l_ 

F i g u r e 3. I m p a c t on mean VICBAR 
t r a c k f o r e c a s t e r r o r s by a d d i n g 
e n h a n c e d c l o u d - m o t i o n p l u s VAS 
g r a d i e n t v e c t o r s t o a c o n t r o l 
d a t a s e t . E r r o r s a r e shown 
r e l a t i v e t o t h e mean f o r e c a s t 
e r r o r o f t h e c o n t r o l . 

F i g u r e 4. 72-h VICBAR f o r e c a s t 
t r a c k s f r o m H u r r i c a n e G a b r i e l l e 
a t 00 UT 8 S e p t e m b e r 1989, 
i n c l u d i n g t h e c o n t r o l r u n (—-) , 
c o n t r o l p l u s e n h a n c e d c l o u d - m o t i o n 

v e c t o r s ( ) , c o n t r o l p l u s VAS 
g r a d i e n t v e c t o r s ( . . . ) , and c o n t r o l 
p l u s e n h a n c e d c l o u d - m o t i o n and VAS 
g r a d i e n t v e c t o r s (-•—) . V e r i f y i n g 
t r a c k i s a l s o shown ( — ) . 

Table 6. As i n Table 4, except the s t a t i s t i c s r e f l e c t the 
i n c l u s i o n of the enhanced cloud-motion plus gradient winds. 

Forecast N N* MFE MFI SDI MFI F I F SIG 
I n t e r v a l 

(h) (km) (km) (km) (%) (%) (Y/n) 
12 16 10.0 42 -2 15 -5.8 38 n 
24 16 10.0 67 3 24 4 . 8 50 n 
36 16 10.0 104 22 35 17.5 75 y 
48 15 9.0 160 48 49 23.2 87 y 
60 14 8.6 274 58 71 17.4 86 y 
72 13 8.2 402 64 104 13 . 6 69 n 

4 . Summary 

The r e s u l t s presented i n t h i s s tudy show a cons i s t en t p o s i t i v e impact by the 
s a t e l l i t e - d e r i v e d winds on the r e d u c t i o n o f b a r o t r o p i c t r a c k f o r e c a s t e r r o r s , 
e s p e c i a l l y no tab le a t longer ranges (36-72 h ) . The r e d u c t i o n i n MFE i s as h igh as j 
23% i n 48 h VICBAR fo recas t s f o r a sample o f 1989 cases. The improvement r e s u l t s j 
f rom a complementary d i s t r i b u t i o n o f the h i g h - d e n s i t y c loud-mot ion winds, and the 
" c l e a r - a i r " VAS g rad i en t winds . The p o s i t i v e impact o f the g r a d i e n t winds i s mainl) 
l i m i t e d to storms i n , or moving i n t o , h igher l a t i t u d e regimes ( i . e . n o r t h o f 25 N). 
The f a c t t h a t the VICBAR f o r e c a s t model i s quasi - o p e r a t i o n a l , and t h a t these 
enhanced s a t e l l i t e data sets were produced under o p e r a t i o n a l c o n s t r a i n t s , 
demonstrates the p o t e n t i a l f o r r e a l - t i m e a p p l i c a t i o n s to NHC f o r e c a s t guidance. 
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