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ABSTRACT 

Qunat i t a t  ive  radiance measurements from NASA' s ATS-3 geosynchronous 

s a t e l l i t e  have been used t o  develop and t e s t  a s t a t i s t i c a l  forecas t  

method t o  predic t  a i r  terminal weather over the  very short  range (0-6 

hours) time period. Results from more than 800 hourly weather s i t ua t i ons  

a t  a wide range of U. S. weather s t a t i ons  show t h a t  t he  parameters of 

c e i l i ng  and t o t a l  opaque cloud cover can be specif ied o r  predicted with 

s k i l l ;  exceeding pers is tence  forecas ts  f o r  time periods g rea te r  than two 

hours. S t a t i s t i c a l  predict ions based on s a t e l l i t e  da ta  alone a r e  much 

b e t t e r  than those based on some 500 mb upper a i r  parameters t e s ted .  The 

potent ia l  global appl ica t ions  of t he  s a t e l l i t e  data-based forecas ts  can 

apparently be improved by t he  use of c e r t a i n  c r i t e r i a ,  such a s  region of 

i n t e r e s t ,  i n  developing and applying t he  mult iple regression equation. 

Considering the  present s t a t u s  of objective short  range weather fore-  

cas t ing,  these f i r s t  r e s u l t s  using geosynchronous s a t e l l i t e  da ta  de- 

monstrate a new po ten t ia l  f o r  improved fo recas t s  a t  t h i s  scale .  
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Fort  Coll ins,  Colorado 80521 
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1.0  In t roduct ion  

The purpose of  t h i s  study i s  t o  i n v e s t i g a t e  t h e  use fu lnes s  of 

geosynchronous rnetecrologjcal s a t e l l i t e  da t a  a s  an a i d  t o  s h o r t -  

term weather f o r e c a s t i n g .  Since short- term (1-6 hours) weather 

phenomena o f t e n  c r i t i c a l l y  a f f e c t  a i r c r a f t  ope ra t ions  and o t h e r  modes 

of  t r a n s p o r t a t i o n ,  a g r i c u l t u r e  and add i t i ona l  i n d u s t r i e s ,  a!; wel l  a s  

t h e  genera l  p u t l i c ,  t h e i r  p r e d i c t a b i l i t y  i s  a v a l i d  s c i e n t i f i c  goa l .  

The Committee on Atmospheric Sciences (1971) of  t h e  National Academy 

of  Sciences l i s t s  "short-period ex t r apo la t ions  o f  l o c a l  weather" 

second only t o  t h e  Global Atmospheric Research Program i n  i t s  recommenda- 

t i o n s  and p r i o r i t i e s  f o r  t h e  f u t u r e .  

Lorenz (1969) has r e c e n t l y  demonstrated t h a t  f o r  cumulus s c a l e  

f e a t u r e s  (40 km) t h e  phys ica l  equat ions which govern t h e  atmosphere 

a r e  l imi t ed  t o  approximately one hour of p r e d i c t a b i l i t y .  Beyond t h i s  

c r i t i c a l  t ime, t h e  small e r r o r s  inherent  i n  t h e  i n i t i a l  d a t a  grow t o  

such an ex ten t  t h a t  they make worthless  any f o r e c a s t  beyond t h e  c r i t i c a l  

one hour per iod .  Over longer t ime per iods  (12 hours and g r e a t e r )  some 

success  has been repor ted  by physical-numerical mesoscale models (Hadeen, 

1971).  The present  s tudy i s  designed t o  reduce t h e  void i n  o b j e c t i v e  

fo recas t ing  on t h e  1-6 hour t ime s c a l e .  

In add i t i on ,  an important goal of t h i s  s tudy i s  t o  al low t h e  objec-  

t i v e  f o r e c a s t s  t o  be made i n  normally data-void o r  "blind" a r e a s .  This 

p o s s i b i l i t y  a r i s e s  s o l e l y  because of  t h e  r ecen t  a v a i l a b i l i t y  o f  high- 

r e s o l u t i o n  measurements from geosynchronous s a t e l l i t e s  (data from 

NASA's ATS-3 a r e  used i n  t h e  present  s tudy) .  Thus, based on n e a r l y  

continuous views of t h e  developing and advect ing weather f e a t u r e s  (as  

noted by clcuds)  , t h e  r e s u l t s  of t h i s  s tudy demonstrate a p o t e n t i a l  

I 



for global application independent of a supporting network of surface 

observations. 

In recent years, a statistical approach to short-term forecasting 

has proven to be at least partially successful. Using multiple regres- 

sion equations, a series of predictors are statistically screened to 

yield a best fit towards the dependence of a desired predictand. The 

resultant regression equation may then be used for predicting a desired 

weather phenomenon (predictand) as a function of the values of other 

meteorological parameters (predictors). For example, Keaty and Allen 

(1970) have reported a regression technique for forecasting low cate- 

gories of ceiling and visibility via similar surrounding observations 

as predictors. The National Meteorological Center (NMC) has opera- 

tionally applied a set of multiple regression equations for predicting 

maximum and minimum surface temperatures from other conventional meteoro- 

logical parameters (Klein and Lewis, 1970). In many cases the statis- 

tical techniques allow the prediction of weather variables based on the 

observed or predicted circulation parameters. Furthermore, centrally- 

prepared dynamical-statistical forecasts provide local area prediction 

guidance free of unknown biases encountered in centrally prepared man- 

machine mix forecasts. 

Satellite measured reflected radiance (brightness) values are new 

predictors that are physically related to and may correlate well with 

such surface parameters as total cloud cover, ceiling, visibility and 

possibly others. This new type of information may be a vital one in 

the development of better short-term statistical forecasts. It is the 

purpose of this study to quantitatively investigate this possibility. In 



a p i l o t  s tudy ,  Vonder tlaar acd Cram (1970) developed t h e  bas i c  i deas  

and techniques of  us ing  AT3 s a t e l l i t e  d a t a  toward short-tern1 terminal  

f o r e c a s t i n g  Therefore,  a  po r t ion  of t h i s  present  s tudy i s  based upon 

I 
t h e  r e s u l t s  o f  t h a t  e a r l i e r  p i l o t  s tudy.  



2.0 Selection and Preparation of Data Set 

Prior tc the actual use cf any largc an~unt of data, a  umber of 

preliminary procedures and checks are required. In the case of experi- 

mental satel1it.e data, thesc procedures should not be underestimated. 

The signal received by the satellite and available for research is an 

analog rcpresentation of the response cf the sensor to a surface whose 

exact location is usually approximated by '10 nm (nautical mile). Ob- 

viously, the limitations of this "raw signal" are unacceptable to detailed 

scierltific resc?arch. Therefore, it presently is mandatory to use several 

intermediate procedures to convert the "raw signal" into acceptable scien- 

tific data. I 
After a background section on the ATS satellite, the major steps 

in the selection and preparation of the data are presented. Each of 

these sections is only a brief review and, consequently, the intrigued 

reader is referred to the references. 

2.1 ATS Satellite 

NASA's experimental Applications Technology Satellites (ATS) 1 and 

3 have provided earth pictures since their launches on December 7, 1966 

and November 5, 1967, respectively. These geostationary satellites have 

added a new dimension to the field of meteorology in that man now has 

the capability of observing the short-time changes (approximately 30 

minutes) of weather systems over the majority of the sun-lit hemisphere. 

At altitudes of 19,320 nm (5.6 earth radii) above the earth's equator, 

both satellites were engineered to obtain high precision measurements 

of reflected solar radiation from spots on the earth as mall as 2 nm 

(Suomi and Parent, 1968, Suomi and Vonder Haar, 1969). 



Although ATS 111 was designed t o  provide c o l o r  e a r t h  p i c t u r e s ,  a 

malfunction i n  t h e  red channel r e s u l t e d  i n  t h e  use  of on ly  t h e  green 

channel (0.48-0.58~) t o  produce black and white  e a r t h  p i c t u r e s .  During 

t h e  sp r ing  of 1970, t h e  s a t e l l i t e  was pos i t ioned  between 85' and 60' 

West longi tude ,  a f fo rd ing  t h e  spin-scan camera on board a good view of 

t h e  United S t a t e s .  This  spin-scan camera, a c t u a l l y  a s e t  of photo- 

m u l t i p l i e r  tubes behind a smal l  Cassegrainian te lescope ,  measured 

r e f l e c t e d  s o l a r  rad iance  a s  i t  scanned t h e  e a r t h ' s  d i s c .  West-to-east 

scans r e su l t ed  from spacec ra f t  r o t a t i o n  (nominally 100 rpm), whi le  

north-to-south scans were accomplished by mechanical s tepping .  The 

vo l t age  output  of t h e  ATS spin-scan camera is  d i r e c t l y  p ropor t iona l  t o  

t he  r e f l e c t e d  rad iance  (Vonder Haar, 1969) from t h e  camera's f ie ld-of -  

view (0 .1  m i l l i r a d i a n s )  . 
Af te r  t ransmission t o  NASA's ground s t a t i o n  a t  Rosman, N. C . ,  t h e  

ATS d a t a  a r e  video-processed and s t o r e d  i n  analog form on magnetic tape .  

These t apes  a r e  then s e n t  t o  t h e  Space Science and Engineering Center 

(SSEC) a t  t h e  Univers i ty  of Wisconsin f o r  use and arch iv ing .  

2.2 Selection of ATS Data Set; Satellite Position 

A l l  of t h e  s a t e l l i t e  da ta  used i n  t h i s  s tudy were obta ined  from 

t h e  mul t i co lo r  spin-scan cloud camera onboard NASA's experi.menta1 ATS 

111 s a t e l l i t e .  The primary f a c t o r  i n  t h e  s e l e c t i o n  of d a t a  days was t h e  

a v a i l a b i l i t y  of taped AT5 111 s a t e l l i t e  d a t a  over  a long time sequence 

(approximately two days) . In a d d i t i o n ,  t h e  requirement t o  view a c t i v e  

weather p a t t e r n s  over  t h e  United S t a t e s  centered  t h e  period of  i n t e r e s t  

t o  t h e  win ter  and s p r i n g  of 1970. Act ive weather p a t t e r n s  were asso- 

c i a t e d  with mid-tropospheric t roughs and s i g n i f i c a n t  v o r t i c i t y  advect ion 

a t  500 mb. A t h i r d  requirement was t h a t  t h e  f i n a l  d a t a  s e t  be l a r g e  



enough such t h a t  p r o j e c t  r e s u l t s  would b e  s t a t i s t i c a l l y  s i g n i f i c a n t  

even a f t e r  sub-d iv i s ion  i n t o  v a r i o u s  c a t e g o r i e s .  

Under t h e s e  t h r e e  b a s i c  c r i t e r i a ,  12 days  were s e l e c t e d  t o  com- 

pose t h e  ATS d a t a  s e t .  These 1 2  days ,  which a r e  shown i n  Tab le  2.2-1, 

are o n l y  a l i h t e d  sample of  weather  phenomena, b u t  were purpose ly  

chosen t o  encompass a t r a n s i t i o n  season  such  t h a t  p r o j e c t  r e s u l t s  would 

b e  less dependent upon one p a r t i c u l a r  season .  

Tab le  2.2-1 

I S e l e c t e d  ATS d a t a  set and s a t e l l i t e  p o s i t i o n  

Data t i m e  ( Z )  
ATS I11 

sub- long i tude  
( O W >  

March 1 5  

March 1 6  

March 1 7  

March 1 8  

March 24 

March 25 

A p r i l  2 7  

A p r i l  28 

May 2 

May 3 

*May 11 

May 1 2  

T o t a l  1 70 i 
*May 11, 1970, t h e  day o f  t h e  Lubbock, Texas t o r n a d o e s ,  h a s  

seven p i c t u r e s  w i t h  an approximate 20 minute  t i m e  increment .  



Although t h e  ATS I11 s a t e l l i t e  d r i f t e d  a t  t h e  r a t e  of 0.1 t o  0.2 

degrees longi tude  p e r  day, it i s  assumed t o  be geos ta t ionary  ( a t  35,770 

km above t h e  e a r t h ' s  equator  and r e s p e c t i v e  sub-longitude) dur ing  t h e  

p i c t u r e  t ak ing  po r t ion  of each day. Several  examples of  t h e  se l ec t ed  

ATS d a t a  a r e  shown i n  Figure 2.2-1 through Figure  2.2-5 i n  image form. 

llany high r e s o l u t i o n  r e f l e c t e d  rad iance  a r r a y s  and ana lyses  a r e  con- 

t a ined  i n  t h e  p i l o t  study by Vonder Haar and Cram (1970), ( see  a l s o  

Figure 2.7-1).  

2.3 Se l ec t ion  of  Terminals 

I n  o rde r  t o  sample a wide v a r i e t y  o f  l o c a l  c l ima to log ica l  e f f e c t s  

and t o  observe how t h e s e  f a c t o r s  might a f f e c t  t h e  c o r r e l a t i o n  between 

s u r f a c e  weather and rad iance  va lues ,  15 s t a t i o n s  were chosdn a c r o s s  t h e  

United S t a t e s .  The 15 te rmina ls ,  l oca t ion ,  and l o c a l  noon o f  each a r e  

given i n  Table 2.3-1. Figure 2.3-1 d e p i c t s  t h e  s e l e c t e d  t e rmina l s  on 
l 

a s tandard U .  S. map. 

2.4 Surface Meteorological Data 

Copies of WBAN Form A and B ( su r f ace  weather observa t ions)  f o r  

t h e  win ter  and sp r ing  of  1970 were obtained from t h e  National  Cl imat ic  

Center .  For each o f  t h e  15 s t a t i o n s ,  seven c a t e g o r i e s  o f  observed 

weather parameters were encoded a s  shown i n  Table 2.4-1. 

Several  o f  t hese  weather parameters a r e  non-l inear  and occasion-  

a l l y  discont inuous i n  na tu re .  However, it was assumed t h a t  i n  t h e  f i r s t  

approximation, a simple l i n e a r  r e l a t i o n s h i p  was a good b a s i s  f o r  t h i s  

pre l iminary  research  study. Since t h e  ATS d a t a  a r e  nomina.11~ a v a i l a b l e  



between 15002 and 21CIOZ, t h e  su r f ace  r e p o r t s  were encoded between 12002 

and 03002 t o  al low f o r  some over lap  and ~ e r m i t  a maximum o f  s i x  hour 

fo recas t  v e r i f i c a t i o n .  

2.5 Upper A i r  Meteorological Data 

Mean d a i l y  va lues  of wind, temperature,  he ight  and b a r c c l i n i c  

v o r t i c i t y  were obtained from t h e  National Meteorological  Cen te r ' s  

(WIC'S) 500 mb. a n a l y s i s  f i e l d s  by averaging t h e  12002 and 24002 

va lues  o f  each parameter over each s t a t i o n .  The mean 500 mb. wind 

v e c t o r s  were f u r t h e r  reduced t o  t h e i r  s c a l a r  components of  average 

west wind (UU) and average south wind (W) which r e s u l t e d  i n  f i v e  

upper a i r  parameters of  AVGUU, AVGW, AVGT, AVGII and AVGV. These 

averaged upper a i r  d a t a  were used i n  va r ious  subsequent experiments a s  

s t r a t i f i c a t i o n  c r i t e r i a  and secondly, a s  independent v a r i a b l e s  i n  t h e  

mul t ip l e  regress ion  equat ions.  













Table  2.3-1 . . t -  

S e l e c t e d  t e r m i n a l s  

.- 

Terminal I d e n t i f i e r  

1. Albany, N .  Y -  ALB 

2 .  A t l a n t a ,  Ga. AT L 

3. Washington, D. C .  DCA 

4 .  Denver, Colo. DEN 

5.  LaGuardia, N .  Y .  LGA 

6 .  Los Angeles,  C a l i f .  LAX 

7. North P l a t t e ,  Xeb. LBF 

8. New Or leans ,  La. MSY 

9 .  Omaha, Neb. OMA 

10 .  Chicago, I l l .  ORD 

11. San Antonio, Tex. SAT 

12 .  San F r a n c i s c o ,  C a l i f .  SF0 

1 3 .  S p r i n g f i e l d ,  No. SGF 

14. S a l t  Lake C i t y ,  Utah SLC 

15.  Tu lsa ,  Okla. TUL 

-- 

Local  
noon (Z) 





TABLE 2.4-1 

CODING SYSTEM FOR WEATHER DATA 

Parameter Range Explanation 

1. Ce i l ing  

2. V i s i b i l i t y  

3 .  Sea level  
p res su re  

4 .  Weather and 
obs t ruc t ions  
t o  v i s i o n  

I 

5. Step funct ion  o f  00-03 
weather and ob- 
s t r u c t i o n s  t o  
v i s i o n  

6.  Tota l  cloud 
amount 

Total  opaque 
cloud amount 

Ce i l ings  were encoded i n  hundreds 
of f e e t .  Sca t te red  clouds = 350 
and c l e a r  s k i e s  = 400. In t h e  ab- 
sence o f  a c e i l i n g ,  a p a r t i a l  sur -  
f a c e  obscurat ion was encoded 010 
and a t o t a l  obscurat ion = 005. U 
(undetermined he ight )  = 300. 

Recorded i n  s t a t u t e  mi les .  

Recorded i n  m i l l i b a r s .  

I f  two o r  more phenomena were s i m -  
u l taneous ly  observed, only t h e  
h ighes t  code was recorded according 
t o  t h e  following: 

10 = Thunder, thunderstorm; 
09 = (blank) 
08 = Rain shower, snow shower; 
07 = (blank) 
06 = Rain, s l e e t ,  snow; 
05 = Drizz le ;  
04 = Fog; 
03 = Dust, sand; 
02 = Haze; 
01 = Smoke; 
00 = None repor ted  

03 = Thunder, thunderstorm; 
02 = Rain shower, snow shower, 

r a i n ,  s l e e t ,  snow; 
01 = Drizz le ;  
00 = Fog, dus t ,  sand, haze, 

smoke, none repor ted .  

Reported i n  t e n t h s  of  sky covered 
by a l l  v i s i b l e  clouds.  (The sky 
o r  c e l e s t i a l  dome seen by a ground 
observer  i s  approximately 25 nm 
i n  diameter) . 
Tenths of  sky hidden by clouds 
through which t h e  sky cannot be 
seen. 



2.6 ATS Data Processing 

The ATS rad iance  va lues  used i n  t h e  s tudy were obta ined  from t h e  

Space Science and Engineering Center  (SSEC) a t  t h e  Univers i ty  of Wis- 

consin.  Three b a s i c  s t e p s  of i n i t i a l  ATS da ta  processing,  prev ious ly  

designed by Smith, P h i l l i p s  and Vonder ~ a a r , '  were accomplished a t  t h e  

SSEC. Each of t h e s e  i s  o u t l i n e d  below. 

Since ATS d a t a  a r e  archived i n  analog form a t  t h e  SSEC, t h e  f i r s t  

s t e p  i s  an analog t o  d i g i t a l  conversion of t he  ATS rad iance  va lues .  

D i g i t a l  r ad i ance  va lues  between 0 and 255 ( e i g h t  b ina ry  b i t s )  were used 

t o  provide a l a r g e  range of b r igh tnes s  ( rad iance)  va lues  whi le  s t i l l  

pe rmi t t i ng  a r e l a t i v e  ease  f o r  computer processing.  A f t e r  d i g i t i z a t i o n ,  

one ATS I11 e a r t h  p i c t u r e  i s  composed of 2408 scan l i n e s  (rows) w i th  

8192 samples (elements) per  l i n e .  

An in t e rmed ia t e  process  involves computing ocean b r igh tnes s  

s t a t i s t i c s  which a r e  used f o r  a s t anda rd iza t ion  check of each p i c t u r e ,  

a s  d i scussed  i n  s e c t i o n  2 . 7 .  

The second major s t e p  involves t h e  naviga t ion  o r  ea r th - loca t ing  

of each ATS p i c t u r e .  Recognizable landmarks wi th in  each ATS da ta  a r r a y  

a r e  used t o  de r ive  t h e  o r i e n t a t i o n  of t h e  s a t e l l i t e ' s  s p i n  a x i s .  These 

der ived  naviga t ion  parameters a r e  then used i n  conjunct ion with s a t e l -  

l i t e  o r b i t a l  d a t a  i n  an a n a l y t i c a l  program t o  nav iga t e  each ATS p i c t u r e  

t o  a  b e s t - f i t  p o s i t i o n .  The r e s u l t i n g  average e r r o r  i n  t h e  nav iga t ion  

process  i s  t e n  n a u t i c a l  mi les  over  t h e  reg ion  of  i n t e r e s t .  

The f i n a l  s t e p  of t he  SSEC processing involves  t h e  r e c t i f i c a t i o n  

of  t h e  s a t e l l i t e  d a t a  from t h e i r  o r i g i n a l  l a t i t u d e  and longi tude  

'unpublished r epor t .  



p o s i t i o n s  o v e r  t h e  United S t a t e s  t o  cor responding  p o s i t i o n s  on a  rec -  

t a n g u l a r  g r i d  of l a t i t u d e  and l o n g i t u d e  l i n e s .  By averag ing  d a t a  v a l u e s  

i n  low l a t i t u d e s  and i n t e r p o l a t i n g  v a l u e s  i n  h i g h e r  l a t i t u d e s ,  a  con- 

s t a n t  f a c t o r  o f  24 rows o f  d a t a  Fer  degree  l a t i t u d e  and 72 columns o f  

2 
d a t a  p e r  d e g r e e  l o n g i t u d e  i s  main ta ined .  Thus, when a  c e r t a i n  a r e a  of 

d a t a  i s  needed, t h e  row and column ( l a t i t u d e  and l o n g i t u d e )  boundar ies  

of  t h a t  a r e a  must b e  s p e c i f i e d .  

To minimize d a t a  h a n d l i n g  and ~ e r i p h e r a l  processing expenses ,  each 

d i g i t i z e d ,  n a v i g a t e d  and r e c t i f i e d  ATS ~ i c t u r e  w a s  f u r t h e r  l i m i t e d  t o  

approx imate ly  46"-.26' ?i and 127"-67O w ( t he  ma jo r i t y  o f  t h e  cont i&uous 

I J n i t t ~ d  S t a t e s )  . 

2 . 7  ATS Basic Level Checks 

A number of  f a c t o r s  must b e  accounted  f o r  b e f o r e  any comparisons 

among ATS p i c t u r e s  a r e  p o s s i b l e .  The f o l l o w i n g  s i x  f a c t o r s  a r e  respon- 

s i b l e  f o r  a  v a r i a t i o n  w i t h  r e s p e c t  t o  t ime  of t h e  r e c e i v e d  s a t e l l i t e  

s i g n a l  from a  given a r e a  even when t h e  s a t e l l i t e  p o s i t i o n  is c o n s t a n t .  

1. Changes of  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  viewed c loud  

such a s  phase  s t a t e ,  s i z e  d i s t r i b u t i o n  of t h e  condensa te ,  

t h e  amount of  condensa te  and c loud  t h i c k n e s s .  

2 .  Changes i n  t h e  observed c loud  f i e l d  due t o  a d v e c t i o n .  

3. Cloud a n i s o t r o p y  which may b e  d e f i n e d  a s  v a r i a t i o n s  i n  t h e  

a n g u l a r  r e f l e c t i v e  c h a r a c t e r i s t i c s  o f  t h e  c loud  due t o  a  

changing s o l a r  hour  a n g l e .  

' ~ i ~ i t a l .  t a p e s  f o r  t h e  2 4 t h  and 25th of  March, 1970 used a  con- 
s t a n t  f a c t o r  of  20 rows p e r  degree  l a t i t u d e  and 66 columns 2 e r  degree  
l o n g i t u d e .  



S p a c e c r a f t  camera g a i n  s e t t i n g s .  

S p a c e c r a f t  t o  ground s t a t i o n  t e l e m e t r y  l i n k .  

Gain s e t t i n g s  of t h e  ground r e c e i v i n g  and p r o c e s s i n g  

equipment. 

R e l a t i n g  c loud  development and a d v e c t i o n  t o  observed ' s u r f a c e  

m e t e o r o l o g i c a l  pa ramete rs  i s  t h e  fundamental  g o a l  of  t h i s  s t u d y .  130~- 

e v e r ,  b e f o r e  any c o r r e l a t i o n s  among t h e s e  pa ramete rs  a r e  p o s s i b l e ,  t h e  

o t h e r  f a c t o r s  mentioned above must be minimized o r  e l i m i n a t e d  by pre-  

l i m i n a r y  p r o c e s s i n g .  

The t h i r d  f a c t o r ,  a s  w e l l  a s  changes i n  t h e  s a t e l l i t ;  l o c a t i o n ,  

a r e  accounted f o r  through t h e  b i - d i r e c t i o n a l  r e f l e c t a n c e  models which 

a r e  p r e s e n t e d  i n  Appendixes A and B .  The l a s t  t h r e e  f a c t o r s  a r e  man- 

c o n t r o l l e d  b u t  n o t  always complete ly  recorded .  T h e r e f o r e ,  a  b a s i c  l e v e l  

check ( h e n c e f o r t h  c a l l e d  s t a n d a r d i z a t i o n )  w a s  des igned  t o  r e v e a l  any 

unrecorded g a i n  s e t t i n g s  t h a t  would a f f e c t  l a t e r  i n t e r - d a i l y  d a t a  com- 

p a r i s o n s .  A second p o r t i o n  of t h e  b a s i c  check ( h e n c e f o r t h  c a l l e d  White 

Sands) was des igned t o  e l i m i n a t e  any ATS d a t a  t h a t  were g r o s s l y  m i s -  

a l i g n e d  d u r i n g  t h e  n a v i g a t i o n  procedure .  Both of t h e s e  checks  a r e  ou t -  

l i n e d  below. 

1. S t a n d a r d i z a t i o n  
I' 
I 

P a r t  of  t h e  i n i t i a l  ATS d a t a  p r o c e s s i n g  invo lved  s e l e c t i n g  a  s m a l l  

c l o u d - f r e e  ocean a r e a  (approx imate ly  lo x l o )  i n  t h e  low l a t i t u d e s  o f  

each ATS p i c t u r e .  The c l e a r  ocean b r i g h t n e s s  v a l u e s  (approx imate ly  

15001area)  were used t o  compute a  mean b r i g h t n e s s  (B) f o r  each ocean 

s p o t .  Knowing t h e  l o c a t i o n  of  each c l e a r  ocean a r e a  and t h e  r e s p e c t i v e  

e a r t h ,  sun ,  s a t e l l i t e  geometry, a n  ocean r e f l e c t a n c e  model was used t o  

o b t a i n  c o r r e c t i o n  f a c t o r s  ( Q )  f o r  each d i g i t i z e d  p i c t u r e .  See 



Appendixes A and B f o r  d e t a i l s .  Under t h e  f i v e  b a s i c  assumptions  o f  

t h e  s t a n d a r d i z a t i o n  p rocedure ,  a l l  t h e  r e f l e c t a n c e  geometry was 

accounted  f o r  v i a  n ;  t h u s ,  any d i f f e r e n c e s  i n  B were a r e s u l t  of d i f -  

f e r e n t  g a i n  s e t t i n g s  used d u r i n g  d a t a  r e c e p t i o n  and p r o c e s s i n g  o r  low 
b .  

. I  ' 
l e v e l  i n s t r u m e n t  n o i s e .  

The f i v e  b a s i c  assumptions  of s t a n d a r d i z a t i o n  were: 

l 
a .  The manually s e l e c t e d  ocean a r e a s  v e r e  a c t u a l l y  v o i d  

of c l o u d s .  

b. The ocean r e f l e c t a n c e  model used was r e p r e s e n t a t i v e .  

c .  The d i f f e r e n t  t r o p i c a l  ocean a r e a s  used had  a  s i m i l a r  

a lbedo .  

Ocean waves were n o t  s i g n i f i c a n t l y  l a r g e  t o  a f f e c t  

t h e  a lbedo .  

The a lbedo  of t h e  c loud- f ree  a tmosphere  was s i m i l a r  

f o r  a l l  s t a n d a r d i z a t i o n  d a t a .  

A l l  times and l o c a t i o n s  were s t a n d a r d i z e d  t o  l o c a l  noon on 1 5  A p r i l  and 

30°N, l o c a l  l o n g i t u d e ,  which p e r m i t s  a  s t a n d a r d  s o l a r  z e n i t h  a n g l e  of  

20.8'. Fur thermore,  t h e  ATS I11 p o s i t i o n  d u r i n g  t h e  p e r i o d  of  i n t e r e s t  

was s t a n d a r d i z e d  t o  O'N, 77OW a t  35,770 km. a l t i t u d e .  

Computation of n i n d i c a t e d  c o r r e c t i o n s  a v e r a g i n g  10%.  S ince  t h e  

v a l i d i t y  of  t h e  f i v e  s t a n d a r d i z a t i o n  assumptions  w a s  q u e s t i o n a b l e  a t  

t h i s  l e v e l ,  t h e  c o r r e c t i o n  f a c t o r s  were n o t  used.  T h i s  d e c i s i o n  was 

r e i n f o r c e d  b y  t h e  r e l a t i v e l y  smal l  s t a n d a r d  d e v i a t i o n  of  t h e  o r i g i n a l  

ocean E's. 3  

 he average ,  mean ocean  b r i g h t n e s s  f o r  s t a n d a r d i z a t i o n  was 17 .9  8  
units with a s t a n d a r d  d e v i a t i o n  of  3 . 7 6 .  



The conclusion of t h e  s t znda rd iza t ion  procedure was t h a t  t h e  ATS 

d i g i t i z e d  p i c t u r e s  from t h e  chosen period were ~f such q u a l i t y  of makc 

unnecessary a  b a s i c  level  c o r r e c t i o n  f o r  unrecorded ga in  s e t t i n g s .  Thus, 

l a t e r  i n t e r - d a i l y  comparisons of  d i g i t a l  values were enabled v i a  t h e  

s t a n d a r d i z a t i ~ n  check .  

2. White Sands 

A second po r t ion  of t h e  ATS b a s i c  check was t o  manually v e r i f y  

each d i g i t i z e d  p i c t u r e  f o r  proper r e c t i f i c a t i o n  and naviga t ion .  Both of 

t h e s e  procedures were previous ly  o u t l i n e d  i n  s e c t i o n  2.5.  U t i l i z i n g  the  

unique r e f l e c t a n c e  p a t t e r n  from White Sands, New Mexico, each of t he  70 

d i g i t i z e d  p i c t u r e s  was checked f o r  i ts  White Sands p re sen ta t ion  and 

l o c a t i o n .  From these  ind iv idua l  checks i t  was poss ib l e  t o  ob ta in  a 

I! bes t  average" l o c a t i o n  of 32.95ON, 106.38OW f o r  t h e  cen te r  of t h e  a r e a  

of maximum r e f l e c t a n c e .  One of the b e t t e r  ATS d i g i t i z e d  r e p r e s e n t a t i o n s  

of White Sands i s  shown i n  Figure 2.6-1. 

Since t h e  ATS naviga t ion  procedure was l i m i t e d  by an  average 

e r r o r  of t e n  n a u t i c a l  miles4 and fur thermore,  s i n c e  t h e  e f f e c t s  of  t h e  

t h r e e  p r i n c i p a l  r e f l e c t a n c e  angles  (?,,8,+) upon t h e  l o c a t i o n  of  t h e  

a r e a  of maximum r e f l e c t a n c e  were unknown, only t h e  extreme v a r i a t i o n s  

of White Sands locus  were used t o  d i s q u a l i f y  an ATS p i c t u r e  from f u r t h e r  

processing.  On the  b a s i s  of a  White Sands locus  v a r i a t i o n  of  > 30 nm 

from a  " re ference  pos i t i on"  of  32 .90°N, 106. 40°W, seven p i c t u r e s  were 

e l imina ted .  Thus, t h e  accepted ATS da t a  s e t  was e s t a b l i s h e d  and is  

shown i n  Table 2.6-1. 

4 ~ n  improved naviga t ion  procedure with a  maximum e r r o r  of c 5 nm 
was developed by t h e  SSEC i n  1971. 



F i g u r e  2 . 7 - 1  A c o n t o u r  a n a l y s i s  of  t h e  d i g i t i z e d  r e f l e c t e d  r a d j a n c e  
o v e r  White Sznds, N21~  lllexico from ATS 111. 
Time: 11 ?lay 1970, 19162 
D i g i t a l  range: 0-255 d i g i t a l  coun t  



T a b l e  2.7-1 

A c c e p t e d  ATS d a t a  set  

Day (19 70) No. o f  D a t a  t i m e s  (Z) 
p i c t u r e s  

1 5  March I 
1 6  March 1 1504  

1 7  March 7 1433 ,  1 5 3 2 ,  1637 ,  1731 ,  1837 ,  1931 ,  2037 

1 8  March 7 1456 ,  1548 ,  1641 ,  1759 ,  1 8 5 1 ,  1943 ,  2036 

24  March 1 5 1 1 4 3 5 ,  1553,  1645 ,  1737,  1830 

25  March I :  I 1 6 2 6 ,  1731 ,  1 8 2 5  

27 A p r i l  1 4 4 6 ,  1549,  1 7 2 8 ,  1 8 0 2 ,  2028  

2 8  A p r i l  4 1 6 3 2 ,  1739 ,  1835, 1947  

2 May 6 1439 ,  1531,  1633 ,  1737,  1829 ,  1921  

3 May 2 

11 May 1 4  

1 2  May 4 1 5 0 9 ,  1603,  1 6 5 8 ,  1742 
- 

T o t a l  6 3  

I, 1 



3.0 S t a t i s t i c a l  P r o c e s s i n g  of  Data  

A f t e r  t h e  i n i t i a l  ATS d a t a  p r o c e s s i n g  of  d i g i t i z a t i o n ,  n a v i g a t i o n ,  

r e c t i f i c a t i o n  and s t a n d a r d i z a t i o n  checks ,  t h e  s a t e l l i t e  d a t a  were 

ready  f o r  s t a t i s t i c a l  p r o c e s s i n g  abou t  each t e r m i n a l .  Due t o  t h e  l a t i -  

t u d e  dependence of  t h e  l e n g t h  of one degree  o f  t h e  p a r a l l e l ,  a s t a n d a r d  

s t a t i s t i c a l  g r i d  of 60 nm x  50 nm (1" l a t .  x 1 "  long .  a t  3 4 " ~ )  was 

chosen t o  be  a p p l i e d  a t  a l l  1 5  t e r m i n a l s .  T h i s  c o n s t a n t  a r e a  g r i d ,  o r  

sub-block,  c o n t a i n e d  approx imate ly  1500 ATS d a t a  p o i n t s  and s e r v e d  a s  

t h e  d a t a  b a s e  from which t h e  ATS b r i g h t n e s s  s t a t i s t i c s  were computed. 

A g r i d  a r r a y  o f  n i n e  s t a n d a r d  g r i d s  was c o n s t r u c t e d  abou t  each t e r m i n a l  

w i t h  g r i d  number f i v e  b e i n g  c e n t e r e d  over  t h e  t e r m i n a l  as shown i n  

F i g u r e  3.0-1. Thus, f o r  each ATS d a t a  t i n e  and abou t  each t e r m i n a l ,  

n i n e  v a l u e s  p e r  ATS s t a t i s t i c  were computed. These ATS s t a t i s t i c s  were 

t h e n  used a s  t h e  independent  v a r i a b l e s  from which t h e  m u l t i p l e  r e g r e s -  

s i o n  e q u a t i o n s  were d e r i v e d .  

An exper imenta l  g r i d  s i z e  of  30 nm x  25 nm (0.5" l a t .  x  

0 .5"  l o n g .  a t  34"N) was used l a t e r  f o r  s p e c i a l  c a s e s  t o  de te rmine  i t s  

e f f e c t .  T h i s  g r i d  i s  a l s o  d i s p l a y e d  i n  F i g u r e  3.0-1. I n  a d d i t i o n ,  

s e v e r a l  e x p e r i m e n t a l  s t a t i s t i c s  were computed. F u r t h e r  d e t a i l s  and a  

complete  l i s t i n g  of  t h e  ATS s t a t i s t i c s  used a r e  g i v e n  i n  s e c t i o n  3.2.  

3 . 1  Normal iza t ion  Procedure  

P r i o r  t o  t h e  computat ion of t h e  ATS b r i g h t n e s s  s t a t i s t i c s ,  a  

n o r m a l i z a t i o n  p rocedure  was a p p l i e d  t o  t h e  d a t a  w i t h i n  t h e  g r i d  a r r a y  

sur rounding  each t e r m i n a l .  The mid p o i n t  of  each of t h e  n i n e  s t a n d a r d  

g r i d s  w i t h i n  a  t e r m i n a l  g r i d  a r r a y  w a s  used t o  compute a  n o r m a l i z a t i o n  



Figure 3.0-1 Standard grid array about a ~erminal (solid lin2s). 
Experimental grid array (dashed lines). 



f a c t o r ,  r l ,  which a c c o u n t s  f o r  c loud  a n i s o t r o p y  and changes i n  i n c i d e n t  

s o l a r  i r r a d i a n c e .  D e t a i l s  of t h e  n o r m a l i z a t i o n  ~ r o c e d u r e  a r e  g iven  i n  

Appendixes A and B. The computed f a c t o r s  vary  w i t h  t e r m i n a l  l o c a t i o n ,  

b u t  i n  g e n e r a l  a v e r a g e  1.90 + 0.10 n e a r  s u n r i s e  and s u n s e t ,  and d e c r e a s e  

t o  a  minimum of  n e a r  1 .00 + 0.10 a t  l o c a l  noon. I f  a  c o r r e c t i o n  f a c t o r  

of n > 3.00 was com?uted, t h e s e  d a t a  were no t  i n c l u d e d  i n  f u r t h e r  pro- 

c e s s i n g .  These l a r g e  n v a l u e s  were computed f o r  t h e  14002 ATS p i c t u r e s  

o v e r  t h e  f a r  w e s t e r n  U c i t e d  S t a t e s  a s  a  r e s u l t  of t h e  ex t remely  l a r g e  

s o l a r  z e n i t h  a n g l e s  ( 5 ) .  This  l i m i t i n g  v a l u e  of  0 g e n e r a l l y  cor responds  

t o  l i m i t i n g  t h e  ATS d a t a  p r o c e s s i n g  from 0700 LST t o  1700 LST, o r  f i v e  

h o u r s  e i t h e r  s i d e  of l o c a l  noon. The r e f e r e n c e  t ime and l o c a t i o n  f o r  

n o r m a l i z a t i o n  was l o c a l  noon on 1 5  A p r i l  and 30°N, l o c a l  l o n g i t u d e ,  

w h i l e  t h e  s a t e l l i t e  p o s i t i o n  was r e f e r e n c e d  a t  35,770 km 6VeP O'N, 

77OW. The same t e c h n i q u e  of  computing n i n e  n's p e r  t e r m i n a l  g r i d  a r r a y  

was used w i t h  t h e  e x p e r i m e n t a l  g r i d  s i z e  of 30 nm by 25 nm. 

A s  a  r e s u l t  of  t h e  n o r m a l i z a t i o n  p rocedure ,  r e l a t i v e  comparisons 

of ATS b r i g h t n e s s  value:; from c louds  c o u l d  be made. The end r e s u l t ,  

t h e n ,  of  b o t h  t h e  s t a n d a r d i z a t i o n  ( s e c t i o n  2 . 7 j  and t h e  n o r m a l i z a t i o n  

p r o c e s s e s  was t h a t  a l l  of  t h e  d i g i t a l  s a t e l l i t e  d a t a  used d u r i n g  t h e  

s t u d y  were r e f e r e n c e d  t o  a  common l e v e l .  Thus, v a l i d  r e l a t i v e  compari- 

sons  cou ld  b e  made, n o t  o n l y  on an i n t e r - d a i l y  b a s i s ,  b u t  a l s o  a t  v a r i -  

ous  t imes  w i t h i n  a  g iven day ( i n t r a - d a i l y ) .  

Due t o  t h e  many s t e p s  of  ATS d a t a  p r e p a r a t i o n  i n v o l v e d  p r i o r  t o  

t h e  a c t u a l  computat ion of t h e  m u l t i p l e  r e g r e s s i o n  e q u a t i o n s ,  a  b r i e f  

summary of t h e  major  p r o c e s s i n g  p rocedures  i s  g iven  i n  F i g u r e  3.1-1. 
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-t- 

on independent 
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A s i m p l i f i e d  b lock  diagram of t h e  major  s t e p s  of  d a t a  process ing .  



3.2 S t a t i s t i c a l  Regress ion  Scheme 

A s t e p w i s e ,  least  s q u a r e s ,  m u l t i p l e  l i n e a r  r e g r e s s i o n  program was 

employed t o  p rov ide  t h e  "bes t "  m u l t i p l e  r e g r e s s i o n  e q u a t i o n  (MRE) f o r  

each  dependent v a r i a b l e .  The b a s i c  s t e p w i s e  r e g r e s s i o n  program was 

developed a t  U.C.L.A. (Dixon, 1970) and l a t e r  s l i g h t l y  modi f i ed  by t h e  

S t a t i s t i c a l  Laboratory  a t  Colorado S t a t e  U n i v e r s i t y .  I n  p r a c t i c e ,  t h e  

program computes a  sequence o f  lQE1s i n  a  s t e p w i s e  manner. A t  each  

s t e p ,  a  new independent  v a r i a b l e  ( t h e  one which makes t h e  g r e a t e s t  

r e d u c t i o n  i n  t h e  e r r o r  sum o f  s q u a r e s )  i s  added t o  t h e  r e g r e s s i o n  equa- 

t i o n .  No a t t e m p t  was made t o  i n v e s t i g a t e  t h e  n o n - l i n e a r  r e l a t i o n s h i p s  

d u r i n g  t h i s  f i r s t  s t u d y .  Fur thermore,  no t r a n s g e n e r a t i o n s  of  indepen- 

d e n t  v a r i a b l e s  were used.  Throughout t h e  r e g r e s s i o n  pfdgrams t h e  F- 

l e v e l  f o r  i n c l u d i n g  an independent  v a r i a b l e  w a s  a d j u s t e d  such  t h a t  en- 

t e r i n g  v a r i a b l e s  were s i g n i f i c a n t  a t  a minimum of t h e  95% c o n f i d e n c e  

l e v e l .  F u r t h e r  d e t a i l s  on t h e  t e c h n i q u e  o f  computing MRE's may b e  found 

i n  Draper and Smith (1966).  

The dependent and independent  v a r i a b l e s  used f o r  MRE computat ion 

a r e  shown i n  Tab le  3.2-1. The dependent v a r i a b l e s  ( p r e d i c t a n d s )  o f  

obse rved  s u r f a c e  wea ther  pa ramete rs  f o r  each t e r m i n a l  were used i n d i v i d -  

u a l l y  w i t h  t h e  independent  v a r i a b l e s  ( p r e d i c t o r s ) .  I n  t h i s  manner a  

l i n e a r  r e g r e s s i o n  e q u a t i o n  was developed f o r  each dependent v a r i a b l e  

used. For each satellite independent variable listed, nine values were 

computed corresponding to the nine standard grids, or sub-blocks, sur- 

rounding each terminal . 



Table 3 . 2 - 1  

VARIABLES USED FOR COMPUTING MULTIPLE REGRESSION EQUATIONS 

Dependent variables Independent v a r i a b l e s  

- 

Cei l  i n p  (CLG) 

V i s i b i l i t y  (VSBY) 

Sea l e v e l  p re s su re  (S1.P) 

Weather and o b s t r u c t i o n s  

t o  v i s i o n  (PRE) 

S tep  func t ion  of  weather 

and o b s t r u c t i o n s  t o  

v i s i o n  (CIP) 

!.iean g r id  b r igh tnes s  (  = MNi) 

i = 1, 2 ,  3 ,  ... 9 
Standard d e v i a t i o n  of  mean g r i d  

b r igh tnes s  (uE = SDi) 
i 

Coef f i c i en t  o f  v a r i a t i o n  

1 

Variance o f  mean g r i d  b r i g h t n e s s  
'l 

Change of mean g r i d  b r i g h t e s s  

dur ing  t h e  p a s t  60 210 min. 

Tota l  c l  oud amount (TCA) 

Tota l  opaque cloud amount (TOCA) I leviat ion between mean g r i d  b r i g h t n e s s  

and mean a r r a y  b r igh tnes s  - 
,d  = B .  - = DMD.) 

1 1 

Average 500 mb west wind 
(AVG IIU) 

Average 500 mb south wind 
(AVG W) 

Average 500 mb temperature 
(AVC T) 

Average 500 mb b a r o c l i n i c  v o r t i c i t y  
(P.VG V ) 

Average 50G mb he igh t  
(AVG t!) 

A p r io r i .  t e i l i n g  (APCLG) 

A pr io r i .  v i s i b i l i t y  (APVSBY) 

A ~ r i o r i  t o t a l  opaque c loud  amount (APTOCA) 



3.3 Experimental Design and Tests 

The total accepted ATS satellite data set consisted of 63 digit- 

ized pictures over the majority of the United States as shown in Table 

2.6-1. Using the 15 terminals given in Table 2.3-1, approximately 

900 cases covering a wide range of synoptic conditions and terrain fea- 

tures were available for experimentation. 

Several experiments were designed to examine techniques of data 

processing and grouping which would yield the most informative results 

Obviously, many other tests and arrangements were possible, but these 

were designed to aid subsequent interpretation in the present study and 

to give future investigators an indication of which procedures should 

be more productive. The results of each experiment were expressed in 

terms of a linear multiple regression equation (MRE) as explained in 

section 3.2. 

A number of methods were utilized to indicate which resulting re- 

gression equations were the most useful from both a statistical and a 

meteorological viewpoint. One statistical measure of "usefulness" is 

R , the coefficient of linear multiple correlation. The product 

100 R~ was used extensively as a statistical indication of the percen- 

tage of total variation about the mean explained by the linear regres- 

sion equation (Draper and Smith, 1966). R* in this study will be 

termed the reduction of variance: 

Another statistical test used was the standard error of estimate, S , 

which is a measure of the residual scatter about the regression: 



Meteorologically, s i g n i f i c a n t  s t a t i s t i c a l  r e s u l t s  were t e s t e d  

with random independent da ta  (approximately 10% of t h e  t o t a l  d a t a  s e t )  

t h a t  were not  used f o r  MRE de r iva t ion  (see sec t ion  5.0) .  In l i n e  with 

t h e  goals  of  t h i s  research ,  p red ic t ions  r e s u l t i n g  s o l e l y  from t h e  use  

of geosynchronous s a t e l l i t e  a r e  emphasized. However, s ince  l a r g e  

s c a l e  upper a i r  da ta  ( i . e . ,  500 mb heights ,  temperatures and v o r t i c i t y )  

may a l s o  be in fe r red  on a global  s c a l e  from radiometric  temperature 

sounding experiments on s a t e l l i t e s  some r e s u l t s  a r e  included t h a t  use 

these  da ta  a s  p red ic to r s  i n  combination with t h e  primary geosynchronous 

s a t e l l i t e  radiance p red ic to r s .  

The p r inc ipa l  r e s u l t s  of each experiment a r e  ou t l ined  i n  sec t ion  

4 .1 .  An overview of each bas ic  experiment i s  given below: 

Experiment 1 --  Best Variables.  The bes t  combination of  dependent 

v a r i a b l e s  (predictands)  and independent va r i ab les  (predic tors)  was in-  

ves t iga ted  from t h e  l i s t  o f  a l l  poss ib le  v a r i a b l e s  given i n  Table 3 .2 -1 .  

Predictands of c e i l i n g  and v i s i b i l i t y  were considered t o  be t h e  main 

goal of t h e  study s ince  they a r e  commonly used i n  opera t ional  weather 

fo recas t s .  For t h i s  experiment only, a l l  o f  t h e  s a t e l l i t e  and sur-  

f ace  measured parameters were co r re la t ed  with each o t h e r .  

0 Experiment 2 --  Grid Size .  The standard g r id  s i r e  ( l o  x 1 ) was 

contras ted  with a smaller experimental g r id  (0.5' x 0.5'), both of which 

a r e  shown i n  Figure 3.0-1. The experimental g r id  d i s t ance  of approxi- 

mately 25 nm of s i m i l a r  t o  the  a r e a l  coverage ( c e l e s t i a l  dome) o f  t h e  



majo r i ty  o f  su r f ace  weather obse rva t ions .  Since l a g  t imes (experiment 

3) of up t o  s i x  hours  were i ~ v e s t i g a t e d ,  t h e  primary g r id  used f o r  t h e  

remnining cxpcrimcnts was t h e  s tandard g r i d  which allowed f o r  more ad- 

vec t  ion .  

Experiment 3 - -  General Equations and Lag Times. Following t h e  

con~ple t ion  of p r e l i r i n a r y  e x ~ ~ e r i ~ e n t s  1 and 2 ,  s eve ra l  genera l  r e g r e s -  

s i o n  equat jons  werc der ived  f o r  all t e r n i n a l s  and d a t a  t imes.  Each 

general  MRE r e l a t e d  a chosen predlc tand  t o  t h e  s i g n i f i c a n t  ATS p red ic -  

t o r s  and made no d i s t i n c t i o n  f o r  synoptic  s i t u a t i o n  o r  terminal  loca-  

t i o n .  La te r  experiments were designed t o  improve upon t h e  genera l  r e s u l t s  

of  experiment 3 by e s t a b l i s h i n g  s t r a t i f i c a t i o n  c r i t e r i a  f o r  meteorological  

events  and geographic e f f e c t s .  

Four d i f f e r e n t  l a g  t imes were inves t iga t ed  with most experiments,  

where l a g  time i s  def ined  a s  t h e  t ime of  su r f ace  weather d a t a  minus t h e  

t ime of  t h e  ATS d a t a .  For example, a  2 hour l a g  t ime was used t o  d e t e r -  

mine t h e  use fu lnes s  of 16002 ATS d a t a  s t a t i s t i c s  toward f o r e c a s t i n g  t h e  

18002 su r f ace  weather parameters.  Since t h e  s a t e l l i t e  d a t a  were not  

measured on t h e  hour ,  t h e  bes t  t i m e - f i t  between t h e  s a t e l l i t e  and s u r -  

f a c e  d a t a  had an occas iona l  maximum time d i f f e r e n c e  of  30 minutes.  The 

four  d i f f e r e n t  t ime l a g s  used were 0, 2 ,  4 and 6 hours .  

Experimerlt 4 --  IJppcr A i r  P r e d i c t o r s .  The genera l  r e g r e s s i o n  equa- 

t i o n s  r e s u l t i n g  from experiment 3 were der ived  by us ing  only  t h e  ATS 

parameters  a s  independent v a r i a b l e s .  Experiment 4 was designed t o  

i n v e s t i g a t e  t h e  use fu lnes s  of a d d i t i o n a l  independent v a r i a b l e s  t h a t  

would commonly be a v a i l a b l e  from upper a i r  a n a l y s i s  o r  prognos t ic  

f i e l d s .  



A s  d i scussed  e a r l i e r  i n  s e c t i o n  2.5, f i v e  va lues  of  mean upper 

a i r  parameters  were obta ined  over each te rmina l  on each ATS d a t a  day. 

These f i v e  a d d i t i o n a l  independent v a r i a b l e s  a r e  i nd ica t ed  i n  Table 

3 .2 -1  a s  t h e  average 500 mb p r e d i c t o r s .  Thus, t h e  new r e g r e s s i o n  

equat ions  would demonstrate  t h e  importance and use fu lnes s  o f  t y p i c a l  

mid-tropospheric  parameters when used f o r  f o r e c a s t i n g  surface-observed 

weather phenomenon. 

Experiment 5 -- V o r t i c i t y  and Wind S t r a t i f i c a t i o n .  In  r e c e n t  years ,  

t h e  v o r t i c i t y  (V) c h a r t s  produced by t h e  National  Meteorological  Center  

(NMC) have played an inc reas ing  r o l e  i n  weather f o r e c a s t i n g ,  p r i m a r i l y  

because o f  t h e i r  d e p i c t i o n  of t rough and r i d g e  passage and r e l a t e d  wea- 

t h e r  developments. In an  at tempt  t o  improve upon t h e  genera l  equat ions  

o f  experiment 3,  a meteorological  c r i t e r i o n  o f  v o r t i c i t y  advec t ion  was 

chosen t o  d i f f e r e n t i a t e  between t h e  two broad c a t e g o r i e s  o f  v e r t i c a l  

motion and t h e i r  a s soc i a t ed  cloud p a t t e r n s .  U t i l i z i n g  t h e  b a r o c l i n i c  

v o r t i c i t y  c h a r t s ,  t h r e e  c a t e g o r i e s  of  meteorological  events  were de f ined  

by t h e  1 2  hour v o r t i c i t y  advec t ion  (AV) over  each t e rmina l ,  where AV 

equals  t h e  24002 f o r e c a s t  v o r t i c i t y  f i e l d  minus t h e  12002 analyzed vor -  

t i c i t y  f i e l d .  Category one was p o s i t i v e  v o r t i c i t y  advec t ion  (PVA), 

def ined by AV > + 2 .  The mutual ly exc lus ive  ca tegory  two was "zero" - 
v o r t i c i t y  advect ion (OVA), was def ined  by AV - < - 2 .  The goal of  t h i s  

p o r t i o n  of t h e  experiment was t o  determine i f  t h r e e  equat ions  (dependent 

upon synopt ic  f e a t u r e s )  were s i g n i f i c a n t l y  more u s e f u l  than  one genera l  

equat ion  f o r  a l l  synopt ic  conditi .ons.  

- 1 'The 12 hour v o r t i c i t y  change of  t 2  i s  a c t u a l l y  t 2 . 0  x 1 0 ' ~  sec  
o f  abso lu t e  o r  t o t a l  v o r t i c i t y .  



The second p o r t i o n  o f  experiment 5 was a s t r a t i f i c a t i o n  of  t h e  aver -  

age  500 mb wind d i r e c t i o n  and speed over  each t e rmina l .  The average 

500 mb winds used f o r  t h i s  s t r a t i f i c a t i o n  were obtained by averaging t h e  

12002 and 24002 wind v e c t o r s  over  each te rmina l  on each ATS d a t a  day, 

a s  d i scussed  i n  s e c t i o n  2.5.  Two c a t e g o r i e s  were chosen t o  d e l i n e a t e  

between mean wes t e r ly  advec t ion  and mean nor thwes ter ly  advec t ion .  Cate- 

gory one was def ined  by average 500 mb winds with d i r e c t i o n  - > 240' but  

< 300' and speed < 30 knots .  The second ca tegory  included 500 mb winds - - 

with d i r e c t i o n  - > 301° but  - < 360' and speed - < 40 knots .  

The primary goal o f  t h e  wind s t r a t i f i c a t i o n  was t o  improve t h e  gen- 

e r a l  equat ions  of  experiment 3 f o r  t h e  longer  l a g  t imes o f  4 and 6 hours ,  

by ca t egor i z ing  t h e  mean advec t ion  i n t o  d i r e c t i o n a l  s e c t o r s .  

Experiment 6 -- Terminal S t r a t i f i c a t i o n .  This  experiment was de- 

s igned t o  determine t h e  l o c a l  and topographical  e f f e c t s  upon t h e  genera l  

equat ions  of  experiment 3 .  Several  s e t s  o f  d a t a  c a s e s  were used,  t h e  

d i s t i n g u i s h i n g  f e a t u r e s  being t h e  number and l o c a t i o n  o f  t e rmina l s  i n  

each s e t .  For example, r eg re s s ion  equat ions  were der ived  f o r  on ly  t h e  

west c o a s t  t e rmina l s  t o  determine i f  r eg iona l  equat ions  were s i g n i f i -  

c a n t l y  more u s e f u l  than  t h e  a l l - i n c l u s i v e  equat ions .  In  a d d i t i o n ,  

i nd iv idua l  te rmina l  equat ions  der ived  by us ing  - one t e rmina l  and - a l l  

ATS d a t a  t imes were con t r a s t ed  with t h e  genera l  equat ions .  

Experiment 7 -- S t r a t i f i c a t i o n  f o r  Cloud Cases.  The r e f l e c t e d  r a -  

d i ance  measurements o f  t h e  s a t e l l i t e  cloud camera a r e  p r i n c i p a l l y  a 

func t ion  of  cloud amount i n  t h e  camera's ins tan taneous  f i e l d  of  view. 



During complex meteorological  conditions,measured b r igh tnes s ,  i n  a d d i t i o n  

t o  convent iona l ly  observed weather parameters ,  might o b j e c t i v e l y  a i d  

t h e  d i f f i c u l t  f o r e c a s t i n g  a t  t hese  t imes .  Thus, a s t r a t i f i c a t i o n  f o r  

cloud cond i t i ons  was designed t o  inc lude  only  those  cases  where t h e  

a c t u a l  observed c e i l i n g  was - < 20,000 f e e t  a t  l e a s t  50% of  t h e  t ime be- 

tween 1200Z and 24002 on t h e  ATS d a t a  days.  The c r i t e r i o n  o f  20,000 

f e e t  was chosen t o  l i m i t  t h e  e f f e c t i v e  range of  t h e  r e s u l t i n g  equat ions  

t o  t h e  lower t roposphere and t h u s  enable a more s e n s i t i v e  equat ions  f o r  

p r e d i c t i n g  t h e  lower va lues  of  c e i l i n g .  Reca l l  t h a t  t h e  normal range 

of  t h e  encoded c e i l i n g  parameter was 40,000 f e e t  f o r  a l l  o t h e r  experiments.  

For t h i s  experiment only,  t h e  goal was t o  a s s e s s  t h e  c a p a b i l i t y  f o r  s a t e l -  

l i t e  d a t a  i n  a r o l e  support ing t h e  convent ional  f o r e c a s t i n g  methods, 

r a t h e r  t han  t h e  c a p a b i l i t y  f o r  f o r e c a s t i n g  independent o f  a s u r f a c e  

network. 



4.0 A n a l y s i s  o f  Data 

Most d a t a  were a n a l y z e d  w i t h  t h e  a i d  of  Colorado S t a t e  Univer- 

s i t y ' s  CDC 6400 d i g i t a l  computer and t h e  s t e p w i s e  r e g r e s s i o n  computer 

program ( s e c t i o n  3 .2 ) .  S e v e r a l  d a t a  s u b d i v i s i o n s ,  c a l l e d  exper iments ,  

were used t o  test  c e r t a i n  a s p e c t s  o f  t h e  p r o j e c t .  The r e s u l t s  o f  each 

exper iment  a l lowed  p r o g r e s s  toward more meaningful  r e g r e s s i o n  e q u a t i o n s .  

Thus, t h e  remaining s e c t i o n s  of  t h i s  r e p o r t  a r e  devoted t o  t h e  p r i n c i -  

p a l  r e s u l t s  of  each exper iment  and of t h e  p r o j e c t  as a  whole.  

4 . 1  Exper imental  R e s u l t s  

The p r i n c i p a l  r e s u l t s  of  each b a s i c  exper iment  o f  s e c t i o n  3 . 3  a r e  

p r e s e n t e d  below. The d i s c u s s i o n  i s  n o t  meant t o  b e  complete b u t  o n l y  t o  

r e p r e s e n t  t h e  s a l i e n t  p o i n t s  of each  exper iment .  Although t h e  t o t a l  

d a t a  s e t  i n c l u d e d  approx imate ly  900 c a s e s ,  most exper iments  u t i l i z e d  

o n l y  a  p o r t i o n  of  t h e  complete set ,  which i s  no ted  as t h e  e x p e r i m e n t a l  

2  
N ( t h e  a c t u a l  number o f  c a s e s  u s e d ) .  The R v a l u e s  quoted i n  t h e s e  

r e s u l t s  were ach ieved  by us ing  two, t h r e e ,  o r  f o u r  ATS p r e d i c t o r s .  The 

a d d i t i o n  o f  more independent  v a r i a b l e s  u s u a l l y  i n c r e a s e d  R~ by less t h a n  

0.01.  

Experiment 1--Best V a r i a b l e s .  Regress ion  runs  f o r  t h e  1 7 t h  and 

1 8 t h  o f  March ( N  = 180) i n d i c a t e d  very  l i t t l e  c o r r e l a t i o n  between t h e  

independent  v a r i a b l e s  ( s a t e l l i t e  pa ramete rs )  and t h e  dependent  v a r i a b l e  

of " sea  l e v e l  p r e s s u r e "  (S1,P). Thus,  t h e  p r e d i c t a n d  of SLP was dropped 

from f u r t h e r  i n v e s t i g a t i o n s .  

The dependent v a r i a b l e  of  "weather and o b s t r u c t i o n s  t o  v i s i o n "  

(PRE) was encoded a c c o r d i n g  t o  Tab le  2.4-1. Although t h e  coding system 



used f o r c e s  t h i s  predictand t o  be continuous (but non-l inear)  t h e  pre-  

d ic tand d i d  c o r r e l a t e  t o  t h e  extent  t h a t  t y p i c a l  derived reg ress ion  

equations yielded an R~ of 0.30 t o  0.35 by us ing  four  ATS v a r i a b l e s  

a s  p red ic to r s .  These r e s u l t s  were c o n s i s t e n t l y  achieved f o r  N's of 

100-800. Due t o  t h e  abnormal c h a r a c t e r i s t i c s  of  encoding PRE and t h e  

2 
lack of  a  more meaningful R , t h i s  predictand was considered unworthy 

of  f u r t h e r  inves t iga t ion  i n  i t s  encoded form. 

1-Iowever, an attempt a t  improving t h e  r eg ress ion  r e s u l t s  of PRE 

was made by e s s e n t i a l l y  recoding "weather and obs t ruc t ions  t o  v is ion"  

i n t o  a  four-valued s t e p  funct ion  c a l l e d  CIP a s  shown i n  Table 2.4-1. 

The r e s u l t i n g  regress ion  equations f o r  t h e  predictand CIP yielded R 
2 

va lues  between 0.25 and 0.35 f o r  s i m i l a r  case  condi t ions  used f o r  de r iv ing  

t h e  PRE regress ion  equations.  Thus, t h e  predictand of  C I P  was a l s o  dropped 

from f u r t h e r  inves t iga t ion .  

V i s i b i l i t y  (VSBY) co r re l a t ed  bes t  with t h e  dependent v a r i a b l e  of  

PRE a s  one would expect ,  but t h i s  r e l a t i o n s h i p  was not  a  primary objec-  

t i v e  of  t h e  study. Using 830 cases ,  t h r e e  ATS p r e d i c t o r s  gave an R' 

of 0.25 with a  s tandard e r r o r  of 4 .1  s t a t u t e  mi les .  Computer runs  with 

l e s s  of  a  sample s i z e  indica ted  a  maximum o f  40% explained v a r i a t i o n .  

However, s ince  v i s i b i l i t y  i s  a  s i g n i f i c a n t  opera t ional  weather parameter 

commonly used i n  terminal  fo recas t ing ,  t h e  dec i s ion  was made t o  r e t a i n  

t h i s  predictand f o r  f u r t h e r  experimentation i n  s p i t e  of t h e  r e l a t i v e l y  

low R~ va lues  achieved. 

Tota l  cloud amount (TCA) and t o t a l  opaque cloud amount (TOCA) 

both c o r r e l a t e d  well with severa l  ATS p red ic to r s ;  t hese  were p o s i t i v e  

r e s u l t s  of experiment 1. The predictand o f  TOCA c o n s i s t e n t l y  indica ted  



2 
t h e  h ighes t  R va lues  o f  a l l  t h e  dependent v a r i a b l e s  t e s t e d .  Explained 

v a r i a t i o n s  f o r  t h e  TOCA reg res s ions  ranged between 0.60 and 0.85 wi th  

t h e  h igher  va lues  occurr ing  f o r  small sample s i z e s  o f  N = 90. Regres- 

2 
s i o n s  f o r  t h e  predic tand  o f  TCA yielded smal le r  R va lues  by a n  average 

dev ia t ion  o f  0.10, r e l a t i v e  t o  t h e  explained v a r i a t i o n s  f o r  t h e  TOCA 

r eg res s ions .  In  a d d i t i o n ,  t h e  "opaque" s tandard  e r r o r  o f  e s t i m a t e  was 

c o n s i s t e n t l y  sma l l e r .  Thus, t h e  opaque cloud amount was chosen f o r  

f u r t h e r  i n v e s t i g a t i o n  due t o  i t s  apparent  l i n e a r  r e l a t i o n s h i p  with 

b r igh tnes s .  

The dependent v a r i a b l e  o f  c e i l i n g  (CLG) c o r r e l a t e d  b e s t  with t h e  

parameter o f  t o t a l  opaque cloud amount. Regressions o f  CLG on t h e  ATS 

2 
b r i g h t n e s s  s t a t i s t i c s  y ie lded  R I s  a s  h igh  a s  0.85 f o r  small  sample 

s i z e s  o f  50-100. Using an N o f  741 which included s e v e r a l  days of  

most ly c l e a r  s k i e s ,  t h r e e  ATS p r e d i c t o r s  accounted f o r  58% o f  t h e  t o t a l  

v a r i a t i o n  o f  c e i l i n g ,  a l b e i t  t h e  computed s tandard  e r r o r  was near  

10,000 f e e t .  These r e s u l t s  were considered meaningful s i n c e  t h e  r e g r e s -  

s i o n  equat ions  accounted f o r  most of t h e  v a r i a t i o n  o f  a  u s e f u l  weather 

parameter over  an encoded range o f  40,000 f e e t .  

Among a l l  t h e  s a t e l l i t e  independent v a r i a b l e s  t e s t e d ,  t h e  h ighes t  

c o r r e l a t i o n s  were obtained form t h e  mean g r i d  b r i g h t n e s s  ( g . ) .  The s t an -  
1 

dard d e v i a t i o n  of t h e  mean g r i d  b r igh tnes s  (SDi) which is i n d i c a t i v e  o f  

b r igh tnes s  d i s p e r s i o n  was a l s o  an important s a t e l l i t e  p r e d i c t o r .  The 

remaining s a t e l l i t e  independent v a r i a b l e s  con t r ibu ted  i n  a  manner which 

needs f u r t h e r  s tudy  regard ing  phys ica l  i n t e r p r e t a t i o n  . The upper a i r  

and a  p r i o r  independent v a r i a b l e s  were used i n  subsequent experiments 

and t h e i r  c o n t r i b u t i o n s  w i l l  be noted i n  t h e s e  experimental r e s u l t s .  



The conclusion of  experiment 1 was t h a t  t o t a l  opaque cloud amount. 

v i s i b i l i t y ,  and c e i l i n g  were s i g n i f i c a n t l y  c o r r e l a t e d  with t h e  ATS 

b r igh tnes s  parameters  t o  t h e  ex t en t  t h a t  f u r t h e r  experiments would cen- 

t e r  on improving t h e s e  der ived  r e l a t i o n s h i p s .  

Experiment 2 -- Grid S ize .  The two g r i d  s i z e s  were c o n t r a s t e d  i n  

seven d i f f e r e n t  r u n s  us ing  N 1 s  of 120-165. For t h e  0 and 2 hour l a g  t r i a l s .  

t h e  sma l l e r  g r i d  of 0.5' x 0.5' y ie lded  b e t t e r  s t a t i s t i c a l  r e s u l t s  by 

expla in ing  an  average o f  3.6% more o f  t o t a l  v a r i a t i o n .  For example, 

us ing  two days of  r e l a t i v e l y  l i t t l e  c loudiness ,  t h e  50 nm g r i d  y ie lded  an 

R' of 0.36 f o r  CLG while  t h e  same d a t a  with t h e  25 nm g r i d  y i e lded  0.39. 

The predic tands  used dur ing  t h i s  experiment were CLG and TOCA. Regressions 

f o r  a 4 hour l a g  t ime ind ica t ed  t h a t  t h e  experimental g r i d  was too  small  t o  

account f o r  t h e  necessary  advect ion s i n c e  t h e  mean r a d i u s  o f  coverage 

around each te rmina l  was only  40 nm. 

The conclusion from t h i s  experiment was t h a t  t h e  25 nm g r i d  d i s t a n c e  

was more b e n e f i c i a l ,  both economically and s t a t i s t i c a l l y ,  f o r  s p e c i a l  

ca ses  with l i t t l e  o r  no advect ion.  I-lowever, f o r  t h e  spectrum o f  c a s e s  t o  

be i n v e s t i g a t e d  by l a t e r  experiments,  t h e  50 nm g r i d  d i s t a n c e  was r equ i r ed  

f o r  t h e  longer  l a g  t imes .  

Experiment 3 --  General Equations and Lag Times. This  was t h e  f i r s t  

o f  t h e  primary experiments of t h e  p r o j e c t .  For experiment 3 ,  and a l l  t h e  

remaining experiments,  t h e  ATS d a t a  from t h e  50 nm g r i d  were used a s  pre-  

d i c t o r s  wit.h CLG, VSBY and TOCA a s  p red ic t ands .  

Using N = 635 , general  r eg re s s ion  equat ions  were der ived  f o r  - a l l  

t e rmina l s  and - a l l  da ta  t imes,  with l a g s  of 0, 2 ,  4 and 6 hours .  These 

genera l  M R E 1 s  a r e  shown Table 4.1-1 along with t h e  r e s p e c t i v e  R 
2 



and S f o r  each equat ion .  Abbreviat ions f o r  a l l  v a r i a b l e s  used i n  t h e  

equat ions  a r e  given i n  Table 3.2-1. A l l  equa t ions  a r e  w r i t t e n  i n  decreas ing  

o r d e r  o f  p r e d i c t o r  s i g n i f i c a n c e  with two, t h r e e ,  o r  f o u r  ATS independent 

v a r i a b l e s  included.  The a d d i t i o n  o f  f u r t h e r  p r e d i c t o r s  t y p i c a l l y  increased  
7 

R~ by l e s s  than  1% due t o  t h e  high interdependence o f  t h e  ATS v a r i a b l e s .  

Equations der ived  f o r  t h e  s h o r t e r  l a g  t imes exemplify t h e  phys ica l  r e l a -  

t i o n s h i p  between t h e  predic tands  and t h e  r e f l e c t e d  rad iance  measurements 

a t  t h e  c e n t r a l  g r i d ,  number 5. Regression equati.ons f o r  t h e  4 and 6 hour 

l a g  t imes r evea l  a  preference  f o r  g r i d  number 3, which i s  i n d i c a t i v e  o f  

mean advec t ion  from a southwester ly d i r e c t i o n .  

Considering t h e  t o t a l  independence o f  t h e  s a t e l l i t e  obse rva t ions  

from any convent ional  meteorological  d a t a ,  a s  wel l  a s  t h e  c u r r e n t  s t a t e  

o f  s t a t i s t i c a l  weather p r e d i c t i o n  on these  s h o r t  t ime s c a l e s ,  we judge 

t h e  d a t a  o f  Table 4.1-1 a s  very encouraging i n i t i a l  r e s u l t s .  For com- 

pa r i son ,  Glahn and Allen (1971) r e p o r t  percent  r educ t ion  of  va r i ance  

2 (lOOXR ) of  te rmina l  c e i l i n g  and v i s i b i l i t y  o f  20-30% and 15-22%, res- 

p e c t i v e l y  from 3-6 hour s t a t i s t i c a l  f o r e c a s t s .  Thei r  p r e d i c t o r s  were 

chosen from su r face  weather observa t ions  a t  a  network o f  s t a t i o n s  near  

each predic tand  t e rmina l .  P red ic t ions  of p r o b a b i l i t y  o f  p r e c i p i t a t i o n  

(POP) by Klein (1971) over  a  wide range of U. S. s t a t i o n s  ( a s  we d id )  

and over  a l l  seasons yielded a  mean reduct ion  o f  va r i ance  o f  40% and a  

s tandard  e r r o r  equal  t o  30% of h i s  v a r i a b l e  range.  In  t h i s  ca se ,  h i s  

p r e d i c t o r s  included 850 mb he ight  and previous 12 hour p r e c i p i t a t i o n  

measured a t  t h e  t e rmina l .  

A g raphica l  d e p i c t i o n  of t h e  genera l  r eg re s s ion  equat ion r e s u l t s  

2 
is  shown i n  F igure  4.1.1.  Here, R va lues  a r e  d isp layed  a g a i n s t  l a g  

time. Except f o r  v i s i b i l i t y ,  a  small decrease  i n  reduct ion  o f  var iance  



TABLE 4.1-1 

DERIVED GENERAL REGRESSION EQUATIONS - ATS VARIABLES ONLY 

0 h r  l a g  
N = 635 

0 h r  l a g  
N = 635 

CI 

CLG = 441.54 - 2.54 (MN5) + 1.00 (DMD-7) - 2-20 (SD-6) 

R~ = 0.66 S = 9575. 

n 

0 h r  l a g  TOCA = -0.88 + 0.07 (MN5) + 0.09 (SD-5) + 0.03 (DMD-6) 

2 h r  l a g  
N = 635 

,. 
CLG = 434.17 - 2.46 (MN5) + 1.31 (DMD-7) - 1.96 (SD-7) 

2 
R = 0.61 S = 9995. 

n 

2 h r  l a g  VSBY = 13.55 - 0.06 (MN6) + 0.12 (SD-4) + 0.04 (DMT-6) 

2 h r  l a g  ~ O C A  = -0.46 + 0.06 (MN5) + 0.07 (SD-2) - 0.03 (DMD-7) 
N = 635 2 R = 0.65 S = 2.45. 

A 

4 h r  l a g  CLG = 418.01 - 1.23 (MN5) - 0.92 (MN3) - 0.49 (MN9) 

A 

4 h r  l a g  VSBY = 14.02 - 0.05 (MN6) + 0.14 (SD-4) - 0.02 (MN2) 

4 h r  l a g  TOCA = 0.03 + 0.03 (MN5) + 0.03 (MN3) + 0.06 (SD-3) 
N = 635 R~ = 0.55 S = 2.67. 

6 h r  l a g  
N = 635 

6 h r  l a g  
N = 635 

A 

CLG = 414.64 - 2.62 (MN3) + 2.28 (DMD-3) + 1.27 (Dm-7) 
2 

R = 0.54 S = 10562. 
h 

VSBY = 14.34 - 0.05 (MN6) + 0.13 (SD-4) - 0.02 (MN2) 
2 

R = 0.39 S = 3.81 

6 h r  l a g  TOCA = 0.50 + 0.10 (MN3) - 0.09 (DMD-3) - 0.03 (MN7) 
N = 635 R 2 = 0.50 S = 2.87 



2 occurs a t  longer l ag  t imes.  The same f i g u r e  shows t h e  R va lues  t h a t  

1 would r e s u l t  from a r eg ress ion  equation us ing  a p r i o r i  va lues  of  t h e  pre-  

d i c t ands  a s  p r e d i c t o r s .  This  e s s e n t i a l l y  shows t h e  r e s u l t s  of  a f o r e c a s t  

based on pe r s i s t ence .  Note t h a t  R 2  = 1.00 f o r  t h e  f lpers is tence"  fo re -  

c a s t  a t  0 hour l ag .  In a l l  cases ,  t h e  r e s u l t s  from pe r s i s t ence  decrease 

r a p i d l y  with l a g  time and (except f o r  v i s i b i l i t y )  reach  o r  f a l l  below 

2 t h e  s a t e l l i t e - d e r i v e d  R r e s u l t s  a t  3-6 hours. 

Experiment 4 -- Upper A i r  Predic t ions .  Inc lus ion  of  t h e  f i v e  upper 

2 a i r  parameters a s  p r e d i c t o r s  yielded i n s i g n i f i c a n t  R i nc reases  f o r  

both t h e  CLG and TOCA equations,  a s  shown i n  Figure 4.1-1. This  graph 

d e p i c t s  t h e  R2 va lues  obtained a s  a funct ion  of  l a g  time and type  of  

p r e d i c t o r s  used i n  t h e  regress ion  equation, and demonstrates t h a t  upper 

a i r  p r e d i c t o r s  a lone  y ie ld  explained v a r i a t i o n s  of  15-30%. 

The conclusion of  experiment 4 was t h a t  t h e  add i t ion  o f  t h e  upper 

a i r  p r e d i c t o r s  were not  s i g n i f i c a n t  f o r  y i e ld ing  more use fu l  equat ions 

than those  derived i n  experiment 3 .  

Experiment 5 -- V o r t i c i t y  and Wind S t r a t i f i c a t i o n .  Approximately 

11% of  t h e  t o t a l  d a t a  s e t  q u a l i f i e d  f o r  t h e  PVA and NVA ca tegor i e s  which 

led  t o  an experimental N of 99 f o r  t h i s  inves t iga t ion .  Table 4.1-2 

i s  used t o  summarize t h e  r e s u l t s  of t h i s  experiment by showing only  t h e  

new R 2  va lues  t h a t  a r e  higher  than those  'obtained from t h e  general  

equat ions of experiment 3 .  

 he a p r i o r i  va lues  used a r e  defined a s  t h e  va lues  of  t h e  predic tands  
a t  time t = 0 ( the  time of t h e  ATS parameters) .  



Figure 4.1-1 

CLG = 

441.54 - 2.54(MNS) + l.OO(DMD-7) - 2.20(SD-6) 
434.17 - 2.46(MNS) + 1.31(DMD-7) - 1.96(SD-7) 
418.01 - 1.23(MNS) - 0.92(MN3) - 0.49(MN9) 
414.64 - 2.62(MN3) + 2.28(DMD-3) + 1.27(DMD-7) 
NONE 
49.34 + 0.78 (APICLG) 
72.76 + 0.67 (APICLG) 
78.38 + 0.64 (APICLG) 
441.54 - 2.54(MN5) + l.OO(DMD-7) - 2.20(SD-6) 
-800.05 - 2.26(MN5) + 2.11(AVGZ) - 1.33(AVGC) 
-463.84 - 1.43(MNS) - 1.08(MN3) + 1.56(AVGC) 
414.64 - 2.62(MN3) + 2.28(DMD-3) + 1.27(DMD-7) 
-889.48 - 3.51 (AVGV) + 1.93(AVGZ) 
1512.76 - 3.80(AVGV) + 3.04(AVGZ) 
-1341.12 - 3.44(AVGV) + 2.74(AVGZ) 
291.16 - 3.49(AVGV) + 4.74(AVGT) 

VSBY = 

12-98 - 0,06(MN6) + 0.13(SD-4) + 0.03(DMT-6) 
13.55 - 0.06(MN6) + 0.12(SD-4) + 0.04(DMT-6) 
14 -02 - 0.05(MN6) + 0.14(SD-4) - 0.02 (MN2) 
14.34 - 0.05(MN6) + 0.13(SD-4) - 0.02(MN2) 
NONE 
1.27 + 0,9O(APVSBY) 
2.27 + 0.82(APVSBY) 
2.97 + 0.76(APVSBY) 
53.09 - 0.06(MN6) - 0.07 (AVGZ) + O.ll(SD-4) + 0.04(AVGU) 
9.27 - 0.06 (MN6) - 0.15(AVGT) + 0.11 (SD-4) + O.OS(AVGU) 
11.20 - 0.07(MN6) + 0.13(SD-4) - 0,13(AVGT) 
11.91 - O.OS(MN6) + 0.13(SD-4) - 0.12(AVGT) - 0.02(MN2) 
5.46 - 0.08(AVGV) + 0.06(AVGU) - 0.12(AVGT) 
6.53 - O.O9(AVGV) + 0.06(AVGU) - 0.08(AVGT) 
8.75 - O.lO(AVGV) + 0.04(AVGU) 
9.16 - O.lO(AVGV) + O.O3(AVGU) 

TOCA = 

-0.88 + 0.07 (MNS) + 0.09(SD-5) + 0.03(DMD-6) 
-0.46 + 0.06(MNS) + 0.07(SD-2) - 0.03(DMD-7) 
0.03 + 0.03(MN5) + 0.06(SD-3) + 0.03(MN3) 
0.50 + O.lO(MN3) - 0.09(DMD-3) - 0.03(MN7.) 
NONE 
0.75 + 0.86(APTOCA) 
1.44 + 0.75 (APTOCA) 
1.78 + 0.69(APTOCA) 
-0.88 + 0.07(MN5) + 0.09(SD-5) + 0.03(DMD-6) 
29.21 + 0.06(MN5) - 0.05(AUGZ) + 0.04 (AVGV) 
32.26 + 0.05(MN5) - O.OS(AVGZ) + 0.04(AVGV) 
0.50 + O.lO(MN3) - 0.09(DMD-3) - 0.03(MN7) 
36.57 + O.lO(AVGV) - 0,05(AVGZ) 
47.95 + O.lO(AVGV) - 0.07(AVGZ) 
73.74 + O.lO(AVGV) - 0.12(AVGZ) - 0.26(AUGVOR) 
69.04 + 0.09 (AVGV) - 0.11 (AUGZ) - 0.33 (AUGVOR) 

S = 9575 ft. 
S = 9995 ft. 
S = 10376 ft. 
S = 10562 ft. 

S = 9449 ft. 
S = 11033 ft. 
S = 11503 ft. 
S = 9575 ft. 
S = 9693 ft. 
S = 10199 ft. 
S = 10562 ft. 
S = 14701 ft. 
S = 13641 ft. 
S = 13706 ft. 
S = 14013 ft. 
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Figure 4.1-1. Graphical display of results of the general regression 
experiments; contrast with persistence. 
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CASES WHERE R2 FOR STRATIFIED CASE EXCEEDED THE GENERAL CASE 

0 HR LAG 2 HR LAG 4 HR LAG 6 HR LAG 

STRATIFICATION R2 R2 R2 R2 R2 R2 R2 R2 R~ R2 R~ R2 
CRITERIA CLG VSBY TOCA CLG VSBY TOCA CLG VSBY TOCA CLG VSBY TOCA 

PVA 

OVA 

NVA 

580 mbowinds 
301 -360 < 40 KTS - 
500 mbowinds 

240°-300 < 30 KTS - 

EXPERIMENT 5 

VORTICITY AND WIND STRATIFICATION 

Table 4.1-2 



The category of  OVA yielded c o n s i s t e n t l y  b e t t e r  r e s u l t s  f o r  a l l  

l ags  and each of  t h e  t h r e e  predictands.  The ca tegor i e s  of  PVA and NVA 

showed sporadic improvements f o r  var ious  l a g s  and predictands.  

Regression equations derived under t h e  s t r a t i f i c a t i o n  f o r  west wind 

d i r e c t i o n  and moderate speeds i n d i c a t e  higher  R2  values for a l l  l a g  

times and a l l  predictands,  although a s i m i l a r  s t r a t i f i c a t i o n  f o r  north-  

2 wester ly  advection shows R increases  only  i n  t h e  0, 2 and 6 h r .  equa- 

t i o n s  f o r  TOCA. 

Experiment 6 -- Geographic S t r a t i f i c a t i o n .  Using a l l  t h e  app l i cab le  

cases  over t h e  12 d a t a  days, regress ion  equations were derived f o r  v a r i -  

ous terminal  combinations. For example, equat ions f o r  only Los Angeles 

(LAX) and San Francisco (SFO) revealed a l a r g e  reduction of R* f o r  CLG 

and TOCA, but t h i s  was a t t r i b u t e d  t o  a general lack o f  cloudiness s ince  

only  one d a t a  day experienced predominant clouds below 20,000 f e e t .  How- 

ever ,  t h e  equations f o r  p red ic t ing  VSBY f o r  a l l  terminals  except t h e  mid- 

Z 
west (LBF, OMA, SGF, and TUL) were of  more usefulness with R va lues  

o f t e n  exceeding 50% (Table 4.1-3).  For those  midwest s t a t i o n s ,  t h e  r e -  

gional  s t r a t i f i c a t i o n  r a i sed  t h e  explained variance of  c e i l i n g  and opaque 

cloud amount t o  values of  0.6 - 0.71 (co r re l a t ion  c o e f f i c i e n t s  o f  0.75 - 

0.85). 

2 
Figures 4.1-2 and 4.1-3 show t h e  v a r i a t i o n  of  R with l ag  time 

f o r  t h e  Midwest and Northeast regions.  In t h e  l a t t e r ,  t h e  spr ing  time 

terminal weather would be very d i f f i c u l t  t o  forecas t  by pe r s i s t ence  and 

t h e  geosynchronous s a t e l l i t e  da ta  p red ic to r s  continue t o  show b e t t e r  

r e s u l t s  f o r  CLG and TOCA. 

Experiment 6 showed t h a t  terminal s t r a t i f i c a t i o n  d e f i n i t e l y  a i d s  

v i s i b i l i t y  f o r e c a s t s  over a l l  time periods a t  most loca t ions .  



CASES WHERE R~ FOR STRATIFIED CASE EXCEEDED THE GENERAL CASE 

LBF, OMA 
SGF, TUL 

a 

LAX, SFD 

ALB, DCA, LGA ---- .40 

4 HR. LAG 

R R R2 
C LG VSBY TOC A 

SLC, DEN 

2 HR. LAG 

R2 R2 R 
CLG VSBY TOC A 

TERMINALS 

ORD 

0 HR. LAG 

R R2 R 
C LG VSBY TOCA 

EXPERIMENT 6 

TERMINAL STRATIFICATION 

Table 4.1-3 



LBF, OMA, SGF, TUL 

- ATS VARIABLES ONLY 

*----- -* PERSISTANCE 
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Figure 4 . 1 - 2 .  Graphical display of r e s u l t s  of regression experiments 
over midwest United S ta t e s .  
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Figure 4.1-3 

CLG = 

390.50 - Z.lO(MN8) - 3.28 (SD-8) S = 9822 ft. 
419.31 - 2,28(MNS) - 3.85(SD-5) + 2.20(DMD-5) S = 10209 ft. 
346.14 - 1.84(MN6) - 4.41(SD-7) + 2.86(SD-9). --,' '- 

n 

S = 10578 ft. 
NONE r 1 

70.90 + 0.56 (APICLG) S = 11257 ft. 
100.56 + 0.42 (APICLG) S = 11956 ft. 
450.25 - Z.OS(MN8) - 3.35(SD-8) - 6.31(AVGVOR) . S = 9654 ft. 
449.37 - 1.71(MN5) - 13.18(AVGVOR) - 3.21(AVGV) S = 9562 ft. 
369.87 - 1.99 (MN6) - 4.30(SD-7) + 2.54 (SD-9) + 1.28 (DMD-8) S = 10398 ft . 
375.34 - 43.97(AVGVOR) - 4.14(AVGV) - 12.40(AVGT) S = 11879 ft. 
385.02 - 5.08(AVGV) - 36,57(AVGVOR) - 7.88(AVGT) S = 11208 ft. 
188.26 - 2.77(AVGV) c S = 12777 ft. 

VSBY = 

14.54 - 0.04(MN9) - 0.06(DMD-5) + 0.05(DMD-7) 
14.59 - 0.06(MN9) + 0.10(SD-9) - 0.06(DMD-5) 
14.32 - 0.06(MN9) + O.ll(SD-9) + 0.05(DMD-7) 
NONE 
1.50 + 0.9O(APVSBY) 
2.50 + 0.82(APVSBY) 
146.00 - 0.04 (MN9) - 0.22 (AVGZ) - 0.97 (AVGVOR) 
14.59 - 0,06(MN9) + O.lO(SD-9) - 0,06(DMD-5) 
14.32 - 0.06(MN9) + O.ll(SD-9) + 0.05(DMD-7) 
147.24 - 0.22(AVGZ) - l.OS(AVGVOR) 
127.96 - 0.19 (AVGZ) - 0.97 (AVGVOR) 
correlation insufficient for computation 

TOCA = 

0.18 + 0.06(MN6) + 0.09(SD-8) 
0.06 + 0.06(MN6) + 0.09(SD-5) + 0.03(DMD-4) 
2.60 + O.O4(MN3) 
NONE 
1.66 + 0.76(APTOCA) 
3.20 + 0.53 (APTOCA) 
-2.12 + 0.06(MN6) + 0.09(SD-8) + 0.24(AVGVOR) 
23.80 + O.OS(MN6) + O.ll(SD-5) - 0.04(AVGZ) 
2.60 + 0.04 (MN3) 
1.08 + 1.01 (AVGVOR) + 0.09 (AVGV) + 0.27 (AVGT) 
2.28 + O.lO(AVGV) + 0.35(AVGVOR) 
6.04 + O.OS(AVGV) 



CLG 

ALB, DCA LGA 
161 CASES 

- ATS VARIABLES ONLY .------ * PERSISTANCE 
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Figure 4.1-3. Graphical display of results of  regression experiments 
over northeast United States terminals; contrast with 
persistence. 



Experiment 7 -- Stratification for Cloud Cases. This experiment, 

outside the general goals of the present study, was a special attempt to 

objectively forecast terminal weather during complex weather situations. 

The experiment used 403 data cases selected from ail available terminals 

having appropriate cloud conditions (see p. 35). All combinations of 

satellite parameters, upper air data and a priori values of the predic- 

tands themselves were screened in order to derive the best regression 

equations for these disturbed weather conditions. A side result showed 

that use of a priori observations of terminal visibility alone could ex- 

plain more than 70% of the variance at 2 and 4 hour lags with standard 

errors of 2.4 - 3.0 miles. The satellite data alone provided better 

estimates of ceiling and opaque cloud cover than a priori values of these 

parameters (alone or in combinations). Although the standard errors 

from the satellite method were 10 to 11 thousand feet and 2 to 2.5 tenths 

of sky cover, they provide better objective forecasts under these rapidly 

changing conditions than does persistence. 

4.2 Other Results 

During the course of this project, a variable named PRE and alter- 

nately one termed CIP had been tested for regressian development along 

with the prime variables of CLG, VSBY and TOCA. PRE was an attempt to 

span the reported values of weather and obstructions to vision with a 

continuous variable, CIP a similar attempt over only the more severe 

weather categories. Results of all regression runs for these variables 

were poor, most probably a result of the artificial adoption of the 

continuous variable approach. Additional efforts to predict short-term 



v a r i a t i o n s  of  weather by c l a s s  o r  by t h e  p r o b a b i l i t y  of  s i g n i f i c a n t  wea- 

t h e r  using geosynchronous s a t e l l i t e  observat ions should be more successfu l .  

A s  noted i n  Table 2.4-1,  i n  t h e  absence of  a reported cloud c e i l i n g  

(due t o  lack  o f  a t  l e a s t  broken cloud condi t ions)  we assigned values of 

a very  high c e i l i n g  t o  t h e  d a t a  cases .  This  was done with t h e  knowledge 

t h a t  a bimodal sample would r e s u l t ,  but t h e  prospect  o f  s t r a t i f i c a t i o n  

of  t h e  d a t a  s e t s  and t h e  need t o  r e t a i n  a l a r g e  number of  cases  covering 

a l l  weather condi t ions  caused t h e  high-level  c e i l i n g  assignment t o  be 

r e t a ined .  This  approach has e f fec ted  a l l  r e s u l t s  of  c e i l i n g  p red ic t ion  

quoted thus  f a r  and t o  a s sess  t h e  absolu te  value of  t h i s  e f f e c t  a spe- 

c i a l  t e s t  was devised.  

Using only  51 d a t a  cases  from DEN and SLC where a c t u a l  c e i l i n g s  

were repor ted ,  regress ion  equations were developed i n  t h e  normal manner. 

A t  2 and 4 hour l a g s  (a 6 hour l a g  was not  attempted) t h e  reduct ion  o f  

c e i l i n g  var iance  (R') was 0.70 with standard e r r o r s  of  about 5000 f e e t .  

This  r ep resen t s  an absolu te  improvement i n  var iance  reduction of  10% 

and a 4000 f t .  improvement i n  standard e r r o r  over t h e  DEN and SLC sample 

when c e i l i n g  values were a r b i t r a r i l y  extended over a wider range. Thus, 

e r r o r s  i n  c e i l i n g  f o r e c a s t s  reported throughout t h i s  s tudy must be con- 

s idered  worst case  es t imates  wherein t h e  s a t e l l i t e  d a t a  p r e d i c t o r s  have 

been forced t o  opera te  without guidance o r  b i a s  over a bimodal d i s t r i -  

but ion of  c e i l i n g  values.  I t  appears t h a t  t h e  c e i l i n g  e r r o r s  could be 

c u t  50% by development of spec ia l  regress ion  equations,  s t i l l  using 

only  s a t e l l i t e  d a t a  a s  p red ic to r s ,  but  chosen f o r  development and use 

only  over a reas  of broken o r  overcast  clouds. Another poss ib le  approach 

might be t h e  use of a REEP (regression es t imat ion  of event p robab i l i ty )  

which at tempts t o  forecas t  (using s a t e l l i t e  da ta)  t h e  p robab i l i ty  of  

occurrence of  s p e c i f i c  ca tegor i e s  of low l eve l  c e i l i n g s .  



5.0 Tests for Forecasting Significance and Usefulness 

As noted in section 3.3, an independent, randomly selected data 

set was withheld from all regression equation development experiments. 

This set of 81 data cases was used to test all general regression equa- 

tions derived from the N = 635 sample (Table 4.1-1). Such tests allow 

a measure of the stability of the derived equations and thus permit a more 

conclusive estimate of forecasting significance and usefulness. A sam- 

ple of this intercomparison is: 

PARAMETER AND LAG DEVELOPMENT SET INDEPENDENT SET 

R S RE SEE REP 

CLG ( 0 HR LAG) 0.66 9575 0.51 10851 N.A. 

CLG ( 4 HR LAG) 0.56 10376 .45 10484 -0.20 

VSBY (2 HR LAG) 0.34 3.95 0.17 4.32 0.79 

VSBY (6 HR LAG) 0.39 3.81 0.24 0.24 0.69 

TOCA (0 HR LAG) 0.69 2.32 0.58 2.48 N.A. 

TOCA (6 HR LAG) 0.50 2.87 0.43 2.86 0.20 

For the independent set the parameter chosen for cornpairons with 

2 
reduction of variance (R ) and standard error (S) are the reduction of 

error : 

where YO is observed value, YF the forecast value, is mean 

of YO and the standard error of estimate: 

r 
SEE = 



Additional comparison of our r e s u l t s  with those which would have been 

derived using a mul t ip le  regress ion  approach based on pe r s i s t ence  a r e  

shown by t h e  REP' column. This percent reduction of e r r o r  i n  t h e  inde- 

pendent s e t  by pe r s i s t ence  forecas t ing  i s  l e s s  than our sa te l l i t e -pa ramete r  

method except when t h e  predictand i s  v i s i b i l i t y .  

Results  from t h e  independent sample t e s t  ind ica te  good s t a b i l i t y  

of  our derived regress ion  equations within t h e  general uncer ta in ty  l i m i t  

of  t h i s  new approach. Furthermore, t h e  checks have again noted, a s  i n  

sec t ion  4 ,  t h a t  t h e  ATS s a t e l l i t e  p red ic to r s  out-perform pers i s t ence  

forecas t ing  i n  t h e  3-6 hour range f o r  t h e  va r i ab les  o f  a i r  terminal 

cloud c e i l i n g  and amount of  t o t a l  opaque cloud cover. 

With our independent t e s t  s e t  of  81 da ta  cases,  we have a l s o  de- 

r ived t h e  absolute  values of the  RMS devia t ions  of  t h e  fo recas t  from t h e  

observed parameters f o r  : 

a )  t h e  s a t e l l i t e  parameter method: 

b) a method using pers is tence  (a p r i o r i  va r i ab les  a s  p red ic to r s ) :  

c )  and t h e  devia t ion  t h a t  would be found from a method t h a t  would 
always forecas t  t h e  cl imatological  value: 

MAD = 
z lyO - 

AP 
'REP i s  derived f rop  a form of E q .  I with Y , an a p r i o r i  va r i ab le ,  

s u b s t i t u t e d f o r  Y . 



These r e s u l t s  a r e  shown i n  Figure 5.0-1. The RMS v a r i a t i o n  of  t h e  81 

t e s t  samples used is  noted by an X i n  t h e  f i g u r e .  The RMS devia t ion  

o r  e r r o r  i s  inve r se ly  r e l a t e d  t o  t h e  reduction of variance discussed i n  

t h e  development s e t .  For t h e  pe r s i s t ence  case  it r i s e s  r a p i d l y  with time 

l ag  and exceeds t h e  e r r o r  from t h e  s a t e l l i t e  technique a t  2 hours f o r  

c e i l i n g ,  2 hours f o r  TOCA and not  a t  a l l  f o r  v i s i b i l i t y .  The curve used 

t o  represent  t h e  s k i l l  of  a climatology-based fo recas t  (MAD) y i e l d s  a 

worse e r r o r  than t h e  s a t e l l i t e  method f o r  c e i l i n g  and opaque cloudiness 

and no b e t t e r  r e s u l t s  a t  any l ag  time f o r  v i s i b i l i t y .  

There a r e  a grea t  v a r i e t y  of s k i l l  scores  i n  use t o  a s sess  t h e  use- 

fu lness  o r  success of fo recas t ing  methods. Many of them, derived t o  

evalua te  p red ic t ions  expressed a s  t h e  p robab i l i ty  of an event occurring 

i n  a given c l a s s ,  a r e  not appropr ia te  t o  t h i s  study. Others r equ i re  t h a t  

c l imatologica l  d a t a  be use$. t o  de f ine  c l a s s  i n t e r v a l s  i n  a contingency 

t a b l e  (Ponofsky and Br ier ,  1965). Although t h i s  approach is f e a s i b l e ,  

it is  beyond t h e  scope o f  t h e  present  study. Thus, t o  test t h e  r e s u l t s  

of our  f o r e c a s t s  which a r e  expressed on a continuous numerical s ca le ,  

t h e  RMS method used i s  most appropr ia te .  

6.0 Conclusions and Recommendations 

This s tudy has demonstrated t h a t  short-term s t a t i s t i c a l  f o r e c a s t s  

of  c e i l i n g  and t o t a l  opaque cloud amount can be made with t h e  use of  

only ATS I11 geosynchronous s a t e l l i t e  da ta .  The l i n e a r ,  l e a s t  squares,  
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Figure 5.0-1. RVS e r r o r  of s t a t i s t i c a l  f o r e c a s t s  using s a t e l l i t e  da t a  
compared t o  fo recas t  e r r o r  i n  r e s u l t s  based on cl imatology 
(MAD) and on pe r s i s t ence  (RMS ) 

P 



mul t ip l e  r eg re s s ion  equat ions expla in  50 - 70% of t h e  p red ic t ands f  t o t a l  

v a r i a t i o n  f o r  f o r e c a s t  per iods  of  up t o  s i x  hours .  As a  general  compari- 

son, t h e  WIC adopted r eg re s s ion  equat ions f o r  p r e d i c t i n g  maximum and 

minimum su r face  temperatures  f o r  12-60 hour p r o j e c t i o n s  expla in  an average 

o f  75% of  t h e  temperature var iance  (Klein and Lewis, 1970).  However, 

o t h e r  techniques under development t o  produce te rmina l  f o r e c a s t s  and pro- 

b a b i l i t y  of p r e c i p i t a t i o n  f o r e c a s t s  p r e s e n t l y  expla in  only  30% o f  t h e  

predictand var iance .  

The ope ra t iona l  u t i l i t y  o f  t h e  r e s u l t s  of  t h e  p re sen t  s tudy  i s  

l imi t ed  f o r  some a p p l i c a t i o n s  due t o  t h e  l a r g e  s tandard e r r o r s  which r e -  

p re sen t  20-25% o f  t h e  predic tandsf  range. However, s u b s t a n t i a l  improve- 

ment i n  t h e  p red ic t ion  equat ions appears  poss ib l e  i f  app ropr i a t e  s t r a t i f i -  

c a t i o n  c r i t e r i a  a r e  appl ied  t o  t h e  d a t a  s e t .  Fu r the r  r e sea rch  w i l l  be 

requi red  t o  i d e n t i f y  and r e f i n e  these  c r i t e r i a  t o  t h e  ex t en t  of  making 

t h e  r eg re s s ion  equat ions o p e r a t i o n a l l y  s i g n i f i c a n t .  In  t h e  context  o f  

t h e  p re sen t  s tudy,  which uses  s a t e l l i t e  observa t ions  only,  t h e  s t r a t i f i -  

c a t i o n  c r i t e r i o n  should be a  parameter r e a d i l y  observed o r  f o r e c a s t  from 

s a t e l l i t e  d a t a .  Thus, t h e  t o t a l  technique would be independent of  su r f ace  

observa t ions  and would be app l i cab le  on a  g loba l  b a s i s  and e s p e c i a l l y  

va luable  over  t h e  oceanic reg ions .  

The present  s tudy was e s t ab l i shed  t h a t  geosynchronous meteorological  

d a t a  a r e  a  va luable  new type o f  information f o r  short- term s t a t i s t i c a l  

f o r e c a s t s  of mesoscale phenomena. The f u l l  p o t e n t i a l  o f  t h e s e  d a t a  a s  

s tand-alone o b j e c t i v e  f o r e c a s t  p r e d i c t o r s  awa i t s  f u t u r e  s tudy .  I-Iowever, 

a t  t h e  p re sen t  t ime, r e s u l t s  of t h i s  s tudy show t h a t  2-6 hour l o c a l  a rea  

f o r e c a s t s  could be added by t h e  o b j e c t i v e  "guidance" provided by geo- 

synchronous s a t e l l i t e  da t a  used i n  mu l t ip l e  r eg re s s ion  equat ions .  A 



field test is recommended. Furthermore, the present,study was developed 

and tested using point-site (terminal) weather data for input and vari- 

fication. Use of a local area approach (i.e., stratification by geography) 

]nay yield even better results than the general results of the present 

study. 

It i s  important to note that the array of satellite data over a 

region allowed study of both advection and development of the cloud 

fields. In addition to mean variance values at grid points, the pattern 

of clouds at a grid mesh,as well as the relative large scale distribution 

and time rate of change of the cloud fields, were all parameters that 

weighted heavily into the prediction equations. Great care was necessary 

in processing the experimental ATS-3 satellite data so as to insure the 

ability for unbiased intra- and inter-daily measurement comparison. Fu- 

ture research with the geosynchronous satellite data as applied to very 

short range forecasting should include study of the new possibilities of 

using infrared radiance measurements. 



mul t ip l e  r eg re s s ion  equat ions expla in  50 - 70% of  t h e  p red ic t ands f  t o t a l  

v a r i a t i o n  f o r  f o r e c a s t  per iods  of  up t o  s i x  hours.  A s  a  general  compari- 

son, t h e  NblC adopted r eg re s s ion  equat ions f o r  p r e d i c t i n g  maximum and 

minimum sur face  temperatures  f o r  12-60 hour p r o j e c t i o n s  expla in  an average 

o f  75% o f  t h e  temperature var iance  (K1ei.n and Lewis, 1970).  However, 

o t h e r  techniques under development t o  produce terminal  f o r e c a s t s  and pro- 

b a b i l i t y  of  p r e c i p i t a t i o n  f o r e c a s t s  p r e s e n t l y  expla in  only  30% of  t h e  

predictand var iance .  

The ope ra t iona l  u t i l i t y  o f  t h e  r e s u l t s  of  t h e  p re sen t  s tudy  i s  

l imi t ed  f o r  some a p p l i c a t i o n s  due t o  t h e  l a r g e  s tandard e r r o r s  which r e -  

present  20-25% o f  t h e  predic tands '  range.  However, s u b s t a n t i a l  improve- 

ment i n  t h e  p red ic t ion  equat ions appears  poss ib l e  i f  app ropr i a t e  s t r a t i f i -  

c a t i o n  c r i t e r i a  a r e  appl ied  t o  t h e  d a t a  s e t .  Fur ther  r e sea rch  w i l l  be 

requi red  t o  i d e n t i f y  and r e f i n e  these  c r i t e r i a  t o  t h e  e x t e n t  o f  making 

t h e  r eg re s s ion  equat ions ope ra t iona l ly  s i g n i f i c a n t .  In  t h e  context  o f  

t h e  p re sen t  s tudy,  which uses  s a t e l l i t e  observa t ions  only,  t h e  s t r a t i f i -  

c a t i o n  c r i t e r i o n  should be  a  parameter r e a d i l y  observed o r  f o r e c a s t  from 

s a t e l l i t e  d a t a .  Thus, t h e  t o t a l  technique would be independent o f  su r f ace  

observa t ions  and would be app l i cab le  on a  g loba l  b a s i s  and e s p e c i a l l y  

va luable  over  t h e  oceanic reg ions .  

The present  s tudy was e s t ab l i shed  t h a t  geosynchronous meteorological  

d a t a  a r e  a  va luable  new type o f  information f o r  short- term s t a t i s t i c a l  

f o r e c a s t s  of mesoscale phenomena. The f u l l  p o t e n t i a l  o f  t h e s e  d a t a  a s  

s tand-alone o b j e c t i v e  f o r e c a s t  p r e d i c t o r s  awa i t s  f u t u r e  s tudy .  However, 

a t  t h e  present  t ime, r e s u l t s  of t h i s  s tudy  show t h a t  2-6 hour l oca l  a rea  

f o r e c a s t s  could be added by t h e  o b j e c t i v e  "guidance" provided by geo- 

synchronous s a t e l l i t e  da t a  used i n  mu l t ip l e  r eg re s s ion  equat ions .  A 



f i e l d  t e s t  i s  recommended. Furthermore, t h e  present  s tudy was developed 

an3 t e s t e d  us ing  p o i n t - s i t e  ( te rmina l )  weather d a t a  f o r  input  and v a r i -  

f i c a t i o n .  Use of a l o c a l  a r e a  approach ( i . e . ,  s t r a t i f i c a t i o n  by geography) 

may y i e l d  even b e t t e r  r e s u l t s  than t h e  general  r e s u l t s  of  t h e  present  

s tudy.  

I t  i s  important t o  note  t h a t  t h e  a r r a y  of s a t e l l i t e  d a t a  over  a 

region allowed s tudy  of both advect ion and development of  t h e  cloud 

f i e l d s .  In add i t i on  t o  mean variance va lues  a t  g r i d  p o i n t s ,  t h e  p a t t e r n  

of c louds a t  a g r i d  mesh,as well a s  t h e  r e l a t i v e  l a r g e  s c a l e  d i s t r i b u t i o n  

and time r a t e  of change of t h e  cloud f i e l d s ,  were a l l  parameters t h a t  

weighted heavi ly  i n t o  the  p red ic t ion  equat ions .  Great c a r e  was necessary 

i n  processing t h e  experimental ATS-3 s a t e l l i t e  d a t a  so a s  t o  i n su re  t h e  

a b i 1 i . t ~  f o r  unbiased i n t r a -  and i n t e r - d a i l y  measurement comparison. Fu- 

t u r e  r e sea rch  with t h e  geosynchronous s a t e l l i t e  d a t a  a s  appl ied  t o  very  

s h o r t  range f o r e c a s t i n g  should include s tudy o f  t h e  new p o s s i b i l i t i e s  of  

us ing  i n f r a r e d  rad iance  measurements. 
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APPENDIX A. 

B i - d i r e c t i o n a l  R e f l e c t a n c e  Models 

I f  t h e  ocean o r  a c loud  were known t o  r e f l e c t  s o l a r  r a d i a t i o n  

accord ing  t o  Lambert ' s  Law ( i . e . ,  appeared as a n  i s o t r o p i c  r e f l e c t o r  

when viewed from d i f f e r e n t  a n g l e s  over  a  27r s t e r a d i a n  hemisphere by a n  

ins t rument  of f i x e d  f i e l d  of v iew),  t h e n  t h e  r e f l e c t i n g  s u r f a c e  would 

always have t h e  same "albedo" f o r  any s o l a r  i n c i d e n t  a n g l e  and any 

a n g l e  of view. 

S ince  t h i s  is  known t o  b e  n o t  t r u e ,  t h e n  t h e  b i - d i r e c t i o n a l  re- 

-1 
f l e c t a n c e  (p ,  a  p r o p e r t y  of t h e  s u r f a c e  w i t h  u n i t s  of s t e r a d i a n s  ) 

p a t t e r n  o f  t h e  s u r f a c e  must be  t aken  i n t o  account .  Using t h e  f o l l o w i n g  

d e f i n i t i o n s  : 

r e f l e c t e d  r a d i a t i o n  i n  t h e  d i r e c t i o n  8,  I/J 

P (C ,~ , I / J )  = 
2 -  - 

i n c i d e n t  r a d i a t i o n  from a g iven  5, $ 1 

= b i - d i r e c t i o n a l  r e f l e c t a n c e  , 

r e f l e c t e d  r a d i a t i o n  i n  a l l  d i r e c t i o n s  - - 
r(') = i n c i d e n t  r a d i a t i o n  from a  g iven  5 ,  IJJ 

1 

= d i r e c t i o n a l  r e f l e c t a n c e  , 

where, accord ing  t o .  F i g u r e  A-1: 

C = s o l a r  z e n i t h  a n g l e ,  

IJJ1 = s o l a r  azimuth a n g l e ,  

8 = s a t e l l i t e  z e n i t h  a n g l e ,  

$J2 = s a t e l l i t e  azimuth a n g l e ,  and 

$J = IJJ1 - q2 = r e l a t i v e  s o l a r  azimuth a n g l e .  

The two r e f l e c t a n c e s  a r e  r e l a t e d  through t h e  e q u a t i o n  

2 Tr 

r t s )  = J p ( c Y 8 , + ) c o s  8  d~ = 
0 

p(c ,8 ,$J )cos  8  s i n  f3 d8 d$2 

and 



Figure  A-1 Geometry of r e f l e c t a n c e .  



where dQ r ep re sen t s  t h e  s o l i d  angle  subtended by t h e  sun a t  t he  

r e f l e c t i n g  su r f ace .  Since p i s  independent of d i r e c t i o n  f o r  a Lam- 

b e r t i a n  su r f ace ,  equat ion (1) reduces t o  

r =.rrp . (A21 

The i s o t r o p i c  r e f l e c t a n c e  from a Lambert su r f ace  (equat ion ( 2 ) )  

was then used a s  a common base  from which t h e  a c t u a l  b i - d i r e c t i o n a l  

r e f l e c t a n c e  [p  (<, 8 ,$J) 1 was represented .  Using observed cloud r e f l e c -  

t i v i t i e s  of Brennan and Bandeen (1970) and o t h e r s ,  a s  w e l l  a s  a v a i l a b l e  

summaries presented by Raschke e t  a l .  (1971), two models of b i -  

d i r e c t i o n a l  r e f l e c t a n c e  p a t t e r n s  were assembled. The f i r s t  i s  an ocean 

b i - d i r e c t i o n a l  r e f l e c t a n c e  model; t h e  second i s  a s i m i l a r  model f o r  

clouds. Aniso t ropic  f a c t o r s  (x) were empir ica l ly  found t o  r ep re sen t  

t h e  b i - d i r e c t i o n a l  r e f l e c t a n c e  of e i t h e r  a water  su r f ace  o r  a cloud v i a  

t h e  fol lowing equat ion.  

Thus, x < 1 is  i n d i c a t i v e  of r e f l e c t e d  rad iance  g r e a t e r  than t h a t  which 

would b e  received from a Lambert su r f ace  when viewed under i d e n t i c a l  

angular  condi t ions  ( 5 , 8 ,  $) , and v i c e  versa  f o r  x > 1. 

The angular  dependence of ocean and cloud r e f l e c t a n c e  was 

accounted f o r  v i a  t he  x f a c t o r s  a s  shown i n  Appendix B. I n  t h e  case  of 

c louds,  o t h e r  r e f l e c t a n c e  va r i ab l e s  r e l a t e d  t o  phys ica l  c h a r a c t e r i s t i c s  

of t h e  condensed water  vapor a r e  a l s o  important.  Among these  a r e  t h e  

phase s t a t e  and s i z e  d i s t r i b u t i o n  of t h e  condensate,  t h e  amount of  con- 

densa te  and cloud th ickness  (Stamm and Vonder Haar, 1970).  In  add i t i on ,  

t h e  na tu re  of  t h e  underlying su r f ace  may a f f e c t  t he  observed cloud 

r e f l e c t i v i t i e s  (Bartman, 1967). Di rec t  i nc lus ion  of these  o t h e r  



v a r i a b l e s  i s  nea r ly  impossible; however, t h e  empir ica l  x observa t ions  

do represent  t h e  i n t e g r a t e d  r e s u l t  of a l l  r e l evan t  f a c t o r s .  

A v e r t i c a l  c ros s  s e c t i o n  through t h e  three-dimensional,  x su r f ace  

of t h e  ocean model used i s  shown i n  Figure A-2.  A s i m i l a r  c ros s  s e c t i o n  

through t h e  cloud model i s  seen i n  Figure A-3. 

Aniso t ropic  f a c t o r s  were formulated f o r  t he  fol lowing ranges of 

t h e  t h r e e  c r i t i c a l  angles:  

1. So la r  z e n i t h  ( c )  , a .  OO.s 5 < 35", 

c .  60" S c < 80"; 

S a t e l l i t e  z e n i t h  ( 8 ) ,  0' 5 8 1 60' f o r  A6 of 10";  

Re la t ive  azimuth ($) , 0" I $J I 180" f o r  A$ of 30 " 

(symmetry was assumed f o r  180" < $J < 360"). 

The complete t a b l e  values of x ( c , ~ , $ )  which form a layered  ma t r ix  

of 3 x 6 x 6 a r e  given i n  Tables A-1 and A-2. 



Figure  A-2 

n 
OCEAN MODEL 

( x  = r h p )  

/-\ 
LAMBERT SURFACE 

( I= r h p )  

( BACK-SCATTER) (FORWARD-SCATTER) 

V e r t i c a l  c ross -sec t ion  through t h e  x model f o r  t h e  ocean dep ic t ing  t h e  d i f f e r e n c e  i n  
r e f l e c t i v e  c h a r a c t e r i s t i c s  between a  Lambert s u r f a c e  and t h e  observed ocean. 

= 35"-60°, 8 = 20"-30°, JI = 0"-180" 





Table  A-1 

~ ( 5 , 8 , $ )  f a c t o r s  f o r  t h e  Nimbus I11 ocean model 

x = 0.70 = c o n s t a n t  



T a b l e  A-2 

X ( < , ~ , $ J )  f a c t o r s  f o r  t h e  Nimbus I11 c l o u d  model 

X = 1.02 = c o n s t a n t  



APPENDIX B. 

S t a n d a r d i z a t i o n  and Normal izat ion Procedures  

S ince  measurements of  r e f l e c t e d  r a d i a n c e  ( b r i g h t n e s s )  a r e  depend- 

e n t  upon t h e  a n g u l a r  c o n d i t i o n s  of o b s e r v a t i o n ,  a  s t a n d a r d i z a t i o n  and/  

o r  n o r m a l i z a t i o n  t echn ique  must b e  a p p l i e d  t o  t h e  d a t a  b e f o r e  v a l i d  

r e l a t i v e  comparisons can b e  made. 

I n  p r a c t i c e ,  a  t ime sequence of measurements of a  g iven s u r f a c e  

may b e  taken under d i f f e r e n t  a n g u l a r  c o n d i t i o n s  because  o f :  

(a)  a r e l a t i v e l y  long  e l a p s e d  t ime i n t e r v a l  from beg inn ing  t o  

end of  t h e  sequence ( a  s e n s o r  mounted on  a  f i x e d  p l a t f o r m ) ,  

t h u s  changing < and $ w i t h  0 remaining c o n s t a n t ;  o r ,  

(b)  r a p i d  movement of t h e  ins t rument  (on a s a t e l l i t e  o r  air- 

c r a f t ) ,  t h u s  changing 8 and /or  $ w h i l e  < remains  c o n s t a n t .  

Vonder Haar (1969) d i s c u s s e s  t h e  p r o p o r t i o n a l i t y  between r e f l e c t e d  

r a d i a n c e  measurements ( a l s o  c a l l e d  d i g i t a l  coun ts  o r  b r i g h t n e s s  v a l u e s )  

and t h e  b i - d i r e c t i o n a l  r e f l e c t a n c e  (p )  . Thus, g iven a d i g i t a l  coun t ,  

D, a t  t ime,  t ,  and p o i n t ,  p, then :  

where K and K a r e  p r o p o r t i o n a l i t y  c o n s t a n t s ,  
1 2 

V = v o l t a g e  o u t p u t  from t h e  ATS spin-scan camera, 
0 

Nr = measured r e f l e c t e d  s o l a r  r a d i a n c e ,  

p = e f f e c t i v e  b i - d i r e c t i o n a l  r e f l e c t a n c e  of  t h e  viewed s u r f a c e ,  

and 

H. = i n c i d e n t  s o l a r  i r r a d i a n c e  ( t h e  s o l a r  c o n s t a n t ) .  
1 

L e t  D' b e  a  d i g i t a l  count  from t h e  same cloud o r  s u r f a c e  a t  

( a )  t + A t  where p  = c o n s t a n t ,  o r  (b )  p  + Ap where t = c o n s t a n t .  Then: 



D 
K K pH. cos 5 

- - - 1 2  1 - P C O S 5  - 
D '  K K , p H . c o s r 1  p ' c o s ? '  

1 L  1 

Equat ion ( 2 )  is t h e  g e n e r a l  e x p r e s s i o n  used f o r  comparisons 

between D and D l .  I n  o r d e r  t o  e x p r e s s  t h e  r a t i o  p l p ' ,  e m p i r i c a l  x 

f a c t o r s  were o b t a i n e d  t o  r e p r e s e n t  t h e  v a r i a t i o n  between a c t u a l  r e f l e c t -  

ance  and Lambert r e f l e c t a n c e  a s  d i s c u s s e d  i n  Appendix A.  

For t h e  same c loud  o r  s u r f a c e  t h e  d i r e c t i o n a l  r e f l e c t a n c e s  ( r )  a r e  

r e l a t e d  by: 

r l ( ? ' )  = F r ( c )  , 

where F = r '  ( < ' I  r ( ?=0)  = r ' ( c l )  
r(c=O) r ( ? )  r ( c )  

The F f a c t o r s  i n c l u d e  t h e  a c t u a l  d i r e c t i o n a l  r e f l e c t a n c e  [ r ( ? ) ]  r e l a t i v e  

t o  t h e  d i r e c t i o n a l  r e f l e c t a n c e  a t  s o l a r  noon [ r ( ? = O ) ] .  The complete 

l i s t  of  model v a l u e s  used is  shown i n  Tab le  B-1. 

r r ' 
Since  x = - and X' = - , then  from e q u a t i o n  (3) 

I T  P VP ' 

X ' T P '  = F X I T ~  o r ,  

There fore ,  from e q u a t i o n  ( 2 )  , D - - - -  x l r ( c )  cos  s 
D1 x r l ( c ' )  cos  5 '  O r '  

X '  r ( c )  cos  P cos  c 
= "' = [ ; r l ( , l I  cos , ' I D '  = [& cos ,']Dl 

Through t h e  p roper  s c a l i n g  f a c t o r ,  TI, it i s  t h e n  p o s s i b l e  t o  com- 

pare  d i g i t a l  v a l u e s  from i d e n t i c a l  c louds  o r  s u r f a c e s  ( a )  t aken  a t  

d i f f e r e n t  t imes ,  b u t  o v e r  t h e  same geograph ica l  l o c a t i o n ,  o r  (b)  ob- 

s e r v e d  a t  s e p a r a t e  l o c a t i o n s  b u t  a t  t h e  same t ime.  



Table  B-1 

D i r e c t i o n a l  r e f l e c t a n c e  r e l a t i v e  t o  t h e  v a l u e  a t  
s o l a r  z e n i t h  a n g l e  of z e r o  degrees  f o r  t h e  

Nimbus 111 ocean and c loud models 

- 

Ocean Cloud 

Cos 5 



The s t a n d a r d i z a t i o n  procedure  used t h i s  t echn ique  t o  check each 

ATS p i c t u r e  f o r  unrecorded ga in  s e t t i n g s .  Although t h e  c o r r e c t i o n  

f a c t o r s  ( 0 )  computed d u r i n g  s t a n d a r d i z a t i o n  were subsequen t ly  n o t  used,  

t h e  s t a t e d  approach f o r  computing a n  0 t o  account  f o r  ocean a n i s o t r o p y  

and changes i n  i n c i d e n t  i r r a d i a n c e  is  t h e o r e t i c a l l y  v a l i d .  

The n o r m a l i z a t i o n  procedure  used a s i m i l a r  t e c h n i q u e  t o  account  

f o r  c loud  a n i s o t r o p y  and changes i n  i n c i d e n t  s o l a r  i r r a d i a n c e .  Cloud 

a n i s o t r o p y ,  which i s  t h e  r e s u l t  of t h e  a s y m e t r i c  b i - d i r e c t i o n a l  

r e f l e c t a n c e  p a t t e r n  of c louds ,  may account  f o r  v a r i a t i o n s  i n  measured 

b r i g h t n e s s  of 1% t o  300%. These changes a r e  normal ized t o  a d i f f u s e  

r e f l e c t i n g  Lambert s u r f a c e  v i a  t h e  f a c t o r  X. The changes of  i n c i d e n t  

s o l a r  i r r a d i a n c e  a r e  o b t a i n e d  through t h e  r a t i o  of  t h e  c o s i n e s  of t h e  

s o l a r  z e n i t h  a n g l e .  T h i s  r a t i o ,  i n  a d d i t i o n  t o  account ing  f o r  d i u r n a l  

s o l a r  p o s i t i o n s ,  a l s o  compensates f o r  t h e  v a r i o u s  s o l a r  d e c l i n a t i o n s  

i n h e r e n t  i n  t h e  o r i g i n a l  d a t a .  It i s  t h e  product  (0) o f  t h e s e  two cor-  

r e c t i o n  terms t h a t  i s  then  used a s  a  proper  s c a l i n g  f a c t o r  f o r  d i g i t a l  

coun ts  from i n d i v i d u a l  ATS t imes and l o c a t i o n s .  

The same r e f e r e n c e  t i m e  and l o c a t i o n  was used d u r i n g  bo th  t h e  

s t a n d a r d i z a t i o n  and n o r m a l i z a t i o n  procedures .  T h i s  r e f e r e n c e  was l o c a l  

noon on 1 5  A p r i l  and 30°N, l o c a l  l o n g i t u d e ,  which enab led  a  r e l a t i v e  

minimum of  c o r r e c t i o n  f a c t o r s  t o  be  computed. Through t h e s e  two pro- 

cedures ,  i t  was then  p o s s i b l e  t o  compare t h e  ATS d i g i t i z e d  p i c t u r e s  on 

an i n t e r - d a i l y  a s  v e l l  a s  an I n t r a - d a i l y  b a s i s .  
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Quan t i t a t i ve  rad iance  measurements from NASA's ATS-3 geosyn- 
chronous s a t e l l i t e  have been used t o  develop and t e s t  a s ta t i s t i -  
c a l  f o r e c a s t  method t o  p r e d i c t  a i r  terminal  weather over  t h e  very  
s h o r t  range (0-6 hours) t ime per iod .  Resul t s  from more than 800 
hour ly  weather s i t u a t i o n s  a t  a wide range of U .  S. weather s t a -  
t i o n s  show t h a t  t h e  parameters of  c e i l i n g  and t o t a l  opaque cloud 
cover can be s p e c i f i e d  o r  pred ic ted  with s k i l l ,  exceeding p e r s i s -  
t ence  f o r e c a s t s  f o r  t ime per iods  g r e a t e r  than two hours.  S t a t i s -  
c a l  p red ic t ions  based on s a t e l l i t e  d a t a  a lone  a r e  much b e t t e r  than  
those  based on some 500 mb upper a i r  parameters t e s t e d .  The poten- 
t i a l  global  a p p l i c a t i o n s  of t h e  s a t e l l i t e  data-based f o r e c a s t s  can 
apparent ly  be improved by t h e  use  of c e r t a i n  c r i t e r i a ,  such a s  r e -  
gion o f  i n t e r e s t ,  i n  developing and applying t h e  mul t ip l e  r eg re s s ion  
equat ion.  Considering t h e  p re sen t  s t a t u s  of o b j e c t i v e  sho r t  range 

1 weather fo recas t ing ,  t h e  i n i t i a l  r e s u l t s  of t h e  p re sen t  s tudy  a r e  
encouraging. 
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