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S a t e l l i t e  observat ions o f  t he  atmosphere on a g lobal  
sca le  began 23 years  ago. I n  the  i n t e r v e n i n g  per iod,  
sate1 1 i t e  sensors and opera t iona l  techniques f o r  the  
use o f  t h e  data has evolved t o  a h igh  degree o f  pro-  
f i c i e n c y .  This  paper i d e n t i f i e s  and at tempts t o  
q u a n t i f y ,  t o  the  ex ten t  poss ib le ,  many of t h e  cu r ren t  
b e n e f i t s  and uses being der ived  from the  Un i ted  S ta tes '  
Operat ional  Environmental S a t e l l i t e  System. 

The i n i t i a l  paper on t h i s  sub jec t  was publ ished by 
W. John Hussey and E. L. Heacock i n  A p r i l  1978 and 
presented a t  t he  Four th Annual Convention o f  t h e  
Eastern Economic Assoc ia t ion  i n  Washington, D.C. 
Subsequently, t h e r e  has been considerable i n t e r e s t  i n  
t h e  evo lv ing  b e n e f i t s  o f  environmental s a t e l l i t e s  and 
t h e  pr imary b e n e f i t s  discussed i n  the  1978 paper have 
been updated and inc luded i n  t h i s  paper. I n  add i t i on ,  
many o the r  unique uses o f  environmental s a t e l l i t e  data 
a r e  discussed i n  t h i s  paper. 

The b e n e f i t s  discussed he re in  a re  evidence t h a t  t he  
opera t i ona l  environmental s a t e l l i t e  has earned i t s  
p l a c e  as an i r r e p l a c e a b l e  weather and ocean observ ing 
t o o l .  These s a t e l l i t e s  a re  making major c o n t r i b u t i o n s  
towards the  saving o f  l i v e s  and proper ty  from na tu ra l  
d i s a s t e r s  and improv ing the  e f f i c i e n c y  of many sec tors  
o f  our n a t i o n a l  economy. 
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1. Operat ional  Envi ronmental Sate l  1 i t e  Program Miss ion  Ob jec t ives  

The Na t ion ' s  opera t iona l  environmental sa te l  l i t e s  a re  operated by 
t h e  Nat iona l  Oceanic and Atmospheric A d m i n i s t r a t i o n ' s  (NOAA) ' 

Na t iona l  Environmental , S a t e l l i t e ,  Data, and In fo rma t ion  Serv ice 
(NESDIS). The miss ion  ob jec t i ves  o f  t h i s  opera t iona l  s a t e l l i t e  
program inc lude:  

I. M o n i t o r i n g  the  atmosphere r e g u l a r l y  and r e l i a b l y  on a 
g loba l  bas is ,  day and n i g h t ,  w i t h  d i r e c t  readout t o  
l o c a l  ground s t a t i o n s  around the  globe w i t h i n  rad io  
range o f  t h e  s a t e l l i t e s .  

11. Sounding the  atmosphere r e g u l a r l y  on a g lobal  bas i s  and 
p r o v i d i n g  q u a n t i t a t i v e  data f o r  numerical weather pre-  
d i c t i o n  serv ices.  

111. Continuous mon i to r i ng  o f  environmental  f ea tu res  i n  the  
western hemisphere, and the  c o l l e c t i o n  and r e l a y  o f  
env i  ronmental data from remote p l  a t forms such as buoys , 
sh ips ,  automat ic s t a t i o n s ,  a i r c r a f t ,  and bal loons. 

I V .  Apply ing envi  ronmental sa te l  1 i t e  data fo r  t h e  purpose 
o f  improv ing envi  ronmental services.  

2. 

NOAA's Geostat ionary Operat ional  Envi ronmental Sate l  1 i t e  (GOES) 
system inc ludes  two s a t e l l i t e s ,  t h e  ground data a c q u i s i t i o n  
s t a t i o n ,  and a c e n t r a l i z e d  data d i s t r i b u t i o n  system. The f i r s t  
s a t e l l i t e  i n  t h i s  system, NASA's Synchronous Meteoro log ica l  
S a t e l l i t e  (SMS-l), a p ro to type f o r  GOES, was launched May 17, 
1974. The l a t e s t  i n  the  SMS/GOES se r ies ,  GOES-5, i s  t h e  seventh 
opera t i ona l  geos ta t ionary  spacecra f t  t o  be operated by NESDIS. 
The next GOES s a t e l l i t e ,  GOES-F, i s  scheduled t o  be launched from 
Cape Canaveral i n  A p r i l  1983. Two a d d i t i o n a l  GOES spacecraf t  a re  
b e i n g  b u i l t  by t h e  Hughes A i r c r a f t  Company. 
des ignated GOES G and H and are  scheduled t o  be launched i n  1986. 
The next  generat ion geos ta t ionary  environmental spacecra f t  ca l  l e d  
GOES NEXT i s  i n  t h e  p r e l i m i n a r y  p lann ing  stages. It i s  scheduled 
t o  be a v a i l a b l e  fo r  launch i n  mid-1989 t o  ensure c o n t i n u i t y  o f  
geos ta t i ona ry  coverage. The GOES NEXT s e r i e s  i s  planned t o  cover 
a 12 yea r  p e r i o d  beg inn ing  i n  1989. 

The opera t i ona l  system cons is t s  o f  two s a t e l l i t e s ;  GOES West l oca ted  
over  t h e  equator a t  1350 West l o n g i t u d e  and GOES East l oca ted  a t  
750 West longi tude.  GOES West observes North America and the  
P a c i f i c  Ocean t o  west of Hawaii and GOES East observes Nor th and 
South America and most o f  t h e  A t l a n t i c  Ocean. 
spacecra f t  a re  i n  c i r c u l a r  o r b i t s  a t  an a l t i t u d e  o f  approx imate ly  
35,800 km. (22,240 mi les) .  

Geostat ionary Sate l  1 i t e  System 

These have been 

These geos ta t ionary  
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The p r i m a r y  i n s t r u m e n t  c a r r i e d  by GOES s a t e l l i t e s  i s  c a l l e d  t h e  
V i  s i  b l e  I n f r a r e d  Spi  n-Scan Radiometer (VISSR) Atmospher ic Sounder 
(VAS). T h i s  ins t rument ,  f i r s t  c a r r i e d  i n t o  space on GOES-4, p ro-  
v i d e s  t h e  t r a d i t i o n a l  v i s u a l  and i n f r a r e d  imagery of c l o u d  cover  
and t h e  e a r t h ' s  sur face,  
i n f r a r e d  r a d i a t i o n  which can be used, w i t h  known atmospher ic p ro-  
p e r t i e s ,  t o  c a l c u l a t e  atmospher ic temperature p r o f i l e s  over  
s e l e c t e d  geographic areas. 
IR s p e c t r a l  bands i n s t e a d  o f  t h e  s i n g l e  band produced by t h e  
VISSR. T h i s  new c a p a b i l i t y  i s  c a l l e d  m u l t i s p e c t r a l  imaging and 
has proven very  u s e f u l  i n  d e p i c t i n g  t h e  amount, d i s t r i b u t i o n  and 
movement o f  water  vapor a t  var ious  l e v e l s .  

I n  a d d i t i o n ,  VAS p r o v i d e s  measurement o f  

It can a l s o  produce images i n  m u l t i p l e  

The VAS p r o v i d e s  a f u l l  d i s c  view o f  t h e  e a r t h  every  30 minutes.  
More f r e q u e n t  images can be ob ta ined a t  t h e  s a c r i f i c e  o f  s p a t i a l  
coverage. The v i s i b l e  channel p r o v i d e s  h i g h  r e s o l u t i o n  (about 1 km) 
day t ime images. The i n f r a r e d  channel p r o v i d e s  lower  r e s o l u t i o n  
(about  8 km) day and n i g h t  images. 
t h r o u g h  t h e  NESDIS Cent ra l  Data D i s t r i b u t i o n  F a c i l i t y ,  e i t h e r  as a 
f u l l  d i s c  image o r  a s e c t o r  o f  t h i s  f u l l  d i s c  image. These produc ts  
a r e  r o u t e d  t o  S a t e l l i t e  F i e l d  Serv ices  S t a t i o n s  (SFSS) f o r  a n a l y s i s  
w i t h  f u r t h e r  r o u t i n g  t o  N a t i o n a l  Weather S e r v i c e  Forecast  Of f ices 
and o t h e r  users. 

The GOES images a r e  processed 

The SFSS's a r e  l o c a t e d  a t  Washington, D.C. ; Miami, F l o r i d a ;  Kansas 
City, M i s s o u r i ;  San Franc isco,  C a l i f o r n i a ;  Honolulu,  .Hawai i  ; 
Anchorage, Alaska and S l i d e l l ,  Louis iana.  Each SFSS p r o v i d e s  
r e g i o n a l  a n a l y s i s ,  i n t e r p r e t a t i o n ,  and d i s t r i b u t i o n  o f  t h e  VAS 
images t o  meet a wide v a r i e t y  o f  env i ronmenta l  needs. A most 
i m p o r t a n t  s e r v i c e  i s  t h e  near-cont inuous v i e w i n g  of t h e  development 
and movement o f  severe weather systems such as h u r r i c a n e s  and 
thunderstorms.  An e x t e n s i o n  of t h e  GOES image d i s t r i b u t i o n  s e r v i c e  
i s  t h e  "GOES-TAP" system. E s t a b l i s h e d  by NESDIS i n  1975, "GOES-TAP" 
a1 1 ows Federal  , s t a t e ,  and l o c a l  agencies, t e l e v i s i o n  s t a t i o n s ,  
u n i v e r s i t i e s ,  and p r i v a t e  i n d u s t r y  t o  r e c e i v e  an i n v e n t o r y  o f  GOES 
s a t e l l i t e  images d i r e c t l y  f rom t h e  neares t  SFSS. I n  a d d i t i o n ,  t h e  
GOES s a t e l  1 i t e s  broadcast  env i  ronmental  p roduc ts  t o  remote l o c a t i o n s  
u s i n g  t h e  Weather F a c s i m i l e  (WEFAX) System. 

The GOES s a t e l l i t e s  a l s o  c a r r y  a Data C o l l e c t i o n  System (DCS) which 
c o l l e c t s  and re1 ays env i ronmenta l  d a t a  o b t a i n e d  by remote ly  l o c a t e d  
sens ing  p la t fo rms such as r i v e r  and r a i n  gauges, seismometers, t i d e  
gauges, buoys, sh ips,  a i  r c r a f t  , and au tomat ic  weather s t a t i o n s .  
Each o p e r a t i o n a l  GOES s p a c e c r a f t  can accommodate d a t a  f rom more 
t h a n  10,000 p l a t f o r m s  each s i x  hours. Data a r e  normal ly  
t r a n s m i t t e d  i n  a s e l f - t i m e d  mode o r  upon i n t e r r o g a t i o n  by t h e  
s a t e l  1 i t e .  Data may a1 so be t r a n s m i t t e d  under emergency c o n d i t i o n s  
i n  which t h e  p l a t f o r m  t r a n s m i t t e r  i s  t r i g g e r e d  whenever an observed 
parameter  exceeds a predetermined t h r e s h o l d  value. 
p l a t f o r m s  now p r o v i d e  env i ronmenta l  d a t a  t o  users  i n  t h e  U n i t e d  

About 3,600 + 
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States and Canada. The geos ta t ionary  s a t e l l i t e  DCS prov ides a 
near- instantaneous source o f  i n fo rma t ion  f o r  many a p p l i c a t i o n s  
such as r i v e r  l e v e l  and f l o o d  mon i to r i ng  and f o r e s t - f i r e  index 
measurements . 
Also inc luded i n  the  GOES ins t rument  complement i s  a Space 
Environment Mon i to r  (SEM) which prov ides measurements o f  s o l a r  
a c t i v i t y  f o r  d e t e c t i n g  s o l a r  f l a r e s ,  t h e  i n t e n s i t y  of t h e  s o l a r  
wind, and t h e  s t reng th  and d i r e c t i o n  o f  t h e  e a r t h ' s  magnetic 
f i e l d .  The SEM data which i s  inc luded i n  t h e  s a t e l l i t e  te lemet ry  
da ta  stream i s  received a t  t he  NOAA Space Environment Services 
Center (SESC) i n  Boulder, Colorado. These data a r e  separated out 
o f  t h e  te lemet ry  stream and processed i n  t h e  SESC da ta  base. When 
s i g n i f i c a n t  s o l a r  events a re  detected, t h e  SESC issues warnings t o  
a number o f  users throughout t h e  Un i ted  States.  Rout ine forecasts  
o f  s o l a r  a c t i v i t y  and i t s  i m p l i c a t i o n s  such as i n t e r f e r e n c e  w i t h  
h i g h  frequency r a d i o  t ransmiss ions,  a re  a1 so d i s t r i b u t e d  by SESC. 

3. Po la r  Orb i t inc l  Sate1 1 i t e  Svstem 

NOAA's ope ra t i ona l  po la r  o r b i t i n g  s a t e l l i t e  system i s  c a l l e d  
t h e  TIROS-N/NOAA se r ies  and cons is t s  o f  two s a t e l l i t e s  and the  
ground data a c q u i s i t i o n  and process ing systems. The f i r s t  
spacec ra f t  i n  t h i s  se r ies  c a l l e d  TIROS-N was launched on 
October 13, 1978. There a r e  two p o l a r  o r b i t i n g  s a t e l l i t e s  
c u r r e n t l y  i n  ope ra t i on  p r o v i d i n g  g loba l  coverage a t  d i f f e r e n t  
t imes o f  t h e  day. NOAA-6 i s  i n  a morning o r b i t  (0734 l o c a l  
equator -c ross i  ng t ime descending) and NOAA-7 i s i n  an a f te rnoon 
o r b i t  (1453 1 oca1 equator-cross ing t ime  ascending). These 
s a t e l l i t e s  a re  i n  sun-synchronous o r b i t s  a t  a l t i t u d e s  of 808 km 
and 847 km, respec t i ve l y .  The o r b i t a l  pe r iod  i s  102 min. which 
equates t o  14.2 o r b i t s  per day. 

The next  TIROS-N/NOAA s a t e l l i t e ,  NOAA-E, i s  scheduled t o  be 
launched from Vandenberg AFB, C a l i f o r n i a  i n  March 1983. Three 
a d d i t i o n a l  NOAA spacecraf t  a re  be ing  b u i l t  by RCA As t ro -E lec t ron i cs  
These have been designated NOAA F, G, and D and are scheduled t o  
be  launched i n  1984, 1985, and 1986/87 respec t i ve l y .  Three o the r  
p o l a r  o r b i t i n g  spacecraf t ,  NOAA H, I ,  and J a r e  i n  the  p lann ing  stages. 

The TIROS-N/NOAA se r ies  u t i 1  i z e s  f o u r  pr imary ins t rument  subsystems. 
These are:  

1. Advanced Very High Resol u t  i o n  Radiometer (AVHRR) 
2. T IROS Operat ional  V e r t i c a l  Sounder (TOVS) 
3. Data C o l l e c t i o n  System (DCS) 
4. Space Environment Mon i to r  (SEM) 

The AVHRR prov ides  v i s i b l e  and I R  image data f o r  r e a l  - t ime t r a n s -  
m iss ion  t o  d i r e c t  readout users and f o r  s to rage on t h e  spac ra f t  
t a p e  recorders  f o r  l a t e r  playback. The AVHRR c o n s i s t s  o f  f i v e  
channels which prov ide  data on daytime c loud cover, snow and 
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i c e  coverage, n i g h t t i m e  c loud cover and sea sur face  temperatures. 
The d i r e c t  readout High Reso lu t ion  P i c t u r e  Transmission (HRPT) has 
a r e s o l u t i o n  o f  1 km i n  a l l  spec t ra l  channels. The Automatic 
P i c t u r e  Transmission (APT) p rov ides  an und is to r ted  r e s o l u t i o n  o f  
4 km. There are  over 800 APT r e c e i v i n g  s t a t i o n s  and 76 HRPT 
r e c e i v i n g  s t a t i o n s  l oca ted  i n  approximately 123 c o u n t r i e s  
throughout  t h e  world. 

A lso a v a i l a b l e  i s  on-board record ing  of t h e  4 km r e s o l u t i o n  data 
which prov ides G1 obal Area Coverage (GAC). Selected on-board 
reco rd ing  o f  t h e  1 km r e s o l u t i o n  data i s  a v a i l a b l e  as Local Area 
Coverage (LAC). The recorded data i s  played back t o  t h e  NOAA 
Command and Data A c q u i s i t i o n  (CDA) s t a t i o n s  l oca ted  near 
Fa i  rbanks, A1 aska and Wall ops, V i  r g i n i  a. 
t ransmi t ted  v i  a a domestic communications sate1 1 i t e  t o  t h e  NOAA 
c e n t r a l  data processing f a c i  1 i t y  i n  Sui t l  and, Mary1 and. 

The T IROS Operat ional  V e r t i c a l  Sounder (TOVS) i nc ludes  t h r e e  
complementary sounding instruments.  These are:  

1. High Reso lu t ion  I n f r a r e d  Rad ia t i on  Sounder (HIRS/2) 
2. S t ra tospher i c  Soundi ng U n i t  (SSU) 
3. Microwave Sounding U n i t  (MSU) 

The data a re  subsequently 

The HIRS/2 prov ides  data which permi ts  c a l c u l a t i o n  o f  temperature 
p r o f i l e s  from the  sur face t o  0.1 mb (-215,000 f t . ) ,  t h e  water 
vapor content  o f  t h e  atmosphere and t h e  t o t a l  ozone content.  Data 
f rom the  TOVS inst ruments a re  a l so  broadcast v i a  the  d i r e c t  
readout t ransmiss ion  l i n k s .  The SSU i ns t rument  i s  prov ided by the  
Un i ted  K i  ngdom. 

The Data C o l l e c t i o n  System (DCS) i s  prov ided by France. It i s  
c a l l e d  the  ARGOS Data C o l l e c t i o n  and P la t fo rm Locat ion  System. 
The ARGOS system prov ides a means t o  l o c a t e  and c o l l e c t  data from 
moving p la t forms.  The p l a t f o r m  data a re  s to red  and re layed t o  the  
S u i t l a n d  center  where i t  i s  separated and re layed t o  t h e  CNES 
Toulouse Space Center i n  France. There, t h e  data a re  processed, 
e a r t h  loca ted  and re layed t o  the  u l t i m a t e  user. 

The T IROS Space Environment Mon i to r  (SEM) i nc ludes  t h r e e  de tec tors  
which measure s o l a r  p ro ton  f l u x ,  a lpha p a r t i c l e  and e l e c t r o n  f l u x  
dens i t y ,  energy spectrum and t o t a l  p a r t i c u l a t e  energy d i s t r i b u t i o n  
a t  spacecraf t  a l t i t u d e .  The data from t h e  SEM a re  s t r i p p e d  out o f  
t h e  spacecraf t  t e lemet ry  stream and t r a n s m i t t e d  t o  NOAA's Space 
Environment Serv ices Center (SESC) i n  Boulder, Colorado. These 
da ta  a re  used t o  moni tor  t h e  s t a t e  o f  s o l a r  a c t i v i t y  which has a 
s i g n i f i c a n t  e f f e c t  on t e r r e s t r i a l  communications, e l e c t r i c a l  power 
d i s t r i b u t i o n ,  etc.  
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Sate1 1 i t e  Programs 
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F o l l o w i n g  i s  a synopsis  o f  severa l  s p e c i f i c  examples of t h e  
economic b e n e f i t s  and a l s o  i n t a n g i b l e  b e n e f i t s ,  such as l i v e s  
saved, which a r e  d e r i v e d  d i r e c t l y  f rom o p e r a t i o n a l  env i ronmenta l  
s a t e l l i t e  da ta  or f rom a combina t ion  o f  s a t e l l i t e  and 
" c o n v e n t i o n a l "  weather data. It should be recognized t h a t  many o f  
t h e s e  b e n e f i t s  a r e  p o s s i b l e  because o f  t h e  o e r a t i o n a l  n a t u r e  o f  
t h e  env i ronmenta l  s a t e l l i t e s .  I n  o t h e r  wor e--- s users can depend on 
t h e  a v a i l a b i l i t y  o f  these d a t a  today, tomorrow, and i n  f u t u r e  
years.  Therefore,  users  can a f f o r d  t o  i n v e s t  i n  s p e c i a l  da ta  
hand1 i n g  and process ing  equipment, so f tware ,  and techniques wi th  
conf idence t h a t  these s a t e l l i t e s  w i l l  be a v a i l a b l e  t o  p r o v i d e  t h e  
da ta ,  they  r e q u i r e  y e a r  a f t e r  year.  

1. Ocean C u r r e n t  N a v i g a t i o n  f o r  Fuel  Savings 

Use o f  t h e  s w i f t  G u l f  Stream c u r r e n t s  t o  i n c r e a s e  northbound 
steaming speed i s  an o l d  idea, b u t  u t i l i z i n g  t h a t  idea  has no t  
been easy. The s w i f t n e s s  and g r e a t  v a r i a b i l i t y  of t h e  G u l f  Stream 
p o s i t i o n  c r e a t e s  many u n c e r t a i n t i e s  and hazards t o  n a v i g a t i o n .  
Much o f  t h e  u n c e r t a i n t y  i s  c rea ted  by eddies and meandering o f  t h e  
Stream. Meanders can be 250 m i l e s  across and t h e  stream a x i s  can 
move as much as 60 m i l e s  i n  a week. 

A 1975 G u l f  Stream N a v i g a t i o n  Exper iment conducted j o i n t l y  by 
t h e  EXXON Company and t h e  N a t i o n a l  Oceanic and Atmospher ic 
A d m i n i s t r a t i o n  (NOAA) showed t h a t  s i g n i f i c a n t  fue l  sav ings can be 
r e a l i z e d  by u s i n g  t i m e l y  s a t e l l i t e  analyses o f  t h e  G u l f  Stream 
p o s i t i o n  f o r  o i l  t a n k e r s  n a v i g a t i n g  a long t h e  e a s t e r n  seaboard. 
An improved NOAA s a t e l l i t e  c a p a b i l i t y ,  o p e r a t i o n a l l y  a v a i l a b l e  
w i t h  t h e  launch o f  NOAA-2 i n  1972, was i n f r a r e d  measurement of 
sea-sur face temperatures.  Enhanced i n f r a r e d  images r e p r e s e n t i n g  
sea-sur face  temperature d i f f e r e n c e s  c l e a r l y  de l  i neated t h e  warm 
Gul f  Stream i n  c o n t r a s t  t o  t h e  c o l d e r  s h e l f  water. 
EXXON/NOAA exper iment  was conducted t o  t e s t  whether u s i n g  
s a t e l  1 i t e - d e r i v e d  G u l f  Stream analyses c o u l d  improve n a v i g a t i o n  
enough t o  r e a l i z e  s i g n i f i c a n t  f u e l  savings. NOAA analyzed t h e  
s a t e l  1 i t e  i n f r a r e d  images o f  t h e  Gul f Stream's western boundary 
c a l l e d  t h e  "Western Wal l " ;  and es t imated  t h e  a x i s  o f  maximum 
c u r r e n t  v e l o c i t i e s  r e l a t i v e  t o  t h e  Western Wall .  EXXON arranged 
f o r  r a d i o  broadcast  o f  t h e  i n f o r m a t i o n  t o  t h e i r  t a n k e r s  a t  sea. 

The j o i n t  

E leven EXXON t a n k e r s ,  steaming from t h e  G u l f  o f  Mexico t o  eas t  
c o a s t  p o r t s  and r e t u r n i n g ,  p a r t i c i p a t e d  i n  t h e  experiment. 
F i v e  were i n s t r u c t e d  t o  f o l l o w  t h e  usual  n a v i g a t i o n a l  p r a c t i c e s ,  
wh ich  used or avoided t h e  G u l f  Stream i n  a r e l a t i v e l y  random 
manner. The o t h e r  s i x  were t o  use t h e  NOAA s a t e l l i t e  analyses f o r  
t h e i r  n a v i g a t i o n .  
w i t h i n  t h e  G u l f  Stream nor thward and a v o i d  t h e  G u l f  Stream on 
t h e i  r southbound journey.  

I n  o t h e r  words, t h e  t a n k e r s  were t o  t r a n s i t  
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The seven month study showed a very d e f i n i t e  f u e l  savings f o r  t h e  
s i x  vessels  us ing  t h e  NOAA data. EXXON, assuming a t o t a l  o f  
15 tanke rs  nav iga t i ng  by s a t e l l i t e  data, p ro jec ted  savings 
amounting t o  31,500 b a r r e l s  of fue l  o i l  Using a 1975 cos t  o f  
$11.50 per  b a r r e l ,  t h e  EXXON s tudy repor ted  a p o t e n t i a l  annual 
f u e l  savings o f  around $360,000 f o r  t h e i r  company alone. Assuming 
a 1982 c o s t  o f  $30.00 f o r  a b a r r e l  of f u e l  o i l ,  t h e  est imated 
annual savings would be around $945,000 f o r  15 tanke rs  nav iga t i ng  
t h e  Gul f  Stream e f f e c t i v e l y .  Use of s a t e l l i t e  de r i ved  G u l f  Stream 
p o s i t i o n  da ta  i s  now standard n a v i g a t i n g  procedure f o r  a l l  sh ips 
o f  t h e  EXXON f l e e t .  App l i ca t i ons  o f  t h i s  i n fo rma t ion  by a l l  
coas ta l  t r a f f i c  o f  t h e  U.S. merchant marine i s  poss ib le  and 
cou ld  r e s u l t  i n  s i g n i f i c a n t  savings o f  U.S. fue l  resources. The 
analyses a re  made a v a i l a b l e  by automat ic t e l e c o p i e r  and rad io  
broadcasts. 

A s i m i l a r  product  i s  a v a i l a b l e  f o r  G u l f  of Mexico nav iga t ion .  
A c lockwise  f l o w  of warm water from the  Yucatan S t r a i t s ,  around 
t h e  Gu l f ,  and ou t  through t h e  F l o r i d a  S t r a i t s  i s  q u i t e  strong. 
The coastward edge o f  t h e  warm water i n  t h i s  "Loop 
Cur ren t "  i s  marked by a thermal g rad ien t  which i s  g rea t  enough i n  
t h e  c o l d  w i n t e r  months t o  be d iscerned i n  t h e  s a t e l l i t e  i n f r a r e d  
imagery. The NOAA Miami S a t e l l i t e  F i e l d  Serv ices  S t a t i o n  produces 
a Loop Current  B u l l e t i n  (November t o  May) which a i d s  sh ips i n  t h e  
G u l f  o f  Mexico t o  use t h e  Loop Current f o r  ass is tance i n  a manner 
s i m i l a r  t o  t h e  use of t h e  G u l f  Stream descr ibed above. These 
analyses are  a1 so a v a i l  ab le  by automat ic t e l e c o p i e r .  

The Crowley Towing and T ranspor ta t i on  Company o f  Jacksonv i l l e ,  
F l o r i d a  operates 60 vessels  i n  t h e  West I n d i e s  and G u l f  o f  Mexico 
and has s ta ted  t h a t  accurate knowledge o f  t h e  G u l f  Stream and Loop 
Cur ren ts  i s  v i t a l  t o  t h e i r  operat ions.  An on-going fue l  conser- 
v a t i o n  program has been enhanced by t h i s  sate1 1 i t e  in fo rmat ion  
w i t h  f u e l  savings o f  20-40% ob ta inab le  when t h e i r  9000 Hp tugs are  
a b l e  t o  reduce engine rpm by 18%, w i t h  o n l y  small reduc t i on  i n  
speed. They a re  exper ienc ing  up t o  $2000 pe r  steaming day savings 
on t h e i r  l i n e  haul tugs.  Other Crowley barge s a i l i n g s  r e t u r n i n g  
n o r t h  from Cuba v i a  t h e  Santaren Channel u t i l i z i n g  t h e  G u l f  Stream 
t o  t h e  utmost, a re  improv ing t h e i r  average speed from 9.5 t o  12.0 
knots  which on a bi-weekly bas is  saves 8 hours per  voyage. Th is  
t o t a l s  192 hours per  year  o r  8 days per  year  a t  an average equip- 
ment ope ra t i ng  cos t  of $15,000 per  day. 
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2. Commerci a1 F i  s h i  ng I n d u s t r y  

The NOAA S a t e l l i t e  F i e l d  S e r v i c e s  S t a t i o n  a t  San Franc isco  has 
produced c h a r t s  d e r i v e d  p r i m a r i l y  f rom t h e  p o l a r  o r b i t i n g  
s a t e l l i t e s '  Very High R e s o l u t i o n  Radiometer (VHRR) i n f r a r e d  
imagery d e p i c t i n g  t h e  l o c a t i o n  o f  thermal  boundar ies o r  " f r o n t s "  
as p a r t  of an o p e r a t i o n a l  sea s u r f a c e  temperature ana lys is .  It 
has been w e l l  documented by mar ine b i o l o g i s t s  and f ishermen t h a t  
c e r t a i n  species o f  f i s h  a r e  tempera ture-sens i t i ve .  
f i n  tuna)  and coho ( s i l v e r )  salmon, t h e  p r i n c i p a l  commercial f i s h  
found a long t h e  west coast ,  t e n d  t o  congregate i n  n u t r i e n t  r i c h  
waters  i n  t h e  v i c i n i t y  o f  thermal  f r o n t s .  A lbacore  a r e  found i n  
tempera tures  r a n g i n g  f rom 16°C - 2OoC, w h i l e  salmon p r e f e r  tem- 
p e r a t u r e s  o f  11°C - 13°C. 

Albacore ( b l u e  

S ince  1975, t h e  N a t i o n a l  Envi ronmenta l  S a t e l l i t e ,  Data, and 
I n f o r m a t i o n  S e r v i c e  (NESDIS) has been i s s u i n g  Sea Sur face  
Temperature (SST) F r o n t a l  Char ts  from t h e  SFSS i n  San Franc isco  
t o  a i d  f ishermen i n  l o c a t i n g  these i lproduct ive l l  areas. I n  1981 
t h e  SFSS began produc ing  a sea-sur face thermal a n a l y s i s  i ncorpor -  
a t i n g  sate1 1 i t e - o b s e r v e d  thermal features.  Geographical  l y ,  t h e  
a r e a  o r i g i n a l l y  covered by t h e  c h a r t s  extended f rom 34"N t o  49"N 
and from t h e  coas t  t o  128OW. Since 1981, o n l y  one area has been 
c h a r t e d  and t h a t  extends f rom 28"N t o  40"N and west t o  136"W. It 
i s  known t h a t  t h e  food c h a i n  i s  o f t e n  concent ra ted  a long these 
f r o n t s ,  u s u a l l y  as a r e s u l t  o f  t h e  seasonal u p w e l l i n g  process t h a t  
t a k e s  p l a c e  a long t h e  west coas t  o f  t h e  U n i t e d  States.  Char ts  
produced when s k i e s  a r e  c l o u d - f r e e ,  h a v e  g r e a t l y  a s s i s t e d  commer- 
c i a l  a l b a c o r e  and salmon f ishermen i n  l o c a t i n g  f i s h  p r o d u c t i v e  
areas. R e s u l t s  were so encouraging t h a t  t h e  program was expanded 
t o  cover most o f  t h e  West Coast. 

The I R  images, r e c e i v e d  up t o  f o u r  t imes d a i l y ,  a r e  enhanced 
u s i n g  computer ized t a b l e s  t o  a s s i s t  i n  t h e  i d e n t i f i c a t i o n  o f  t h e  
thermal  g rad ien ts .  The changes i n  tempera ture  a r e  represented by 
changes i n  t h e  tones o f  gray i n  t h e  enhanced s a t e l l i t e  image. 
f r o n t a l  p o s t i o n s  a r e  analyzed d i r e c t l y  on t h e  image and t h e n  
t r a n s f e r r e d  t o  a mar ine n a v i g a t i o n a l  base c h a r t .  These analyses 
a r e  produced t w i c e  a week. The l a t e s t  c h a r t  i s  t r a n s m i t t e d  t w i c e  
d a i l y  by r a d i o  f a c s i m i l e  f rom P o i n t  Reyes, C a l i f o r n i a ,  and by 
a u t o m a t i c  te lephone t e l e c o p i e r .  

S a t e l l i t e  images a r e  a l s o  t r a n s m i t t e d  t w i c e  p e r  day t o  t h e  S e a t t l e  
Ocean S e r v i c e s  U n i t  of t h e  N a t i o n a l  Weather Serv ice.  T h i s  u n i t  
produces a s a t e l l i t e  d e r i v e d  thermal boundary and sea s u r f a c e  
tempera ture  a n a l y s i s  ex tend ing  f rom 40"N t o  52'N which i s  d i s t r i -  
b u t e d  t o  P a c i f i c  Nor thwest  f ishermen v i a  a t e l e c o p i e r  system, 
mal 1 i ng 1 i s t ,  and d i  r e c t  t e l  ephone b r i  e f  i ngs. 

The 
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An examDle of how t h e  f i s h i n g  community has rece ived t h i s  product 
i s  i n d i c a t e d  i n  a quote f rom- the  Summary o f  P a c i f i c  I n p u t  t o  t h e  
Eas t land F i s h e r i e s  Survev DreDared bv the  P a c i f i c  Marine F i she r ies  ._.  - 

Commission as t h e i r  inp& t o  t h e  nat ionwide East1 and F i s h e r i e s  
Surve , a r e p o r t  t o  Congress dated May 1977. Th is  rePor t  s ta tes  -? underscore added) : 

"Commercial salmon and a1 bacore t r o l l e r s  emphasized t h a t  
t h e  fede ra l  government should no t  be i n v o l v e d  i n  devel- 
op ing  new equipment and methods f o r  l o c a t i n g  f i s h  w i t h  
one except ion.  They support t h e  use o f  s a t e l l i t e  p i c -  
t u r e s  which d i s p l a y  temperature g rad ien ts  and i n d i c a t e  
t h a t  t he  federa l  government should cont inue t o  use 
e x i s t i n g  sate1 l i t e s  t o  p rov ide  t h i s  in fo rmat ion .  
Present methods f o r  develop ing and p r o v i d i n g  adv i so r ies  
a r e  adequate and e x i s t i n g  adv i so r ies  f o r  t h e  a lbacore 
f l e e t  should cont inue.  More emphasis should be placed 
on p r o v i s i o n  o f  p r a c t i c a l  i n fo rma t ion  such as water 
temperature,  weather, and currents...." 

The commercial f ishermen are  beset w i t h  a number of problems which 
i n c l u d e  changing and more s t r i n g e n t  r e g u l a t i o n s  and inc reas ing  
f u e l  costs.  By d e l i n e a t i n g  those areas which a re  o f t e n  
f i s h - p r o d u c t i v e  through t h e  use o f  i n f r a r e d  s a t e l  l i t e  imagery, a 
f i s h e r i e s  management t o o l  i s  a v a i l a b l e  whereby commercial f i s h i n g  
can become more e f f i c i e n t  and thus  more cos t  e f f e c t i v e .  Fishermen 
can d isperse  over l a r g e r  areas when p roduc t i ve  f r o n t a l  l o c a t i o n s  
a r e  known thus  he lp ing  t o  avo id  o v e r f i s h i n g  small areas. 

Dur ing  t h e  i n i t i a l  experiment i n  1975, i t  was est imated t h a t  
approx imate ly  200 salmon and a lbacore f i s h i n g  vessels  were ab le  t o  
save $580,000 i n  f u e l  cos ts  as a r e s u l t  o f  us ing  s a t e l l i t e  data. 
The a lbacore  f i s h e r y  has t h e  most d i r e c t  b e n e f i t  from t h e  
s a t e l l i t e  data s ince  they  are  very temperature or ien ted .  The 
salmon i n d u s t r y  b e n e f i t s  t o  a l e s s e r  ex ten t .  M r .  Fred J u r i c k  
fo rmer l y  o f  t h e  NOAA Sea Grant Program, Marine Advisory-Extension 
Serv ice  a t  Humbolt S t a t e  U n i v e r s i t y  i n  Arcata,  C a l i f o r n i a  was a 
p ioneer  i n  t h e  use o f  s a t e l l i t e  data t o  d i r e c t l y  support  fishermen. 
M r .  J u r i c k  c o r r e l a t e d  catches o f  a lbacore and salmon ranging from 
$2,000 t o  $14,000 d i r e c t l y  t o  t h e  use o f  t h e  s a t e l l i t e  der ived  
thermal f r o n t  char ts .  One commercial salmon t r o l l e r  s ta ted  t h a t  
he caught an e x t r a  $10,000 t o  $12,000 o f  f i s h  (which was about 
o n e - t h i r d  o f  h i s  t o t a l  seasonal catch)  as a d i r e c t  r e s u l t  o f  us ing  
t h e  thermal f r o n t  char ts .  
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If one uses the figures provided by the National Marine Fisheries 
Service, and places a modest savings of 10% on the fuel bil l  for 
each of 1000 fishing v e s s e l s  i n  operation o f f  the West Coast, the 
annual  fuel savings for the fleet  i s  $440,000. I f  one then adds a 
"ca tch  advantage" of $2000 worth of fish per vessel (approximately 
2 t o n  of albacore) due t o  time saved and improved location of the 
f i sh ,  one has an annual benefit of $2,440,000 t o  the fishing 
industry on the West Coast. This figure i s  conservative since 
there are more than 1000 vessels fishing off the West Coast. 

In Alaska, the weekly Sea Surface Temperature (SST) charts are 
distributed by the Anchorage Satel l i te  Field Services S t a t i o n  
t o  approximately 200 users of which 65% are commercial 
fishermen/processors, 15% are Federal and s t a t e  agencies, 10% are 
o i l  industry and 10% are research organizations. These SST charts 
provide guidance t o  commercial fishermen and fisheries researchers 
concerni ng the expected arri  Val of commerci a1 species t o  A1 askan 
waters: herring (SST 4°C); red salmon (SST 7°C) i n  Bristol Bay; 
s i lver  salmon (SST 11-13°C) i n  Southeast Alaska; and  p i n k  salmon 
(SST 11°C) near Kodiak Island thus saving travel time, labor and 
fuel costs. This information i s  being used for local fish inven- 
tory and migration studies and fish harvest forecasting. 

NOAA sea surface temperature and ice condition charts derived 
from pol ar-orbiti ng sate1 1 i t e  d a t a  have saved an A1 askan herring 
processing p l a n t  an estimated $7000-$8000 per day i n  wages and 
fuel costs. Using these d a t a ,  the company determines where i t  
should send i t s  f l o a t i n g  processing p l a n t  for herring 'runs. 
Multiplied by 8-10 processors over a month's time, the savings are 
subtantial. Commercial fishing for si1 ver salmon around southeast 
Alaska has also been enhanced by the l o c a t i o n  of the 11°C 
isotherm. Catch increased from 50 t o  200 salmon a day;  a g a i n  
t rol l ing costs (fuel,  equipment and time) are significantly 
reduced. 

Other Alaskan users are the k i n g  crab fishermen i n  the southern 
Bering Sea and Bristol Bay. In 1980, the k i n g  crab fishermen 
lost  more t h a n  $ 3  mil l ion  i n  crab pots due t o  untimely ice 
formation. These fishermen now use the sa t e l l i t e  derived ice 
charts t o  determine when t o  retrieve their  pots prior t o  ice 
format i on. 

On the East Coast, the swordfish i s  one of the few temperature- 
sensitive fish i n  the Atlantic. Swordfish prefer areas with tem- 
peratures ranging from 13" t o  2 5 O C .  The East Coast fishermen 
supplement s a t e l l i t e  derived d a t a  w i t h  information on water depth 
and the migration routes o f  the swordfish. The president of the 
Swordfishermens' Association stated: "Receiving these charts has 
resulted in a tremendous savings of time. We used t o  spend up  t o  
f ive days looking for the fish,  and now we can go right t o  the 
place where the f i sh  are located. When you figure t h a t  most boats 
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w i l l  use from 20 t o  50 g a l l o n s  o f  f u e l  an hour, you can recognize 
t h e  savings invo lved.  There are  about 500 vesse ls  i n  the  sword- 
f i s h  f i s h i n g  f l e e t . "  

For  completeness and comparative purposes, t h e  d o l l a r  value o f  a l l  
p e l a g i c  and benth ic  f i s h  species caught i n  t h e  major  f i s h i n g  
reg ions  w i t h i n  U.S. waters i n  1981 a re  shown i n  the  f o l l o w i n g  
tab le .  Note t h a t  62% of t he  d o l l a r  value o f  these species were 
caught i n  Alaskan and C a l i f o r n i a n  waters. It i s  i n t e r e s t i n g  t o  
no te  t h a t  s a t e l l i t e  data support  t o  t h e  f i s h i n g  i n d u s t r y  i s  
u t i l i z e d  t o  a g rea te r  ex ten t  i n  Alaska and C a l i f o r n i a  than i n  any 
o t h e r  major U.S. f i s h i n g  area. 

Value o f  A l l  Pe lag i c  and Benth ic  F i sh  Species Caught i n  1981 

A1 aska 
C a l i f o r n i a  
Maine 
Lou is iana 
Texas 

Dol 1 a r  Val ue 
$ 639 , 797,000 

275,196,000 
196,854,000 
193,549,000 
174,787,000 

$1,480,183,000 

Percent 
43 
19 
13 
13 
12 

100 

I n t e r n a t i o n a l l y  , NOAA sate1 1 i t e - d e r i v e d  sea surface temperature 
da ta  a re  used t o  a i d  commercial tuna f i s h i n g  by t h e  Portugese near 
t h e  Azores and by a consort ium o f  New Zealand companies and t h e  
S t a r - K i s t  Tuna Company f i s h i n g  around no r the rn  New Zeal and. 

3. A a r i c u l t u r e  I n d u s t r v  

A. General 

A study publ ished i n  1973 by t h e  Space Science and Engineer ing 
Center o f  t h e  U n i v e r s i t y  o f  Wisconsin showed t h a t  improved weather 
i n fo rma t ion  and f o r e c a s t i n g  cou ld  p rov ide  l a r g e  economic b e n e f i t s  
t o  t h e  a g r i c u l t u r e  i ndus t r y .  
determine t h e  va lue o f  improved weather i n fo rma t ion  and weather 
f o r e c a s t i n g  t o  farmers and a g r i c u l t u r a l  process ing i n d u s t r i e s  i n  
t h e  Un i ted  States.  The study, funded by NASA, was undertaken t o  
i d e n t i f y  t h e  produc t ion  and process ing opera t ions  t h a t  could be 
improved w i t h  accurate and t i m e l y  i n f o r m a t i o n  on changing weather 
pa t te rns .  Est imates were then made o f  t he  p o t e n t i a l  savings t h a t  
cou ld  be r e a l i z e d  w i t h  accurate i n f o r m a t i o n  about t h e  p r e v a i l i n g  
weather and sho r t  term fore-casts  f o r  up t o  12 hours. Improved 
weather i n fo rma t ion  was def ined t o  mean t h a t  a s a t e l l i t e  obser- 
v a t i o n  no t  more than one hour o l d  was a v a i l a b l e  and was t h e  bas i s  
f o r  a c u r r e n t  weather d e s c r i p t i o n  and an accura te  12-hour forecast .  

The growing, market ing,  and process ing opera t ions  o f  t h e  twenty 
most va luab le  crops i n  t h e  Un i ted  Sta tes  i n  1971 were s tud ied  t o  
determine those opera t ions  t h a t  a re  s e n s i t i v e  t o  shor t - term weather 
fo recas t ing .  A g r i c u l t u r a l  extens ion s p e c i a l i s t s ,  research scien- 

The purpose of t h e  study was t o  

--- 
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t i s t s ,  growers, and representa t ives  o f  process ing i n d u s t r i e s  were 
consul ted.  S t a t i s t i c s  from t h e  U.S.D.A. Crop Repor t ing Board show 
t h a t  t h e  va lue f o r  farm crops produced i n  t h e  Un i ted  Sta tes  was 
more than 26 b i l l i o n  d o l l a r s  i n  1971. The t o t a l  value f o r  crops 
surveyed i n  t h i s  r e p o r t  exceeds 24 b i l l i o n  d o l l a r s  and represents  
more than 92 percent  o f  t o t a l  U.S.  crop value. 

A d e t a i l e d  study was made o f  t h e  opera t ions  i n  t h e  produc t ion  and 
process ing o f  vegetable crops t o  ob ta in  p rec i se  est imates o f  t he  
va lue  o f  improved weather in fo rmat ion .  Vegetable processing 
i n d u s t r i e s  o f  t h e  Nor th  Centra l  Region (Wisconsin and Minnesota) 
were contacted through t h e  Wisconsin Canners and Freezers Associa- 
t i o n  and a spec ia l  weathercast ing subcommittee was establ ished.  
Meetings were he ld  w i t h  i n d u s t r y  personnel represent ing  s i x  l a r g e  
processors i n  these s ta tes  t o  determine aspects o f  t h e i r  opera- 
t i o n s  t h a t  cou ld  be improved w i t h  more p rec i se  weather i n fo rma t ion  
and t o  develop procedures f o r  es t ima t ing  t h e  value o f  t h i s  i n f o r -  
mat ion.  The company representa t ives  u t i l i z e d  t h e i r  f i e l d  and pro- 
cess ing p l  an t  records t o  determine losses r e s u l t i n g  from 
unfavorab le  weather and t o  p rov ide  est imates o f  t h e  savings t h a t  
cou ld  have been r e a l  i zed w i t h  accurate shor t - term weather i n f o r -  
mat ion.  The e n t i r e  a g r i c u l t u r a l  process was considered i n  the  
survey from s o i l  p repara t i on  and p e s t i c i d e  spray ing operat ions t o  
t h e  ha rves t i ng  o f  crops and t h e  del  i v e r y  o f  f i e l d  products t o  con- 
sumers o r  food processors. 

T h i s  survey o f  a g r i c u l t u r a l  crops has i n d i c a t e d  t h a t  improved 
weather in fo rmat ion  would have saved crop growers and processors 
$74,000,000 i n  1971. Short- term fo recas ts  from s a t e l l i t e  data are * 

o f  p a r t i c u l a r  va lue f o r  crops which y i e l d  pe r i shab le  products and 
which r e q u i r e  very p rec i se  produc t ion  p r a c t i c e s  i n  o rder  t o  i nsu re  
m a r k e t a b i l i t y .  The annual weather r e l a t e d  l o s s  i n  a g r i c u l t u r e  i n  
t h e  U.S. i s  est imated t o  be $12 b i l l i o n .  It i s  est imated t h a t  
p r o t e c t a b l e  losses  through improved 3-5 day weather fo recas ts  
average about $5 b i l l  i o n  per  year. Regional a g r i c u l t u r a l  adv i -  
s o r i e s  issued by t h e  Nat iona l  Weather Serv ice  (NWS) a re  respon- 
s i b l e  f o r  saving approximately $400 m i l l i o n  per  yea r  i n  t h e  NWS 
Western Region a1 one. These reg iona l  savings inc lude:  

0 R a i s i n  crop d r y i n g  - harves t  vs. cover - C a l i f o r n i a  
($800 m i l  1 ion /year  p o t e n t i a l  l o s s )  

0 Water removal from r i p e  c h e r r i e s  us ing  he1 i copters  
($124 m i  11 ion /year  p ro tec tab l  e l o s s )  

0 Grape harves t  - Monterey County, C a l i f o r n i a  
($79 m i  11 i on /yea r  bonus) 

0 F r o s t  p r o t e c t i o n  - Ar izona 
($500/acre savings) 
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0 P l a n t i n g  impact i n  Washington S ta te  
($70 m i  1 1 i on/year sav i  ngs) 

e Weed and pest  con t ro l  - cos t  t o  re-spray due t o  r a i n  
washoff 
($8-$10/acre) 

I n  1980, s p e c i a l l y  enhanced AVHRR da ta  were used i n  a novel way 
t o  so lve  an a g r i c u l t u r a l  problem i n  C a l i f o r n i a .  A l o c a l  bee 
breeder, w i t h  the  i n t e n t i o n  o f  r e l o c a t i n g  and expanding h i s  opera- 
t i o n s ,  asked t h e  San Francisco SFSS f o r  he lp  i n  determin ing the  
warmest daytime areas dur ing  t h e  months o f  January through March. 
Warmer daytime temperatures increase bee a c t i v i t y .  TIROS-N/NOAA-6 
AVHRR IR images over the  three-month pe r iod  were enhanced t o  
accentuate a f te rnoon ground temperatures. P e r s i s t e n t  warm areas 
were then loca ted  i n  t h e  des i rab le  count ies,  and these data were 
superimposed on maps d e t a i l i n g  favorab le  bee hab i ta t s .  
optimum c o r r e l a t i o n  was made, t h e  bee breeder contacted the  land 
owners f o r  poss ib le  r e n t a l  space f o r  t h e  beehives. 

Once an 

B. C i t r u s  I n d u s t r y  

When f r o s t  i s  expected i n  F l o r i d a  on c o l d  w i n t e r  n igh ts ,  t h e  NOAA 
S a t e l l i t e  F i e l d  Serv ices S t a t i o n  (SFSS) i n  M i a m i ,  F l o r i d a ,  prov ides 
s p e c i a l l y  enhanced GOES i n f r a r e d  images and i n t e r p r e t a t i o n s  t o  t h e  
Nat iona l  Weather Serv ice  which has r e s p o n s i b i l i t y  f o r  f r u i t  f r o s t  
fo recas t ing ,  Th is  c a p a b i l i t y  was f i r s t  successful l y  demonstrated 
i n  January 1976 and became an opera t iona l  program dur ing  the  
w i n t e r  of 1976-1977. 

The enhanced s a t e l l i t e  images show sur face temperatures which are 
c r i t i c a l  t o  f reeze p red ic t i ons .  These ground temperatures, der ived  
from images taken every 30 minutes over t h e  e n t i r e  southern c i t r u s  
b e l t ,  a re  accurate w i t h i n  + 1 O C .  Thus, t h e  movement southward o f  
t h e  c o l d  w i n t e r  a i r  and associated " f reeze l i n e "  can be monitored 
and t racked every h a l f  hour. 
observat ions and forecasted movement of t h e  c o l d  a i r  t o  the  c i t r u s  
growers as soon as i t  i s  ava i lab le .  

The F l o r i d a  c i t r u s  grower must decide whether o r  no t  t o  p r o t e c t  
h i s  crop upon r e c e i v i n g  a fo recas t  f o r  temperatures below about 
28OF. These p r o t e c t i v e  ac t i ons  u s u a l l y  i n c l u d e  t h e  f i r i n g  o f  
d i e s e l  heaters  and/or t h e  use o f  e l e c t r i c a l l y  operated wind 
machines. The grower must decide when t o  c a l l  i n  work crews, when 
t o  a c t i v a t e  heaters  and/or wind machines and how many heaters must 
be used. 
losses  i n c u r r e d  from inadequate pro tec t ion .  

The Weather Serv ice  prov ides the  

A l l  of these dec is ions  a f f e c t  t h e i r  opera t ing  costs  and 

P r o t e c t i n g  c i t r u s  groves i s  a very expensive operat ion,  and 
needless heat ing  can produce an e x o r b i t a n t  waste o f  f ue l .  
a r e  approx imate ly  750,000 c i t r u s - b e a r i n g  acres i n  F lo r i da .  

There 
On 
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" co ld "  n igh ts ,  an average o f  6 hours o f  hea t ing  p r o t e c t i o n  i s  
needed a t  a cos t  o f  approximately $830,000 pe r  hour f o r  f ue l .  
Th i s  amounts t o  a p o t e n t i a l  $5,000,000 c o s t  per  n i g h t  f o r  t h e  
s t a t e  of F l o r i d a  i f  smudge po ts  and o the r  f r o s t  p revent ion  devices 
a r e  operated because o f  expected temperatures near t h e  f reez ing  
mark. The cos t  t o  have labo r  on du ty  w a i t i n g  f o r  s p e c i f i c  
s a t e l  l i t e  aided f r u i t  f r o s t  warnings be fore  l i g h t i n g  smudge pots  
and opera t i ng  f r o s t  p revent ion  devices i s  about 42$ per  acre o r  
$315,000 per  hour. 
accura te  s a t e l l i t e  f reeze l i n e  fo recas t i ng  i s  $515,000 per  hour. 

Thus, t h e  ne t  p o t e n t i a l  savings f o r  t i m e l y  and 

It i s  est imated t h a t  1 t o  2 hours o f  heat ing  p r o t e c t i o n  per  "co ld"  
n i g h t  cou ld  be saved as a r e s u l t  o f  t h e  use o f  t h e  f requent 
s a t e l l i t e  imagery. 
hea t ing  p r o t e c t i o n ,  t h e  savings cou ld  amount t o  $770,000 per  co ld  
n igh t .  Dur ing  the  w i n t e r  o f  1976-77, a t o t a l  o f  64 c o l d  n i g h t s  
were experienced. Dur ing  t h e  w i n t e r  of 1977-78, 54 c o l d  n i g h t s  
were experienced i n  t h e  s t a t e  o f  F lo r i da .  The average number of 
c o l d  n i g h t s  i n  F l o r i d a  each w i n t e r  i s  35 t o  40. The enhanced 
s a t e l l i t e  images are  used r o u t i n e l y  t o  observe t h e  movement o f  
t h e  " f reeze  l i n e "  t o  warn c i t r u s  growers v i a  NOAA Weather Radio 
and a te lephone communications network v i a  county a g r i c u l t u r a l  
agents. The s a t e l l i t e  enables a g rea te r  amount o f  temperature 
i n f o r m a t i o n  t o  be acqui red more f r e q u e n t l y  and passed on t o  t h e  
c i t r u s  growers 

The NOAA S a t e l l i t e  F i e l d  Serv ices S t a t i o n  (SFSS) a t  San Francisco 
prepares a d a i l y  s a t e l l i t e  image i n t e r p r e t a t i o n  n a r r a t i v e  t a i l o r e d  
t o  t h e  needs o f  t h e  Nat iona l  Weather Serv ice  (NWS) f r u i t  f r o s t  
fo recas ters .  F r o s t  s e n s i t i v e  a g r i c u l t u r a l  products  grown i n  
C a l i f o r n i a  amount t o  $3.7 b i l l i o n  per  year. 
have est imated t h a t  t h e  f r o s t  f o recas ts  prov ided by t h e  NWS are  
respons ib le  f o r  sav ing between 5 and 20 percent.  
f o recas te rs  have est imated t h a t  t h e  sa te l  li t e  c o n t r i b u t i o n  t o  t h i s  
savings o f  harves ts  would be between 0.5 and 1.0 percent ,  o r  between 
$15 and $40 m i l l i o n  annual ly.  

Assuming a reduc t ion  o f  11/2 hours average 

i n  a t i m e l y  manner. 

Advisory committees 

The f r u i t  f r o s t  

C. Hawaii Sugar Cane I n d u s t r y  

The ha rves t i ng  o f  sugar cane i s  a process which i s  very dependent 
upon l o c a l  weather cond i t i ons  and b e n e f i t s  g r e a t l y  from s a t e l l i t e  
de r i ved  forecasts .  
Oahu has been us ing  s a t e l l i t e  imagery prov ided by t h e  NOAA 
S a t e l l i t e  F i e l d  Serv ices S t a t i o n  i n  Honolulu, Hawaii, t o  p lan  
t h e i r  ha rves t i ng  schedule. 

The Waialua Sugar Company on t h e  i s l a n d  of 

When a cane f i e l d  i s  ready f o r  harvest  (about 2 years  a f t e r  
p l a n t i n g ) ,  it i s  f i r s t  d e l i b e r a t e l y  se t  on f i r e  and burned; t h e  
remains are  then gathered and hauled t o  t h e  m i l l .  
impor tan t  f a c t o r  i n  t h i s  complex operat ion.  

Weather i s  an 
Convect ion and t rade  
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wind showers a re  t h e  main weather hazards t o  t h e  ha rves t i ng  pro- 
cess. Burn ing must ab ide by Sta te  and Federal  a i r  p o l l u t i o n  regu- 
l a t i o n s .  T a c t i c a l  procedures f o r  burn ing a p a r t i c u l a r  f i e l d  
depend h e a v i l y  on wind d i r e c t i o n  and speed. A f t e r  burning, t he  
remains must be harvested w i t h i n  24-36 hours t o  avo id  spoi lage. 
Any s i g n i f i c a n t  r a i n f a l l  du r ing  t h i s  c r i t i c a l  p e r i o d  i n t e r f e r e s  
w i t h  t h e  movement o f  heavy harves t ing  veh ic les  i n  and ou t  o f  t h e  
f i e l d .  
b u r n t  cane wor th $250,000 l y i n g  i n  the  f i e l d  a t  t h e  mercy o f  t he  
weather. 

T y p i c a l l y ,  50 t o  100 acres are  burned a t  one time, l eav ing  

The produc t ion  manager of t h e  Waialua Sugar Company, who i s  
respons ib le  f o r  making t h e  d a i l y  ha rves t i ng  dec is ions ,  has said,  
"I look  a t  t h e  weather maps and l i s t e n  t o  what they are  saying on 
t h e  broadcasts,  bu t  when I l o o k  a t  t h e  s a t e l l i t e  p i c t u r e s ,  I can 
r e a l l y  see what 's  coming." T h e i r  company has about 15,000 acres 
under c u l t i v a t i o n .  Over a t y p i c a l  harvest  season from September 
t o  December, t h e  d a i l y  weather r e l a t e d  dec i s ions  must be based on 
t h e  most accurate i n f o r m a t i o n  a v a i l a b l e  i f  c o s t l y  mistakes are t o  
be avoided. The a v a i l  ab i  1 i t y  o f  sate1 1 i t e  p i c t u r e s  he1 ps reduce 
t h e  odds i n  an opera t ion  where mistakes are  measured i n  m i l l i o n s  
o f  d o l l a r s .  The est imated savings o f  t he  Waialua Sugar Company 
a lone as a r e s u l t  o f  us ing  s a t e l l i t e  data i s  $1,000,000 per  year. 

D. Crop M o n i t o r i m  -- 

The p o l a r  o r b i t i n g  NOAA s a t e l l i t e ' s  Advanced Very High Resolut ion 
Radiometer (AVHRR) Channel 1 and 2 da ta  a re  used by a v a r i e t y  o f  
n a t i o n a l  and i n t e r n a t i o n a l  agencies f o r  crop mon i to r i ng  purposes. 
Some o f  these are: 

a. U.S. Department o f  A g r i c u l t u r e  Crop Commodity Assessment 
D i v i s i o n  (CCAD) uses AVHRR da ta  t o  mon i to r  y i e l d s  i n t e r -  
n a t i o n a l l y  i n c l u d i n g  Russia, A u s t r a l i a ,  Argent ina,  I n d i a  
and Canada. Crop y i e l d s  i n  these na t i ons  can have a 
d i r e c t  impact on commodity p r i c e s  i n  t h e  Un i ted  States.  
CCAD has been r e c e i v i n g  about f i v e  AVHRR tapes d a i l y  
f rom NOAA s ince  May 1981. These are  sent  v i a  a i r  
express from NOAA/NESDIS headquarters i n  Su i t l and ,  MD, 
t o  t h e  Johnson Space Center (JSC) i n  Houston, TX. The data 
g e n e r a l l y  a r r i v e  a t  JSC f o r  ope ra t i ona l  a n a l y s i s  by CCAD 
w i t h i n  48 hours o f  a s a t e l l i t e  overpass. Annual cos t  o f  
t h e  tapes t o  CCAD i s  as fo l l ows :  5 tapes  d a i l y  x $72 
p e r  tape x 365 per  yea r  = $131,400 (annual cos t ) .  CCAD 
rece ives  Landsat data f o r  these same areas v i a  the  
JSC-GSFC s a t e l l i t e  (DOMSAT) l i n k .  I n  t h e  past,  Landsat-3 
da ta  a r r i v e d  6 weeks a f t e r  overpass, bu t  CCAD's on ly  
c o s t s  were f o r t t i m e  on t h e  l i n k .  I n  1983, CCAD w i l l  
r e c e i v e  t h e  Landsat 4 da ta  w i t h i n  48 hours,  bu t  a t  a cos t  
o f  almost $1000 per  scene. P r i o r  t o  1981, CCAD used 
15,000 Landsat scenes year ly .  Users w i l l  obv ious ly  have 
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t o  balance t h e i  r budgetary resources, need f o r  geographic coverage 
and need f o r  t h e  h ighes t  r e s o l u t i o n  data a v a i l a b l e  t o  ob ta in  the  
proper  Landsat MSS vs. NOAA AVHRR mix. 

b. The Un i ted  N a t i o n ' s  Food and A g r i c u l t u r e  Organizat ion 
(FAO) uses NOAA AVHRR da ta  i n  several  p r o j e c t s  some o f  
which are  l i s t e d  below: 

0 The Sud area i n  Sudan - mon i to r  a g r i c u l t u r e  develop 
ment a c t i v i t i e s  i n  an area which exper iences y e a r l y  
f l o o d i n g  from t h e  N i l e .  

0 Kenya - country-wide a g r i c u l t u r a l  land  use assessment 

0 Zambia and Botswana - moni to r  g raz ing  lands and l a r g e  
sca le  land use changes. 

0 Lake Chad area (N iger )  - mon i to r  a g r i c u l t u r a l  a c t i v i t y  
surrounding the  l ake  

4. Search and Rescue Operat ions 

Sate1 1 i t e  p i c t u r e s  prov ided by t h e  Nat iona l  Envi  ronmental 
S a t e l l i t e ,  Data, and In fo rma t ion  Serv ice (NESDIS) a s s i s t  i n  
search and rescue (SAR) p lann ing  throughout t h e  Un i ted  Sta tes  
i n l a n d  SAR area. 
A i r  Force Rescue and Coord ina t ion  Center (ARFCC) l oca ted  a t  Scot t  
A i r  Force Base, I l l i n o i s .  The USAF Aerospace Rescue and Recovery 
Serv ice  prov ides coo rd ina t i on  o f  a i r  searches throughout  the  
Un i ted  States.  Whan an a i r c r a f t  i s  overdue, t h e  AFRCC must ob ta in  
t h e  r o u t i n g  o f  t h e  a i r c r a f t ,  determine i f  weather might  be a fac- 
t o r ,  check on t h e  miss ing  p i l o t ' s  q u a l i f i c a t i o n s  and have a 
knowledge o f  t h e  performance c a p a b i l i t i e s  o f  t h e  miss ing  a i r c r a f t .  

The s a t e l l i t e  data a re  coord ina ted  through t h e  

Most search and rescue miss ions conducted over  t h e  enroute phase 
of  f l i g h t  have shown t h a t  miss ing  general a v i a t i o n  a i r c r a f t  
encountered unexpected weather along t h e i r  route.  P i l o t s  who 
ob ta ined weather b r i e f i n g s  p r i o r  t o  depar tu re  i n  which good VFR 
f l i g h t  cond i t i ons  were fo recas t ,  encountered narrow bands o f  unre- 
po r ted  weather which can be seen on s a t e l l i t e  imagery. I f  an 
a i r c r a f t  i s  repor ted  miss ing,  areas o f  severe weather can be 
l oca ted  w i t h  s a t e l l i t e  imagery $showing c o n d i t i o n s  a t  t h e  t ime t h e  
p i l o t  was i n  d i s t r e s s .  These p i c t u r e s  a s s i s t  i n  determin ing i f  
c e r t a i n  p r e f e r r e d  mountain rou tes  were open o r  blocked by hatar-  
dous weather. The he igh t  o f  t h e  c loud tops  can be determined t o  
see i f  the  miss ing  p i l o t  cou ld  f l y  over t h e  storm system o r  was 
faced w i t h  s t a y i n g  a t  lower  a l t i t u d e s  and t r y i n g  t o  get  through 
the weather. 
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The s t a t i s t i c s  f o r  m i s s i n g  general  a v i a t i o n  a i r c r a f t  t h a t  were 
l o s t  on t h e  enroute  phase o f  f l i g h t  over  t h r e e  years  a r e  d iscussed 
below. These a r e  i n c i d e n t s  i n  which t h e  USAF Aerospace Rescue and 
Recovery S e r v i c e  (AARS) responded w i t h  search and rescue serv ice .  
D u r i n g  t h e  p e r i o d  1975 t h r o u g h  1977, a t o t a l  o f  747 a i r c r a f t  were 
l o s t .  A t o t a l  o f  1,679 persons were aboard these a i r c r a f t  o f  
wh ich  1,008 were k i l l e d  and 671 surv ived.  Based on t h e  a n a l y s i s  
o f  s a t e l l i t e  imagery o f  t h e  c r a s h  s i t e s ,  t h e  AARS and t h e  
C a l i f o r n i a  Wing o f  t h e  C i v i l  A i r  P a t r o l  (CAP) b e l i e v e  t h a t  weather 
was a f a c t o r  i n  more t h a n  85% o f  these a i r c r a f t  acc idents .  
A ten-year  s tudy  of a i r c r a f t  a c c i d e n t s  by t h e  N a t i o n a l  T r a n s p o r t a t i o n  
S a f e t y  Board (NTSB) f o r  t h e  p e r i o d  1964-1974 w i t h o u t  a n a l y s i s  o f  
s a t e l l i t e  imagery, i n d i c a t e d  t h a t  weather was a f a c t o r  i n  o n l y  25% 
o f  t h e  acc idents .  

The C a l i f o r n i a  Wing o f  t h e  CAP began u t i l i z i n g  s a t e l l i t e  photos 
o b t a i n e d  f rom t h e  NOAA S a t e l l i t e  F i e l d  S e r v i c e s  S t a t i o n  i n  San 
F r a n c i s c o  f o r  SAR i n  October 1974. By mid-1975, it was apparent  
t h a t  s a t e l l i t e  da ta  were a new t i m e s a v i n g  a i d  i n  l o c a t i n g  m i s s i n g  
a i r c r a f t .  D u r i n g  t h i s  t e s t  p e r i o d ,  58 search miss ions  were con- 
duc ted  and o n l y  two searches exceeded 48 hours. Dur ing  t h e  pre-  
v i o u s  year ,  46 search miss ions  were conducted and CAP p i l o t s  
averaged more t h a n  a week search ing  f o r  t h e  c r a s h  s i t e s .  Search 
m i s s i o n s  o f  24 t o  48 hours a r e  now common as opposed t o  severa l  
days t o  two weeks w i t h o u t  s a t e l l i t e  d a t a  . 
D u r i n g  t h e  p e r i o d  1975 t h r o u g h  1977, a r e d u c t i o n  of 32% i n  t o t a l  
SAR f l y i n g  hours was r e a l i z e d  by t h e  USAF ARRS and t h e  CAP. 
However; a t  t h e  same t ime,  t h e  number of SAR m i s s i o n s  a c t u a l l y  
i n c r e a s e d  by 14%. F o l l o w i n g  t h e  i n t r o d u c t i o n  o f  s a t e l l i t e  d a t a  t o  
SAR o p e r a t i o n s ,  f o r  t h e  f i r s t  t i m e  i n  t h e  h i s t o r y  o f  rescue s e r v i c e ,  
t h e  number o f  f l y i n g  hours a c t u a l l y  decreased. The f o l l o w i n g  t a b l e  
l i s t s  t h e  number o f  CAP miss ions ,  hours f lown,  and average hours per  
m i s s i o n  f o r  a seven y e a r  per iod.  

C i v i l  A i r  P a t r o l  M i s s i o n  Summarv (1971-1977) 

Number o f  Ave raqe 
Year M i s s i o n s  
1977 389 
1972 348 
1973 429 
1974 460 
1975 694 
1976 817 
1977 896 

Hours Flown Hours p e r  M i s s i o n  
30909 79.5 
27391 78.7 
27284 63.6 
21773 47.3 
24500 35.3 
17064 21.6 
16004 17.9 
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S a t e l l i t e  support  o f  search and rescue was in t roduced i n  1974, 
t e s t e d  i n  1975, and has been used ex tens i ve l y  s ince  1976. The 
m iss ion  summary t a b l e  above shows a marked decrease i n  average 
hours f lown per mission. Between 1974, immediately be fo re  t h e  
launch of t h e  SMS s a t e l l i t e ,  and 1977, t h e  average number o f  hours 
f l own  per search and rescue miss ion  has decreased by 62%. With 
t h e  average cost  o f  $36 pe r  hour f o r  f u e l ,  o i l  and maintenance 
(CAP manpower i s  e n t i r e l y  vo lun ta ry ) ,  these reduc t ions  r e s u l t  i n  
an annual savings o f  $344,000 f o r  CAP search and rescue operat ions.  
USAF ARRS C-130 SAR m iss ion  hours were reduced by 7000 hours f o r  
b o t h  1976 and 1977. A t  $995 p e r  hour, t h i s  r e s u l t s  i n  an annual 
sav ings o f  $6,965,000 f o r  C-130 t i m e  alone. Thus s a t e l l i t e  data, 
a v a i l a b l e  on an opera t iona l  bas is ,  has annua l ly  saved several  
m i l l i o n  d o l l a r s  i n  t a n g i b l e  b e n e f i t s  and has produced u n t o l d  
i n t a n g i b l e  b e n e f i t s  i n  reduct ions o f  human s u f f e r i n g  and death 
thr'ough the  f a s t e r  l o c a t i o n  o f  miss ing a i r c r a f t .  

5. I c e  Mon i to r i na  

Shipping operat ions i n  the  A r c t i c ,  Great Lakes, and S t .  Lawrence 
Seaway a re  obv ious ly  g r e a t l y  a f fec ted  by sea, lake, and r i v e r  
i ce .  The Nat iona l  Environmental S a t e l l i t e ,  Data, and In fo rma t ion  
Serv ice  prov ides support  du r ing  the  i c e  season t o  the  U.S. Coast 
Guard I n t e r n a t i o n a l  I c e  Pa t ro l .  The sa te l  1 i t e  i c e  analyses are 
a1 so extremely va luab le  t o  i c e  reconnaissance a i r c r a f t  i n  Canada 
as an a i d  i n  p r e - f l i g h t  p lann ing  and i n  l o c a t i n g  areas of improved 
v i s i b i l i t y .  Th is  has r e s u l t e d  i n  increased e f f i c i e n c y  i n  the  
v i  sua1 reconnai ssance missions produci  ng a savi  ngs o f  about 1500 
a i r c r a f t  f l  i g h t  hours and r e l a t e d  cos t  reduc t ions  o f  about 
$5,000,000 annual ly .  

The Canadian Centre f o r  Remote Sensing (CCRS), Department of 
Energy, Mines and Resources has shown t h a t  imagery i n d i c a t i n g  t h e  
presence and ex ten t  o f  sea i c e  has been very use fu l  and cos t  
e f f e c t i v e  t o  geophysical survey ships engaged i n  seismic survey1 ng 
o f f  t h e  no r th  coast o f  Canada i n  the  A r c t i c  Ocean. AVHRR images 
a r e  r o u t i n e l y  received by the  Atmospheric Envi ronment Serv ices 
Receiv ing S t a t i o n  a t  Downsview, Ontar io.  

Seismic opera t ions  f o r  o i l  and gas e x p l o r a t i o n  i n  t h e  Ber ing 
Sea, Norton Sound, Chukchi and Beaufort Seas have r e l i e d  h e a v i l y  
on sa te l  l i t e  observat ions.  Because o f  t h e  compe t i t i ve  na ture  of 
t h i s  a c t i v i t y ,  i n f o r m a t i o n  i s  p r o p r i e t a r y ,  b u t  exp lo ra to ry  companies 
i n v o l v e d  i n d i c a t e  t h a t  t h e  s a t e l l i t e  data a r e  used as a p lanning 
t o o l  t o  l a y  out  c r u i s e  t r a c k s  t h a t  save t ime  and f u e l  and minimize 
damage by i c e  t o  non- ice r e i n f o r c e d  ships and t e s t i n g  equipment. 
The presence o f  any f l o a t i n g  i c e  makes seismic sounding 
impossible.  
found t o  have f ree  f l o a t i n g  i c e  fragments. Advice was sought by a 
geophysical  survey sh ip  from t h e  CCRS which r e d i r e c t e d  t h e  sh ip  t o  
a nearby area (100 n.mi. away) where i ce - f ree  cond i t i ons  were 

I n  one instance,  an area scheduled f o r  survey was 
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i n t e r p r e t e d  from t h e  d a i l y  s a t e l l i t e  imagery. As a r e s u l t ,  t h e  
s h i p  was.able t o  acqu i re  t w i c e  t h e  amount o f  da ta  normal ly  
gathered. I n  t h i s  instance,  t h e  s i n g l e  image saved $250,000. 

I n  another o the r  example, t h e  ARCO O i l  Company used NOAA s a t e l l i t e  
imagery i n  1979 t o  mon i to r  i c e  cond i t i ons  near Alaska. ARCO was 
us ing  a d r i l l i n g  sh ip  designed fo r  use i n  t h e  G u l f  o f  Mexico f o r  
e x p l o r a t o r y  i c e  d r i l l i n g  i n  t h e  lower Cook I n l e t .  By us ing the  
s a t e l l i t e  data, ARCO was ab le  t o  save $45,000 i n  insurance premiums 
on t h i s  p r o j e c t .  A more recent  example o f  t h e  use o f  s a t e l l i t e  
da ta  t o  mon i to r  i c e  cond i t i ons  i n  support  of of fshore d r i l l i n g  
ope ra t i ons  occurred i n  January 1983. The ARCO O i l  Company was 
us ing  t h e  "Gul f of Mexico" jack-up r i g d r i  11 i ng an expl o r a t o r y  
w e l l  n o r t h  o f  P o r t  Heiden i n  t h e  Aleut ians.  Extremely co ld  tem- 
pe ra tu res  and a s t rong n o r t h  wind began moving t h e  i c e  f r o n t  
towards t h e  r i g  a t  25-30 m i l e s  per  day. NOAA s a t e l l i t e  imagery 
and analyses of t h e  i c e  were prov ided d a i l y  by t h e  Anchorage SFSS 
t o  t h e  M ine ra l s  Management O f f i ce ,  U.S. Coast Guard, ARCO and t h e  
media. The r i g  was e v e n t u a l l y  evacuated and towed t o  sa fe ty  based 
almost e n t i r e l y  upon the  rea l - t ime  ana lys i s  of t h e  p o l a r  s a t e l l i t e  
imagery. Sate1 1 i t e  i c e  observat ions a1 so p lay  an impor tant  r o l e  
i n  t h e  A r c t i c  reg ions f o r  t h e  U.S. F i s h  and W i l d l i f e  Serv ice moni- 
t o r i n g  o f  marine mammals' (wal rus,  whales, seals  and p o l a r  bears) 
m i g r a t i o n  pa t te rns .  

I n  t h e  Great Lakes, s a t e l l i t e  imagery i s  used t o  f i n d  nav igable 
waters  fo r  sh ipp ing  as l ong  as poss ib le  i n t o  t h e  w i n t e r  season. 
The h igh  r e s o l u t i o n  s a t e l l i t e  images show small i c e  f r e e  areas 
which can be used by sh ips t o  cont inue opera t ions  longer  than 
p r e v i o u s l y  poss ib le .  It i s  est imated t h a t  t h e  ex tens ion  o f  t h e  
sh ipp ing  season by t h i s  method r e s u l t s  i n  a cos t  b e n e f i t  o f  
$1,000,000 per  day fo r  each day extended. 
s a t e l l i t e  data, t he  Great Lakes were c losed t o  sh ipp ing  f o r  about 
2 months each w in te r .  
t i o n a l l y  bad, t h e  Lakes were closed t o  sh ipp ing  f o r  on l y  1 month 
and d u r i n g  t h e  1977-1978 w i n t e r ,  they  were never complete ly  
c losed. I n  t h i s  case, however, i t  i s  i n c o r r e c t  t o  a t t r i b u t e  a l l  
o f  t h e  savings t o  s a t e l l i t e s  alone, s ince t h e  use of s ide- look ing  
rada r  (SLR) on reconnaissance a i r c r a f t  was in t roduced i n  the  same 
t i m e  per iod.  Nevertheless,  s a t e l l i t e s  cou ld  c o n t r i b u t e  t o  annual 
savings of as much as $30 m i l  1 ion.  

Before t h e  use o f  

I n  t h e  w i n t e r  o f  1976-1977 which was excep- 

S a t e l l i t e s  a r e  a l so  used t o  p rov ide  e a r l y  warnjng o f  r i v e r  i c e  
m e l t i n g  and break-up, which cou ld  cause i c e  jams and f looding. 
H y d r o l o g i s t s  r e q u i r e  t i m e l y  i n fo rma t ion  on t h e  progress of r i v e r  
i c e  break-up d u r i n g  sp r ing  thaws. I c e  jams o f ten  cause severe 
f l o o d i n g  and th rea ten  h y d r o e l e c t r i c  p lan ts ,  b r i dge  p ie rs ,  and sh ip  
nav iga t ion .  As an example, i n  1977, NOAA s c i e n t i s t s  c l o s e l y  
moni tored t h e  Ottawa R ive r  i n  Canada us ing  v i s i b l e  images from 
N O A A ' s  p o l a r  o r b i t i n g  s a t e l l i t e s .  They were ab le  t o  view the  day- 
to-day changes i n  break-up and m e l t i n g  o f  t h e  i ce .  
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6. Snow Cover Mapping 

The use o f  s a t e l l i t e  acqui red data f o r  mapping snow cover has 
proven va luab le  , i n  water resource p lann ing  and f lood  forecast ing.  
Snow covered area est imates from opera t iona l  NOAA sate1 l i t e s  have 
proven t o  be much f a s t e r  and more economical than convent ional  
a e r i a l  surveys. Snow and i c e  cover a s i g n i f i c a n t  p o r t i o n  o f  t h e  
e a r t h ' s  surface. For example: 

1. Snow covers 30-50 percent  o f  t h e  land area. 

2. I c e  covers about 25 percent  o f  t h e  oceans. 

3. G lac ie rs  cover about 10 percent  o f  t h e  land area. 

4. Permafrost covers 10 percent  o f  t h e  land area. 

, Frequent observat ions o f  t he  ex ten t  and c h a r a c t e r i s t i c s  o f  snow 
and i c e  are needed t o  a s s i s t  many i n d u s t r i e s  i n  t h e i r  day-to-day 
opera t i ona l  requirements. Some opera t iona l  requi  rements which are  
e s p e c i a l l y  a f fec ted  by snow are  (1) f l ood  warning systems, ( 2 )  
munic ipa l  and reg iona l  water supply management, ( 3 )  i r r i g a t i o n  
systems management, ( 4 )  h y d r o e l e c t r i c  power management, ( 5 )  energy 
requirements,  (6) t r a n s p o r t a t i o n  systems opera t ions  , and ( 7 )  food 
supply  requirements. 

Fqr  example, s a t e l l i t e  snow cover analyses were used i n  1976 w h i l e  
a storm was s t i l l  i n  progress t o  determine t h a t  i t  would no t  be 
necessary t o  s p i l l  t he  Verde R iver  r e s e r v o i r  system i n  Ar izona as 
had been p rev ious l y  planned. S p i l l i n g  o f  t h e  r e s e r v o i r s  would 
have put  water i n t o  the  normal ly  d ry  S a l t  R iver  channel above 
Phoenix which causes road c los ings  and l o c a l  f l o o d i n g  i n  t h e  
Phoenix me t ropo l i t an  area and r e s u l t s  i n  t h e  l o s s  o f  va luable 
i r r i g a t i o n  water. The d o l l a r  savings were considerable.  I n  
a d d i t i o n ,  con t inen ta l  snow cover has impor tan t  c l i m a t i c  impacts on 
sur face and a i r  temperature, r a d i a t i o n  balance, s o i l  mois ture,  
c loud iness  and p r e c i p i t a t i o n .  

M r .  Donald R. Wiesnet, former h y d r o l o g i s t  w i t h  t h e  Nat ional  
Environmental Sate1 1 i t e ,  Data, and I n f o r m a t i o n  Service,  has shown 
t h a t  s a t e l l i t e s  have made a s i g n i f i c a n t  c o n t r i b u t i o n  i n  snow cover 
mapping where the  cos t  r a t i o  between t h e  s a t e l l i t e  and convent ional  
a e r i a l  survey i s  as much as 200 t o  1 i n  favo r  of t h e  s a t e l l i t e .  
F o r  example, i t  takes about 40 hours o f  f l y i n g  a t  $500 pe r  hour t o  
map 20 r i v e r  bas ins i n  t h e  S i e r r a  Nevada mountains. Thus, it 
cos ts  about $20,000 p e r  a e r i a l  mapping opera t ion  which i s  done 
severa l  t imes du r ing  t h e  w i n t e r  and spr ing ,  funds pe rm i t t i ng .  
When c loud  f r e e  cond i t i ons  are  ava i l ab le ,  t h i s  j o b  can be 
accomplished us ing  s a t e l l i t e  data i n  about two man-days a t  a cos t  
of  $200. 
a lone cou ld  be as much as $1,000,000. 

Thus, annual savings i n  mapping t h e  S i e r r a  Nevada bas ins 
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I n  t h e  mountainous reg ions  o f  t h e  U n i t e d  Sta tes ,  m i l l i o n s  of 
d o l l a r s  a r e  spent each y e a r  t o  measure snowpack a t  f i x e d  l o c a t i o n s  
f o r  f o r e c a s t  purposes. I n  1969, a panel o f  s c i e n t i s t s  f rom t h e  
N a t i o n a l  Academy o f  Sciences s t a t e s ,  "The changing e x t e n t ,  sur face 
temperature,  t h i c k n e s s ,  water  e q u i v a l e n t ,  and l i q u i d  water  c o n t e n t  
o f  seasonal snowpack a r e  necessary f o r  e n g i n e e r i n g  des ign and 
o p e r a t i o n  and p l a n n i n g  o f  water  p r o j e c t s  l a r g e  and smal l .  I n  t h e  
mounta in areas of t h e  U n i t e d  Sta tes ,  m i l l i o n s  o f  d o l l a r s  a r e  spent 
each y e a r  a t  f i x e d  l o c a t i o n s  t o  measure snowpack f o r  f o r e c a s t  p u r -  
poses. Improved f o r e c a s t s  a r e  es t imated  t o  be wor th  $10,000,000 
t o  $100,000,000 p e r  y e a r  t o  water  users i n  t h e  western U n i t e d  
S t a t e s  a1 one. " Opera t iona l  env i  ronmental  s a t e l  1 i t e s  can c o n t r i -  
b u t e  g r e a t l y  t o  improved hydro1 o g i c a l  forecasts .  

Seventy p e r c e n t  o f  t h e  r u n o f f  i n  t h e  western U n i t e d  S t a t e s  i s  
d e r i v e d  f rom m e l t i n g  snow. I n  a s tudy  funded by t h e  N a t i o n a l  
Sc ience Foundat ion,  it was found t h a t  inc reased c l o u d  seeding i n  
t h e  upper Colorado R i v e r  b a s i n  c o u l d  r e s u l t  i n  snowpack augmen- 
t a t i o n  w i t h  $12.8 m i l l i o n  annual b e n e f i t s .  

NESDIS began o p e r a t i o n a l  l y  produc ing  s a t e l  1 i t e  snowcover maps f o r  
30 s e l e c t e d  western U.S. r i v e r  b a s i n s  i n  t h e  s p r i n g  1974. The 
snowcover da ta  a r e  used i n  r i v e r  runof f  models, dam and r e s e r v o i r  
r e l e a s e  d e c i s i o n s ,  and a r e  i n p u t  t o  seasonal water  supply  f o r e c a s t s  
t o  determine how much water  i s  a v a i l a b l e  f o r  i r r i g a t i o n ,  
h y d r o e l e c t r i c  power genera t ion ,  m u n i c i p a l  consumption, and 
r e c r e a t i o n .  About 600 r i v e r  b a s i n  snow maps a r e  produced 
a n n u a l l y ;  d a t a  a r e  r e l a y e d  t o  users  v i a  t e l e t y p e ,  t e l e c o p i e r  o r  
t h r o u g h  t h e  mai 1. 
s a t e l l i t e  s e r v i c e  i n c l u d e  t h e  U.S. F o r e s t  Serv ice ,  S o i l  
C o n s e r v a t i o n  Serv ice ,  Army Corps o f  Engineers,  Bonnevi l  l e  Power 
Admini s t r a t i o n ,  Nat iona l  Weather Serv ice ,  Bureau o f  Recl amation, 
Bureau o f  Land Management, and t h e  U.S. Geo log ica l  Survey. 

Agencies i n v o l  ved -as s u b s c r i b e r s  t o  t h i s  

I n  t h e  l a t e  19701s, t h e  N a t i o n a l  Aeronaut ic  and Space Admin is t ra -  
t i o n  (NASA) i n i t i a t e d  a f o u r  y e a r  (1975-1979) e f f o r t  t o  e v a l u a t e  
t h e  u s e f u l n e s s  of s a t e l l i t e  snowcover i n f o r m a t i o n  f o r  water  
r e s o u r c e  managers. The p r o j e c t  was i d e n t  i f i  ed as t h e  snowmappi ng 
A p p l i c a t i o n s  Systems V e r i f i c a t i o n  T r a n s f e r  (ASVT) p r o j e c t .  Volume 
VI1 o f  t h e  p r o j e c t ' s  f i n a l  r e p o r t  addressed c o s t / b e n e f i t  aspects  
o f  t h e  snow study. It was found t h a t :  

a )  The improvement i n  r u n o f f  p r e d i c t i o n  due t o  t h e  a d d i t i o n  
o f  s a t e l l i t e  i n f o r m a t i o n  i s  6-10%. 

b ) B e n e f i t  model s devel  oped f o r  i rr i  g a t  i on and hydroenergy 
uses r e v e a l e d  sav ings o f  $36.5 m i l l i o n  y e a r l y  when 
s a t e l  1 i t e  snowcover d a t a  were suppl  i ed f o r  r i  v e r  bas ins  
t h r o u g h o u t  t h e  western U n i t e d  States.  The c o s t  o f  such 
a s a t e l l i t e  snowmapping program was determined t o  be 
$505K, t h u s  y i e l d i n g  a b e n e f i t / c o s t  r a t i o  o f  72: l .  
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7. Natura l  D i s a s t e r  Warning 

Environmental sa te l  1 i t e s  have been very e f f e c t i v e  i n  p r o v i d i n g  
da ta  f o r  improved na tu ra l  d i s a s t e r  warnings. It i s  however, very 
d i f f i c u l t  t o  c o r r e l a t e  l i v e s  and d o l l a r s  saved du r ing  a d i s a s t e r  
d i  r e c t l y  t o  improved fo recas ts  and warnings. NOAA sa te l  l i t e s  
p rov ide  environmental data t o  fo recas ters  and government o f f i c i a l s  
rega rd ing  tornadoes, severe thunderstorms, hurr icanes,  t r o p i c a l  
storms, f lood ing ,  severe w i n t e r  storms and o ther  l e s s  d e s t r u c t i v e  
environmental  phenomena. Sate1 1 i t e  data a r e  t ransmi t ted  around- 
the-c lock ,  7 days-per-week t o  t h e  var ious  Nat ional  Centers f o r  
environmental  warning i nc lud ing :  t h e  Nat iona l  Severe Storms 
Forecast  Center (NSSFC) i n  Kansas City, Missour i  ; t h e  Nat iona l  
Hurr icane Center (NHC) i n  Miami, F l o r i d a ;  t h e  Eastern P a c i f i c  
Hur r icane Center i n  San Francisco, C a l i f o r n i a ;  and the  Centra l  
P a c i f i c  Hurr icane Center i n  Honolulu, Hawaii. 

A. Hur r icane Warning 

S a t e l l i t e  imagery i s  used ex tens i ve l y  i n  mon i to r i ng  t r o p i c a l  storms 
and hurr icanes.  Several years ago, a i r c r a f t  reconnaissance was 
t h e  pr imary method o f  f i n d i n g  and t r a c k i n g  dangerous t r o p i c a l  
storms i n  t h e  oceans. 
and manpower have caused a d r a s t i c  cutback i n  t r o p i c a l  storm 
reconnaissance by t h e  U.S. Air Force and NOAA. The s a t e l l i t e  
observa t ions  have p r a c t i c a l  l y  rep1 aced a1 1 storm reconnaissance 
except when a hur r i cane i s  approaching land. The cos t  o f  a e r i a l  
reconnaissance i s  about $2,500 p e r  hour and t h e  average miss ion  
requ i res  a t  l e a s t  10 hours. Thus, t h e r e  i s  a p o t e n t i a l  savings 
o f  $25,000 pe r  f l i g h t  f o r  every reconnaissance f l i g h t  avoided by 
t h e  use o f  s a t e l l i t e ' d a t a .  I n  add i t i on ,  t h e  s a t e l l i t e  imagery 
has enabled the  a i r c r a f t  storm reconnaissance t o  be more e f f i c i e n t  
and cos t  e f f e c t i v e  i n  p l o t t i n g  f l i g h t  t racks  f o r  data ga ther ing  
due t o  improved nav iga t i ona l  i n fo rma t ion  about the  l o c a t i o n  o f  
t r o p i c a l  cyc l  ones. 

Inc reas ing  cos ts  o f  petroleum, maintenance 

Since t h e  i naugura t i on  o f  t h e  opera t iona l  sa te l  1 i t e  system, no 
t r o p i c a l  storm goes undetected, even i n  t h e  most remote areas o f  
t h e  world. The GOES-E spacecra f t  acqui res an image every 30 
minutes around-the-clock o f  t h e  Nor th A t l a n t i c  Ocean, t h e  
Caribbean Sea and the  G u l f  o f  Mexico p r o v i d i n g  e x c e l l e n t  t r o p i c a l  
s torm d e t e c t i o n  and mon i to r i ng  c a p a b i l i t i e s .  
naissance a i r c r a f t  no longer  have t o  f l y  random search pa t te rns  
over  t h e  vast t r o p i c a l  oceans t o  l o c a t e  storms which may be 
devel  op ing  there.  Est imated savings from us ing  sa te l  1 i t e  storm 
d e t e c t i o n  and mon i to r i ng  i n  mid-ocean i n  p lace  of expensive 
a i  r c r a f t  reconnaissance are  about $1,800,000 annual ly .  

Hurr icane recon- 

The in fo rma t ion  l i s t e d  below i l l u s t r a t e s  t h e  magnitude o f  hu r r i cane  
d e s t r u c t i o n  i n  terms o f  d o l l a r s  and f a t a l i t i e s .  
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Hurr icane F a t a l i t i e s  and Damage (1900 - 1982) 

u. s. u. s. 
Y;;;h!;;A;d ) F a t a l i t i e s  Damage ( $  M i l l i o n s )  

6000 N I A  9 

1905- 1909 
1910-1914 
1915-1919 
1920-1924 
1925-1929 
1930-1934 
1935-1939 
1 940- 1944 
1945- 1949 
1950-1954 
1955-1959 
1960-1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

2200 
100 
983 

9 
21 14 

80 
1026 

149 
67 

217 
67 5 
173 

75 
54 
18 
0 

364 
11 
14 

121 
6 
1 

55 
9 
0 

36 
22 

3 
0 
1 

N/A 
N/A 
541 

15 
357 
164 
850 
49 5 
480 
91 8 

1331 
1156 , 

1420 
15 

200 
10 

1455 
454 
213 

3097 
18 

150 
550 
100 

0 
20 

3050 
300 

25 
280+ 

adjusted t o  
1957-1959 
cons t ruc t i on  
costs  

unadjusted 
annual 
cost  

*Hurricane I w a  damage assessment was not  completed a t  t h e  t ime 
t h i s  paper was w r i t t e n .  Hawaii had not been s t ruck  by a 
hu r r i cane  i n  23 years. 
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The most damaging i n d i v i d u a l  hur r i canes  by name and year  
1 i s t e d  below: 

are 

C o s t l i e s t  Un i ted  Sta tes  Hurr icanes of Record 

Name - Year U.S.Damage ( $ )  

F reder  i c 1979 $2,300,000,000 
Agnes 1972 2,100,000,000 
Cami 11 e 1969 1 , 420 , 700 , 000 
Betsy 1965 1,420,500,000 
Diane 1955 831,700,000 
E l  o i  se 1975 
Carol 1954 
Cel i a  1970 
Car l  a 196 1 
Donna 1960 
David 1979 

550,000,000* 
461,000,000 
453,000,000 
408,000,000 
387,000,000 
320,000,000 

* Inc ludes  $60,000,000 i n  Puer to Rico 

The damage est imate o f  $2.3 b i l l i o n  makes Hurr icane Freder ic  t h e  
c o s t l i e s t  hur r i cane ever t o  h i t  t h e  Un i ted  States,  exceeding the  
$2.1 b i l l i o n  cos t  est imated f o r  Hurr icane Agnes i n  1972. 
deaths were a t t r i b u t e d  d i r e c t l y  t o  Hurr icane F reder i c  i n  t h e  
Un i ted  States,  on l y  one o f  which occurred along t h e  coasta l  reg ion  
when a person was swept o f f  E boat  near Pensacola, F lo r i da .  The 
insurance i n d u s t r y  est imated insured losses of B 7 5 0 - m i l l i o n  fo r  
Hur r icane Freder ic .  
i n  advance of Freder ic .  

F i ve  

Approximately 250,000 persons were evacuated 

A 1975 NOAA Technical Memorandum e n t i t l e d ,  A S t a t i s t i c a l  Study o f  
T rop ica l  Cyclone P o s i t i o n i n g  E r r o r s  w i t h  Economic App l i ca t i ons  by 
C.J. Neumann noted t h a t  u n t i l  1974, t h e  i n i t i a l  p o s i t i o n  e r r o r  f o r  
storms w i t h i n  500 n.mi. o f  t h e  coast averaged 22 n.mi., and l a n d f a l l  
fo recas ts  were made from d is tances no more than 300n.mi. A pos i -  
t i o n i n g  e r r o r  i s  de f ined as t h e  d i f f e r e n c e  between the  f o r e c a s t e r ' s  
assumed i n i t i a l  p o s i t i o n  o f  a storm and t h e  ac tua l  p o s i t i o n  as 
determined from a postanalys is .  

The issuance o f  hur r i cane warnings along a p o r t i o n  o f  t h e  Un i ted  
Sta tes  c o a s t l i n e  i s  genera l l y  accomplished 18 t o  24 hours p r i o r  
t o  the  expected a r r i v a l  o f  t h e  storm a t  t h e  coast. Th is  
p a r t i c u l a r  t ime i n t e r v a l  has been found t o  be an op t im ized t rade-  
o f f  between the  d e s i r e  t o  p rov ide  maximum warning lead t ime and 
t h e  a b i l i t y  t o  keep t h e  s i z e  o f  t h e  warning area w i t h i n  reasonable 
l i m i t s .  
averages n e a r l y  300 n.mi. Inasmuch as t h e  swath o f  damaging winds 
i s  genera l l y  l e s s  than 100 n.mi., t h e  p u b l i c  must expect a minimum 
overwarning area o f  about 200 n.mi. 

With such a lead t ime, t h e  l e n g t h  o f  t h e  warning zone 
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The study i nc ludes  an economic ana lys i s  o f  p o t e n t i a l  changes 
i n  t h e  s i z e  o f  hu r r i cane  warning areas. 
p r o t e c t i o n  cos ts  ( i n c l u d i n g  losses due t o  t e m p o r a r i l y  c u r t a i l e d  
p roduc t i on )  f o r  a t y p i c a l  300 n.mi. Gu l f  of Mexico coasta l  
hu r r i cane  warning zone t o t a l  $25.1 m i l l i o n .  A 10 n.mi. inc rease 
i n  p o s i t i o n i n g  e r r o r  w i l l  i nc rease t h i s  economic l o s s  by about $ 5  
m i l l i o n  per storm. A 10 n.mi. decrease i n  p o s i t i o n i n g  e r r o r  w i l l  
decrease p r o t e c t i o n  cos ts  by about $2.75 m i l l i o n  per storm. 
an average o f  about two hur r icanes  annua l ly  move i n l a n d  on t h e  
c o n t i n e n t a l  U.S., us ing  the  above f i gu res ,  $50 m i l l i o n  i s  t h e  
average annual cost  of p ro tec t i on .  As a conserva t ive  est imate,  a 
r e d u c t i o n  o f  o n l y  5% i n  t h e  coas ta l  warning area would mean an 
average annual savings of about $2,500,000 p e r  year. S a t e l l i t e  
observa t ions  p l a y  a major r o l e  i n  keeping t h e  warning area t o  a 
minimum. 

B. Global  T rop ica l  Storm Mon i to r i ng  

It i s  est imated t h a t  

S ince 

NOAA p o l a r  o r b i t i n g  s a t e l l i t e s  
wor ldwide i n  a d d i t i o n  t o  those 
States.  The fo l l ow ing  t a b l e  1 
cyc lones moni tored and t racked 
ocean areas o f  t h e  world. 

S a t e l l i t e  Moni tored 

Year 
1974 

West P a c i f i c  
Ocean 

38 
1975 27 
1976 27 
1977 21 
1978 27 
1979 27 
1980 27 
1981 28 
1982 27 

When these storms are  detected 

a re  used t o  mon i to r  t r o p i c a l  storms 
near o r  endangering t h e  Un i ted  
s t s  t h e  number o f  named t r o p i c a l  
by NOAA s a t e l l i t e s  i n  t h r e e  remote 

Named T rop ica l  Cyclones 

South P a c i f i c  
Ocean 

12 
8 

10 
10 
7 
6 
8 

12 
9 

Ind ian  
Ocean 
26 

33 
27 
23 
23 
20 
20 
19 
21  

and t racked by p o l a r  s a t e l l i t e ,  a 
S a t e l l i t e  Weather B u l l e t i n  i s  sent d i r e c t l y  t o  t h e  meteoro log ica l  
agency o f  t h e  c o u n t r i e s  which cou ld  be a f fec ted  by t h e  storm. 
These b u l l e t i n s  a re  t ransmi t ted  d a i l y  throughout  t h e  l i f e  of t h e  
t r o p i c a l  s torm which averages 8-10 days. In t h e  h i g h l y  populated 
c o u n t r i e s  o f  southeast Asi a , t h i s  sate1 1 i t e  t r o p i c a l  storm 
warn ing s e r v i c e  cou ld  save many l i v e s  i f  t h e  c a p a b i l i t i e s  t o  
d isseminate the  warning t o  the  general p u b l i c  were ava i l ab le .  
Un fo r tuna te l y ,  i n  many cases, t h e  populace does no t  rece ive  t h e  
warnings due t o  the  l ack  o f  adequate communications f a c i l i t i e s  
and t h e  death t o l l  has no t  r e f l e c t e d  t h e  a v a i l a b i l  i t y  of these 
t i me1 y wa r n  i ng s . 
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C. 

S a t e l l i t e  imagery i s  a p r imary  da ta  source f o r  t h e  N a t i o n a l  
Severe Storm F o r e c a s t i n g  Center  (NSSFC) i n  Kansas City which has 
severe thunders to rm and to rnado f o r e c a s t i n g  r e s p o n s i b i l i t y  f o r  t h e  
c o n t i n e n t a l  U n i t e d  States.  I n  1972, t h e  NESDIS e s t a b l i s h e d  a 
S a t e l l i t e  F i e l d  S e r v i c e  S t a t i o n  (SFSS)  c o l l o c a t e d  w i t h  t h e  NSSFC. 
The Kansas Ci ty  SFSS has been i n s t r u m e n t a l  i n  deve lop ing  new 
t e c h n i q u e s  i n  a p p l y i n g  sate1 l i t e  imagery t o  severe s torm 
fo recas t ing .  The use o f  h i g h  r e s o l u t i o n  GOES v i s i b l e  and enhanced 
i n f r a r e d  imagery taken a t  f r e q u e n t  i n t e r v a l s  (as  o f t e n  as every 15 
minutes)  has been ex t remely  u s e f u l  i n  m o n i t o r i n g  t h e  development 
o f  severe thunderstorms. 
NSSFC f o r e c a s t e r s  t o  p i n p o i n t  areas w i t h  a h i g h  p r o b a b i l i t y  o f  a 
t o r n a d o  so as t o  reduce t h e  area of warning. 
o f  warning, t h e  "cry-WOLF!" a t t i t u d e  t h a t  sometimes e x i s t s  toward 
t o r n a d o  a l e r t s  w i l l  be lessened. The s a t e l l i t e  has been i n s t r u -  
mental  i n  a c c u r a t e l y  d e f i n i n g  t h e  to rnado watch areas which a r e  
p r o v i d e d  t o  t h e  news media and NWS f o r e c a s t  o f f i c e s .  

Severe Thunderstorm and Tornado Warning 

T h i s  s a t e l l i t e  c a p a b i l i t y  has enabled 

By reduc ing  t h e  area 

The f o l l o w i n g  t a b l e  l i s t s  t h e  f a t a l i t i e s  and p r o p e r t y  l o s s  
s t a t i s t i c s  f o r  t h e  per iod ,  1972 t h r o u g h  1982. 

TORNADO SUMMARY (1972-1982) 
P r o p e r t y  Loss Frequency* 

Year m 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 

Number o f  
Tornadoes 
741 

1102 
94 7 
92 0 
83 5 
852 
788 
852 
866 
782 
1028 

F a t a l  i t i e s  
27 

87 
362 
60 
44 
43 
53 
84 
28 
24 
64 

219 
166 
189 
145 
173 
153 
169 
205 
144 
N/A 

67 
82 
31 
41 
40 
53 
62 
79 
43 

N/A 

Category 7 

I 
9 
25 
11 
5 
6 
6 

11 
13 
12 

N/A 

and o v e r  * 

*Number o f  t i m e s  p r o p e r t y  losses  were r e p o r t e d  i n  s torm damage 
Categor ies  5, 6, 7 and over. 
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Proper ty  Loss Category D e f i n i t i o n s  

Category 5 
Category 6 
Category 7 
Category 8 
Category 9 

$50,000 - $500,000 
$500,000 - $5 m i l l i o n  
$5 m i l l i o n  - $50 m i l l i o n  
$50 m i l l i o n  - $500 m i l l i o n  
$500 m i  11 i o n  and over 

The above losses  a re  based on est imated values a t  t h e  t ime  o f  
occurence. 

As shown i n  t h e  t a b l e  above, t h e  cos t  o f  damage has r i s e n  
s i g n i f i c a n t l y  i n  recent  years due t o  more populated areas being 
h i t  by tornadoes and increased b u i l d i n g  cos ts  due t o  i n f l a t i o n .  
Because tornadoes and severe thunderstorms a re  r e l a t i v e l y  small 
sca le  and sho r t  l i v e d ,  it i s  d i f f i c u l t  t o  prepare t o  p r o t e c t  
p r o p e r t y  i n  a manner s i m i l a r  t o  t h a t  which i s  done w i t h  t h e  
l a r g e r  sca le  and slower moving hurr icanes.  It i s  c u r r e n t l y  
imposs ib le  t o  p r e d i c t  the exact t ime and l o c a t i o n s  these severe 
storms w i l l  a r r i v e ,  bu t  s a t e l l i t e  images prov ide  an i n d i c a t i o n  
o f  t h e  development o f  t h e  type  o f  meteoro log ica l  s i t u a t i o n s  i n  
which these storms occur. Un fo r tuna te l y ,  s a t e l l i t e  observat ions 
o f  tornadoes and severe thunderstorms can do l i t t l e  t o  a i d  i n  
reduc ing  t h e  amount o f  p roper t y  damage sustained. It i s  s i g n i -  
f i c a n t ,  however, t h a t  t h e r e  has been a no tab le  reduc t i on  i n  t h e  
average number o f  deaths s ince  1975. 

Beginning i n  1975, GOES da ta  has been a s i g n i f i c a n t  and h e a v i l y  
used i n p u t  t o  the  NSSFC. It seems c l e a r  t h a t  t h e r e  i s  a c o r r e l a -  
t i o n  between t h e  lower  number o f  l i v e s  l o s t  s ince  1975 and the  
i n t r o d u c t i o n  o f  opera t iona l  geos ta t ionary  s a t e l l i t e  data i n t o  the  
severe storm f o r e c a s t i n g  and warning process. Even exc lud ing  the  
A p r i l  3 rd  ca lami t y  o f  1974, an average o f  84 f a t a l i t i e s  per year  
o c c u r r e r b e t w e e n  1968 and 1974. The average number of deaths 
s i n c e  s a t e l l i t e  data has been e x t e n s i v e l y  u t i l i z e d  i s  50 
f a t a l i t i e s  per  year. 

The New Orleans SFSS p lays  an impor tan t  r o l e  i n  reducing the  e le -  
ment o f  s u r p r i s e  o f  severe weather sweeping i n  from the  Gulf o f  
Mexico and ove r tak ing  mariners,  o f f s h o r e  o i l  workers and coasta l  
res idents .  Dur ing  t h i s  century  alone, 21 hu r r i canes  have come 
ashore from t h e  Gulf  k i l l i n g  hundreds o f  persons and causing 
b i l l i o n s  of d o l l a r s  i n  damage. I n  add i t i on ,  scores o f  t r o p i c a l  
storms and w in te r - t ime  cyclones have h i t  t h e  G u l f  coast areas. 
Al though n o t  as severe as hurr icanes,  these storms cause ex tens ive  
damage and th rea ten  the  l i v e s  o f  those i n d i v i d u a l s  who use t h e  
G u l f  f o r  t h e i r  l i v e 1  i hood and recrea t ion .  

With t h e  advent o f  t h e  energy c r i s i s ,  emphasis has been placed on 
of fshore o i l  d r i l l i n g  and p roduc t i on  a c t i v i t y .  The magnitude o f  
t h i s  e f f o r t  i s  r e f l e c t e d  i n  t h e  f o l l o w i n g  s t a t i s t i c s .  There a re  
1,249 p roduc t i on  p la t fo rms  wi th  h e l i p o r t s ,  approx imate ly  240 
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d r i l l i n g  r i g s  on l o c a t i o n ,  and 28,000 i n d i v i d u a l s  work ing 
o f f s h o r e .  To suppor t  t h i s  vas t  and complex i n d u s t r y ,  approxima- 
t e l y  700 h e l i c o p t e r s  ( f l y i n g  an average o f  25,000 hours per  month) 
t r a n s p o r t  150,000 passengers each month f rom bases l o c a t e d  a long 
t h e  Texas and Lousiana G u l f  coast.  

The New Or1 eans SFSS focuses on smal l  - s c a l e  m e t e o r o l o g i c a l  events  
i n  an area ex tend ing  f rom 90 m i l e s  onshore t o  200 m i l e s  o f fshore .  
Spec ia l  a t t e n t i o n  i s  g i v e n  t o  t h e  thunderstorms and s q u a l l  l i n e s  
w h i c h  develop r a p i d l y  th roughout  t h e  G u l f  w i t h  l i t t l e  advance 
warning. When these storms a r e  de tec ted ,  t h e  SFSS i s s u e s  a d v i -  
s o r i e s  t o  N a t i o n a l  Weather S e r v i c e  O f f i c e s  and o t h e r  government 
agencies a long t h e  G u l f  coast.  

0. F lood Warnina 

S a t e l l i t e  da ta  a l s o  have been v a l u a b l e  i n  p r o v i d i n g  e a r l y  warning 
f o r  f loods .  An example i s  t h e  September 13, 1977 f l o o d  d i s a s t e r  
i n  Kansas City. I n f o r m a t i o n  prov ided by t h e  NESDIS SFSS i n  Kansas 
City t o  N a t i o n a l  Weather S e r v i c e  Forecas t  u n i t s  p r i o r  t o  and 
d u r i n g  t h e  Kansas City f l o o d  was t i m e l y  and accurate.  The e a r l y  
r e c o g n i t i o n  of t h e  p r e c i p i t a t i o n  boundary which had been l e f t  by 
t h e  p r e v i o u s  n i g h t ' s  thunders to rm a c t i v i t y  i n  n o r t h e r n  M i s s o u r i  
i d e n t i f i e d  a m e t e o r o l o g i c a l  mechanism which had p o t e n t i a l  f o r  
i n i t i a t i n g  new thunders to rm development over  an area where t h e  
ground was a1 ready sa tura ted .  T h i s  s a t e l l i t e  i n f o r m a t i o n ,  when 
i n c o r p o r a t e d  w i t h  o t h e r  data,  c o n t r i b u t e d  t o  t h e  NWS d e c i s i o n  t o  
i s s u e  a l o c a l  fo recas t  e a r l y  i n  t h e  day f o r  heavy r a i n .  L a t e r  
s a t e l l i t e  da ta  p rov ided i n f o r m a t i o n  which was i n s t r u m e n t a l  i n  t h e  
issuance o f  a severe thunderstorm watch which i n c l u d e d  t h e  Kansas 
City metropol  i t a n  area. The s a t e l  1 i t e  eval  u a t i o n  gave new i n f o r -  
m a t i o n  concern ing  t h e  southward s h i  f t  o f  t h e  a x i  s o f  thunders to rm 
deve l  opment , and coup1 ed w i t h  s u p p o r t i n g  evidence from t h e  NWS 
r a d a r ,  suggested t h e  p o t e n t i a l  f o r  heavy r a i n  i n  t h e  Kansas City 
area. 

An example of s a t e l  1 i t e  c o n t r i b u t i o n s  t o  i n t e r n a t i o n a l  f l o o d  
warn ings  occur red  i n  August o f  1977 when U n i t e d  S t a t e s  s a t e l l i t e  
assessments o f  snowpack were used as an i n d i c a t o r  o f  f l o o d  p o t e n t i a l  
i n Pakis tan.  
i n c l u d e  t h e  Himalaya Mountains. 
Himalayas were moni tored:  t h e  Indus R i v e r  above Besham (162,100 
km2) and t h e  Kobal R i v e r  above Nowshera (88,600 km2). A l a t e  snow 
m e l t  i n  t h e  Himalayas c o u l d  have g r e a t l y  inc reased t h e  p o t e n t i a l  
f o r  f l o o d i n g  i n  Pakis tan.  Percent  snowcover as d e r i v e d  from t h e  
s a t e l l i t e  was compared w i t h  h i s t o r i c a l  data and t r a n s m i t t e d  t o  t h e  
P a k i s t a n i  Ambassador i n  Washington, D.C. 

S a t e l l i t e  da ta  i s  very  b e n e f i c i a l  i n  f l a s h  f l o o d  f o r e c a s t i n g .  
D u r i n g  t h e  p e r i o d  October  12-13, 1981 e x c e s s i v e  r a i n f a l l  occur red  
o v e r  Texas and Oklahoma. The p r i m a r y  i n g r e d i e n t  f o r  t h i s  ep isode 
was a d y i n g  t r o p i c a l  s torm (Norma) wh ich  was moving ou t  of Mexico. 

NOAA-5 VHRR coverage was especi  a1 l y  programmed t o  
Two l a r g e  r i v e r  b a s i n s  i n  t h e  
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Numerical f o recas t  models, due t o  t h e  s c a r c i t y  o f  data over 
Mexico, were unable t o  fo recas t  i t s  movement. The f i r s t  h i n t  o f  
t h i s  f e a t u r e  moving toward Texas came from s a t e l l i t e  der ived  data. 
Th is  i n f o r m a t i o n  prompted the  issuance o f  twenty F lash Flood 
Watches i n  var ious  p a r t s  o f  Texas. As t h e  system moved i n t o  
Texas, t r i g g e r i n g  copious ra ins ,  Q u a n t i t a t i v e  P r e c i p i t a t i o n  
Est imates based on s a t e l l i t e  images were prov ided t o  numerous WS 
o f f i c e s .  There were f o u r  major f l oods  du r ing  1982. F lood ing  i n  
F o r t  Wayne, Indiana, New England, Louis iana and the  c e n t r a l  
M i s s i s s i p p i  v a l l e y  c la imed 150 l i v e s  and caused damage i n  excess 
o f  $2 b i l l i o n .  

8. Large Scale Weather F o r e c a s t i n g  

NOAA opera t i ona l  environmental sa te l  1 i t e s  c o n t r i b u t e  g r e a t l y  
t o  the  Nat iona l  Weather Se rv i ce ' s  Nat ional  Meteoro log ica l  Center 
(NMC), t h e  c e n t r a l  weather ana lys i s  and p r e d i c t i o n  f a c i l i t y  f o r  
t h e  Un i ted  States.  A t  NMC, which i s  a l so  a- World Meteoro log ica l  
Center,  observa t ions  from a1 1 over t h e  g lobe i n c l  ud i  ng sa te l  1 i t e  
da ta  a re  c o l l e c t e d ,  processed by computer, and used t o  produce 
maps o f  e x i s t i n g  and p red ic ted  weather cond i t ions .  I n  a 24-hour 
per iod ,  t h e  NMC rece ives  about 42,000 approx imate ly  50,000 
s a t e l l i t e  observat ions.  Maximum b e n e f i t s  from s a t e l l i t e  data a re  
r e a l i z e d  when t h i s  i n fo rma t ion  i s  e f f e c t i v e l y  used t o  b r i dge  t h e  
gap i n  t ime  and space between convent ional  meteoro log ica l  obser- 
vat ions.  A synthes is  o f  a l l  types o f  meteoro log ica l  data such as 
s a t e l l i t e ,  sur face,  upper a i r ,  radar,  etc., r e s u l t s  i n  a more 
complete and accurate understanding o f  atmospheric processes. 

Or. Robert M. White, former Admin i s t ra to r  o f  NOAA, d iscussed 
t h e  r o l e  o f  s a t e l l i t e  data i n  l a r g e  scale weather a p p l i c a t i o n s  i n  
an a r t i c l e  i n  The M i l i t a r y  Engineer (July-August 1973) e n t i t l e d  
Environmental  S a t e l l i t e s  - A Progress Report. I n  t h i s  a r t i c l e ,  he 
wro te  the  f o l  1 o w i  ng : 

"The Worl d Meteorol  og i ca l  Center, Washington, 0. C. ( t h e  o ther  
World Centers a re  i n  Moscow and Melbourne) uses photographs, 
temperature soundings, and wind measurements acqui red by sa te l  1 i t e  
t o  improve the  accuracy of l a r g e  sca le  weather analyses and fo recas t  
weather charts.  These cha r t s  a re  communicated by f a c s i m i l e  c i r c u i t s  
t o  c i v i l  and m i l i t a r y  weather s t a t i o n s  i n  the  Un i ted  Sta tes  and 
become p a r t  of t h e  guidance ma te r ia l  g iven  t o  f i e l d  s t a t i o n s  f o r  
use i n  weather forecast ing.  A i r  Force and Navy weather c e n t r a l s  
r e c e i v e  bo th  d i r e c t  and processed data f o r  use i n  s i m i l a r  ways. 
Ana lys i s  centers ,  which prov ide  spec ia l  serv ices  t o  a g r i c u l t u r a l  , 
h y d r o l o g i c a l ,  engineer ing,  mar i t ime,  and o ther  i n t e r e s t s ,  use 
s a t e l l i t e  data r o u t i n e l y  i n  t h e  p repara t i on  o f  t h e i r  products. 
Several f a c t o r s  make s a t e l l i t e  data unique i n  comparison w i t h  data 
acqu i red  from o ther  sources. A ma jor  c h a r a c t e r i s t i c  i s  t h a t ,  
because o f  i t s  vantage p o i n t  above t h e  atmosphere and i t s  broad 
f i e l d  o f  view, t h e  s a t e l l i t e  can p rov ide  i n f o r m a t i o n  r e g u l a r l y  f o r  
vas t  areas o f  t h e  g lobe where data f rom o the r  more convent ional  
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sources a r e  sparse o r  unobta inable.  T h i s  coverage o f  t h e  l a r g e  
d a t a  gaps over  oceans and remote l a n d  areas i s  one of t h e  b a s i c  
and most i m p o r t a n t  c o n t r i b u t i o n s  o f  s a t e l l i t e s  t o  improved weather 
f o r e c a s t s .  A lso  i m p o r t a n t  i s  t h e  immediacy o f  d a t a  t r a n s m i t t e d  
d i r e c t l y  from s a t e l  l i t e s  t o  ground s t a t i o n s .  Such da ta  f r e q u e n t l y  
a r e  r e c e i v e d  and p u t  i n t o  use some hours b e f o r e  r o u t i n e  da ta  a r e  
r e c e i v e d  th rough normal communications channel s. The t h i r d  
c h a r a c t e r i s t i c  i s  t h e  broad view o f  e a r t h  and atmospher ic f e a t u r e s  
t h a t  can be o b t a i n e d  o n l y  f rom s a t e l l i t e  a l t i t u d e .  
weather systems can be seen i n  a s i n g l e  view, whereas t h e  d e f i n i -  
t i o n  o f  atmospher ic o r  sea s u r f a c e  c o n d i t i o n s  ob ta ined f rom 
a i  r c r a f t  o r  groundbased o b s e r v a t i o n  i s  incomplete.  I' 

Large-scale 

The env i ronmenta l  s a t e l  1 i t e  i s  an excel  l e n t  g l o b a l  observa t iona l  
p l a t f o r m  and t h e  U n i t e d  S t a t e s  f r e e l y  c o n t r i b u t e s  da ta  from i t s  
s a t e l  1 i t e s  t o  t h e  w o r l d  m e t e o r o l o g i c a l  community. S a t e l l i t e  da ta  
i s  an i m p o r t a n t  p a r t  o f  t h e  World Weather Watch Program o f  t h e  
U n i t e d  N a t i o n s '  World M e t e o r o l o g i c a l  Organ iza t ion .  The d i r e c t  
readout  systems (APT and HRPT) f rom t h e  p o l a r  o r b i t i n g  s p a c e c r a f t  
and t h e  WEFAX t r a n s m i s s i o n s  f rom t h e  g e o s t a t i o n a r y  s p a c e c r a f t  a r e  
used by more than 123 c o u n t r i e s  around t h e  wor ld.  

Thus, env i ronmenta l  s a t e l l i t e s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  l a r g e  
s c a l e  weather o b s e r v a t i o n  and f o r e c a s t i n g .  
c o s t  b e n e f i t s  o f  such s e r v i c e s  i s  ex t remely  d i f f i c u l t ,  i f  n o t  an 
i m p o s s i b l e  task.  T h i s  i s  because t h e  o n l y  way of o b t a i n i n g  these 
b e n e f i t s  would be t o  compare t h e  c o s t  o f  i n f o r m a t i o n  ob ta ined v i a  
s a t e l l i t e  w i t h  what i t  would cos t  t o  a c q u i r e  comparable da ta  v i a  
c o n v e n t i o n a l  means (e.g. s u r f a c e  observa t ions ,  radiosonde, r a d a r  
and m e t e o r o l o g i c a l  buoys). Not o n l y  would t h e  a c q u i s i t i o n  c o s t s  
b e  p r o h i b i t i v e ,  b u t  it would be p h y s i c a l l y  i m p o s s i b l e  t o  o b t a i n  
t h i s  l a r g e  amount o f  d i v e r s e  da ta  i n  a t i m e l y  manner. The va lue 
o f  s a t e l l i t e  a c q u i r e d  observa t ions  t o  g l o b a l  s c a l e  f o r e c a s t i n g  i s  
c e r t a i n l y  severa l  m i l  1 i o n s  o f  do l  l a r s  annual ly. 

D e r i v i n g  t h e  a c t u a l  

9. M i  s c e l  1 aneous A c t i  v i  t i es 

There have been many uses o f  env i ronmenta l  s a t e l l i t e  da ta  some o f  
which a r e  s i g n i f i c a n t  and o t h e r s  which have no measurable economic 
b e n e f i t  a t  p resent ,  b u t  may have i n  t h e  f u t u r e .  
d iscusses  some o f  these a c t i v i t i e s  r e l a t e d  t o  t h e  u t i l i z a t i o n  o f  
env i ronmenta l  s a t e l  1 i t e  data. 

T h i s  s e c t i o n  b r i e f l y  

A. A i r l i n e  Fuel  Savings 

The NASA Lewis Research Center completed a 20 month s tudy  i n  1981 
r e g a r d i n g  t h e  va lue  o f  improved upper a i r  wind and temperature 
f o r e c a s t s  t o  t h e  wor ldwide commercial a i r l i n e  i n d u s t r y .  Th is  s tudy 
was d iscussed i n  a paper e n t i t l e d  A i r l i n e  F l i g h t  P l a n n i n g  - The 
Weather Connect ion by Rober t  S t e i n b e r g  i n  A p r i l  1981. 
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I n  h i s  paper, M r .  Ste inberg reviews t h e  meteoro log ica l  bas i s  f o r  
t h e  present  method o f  a i r l i n e  f l i g h t  p lann ing  and analyzes i t s  
impact on c u r r e n t  f l i g h t  operat ions.  He suggests a new approach 
f o r  develop ing a weather base f o r  f l i g h t  p lann ing  which has t h e  
p o t e n t i a l  o f  p r o v i d i n g  fue l  savings o f  2 o r  3 percent  on long 
d i s tance  f l  i ghts. 

M r .  Ste inberg suggests t h a t  a meteoro log is t  , us ing  man-computer 
i n t e r a c t i v e  techniques, cou ld  develop an accurate upper a i r  
nowcast (3-12 hours )  us ing  the  NWS synopt ic  numerical fo recas t ,  
s a t e l l i t e  data,  rawinsonde and p i l o t  repor ts .  S a t e l l i t e  data i s  
t h e  most t i m e l y  and a l so  prov ides i n f o r m a t i o n  on t h e  l o c a t i o n  o f  
j e t  streams, which i s  very important.  Th is  nowcast would p rov ide  
t h e  bas i s  f o r  automated f l i g h t  p lann ing  by t h e  a i r l i n e .  

M r .  Ste inberg est imates t h a t  an i n t e r a c t i v e  system w i t h  sate1 l i t e  
da ta  i n p u t  t o  p rov ide  upper a i r  tuned forecasts ,  i n c l u d i n g  man- 
power fo r  a 24 hour opera t ion  would cos t  about $600,000 p e r  year  
a f t e r  a one t ime  c a p i t a l  investment f o r  equipment of about 
$1,000,000. An i n t e r n a t i o n a l  c a r r i e r  w i t h  a present  f u e l  b i l l  o f  
one b i l l i o n  d o l l a r s  cou ld  expect t o  save a t  l e a s t  $20 m i l l i o n  per 
y e a r  on t r i p  fuel alone. When one considers the  p o t e n t i a l  f o r  
o p t i m i z i  ng reserve fue l  requi  rements , t h e  savings cou ld  even be 
cons iderab ly  h igher .  

B. Game B i r d  Management 

The O f f i c e  o f  M ig ra to ry  B i r d  Management o f  t h e  U.S. F i s h  and 
W i l d l i f e  Serv ice  has used NOAA p o l a r - o r b i t i n g  VHRR p i c t u r e s  t o  
h e l p  determine the  rep roduc t i ve  success of several  species o f  
a r c t i c  nes t i ng  geese. The W i l d l i f e  Serv ice  i s  respons ib le  fo r  
annua l l y  a d j u s t i n g  hunt ing  regu la t i ons  t o  conform w i t h  t h e  
es t imated  popu la t i on  of p a r t i c u l a r  species o f  waterfowl.  The 
water fowl  managers must know we l l  be fo re  t h e  hunt ing  season what 
t h e  supply o f  game b i r d s  w i l l  be, o therwise t h e i r  ex is tence cou ld  
be threatened by over-harvest ing.  

The most impor tan t  f a c t o r s  a f f e c t i n g  the  reproduc t ive  success 
o f  a r c t i c  nes t i ng  geese i s  t h e  t i m e l y  disappearance o f  snow, i ce ,  
and the  a v a i l a b i l i t y  o f  me l t  water t o  a l l ow  f o r  t h e  produc t ion  and 
r e a r i n g  of young. Late seasons o r  adverse weather cond i t i ons  can 
r e s u l t  i n  the  geese not nest ing,  reduced brood s izes,  o r  f a i l u r e  
t o  renest. 
Waterfowl managers, us ing  NOAA's p o l a r  o r b i t i n g  s a t e l l i t e s ,  can 
mon i to r  h a b i t a t  snow and i c e  c o n d i t i o n s  i n  t h e  remote a r c t i c  
n e s t i n g  areas i n  a t i m e l y  and economical manner. The s a t e l l i t e s  
p rov ide  v i sua l  and i n f r a r e d  images t w i c e  d a i l y  t o  he lp  i d e n t i f y  
areas o f  c a t a s t r o p h i c  o r  ou ts tand ing  goose product ion,  p e r m i t t i n g  
t h e  w i l d1  i f e  s e r v i c e  t o  e s t a b l i s h  approp r ia te  hunt ing  regu la t ions .  

Any of these adverse ly  a f f e c t s  t h e  populat ion.  
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C. Dust Storm M o n i t o r i n g  

Both t h e  g e o s t a t i o n a r y  (GOES) spacecra f t  and t h e  p o l a r  o r b i t i n g  
(NOAA) s p a c e c r a f t  have been used t o  m o n i t o r  t h e  development and 
d i s s e m i n a t i o n  o f  dus t  storms i n  t h e  P l a i n s  States.  For  example, 
i n  February 1977, these o p e r a t i o n a l  s a t e l  l i t e s  d e t e c t e d  dust  
c l o u d s  o r i g i n a t i n g  i n  New Mexico and Colorado and t r a c k e d  them 
across Kansas, Okl ahoma, M i  s s i  s s i  p p i  , A1 abama and Georgi a ou t  
i n t o  t h e  A t l a n t i c  Ocean. The major  dus t  s torm was considered 
among t h e  worst  s i n c e  t h e  "Dust Bowl" days o f  t h e  1930's. 

M o n i t o r i n g  t h e  development and movement o f  dus t  storms i s  
i m p o r t a n t  t o  t h e  a v i a t i o n  i n d u s t r y ,  s o i l  e r o s i o n  and a g r i c u l t u r e  
e x p e r t s ,  s c i e n t i s t s  conduct ing  s o l a r  energy research, p o l l u t i o n  
m o n i t o r i n g  s p e c i a l i s t s ,  e tc .  S a t e l l i t e s  can be used e f f e c t i v e l y  
b y  m e t e o r o l o g i s t s  t o  m o n i t o r  major  dus t  storms. 

D. Locust  Plague C o n t r o l  

A g r i c u l t u r a l  crops and range1 and resources es t imated  t o  be wor th  
30 b i l l i o n  d o l l a r s  over  some 30 m i l l i o n  square k i l o m e t e r s  i n  
60 c o u n t r i e s  w i t h  more than a f i f t h  of t h e  w o r l d ' s  Doou la t ion  a r e  
prone t o  t h e  ravages by t h e  Deser t  Locust ,  S c h i s t o c e r a  gregar ia .  
The p r i m a r y  f a c t o r s  which i n f l u e n c e  t h e  qrowth and movement of-the 
l o c u s t  a r e  t h e  tempera ture  and m o i s t u r e  Eontent  o f  t h e  a i r  and 
ground and t h e  s t a n d i n g  crop. These f a c t o r s  can be measured u s i n g  
NOAA env i ronmenta l  s a t e l  1 i t e s  and Landsat s a t e l  1 i tes .  NOAA p o l a r -  
o r b i t i n g  s a t e l l i t e  images have been used by t h e  U n i t e d  Nat ions  
Food and A g r i c u l t u r e  O r g a n i z a t i o n  (FAO) t o  m o n i t o r  areas of 
p r o b a b l e  r a i n f a l l  i n  n o r t h e r n  A f r i c a  c o u n t r i e s  such as A l g e r i a ,  
Somalia, I n d i a ,  and Pakis tan.  The NOAA s a t e l l i t e  images a r e  
examined i n  d e t a i l  w i t h  Landsat images o f  these areas, e n a b l i n g  
U.N.FA0 s c i e n t i s t s  t o  l o c a t e  areas o f  emergent v e g e t a t i o n  which i s  
essent  i a1 f o r  d e s e r t  1 ocus t  devel  opment. The 1 o c a t  i o n  c o o r d i  na tes  
o f  p o t e n t i a l l y  dangerous areas a r e  r e l a y e d  t o  l o c u s t  c o n t r o l  teams 
i n  t h e  c o u n t r i e s  invo lved.  These teams then examine t h e  area and 
de termine i f  i n s e c t i c i d e  s p r a y i n g  i s  necessary t o  i n h i b i t  t h e  
devel  opment o f  m i g r a t o r y  swarms. 

B u i l d i n g  f u r t h e r  on t h e  r e s u l t s  ob ta ined d u r i n g  t h e  Deser t  
Locust/Remote Sensing P i l o t  P r o j e c t ,  c a r r i e d  ou t  by FA0 i n  Northwest 
A f r i c a  i n  1976/77, techn iques  were developed and i n i t i a l l y  t e s t e d  
f o r  q u a n t i t a t i v e  r a i n f a l l  m o n i t o r i n g  over  l a r g e  areas u s i n g  
env i ronmenta l  s a t e l l i t e  data,  e.g., Meteosat and TIROS-N/NOAA, and 
v e g e t a t i o n  biomass a c t i v i t y  d e t e c t i o n  and m o n i t o r i n g  w i t h  Landsat 
d i g i t a l  data.  Vegeta t ion  m o n i t o r i n g  f o r  t h e  e n t i r e  d e s e r t  l o c u s t  
r e g i o n  w i t h  Landsat 80 m e t e r - r e s o l u t i o n  da ta  (MSS Bands 5 
( v i s i b l e )  and 7 (near  I n f r a r e d ) )  r e q u i r e s  t h e  process ing  o f  huge 
amounts o f  d a t a  a t  an ex t remely  h i g h  cost.  
t h a t  Landsat d a t a  o f t e n  has excess r e s o l u t i o n  f o r  FA0 purposes and 
can be reduced by a f a c t o r  o f  35 and s t i l l  used e f f e c t i v e l y .  

A n a l y s i s  has shown 
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With t h e  launch o f  TIROS-N i n  October 1978 and NOAA-6 i n  June 1979, 
5-channel AVHRR da ta  ( i n c l u d i n g  the  near i n f r a r e d )  a t  a r e s o l u t i o n  
o f  1.1 Km became o p e r a t i o n a l l y  a v a i l a b l e  f o r  t h e  f i r s t  time. 
Prev ious NOAA pol  a r  o r b i t i n g  sate1 1 i t e s  ( t h e  ITOS se r ies )  had 
sensors t h a t  imaged on ly  i n  the  v i s i b l e  and thermal i n f r a r e d  
reg ions  o f  t h e  spectrum. FA0 began e x p l o r i n g  t h e  use o f  AVHRR 
da ta  i n  deser t  l o c u s t  s tud ies  i n  t h e  summer o f  1980 w i t h  promising 
r e s u l t s .  Locust breeding grounds i n  southern A l g e r i a  were suc- 
c e s s f u l l y  i d e n t i f i e d  f o r  the  f i r s t  t ime on AVHRR da ta  o f  August 3 1  
and September 10, 1981. 
H.P. 1000 i n t e r a c t i v e  system. Ground con f i rma t ion  was suppl fed  
th rough FA0 headquarters i n  Rome. 

The data were analyzed on t h e  NASA/GSFC 

E. Vol can0 Mon i to r i ng  

Ash spewed out from e rup t ing  volcanos may remain i n  the  atmosphere 
f o r  many months posing a t h r e a t  t o  commercial a i r c r a f t .  The ash 
and dust may a l so  a f f e c t  the  e a r t h ' s  r a d i a t i o n  balance and sur face 
temperature and i n  tu rn ,  c rop  and vegeta t ion  growth. The f i v e  
channel AVHRR da ta  have been used i n  recent  s tud ies  t o  determine 
h e i g h t  o f  volcano plumes, plume d i spe rsa l ,  plume composit ion as 
w e l l  as t o  map t h e  ex ten t  o f  l ava  f lows and the  d i s t r i b u t i o n  o f  
vo l can ic  ash and dust on the  ground. In fo rma t ion  gleaned from the  
s a t e l l i t e  data i s  then passed t o  the  Smithsonian I n s t i t u t e  f o r  
i n c l u s i o n  i n  the  SEAN ( S c i e n t i f i c  Event A l e r t  Network) B u l l e t i n  
pub l i shed each month i n  order  t o  pass needed in fo rma t ion  t o  scien- 
t i s t s  and government o f f i c i a l s .  

The AVHRR s a t e l l i t e  data a re  analyzed on t h e  H.P.1000 i n t e r a c t i v e  
system a t  t h e  NASA/Goddard Space F l i g h t  Center. I n fo rma t ion  on t h e  
vo l can ic  plume he igh t  i s  obta ined by reducing the  thermal data i n  
channels 4 and 5. 
( w h i l e  the  l a v a  i s  s t i l l  ho t )  by us ing  channel 3. The d i s t r i b u t i o n  
and amount o f  dust cover ing  t h e  reg iona l  vegeta t ion  can be 
i n f e r r e d  us ing channels 1 and 2. The f o l l o w i n g  volcanos have been 
s t u d i e d  ex tens i ve l y  by NOAA/NESDIS d u r i n g  the  past  two years. 

The ex ten t  o f  t h e  l a v a  f low can be mapped 

1982 
Dates 

29-Apr i l  4, March 
Vol can0 

E m o n  
Loca t ion  
Mexico 

Java Gal unggung June 24-July 15, 1982 
Sov ie t  Union A l a i d  A p r i l  28-May 1, 1981 

I c e l  and K r a f l  a February 4, 1981 
I c e l  and Hekl a A p r i l  1981 
U. S. A. M t .  S t .  Helens May 18, 1980 

A team from t h e  A u s t r a l i a n  Commonwealth S c i e n t i f i c  and I n d u s t r i a l  
Research Organ iza t ion  (CSIRO) and the  Western A u s t r a l i a n  I n s t i t u t e  
o f  Technology have developed a method of t r a c k i n g  vo l can ic  clouds. 
The A u s t r a l i a n  team recognized t h a t  t h e  vo lcan ic  ash would conta in  
a l a r g e  amount o f  s i l i c a  t h a t  t he  i n f r a r e d  r a d i a t i o n  band would 
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d e t e c t .  When t h e  c louds  b e g i n  t o  d isperse ,  t h e y  c o n s i s t  o f  p a r t i -  
c l e s  o n l y  a few microns across and t h e y  a t t a i n  very  h i g h  a l t i t u d e s  
where t h e y  pose a t h r e a t  t o  j e t  a i r c r a f t .  The ash a l s o  merges 
w i t h  o t h e r  c louds  and becomes undetec tab le  i n  t h e  v i s i b l e  
spectrum. The s i l i c a t e s  i n  t h e  ash p r o v i d e  a thermal emiss ion 
p a t t e r n  d i f f e r e n t  f rom o t h e r  c louds. 

F. 

The heat  e m i t t e d  f rom m e t r o p o l i t a n  areas i s  measured by h igh-  
r e s o l u t i o n  i n f r a r e d  sensors aboard NOAA's p o l a r - o r b i t i n g  
s a t e l l i e s .  The sensing of urban " h e a t - i s l a n d s "  by env i ronmenta l  
s a t e l  1 i t e s  i s  used by metropol  i t a n  p lanners  t o  m o n i t o r  p o p u l a t i o n  
growth and i n d u s t r i a l  development as i t  occurs. Planners a r e  a b l e  
t o  m o n i t o r  t h e  urban growth by comparing g r e a t l y  en la rged 
computer-enhanced s a t e l  1 i t e  images w i t h  urban census maps. The 
s a t e l l i t e  imagery supplements and i n  c e r t a i n  cases may be more 
c o s t  e f f e c t i v e  than a e r i a l  photographs as a t o o l  i n .  d e t e r m i n i n g  
t h e  amount and d i r e c t i o n  o f  growth of a m e t r o p o l i t a n  area and f o r  
d e l  i n e a t i  ng boundar ies f o r  f u t u r e  census surveys. 

Met r o p o l  i t a n  P1 anni  ng 

The p a t t e r n  o f  a c i t y ' s  heat  can be q u a n t i f i e d  from s a t e l l i t e  
measurements and mon i to red  a n n u a l l y  or on a season by season bas is .  
Even smal l  urban areas can produce n o t i c e a b l e  thermal  anomalies or 
h e a t  i s 1  ands when compared t o  t h e i  r sur round ing  r u r a l  e n v i  ronment. 
A NOAA-5 image o f  New Hampshire, Massachusetts,  and Rhode I s l a n d  
a c q u i r e d  on May 23, 1978 was d i g i t a l l y  enhanced by NOAA s c i e n t i s t s  
t o  s tudy urban heat i s l a n d s .  A t o t a l  o f  17 h e a t  i s l a n d s  were 
d e t e c t e d  r a n g i n g  from Norwood, Mass. (pop. 32,000) t o  Boston, 
Mass. (pop. 625,000). 

G. 

Temperature changes o f  1°C or more a t  customer l o c a t i o n s  a r e  
r e f l e c t e d  i n  e l e c t r i c  power demand v a r i a t i o n s  a t  t h e  s e r v i c i n g  
h y d r o e l e c t r i c  f a c i l i t y  w i t h i n  f o u r  t o  e i g h t  hours. The hydro- 
e l e c t r i c  o p e r a t o r  must r e g u l a t e  water  f low or b r i n g  thermal power 
u n i t s  o n - l i n e  t o  compensate for these demand v a r i a t i o n s .  Because 
i t  r e q u i r e s  about f o u r  hours t o  make major  water  f l o w  adjustments 
o r  t o  add thermal  power, l a r g e  h y d r o e l e c t r i c  o p e r a t o r s  i n v e s t  
s u b s t a n t i a l  amounts i n  e s t a b l i s h i n g  we1 1 ins t rumented s u r f a c e  
o b s e r v a t i o n  networks ( temperature,  wind h u m i d i t y ,  and 
p r e c i p i t a t i o n )  over  t h e i r  s e r v i c e  regions. Observed da ta  a r e  used 
as t h e  b a s i s  f o r  s p e c i f i c  area f o r e c a s t s  by t h e  m e t e o r o l o g i s t s  
s u p p o r t i n g  t h e  h y d r o e l e c t r i c  opera tor .  

B d r o e l  e c t  r i  c Power P r o d u c t i o n  

I n  1973, a major  h y d r o e l e c t r i c  o p e r a t o r ,  t h e  Tennessee V a l l e y  
A u t h o r i t y ,  i n v e s t i g a t e d  t h e  p o t e n t i a l  b e n e f i t  o f  u s i n g  s a t e l l i t e  
d a t a  every  one or two hours t o  i n c r e a s e  t h e  d e n s i t y  of sur face 
tempera ture  o b s e r v a t i o n s  i n  o r d e r  t o  improve t h e  accuracy of t h e i r  
f o u r  t o  e i g h t  hour fo recas ts .  It was concluded t h a t  o p e r a t i o n a l  
e f f i c i e n c i e s  c o u l d  be achieved t h a t  would r e s u l t  i n  sav ings " i n  
excess of 1% of o p e r a t i n g  costs." 
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H. F o r e s t  F i r e  P r e v e n t i o n  and D e t e c t i o n  

The N a t i o n a l  Weather S e r v i c e  m a i n t a i n s  F i r e  Weather O f f i c e s  (FWO's) 
a t  17 l o c a t i o n s  i n  t h e  western U n i t e d  S t a t e s :  B i l l i n g s ,  MT; 
Bo ise ,  ID; Wenatchee, WA: Eureka, CA: Fresno, CA; Los Angeles, CA:  
Medford, OR: M issou la ,  MT: Olympia, WA: Pendleton, OR: P o r t l a n d ,  
OR:  Phoenix, AZ: Redding, CA: Reno, NV: Sacramento, CA; S a l t  Lake 
Ci ty ,  UT: and Salem, OR. The " o f f i c i a l "  f i r e  weather season 
v a r i e s  by FWO d i s t r i c t ,  b u t  can b e g i n  as e a r l y  as A p r i l  1 and end 
as l a t e  as November 15. The FWO's r e l e a s e  a d a i l y  F i r e  Load Index 
( d e f i n e d  on a s c a l e  from 1 t o  100) f o r  r e g i o n s  th roughout  t h e  
western U n i t e d  States.  
t h e  number of manhours needed t o  c o n t a i n  a f i r e .  With m i l l i o n s  o f  
acres  t o  be mon i to red  i n  t h e  western r e g i o n  and l i m i t e d  resources 
t o  accompl ish t h e  task ,  t h e  f i r e  l o a d  index serves as t h e  most 
i m p o r t a n t  t o o l  i n  d e t e r m i n i n g  how these resources w i l l  be d i s t r i -  
b u t e d  over  t h e  nex t  day, week o r  even month. Poor weather fore-  
c a s t s  can mean thousands of d o l l a r s  l o s t  when a m i s r e p r e s e n t a t i v e  
F i r e  Load Index i s  d i s t r i b u t e d .  

The h i g h e r  t h e  index  number, t h e  g r e a t e r  

The NOAA S a t e l l i t e  F i e l d  S e r v i c e s  S t a t i o n  (SFSS) i n  San Francisco,  
C a l i f o r n i a ,  r e l e a s e s  a d a i l y  F i r e  Weather S a t e l l i t e  I n t e r p r e t a t i o n  
Message (SIM) t o  a i d  t h e  FWO i n  d e r i v i n g  t h e  proper  F i r e  Load 
Index. The SIM's i n c l u d e  i n f o r m a t i o n  on r a p i d l y  deve lop ing  thun-  
derstorms,  s u r f a c e  wind speed and d i r e c t i o n ,  p r e c i p i t a t i o n  dura-  
t i o n  and t y p e  ( l a y e r e d  o r  c o n v e c t i v e ) ,  c l o u d  cover ,  v a r i a t i o n s  i n  
t e m p e r a t u r e  and h u m i d i t y ,  e x t e n t  of s u r f a c e  i n v e r s i o n s  and amount 
o f  s o l a r  i n s o l a t i o n .  

A l s o  o f  i n t e r e s t  t o  f i r e  weather f o r e c a s t e r s  i s  measur ing t h e  
changes i n  p l a n t  biomass o r  c h l o r o p h y l l  d e n s i t y  i n  f o r e s t  p l a n t  
l i f e  and c u l t i v a t e d  f i e l d s .  The p l a n t  biomass i s  d i r e c t l y  r e l a t e d  
t o  i t s  m o i s t u r e  l e v e l  and thus  t o  i t s  s u s c e p t i b i l i t y  t o  burn ing.  
The Bureau o f  Land Management (BLM) and t h e  EROS Data Center (EDC) 
a r e  i n i t i a t i n g  a program t o  u t i l i z e  NOAA AVHRR channels 1 and 2 
d a t a  t o  determine f u e l  l o a d j n g  c o n d i t i o n s  i n  w i l d f i r e  hazard 
areas. The AVHRR d a t a  a r e  analyzed t o  make e s t i m a t e s  o f  
s t a n d i n g  green biomass l o a d i n g  w i t h i n  p r e v i o u s l y  Landsat-mapped 
w i l d f i r e  f u e l  types, These e s t i m a t e s  ( h i g h ,  medium, low)  s h a l l  
t h e n  be i n c o r p o r a t e d  as p a r t  o f  t h e  BLM I n i t i a l  A t t a c k  W i l d f i r e  
System data  base. I n i t i a l  s p r i n g  1982 t e s t  areas were l o c a t e d  i n  
s o u t h e a s t e r n  Oregon, nor thwestern  Ar izona,  and t h e  Fai rbanks 
r e g i o n  o f  Alaska. 
w i l l  be used o p e r a t i o n a l l y  i n  f u e l  l o a d i n g  models b e g i n n i n g  i n  
1984 f o r  t h e  e n t i r e  western U n i t e d  S t a t e s  and Alaska. 

I f  t h e  exper iment  i s  s u c c e s s f u l ,  t h i s  techn ique 

A f i n a l  a p p l i c a t i o n  o f  NOAA AVHRR d a t a  i s  t o  m o n i t o r  t h e  a c t u a l  
ou tbreak  o f  f i r e s .  The t h i r d  channel on t h e  AVHRR (3.5-3.9 um) i s  
e x t r e m e l y  s e n s i t i v e  t o  h i g h  heat  sources. 
t o  i d e n t i f y  o i l  f l a r e s ,  mine smel ts ,  f a c t o r i e s ,  power p l a n t s ,  l a v a  
f l o w s  -- and w i l d  f i r e s .  Some o f  these t a r g e t s  have been found t o  

These da ta  have been used 
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occupy an area t h a t  i s  l e s s  t h a n  1 p e r c e n t  o f  t h e  AVHRR p i x e l  
s i z e ,  thus  e f f e c t i v e l y  g i v i n g  "sub-p ixe l  r e s o l u t i o n "  f o r  h i g h  heat 
sources i n  t h i s  channel. The NOAA San Franc isco  SFSS r a n  a t e s t  
i n  t h e  summer o f  1981 wh ich  i n v o l v e d  l o c a t i n g  "ho t  spots"  on t h e  
channel 3 imagery and sending ou t  p r e c i s e  l o c a t i o n s  t o  t h e  F i r e  
Weather Of f i ces .  As many as 30 f i r e s  were s p o t t e d  on a s i n g l e  
day. The overwhelming m a j o r i t y  of f i r e s  d e t e c t e d  on t h e  da ta  
p roved t o  be c o n t r o l l e d  t i m b e r  or a g r i c u l t u r a l  burns. However, i n  
severa l  cases t h e  s a t e l l i t e  da ta  were used t o  g i v e  f i r s t  n o t i c e  o f  
a f i r e .  F i e l d  v e r i f i c a t i o n  was s u p p l i e d  by t h e  U.S. Fores t  
Serv ice ,  t i m b e r  companies, and i n  severa l  cases, t h e  l o c a l  p o l i c e .  

I. Bowhead Whale M o n i t o r i n a  

The NOAA S a t e l l i t e  F i e l d  Serv ices  S t a t i o n  (SFSS) i n  Anchorage, 
Alaska, suppor ts  severa l  agencies w i t h  respec t  t o  t h e  annual 
bowhead whale m i g r a t i o n .  D i r e c t  b r i e f i n g s  and blowups o f  p o l a r  
s a t e l l i t e  v i s i b l e  imagery o f  t h e  area from S t .  Lawrence I s l a n d  t o  
Prudhoe Bay a r e  prov ided t o  N a t i o n a l  Mar ine F i s h e r i e s  Service.  
P o l a r  s a t e l l i t e  imagery o f  t h e  coas ta l  sea i c e  i s  p r o v i d e d  t o  t h e  
Bureau o f  Land Management Outer C o n t i n e n t a l  Shel f  Program. The 
imagery i s  used t o  determine where a i r c r a f t  observers should f l y  
t o  count and observe t h e  whales. I n  a d d i t i o n ,  i c e  imagery i s  
s u p p l i e d  t o  t h e  n i n e  Eskimo Whaling Commissioners of t h e  Alaska 
Eskimo Whal i n g  Commission who use t h e  imagery as a management 
t o o l .  

J. 

The e f f e c t i v e n e s s  of NOAA g e o s t a t i o n a r y  s a t e l l i t e s  i n  water  
qual  i t y  m o n i t o r i n g  was demonstrated i n  a r e c e n t  s tudy o f  Pyramid 
Lake. The lake ,  l o c a t e d  n o r t h e a s t  o f  Reno, Nevada, i s  t h e  l a r g e s t  
d e s e r t  water  body i n  N o r t h  America w i t h  a s u r f a c e  area of 440 sq. 
km and a mean depth o f  40 meters. Dur ing  t h e  summer o f  1978 and 
1980, t h e  l a k e  exper ienced massive p r e c i p i t a t i o n s  o f  c a l c i u m  c a r -  
bonate  ( w h i t i n g s ) .  I n  each case t h e  l a k e  s u r f a c e  became e n t i r e l y  
covered wi th  c a l c i u m  carbonate w i t h i n  two weeks o f  t h e  onset o f  
w h i t i n g ,  and i t  would t a k e  severa l  months t o  r e g a i n  i t s  normal 
appearance. 
sequence: t h e  growth, d i s t r i b u t i o n  p a t t e r n ,  i n t e n s i t y  and f i n a l l y  
c e s s a t i o n  o f  t h e  phenomenon. 
f o r  a g r i c u l t u r a l ,  i n d u s t r i a l  and mun ic ipa l  use i n  t h e  western 
U n i t e d  Sta tes ,  1 akes w i  11 become i n c r e a s i n g l y  s u s c e p t i b l e  t o  such 
events.  
m o n i t o r i n g  such events. 

Water Qual  i t y  M o n i t o r i n g  

GOES d a t a  were used d a i l y  t o  map t h e  e n t i r e  w h i t i n g  

As more and more water  i s  d i v e r t e d  

The NOAA s a t e l l i t e s  p r o v i d e  a t i m e l y  source o f  da ta  f o r  

K. R e c r e a t i o n a l  B o a t i n g  

S a t e l l i t e  da ta  has been used as a major  d a t a  source t o  b r i e f  
s a i l b o a t  c r u i s i n g  races f o r  severa l  years.  
Bermuda Yacht Race was postponed 48 hours based on f o r e c a s t s  of a 

The 1982 Newport t o  
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s u b - t r o p i c a l  s to rm b e i n g  mon i to red  by NOAA s a t e l l i t e s  and conven- 
t i o n a l  data. U n f o r t u n a t e l y ,  one o f  t h e  r a c e r s  ignored t h e  warnings 
and s a i l e d  on t h e  o r i g i n a l  s t a r t i n g  day. The y a c h t  s u f f e r e d  
c o n s i d e r a b l e  damage and one crew member was l o s t  a t  sea i n  t h e  
storm. The s a t e l l  i t e - b a s e d  weather suppor t  was r e s p o n s i b l e  f o r  
p r e v e n t i n g  c o n s i d e r a b l e  p r o p e r t y  damage and o t h e r  l o s s  o f  l i f e  i n  
t h i s  p a r t i c u l a r  s a i l b o a t  race. 
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The use o f  o p e r a t i o n a l  env i ronmenta l  s a t e l l i t e  da ta  i s  w e l l  
e s t a b l i s h e d  i n  suppor t  o f  weather f o r e c a s t i n g ,  e s p e c i a l l y  severe 
s t o r m  f o r e c a s t i n g  and warn ing and l a r g e  ( g l o b a l )  s c a l e  f o r e c a s t i n g .  
I n  a d d i t i o n ,  o p e r a t i o n a l  s a t e l l i t e  da ta  a r e  used e f f e c t i v e l y  i n  
s u p p o r t  o f  t h e  f o l  1 owi ng v a r i e t y  o f  a c t  i v i  t i e s  : 

0 Ocean Cur ren t  N a v i g a t i o n  

0 I c e  M o n i t o r i n g  

0 C i t r u s  I n d u s t r y  

0 Sugar Cane I n d u s t r y  

0 Search and Rescue Opera t ions  

0 Commercial F i s h i n g  I n d u s t r y  

0 A g r i c u l t u r a l  I n d u s t r y  

Thus, o p e r a t i o n a l  env i ronmenta l  s a t e l l i t e s  have e s t a b l i s h e d  
t h e i r  v a l u e  and b e n e f i t  t o  suppor t  many p u b l i c  warn ing f u n c t i o n s  
and economic a c t i v i t i e s .  To t h e  t a n g i b l e  b e n e f i t s  must be added 
t h e  i n t a n g i b l e  va lue o f  l i v e s  saved by improved n a t u r a l  d i s a s t e r  
warn ings t o J  t h e  p u b l i c  w i t h  respec t  t o  h u r r i c a n e s ,  tornadoes, 
severe  thunderstorms , and f l o o d i n g .  The advent o f  env i  ronmental  
s a t e l l i t e s  i s  t h e  g r e a t e s t  s i g n i f i c a n t  advance i n  r o u t i n e  
e n v i  ronmental  m o n i t o r i n g  t h a t  has been devel  oped i n  h i  s t o r y .  The 
o p e r a t i o n a l  env i ronmenta l  s a t e l l i t e  has earned i t s  p l a c e  as an 
i r r e p l a c e a b l e  weather and ocean observ ing  t o o l  i n  c o n t r i b u t i n g  
towards t h e  sav ing  o f  l i v e s  and p r o p e r t y  from n a t u r a l  d i s a s t e r s  
and i m p r o v i n g  t h e  e f f i c i e n c y  o f  many s e c t o r s  of our  n a t i o n a l  
economy. 

The b e n e f i t s  d iscussed h e r e i n  a r e  ev idence t h a t  t h e  o p e r a t i o n a l  
env i ronmenta l  sate1 1 i t e  has earned i t s  p l a c e  as an i r r e p l  aceable 
weather  and ocean observ ing  t o o l .  
m a j o r  c n t r i b u t i o n s  towards t h e  sav ing  of l i v e s  and p r o p e r t y  f rom 
n a t u r a l  d i s a s t e r s  and improv ing  t h e  e f f i c i e n c y  o f  many s e c t o r s  o f  
o u r  n a t i o n a l  economy. 

These s a t e l l i t e s  a r e  making 
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