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Defense Meteorological S a t e l l i t e  Program (DMSP) User's Guide 

PREFACE 

The eyes of t h e  meteorological world were opened t o  a view from space when 
t h e  f i r s t  NASA experimental weather s a t e l l i t e ,  TIROS-I, was launched on 1 Apri l  
1960. Several  generat ions of s a t e l l i t e s  have come and passed s ince  then, each 
one an improvement on i t s  predecessor.  On 6 March 1973 D r .  John L. McLucas, 
Under Secretary of t he  Air Force (now Secretary of t h e  Air Force) ,  announced t h a t  
meteorological s a t e l l i t e  imagery from t h e  A i r  Force Defense System Applications 
Program (DSAP) s a t e l l i t e  was t o  be made ava i lab le  t o  t h e  world's community of 

2 meteorologists.  Data from this system were c a l l e d  Data Acquisit ion and Process- 
ing  Program (DAPP) da ta .  Both t h e  DSAP and DAPP names have s ince  been super- 5 seded by Defense Meteorological S a t e l l i t e  Program (DMSP) . DMSP i s  a t o t a l  

d, sys t e m  involving sensors ,  da t a  communications, and ground processing equipment. 
Information on a l l  t h e  components of t h e  system i s  necessary t o  be ab le  t o  
understand and apply DMSP da t a  t o  meteorological problems. This  Technical 

a Report descr ibes  the DMSP system and some of i t s  appl ica t ions  f o r  t he  A i r  Force 
A i r  Weather Service.  

This r epo r t  could no t  have been w r i t t e n  without t h e  he lp  of many persons 
i n  s eve ra l  USAF commands. The g r e a t e s t  c r e d i t  goes t o  Major L. G. Dickinson, ' HP Air Weather Service,  Aerospace Sciences Deputate, S c o t t  AFB, IL, and two 
former personnel of  USAFSAAS, Department of Weather Training, Chanute AFB, IL, 

3 on duty a t  t h e  A i r  Training Command DMSP School, Keesler AFB, MS. I n s t ruc to r s  
+ Captain S. E. Boselly,  111, and Capt W. S. Burgmann wrote major por t ions  of 
Z t h e  o r i g i n a l  DAPP User's Guide, and contr ibuted hundreds of hours i n  t rans-  

c r ib ing  t h e i r  c o l l e c t i v e  knowledge of DMSP i n t o  t h e  d r a f t i n g  and e d i t i n g  of t h i s  
5 t e chn ica l  repor t .  A former i n s t r u c t o r  of  the DMSP School, Capt D. D. Waltman, 
0 was responsible  f o r  much of t h e  e d i t i n g  and proof reading i n  t h e  o r i g i n a l  DAPP 

User's Guide and seve ra l  of t h e  d a t a  appl ica t ion  examples presented herein.  8 Credi t  a l s o  goes t o  t h e  maintenance technicians of the DMSP School f o r  operat ing 
1 t h e  d i sp lay  equipment and producing most of the da t a  examples used i n  t h e  

Technical Report. M r .  Robert L. Sempek of Aerospace Corporation photocopied 
most of t he  da t a  examples and processed them i n t o  t h e  proper format f o r  i n se r -  
t i o n  i n t o  t h e  master manuscript. Mrs Mildred A. Revoire typed and retyped t h i s  
manuscript s e v e r a l  times. Many AW5 ind iv idua ls  a t  DMSP sites around t h e  world 
contr ibuted examples of techniques t h e y  developed t o  apply t he se  d a t a  t o  
meteorological problems. Without t h e i r  work DMSP da ta  would j u s t  be  data .  I t  
is  t h e i r  app l i ca t i on  of DMSP d a t a  t o  opera t iona l  problems requi r ing  meteor- 
o log i ca l  support t h a t  i s  t h e  most important l i n k  i n  t he  chain from spacecraf t  
t o  support  f o r  t h e  ope ra t i ona l  commander. 

CHESTER C. LUKAS, ~ o l o n e i ,  USAF 
Director ,  Aerospace Serv ices  D i r .  
DCS/Aerospace Sciences 
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Figures 

Where s a t e l l i t e  da ta  a r e  shown, t h e  legend f o r  t he  f igures  takes  t h e  following 
formats : 

A. Visual da ta  

13 Dec 1972, 6530/487, HR, Norm, Norm, Off. 

Where : 

13 Dec 1972 = date  of t h e  data .  

6530 = spacecraf t  number. 

\ 487 = number of revolut ions around t h e  e a r t h  t h e  spacecraf t  has 

completed s ince  launch. 

HR = data  type, e i t h e r  H R  o r  VHR 

Norm = sca l e  of t h e  da ta .  Norm i s  1:15,000,000. Exp L, Exp C ,  Exp R 
(s tanding f o r  expand l e f t ,  cen te r ,  o r  right-hand port ions of t h e  da ta )  a r e  
1:7,500,000. 

Norm = po la r i t y  of the  data .  Norm means dark ob jec ts  a r e  displayed 
as  dark and l i g h t  ob jec t s  a s  l i g h t .  Inv means dark ob jec ts  a r e  displayed 
l i g h t ,  and l i g h t  ob j ec t s  a r e  dark. 

Off = enhancement mode. Off means a l i n e a r  d i s t r i b u t i o n  of t he  
shades of  gray. Low means t h a t  more con t r a s t  i s  present  i n  t h e  dark end 
of t h e  gray sca l e .  High means t h a t  more con t r a s t  i s  presen t  i n  t he  l i g h t  
end of  t h e  gray sca l e .  Low/High means t h a t  both ends of t h e  gray s c a l e  have 
more con t r a s t  a t  t h e  expense of middle-gray shades. 

B. In f r a r ed  da ta .  

1. B r i l l i a n c e  Inversion type. 

1 3  Dec 1972, 6530/487, WHR, Norm, Inv 310 X 1 ,  Off 

Where : 

13 Dec 1972, 6530/487 = same a s  for  v i sua l  da ta  

WHR = da ta  type, e i t h e r  WHR o r  M I .  

Norm = s c a l e  of da t a ,  same a s  f o r  v i sua l  da ta .  

Inv  310 X 1  = p o l a r i t y  of da ta .  Inv means cold ob j ec t s  displayed l i g h t ,  
warm objec ts  displayed dark. Norm means cold ob jec t s  displayed dark, warm 
objec ts  displayed l i g h t .  310 X 1  means t h a t 6 4  shades of gray a r e  spread over 
t h e  100 degree i n t e r v a l  from 210 - 310K. 300x2 means t h a t  32 shades of gray 
a r e  apread over t h e  50 degree i n t e r v a l  from 250 - 300K. 310x4 means t h a t  16 
shades of gray a r e  spread over  t h e  25 degree i n t e r v a l  from 285-310K. 

Off = enhancement mode, same as  f o r  v i sua l  da t a  except t h a t  Off is 
the  prefer red  enhancement mode f o r  i n f r a r ed  da ta .  

2. Threshold Type 

19 Apr 1973, 5528/5536, M I ,  Norm, Thresh Inv, 285-275-266. 
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Where : 

19 Apr 1973, 5528/5536, M I ,  Norm = same as fo r  base type inf rared  data. 

Thresh Inv = thresholding mode selected where coldest temperature 
se lec ted  appears as l i g h t e s t  gray shade, warmest temperature selected appears 
a s  darkest  gray shade. 

285-275-266 = temperatures selected f o r  thresholding process. For 
t h i s  example a l l  radia t ing  objects  28% and wanner a r e  displayed as black. 
A l l  rad ia t ing  objects  from 275 t o  j u s t  under 285K a r e  displayed as a dark shade 
of gray. A l l  radiat ing objec ts  from 266 t o  j u s t  under 275K a re  displayed as a 
l i g h t  shade of gray. A l l  rad ia t ing  objects  colder than 266K are  displayed as  
white. 

I f  the  Thresh Norm mode had been selected,  then the  order of gray 
shade would have been reversed. (e. g., L 285 = white, 275 t o  nearly 285K = l i g h t  

g r a y ,  266 t o  nearly 275K = dark gray, < 260K = black) 
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F igures  
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G u s t  f r o n t s  a n d  f r o n t a l  r o p e s .  9  O c t  1 9 7 0 ,  2525/518, Norm, 
I n v  310 X 1 ,  O f f  . . . . . . . . . . . . . . . . . . . . . . . 
Cloud l i n e s .  29 J a n  1973 ,  5528/4404, VHR, Norm, Norm, O f f  . 
Anomalous l i n e s .  4  Aug 1971 ,  3526/2404, HR, N o r m ,  Norm, Low. 
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A c t i n i f o r m  c l o u d s .  29 May 73 ,  5528/6102, VHR, Norm, Norm, Off  7-19 

P e n e t r a t i v e  CB's. 1 4  J u n  1 9 7 2 ,  5528/1165,  VHR, Norm, Norm, 
O f f . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
P e n e t r a t i v e  CB's .  1 4  J u n  1 9 7 2 ,  5528/1165, VHR, Exp L. I n v  
290 X4, Off . . . . . . . . . . . . . . . . . . . . . . . . . 
B i l l o w  c l o u d s .  1 4  Feb 1 9 7 3 ,  5528/4650, VHR, Norm, Norm, O f f .  

B i l l o w  c l o u d s .  1 4  Feb 1973 ,  5528/4650, VHR, Exp C, Norm, Off  

Snow. 4  Apr 1 9 7 3 ,  5528/5327, VHR, Norm, Norm, Low . . . . . 
Snow. 5  J u n  1973 ,  5528/6201, VHR, Norm, N o r m ,  Of f  . . . . . 
Ice. 4 J u n  1971 ,  3526/1527, HR, Norm, Norm, O f f  . . . . . . 
Flood .  2 1  Mar 1973 ,  5528/5125,  VHR, Exp L. I n v  ( t e m p e r a t u r e  
unknown) , O f f  . . . . . . . . . . . . . . . . . . . . . . . . 
Sun g l i n t .  10 J u l  1 9 7 3 ,  5528/6681, VHR, Norm, Norm, Off  . . 
Sun g l i n t .  1 0  J u l  1 9 7 3 ,  5528/6681, M I ,  Norm, I n v  310 X 1 ,  Off 
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N o r m ,  Low . . . . . . . . . . . . . . . . . . . . . . . . .'. 
Anomalous g r a y  s h a d e s .  7  J u n  1972 ,  5528/1066, VHR, Exp L, 
I n v  225 X4, O f f  . . . . . . . . . . . . . . . . . . . . . . . 
Aurora .  22 Nov 1971 ,  4527/562, HR, N o r m ,  Norm, O f f  . . . . . 
Volcano.  28 O c t  1970 ,  2525/783, HR, Norm, Norm, O f f  . . . . 
N o c t i l u c e n t  c l o u d  d e t e c t i o n  . . . . . . . . . . . . . . . . . 
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Defense Meteorological S a t e l l i t e  Program (DMSP) 

User 's  Guide 

Chapter 1 - Introduct ion 

Data from t h e  Defense Meteoro- 
l o g i c a l  S a t e l l i t e  Program (DMSP) 
system became ava i l ab l e  t o  t h e  publ ic  
following two announcements. The 
f i r s t  was by Capt Walter D. Meyer, 
A i r  Force Global Weather Central  
(AFGWC), t o  t h e  53rd American Meteor- 
o log ica l  Society Annual Meeting, S t  
Petersburg, F lor ida  on 1 February 
1973. The second was by D r .  John L. 
McLucas, Under Secretary of t he  Air 
Force, a t  a p ress  conference a t  The 
Pentagon, 6 March 1973. A t  these  
announcements it was s t a t e d  t h a t  DAPP 
meteorological sensors  a r e  ca r r i ed  
on board a Department of Defense 
s a t e l l i t e  program t o  provide respon- 
s i v e ,  opera t iona l  meteorological da t a  
t o  t he  A i r  Weather Service (AWS) t o  
enhance the  AWS's a b i l i t y  t o  meet 
i ts  mi l i t a ry  commitments. It was 
l a t e r  i d e n t i f i e d  t h a t  the  t o t a l  
s a t e l l i t e  and sensor program was t he  
Defense Meteorological S a t e l l i t e  
Program. 

The mission f o r  DMSP i s  to :  

1. Provide global ly  recorded 
v i sua l  and in f r a r ed  cloud cover and 
o the r  spec ia l ized  environmental da t a  
t o  t h e  A i r  Force Global Weather 
Central  (AFGWC) , Of f u t t  AFB, NE. 

2. Provide r e a l  time d i r e c t  
readout of l o c a l  a rea  environmental 
da t a  t o  mobile receiving terminals  
a t  key loca t ions  throughout t he  
world. 

3. Continue t h e  advancement of 
environmental s a t e l l i t e  technology t o  
m e e t  Department of Defense require-  
men ts . 

The DMSP User's Guide i s  designed 
t o  provide m i l i t a r y  meteorological per- 
sonnel working with t h i s  da t a  an i n t r o -  
ductory and reference publicabion f o r  
use i n  t h e i r  app l i ca t i on  of t h e  da ta .  

Global DMSP d a t a  received and 
processed a t  AFGWC a r e  furnished t o  
t h e  Department of Commerce's National 
Oceanic and Atmospheric Administra- 

t i on .  Publ ic  requests  f o r  fu tu re  
da t a  may be s e n t  to :  

National Oceanic and Atmospheric 
Administration, 

National Environmental S a t e l l i t e  
Service - S 

Federal Off ice  Building No. 4 
Su i t land ,  MD 20233 

AFGWC DMSP da t a  a r e  archived f o r  
NOAA a t  t h e  University of Wisconsin's 
Space Science and Engineering Center. 
The a rch iva l  s t a r t i n g  da t e  was 23 
February 1973. Requests f o r  these 
da t a  may be s e n t  t o :  

M r .  Thomas Haig 
10th Floor ATS-SMS Library 
Space Science and Engineering Center 
1225 West Dayton S t r e e t  
Madison, Wisconsin 53706 

Direct  readout DMSP da t a  from 
the t a c t i c a l  sites a r e  a l s o  ava i lab le  
from the  University of Wisconsin. The 
a rch iva l  s t a r t i n g  d a t e  was 1 November 
1973. 

The nighttime v i sua l  DMSP imagery 
from AFGWC showing the  aurora have 
been microfilmed by NOAA' s National 
Geophysical and So la r -Te r r e s t r i a l  
Data Center (NGSDC) i n  Boulder, CO. 
Microfilm and photographic copies a r e  
ava i l ab l e  from June 1972. Requests 
f o r  microfilm o r  photographic paper- 
p r i n t  copies may be  s e n t  t o :  

M r .  Herb Kroehl 
National Geophysical and So la r  Ter- 

r e s t r i a l  Data Center 
NOAA 
Boulder, Colorado 80 302 

This DMSP User's Guide i s  not  
intended t o  replace t h e  A i r  Weather 
Service Technical Report 212, "Applica- 
t i o n  of Meteorological S a t e l l i t e  Data 
i n  Analysis and Forecast ing,"  June 
1969. The bas i c  i n t e r p r e t a t i o n  
techniques a r e  v a l i d  f o r  both con- 
vent ional  meteorological s a t e l l i t e  
da t a  and DMSP da ta .  However, DMSP 
da ta  have s eve ra l  unique 
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The U S A i r  Force Weather 
upon i n  t he  e a r l i e r  repor t .  These Service DMSP data  a r e  now a p a r t  of 
c h a r a c t e r i s t i c s  plus  t h e  s t a r t l i n g  t h e  publ ic  domain. W e  encourage f u l l  
d e t a i l  apparent i n  one-third n a u t i c a l  exp lo i t a t i on  of t h i s  na t i ona l  
m i l e  (nm) s p a t i a l  r e so lu t ion  imagery 

* 
resource. 

a r e  described i n  l a t e r  chapters.  
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- S i t e s  

The prime DMSP s i t e  i s  a t  t he  A i r  
Force Global Weather Central  (AFGWC) , 
Offu t t  AFB, Nebraska. Analog da t a  
from t h e  spacec ra f t ' s  tape recorders  
a r e  read out t o  t racking s i t e s  a t  
Fa i r ch i ld  AFB, Washington, and Loring 
AFB, Maine. These two s i t e s  do not  
d i sp lay  o r  process t he  DMSP da ta .  
Their r o l e  i s  t o  re lay  the  s a t e l l i t e  
da t a  "dump" over spec i a l  wide band 
communications l i n e s  t o  AFGWC. Most 
of these  da ta  a r e  relayed t o  AFGWC as  
they a r e  received; however, some a re  
re layed l a t e r  from tape  recordings 
made a t  the  time of da ta  dump. 
Global coverage of t he  world's weather 
i s  received and processed by AFGWC 
twice da i ly  f o r  each spacecraf t .  
These da ta ,  both from the  primary 
imagery sensors  and supplementary 
sensors ,  a r e  used t o  provide major 
i npu t s  t o  t h e  Three-Dimensional 
Nephanalysis, Space Environmental 
Support System, cur ren t  weather opera- 
t i o n s ,  numerical p red ic t ion  models, 
c l a s s i f i e d  spec i a l  p ro jec t s ,  and 
o the r  t a sks  t oo  numerous t o  l is t .  A 
Navy Detachment a t  AFGWC forwards 
s e l ec t ed  DMSP da t a  t o  t h e  Navy's 
F l e e t  Numerical Weather Central  i n  
Monterey, CA. AFGWC a l s o  a c t s  a s  a 
transmission s i t e  f o r  re lay ing  DMSP, 
and o the r  da t a  v i a  t h e  D ig i t a l  Fac- 
s imi l e  System (DFS) network t o  DFS 
rece ivers  a t  The Pentagon and Langley 
AFB, Virginia .  

There a r e  t h r ee  o the r  A i r  Force 
readout s i t e s  i n  t h e  conterminous 
United S t a t e s .  These a r e  t a c t i c a l  
readout sites no t  connected w i t h  
AFGWC. The Vandenberg AFB, Cal i forn ia  
s i t e  i s  not  a f u l l  time opera t iona l  
site. It is  cont rac tor  operated and 
used f o r  spacecraf t  and sensor  check- 
out  p r i o r  t o  and a f t e r  a DMSP launch. 
Forecasters  and maintenance tech- 
n ic ians  a r e  t r a ined  a t  t h e  Keesler 
AFB, Mississ ippi  s i t e .  Operational 
support i s  provided t o  t h e  A i r  Force 

Weather Service "hurr icane hunter"  
u n i t  and o ther  agencies a t  Keesler AFB 
on an "as  needed and equipment ava i l -  
a b i l i t y "  bas i s .  The remaining s i t e  
i s  a t  McClellan AFB, Cal i forn ia .  I t  
i s  the  Intermediate Maintenance Shop 
f o r  most DMSP aerospace ground equip- 
ment. One of the  t a c t i c a l  vans located 
t he re  i s  kept  ready f o r  a i r  deploy- 
ment t o  support any contingencies t h a t  
may occur. 

The U S Navy cur ren t ly  has one 
site. It is  a semi-permanent s i t e  
b u i l t  i n t o  t h e  a i r c r a f t  c a r r i e r  
Constel la t ion.  Other a i r c r a f t  
c a r r i e r s  w i l l  be DMSP equipped over 
t he  next severa l  years .  

Nine o ther  A i r  Force t a c t i c a l  
s i t e s  a r e  s ca t t e r ed  about t he  world. 
They a r e  : 

Hickam AFB, Hawaii 
Elmendorf AFB, Alaska 
Nakhon Phanom AB, Thailand 
Pa t r ick  AFB, F lor ida  
Fuchu AB, Japan 
Ramstein AB, Germany 
Howard AFB, Canal Zone 
Kadena AB, Okinawa 
N i m i t z  H i l l ,  Guam 

A l l  t he  Navy and A i r  Force t ac -  
t i c a l  s i t e s  a r e  configured t o  read 
out  d i g i t a l ,  encrypted DMSP da ta .  
Their missions a re  d iverse ,  because 
i n  general ,  they provide t a i l o r e d  
da ta  i n  support of the  decisionmakers 
f o r  t he  commands they serve. 

The t a c t i c a l  s i t e s  a r e  mobile. 
One should not  assume t h a t  t he  s i t e  
loca t ions  l i s t e d  a r e  f ixed.  They 
have moved seve ra l  times i n  the  pas t ,  
and can be expected t o  do s o  again 
t o  support Department of Defense 
needs f o r  weather information i n  a 
changing world. 
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Chapter 3 - Sensors 

0.4 0.6 0.8 1.0 1.2 

W A V E L E N G T H  ( M I C R O M E T E R S )  

Fig 3-1. Normalized sensor  response 
f o r  a simulated s o l a r  
r ad i a t i on  source.  

A. Primary Sensors. 

The primary sensors used t o  ob- 
t a i n  DMSP Data a r e  contained i n  a 
sensor  AVE (aerospace vehic le  
e l e c t r o n i c s )  package ( S A P ) .  The SAP 
i s  mounted on t h e  DMSP s o  t h a t  w i t h  
nominal spacecraf t  a t t i t u d e  cont ro l  
t h e  sensors  a r e  always or ien ted  
toward t h e  ea r th .  These sensors  a r e  
scanning radiometers which respond 

' t o  amounts of  r ad i a t i on  within 
s p e c i f i c  s p e c t r a l  ranges. Two types 
o f  d a t a  a r e  obtained: v i s u a l  da ta ,  
which is  a measure o f  r e f l e c t e d  
s o l a r  rad ia t ion ;  and i n f r a r e d  da ta ,  
which i s  a measure of emitted e a r t h  
and cloud r ad i a t i on .  

The s p e c t r a l  i n t e r v a l  used f o r  
obtaining v i s u a l  da t a  is  0.4 - 1.1 
micrometers (pm) . Figure 3-1 depic t s  
t h e  s enso r ' s  nomalized response 
curve f o r  t h i s  s p e c t r a l  range. It  
shows t h a t  t h e  sensor  r e a c t s  a s  i f  
there  was a minus blue f i l t e r  block- 
i ng  most of  t h e  response i n  t h e  blue 
end of t h e  s p e c t r a l  range. This 

minimizes t h e  blue l i g h t  backscat ter-  
i ng  of t h e  atmosphere and allows good 
con t r a s t  between dark ob jec ts  i n  t he  
e a r t h  scene, such as  t e r r a i n  and 
water boundaries. 

The response a t  t h e  o the r  end of 
t h e  s p e c t r a l  range i s  a r e s u l t  of the  
type of de t ec to r  used. A s i l i c o n  
de t ec to r  i s  used i n  order  t o  sense 
small  amounts of r ad i a t i on  i n  t he  
v i sua l  spectrum. Its na tu ra l  response 
provides sensing i n t o  t he  near  i n f r a -  
red. However, t he  r ad i a t i on  sensed 
pr imari ly  is s t i l l  r e f l ec t ed  s o l a r  
r ad i a t i on .  Two bene f i t s  a r e  derived 
from this response: F i r s t ,  vegetat ion 
is more r e f l e c t i v e  a t  wave lengths  
longer than 0.7 vm than it i s  f o r  
s h o r t e r  v i s i b l e  wavelengths, which 
provides good vegetat ion,  s o i l ,  o r  
water cont ras t s .  Secondly, it allows 
good sensor  response t o  lunar  i l lumina- 
t i on .  The lunar  r ad i a t i on  curve 
approximates t h e  emission from a 4000K 
blackbody. This emission peaks i n s ide  
t h e  sensor ' s  response range. The 
e a r t h  scene under lunar  i l lumina t ion  
is  the re fo re  more percept ib le  than it 
would be f o r  a sensor  whose response 
approximates t he  human's eye. The 
sensor ' s  ha l f  power response po in ts  
a r e  a t  0.57 pm and 0.97 pm. 

I n  order  t o  sense i n f r a r ed  radia-  
t ion, a. thermis te r  bolometer, combined 
with filtering, is  used t o  respond i n  
t h e  8 - 13 pm s p e c t r a l  range. The 
sensor  response curve approximates 
t h a t  i n  Figure 3-1 except t h e  absc issa  
would be  l a b e l l e d  8 - 1 4  pm r a t h e r  than 
0.4 - 1.2 pm. The 8 - 13 pm range i s  
used pr imari ly  because it contains  the  
peak r ad i a t i ons  emit ted by t h e  ea r th  
and i t s  atmosphere. The broad s p e c t r a l  
range was s e l ec t ed  s o  t h a t  the f i e l d  
of view of t he  de t ec to r  could be 
narrowed t o  ob ta in  good s p a t i a l  
r e so lu t ion  while s t i l l  maintaining 
a good signal-to-noise r a t i o  a t  t he  
de tec tor .  A for tuna te  by-product of 
t h i s  s p e c t r a l  i n t e r v a l  i s  t h a t  near ly  
a l l  c i r r u s ,  even t h a t  j u s t  bare ly  
v i s i b l e  t o  a ground based observer,  i s  
de tec ted  by t h e  sensor .  

The SAP cons i s t s  of two scanning 
radiometers.  One is  a two-channel 
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scanner  f o r  h igh r e s o l u t i o n  (HR) 
v i s u a l  and mode i n f r a r e d  ( M I )  d a t a ;  
t h e  o t h e r  scanner  i s  a  two-channel 
dev ice  f o r  very  h igh  r e s o l u t i o n  
v i s u a l  (VHR) and very  h i g h  r e s o l u -  
t i o n  i n f r a r e d  (WHR) d a t a .  Each 
radiometer  c o n s i s t s  of  a  m i r r o r  
mounted on a  s h a f t  which r o t a t e s  
such t h a t  t h e  m i r r o r  (which i s  
mounted 45O t o  t h e  d i r e c t i o n  of 
motion) scans  t h e  e a r t h  scene  from 
hor izon  t o  hor i zon  (See F i g u r e  3-2).  
The VHR/WHR s h a f t  r evo lves  a t  5.34 
h e r t z  ( H Z ) .  The m i r r o r  on t h e  
s h a f t  i s  double-faced s o  t h a t  f o r  
each s h a f t  r e v o l u t i o n  two scans  a r e  
made o f  t h e  e a r t h  scene .  Th i s  scan  
r a t e  combined w i t h  a  0.766 m i l l i -  

2 r a d i a n  f i e l d  of  view from 450 nm, 
g i v e s  a  s p a t i a l  r e v o l u t i o n  o f  0.33 
nm a t  subpo in t .  

ti 
The HR/MI s canner  i s  d r i v e n  by 

a  3: 1 r e d u c t i o n  q e a r  from t h e  VHR/WHR 
s h a f t  and revo lves  a t  1.78 H Z .  S ince  
t h i s  m i r r o r  i s  s ing le - faced  and 
r o t a t e s  a t  one - th i rd  t h e  speed o f  t h e  

V) VHR/WHR m i r r o r ,  only  one- s ix th  t h e  5 number of  scan l i n e s  a r e  produced. 
0 z 
3 
C 

This  s c a n  r a t e ,  combined wi th  a  4.56 
m i l l i r a d i a n  f i e l d  o f  view, provides  
2.0 nm r e s o l u t i o n  v i s u a l  d a t a  a t  sub- 
p o i n t .  The M I  d e t e c t o r  has  a  5.33 
m i l l i r a d i a n  f i e l d  of  view which y i e l d s  
2.4 nm r e s o l u t i o n  i n f r a r e d  d a t a .  For 
e i t h e r  radiometer  t h e  incornins scene  
r a d i a t i o n  i s  r e f l e c t e d  from t h e  scan- 
n ing  m i r r o r  t o  a  p a r a b o l i c  m i r r o r  
which, i n  t u r n ,  focuses  t h a t  r a d i a t i o n  
on to  a  d i c h r o i c  beam s p l i t t e r .  The 
beam s p l i t t e r  a l lows v i s u a l  spectrum 
r a d i a t i o n  t o  pass  wi thou t  r e f l e c t i o n ,  
wh i l e  a t  t h e  same t ime r e f l e c t i n g  
i n f r a r e d  r a d i a t i o n .  The v i s u a l  r a d i a -  
t i o n  i s  c o l l e c t e d  a t  t h e  r e s p e c t i v e  
HR and VHR d e t e c t o r s ,  and t h e  i n f r a r e d  
r a d i a t i o n  is  c o l l e c t e d  a t  t h e  M I  and 
WHR d e t e c t o r s .  

I n  o r d e r  t o  o b t a i n  t h e  p roper  
s p a t i a l  r e s o l u t i o n  t h e  d e t e c t o r s  f o r  
VHR and WHR a r e  p h y s i c a l l y  s m a l l e r  
than  t h e i r  c o u n t e r p a r t s  f o r  HR and 
M I  r a d i a t i o n .  Consequently,  f o r  
v i s u a l  r a d i a t i o n ,  t h e  VHR d a t a  a r e  
only  a v a i l a b l e  dur ing  t h e  daytime 
where t h e r e  i s  s u f f i c i e n t  r e f l e c t e d  
s o l a r  i l l u m i n a t i o n  o f  t h e  e a r t h  scene  

F ig  3-3. Defense Meteorologica l  S a t e i l i t e  Program s a t e l l i t e  and 
s e n s o r s  

3-3 
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t o  provide  an adequate  s igna l - to -  
n o i s e  r a t i o  a t  t h e  d e t e c t o r .  (The 
l i g h t  l e v e l  under f u l l  s u n l i g h t  
i s  between f i v e  and s i x  o r d e r s  of 
magnitude g r e a t e r  than  f u l l  moon- 
l i g h t ) .  For i n f r a r e d  d a t a  t h e r e  
i s  l i t t l e  d i f f e r e n c e  between t h e  
t o t a l  amount of r a d i a t i o n  emi t t ed  
from t h e  e a r t h  dur ing  day o r  n i g h t .  
However, due t o  t h e  f a c t  t h a t  a 
d i f f e r e n t  type  of d e t e c t o r  i s  used 
than  f o r  VHR o r  HR, and t h e  WHR 
d e t e c t o r  a r e a  i s  approximately 
1/36th t h a t  of t h e  M I  d e t e c t o r ,  a  
g r e a t e r  s igna l - to -no i se  r a t i o  
problem e x i s t s  than wi th  t h e  o t h e r  
sensors .  I n  o r d e r  t o  a c c u r a t e l y  
d i s c e r n  t h e  smal l  amounts of i n f r a -  
r ed  energy a v a i l a b l e  t o  t h e  WHR 
d e t e c t o r ,  it i s  p a s s i v e l y  cooled 
us ing a r a d i a t i o n a l  coo l ing  pa tch  
s o  t h a t  t h e  thermal  n o i s e  of t h e  
d e t e c t o r  i s  reduced and does no t  
obscure  t h e  scene r a d i a t i o n .  

Figure  3-3 i s  a photograph of  
t h e  Defense Meteorological  S a t e l l i t e  
Program (DMSP) s a t e l l i t e  wi th  t h e  
sensors  mounted n e a r  t h e  bottom o f  
t h e  s p a c e c r a f t  ( r i g h t ) .  The whi te  
f a c e  on t h e  s p a c e c r a f t  i s  e a r t h  
o r i e n t e d  and t h e r e f o r e  t h e  sensors  
on t h e  r i g h t  a r e  e a r t h  o r i e n t e d .  
The t o p  of  t h e  s p a c e c r a f t  ( l e f t )  

always i s  o r i e n t e d  toward t h e  sun. 
The pane l s  on t h e  l e f t  form a sun 
shade which s h i e l d s  t h e  SAP when t h e  
s p a c e c r a f t  i s  i n  an e a r l y  morning 
o r b i t .  I n  t h i s  o r b i t ,  nea r  t h e  pole-  
ward p o r t i o n  of each r e v o l u t i o n ,  
t h e r e  i s  a p o s s i b i l i t y  of  d i r e c t  sun- 
l i g h t  impinging on t h e  s e n s o r s .  

The s p e c i f i c  d e t a i l s  of  t h e  
sensor  package a r e  more r e a d i l y  appar- 
e n t  i n  t h e  cutaway drawing, Figure  
3-2. However, t h e  shiny box- l ike  
s t r u c t u r e  i n  t h e  lower r i g h t  con ta ins  
t h e  r a d i a t i v e  c o o l e r  f o r  t h e  WHR 
d e t e c t o r .  The c o o l e r  i s  po in ted  t o  
t h e  r i g h t ,  away from t h e  sun.  Above 
t h e  c o o l e r  i s  a narrow a p e r t u r e  i n  
which t h e  VHR/WHR wedge-shaped m i r r o r  
r o t a t e s .  J u s t  above t h e  narrow aper-  
t u r e  i s  t h e  l a r g e r  opening f o r  t h e  
HR/MI  scanning mi r ro r .  O f  i n t e r e s t  i s  
t h e  f a c t  t h a t  t h e s e  mi r ro r s  a r e  
p r e c i s e l y  weighted and r o t a t e  i n  
oppos i t e  d i r e c t i o n s  s o  t h a t  t h e r e  i s  
no n e t  momentum t r a n s f e r  t o  t h e  space- 
c r a f t  from t h e i r  o p e r a t i o n .  The 
c i r c u l a r  a r e a  on tile whi te  f ace  t o  
t h e  l e f t  of  t h e  s e n s o r s ,  con ta ins  t h e  
antenna f o r  t h e  d a t a  t r a n s m i t t e r .  

Not seen i n  t h e  p i c t u r e ,  b u t  
extremely important  t o  d a t a  produc- 
t i o n ,  i s  a unique f e a t u r e  i n  t h i s  

Zero Resolution Sensor 
D a t a  Subpoint 1 r 

Earth 

F i g  3-4. Re la t ionsh ip  between ze ro - reso lu t ion  s e n s o r  and d a t a  
subpoint .  I n c i d e n t  s o l a r  r a d i a t i o n  a t  each p l a c e  i s  
e s s e n t i a l l y  i d e n t i c a l .  
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system. A z e r o - r e s o l u t i o n ,  s u p e r  
hemispher ic  radiometer  i s  mounted 180' 
away from t h e  SAP n a d i r .  Th i s  r ad io -  
meter  measures t h e  amount o f  s u n l i g h t  
i n c i d e n t  on t h e  s p a c e c r a f t ,  and, w i t h  
t h e  e a r t h  o r i e n t e d  s e n s o r  sys tem,  
e s s e n t i a l l y  measures t h e  s o l a r  i l l u -  
minat ion  of t h e  e a r t h  scene  a t  t h e  
d a t a  subpo in t  (see Fig .  3 - 4 ) .  The 
o u t p u t  from t h i s  radiometer ,  i n  
con junc t ion  w i t h  a  programmable ga in  
memory u n i t ,  c o n t r o l s  t h e  s i g n a l  l e v e l  
o u t p u t  f o r  t h e  v i s u a l  d a t a .  I n  o t h e r  
words, t h e  v i s u a l  d a t a  r ece ived  a t  
t a c t i c a l  sites and AFGWC a r e  normal- 
i z e d  on t h e  s p a c e c r a f t  f o r  s o l a r  i l l u -  
minat ion .  The d a t a  appears  t o  have 
t h e  same b r i g h t n e s s  whether from n e a r  
t h e  s o l a r  s u b p o i n t  o r  n e a r  t h e  
t e r m i n a t o r .  Cross ing t h e  t e r m i n a t o r ,  
however, causes  a d d i t i o n a l  problems. 

F i g  3-5. O r i e n t a t i o n  o f  o r b i t  termi- 
n a t o r  f o r  a  0600 sun- 
synchronous o r b i t  a t  
equinox. 

Figure  3-5 shows t h e  o r i e n t a t i o n  
o f  a sun synchronous o r b i t  t o  t h e  
t e r m i n a t o r  f o r  an 0600 e q u a t o r  c r o s s -  
i n g  a t  equinox.  Not ice  how t h e  s e n s o r  
w i l l  have t o  s c a n  from hor izon  t o  
hor i zon  through f u l l  b r i g h t n e s s  i n  
t h e  sou the rn  hemisphere p r o g r e s s i n g  
t o  f u l l  darkness  i n  t h e  n o r t h e r n  herni- 
sphere .  Once t h e  s p a c e c r a f t  reaches  

l i n e  A-A' ( s e e  F iqure  3 - 6 )  t h e  scene  
on t h e  l e f t  begins  t o  g e t  p rogres -  
s i v e l y  da rke r  and t h e  a r e a  of  dark- 
ness  expands. When t h e  d a t a  subpo in t  
reaches  t h e  t e r m i n a t o r ,  h a l f  o f  t h e  
s e n s o r  scan  i s  i n  t h e  dark  a r e a  and 
h a l f  i n  t h e  l i g h t .  A t  t h i s  p o i n t ,  
scanning from hor izon  t o  hor i zon ,  
t h e  b r i g h t n e s s  change from f a r  l e f t  
t o  f a r  r i g h t  i s  sp read  over  26.8O 
long i tude  a t  t h e  equa to r .  Th i s  is  a  
b r i g h t n e s s  change of s i x  o r d e r s  of  
magnitude. In  o r d e r  t o  r e c e i v e  mean- 
i n g f u l  d a t a  a c r o s s  t h e  t e r m i n a t o r ,  
one must have more than  t h e  along- 
t r a c k  g a i n  c o n t r o l  provided by t h e  
z e r o  r e s o l u t i o n  s e n s o r ,  one must a l s o  
have a long scan ga in  c o n t r o l .  I n  
o t h e r  words, a s  t h e  s e n s o r  scans  from 
dark t o  l i g h t  (HR)  , t h e  ga in  f o r  each 
scan l i n e  must change a s  t h e  scanner  
moves i n t o  i n c r e a s i n g  b r i g h t n e s s .  A s  
t h e  s p a c e c r a f t  moves f u r t h e r  i n t o  
da rkness ,  t h e  along-scan ga in  must 
occur  a t  a  d i f f e r e n t  l o c a t i o n  a long 
t h e  s c a n  l i n e .  T h i s  compensation 
a l s o  w i l l  occur  a s  t h e  s p a c e c r a f t  
l eaves  darkness  on t h e  o t h e r  s i d e  o f  
t h e  e a r t h .  A d d i t i o n a l l y ,  t h e  along- 
scan ga in  c o n t r o l  must vary  season- 
a l l y  a s  t h e  o r i e n t a t i o n  o f  t h e  
t e r m i n a t o r  t o  t h e  o r b i t  changes. 

F i g  3-6. Data swath a c r o s s  t h e  
t e r m i n a t o r  from AA' t o  
BB'  i n  F igure  3-5. 
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F ig  3-7. 1 3  D ~ c  1972, 6530/487, VHR (Bottom),  Norm, Norm, Off;  WHR 
(Top),  Norm, I n v  310 X 1 ,  Off 

Figure  3-7 i s  an example o f  DMSP 
d a t a  ob ta ined  13 Dec 72. A t  t h e  
bottom of Figure  3-7 i s  VHR d a t a .  
Notice i n  t h e  upper l e f t  c o r n e r  o f  
t h e  VHR d a t a  t h e r e  i s  e s s e n t i a l l y  
only darkness  a s  t h e  s p a c e c r a f t  i s  
approaching t h e  t e r m i n a t o r .  Near 
18ON t h e  s p a c e c r a f t  was p rogramed  
t o  s t o p  t r a n s m i t t i n g  VHR d a t a  and t o  
s t a r t  WHR d a t a  ( F i g  3-7  t o p )  which 
i s  n o t  a f f e c t e d  by l ack  o f  s o l a r  

i l l u m i n a t i o n .  F igure  3-8 is  HR d a t a  
which was ob ta ined  a t  t h e  same t i m e .  
Not ice  t h e  changes i n  b r i g h t n e s s  
o c c u r r i n g  i n  t h e  upper l e f t .  Th i s  i s  
t h e  a long  scan automat ic  g a i n  c o n t r o l  
(ASAGC) compensating f o r  t h e  dec reas -  
i n g  scene  b r i g h t n e s s .  With t h e  ASAGC, 
useab le  in fo rmat ion  i s  a v a i l a b l e  
through t h e  sun t e r m i n a t o r  r eg ion  
and beyond i f  t h e r e  i s  s u f f i c i e n t  moon- 
l i g h t  t o  i l l u m i n a t e  t h e  c louds .  
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F ig  3-8. 1 3  Dec 1972, 6530/487, HR, Norm, Norm, o f f  

B. Supplementary Sensors .  

There a r e  f o u r  supplementary 
sensors  which go on t h e  DMSP space- 
c r a f t .  Normally each DMSP c a r r i e s  
two supplementary sensors ,  t h e  e x a c t  
complement d i f f e r i n g  according t o  
t h e  t ime per iod  t h e  o r b i t  i s  planned 

f o r ,  and t h e  cond i t ion  of t h e  va r ious  
supplementary sensors  on o l d e r  space- 
c r a f t .  

Supplementary sensor  E (SSE) i s  
a v e r t i c a l  temperature  p r o f i l e  rad io -  
meter.  It i s  an e i g h t  channel 
ins t rument  with s i x  channels (668.5, 
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677. 695. 708. 725. and 747 cm") i n  cons i s t s  of a s i n g l e  s tepping channel 
with s i x  energy ranges. Nominal 
energy s t eps  a r e  0.3, 0.68, 1.6,  3.5, 
7.9, and 18 KeV. The sampling r a t e  
i s  0.0922 seconds per  energy s t e p  and 
t h e  f i e l d  of view is  a .30  degree a n t i -  
e a r t h  cone. 

t h e  carbon dioxide. 15  um absorption 
region; one channel (535 cm-1) i n  a 

@ water vapor absorption band; and one 
channel (835 cm-1) i n  t h e  11 urn 
atmospheric window. A scanning 
mir ror  s t eps  across  t he  subtrack of 
t h e  s a t e l l i t e ,  allowing the  SSE t o  
view 25 separa te  columns of t h e  atmo- 
sphere every 32 seconds over a cross-  
t r ack  ground swath of 100 nm. While 
t h e  scanning mirror  is stopped a t  a 
scene s t a t i o n ,  t h e  channel f i l t e r s  
a r e  t o t a l e d  through t h e  f ie ld-of-  
view. The de tec ted  r ad i a t i on  is  
measured by a t r i -g lyc ine  pyro- 

1 electric de tec tor .  Surface resolu-  
\ 

Supplementary Sensor L (SSL) i s  
a l i gh tn ing  de tec tor .  I t  operates  
only a t  n igh t  t o  d e t e c t  l i gh tn ing  
f l a shes  i n  t h e  0.4 t o  1.1 um range. 
Peak response i s  near  0.8 um. Twelve 
s i l i c o n  photodiodes a r e  used t o  de t ec t  
t h e  f l a shes ,  each photodiode viewing 
a d i f f e r e n t  nominal 400 x 400 nm f i e l d  
on the  e a r t h ' s  surface.  The photo- 
diodes a r e  a l igned i n  a 3x4 a r ray  such 
t h a t  t h e  SSL's f i e l d  of view i s  1200 
x 1600 nm. The SSL s t o r e s  t h e  value 
of t h e  l a r g e s t  pulse  observed by each 
photodiode during a one second sam- 
p l ing  i n t e r v a l .  The peak pulse  and 
t o t a l  number of counts per second f o r  
each de t ec to r  makes up t h e  information 
i n  t h e  SSL da t a  stream. 

f 
9. 
Z 

The da t a  from a l l  supplementary 
sensors  a r e  low volume, on t h e  order  
of 100 b i t s  per second. Their d a t a  
a r e  multiplexed i n t o  t h e  primary 
sensor  d a t a  stream and recorded on 
board t h e  spacecraf t .  No real-t ime 
readout is made t o  t a c t i c a l  sites 
s ince  some computer processing i s  
necessary f o r  a l l  supplementary 
sensor  data .  

t i o n  a t  nad i r  f o r  the SSE h a l f  
p o w e r  po in t s  is  approximately 20 nm. 

' Supplementary Sensor J (SSJ) is  
an e l ec t ron  spectrograph with one 
f i xed  channel and one s tepping 
channel. The channel8 de t ec t  ener- 

!!! g e t i c  e l ec t rons  over ranges of 
energies  asaociated wi th  v i s i b l e  
aurora. !%e f ixed  channel i s  6 KeV 
and t h e  s tepping channel cycles  
through e i g h t  energy thresholds:  
54, 98, 219, 600, 1400, 3540, 8200, 
and 1970 eV. The da ta  sample i s  taken 
approximately every second. The 
field-of-view i s  3 degrees by 12 
degrees. 

SSJ has been improved. The 
second generat ion is c a l l e d  SSJ/2. It  
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Chapter 4 - DMSP Data Display Segment System 

A. General 

The funct ion of t he  Data Display 
Segment (DDS) i s  t o  accura te ly  re-  
produce the  image scenes which a r e  
viewed by t h e  s p a c e c r a f t ' s  primary 
sensors .  The DDS e l e c t r i c a l l y  
processes these  da t a  t o  co r r ec t  
s eve ra l  perspect ive d i s t o r t i o n s ,  and 
permits t h e  s e l ec t i on  of t h e  type 
and s c a l e  of da t a  t o  be produced. 
The DDS equipment and operat ion a r e  
described i n  d e t a i l  i n  s eve ra l  SAMSO 
and AWS documents, t h e  most r ead i ly  
ava i l ab l e  being a Space and Missi le  
Systems Organization (SAMSO) publica- 
t i o n  [ l ] .  Several  DMSP system cap- 
a b i l i t i e s  were evaluated and docu- 
mented during AWS Pro jec t s  Cold 
F l igh t  I and Cold F l igh t  11. These 
p ro j ec t s  provide much of t he  informa- 
t i o n  contained i n  t h i s  sec t ion .  
Operational s i t e  experience from 
seve ra l  worldwide loca t ions  i s  a l s o  
incorporated. 

There a r e  two types of d i sp lay  
systems -- t h e  c e n t r a l  s i t e  (AFGWC) 
and the  remote o r  t a c t i c a l  s i t e .  
The imagery from t h e  two types of 
display appear s i m i l a r  bu t ,  due t o  
d i f f e r e n t  areas  of da ta  coverage and 
formats of da t a  t ransmission,  t he  
two d isp lays  d i f f e r  i n  t h e i r  d e t a i l s .  
AFGWC receives  analog da t a  which has 
been s to red  on the  spacecraf t  tape 
recorders .  These recorders  have a 
s torage  capaci ty  of 210 minutes of 
2/2.4 nrn da t a  o r  20 minutes of one- 
t h i r d  nm data .  Therefore, sometimes 
s eve ra l  hundred minutes of these  da t a  
suddenly become ava i l ab l e  f o r  display.  
A s  a r e s u l t  t he  AFGWC equipment i s  
configured t o  process a much l a r g e r  
volume than t a c t i c a l  s i t e s .  The 
t a c t i c a l  s i t e s  rece ive  only d i g i t a l ,  
d i r e c t  transmission da ta .  The 
maximum amount of da t a  they can 
rece ive  from an o r b i t a l  pass i s  about 
one-sixth o r b i t .  The following d i s -  
cussion w i l l  focus on equipment a t  
t h e  t a c t i c a l  s i t e s .  Central  s i t e  
d i f f e r ences ,  where they e x i s t ,  w i l l  
be noted. 

B. DDS Equipment 

The DDS cons i s t s  of f i v e  
assemblies (Figure 4-1) : Signal  

Processor No 1 (SIG PROC No 1) , Signal  
Processor No 2, converter ,  and the  
Power Supply. Addit ional ly ,  a tape 
recorder  i s  an i n t e g r a l  p a r t  of t he  
da t a  processing system. The incoming 
d i g i t a l  (analog f o r  c e n t r a l  s i t e )  da t a  
stream i s  recorded on tape s o  t h a t  i t  
can be replayed f o r  display i n  s eve ra l  
formats. For de t a i l ed  descr ip t ions  of 
t h e  assemblies i n  t he  remote s i t e  DDS, 
t h e  reader  i s  r e f e r r ed  t o  121, which 
provides the  b a s i s  f o r  t he  following 
information on the  two Signal  Proces- 
s o r s  and the  Basic Display. 

SIG PROC No 1 is  the  "watchdog" 
of t h e  DDS. It operates  i n  one of 
t h r e e  poss ib le  modes: acquis i t ion ,  
t rack ing ,  o r  test. Acquisit ion and 
t rack ing  a r e  opera t iona l  modes; t e s t  
i s  an operator  i n i t i a t e d  maintenance 
mode. 

When an e l e c t r o n i c  s igna l  e n t e r s  
t h e  DDS, it i s  v e r i f i e d  aga ins t  a 
memory c i r c u i t  i n  SIG PROC No 1 t o  
i n su re  t h a t  only co r r ec t l y  formatted 
da t a  s igna l s  a r e  passed on t o  the  r e s t  
of the  display -- t h i s  is  t h e  acquis i -  
t i o n  mode. I f  a co r r ec t  s i g n a l  i s  
noted, t h e  equipment cycles  automatic- 
a l l y  i n t o  t he  t rack ing  mode. In addi- 
t i o n  t o  the  "watchdog" funct ion the  
SIG PROC No 1 a l s o  cont ro ls  t h e  
production of t he  d i f f e r e n t  types of 
video s igna l s ,  and four  t e s t  pa t te rns .  
These w i l l  be discussed l a t e r .  

In  order  t o  co r r ec t l y  reproduce 
the  scene observed by the  spacec ra f t ' s  
sensors ,  t he  d i sp lay  must dupl ica te ,  
i n  co r r ec t  r a t i o ,  two motions of t he  
spacecraf t :  i t s  movement through 
t h e  o r b i t  plane, and the  cross-track 
scan of the  sensing mirrors  (See 
Chapter 3 f o r  a descr ip t ion  of the  
s enso r s ) .  The f i r s t  matching i s  
accomplished by con t ro l l i ng  t he  speed 
of t he  f i lm  with a capstan d r ive  
assembly. The f i lm  speed i s  regulated 
by t h e  spacecraf t  a l t i t u d e  s e t t i n g  
which the  operator  d i a l s  i n t o  SIG PROC 
No 2. I f  the  spacecraf t  i s  a t  the  
nominal 450 n m  o r b i t  a l t i t u d e  
(Figure 4-21, it w i l l  take an elapsed 
t i m e ,  TI  t o  cross  over ob j ec t s  A and 
B along the  ground t rack .  I f  it i s  
a t  a higher  a l t i t u d e  than the  nominal 
Orb i t  it w i l l  t ake  time T + AT t o  
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Signal Processor 
No. 1 

Signal Processor 
No. 2 

Basic Display 

D /A Converter 

Power Supply 

Fig  4-1. DDS Assemblies 

t r a v e r s e  t h e  same two p o i n t s .  I f  it 
i s  lower t h e  e lapsed  t ime w i l l  be 
T  - AT. I n  a11 t h r e e  cases  t h e  same 
gkound s u r f  ace d i s t a n c e  i s  covered. 
Therefore ,  t o  mainta in  t h e  proper  
d i s p l a y  r a t i o  of scan l i n e s  p e r  inch 
t o  ground displacement ,  t h e  a l t i t u d e  
s e t t i n g s  p laced i n  SIGN PROC No 2 
cause the  f i l m  speed t o  be f a s t e r  
than  normal f o r  a  low o r b i t  and 
slower than normal f o r  a  h igh o r b i t .  

The o p e r a t o r  computes e i t h e r  t h e  mean 
a l t i t u d e  of  t h e  s p a c e c r a f t  f o r  t h e  
d u r a t i o n  of the o r b i t  h e  w i l l  r e c e i v e ,  
o r  t h e  s p e c i f i c  a l t i t u d e  f o r  t h e  
l a t i t u d e  of a  p a r t i c u l a r  p o i n t  of  
i n t e r e s t .  That a l t i t u d e  s e t t i n g  on 
SXG PROC No 2 r e s u l t s  i n  t h e  genera- 
t i o n  of  a  c o r r e c t i n g  speed t r i m  v o l t a g e  
which is  app l i ed  t o  t h e  caps tan  d r i v e  
assembl.y i n  t h e  b a s i c  d i s p l a y .  There 
a r e  two d i f f e r e n c e s  i n  t h e  c e n t r a l  
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Fig 4-2. Alt i tude Variations. 

s i t e  DDS f o r  matching spacecraft 
a l t i t u d e  with the  ground track 
distance being traversed: (1) In 
order t o  process the  la rge  volume 
of data received, the  equipment i s  
geared t o  operate 2 1  times f a s t e r  
than a t a c t i c a l  s i t e ' s ,  and ( 2 )  
Since whole o r b i t s  o r  more are 
processed a t  a t i m e ,  the  a l t i tude  
s e t t i n g  i s  taken care of by a 
modified S I G  PROC No 2. From 
ephemeris data both apogee and 
perigee are  known f o r  a l l  DMSP 
spacecraft .  Also known i s  the  
l a t i t u d e  end point  fo r  the  l a s t  
s tored data. Given t h i s  information 
the o r b i t a l  a l t i t u d e  variat ions are  
calculated within SIG PROC No 2 

The second matching, t h a t  with 
the scan r a t e  of the  sensors'  mirrors,  
i s  done i n  the  display by the  l inea r  
sweep generator i n  SIG PROC No 2.  
Included i n  the  da ta  stream is  a 
f l u t t e r  s ignal  derived from the  
sensors which indicates changes i n  
sha f t  speed. This f l u t t e r  s ignal ,  
when applied from SIG PROC No 1, 
produces sweep voltage changes t o  the 
l inea r  sweep generator which auto- 
matically compensate the  l inea r  
sweep fo r  sensor speed f luctuat ions.  

8 

3 

An operator computed r o l l  correction 
f o r  the  spacecraft  can a lso  be s e t  i n t o  
S I G  PROC No 2 which fur ther  adjusts  
the  sweep voltage. Final ly,  the sweep 
i s  r e c t i f i e d  t o  compensate fo r  fore- 
shortening e f fec t s  (displaying a curved 
surface on a f l a t  image plane) by 
curving the  sweep voltage a t  both ends. 
The curving of the  sweep voltage 
increases the  scanning veloci ty (sweep 
speed) of the  cathode-ray tube (CRT) 
beam as the  beam traverses the CRT face 
place. As the  sweep speed increases,  
grea ter  distances per un i t  time are  
covered, thus compensating fo r  the 
shortened sensor scan dwell time on 
those areas removed from the  subpoint. 
After r e c t i f i c a t i o n  has been applied 
the  sweep voltage i s  routed t o  the  
Basic Display. 

' assuming the  var ia t ions  approximate 
a s ine wave function. This assump- 
t ion  resu l t s  i n  a l t i t u d e  corrected 
data with minimum data  locat ion 
e r r o r  throughout an e n t i r e  o r b i t .  

The Orbit Time (OT) generator i s  
a l so  located i n  S I G  PROC No 2.  This 
device, which must be manually s t a r t e d  
a t  each t a c t i c a l  receiving s i t e  fo r  
each o r b i t ,  i s  used t o  provide a timing 
sequence t o  a id  i n  correct  data loca- 
t ion  procedures. These procedures w i l l  
be discussed i n  Chapter 6 .  The OT i s  
the only display generated s ignal  which 
is placed onto the  tape recorder. 
This is done s o  t h a t  the  OT clock may 
be counting f o r  a forthcoming o r b i t  
while the  display is  being used t o  
produce data from a previous o rb i t .  
A t  AFWC the  analog data  s ignal  contains 
timing information from a spacecraft  
clock which is converted t o  the  time 
used f o r  data location. This i s  done 
by computer. 

The Basic Display processes the 
e lec t ronic  s ignals  routed t o  it from 
the  two s ignal  processors and 
produces a f i lm transparency su i t ab le  
f o r  d i r e c t  viewing o r  reproduction. 
The Basic Display consists  of a scan 
t r ace  generator and a camera/processor. 
The scan t r ace  generator transforms 
the  video s ignal  i n t o  a modulated 
l i g h t  source by way of a high-resolu- 
t ion  CRT. The l i g h t  source, i n  turn,  
exposes the  f i lm through the camera 
lens. The camera/processor chemically 
processes the  exposed f i lm t o  make the  
f i lm transparency. The f i lm trans-  
parencies a re  produced such t h a t  the  
normal output i s  a br ight  image fo r  
a maximum amount of sensed radiat ion.  
This gives a posi t ive image f o r  visual  
data; t h a t  i s ,  clouds appear white and 
the  ea r th  surface dark. Because most 
clouds a r e  cooler and radia te  l e s s  
energy than the background, f o r  in f ra -  
red data t o  image white clouds the  
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input  s i g n a l  must be inverted.  The 
r e s u l t  i s  a negative i n f r a r ed  image 
which is d i r e c t l y  comparable with 
t h e  pos i t i ve  v i sua l  image. E i the r  
v i s u a l  o r  i n f r a r ed  da ta  may be 
produced a s  a pos i t ive  o r  negat ive 
image. The da ta  a r e  displayed on 
mylar backed 9.5 inch wide f i lm  s o  
t h a t  frequent handling w i l l  no t  
degrade t h e  p i c tu re  qua l i t y .  The 
p i c t u r e  width on the  f i lm  i s  approx- 
imately 7.78 inches.  Additional 
information i s  placed on t h e  margin 
of t h e  fi lm. It includes f i d u c i a l  
marks, t i m e  code (two minute i n t e r -  
v a l s ) ,  gain code (sensor gain s t a t e ) ,  
and da t a  card image (device f o r  
recording type of da ta  and d isp lay  
system s e t t i n g s ) .  Up t o  35 f e e t  
of f i lm can be exposed a t  a time, 
and then run through t h e  developer, 
f i x e r ,  r i n s e  tank, and dryer  before  
e x i t i n g  the DDS. From t h e  time t h e  
f i lm  s t a r t s  through t h e  developer 
u n t i l  it begins t o  depart  t he  DDS, 
90 seconds e lapse .  

The Basic Display contains  
opera tor  con t ro l s ,  equipment s t a t u s  
i nd i ca to r s ,  and con t ro l  funct ions.  
The con t ro l  funct ions allow t h e  se lec-  
t i o n  of d a t a  type, degree of con t r a s t  
enhancement, and sca l e .  

1. Control Functions. 

As described i n  Chapter 3, 
t h e  DMSP sensors  produce four  bas i c  
types of  imagery da t a .  Two of t he se  
a r e  sensed i n  t he  0.4-1.1 um s p e c t r a l  
i n t e r v a l  and a r e  general ly  r e f e r r ed  
t o  a s  "visual"  data .  Visual da ta  a r e  
t h e  one-third nm very high r e so lu t ion  
(VHR) and two nm high reso lu t ion  (HR) . 
The o ther  two types of DMSP da t a  a r e  
i n  t he  i n f r a r e d  spectrum's 8 - 13 um 
atmospheric window. These da ta  a r e  
t h e  one-third nm very high reso lu t ion  
i n f r a r e d  (WHR) and 2.4 nm mode i n f r a -  
red ( M I )  . Each of these  four  da t a  
types and t h e i r  meteorological appl ica-  
t i ons  a r e  more f u l l y  discussed i n  
Chapter 7. I n  producing these  da ta  
severa l  of t h e  d i sp lay  funct ions a r e  
universal  t o  a l l  products. Other 
funct ions a r e  unique t o  an ind iv idua l  
product. The universa l  con t ro l  func- 
t i o n s  have been provided s o  t h a t  DMSP 
da ta  products may be used by the  fore-  
c a s t e r  t o  he lp  so lve  t h e  many var ied 
environmental needs of h i s  customers. 

Contrast  enhancement is 
used t o  vary t he  d i s t r i b u t i o n  of gray 
shades i n  these  data .  The four  

enhancement modes a r e  graphical ly  shown 
i n  Figure 4-3, and p i c t o r i a l l y ,  using 
gray shade s t e p  wedges, i n  Figure +4.  
DMSP da ta  a r e  normally processed t o  
show 16 shades of gray spread l i n e a r l y  
over t he  maximum s igna l  range of t h r ee  
vo l t s .  This l i n e a r  d i s t r i b u t i o n  of 
vol tage vs gray shade i s  ca l l ed  OFF 
ENHANCEMENT (OFF ENH) . This mode may 
be used with a l l  of t h e  types of DMSP 
da t a  and i s  t he  only enhancement which 
should be used with i n f r a r ed  data .  In  
LOW ENH the  l i n e a r  d i s t r i b u t i o n  of  
qray shades is  changed s o  t h a t  more 
con t r a s t  i s  presen t  i n  t he  dark range 
than i n  t he  l i g h t  range. This mode 
i s  usefu l  i n  h igh l igh t ing  t e r r a i n  
d e t a i l  o r  i n  showing the  s t r u c t u r e  
of r e l a t i v e l y  low albedo objec ts  such 
as  t h in  fog and s t r a t u s .  H I G H  ENH i s  
the  opposite of LOW ENH. In  t h i s  mode 
t h e  l i n e a r  d i s t r i b u t i o n  of gray shades 
i s  changed so  t h a t  more con t r a s t  i s  
present  i n  the  l i g h t  range than i n  the  
dark range. The tops ide  s t r u c t u r e  of 
c i r r o s t r a t u s ,  pene t ra t ing  towers i n  
cumulonimbus, and o ther  high-albedo 
objec ts  may be examined by using t h i s  
mode. I n  t he  LOW/HIGH ENH mode both 
dark and l i g h t  ob jec t s  a r e  emphasized 
a t  the  expense of t he  middle shades of 
gray. This s e t t i n g  can be usefu l  i n  
analyzing thunderstorm a c t i v i t y  over 
land by permit t ing ana lys i s  of t h e  
anv i l  s t r u c t u r e  as wel l  as  t he  t e r r a i n  
fea tures .  

A l l  types of DMSP da t a  
may be displayed i n  e i t h e r  of two 
soa les  -- normal, 1:15 mi l l ion  
(approximately 200 nm per inch) , o r  
expand, 1: 7.5 mi l l ion  (approximately 
100 nm per  i nch ) .  The normal s c a l e  
may be used with a l l  types  of DMSP da ta  
and i s  t h e  preferred s c a l e  f o r  HR and 
MI da ta .  When t h e  expand s c a l e  is 
se l ec t ed ,  normally only VHR and WHR 
da ta  a r e  processed. The expansions a r e  
produced by spreading one-half of t he  
da ta  s igna l  over t he  f u l l  width of  t he  
CRT, and a t  t h e  same t i m e  advancing 
the  f i lm  twice a s  f a s t  over t h e  capstan 
d r ive  assembly. Three port ions of t he  
s igna l  can be expanded: cen t e r  ha l f  
(EXP C) , l e f t  ha l f  (EXP L) , o r  r i g h t  
h a l f  (EXP R ) .  Le f t  and r i g h t  a r e  
defined with respec t  t o  t he  along 
subpoint t r ack  motion of t h e  space- 
c r a f t  (e.  g., f o r  northward moving 
spacecraf t  l e f t  i s  west and r i g h t  i s  
e a s t ) .  

2 .  Data Types 

Four types of da t a  a r e  
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produced by the  spacec ra f t ' s  primary 
sensors;  however, it i s  not  poss ib le  
f o r  a t a c t i c a l  readout s i te  t o  rece ive  
a l l  of them. The DMSP t r ansmi t t e r  
operates  a t  512 k i l o b i t s  per  second 
(kbs) . This allows t ransmission of 
a multiplexed da t a  stream cons i s t i ng  
of HR,  M I ,  and e i t h e r  VHR o r  WHR. 
The d a t a  r a t e s  of VHR and WHR a r e  so  
massive t h a t  both cannot f i t  i n t o  a 
512 kbs d a t a  stream. The normal 
operat ing mode is  f o r  VHR transmission 
on the  ascending por t ion  of an o r b i t  
and WHR on t h e  descending o r b i t .  
Both HR and M I  d a t a  a r e  t ransmi t ted  t o  
a l l  rece iv ing  s i t e s .  I f  t h e  space- 
c r a f t  is placed i n  an e a r l y  morning 
ascending ( ea r ly  evening descending) 
o r b i t  where t he re  is  an e a r t h  termin- 
a t o r  problem i n  t h e  v i s u a l  scene, t h e  
VHR d a t a  a r e  t ransmi t ted  on the  
ascending por t ion  of t h e  o r b i t  near 
t h e  equator  where t he re  i s  s u f f i c i e n t  
day l igh t  i l lumina t ion  f o r  v i s u a l  
imagery (along scan automatic gain 
con t ro l  f o r  v i s u a l  imagery through 
the  terminator  region e x i s t s  only 
f o r  t h e  HR s enso r ) .  When the  space- 
c r a f t  progresses poleward f a r  enough 
s o  t h a t  t he  edge of t h e  VHR scan 
l i n e  e n t e r s  t h e  terminator ,  t h e  
transmission i s  switched t o  WHR. An 
example i s  shown of t h i s  i n  Chapter 
3, Figure 3-7. 

Analog d a t a  t ransmission 
t o  AFGWC has the  same VHR, WHR da t a  
cons t r a in t s  a s  t h e  t a c t i c a l  s i t e ;  how- 
ever ,  t h e  mult iplexing i s  d i f f e r e n t .  
HR and M I  da t a  a r e  multiplexed to-  
gether  and t ransmi t ted  on a 26 KHB 
base band-width s igna l .  VHR o r  WHR 
da t a  a r e  t ransmi t ted  on a 45 KHB base 
bandwidth  s igna l .  

a.  Visual Data. 

The two types of 
v i sua l  da ta ,  VHR and HR, complement 
each o ther  f o r  s eve ra l  meteorological 
appl ica t ions .  The VHR i s  designed t o  
examine weather systems i n  d e t a i l  
such t h a t  not  only i s  the  ove ra l l  
synopt ic  pa t t e rn  r ead i ly  i d e n t i f i a b l e ,  
bu t  t he  d e t a i l s  of t h e  cloud pa t t e rns  
and t h e i r  s t r u c t u r e  a r e  observed. A s  
such, VHR i s  t h e  primary v i s u a l  
product used a t  t h e  t a c t i c a l  s i t e s  
during dayl ight .  VHR i s  ava i l ab l e  
t o  AFGWC f o r  s e l ec t ed  geographical 
areas .  HR d a t a  a r e  ava i l ab l e  t o  both 
AFGWC and the  t a c t i c a l  sites; however, 
it is  t h e  primary v i s u a l  da t a  used a t  
AFGWC. Since HR da t a  has a lower 
da ta  volume r a t e  than VHR, it i s  
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prefer red  f o r  computer processing. 
The HR i s  used as a backup t o  the  VHR 
during daytime operat ions a t  t a c t i c a l  
s i t e s .  A t  nimghttime the  low-light 
capab i l i t y  of the  HR sensor provides 
a usefu l  product which g rea t ly  improves 
t he  ana lys t ' s  c apab i l i t y  t o  co r r ec t l y  
i n t e r p r e t  nighttime in f r a r ed  data .  

The c a p a b i l i t i e s  of t h e  
DDS a r e  i l l u s t r a t e d  by an o r b i t  cover- 
i ng  Mexico and the  western U .  S . On 
19 Apri l  1973 the  DMSP da ta  showed a 
wide range of both t e r r a i n  f ea tu re s  
and cloud types.  Products from the  
same o r b i t  w i l l  be used i n  t he  next 
s ec t i on  t o  i l l u s t r a t e  t h e  M I  cap- 
a b i l i t i e s .  Examples of VHR da t a  
products using each of t h e  four en- 
hancement modes a r e  shown i n  Figures 
4-5 through 4-8. Figure 4-9 i s  a 
cen t e r  expand of Figure 4-5. Coinci- 
dent  HR da ta  i s  shown i n  Figure 4-10 
with t he  same enhancement as  Figure 
4-5. A low l i g h t ,  nighttime, HR 
example is  shown i n  Figure 4 - 1 1  f o r  
a d i f f e r e n t  time and loca t ion .  

Probably t he  most common 
way t o  d i sp lay  these  da ta  i s  t o  use 
t he  normal s c a l e  (1:15 mi l l ion)  with 
of f  enhancement. In  t h i s  manner these 
da t a  a r e  presented with a l i n e a r  
d i s t r i b u t i o n  of gray shades over the  
s i g n a l  range. Figure 4-5 shows t h i s  
VHR product. Note t h a t  cloud t ex tu re  
and t e r r a i n  d e t a i l s  both a r e  wel l  
discriminated. By s e l e c t i n g  low en- 
hancement (LOW ENH), imagery is  produced 
i n  which low albedo ob jec t s  ( l i k e  most 
t e r r a i n  f ea tu re s )  a r e  more e a s i l y  
i den t i f i ed .  This i s  shown i n  Figure 
4-6. I f  one compares Figures 4-5 and 
4-6 he w i l l  note  t h a t  the  mountainous 
t e r r a i n  appears t o  have sharper  r e l i e f  
i n  t he  l a t t e r  f i gu re .  

However, when low albeao 
ob jec t s  a r e  enhanced by the  LOW ENH 
mode, t h i s  i s  done a t  t he  expense of 
l o s ing  some d e t a i l  i n  high albedo 
objec ts .  Compare t he  s t r u c t u r e  of the  
thunderstorm a c t i v i t y  i n  t he  upper 
r i g h t  port ion of Figures 4-5 and 4-6; 
l e s s  d e t a i l  i s  seen where LOW ENH i s  
used than i n  the  OFF ENH product.  

A high enhancement ( H I G H  
ENH) mode should be s e l ec t ed  i n  order  
t o  more c l e a r l y  s ee  t h e  d e t a i l s  of  
high albedo objec ts .  This i s  shown 
i n  Figure 4-7. Compare t he  thunder- 
storm a c t i v i t y  i n  a l l  t h r ee  examples 
(Figures 4-5, 6 ,  & 7) . Observe t h a t  
t he  H I G H  ENH mode (Figure 4-7) b e s t  
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Fig 4-5. 19 Apr 1973, 5528/5536, VHR, Norm, Norm, Off 
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F i g  4-6. 1 9  A p r  1 9 7 3 ,  5528/5536,  VHR, Norm, N o m ,  Low 
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Fig 4-7. 19 A p r  1973, 5528/5536, VHR, N o r m ,  N o r m ,  High 
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b r i n g s  o u t  t h e  d e t a i l  of t h e  h igh  
a lbedo c loud s t r u c t u r e .  This i s  
accomplished, however, wi th  a cor-  
responding l o s s  of d e t a i l  i n  low 
albedo o b j e c t s .  These o b j e c t s  a r e  
l e s s  d i s t i n c t  than i n  e i t h e r  t h e  OFF 
ENH o r  LOW ENH modes. 

I f  one d e s i r e s  t o  s e e  
both  low and h igh  a lbedo o b j e c t s  s i m -  
u l t aneous ly  enhanced, a low/high 
enhancement (LOW/HIGH ENH) mode may 
be s e l e c t e d .  This  i s  shown i n  
Figure  4-8 where both  thunderstorm 
and t e r r a i n  f e a t u r e s  show w e l l .  I n  
t h i s  mode enhancement l o s s  occurs  t o  
o b j e c t s  i n  t h e  middle a lbedo range.  
The b e s t  way t o  d i s p l a y  t h e  d e t a i l s  
of  middle range a lbedo o b j e c t s  i s  t o  
use t h e  OFF ENH mode. 

The VHR can a l s o  be 
processed i n  an expanded s c a l e  (1:7.5 
m i l l i o n )  wi th  t h e  complete range of  
enhancement modes a v a i l a b l e  t o  normal 
s c a l e  (1:15 m i l l i o n )  d a t a .  When d a t a  
a r e  expanded no new informat ion is 
c r e a t e d ;  it i s  simply an enlargement 
of t h e  p i c t u r e  which a i d s  i n  v i s u a l  
i d e n t i f i c a t i o n  o f  t h e  smal l  s c a l e  
f e a t u r e s  a l r e a d y  e x i s t i n g  i n  t h e  
normal s c a l e  p i c t u r e .  Expanded d a t a  
can be  processed d i r e c t l y  from t h e  
s p a c e c r a f t ' s  t r ansmiss ion  s i g n a l  o r  
replayed from t h e  t a p e  recorder .  A t  
AFGWC expanded d a t a  can be  processed 
d i r e c t l y  from t h e  s i g n a l  r e l ayed  by 
t h e  t r a c k i n g  s i t e ,  o r  from t h e  
ground t a p e  r e c o r d e r s .  Figure  4-9 
i s  an example of  expand c e n t e r  VHR 
d a t a .  Compare F igure  4-9 w i t h  Figure  
4-5 and n o t e  t h a t  t h e  lower h a l f  
c e n t e r  p o r t i o n  h a s  been expanded. 
This product  makes an e x c e l l e n t  b r i e f -  
i n g  a i d  when used t o  d e s c r i b e  t h e  
weather f o r  r e l a t i v e l y  smal l  a r e a s .  
I t  i s  a l s o  p o s s i b l e  t o  expand t h e  
l e f t  o r  r i g h t  hand h a l v e s  o f  t h e  
p i c t u r e  (Exp L,  Exp R ) ;  however, 
examples a r e  n o t  shown f o r  t h e s e  
cases  . 

High r e s o l u t i o n  (HR) 
v i s u a l  d a t a  can be  processed us ing  
a l l  t h e  modes t h a t  a r e  a v a i l a b l e  f o r  
VHR d a t a .  Normally, expanded s c a l e  
is  n o t  used f o r  HR d a t a  due t o  t h e  
wider  spac ing  of  i t s  scan l i n e s  
compared wi th  VHR. (Reca l l  from 
Chapter 3 t h a t  t h e r e  a r e  s i x  VHR 
scans  t o  one HR scan . )  The H R  day- 
l i g h t  d a t a  may be used f o r  t h e  same 
meteoro log ica l  purposes as t h e  VHR. 
The on ly  l o s s  i s  i n  t h e  c a p a b i l i t y  
o f  t h e  s e n s o r  t o  r e s o l v e  o b j e c t s  

s m a l l e r  than  two nm. The l o s s  of  
r e s o l u t i o n  i s  i l l u s t r a t e d  i n  Figure  
4-10, which i s  HR d a t a  recorded con- 
c u r r e n t l y  w i t h  t h e  VHR d a t a  shown i n  
Figure  4-5. Note t h e  f u z z i n e s s  a t  
t h e  edges of  Figure  4-10 compared wi th  
Figure  4-5. Th i s  i s  caused by t h e  
degrada t ion  of t h e  r e s o l u t i o n  from two 
nm a t  t h e  c e n t e r  t o  twelve nm a t  t h e  
d a t a  edge. 

HR d a t a  from t h e  descend- 
i n g  (n igh t t ime)  p o r t i o n  of t h e  space- 
c r a f t ' s  o r b i t  have s e v e r a l  u s e s ,  de- 
pending on t h e  amount of l u n a r  i l l u -  
minat ion.  When t h e  l u n a r  phase i s  
one-half moon o r  g r e a t e r ,  v i s u a l  
images have t h e  same c l a r i t y  a s  images 
ob ta ined  i n  s u n l i g h t .  An example of 
low l i g h t  HR d a t a  over  Northern Europe 
i s  shown i n  Figure  4-11 .  Aurora 
B o r e a l i s  can be  seen i n  t h e  upper l e f t  
of  Figure  4-11 .  Aurora l  d a t a  a r e  
extremely va luab le  i n  mapping day-to- 
day v a r i a t i o n s  i n  t h e  ionospher ic  
morphology. C i t y  l i g n t s  a r e  a l s o  
v i s i b l e  i n  t h e  n iqh t t ime  HR d a t a .  
The iqages  of c i t y  l i g h t s  have two 
uses .  F i r s t ,  t hey  s e r v e  t o  more 
a c c u r a t e l y  l o c a t e  ( o r  g r i d )  t h e  M I  
d a t a .  Second, when c i t y  l i g h t s  appear 
d i f f u s e ,  they  g ive  informat ion about 
t h e  o p t i c a l  th ickness  and p a r t i c l e  
s i z e s  i n  t h e  c louds  between t h e  
l i g h t  source  and t h e  sensor .  

b. I n f r a r e d  Data 

The two types  o f  i n f r a r e d  
d a t a  a r e  M I  and WHR. A s  desc r ibed  i n  
Chapter 3 ,  t h e  i n f r a r e d  s e n s o r s  a r e  
co- located w i t h  v i s u a l  s e n s o r s .  
Common o p t i c s  i n s u r e  t h a t  t h e  v i s u a l  
and i n f r a r e d  scene a r e  viewed simul-  
t aneous ly  and i n  t h e  same p e r s p e c t i v e .  
Th i s  arrangement a l lows d i r e c t  compar- 
i s o n  of  t h e  v i s u a l  and i n f r a r e d  d a t a ,  
and permits  t h e  meteoro log i s t  t o  
env i s ion  t h e  t h r e e  dLmensiona1 a s p e c t s  
of  t h e  cloud scene genera ted by atmo- 
s p h e r i c  motions. 

The M I  and WHR s e n s o r s  were 
developed t o  s e r v e  s e v e r a l  d i f f e r e n t  
purposes f o r  t h e  meteoro log ica l  
a n a l y s t .  M I  d a t a ,  wi th  i t s  2.4 nrn 
s p a t i a l  r e s o l u t i o n  a t  subpo in t ,  i s  
used a s  t h e  primary i n f r a r e d  d a t a  f o r  
comparison wi th  a l l  v i s u a l  d a t a .  It i s  
a l s o  t h e  more accura te  i n f r a r e d  d a t a  
f o r  use i n  q u a n t i t a t i v e  thermal  d e t e r -  
minat ions  o f  c loud t o p  o r  land/sea  
s u r f a c e  temperatures .  M I  d a t a  a r e  
t r a n s m i t t e d  t o  t a c t i c a l  s i t e s  on both  
ascending (day) and descending ( n i g h t )  
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o r b l t a l  p a s s e s .  G l o b a l  YI c o v e r a g e  
1s a v d l l a b l e  t o  AFGWC f rom t h e  s p a c e -  
c r a f t ' s  t a p e  r e c o r d e r s ,  where  i t  1s 
used f o r  lmagery and a s  l n p u t  d a t a  
f o r  a  computer  p roduced  " T h r e e -  
Dlmens lona l  N e p h a n a l y s l s "  [ 3 ] .  WHR 
d a t a  h a s  a  s p a t l a l  r e s o l u t i o n  o f  one-  
t h l r d  nm and 1s o n l y  d v a l l a b l e  when 
VHR d a t a  a r e  n o t  b e i n g  s e n s e d .  T h u s ,  
W H K  d a t a  a r e  t h e  p r i m a r y  v e r y  h l g h  
resolution Imagery d a t a  available 
d u r l n g  n ~ g h t t l m e  o r b l t a l  p a s s e s .  I t  
i s  u s e d  much a s  VHR 1s; t o  l d e n t l f y  
t h e  o v e r a l l  s y n o p t l c  p a t t e r n  and 
o b s e r v e  t h e  d e t a l l s  o f  c l o u d  p a t t e r n s  
dnd s t r u c t u r e .  F o r  AFGWC, up t o  20 
m i n u t e s  o f  WEIR c a n  b e  s t o r e d  on a  

(3 s p a c e c r a f t  t a p e  r e c o r d e r  f o r  any 
CL s e l e c t e d  a r e a s  i n  t h e  w o r l d .  The 
9 - t a p e  r e c o r d e r  c o l l e c t s  W H R ,  V H H ,  o r  
d. a  c o m b l n a t l o n  o f  b o t h ;  however ,  b o t h  

% WIiR and VMR c a n n o t  b e  r e c o r d e d  a t  t h e  
same tune. The t a p e  r e c o r d e r  L S  

a l l m l t e d  t o  s e l e c t e d  s t r l p s  o f  W I I K  
W o r  VHR. 
LL 
V) 
V) 

Although  e a c h  t y p e  o f  

5 l n f r a r e d  d a t a  was d e s l g n e d  f o r  a  
different p u r p o s e ,  b o t h  t y p e s  may be 

0 5m p r o c e s s e d  I n  two modes, e a c h  o f  w h ~ c h  
h a s  a multitude o f  v a r l d t l o n s .  

I- 
Z I n f r a r e d  d a t a  may b e  p r o c -  
W e s s e d  l n  e l t h e r  t l ie  B r l l l l a n c e  I n v e r -  
I 
3 

s l o n  (BI) o r  T h r e s h o l d  ( T h r e s h )  modes. 
0 Tne f l r s t  1s u s e d  t o  show t h e  d l s t r l -  

B u u t l o n  o f  c l o u d  t o p  t e m p e r a t u r e s  
t h r o u g n  t h e  a t m o s p h e r e  and 1s display- 
e d  I n  up t o  6 4  s h a d e s  o f  q r a y .  The 
s e c o n d  1s used  f o r  t h e r m a l  contouring 
and  h a s  n o t  more t h a n  f o u r  s h a d e c  o f  
g r a y .  Both modes o f  l n f r a r e d  p r o c e s s -  
l n g  a r e  n o r m a l l y  p roduced  w l t h  no 
lmage enhancement  ( t h e  Off  p o s ~ t l o n )  
s o  t h a t  t h e  l l n e a r  r e l a t l o n s h l p  between 
s e n s e d  radiation and  g r a y  s h a d e s  1s 
p r e s e r v e d .  The s c a l e  e x p a n s i o n  t o  
1: 7 . 5  m i l l l o n  may b e  u s e d  w l t h  WHR 
d a t a ,  b u t  1s u s u a l l y  n o t  used  w l t h  
t h e  M I  s i n c e  t h e  r e s u l t  1 s  s l m ~ l a r  t o  
HR expansion. S l n c e  o n l y  o n e  l l n e  o f  
M I  d a t a  1s produced  f o r  e v e r y  s l x  
l l n e s  o f  WHR d a t a ,  M I  d a t a  a p p e a r s  
s t r e a k e d  when expanded .  Both modes 
o f  l n f r a r e d  p r o c e s s i n g  may b e  done  
w l t h  t h e  p o l a r l t y  s e t  t o  e l t h e r  Norm 
o r  I n v .  With I n v ,  c o l d  o b l e c t s  
a p p e a r  l i g h t ;  f o r  Norm, c o l d  o b j e c t s  
a p p e a r  d a r k .  The f i r s t  mode o f  i n f r a -  
r e d  processing t o  b e  examined w i l l  
b e  t h e  Brilliance I n v e r s i o n .  

I n  t h e  B I  mode i n f r a r e d  
d a t a  a r e  n o r m a l l y  p roduced  s o  t h a t  
c o l d  o b j e c t s  a r e  d i s p l a y e d  l i g h t e r  

t h a n  warm o b j e c t s .  Whi le  t h i s  i s  n o t  
done f o r  a l l  c a s e s ,  i t  i s  a  g e n e r a l  
c o n v e n t i o n  f o l l o w e d  when t h e s e  d a t a  
a r e  t o  b e  u s e d  by o r  d i s p l a y e d  t o  t h e  
n o n - m e t e o r o l o g i s t .  H i s t o r i c a l l y ,  
v i s u a l  s a t e l l i t e  p i c t u r e s  were a v a i l -  
a b l e  p r i o r  t o  i n f r a r e d  p i c t u r e s ,  and 
t h e  human i s  u s e d  t o  s e e i n g  v i s u a l  
c l o u d s  d i s p l a y e d  w h i t e  ( o r  a t  l e a s t  
l i g h t ) .  A s  a  r e s u l t ,  most  p e o p l e  
e x p e c t  t o  s e e  c l o u d s  d i s p l a y e d  i n  a  
s i m i l a r  manner i n  t h e  i n f r a r e d .  T h i s  
assumes t h a t  t h e  c l o u d  i s  c o l d e r  t h a n  
t h e  background  r e g i o n .  We know t h i s  
i s  n o t  a l w a y s  t h e  c a s e ,  and a w e l l  
documented example i s  i n  1 4 1 ,  page  
6 -B-23 .  I n  t h i s  example warm m o i s t  
a i r  i s  a d v e c t i n g  n o r t h w a r d  from t h e  
Gulf o f  Mexico. Fog and s t r a t u s  
fo rms  o v e r  t h e  Gulf  C o a s t  and i s  warmer 
t h a n  t h e  s u r r o u n d i n g  c l o u d - f r e e  t e r r a i n  
A s  a  r e s u l t ,  " b l a c k  s t r a t u s "  o r  " b l a c k  
f o g "  a p p e a r s  i n  t h e  i n f r a r e d .  S i n c e  
most c l o u d  t o p s  a r e  c o l d e r  t h a n  t h e  
background  r e g i o n ,  t h e  a s s u m p t i o n  t h a t  
c l o u d s  viewed i n  t h e  i n f r a r e d  s h o u l d  
b e  l i g h t  i s  u s u a l l y  a c c u r a t e .  How- 
e v e r ,  t h i s  c o n v e n t i o n  i s  backwards t o  
c o n v e n t i o n a l  e n g i n e e r i n g  t e r m i n o l o g y  
i n  which t h e  warmer t h e  r a d i a t i n g  
o b j e c t ,  t h e  more e n e r g y  it r a d i a t e s ,  
t h e  more e n e r g y  t h e  i n f r a r e d  d e t e c t o r  
r e c e i v e s .  Responding t o  t h a t  e n e r g y ,  
t h e  d e t e c t o r  p r o d u c e s  more c u r r e n t ,  
t h u s  showing  warm ( e n e r g e t i c )  o b j e c t s  
a s  w h i t e  ( l a r g e  v o l t a g e ) .  The I n v  
mode i n v e r t s  t h i s  p r o c e s s  s o  t h a t  a  
l a r g e  v o l t a g e  from t h e  d e t e c t o r  i s  
d i s p l a y e d  a s  b l a c k ,  and most  c l o u d s  
a r e  l i g h t e r  t h a n  t h e  background .  

The M I  s e n s o r  h a s  a  100 
d e g r e e  d e t e c t i o n  r a n g e  from 210K - 
3lOK. Any r a d i a t i n g  o b j e c t s  c o l d e r  
t h a n  210K p r o d u c e  a  d e t e c t o r  v o l t a g e  
which i s  f o r c e d  t o  z e r o  v o l t s ;  t h u s ,  
a n y t h i n g  c o l d e r  t h a n  210K i s  s e n s e d  
a s  i f  i t  were  210K. 310K i s  t h e  
warmest  t h a t  c a n  b e  d e t e c t e d ,  and 
t h i s  i s  an e i g h t  v o l t  v a l u e .  The 
d e t e c t o r  o u t p u t  is  l i n e a r  f rom z e r o  
t o  e i g h t  v o l t s  (210K - 310K).  The 
t h e r m a l  a c c u r a c y  i s  b e t t e r  t h a n  1°C 
f o r  t h e  e n t i r e  210K - 310K r a n g e .  
The f i r s t .  WHR s e n s o r  was s l i g h t l y  
d i f f e r e n t ,  h a v i n g  a  d e t e c t i o n  r a n g e  
of 217K - 307K and  one  t o  t h r e e  
d e g r e e s  t h e r m a l  a c c u r a c y .  Newer WHR 
s e n s o r s  have  a  d e t e c t i o n  r a n g e  o f  
210K - 310K. 

The DDS a l l o w s  us  t o  d i s -  
p l a y  t h e  e m i s s i o n s  s e n s e d  by t h e  
i n f r a r e d  d e t e c t o r s  i n  numercus ways.  
To do  t h i s  i n  t h e  B I  mode, t h e  
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warmest temperature  t o  be d i sp layed  
is  s e l e c t e d  and d i a l e d  i n t o  t h e  DDS. 
This i s  c a l l e d  t h e  "Base" tempera- 
t u r e .  Also s e l e c t e d  and d i a l e d  i n t o  
t h e  DDS i s  t h e  thermal  range over  
which t h e  d a t a  a r e  t o  be d i sp layed .  
This range i s  c a l l e d  t h e  "Expand." 
The Base temperature  may be any whole 
degrse  from 320K t o  210K. The 
the rmal  range i s  s e l e c t a b l e  t o  one of 
t h r e e  s e t t i n g s .  Expand one ( u s u a l l y  
w r i t t e n  X 1 )  w i l l  cause 64 shades of 
gray t o  be  sp read  over  a  100 degree  
i n t e r v a l  downward from t h e  Base 
temperature .  Expand two (X2) w i l l  
sp read  t h e  32 shades of gray over  a  
50 degree i n t e r v a l .  Expand f o u r  ( X 4 )  
1s a  25 degree ,  1 6  shade i n t e r v a l .  
I n  each case  a  c o n s t a n t  thermal  i n t e r -  
v a l  of 1.5625'K p e r  gray shade i s  
mainta ined.  The advantage of t h e  X2 
and X 4  modes l i e s  i n  making t h e  
thermal  d e t a i l  more d i s c e r n a b l e  t o  
t h e  human eye .  (Normally, t h e  human 
eye can "see"  up t o  1 4  shades of 
gray . )  To mainta in  t h i s  e x a c t  temper- 
d t u r e  i n t e r v a l ,  t n e  enhancement mode 
Off i s  always used. I f  Hi ,  Lo, o r  
Lo/Hi were used, then  t h e  l i n e a r  d i s -  
t r i b u t i o n  of temperature  vs gray 
shade would be des t royed .  

C Both M I  and WHR i n f r a r e d  

5 d a t a  can be d i sp layed  by t h e  DDS i n  
5 t h e  same fash ion ;  however, s i n c e  M I  
3 d a t a  has  b e t t e r  thermal accuracy than  
0 WHR d a t a ,  i t  i s  normally t h e  d a t a  

8 used f o r  q u a n t i t a t i v e  work on cloud 
t o p  temperatures  and e q u i v a l e n t  
a l t i t u d e s .  For t h a t  reason most of 
t h e  i n f r a r e d  p i c t u r e s  shown i n  t h i s  
Tecnniczl  Report w i l l  be M I .  The 
terminology used w i l l  be l i k e  t h i s  
example: M I  I N V  310 X 1 .  This  B I  
product c o n s i s t s  of  M I  d a t a  i n v e r t e d  
s o  t h a t  co ld  o b j e c t s  appear l i g h t ,  
and t n e  100 degree temperature  
i n t e r v a l  extends  from 210K - 310K. 
This  i s  a  t y p i c a l  s e t t i n g  f o r  M I  
p i c t u r e s .  No image enhancement i s  
used so  t h a t  t h e  64 gray shades a r e  
l i n e a r l y  d i s t r i b u t e d  over  t h e  100 
degree range producing a  thermal  
i n t e r v a l  of 1.5625 degrees  pe r  shade 
of gray.  Figure  4-12 i s  such an 
example and it i s  c o i n c i d e n t  d a t a  
wi th  t h e  VHR examples shown e a r l i e r .  
Compare i t  with  Figure  4-5. The 
complementarity of  c o i n c i d e n t  v i s u a l  
and i n f r a r e d  imagery i s  d e p i c t e d  w e l l  
by t h e s e  two examples. The c i r r u s  
a s s o c i a t e d  wi th  a  s u b t r o p i c a l  j e t -  
s t ream c r o s s i n g  Mexico s t a n d s  o u t  i n  
t h e  i n f r a r e d .  The c louds  a s s o c i a t e d  

wi th  a f r o n t a l  system near  t h e  Texas 
Gulf c o a s t  appear w e l l  developed and 
extend southward a long t h e  Mexican 
E a s t  Cost  i n  t h e  VHR d a t a .  The M I  
d a t a  shows t h a t  almost  a l l  of  t h e  
sou the rn  ex tens ion  i s  comprised of 
low l y i n g  c louds ,  q u i t e  i n a c t i v e  
when compared wi th  those  f u r t h e r  n o r t h .  
The low l y i n g  s t ra tocumulus  west  of  
Mexico a r e  n e a r l y  i n v i s i b l e  i n  t h e  
i n f r a r e d .  Cumulonimbus c louds ,  wi th  
t h e i r  co ld  t o p s ,  l i t e r a l l y  bloom i n  
t h e  i n £  r a r e d .  

I f  g r e a t e r  d i s c e r n a b i l i t y  
i s  needed than e x i s t s  i n  Figure  4-12, 
then  a d i f f e r e n t  Expand mode can be  
s e l e c t e d .  For example, i f  t h e  i n t e r e s t  
were i n  clouds extending above t h e  
f r e e z i n g  l e v e l ,  then  an M I  I N V  273 X2 
could be chosen t o  g ive  32 shades of 
gray f o r  t h e  temperature  i n t e r v a l  
from 223K - 273K. I n  Figure  4-13 we 
show a  s l i g h t l y  d i f f e r e n t  example, 
an M I  I N V  260 X2. Note t h a t  a l l  
r a d i a t i n g  s u r f a c e s  warmer than 260K 
a r e  d i sp layed  a s  b lack .  The thermal  
d e t a i l  of  t h e  l aye red  clouds a s s o c i -  
a t e d  wi th  t h e  s torm over  t h e  southern  
U S  i s  considerably  enhanced. Some 
people p r e f e r  n o t  t o  Inv  t h i s  type  
of p i c t u r e ,  and d i s p l a y  it i n  Norm. 
Most p e o p l e ' s  eyes  can d i s c e r n  d i f -  
f e rences  between dark gray shades 
b e t t e r  than  between l i g h t  gray shades.  
Dark c louds  can be d i sc r imina ted  
b e t t e r  t h i s  way; however, i t  does 
t a k e  a  whi le  t o  g e t  used t o  working 
wi th  dark  clouds when one i s  accus- 
tomed t o  l i g h t  ones.  

I f  s t i l l  more d e t a i l  i n  
t h e  co ld  cloud t o p s  i s  d e s i r e d ,  then  
an M I  I N V  235 X 4  can be made, which 
d i s t r i b u t e s  t h e  16 shades of gray 
over  a  25 degree i n t e r v a l .  F igure  
4-14  shows t h i s .  A s  expected,  good 
d e t a i l  appears  i n  t h e  co ld  c l o u d s ,  
wi th  a l l  e l s e  warmer than 235K appear-  
i n g  b lack .  

Sometimes d e t a i l  i s  want- 
ed f o r  warm r a d i a t i n g  o b j e c t s .  These 
might i n c l u d e  t h e  ground, warm ocean 
c u r r e n t s  (Gulf S t ream) ,  low l e v e l  
c louds ,  and warm water  formation a r e a s  
f o r  t r o p i c a l  cyclones .  Figure 4-15 
i s  an M I  I N V  310 X 4 .  Note t h e  thermal  
mapping of Mexico. S e v e r a l  smal l  
v a r i a t i o n s  i n  water  temperature  a r e  
v i s i b l e  o f f  t h e  southwest  Mexican 
Coast .  Care must be t aken ,  however, 
t o  compare t h i s  type  of product wi th  
VHR d a t a  t o  ensure  t h a t  smal l  cumulus 
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Fig 4-13. 19 Apr 1973, 5528/5536, MI, Norm, Inv 260 X2, Off 
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cloud elements o r  very t h i n  h igher  
c louds  a r e  no t  caus ing  f a l s e  temper- 
a t u r e  g r a d i e n t s  i n  what appears  t o  be 
c l e a r  a i r  on t h e  M I  product.  The 
a b i l i t y  of t h e  1 /3  nm VHR v i s i b l e  
d a t a  t o  s e e  most o f  t h e  s m a l l e r  cloud 
elements w i l l  h e l p  avoid  t h i s  problem. 
The M I  2.4 nrn r e s o l u t i o n  sensor  
simply cannot d i s c r i m i n a t e  t h e  smal l -  
e r  c louds .  The thermal  emiss ions  of  
t h e s e  smal l  clouds w i l l  be averaged 
wi th  t h e  background emiss ion,  causing 
a " f a l s e "  temperature  i n d i c a t i o n .  

By us ing t h e  X4 expansion 
it i s  p o s s i b l e  t o  d i v i d e  t h e  atmo- 
s p h e r i c  and s u r f a c e  emiss ions  from 
210K t o  310K i n t o  64 d i s c e r n a b l e  
shades of gray.  This  can be  done by 
makin5 four  B I  products  wi th  t h e  Base 
temperature s e t t i n g s  a t  310K, 285K, 
260K, and 235K. 

I n  an M I  I N V  310 X 1 ,  t h e  
f i r s t  l e v e l  on t h e  gray s c a l e  (b lack 
on Figure  4-4 Off Enhancement) rep- 
r e s e n t s  a l l  emissions from o b j e c t s  
between 303.75K and 310K. I f  a 
smal le r  temperature i n t e r v a l  i s  
d e s i r e d  a t  t h e  dark  (warm) end of  
t h e  gray s c a l e ,  a Base temperature  
warmer than 310K can be s e t  i n t o  t h e  
DDS. For example, i f  M I  I N V  320 X 1  
i s  s e t ,  t h e  d a r k e s t  shade of t h e  gray 
s c a l e  w i l l  extend from 320K t o  
308.4375K ( i n  r e a l i t y  310K t o  
308.4375K), t h e  l i g h t e s t  shade 
(white)  would be missing,  and t h e  
second l i g h t e s t  shade would extend 
from 220K t o  220.9375K. The p o r t i o n  
of emissions below 220K would b e  
10s t . 

I f  a Base temperature  i s  
s e t  c o l d e r  than  310K, shades of gray 
may a l s o  be l o s t .  For example, i f  
M I  I N V  285 X 1  i s  s e t ,  then on ly  48 
gray shades a r e  d i sp layed .  The 16 
d a r k e s t  shades (>285K) would be  
l o s t  and t h e  l i g h t e s t  shade (whi te)  
would inc lude  a l l  emissions between 
211.5625K and 185K ( i n  r e a l i t y  
211.5625K and 210K) . 

Considerable f l e x i b i l i t y  
h a s  been b u i l t  i n t o  t h e  B I  mode of 
opera t ion ;  however, t h e r e  a r e  t imes 
when t h e  meteoro log i s t  d e s i r e s  t o  
know what c loud t o p s  extend above a 
c r i t i c a l  a l t i t u d e  (below a f i x e d  
t empera tu re ) ,  o r  l i e  w i t h i n  an 
a l t i t u d e  zone (between temperatures)  . 
There may b e  t i m e  when one degree 
d i f f e r e n c e s  a r e  important .  To pro- 

duce imagery d i s p l a y s  which can show 
t h e  above, t h e  t h r e s h o l d i n g  mode of  
o p e r a t i o n  may be s e l e c t e d .  

The Threshold ( o r  Thresh) 
mode o f  t h e  DDS produces imagery which 
con ta ins  no t  more than f o u r  shades of 
gray.  The number of  gray shades and 
t h e  t h r e s h o l d  o r  contour  i n t e r v a l s  
a r e  determined by s e l e c t i n g  tempera- 
t u r e  values  c a l l e d  Y values .  The Y 
va lue  temperatures  can only  be  set s o  
t h a t  t h e  f i r s t  Y va lue ,  Y 1 ,  i s  g r e a t e r  
than  o r  e q u a l  t o  t h e  second, Y2, which 
i s  g r e a t e r  than o r  equa l  t o  t h e  t h i r d ,  
Y3. Thresh imagery may be  produced 
i n  e i t h e r  an i n v e r t  ( Inv)  mode o r  
normal (Norm). A Thresh Inv wi th  
t h r e e  d i f f e r e n t  Y 1 ,  Y2, Y3 s e t t i n g s  
w i l l  have a l l  emissions warmer than 
Y 1  d i sp layed  b lack  ; those  emiss ions  
between Y 1  and Y2 w i l l  be  dark  gray;  
those  emiss ions  between Y2 and Y3 w i l l  
be  l i g h t  gray;  and every th ing  c o l d e r  
than Y3 w i l l  be  whi te .  A Thresh I n v  
example wi th  Y 1  = 285K, Y2 = 275K, 
and Y3 - 266K i s  shown i n  Figure  4-16. 
Th i s  i s  t h e  same o r b i t  o f  d a t a  t h a t  
most of t h e  v i s u a l  and i n f r a r e d  examples 
used e a r l i e r  i n  t h i s  chap te r  have been 
taken from. A s  can be  seen i n  Figure  
4-16, t h e  Thresh I n v  mode d i s p l a y s  
t h e  i n f r a r e d  d a t a  i n  t h e  same sense  
t h a t  an M I  Inv  does; co ld  emissions 
a r e  l i g h t  shades of gray,  and warm 
emiss ions  a r e  dark  shades of gray.  

Figure  4-17 i s  an example 
where Thresh Norm i s  used w i t h  Y 1  = 
258K, Y2 = 246K, and Y3 = 234K. In  
t h i s  c a s e  t h e  b lack c louds  a r e  those  
c o l d e r  than 234K. The Y-values 
s e l e c t e d  f o r  Figures  4-16 and 4-17 
were de r ived  from radiosonde observa- 
t i o n s  a long t h e  U S - Mexican border .  
Those obse rva t ions  showed t h a t  285K, 
275K, 'and 266K corresponded t o  
a l t i t u d e s  of 1 0 ,  15,  and 20 thousand 
f e e t .  S i m i l a r l y ,  258K, 246K, and 
234K corresponded t o  a l t i t u d e s  of  
25, 30, and 35 thousand f e e t .  I f  
t h e r e  were no h o r i z o n t a l  temperature  
g r a d i e n t s  i n  t h e  atmosphere, t h e n  
Figure  4-16 and 4-17 would d e p i c t  t h e  
e n t i r e  a r e a  f o r  seven a l t i t u d e  i n t e r -  
v a l s ;  0-10, 10-15, 15-20, 20-25, 25- 
30, 30-35, and g r e a t e r  than  35 thou- 
sand f e e t .  I n  r e a l i t y  t h e r e  a r e  
h o r i z o n t a l  temperature  g r a d i e n t s ,  s o  
t h e  two f i g u r e s  only approximate 
those  a l t i t u d e  i n t e r v a l s  over  t h e  
e n t i r e  imagery a r e a .  What i s  r e a l l y  
shown a r e  seven emiss ive  i n t e r v a l s .  
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An e f f e c t i v e  d i s p l a y  
method sometimes used i s  t o  make an 
o z a l i d  copy o f  VHR v i s u a l  d a t a  t o  use  
a s  an opaque background f o r  M I  Thresh 
c o l o r e d  t r a n s p a r e n c i e s .  For t h e  
examples used i n  t h i s  Techn ica l  
Report ,  make an o z a l i d  copy o f  F igure  
4-5, make a r e d  d i a z o  copy o f  F igure  
4-16, and make a b l u e  d i a z o  copy o f  
F igure  4-17. Overlay t h e  t h r e e  c o p i e s  
and t h e  fo l lowing  i s  achieved:  Warm 
t e r r a i n  and c loud t o p s  l e s s  t h a n  10 
thousand f e e t  show dark  r e d ,  10-15 
thousand f e e t  c loud t o p s  a r e  r e d ,  15- 
20 thousand f e e t  c loud t o p s  a r e  p ink ,  
20-25 thousand f e e t  a r e  w h i t e  ( t h e  
VHR c louds  showing through t r a n s p a r e n t  :: d i a z o ) ,  25-30 thousand f e e t  a r e  l i g h t  

q - b l u e ,  30-35 thousand f e e t  a r e  b l u e ,  

ti above 35 thousand f e e t  a r e  dark  b l u e .  
The co lo red  sequence o f  dark  r e d  f o r  

% warmest t o  dark  b l u e  f o r  c o l d e s t  

P p r e s e n t s  an e x c e l l e n t  three-dimen- 

Y s i o n a l  d e p i c t i o n  of c loud l a y e r s  t o  

k t h e  viewer.  An example cannot be  
V) shown i n  t h i s  Techn ica l  Report .  One 
V) 

5 
i s  a v a i l a b l e  i n  [5]  and d e s c r i b e d  i n  
[ G I .  

0 z 
3 

Figures  4-16 and 4-17 a r e  
examples o f  t h r e e  d i f f e r e n t  Y va lues .  + z I f  on1 two l e v e l s  o f  con tour ing  a r e  
d e s i r e s ,  t hen  two o f  t h e  Y va lues  may 
be s e t  equa l .  I n  t h i s  manner only  I 

3 t h r e e  shades  o f  gray w i l l  be produced. 
0 The middle shade ot gray w i l l  se  
8 e i t h e r  l i g h t  o r  dark depending on 

t h r e e  p o s s i b l e  s e t t i n g s :  Y 1  = Y2, 
Y2 = Y3, and t h e  Norm/Inv s e l e c t i o n .  
F igure  4-18 has  Y 1  = Y2 = 275K, Y3 = 

258K, and Inv p o l a r i t y .  There fo re  
b lack  i n d i c a t e s  warmer than  275K 
(below 15 thousand f e e t ) ,  l i g h t  gray  
between 258K - 275K (between 15-25 
thousand f e e t ) ,  and whi t e  i s  c o l d e r  

than  258K (above 25 thousand f e e t ) .  

I f  con tour ing  of one 
l e v e l  i s  d e s i r e d  t h e n  a l l  t h r e e  Y 
va lues  a r e  se t  equa l .  The imagery 
i s  w h i t e  and b lack  wi th  no shades  of  
gray.  I f  wh i t e  i s  t o  i n d i c a t e  
" c o l d e r  t h a n , "  t h e  p o l a r i t y  should  
be  se t  t o  Inv.  F igure  4-19 i s  an 
example w i t h  Y 1  = Y2 = Y3 = 273K. 
These s e t t i n g s  r e s u l t  i n  a demarca- 
t i o n  between t h o s e  c louds / su r face  
f e a t u r e s  which a r e  above o r  below 
t h e  f r e e z i n g  l e v e l .  

The Thresh mode may be  
used w i t h  t h e  temperature  s e t t i n g s  
e q u a l l y  spaced,  e q u a l ,  s t aggered  f o r  
l a r g e  i n t e r v a l s ,  o r  s t aggered  f o r  
narrow temperature  i n t e r v a l s .  The 
range o f  Y numbers t h a t  can be  set 
i n t o  t h e  DDS i s  198K - 319K; however, 
only  210K - 310K w i l l  produce mean- 
i n g f u l  d a t a .  The c a l i b r a t i o n  range 
f o r  t h e  DDS Y numbers i s  210K - 310K. 
I f  d e s i r e d ,  t h e  Thresh mode can be 
used t o  contour  s e l e c t e d  emiss ive  
l a y e r s  only  one degree  a p a r t .  One 
cou ld ,  w i t h  m u l t i p l e  r e runs  of  t h e s e  
d a t a ,  produce imagery showing t h e  
e a r t h  and c louds  i n  one degree  
i n t e r v a l s  from 210K - 310K. 

A l l  t h e  B I  and Thresh 
examples shown i n  t h i s  c h a p t e r  used 
d a t a  from t h e  M I  s e n s o r .  A l l  t h e  
B I  and Thresh t echn iques  can be 
a p p l i e d  t o  WHR d a t a  e q u a l l y  a s  w e l l  
a s  f o r  M I  d a t a .  The only  reason 
no WHR d a t a  were used h e r e  f o r  
examples i s  t h a t  VHR d a t a  were used 
t o  i l l u s t r a t e  t h e  enhancement and 
expand mode o f  v i s u a l  o p e r a t i o n s .  
When VHR d a t a  a r e  produced by t h e  
s p a c e c r a f t ,  WHR d a t a  cannot be 
ob ta ined .  
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A. General j. Alignment of object to the 
scan line. 

The DMSP sensors and DDS were 
designed to provide high quality 
meteorological data and have it in 
the hands of the forecaster within 
five minutes after data transmis- 
sion terminates. The system ap- 
proach was taken to ensure that the 
resolution inherent in the basic 
sensor electronic signal would be 
faithfully preserved through ampli- 
fication, recording, transmission, 
and eventual display on the ground. 
Following deployment of both the 
ground equipment and the spacecraft, 
an evaluation was performed to see 
if, indeed, the imagery available to 
the forecaster met the engineering 
specifications. The results of those 
evaluations plus operational expe- 
rience provide the basis for the 
sections to follow. 

B. Resolution 

The spatial resolution of each 
sensor was discussed in Chapter 3. 
The sensors were engineered to pro- 
vide subpoint spatial resolution of 
1/3 NM for VHR and WHR data, 2 NM 
for HR data, and 2.4 NM for MI data. 
However, the resolution which is 
apparent in the film available to the 
forecaster is a function of: 

a. Sensor lens/mirror aberra- 
tions. 

b. Detector (bolometer) charac- 
teristics. 

c. Frequency response of sensor 
electronics. 

d. Smear due to image motion. 

e. Tape recorder character- 
istics (if not direct readout). 

f. Communications. 

g. Ground station's character- 
istics/maintenance. 

h. Height of satellite. 

i. Relative contrast between 
object and the background. 

k. Others. 

All these data are rectified by 
the Signal Processor No 1 and Basic 
Display portions of the DDS, but the 
rectification process does not improve 
spatial resolution. 

The spatial resolution and thermal 
accuracy of the DMSP system were 
evaluated by means of two projects, 
Cold Flight I and Cold Flight 11. 
These evaluations showed that the 
sensor design resolution and achieved 
film imagery resolution were nearly 
equal. In Cold Flight I, geograph- 
ical features apparent in VHR imagery 
were examined and compared with their 
known sizes indicated on aeronautical 
charts. Selected features as small 
as one-half NM were visible. Smaller 
geographical features were not avail- 
able for analysis. HR data were 
examined, but not in as great a 
detail as VHR data. For HR it was 
found that two NM features were 
visible in the data at subpoint. Due 
to foreshortening the 2 NM resolu- 
tion degraded to approximately 12-14 
NM at data edge. The variability was 
due to changing spacecraft altitudes, 
and the rectification of the imagery 
by the DDS to a constant scale, equal 
area projection, 450 NM nominal 
altitude. The spatial resolution does 
not degrade to less than 12-14 NM at 
data edge because t.he full scanning 
radiometer line sweep is truncated 
before the line reaches the "edge of 
the earth." Generally, for 1:15 
million scale HR data, the spatial 
resolution averages 8-10 NM in the 
extreme right- and left-hand inch of 
data. 

Nighttime HR data spatial resolu- 
tion is much more dependent on light 
level and contrast than daytime HR 
data. It was not examined in great 
detail; however, Cold Flight I plus 
operational experience has shown that 
nighttime HR imagery has the same 
spatial resolution as daytime data for 
high contrast targets during a five 
night period centered on full-moon. 
Slow degradation of resolution 
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p rogresses  t o  t h e  half-moon i l lumina-  
t i o n  p o i n t ,  t h e r e a f t e r  r a p i d l y  de te -  
r i o r a t i n g  t o  t h e  quarter-moon p o i n t  
where o b j e c t s  l i g h t e d  by moonlight 
a r e ,  f o r  t h e  most p a r t ,  nonresolvable .  
The s p a t i a l  r e s o l u t i o n  f o r  l i g h t  
e m i t t i n g  o b j e c t s  (e .g . ,  c i t i e s )  r e -  
mains t h e  nominal r e s o l u t i o n  f o r  any 
phase of moonlight .  

Cold F l i g h t  I1 was a much more 
exhaus t ive  e f f o r t  t o  determine 
r e s o l u t i o n .  High a l t i t u d e  a i r c r a f t  
photographed c louds  i n  t h e  v i c i n i t y  
of t h e  Hawaiian I s l a n d s .  The 
dimensions of low c louds  and land 
f e a t u r e s  from known a l t i t u d e s  were 
compared wi th  VHR imagery from 
s a t e l l i t e  passes  w i t h i n  15 minutes of 
t h e  a i r c r a f t  photographs. The re -  
s u l t s  a r e  shown i n  Table 5-1. 

Object  
S i z e  (NM) 

Pe rcen t  of 
c a s e s  v i s i b l e  
i n  VHR Cases 

Table 5-1. Percentage of o b j e c t s  
v i s i b l e  i n  VHR d a t a  from d i f f e r e n t  
s i z e  groups.  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a 
s i g n i f i c a n t  percentage of o b j e c t s  
only  0.2 NM i n  s i z e  were d e t e c t e d  by 
t h e  VHR system; however, n o t  a l l  
o b j e c t s  a s  l a r g e  a s  0.7 NM were 
d e t e c t e d .  There a r e  a t  l e a s t  two 
important  f a c t o r s  bea r ing  on t h e s e  
r e s u l t s  : 

1. The l a n d  and c loud f e a t u r e  
c a s e s  s e l e c t e d  from t h e  a i r c r a f t  
photographs were n o t  r e s t r i c t e d  t o  
t h e  s a t e l l i t e  subpoint  r eg ion .  The 
c a s e s  were d i s t r i b u t e d  throughout  
t h e  a r e a  viewed by t h e  s a t e l l i t e ;  
t h e r e f o r e ,  f o r e s h o r t e n i n g  e f f e c t s  
would l i m i t  t h e  number of smal l  
o b j e c t s  d e t e c t a b l e  by t h e  VHR sensor .  

2. The s p e c t r a l  range of t h e  
photographic  f i l m  was d i f f e r e n t  from 
t h e  VHR s e n s o r ' s .  The photographic  
f i l m  was a conven t iona l  Kodak b lack  
and whi te  emulsion which responds 
p r i m a r i l y  t o  v i s u a l  wavelengths.  
Very l i t t l e  b l u e  and n e a r - i n f r a r e d  
response  was p resen t .  S ince  t h e  VHR 
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s e n s o r  responds t o  cons ide rab le  
q u a n t i t i e s  of  r e f l e c t e d  n e a r - i n f r a r e d  
r a d i a t i o n ,  t h e  VHR sensor  p i c t u r e s  and 
a i r c r a f t  photographs a r e  n o t  d i r e c t l y  
comparable. This i s  t h e  probable  
reason why s e v e r a l  b r i g h t  c louds ,  
c l e a r l y  v i s i b l e  i n  t h e  a i r c r a f t  photo- 
graphs ,  were unexpectedly miss ing i n  
VHR imagery. 

A s  a g e n e r a l  r u l e  of  thumb, VHR 
imagery d i sp layed  i n  a 1:15 m i l l i o n  
s c a l e  has  a s p a t i a l  r e s o l u t i o n  of  one- 
t h i r d  t o  one-half nm w i t h i n  t h e  f i r s t  
inch  of  d a t a  e i t h e r  s i d e  of subpo in t .  
From one inch t o  two and one-half  
inches  e i t h e r  s i d e  of  t h e  subpo in t  t h e  
s p a t i a l  r e s o l u t i o n  degrades from one- 
h a l f  t o  one nm. From t h e  two and one- 
h a l f  inch  p o i n t  t o  d a t a  edge t h e  
s p a t i a l  r e s o l u t i o n  f u r t h e r  degrades t o  
two nm. These degrada t ions  a r e  due t o  
fo reshor ten ing .  

S p a t i a l  r e s o l u t i o n  i s  more d i f -  
f i c u l t  t o  q u a n t i t a t i v e l y  determine f o r  
i n f r a r e d  s e n s o r s  than  it i s  f o r  v i s u a l  
s e n s o r s .  I n  t h e  i n f r a r e d  t h e  s p a t i a l  
r e s o l v i n g  power of t h e  s e n s o r  can be 
masked by t h e  thermal  accuracy of  t h e  
s e n s i n g  system. A t a r g e t  w i t h i n  view 
of  an  i n f r a r e d  s e n s o r  may have s u f f i c i e n t  
s i z e  t o  be d e t e c t e d  by t h e  s e n s o r ;  how- 
e v e r ,  i f  t h a t  t a r g e t  does n o t  thermal ly  
c o n t r a s t  wi th  t h e  background by a t  l e a s t  
one shade o f  gray thermal  d i f f e r e n c e ,  
t h e  t a r g e t  i s  n o t  i d e n t i f i a b l e .  Opera- 
t i o n a l  exper ience  has  shown t h a t  i f  an 
i n f r a r e d  t a r g e t  i s  a t  l e a s t  8OC d i f f e r -  
e n t  from i t s  background, then  t h e  
s p a t i a l  r e s o l u t i o n  f o r  M I  d a t a  i s  2.4 nm 
a t  subpo in t  degrading t o  14-17 nm a t  
d a t a  edge. WHR d a t a  has  t h e  same 
s p a t i a l  r e s o l u t i o n  a s  VHR d a t a ;  1 /3  nm 
a t  subpo in t  degrading t o  2 nm a t  t h e  
d a t a  edge. For a nominal o r b i t  t h e  
d a t a  edge i s  803 nm away from t h e  
subpo in t .  

C. Thermal Accuracy 

The thermal  accuracy o f  t h e  M I  
s e n s o r  i s  b e t t e r  than  1°C f o r  t h e  
temperature  range from 210K-310K. 
Current  WHR sensors  have t h e  same range,  
b u t  t h e  accuracy degrades from 1°C a t  
310K t o  3OC a t  210K. These a r e  eng i -  
n e e r i n g  va lues  f o r  t h e  sensors  de r ived  
from t e s t s  i n  a thermal  vacuum chamber. 
The de te rmina t ion  of  a b s o l u t e  emiss ion 
temperatures  o f  t h e  s u r f a c e  and c louds  
i s  f u r t h e r  degraded due t o  contamination 
by atmospheric ozone, carbon d iox ide ,  
and wa te r  vapor.  A l l  o f  t h e s e  major 
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contaminants ( t he re  a re  some minor the  atmosphere i s  d i f f i c u l t  t o  meas- 
ones a l so )  tend t o  decrease t h e  ure ,  p a r t i c u l a r l y  on a synopt ic  bas i s .  
emission received by the  sensor  when Their quasi-constant e f f e c t  i s  t r e a t e d  
compared t o  t h e  o r i g i n a l  t a r g e t  as an add-on t o  water vapor absorp- 
emission. t i on .  The l a r g e s t  e f f e c t  on t he  abso- 

Fig 5-1. Comparison of near- infrared s o l a r  spectrum with laboratory 
spec t r a  of  various atmospheric gases. [7] 

Figure 5-1 shows the  absorption 
spec t r a  f o r  ozone, carbon dioxide, 
water vapor, and the  s o l a r  spectrum. 
The i n t e r v a l  from 8-13 pm is  out l ined  
t o  i nd i ca t e  t he  s p e c t r a l  range f o r  
the M I  and WHR sensors .  Nowhere with- 
i n  t h i s  i n t e r v a l  i s  the atmosphere 
t o t a l l y  t ransparen t  t o  i n f r a r ed  radia-  
t i on .  Carbon dioxide i s  considered 
t o  be a w e l l  mixed component of t he  
atmosphere, and i t s  absorption between 
8-13 pm i s  small. Ozone, except f o r  
the  peak near 9.6 pm, has r e l a t i v e l y  
small  absorption. Even though ozone 
i s  known t o  undergo va r i a t i ons  i n  
concentration within t he  troposphere,  
it is  usual ly  t r e a t e d  a s  a constant .  
The d i s t r i b u t i o n  of both ozone and 
carbon dioxide concentrat ions within 

l u t e  thermal accuracy of i n f r a r ed  
sensors  comes from water vapor absorp- 
t i o n .  The quant i ty  of water vapor 
va r i e s  ho r i zon ta l l y ,  v e r t i c a l l y ,  and 
with time. I t  has the  l e a s t  amount of 
absorption between 9.5 pm and 10.5 pm, 
and progressively increases  i n  o the r  
i n t e r v a l s  within t he  sensor  range. The 
s o l a r  spectrum curve shows t h e  t o t a l  
e f f e c t  of a l l  major and minor absorbers 
wi th in  t h e  sensor  range. I t  is  c l e a r  
t h a t  t he  atmospheric window is  no t  
clean. Even without t he  ozone absorp- 
t i o n  sp ike  t he  atmospheric window i s  
considerably smudged a t  t he  edges by 
o ther  absorbers,  pr imari ly  water vapor. 
The n e t  a t tenua t ion  e f f e c t  must be 
considered when seeking absolute  t e m -  
pera ture  values from in f r a r ed  sensors .  
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Prel iminary  examinations from Cold 
F l i g h t  I showed t h a t  t h e  M I  s e n s o r  
d e t e c t e d  t h e  s e a  s u r f a c e  temperature  
i n  c l o u d l e s s  and r e l a t i v e l y  dry  a r e a s  
of s u b t r o p i c a l  h ighs  1-2°C t o o  co ld  
( e . g . ,  a c t u a l  s e a  s u r f a c e  temperature  
shown by s h i p  s y n o p t i c  d a t a  would be  
1-2°C warmer than  M I  d a t a  showed). 
For c o l d e r  wa te r  o f f  t h e  Norwegian 
c o a s t  n e a r  70N t h e  s e a  s u r f a c e  temper- 
a t u r e  was sensed 3°C t o o  co ld .  

Cold F l i g h t  I1 and l a t e r  "Data ?+- 
p l i c a t i o n  Reports" from t h e  Hawaiian 
t a c t i c a l  s i t e  examined t h e  a t t e n u a -  
t i o n  problem i n  cons ide rab ly  g r e a t e r  
d e t a i l .  I t  was shown t h a t  a mois t  
t r o p i c a l  ocean ic  atmosphere has  a 
cons ide rab ly  l a r g e r  e f f e c t  on t h e  
a b s o l u t e  thermal  accuracy o f  t h e  M I  
s e n s o r .  S i x t y  c i r r u s - f r e e  M I  s e n s o r  
r ead ings  of  s e a  s u r f a c e  temperature  
were taken and compared wi th  s h i p  
s y n o p t i c  r e p o r t s .  Linear  m u l t i p l e  
c o r r e l a t i o n  c o e f f i c i e n t s  were ca lcu-  
l a t e d  f o r  t h r e e  c l a s s e s  o f  d a t a .  See 
Table 5-2. 

Dis tance  from Sea Sur face  Temper- 
Nadir i n  Inches a t u r e  Minus M I  
on P i c t u r e  Sensed Temperature 

( " C )  

Table 5-2. Di f fe rence  between s e a  
s u r f a c e  temperature  and M I  sensed 
temperature  f o r  t h r e e  reg ions  on 
M I  p i c t u r e .  

The i n t e r v a l s  on t h e  M I  p i c t u r e ,  
0-1, 1-2, and >2 inches ,cor respond  t o  
s e n s o r  scan ang les  ( 8 )  measured from 
n a d i r  (F igure  5-2) o f ,  0°-15.20, 
15.2"-31.1°, and >31.1°.  I t  was a l s o  
found t h a t  a s  t h e  sensor  aged i n  
space ,  f u r t h e r  degrada t ion  occurred.  
Over a y e a r ' s  t ime t h e  va lues  
i n d i c a t e d  i n  Table 5-2 would i n c r e a s e  
1-2°C. 

The r a d i a t i n g  temperature  of  low 
cloud t o p s  was i n v e s t i g a t e d  i n  d e t a i l  
on 25 March 1970 dur ing  Cold F l i g h t  
11. A i r c r a f t  were flown t o  w i t h i n  1000 
f e e t  h o r i z o n t a l l y  of  c loud t o p s .  I f  
t h e  c loud was nea r  a Hawaiian rad io -  
sonde obse rva t ion  bo th  i n  t ime and 
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space ,  then t h a t  sounding was used t o  
determine t h e  atmospheric temperature  
and mois ture  s t r u c t u r e .  I f  no rad io -  
sonde s t a t i o n s  met t h e  c r i t e r i a ,  then  
a dropsonde was r e l e a s e d  t o  provide  
t ime ly  informat ion f o r  t h a t  cloud o r  
group o f  c louds  i f  c l o s e l y  spaced.  
The c loud o r  cloud family had t o  be  a t  
l e a s t  two nm i n  s i z e  and observed 
w i t h i n  15 minutes of  a s a t e l l i t e  pass .  
The meteorological  obse rvers  on t h e  
a i r c r a f t  recorded t h e  a i r c r a f t  a l t i t u d e  
(c loud t o p  a l t i t u d e )  and Rosemont probe 
temperature  of t h e  a i r  f o r  t h a t  a l t i -  
tude .  A l l  c louds  observed t h a t  day had 
t h e i r  t o p s  between 8,000 f t  and 10,200 
f t ,  were w i t h i n  20 degrees  of t h e  
s a t e l l i t e  n a d i r ;  and t h e i r  tops  r e g i s -  
t e r e d  2°C t o  6°C on t h e  Rosemont probe. 
General ly ,  t h e  cloud t o p  temperatures  
were d e t e c t e d  t o o  co ld  by t h e  M I  sen- 
s o r ,  t h u s  overes t ima t ing  t h e  cloud t o p  
a l t i t u d e  by 3000 - 5000 f e e t .  

On 17 March 1970 a t h i c k  c i r r u s  
s h i e l d  n e a r  Midway Is was i n v e s t i g a t e d .  
Its t o p  was measured a t  30,000 f e e t  
by t h e  a i r c r a f t  wi th  a Rosemont probe 
temperature  of -43°C. M I  t h resho ld -  
i n g  was used and i n d i c a t e d  a temperature  
between -48°C and -51°C. The observa- 
t i o n  occurred wi th  a s e n s o r  scan angle  
of f3=45". The r e s u l t  was t h a t  t h e  
c i r r u s  cloud t o p  temperature ,  when 
compared t o  t h e  a i r c r a f t  recorded and 
Midway Is radiosonde temperatures ,  
i n d i c a t e d  t h e  c loud was d e t e c t e d  4000 
f e e t  t o o  high by t h e  sensor .  

A l i n e a r  r e g r e s s i o n  equa t ion  .was 
cons t ruc ted  from Cold F l i g h t  I1 d a t a .  
I t  i s :  

where: Ta = a c t u a l  temperature  

ERT = e f f e c t i v e  r a d i a t i n g  
temperature  determined 
from M I  d a t a .  

8 = s e n s o r  scan ang le .  
- 

= mean mixing r a t i o  d e t e r -  
mined i n  100 mb l a y e r s  
from 200 mb t o  t h e  r a d i a -  
t i n g  s u r f a c e ,  and then each 
l a y e r  summed. 

Figure  5-3 shows a p l o t  of  e f f e c t i v e  
r a d i a t i n g  temperature  vs  a c t u a l  temper- 
a t u r e  f o r  t h e  i d e a l i z e d  t r a n s p a r e n t  
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B =  SCAN ANGLE 

Z= ZENITH ANGLE 

Y =  INCREASED ATMOSPHERIC DEPTH 

X=  ATMOSPHERtC DEPTH 

F i g  5-2. At t enua t ion  geometry. 

atmosphere, and examples o f  an where: i / c o s  f3 r e p r e s e n t s  a  l i n e  of  
Hawaiian t r o p i c a l  moist  atmosphere s i g h t  measurement through t h e  mois ture  
observed through t h r e e  ranges o f  l a y e r s .  Eq 5-2 i s  p l o t t e d  i n  F igure  
s e n s o r  scan angle .  5-4. 

The e r r o r  between a c t u a l  tempera- 
t u r e  and e f f e c t i v e  r a d i a t i n g  tempera- 
t u r e  was observed t o  be  r e l a t e d  t o  t h e  
mois tu re  d i s t r i b u t i o n .  The r e g r e s s i o n  
equa t ion  d e s c r i b i n g  it is: 

E r r o r  (Ta-ERT) = -35.97 (Eq 5-21 
+ 30.98 L O C J ( ~ / C O S  B )  

The Hawaiian s i t e  performed another  
s tudy  on a b s o l u t e  thermal  accuracy 
us ing  25 Sep 1970 M I  d a t a .  Radiosonde 
d a t a  was used from w i t h i n  s i x  hours  of 
a  s a t e l l i t e  pass .  A c o r r e l a t i o n  was 
de r ived  between radiosonde "observed" 
cloud t o p  temperatures  and t h e  e f f e c -  
t i v e  r a d i a t i n g  temperature  i n d i c a t e d  
by M I  d a t a .  I t  was assumed t h a t  t h e  
a tmospher ic  thermal  s t r u c t u r e  d i d  n o t  
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F i g  5-3.  E f f e c t i v e  r a d i a t i n g  temperature  vs a c t u a l  temperature  

change i n  t h e  t ime p e r i o d  between 
radiosonde obse rva t ion  and t h e  s a t e l -  
l i t e  passes .  F u r t h e r ,  it was assumed 
t h a t  t h e  radiosonde obse rva t ion  was 
r e p r e s e n t a t i v e  f o r  t h e  a r e a  covered 
by l aye red  f r o n t a l  c louds ,  and t h a t  
t h e  weather system was i n  s t e a d y  
s t a t e .  These assumptions cannot be  
t o t a l l y  a c c u r a t e  because t h e r e  was 
convect ive  h e a t i n g  dur ing  t h e  day and 
t h e  f r o n t a l  system was undergoing 
f r o n t o l y s i s .  Low and middle a l t i t u d e  
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cloud t o p  temperatures  were determined 
by us ing  techniques  desc r ibed  i n  AWS 
Manual 105-24 [8  I . C i r r u s  cloud t o p s  
were c a l c u l a t e d  t o  be  n e a r  t h e  200 mb 
l e v e l  where, i f  a  p a r c e l  had been 
l i f t e d  mois t  a d i a b a t i c a l l y ,  it would 
have i n t e r s e c t e d  t h e  temperature  
sounding.  This  l e v e l  a l s o  c l o s e l y  
approximated t h e  l e v e l  of maximum 
winds, a reasonably good i n d i c a t o r  of  
c i r r u s  . 



Fig  5-4. Temperature e r r o r  vs mois ture .  

E f f e c t i v e  r a d i a t i n g  temperatures  
were determined by matching va r ious  
combinations of B r i l l i a n c e  Invers ion  
and Threshold 141 produc t s .  Through 
c a r e f u l  examination,  t h e  cloud t o p  ERT 
i n t e r v a l  can be  narrowed t o  about 2OC. 
The r e s u l t s  of t h e  s tudy were consid-  
e r a b l y  d i f f e r e n t  from Cold F l i g h t  11. 
For t h i s  mid- la t i tude  s i t u a t i o n  it was 
found t h a t  s a t e l l i t e  observed ERT's 

were warmer than  t h e  c loud t o p  temper- 
a t u r e s  observed by radiosonde.  The 
reason f o r  t h e  d i f f e r e n c e  from Cold 
F l i g h t  I1 r e s u l t s  was f e l t  t o  l i e  i n  
t h e  assumptions used f o r  determining 
"observed" c loud t o p  temperatures ,  and 
t h e  d i f f i c u l t i e s  encountered i n  
s e l e c t i n g  s u i t a b l y  opaque c louds .  The 
M I  s ensor  i n d i c a t e d  cloud t o p  ERT's 
warmer than t h e  c loud t o p ,  b u t  c o l d e r  
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than t h e  under ly ing s u r f a c e .  This  
i n d i c a t e s  t h a t  warmer emiss ions  from 
w i t h i n  t h e  c loud were p e n e t r a t i n g  
through t h e  c loud t o p ,  thus  g i v i n g  a  
f a l s e  reading.  I t  a l s o  i n d i c a t e s  
t h a t  c louds  should  n o t  be  assumed t o  
r a d i a t e  a s  p e r f e c t  b lack bodies .  

The f i r s t  WHR s e n s o r  was no t  flown 
u n t i l  November 1972. An e v a l u a t i o n  
was performed on i t s  response  charac- 
t e r i s t i c s  us ing  AFGWC d a t a ,  ( 9 ) .  The 
r e s u l t  i s  shown i n  Figure  5-5. I n  
g e n e r a l ,  t h e  e v a l u a t i o n  showed t h a t  
c o l d  o b j e c t s  were be ing  d e t e c t e d  20°C 
t o o  c o l d ,  and t h a t  warm o b j e c t s  were 
be ing  d e t e c t e d  lS°C t o o  cold .  Coin- 
c i d e n t  M I  d a t a  was much more a c c u r a t e ,  
showing t h e  emi t t ed  temperature  t o  be  
S°C c o l d e r  than  t h e  observed tempera- 
t u r e  over  a  range from 230K t o  300K. 
A s  t h e  WHR s e n s o r  ages i n  space and 
contaminat ion c o l l e c t s  on t h e  r a d i a -  
t i v e  c o o l e r ,  i t s  thermal response 
degrades f u r t h e r .  For t h e s e  reasons  
WHR d a t a  a r e  used f o r  imagery r a t h e r  
than q u a n t i t a t i v e  temperature  d e t e r -  
minat ion.  The M I  s e n s o r  i s  much 
b e t t e r  s u i t e d  t o  determine accura te  
emiss ive  temperatures .  

D. T h e o r e t i c a l  At tenua t ion  
Cor rec t ions  

I t  i s  apparen t  t h a t  atmospheric 
a t t e n u a t i o n  f a c t o r s  a r e  d i f f e r e n t  f o r  
each s i te  depending on i t s  l o c a t i o n  
and season.  Many s i t e s  have a  con- 
t i n u i n g  e v a l u a t i o n  program s o  t h a t  
a c c u r a t e  temperatures  ( c loud  h e i g h t s )  
can b e  o b t a i n e d  f o r  miss ion suppor t .  
To a s s i s t  t h o s e  who do n o t  have access  
t o  s i t e  p e c u l i a r  c a l i b r a t i o n  d a t a ,  
t h e o r e t i c a l  atmospheric a t t e n u a t i o n  
curves  f o r  a  s t a n d a r d  atmosphere were 
developed f o r  t h e  M I  s ensor .  Figure  
5-2 shows t h e  geometry o f  t h e  a t t enua-  
t i o n  problem and c o n t a i n s  t h e  symbols 
used i n  t h e  t h e o r e t i c a l  c o r r e c t i o n  
f a c t o r s .  The f i r s t  s t e p  i s  t o  d e t e r -  
mine t h e  e f f e c t i v e  r a d i a t i n g  tempera- 
t u r e  (ERT) of  t h e  t a r g e t  from t h e  M I  
d a t a .  This  can be  done by v i s u a l l y  
matching gray shades o r  us ing  a  
densi tometer .  Next, determine t h e  
z e n i t h  angle  ( 5 )  f o r  t h e  t a r g e t .  This 
can be  done by producing a  t r a n s p a r -  
ency copy of  Figure  5-6 wi th  6.3 
inches  between @ = 50' and 5  = 60'. 
F igure  5-6 i s  f o r  1:15 m i l l i o n  s c a l e  
d a t a .  Data subpo in t  i s  determined by 
techniques  d e s c r i b e d  i n  Chapter 6 .  The 
Y-value ( i n c r e a s e d  a tmospher ic  depth)  
c o r r e c t i o n  i s  determined by us ing  
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Figure  5-7. En te r  Figure  5-7 wi th  t h e  
ERT and z e n i t h  angle .  The r e s u l t i n g  
c o r r e c t i o n  can be  read a s  e i t h e r  tem- 
p e r a t u r e  o r  t h e  approximate h e i g h t  
e r r o r  i f  t h e  r a d i a t i n g  t a r g e t  i s  a  
cloud.  The X-value (atmospheric depth)  
c o r r e c t i o n  i s  determined by u s i n g  
Figure  5-8. This  f i g u r e  provides  an 
ERT c o r r e c t i o n  due t o  t h e  mois ture  
p r e s e n t  i n  a  s t a n d a r d  atmosphere. A s  
i n  Figure  5-7, t h e  c o r r e c t i o n  can be  
read  a s  e i t h e r  temperature  o r  approxi-  
mate c loud h e i g h t  e r r o r .  F igure  5-7 
i s  de r ived  from t h e  fo l lowing  equat ion:  

ERT ( c o r r )  = ERT + 0.0125 (ERT-220) 

For both  F i g  5-7 and F ig  5-8, t h e  tem- 
p e r a t u r e  c o r r e c t i o n s  a r e  added t o  t h e  
ERT, and t h e  c loud h e i g h t  c o r r e c t i o n s  
a r e  s u b t r a c t e d  from t h e  c loud h e i g h t  
determined by us ing  t h e  ERT and rad io -  
sonde temperature  vs a l t i t u d e  informa- 
t ion .  

E .  VHR I n v  Mode Process ing 

The bi t - f rame s t r u c t u r e  i s  s i m i l a r  
f o r  both  VHR and WHR d a t a .  Because 
of  t h i s  i t  i s  p o s s i b l e  t o  process  'JHR 
2a2a a s  i f  it were WHR. I n  t h i s  manner 
a l l  of t h e  enhancement choices  a v a i l -  
a b l e  t o  WHR ( b r i l l i a n c e  i n v e r s i o n  and 
t h r e s h o l d i n g )  a r e  a l s o  a v a i l a b l e  f o r  
VHR d a t a .  In  t h e  normal VHR d i s p l a y  
s o l a r  e n e r w  i n c i d e n t  on the e a r t h  
scene is  r e f l e c t e d  t o  t h e  s e n s o r  and 
d i sp layed  a s  a  p o s i t i v e  image (dark 
o b j e c t s  appear d a r k ,  l i g h t  o b j e c t s  
appear l i g h t ) .  When us ing  t h e  VHR I n v  
mode t h e  image i s  i n v e r t e d  (dark  
o b j e c t s  appear  l i g h t ,  l i g h t  o b j e c t s  
appear d a r k ) .  S ince  v i s u a l  d a t a  a r e  
processed a s  i f  they were i n f r a r e d ,  
and t h e  i n f r a r e d  p rocess ing  c o n t r o l s  
a r e  l a b e l e d  i n  terms of  temperature ,  
then it i s  necessary  t o  determine t h e  
correspondence between a lbedo and 
temperature .  

I n  o r d e r  t o  conver t  from tempera- 
t u r e  t o  a lbedo t h e  c a l i b r a t i o n  o f  t h e  
VHX s e n s o r  must Se known. This s e n s o r  
i s  c a l i b r a t e d  t o  g ive  a  f i x e d  v o l t a g e  
when viewing a  100% albedo t a r g e t  a t  
subpo in t .  The f u l l  range response  
of  t h e  VHR sensor  i s  0 - 4 .0  v o l t s .  
On s p a c e c r a f t  FTV 1524 and FTV 2525 
t h e  c a l i b r a t i o n  vol tqge was 2.3 v o l t s .  
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WHR RESPONSE 

21 0  2 2 0  2 3 0  2 4 0  2 5 0  2 6 0  2 7 0  2 8 0  290  3 0 0  31 0  
ACTUAL TEMPERATURE (DEGREES KELVIN) 

Fig 5-5. WHR temperature  response  t o  known r a d i a t i n g  b o d i e s .  
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F i g  5-6. Zenith ( 0 )  and scan ( B )  ang le  over lay .  

5-10 
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CORRECTION (OKELVIN ) 

d d N N O 
m o m 0  m o 
0 0 0 0 0 0  
9 9 9 9  9 9 

APPROX HEIGHT ERROR (FEET) 

HEIGHT =HEIGHT -CORRECTION 
CLOUD DATA 

F i g  5-7.  Y-value ( inc reased  atmospheric depth)  a t t e n u a t i o n  c o r r e c t i o n .  

5 -1 1 
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APPROX HEIGHT ERROR (FEET) 
HEIGHT =HEIGHT -CORRECTION 

CLOUD DATA 
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Fig  5-8. X-value (atmospheric depth) a t tenua t ion  cor rec t ion .  
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0 
For FTV 3526 it was 2.39 v o l t s .  Hold- 
i n g  t h e  c a l i b r a t i o n  vo l t age  a t  t h e s e  
low l e v e l s  pe rmi t t ed  t h e  s e n s o r  t o  
respond t o  h i g h e r  i l l u m i n a t i o n  va lues  
from t a r g e t s  w e l l  removed from t h e  
subpo in t .  However, exper ience  showed 
t h a t  t h i s  c o n d i t i o n  seldom occur red  
n e a r  noon. There fo re ,  on l a t e r  space- 
c r a f t  t h e  c a l i b r a t i o n  has  been d i f f e r -  
e n t  f o r  morning and noon s a t e l l i t e s .  
Morning s a t e l l i t e s  (e .g .  FTV 7529) 
have t h e  c a l i b r a t i o n  v o l t a g e  s e t  a t  
2.5 v o l t s .  Noon s a t e l l i t e s  ( e .g .  FTV 
5528) have t h e  c a l i b r a t i o n  v o l t a g e  s e t  
a t  4.375 v o l t s .  This  means t h a t  a 
100% albedo subpo in t  t a r g e t  w i l l  over-  
s a t u r a t e  t h e  s e n s o r ;  however, t h i s  
r a r e l y  occurs  and it proved advanta-  
geous t o  expand t h e  dynamic range o f  
t h e  s e n s o r  over  a s l i g h t l y  s m a l l e r  
range o f  a lbedos .  

It i s  p o s s i b l e  t o  r e p r e s e n t  a lbedo 
va lues  a s  e q u i v a l e n t  tempera ture  s e t -  
t i n g s  (ETS) i f  two assumptions a r e  
reasonably  v a l i d .  (1) Assume t h e  
i l l u m i n a t i o n  f i e l d  i s  uniform through- 
o u t  t h e  s c a n  of t h e  e a r t h  scene .  This  
i s  a good approximation f o r  a space- 

@ c r a f t  n e a r  a noon o r b i t .  I t  i s  n o t  a s  
good f o r  a morning o r b i t ,  s o  VHR I N V  
i s  seldom used f o r  a morning o r b i t  
s a t e l l i t e .  (2 )  Assume t h e  s e n s o r  
c o n t r o l  o f  a long- t rack ga in  s e t t i n g s  
ma in ta ins  a c o n s t a n t  v o l t a g e  ou tpu t  a s  
a f u n c t i o n  o f  a lbedo i n p u t  ( e .g .  a t  
b o t h  20°N and 60°N a 100% albedo 
t a r g e t  would show t h e  same v o l t a g e ) .  
B a r r i n g  a s e n s o r  malfunct ion ,  t h i s  i s  
a good assumption. Table 5-3 l i s ts  
t h e  convers ions  between a lbedo and 
ETS f o r  FTV 5528. 

The ea r th - scene  a lbedo f o r  any given 
ETS may be determined by Equation 5-4. 

Albedo = ETS -210 
094 

For example, an ETS o f  250K corresponds  
t o  an a lbedo o f  36.6%. 

Producing VHR I n v  mode d a t a  i s  
s i m i l a r  t o  t h e  b r i l l i a n c e  i n v e r s i o n  (BI) 
o r  t h e  t h r e s h o l d  (Thres)  types  ; however, 
t h e r e  i s  one impor tant  excep t ion .  
With i n f r a r e d  d a t a  a Base temperature  
i s  s e l e c t e d  and t h e  shades  of  gray  a r e  
d i s t r i b u t e d  over  a tempera ture  range 
c o l d e r  than  t h e  Base temperature .  For 
example, a B I  o f  310 X 1  d i s t r i b u t e s  
t h e  64 shades  of  gray  from 310K - 210K. 
For VIIR I n v  t h e  s e l e c t e d  Base ETS 
r e p r e s e n t s  t h e  lowest  a lbedo t o  be 
d i s p l a y e d ,  and t h e  shades  of  gray a r e  
d i s t r i b u t e d  over  an a lbedo range 
toward h i g h e r  a lbedo va lues .  For 
example, a VHR I n v  310 X 1  d i s t r i b u t e s  
t h e  64 shades  of  gray from 91.4% - 0 
albedo.  The range i n  t h i s  case  i s  n o t  
100% because o f  t h e  4.0 v o l t  l i m i t  on 
t h e  o u t p u t  o f  t h e  VHR s e n s o r .  Due t o  
t h i s  v o l t a g e  l i m i t  a lbedos h i g h e r  than 
91.4% cannot be d i sp layed .  The a lbedo 
ranges a r e  91.4% f o r  X 1 ,  45.7% f o r  X2, 
and 22.85% f o r  X4. 

VHR I n v  p roduc t s  may be ~ r o d u c e d  i n  
Thresh Norm o r  Thresh Inv;  however, B I  
can only be ob ta ined  i n  t h e  Inv  mode. 
A s  a r e s u l t  h igh a lbedo o b j e c t s  w i l l  
appear dark.  Enhancements and expand 
s c a l e s  may a l s o  be  s e l e c t e d  f o r  VHR 
Inv products .  

Earth-Scene 
Albedo ( % )  

100% 

9 0 

80 

7 0 

6 0 

50 

4 0 

3 0 

20 

10 

Output 
Voltage 

4.375 

3.9375 

3.5 

3.0625 

2.625 

2.1875 

1.75 

1.3125 

0.875 

0.4375 

Percen t  o f  4.0 
C a l i b r a t i o n  Voltage 

109.4% 

98.4 

87.5 

76.6 

65.6 

54.7 

43.8 

32.8 

21.9 

10.9 

Equ iva len t  Temperature 
S e t t i n g  (ETS) 

319.4 

308.4 

297.5 

286.6 

275.6 

264.7 

253.8 

242.8 

231.9 

220.9 

0 0 0 210 

Table 5-3. Conversion o f  ea r th - scene  a lbedo t o  v o l t a g e ,  c a l i b r a t i o n ,  and 
ETS f o r  a noon s a t e l l i t e .  
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Many uses can be  made of  VHR Inv  pro- 
d u c t s .  Some o f  them a r e :  c loud 
a lbedo s t u d i e s ;  t e r r a i n  enhancements; 
p r e c i p i t a t i o n  i n t e n s i t y / q u a n t i t y  vs 
c loud albedo determinat ion;  a lbedo of  
r i v e r  f lood  p l a i n s  f o r  r i v e r / f l o o d  
f o r e c a s t i n g ;  l a r g e  s c a l e  l and  u s e  
s tudy  and changes i n  land use.  F igure  
5-9 i s  an example of  VHR I n v  235 X4 
d a t a  used f o r  t e r r a i n  enhancement. 
I t  i s  from t h e  same d a t a  s e r i e s  used 
t o  d e p i c t  DDS c a p a b i l i t i e s  i n  Chapter 
4 .  Where n o t  cloud covered ( b l a c k ) ,  
s u b t l e  a lbedo d i f f e r e n c e s  i n  t h e  
t e r r a i n  become apparent .  Rese rvo i r s  
s t a n d  o u t  l i g h t  a g a i n s t  a  d a r k e r  
background. South of Mexico, con- 
t o u r e d  i n  dark  shades a g a i n s t  a  
l i g h t e r  ocean s u r f a c e ,  i s  a  t r a i l  of 

December 19 7  4 

sun g l i n t .  Informat ion about s u r f a c e ,  
wind speed,  r i d g e l i n e s ,  and s e a  s t a t e  
can be  gleaned from sun g l i n t s  (AWS 
TR 212, pp 3-H-15 t o  3-H-17 and 
3-1-8 (4)  ) . The a lbedo ranges i n  
Figure  5-9 extend from 22.8% f o r  t h e  
d a r k e s t  shade of  gray t o  0% f o r  t h e  
l i g h t e s t  shade.  Comparison of Figure  
5-9 w i t h  Figures  4-5 through 4-9 shows 
how t h e  VHR I n v  X4 mode i n c r e a s e s  a  
v iewer ' s  c a p a b i l i t y  t o  i d e n t i f y  o b j e c t s  
i n  VHR imagery. 

Compare Figure  5-10 w i t h  Figure  
5-9. Figure  5-10 has  been processed t o  
show cloud d e t a i l  f o r  very b r i g h t  
c louds  only .  The albedos d i sp layed  
range from 82.3% t o  59.5%. Other h igh 
a lbedo examples w i l l  be  shown i n  
Chapter 7. 
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Fig 5-10. 19 A p r  1973, 5528/5536, VHR, N o r m ,  Inv 300 X4, Off. 
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Chapter  6  - 
A. O r b i t  C h a r a c t e r i s t i c s .  

The a b i l i t y  t o  use  DMSP d a t a  f o r  
mesoscale and s y n o p t i c  a p p l i c a t i o n s  
i s  g r e a t l y  enhanced by unique d a t a  
l o c a t i o n  procedures .  Data l o c a t i o n ,  
o r  g r i d d i n g  o f  d a t a ,  i s  t h e  p h y s i c a l  
p rocess  o f  p l a c i n g  l o n g i t u d e  and 
l a t i t u d e  l i n e s  on t h e  DDS-produced 
p o s i t i v e  t r anspa rency  o r  reproduced 
copy ( h a r d  copy) .  Being a b l e  t o  
perform t h e s e  procedures r a p i d l y  and 
a c c u r a t e l y  i s  an impor tant  a s s e t  o f  
t h e  DMSP system. 

A t  t h e  very  b e s t ,  a c c u r a t e  g r i d -  
d ing  i s  a  complex s c i e n c e .  An under- 
s t a n d i n g  i s  necessa ry  o f  t h e  s e n s i n g  
mechanism, s p a c e c r a f t  o r b i t ,  and d i s -  
p l ay  equipment. The s e n s i n g  mech- 
anism, a l r e a d y  d i scussed  i n  Chapter  
3 ,  employs f ixed-speed scanning 
rad iomete r s  which measure r e f l e c t e d  
o r  e m i t t e d  r a d i a t i o n  amounts a long a  
l i n e  p e r p e n d i c u l a r  t o  t h e  space- 

a c r a f t ' s  d i r e c t i o n  o f  motion. The 
scanners ,  a s  i n d i c a t e d  i n  F igure  6-1, 
a r e  e s s e n t i a l l y  look ing  a t  a  curved 
s u r f a c e  from a  f i x e d  p o i n t  i n  space .  
The r e s u l t i n g  e f f e c t  i s  termed fo re -  
s h o r t e n i n g .  Not only  a r e  t h e s e  d a t a  
fo reshor tened  because  o f  " looking"  
over  the c u r v a t u r e  of t h e  e a r t h ,  b u t  
t h e  s p a c e c r a f t  t r a v e l s  i n  an o r b i t  
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such t h a t  t h e  l o n g i t u d e  and l a t i t u d e  
l i n e s  a r e  curved and t h e i r  o r i e n t a -  
t i o n  changes depending on the sub-- 
p o i n t  l a t i t u d e .  

The nominal o r b i t  f o r  t h e  DMSP 
s p a c e c r a f t  i s  a  450 nm c i r c u l a r  o r b i t  
w i t h  an i n c l i n a t i o n  ang le  o f  98.7' 
( e x a c t l y  98.747').  Th i s  means t h e  
o r b i t a l  p l ane  i s  i n c l i n e d  98.7O t o  
t h e  e q u a t o r i a l  p l ane  where t h e  space-  
c r a f t  c r o s s e s  t h e  e q u a t o r  northbound 
(ascending node) .  F igure  6-2 shows 
t h e  r e l a t i o n s h i p  between t h e  o r b i t a l  
and e q u a t o r i a l  p l anes .  The 98.7' 
i n c l i n a t i o n  ang le  was s e l e c t e d  t o  
i n s u r e  t h a t  t h e  nominal 450 nm c i r c u l a r  
o r b i t  i s  sun-synchronous (ma in ta ins  
a  r e l a t i v e l y  c o n s t a n t  r e l a t i o n s h i p  t o  
t h e  sun s o  t h a t  t h e  ascending node 
remains a t  a  c o n s t a n t  s o l a r  t i m e ) .  
The combination of a  450 nm c i r c u l a r  
o r b i t  and 98.7' i n c l i n a t i o n  ang le  
means t h a t  t h e  s a t e l l i t e ' s  o r b i t a l  
p l ane  r o t a t e s  s lowly around t h e  e a r t h  
a t  t h e  same r a t e  and d i r e c t i o n  t h a t  
t h e  e a r t h  r o t a t e s  around t h e  sun .  
Th i s  p recess ion  r a t e  of 360' p e r  y e a r  
(0.98563'/day) i s ,  by d e f i n i t i o n ,  
t h a t  of  a  sun-synchronous o r b i t  ( s e e  
F igure  6-3) . 

The 98.7' i n c l i n a t i o n  ang le  a l s o  
s p e c i f i e s  t h e  subpo in t  l a t i t u d e  l i m i t s  

. 
\ 
\ 

'4 

/ 
DIRECTION OF 

/ SPACECRAFT MOTION 
/ 

I 
1 TRACK S ~ B P O I U T  

FLg 6-1. Geometry o f  a  s c a n  l i n e  ( n o t  drawn t o  s c a l e ) .  

6  -1 
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E Q U A T O R I A L  
P L A N E  

w 
F i g  6-2. Nominal DMSP o r b i t a l  i n c l i n a t i o n  ( n o t  drawn t o  s c a l e ) .  

f o r  t h e  s p a c e c r a f t .  The s p a c e c r a f t  
s u b p o i n t  reaches  81.3ON and 81.3OS 
l a t i t u d e  each o r b i t .  The s e n s o r  
scans  13 .3  degrees  of l a t i t u d e  each 
s i d e  of  t h e  s u b t r a c k ;  t h e r e f o r e ,  a t  
81.3ON o r  S t h e  imagery ex tends  p a s t  
t h e  po les .  A t  t h e  most poleward 
p o s i t i o n s  o f  t h e  s p a c e c r a f t  i ts 
motion i s  t a n g e n t  t o  t h e  p a r a l l e l s  
o f  l a t i t u d e ,  adding t o  t h e  complex- 
i t y  of  a  g r i d ' s  l a t i t u d e / l o n g i t u d e  
c o n f i g u r a t i o n .  

The nodal  pe r iod  o f  t h i s  sun- 
synchronous o r b i t  is  101.56 minutes.  
During t h e  t i m e  of  one r e v o l u t i o n ,  
t h e  e a r t h  r evo lves  under t h e  o r b i t  
t o  t h e  e a s t  and t h e  o r b i t a l  p l ane  
p r e c e s s e s  s l i g h t l y  t o  t h e  e a s t .  The 
r e s u l t  i s  t h a t  each nodal  c r o s s i n g  
i s  approximately 25.4 degrees  west  

of  t h e  previous  c r o s s i n g .  A s  
a l r e a d y  i n d i c a t e d ,  w i t h  13.3  degrees  
of  l o n g i t u d e / l a t i t u d e  scanned e i t h e r  
s i d e  o f  s u b t r a c k ,  imagery d a t a  a r e  
cont iguous  a t  t h e  equa to r .  During 
24 hours ,  however, t h e r e  i s  n o t  an 
even number of  r e v o l u t i o n s .  With a  
101.56 minute pe r iod ,  1 4  r e v o l u t i o n s  
w i l l  occur  i n  j u s t  under 1422 minutes 
and 15 r e v o l u t i o n s  t a k e  s l i g h t l y  more 
t h a n  1523 minutes .  S ince  a  day 
c o n t a i n s  1440 minutes ,  e7Jery day 
has  a t  l e a s t  1 4  r e v o l u t i o n s .  Each 
d a y ' s  set  o f  1 4  r e v o l u t i o n s  occurs  
1.54O f a r t h e r  e a s t  t h a n  t h e  previous  
d a y ' s ,  and s i n c e  t h e  o r b i t  i s  sun- 
synchronous,  t h e  f o u r t e e n t h  r evo lu -  
t i o n  occurs  approximately 18 minutes 
( l o c a l  t ime)  e a r l i e r  each day. 

We d e f i n e  t h e  f i r s t  r e v o l u t i o n  
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Fig  6 - 3 .  View of  a  sun-synchronous, l o c a l  noon, n e a r  p o l a r  o r b i t  
from P o l a r i s .  Note p recess ion  o f  t h e  o r b i t a l  p lane  
through 360' dur ing  t h e  yea r  ( n o t  drawn t o  s c a l e ) .  

each day t o  have an ascending node 
g r e a t e r  than o r  equal  t o  68OW a s  t h e  
re fe rence  r e v o l u t i o n ,  and c a l l  it 
N=O f o r  t h a t  day. Each success ive  
r e v o l u t i o n  i s  N = l ,  2, e t c . ,  up t o  
N=13 f o r  an average 1 4  r e v o l u t i o n  day. 
Due t o  t h e  nodal  c r o s s i n g  increment 
nea r  25.4 degrees ,  N=O occurs  between 
68OW and 93.4OW. Each 1 4  r e v o l u t i o n  
d a y ' s  N=O occurs  4.54' f u r t h e r  west  
than t h e  previous  day ' s N=O . Approx- 
imate ly  every f i v e  days t h e r e  i s  a  
1 5  r e v o l u t i o n  day; t h e r e f o r e ,  a  space-  
c r a f t  p e c u l i a r  c y c l e  i s  e s t a b l i s h e d  
which causes both  d a i l y  d a t a  coverage 
and l o c a l  time of d a t a  v a r i a t i o n s .  

6  - 

Table 6-1 shows t h e  p o s s i b l e  nodal  
c r o s s i n g  long i tudes  dur ing a  day f o r  
a nominal o r b i t .  The f u r t h e r  e a s t  
wi th in  a  nodal  c r o s s i n g  zone a  revolu-  
t i o n  occurs ,  t h e  e a r l i e r  ( l o c a l  t ime)  
it  begins .  

B.  Gridding Technique. 

Once DMSP d a t a  a r e  acqu i red ,  on ly  
t h e  long i tude  o f  nodal  c r o s s i n g  and 
t h e  e lapsed  t ime s i n c e  t h e  nodal  
c r o s s i n g  a r e  needed i n  o r d e r  t o  
a c c u r a t e l y  l o c a t e  t h e s e  d a t a .  The 
g:-ids ( l o n g i t u d e / l a t i t u d e  l i n e d  
a c e t a t e  s t r i n s )  c o n s i s t  of  e i t h e r  

3 



Revo lu t ion  Longi tude  (AN) Longi tude  (DN)  

T a b l e  6-1. Nominal a s c e n d i n g  and descend ing  noda l  c r o s s i n g  l o n g i t u d e s  for a 
25.4' l o n g i t u d i n a l  d r i f t  r a t e .  

1: 15  m i l l i o n  o r  1 : 7 . 5  m i l l i o n  map 
s c a l e  o v e r l a y s ,  and a r e  c o n s t r u c t e d  
t o  matcn t h e  s e n s o r  view from a  
nominal  450 nm o r b i t .  Mer id i ans  a r e  
n o t  l a b e l e d  s o  t h a t  t h e  g r i d s  a r e  
u n i v e r s a l .  The d a t a  d i s p l a y  segment 
(DDS) , p r e v i o u s l y  shown i n  F i g u r e  
4-1, e l e c t ~ o n i c a l l y  shapes  the s e n s o r  
s i g n a l  and d i s p l a y s  it t o  f i t  one  of  
t h e  g r i t ' s .  The DDS produces  a  s t r i p  
c h a r t ,  r e c t i f i e s  t h e  imagery by r e -  
moving f o r e s h o r t e n i n g ,  anti conpensa t e s  
f d r  c i c v i s t i o n s  from t h e  norninai sFace-  
c r a f i ;  a l-Li- tude aml a t t i t u d e .  Thus,  
w h i l e  a c c u r a t e  g r i d d i n g  i s  com2lcx 
i n  p r i n c i p l e ,  t h e  a c - t u a i  mec;lailical 
p r o c e s s  i s  g r e a t l y  s i m p l i f i e d  f o r  
DMSP d a t a  by t h e  DDS. 

T h e m  a r e  some s l i g h t  d i f f e r e n c e s  
i n  t h e  DDS equipment  used  a t  AFGWC 
when compared t o  t h o s e  a t  t h e  t a c t i c a l  
s i tes .  The d i f f e r e n c e s  were d e s c r i b e d  
i n  Chap te r  4. One o f  t h o s e  d i f f e r -  
e n c e s  i s  i n  t h e  compensat ion f o r  space -  
c r a f t  a l t i t u d e .  A t  AFGWC a con t inuous  
s i n u s o d i a l  c o r r e c t i o n  i s  a p p l i e d  t o  
t h e  imagery.  A t a c t i c a l  s i t e  u s u a l l y  
s e t s  one  a l t i t u d e  s e t t i n g  i n t o  t h e  DDS 
whic.1 i s  assumed t o  b e  v a l i d  f o r  t h e  
few minutes  t h e  s p a c e c r a f t  i s  w i t h i n  
r e a d o u t  r ange  o f  t h e  s i t e .  I n  t h i s  
s e c t i o n  we s h a l l  d e s c r i b e  t a c t i c a l  

s i t e  g r i d d i n g  p rocedures  s i n c z  t hcy  
may b e  a p ~ l i e d  t o  imagery s e c t i o n :  
from 30th  t a c ' i i c a l  s i t e s  and AE'GWC. 

S i n c e  t h s  ' g r i d s  a r e  l o n ~ i t u d e  
inde?enden t ,  an i n d i v i d u a l  r e v o l u t i o n  
i s  g r i d d e d  w i t h  r e f e r e n c e  t o  t h e  
l o n g i t u d e  o f  noda l  c r o s s i n g ,  e i t h e r  
a scend ing  o r  descend ing .  The g r i d  
i s  a l i g n e d  w i t h  r e s 2 e c t  t o  a  l i n e  on 
t h a  r i g h t  s i d e  o f  t h e  g r i d  which i s  
p a r a l l e l  t o  t h e  &shed Gata c e n t e r  
l i n e ,  and f i d u c i a l s  wliich appea r  on 
t h e  r i gh t -hand  s i d e  of t h c  ? i c t u r s .  
Thcse f i d u c i a l s  a r e  g e n e r a t e d  by 
t h e  D D S .  I f  t h e  equipment  i s  p r o ~ e r - -  
l y  m a i n t a i n e d ,  t,:e f i d u c i c l l s  w i  11 
always be  4.225 i n c h e s  fron: t h e  d a t a  
s u b p o i n t  on 1 :15  m i l l i o n  sci : lc  d a t a ;  
and c e n t e r  expand,  1: 7 . 5  m-  l i i o n  d z t a  
C a r e f u l  ~ z i d d i n g  a l s o  involvz ;  . .>ro;,cr . 
a l o n g - t r a c ~  a l i gnmen t  o f  i : h ~  ~ i - i  d. 
An example of  a s e c t i o n  of :J 5 
imagery w i t h  a  g r i d  p r o p e r l y  a i i c n e ?  
on i t  i a  shown i n  F i g u r e  6-4. 

A computer p roduc t  i s  a v a i l a b l z  
a t  a l l  s i t e  l o c a t i o n s  which p r o v i d e s  
t h e  u s e r  i n f o r m a t i o n  f o r  d a t a  l o c a -  
t i o n .  Bes ides  p r o v i d i n g  t h e  s a t e l l i t e  
a l t i t u d e  a t  any l a t i t u d e ,  i t  p r o v i d e s  
t h e  t i m e  i t  t a k e s  t h e  s p a c e c r a f t  and 
t h e  imagery sub -po in t  t o  r each  any 
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l a t i t u d e .  The t ime i t  t a k e s  t h e  
s p a c e c r a f t  t o  reach a l a t i t u d e ,  
e i t h e r  p r i o r  t o  o r  a f t e r  equa to r  
c r o s s i n g ,  i s  d e l t a  t ime  ( A t ) .  The 
data-subpoint  may precede o r  l a g  
t h e  s p a c e c r a f t  subpo in t  due t o  
s l i g h t  s p a c e c r a f t  p i t c h  e r r o r ,  o r  
e l l i p t i c i t y  of t h e  a c t u a l  o r b i t .  
The t ime  f o r  t h e  data-subpoint  
t o  reach a l a t i t u d e  i s  given i n  
e lapsed  seconds.  For example, t h e  
e lapsed  t ime t o  reach 30°N f o r  a 
nominal o r b i t  i s  508 seconds.  Tech- 
n i c i a n s  o p e r a t i n g  t h e  d i s p l a y  equip- 
ment manually i n i t i a t e  t h e  O r b i t  
Time genera to r  i n  t h e  d i s p l a y  equip- 
ment (Chapter 4 )  normally us ing  t h e  
convsnt ion t h a t  a t  t h e  t ime t h e  
data-subpoint  c r o s s e s  t h e  e q u a t o r  
northbound, t h e  O r b i t  Tima g e n e r a t o r  
w i l l  r ead  00000 (over f low) .  A t  t h a t  
p o i n t  a f i d u c i a l  and t ime t a g  o f  
00000 a r e  p r i n t e d  i n  t h e  r ight-hand 
margin of t h e  f i lm.  Every two minutes 
t h e r e a f t e r  another  f i d u c i a l  and t ime 
t a g  (e .g . ,  00120, 00240, e t c . )  a r e  
p r i n t e d .  (See Figures  6-4 and 6-5) . 
I n  Figure  6-4 t h e  t ime t a g  i s  s o  
l i g h t l y  p r i n t e d  t h a t  t h e  r e a d e r  may 
n o t  be  a b l e  t o  s e e  it. Between 
f  i d u c i a l / t i m e  t a g  p a i r s  a r e  r epea ted  
" d a t a  ca rds"  upon which can b e  d i s -  
played t h e  type  of  d a t a  and enhance- 
ment, s c a l e ,  o r  t h r e s h o l d  modes used. 

F i g  6-5. I n t e r p o l a t i n g  f o r  l a t i t u d e  
of  i n t e r e s t .  

Once t h e  O r b i t  Time g e n e r a t o r  i s  
i n i t i a t e d ,  t h e  a long- t rack placement 
of t h e  g r i d  invo lves  choosing a 
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F i g  6-6. Al igning r i g h t  t r i a n g l e  t o  
subpo in t  l a t i t u d e  o f  
i n t e r e s t .  

l a t i t u d e .  For example, i f  30°N i s  t h e  
l a t i t u d e  of  i n t e r e s t ,  and 00510 i s  t h e  
data-subpoint  o r b i t  t ime f o r  t h a t  
l a t i t u d e ,  then  one has  t o  i n t e r p o l a t e  
between t h e  f i d u c i a l s  i n  o r d e r  t o  g r i d  
t h e  imagery. I f  t h e  t ime t a g s  read 
00480, 00600, e t c . ,  00510 seconds i s  
one-fourth t h e  d i s t a n c e  between t h e  
c e n t e r s  of  t h e  two' f i d u c i a l s  (F igure  
6-5) . 

This  p o i n t  co inc ides  wi th  t h e  
l o c a t i o n  of 30°N a t  subpo in t .  Unless 
a g r i d  i s  a v a i l a b l e  wi th  o f f s e t  l i n e s  
i n d i c a t i n g  t h e  l a t i t u d e  of t h e  sub- 
p o i n t  a t  t h e  proper  r e l a t i v e  p o s i t i o n  
a long t h e  edge o f  t h e  g r i d  (AFGWC has  
some of  t h e s e  g r i d s ) ,  t h e  fo l lowing 
method i s  used. A r i g h t  t r i a n g l e  is 
a l i g n e d  wi th  one s i d e  a long t h e  dashed 
d a t a  c e n t e r  on t h e  g r i d .  The r i g h t  
angle  corner  i s  placed a t  30°N (F igure  
6-6) . The l i n e  formed by t h e  t r i a n g l e  
should  then  be  matched t o  t h e  i n t e r -  
p o l a t e d  o r b i t  t i m e  f o r  30°N on t h e  
imagery. 

The g r i d d i n g  procedure i s  accom- 
p l i s h e d  by p l a c i n g  t h e  g r i d  and 
t r i a n g l e  on t h e  imagery such t h a t  a 
l i n e  drawn on t h e  g r i d  4.225 inches  
t o  t h e  r i g h t  of  t h e  dashed data-sub- 
p o i n t  l i n e  f a l l s  a long an imaginary 
l i n e  through t h e  c e n t e r  of  t h e  
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F i g  6-7. Gridded d a t a  schemat ic .  

f i d u c i a l s .  The g r i d  i s  s h i f t e d  up o r  
down on t h e  imagery u n t i l  t h e  b a s e  o f  
t h e  r i g h t  t r i a n g l e  and t h e  i n t e r -  
p o l a t e d  o r b i t  t i m e  c o i n c i d e  ( F i g u r e  
6-7) .  I f  t h e  DDS equipment h a s  been  
p r o p e r l y  ma in ta ined  and t h e  p rope r  
s e t t i n g  p l a c e d  i n t o  it, t h e n  t h e  
g r i d  shou ld  b e  a c c u r a t e  a t  30°N. 
Quick  check o f  geography i n  t h e  
v i c i n l t y  o f  30°N shou ld  v e r i f y  t h e  
g r i d  p lacement ,  o r  a t  w o r s t ,  c a u s e  a  
s l i g h t  g r i d  ad jus tment .  The e n t i r e  
l e n g t h  o f  d a t a  w i l l  n o t  be p r e c i s e l y  
g r idded  s i n c e  t h e  DDS s e t t i n g s  a r e  
e x a c t  f o r  on ly  one l a t i t u d e .  I n c r e a s -  
i n g  a long  t r a c k  d i s t a n c e  from t h e  

6  - 7 

l a t i t u d e  o f  i n t e r e s t  w i l l  show l a r g e r  
e r r o r .  

Mer id ians  a r e  l a b e l e d  acco rd ing  
t o  a scend ing  (descending)  node v a l u e s .  
Each g r i d  i s  drawn s o  t i i a t  a mer id i an  
l i n e  c r o s s e s  t h e  e q u a t o r  a t  t h e  
ascending  node. I t  i s  l a b e l e d  t o  
n e a r e s t  t e n t h  deg ree ,  and t h e r e  a r e  
p r i n t e d  mer id i ans  eve ry  f i v e  deg rees .  
By fo l lowing  t h e  d a t a  l o c a t i o n  pro-  
cedures  on p r o p e r l y  ma in ta ined  read-  
o u t  equipment,  l a n d  o r  c loud  f e a t u r e s  
can  be  l o c a t e d  w i t h i n  1 .5  nm a c r o s s  
t r a c k  and 3.0 nm a l o n g  t r a c k  on t h e  
c e n t e r  l i n e .  Th i s  e r r o r  may grow 



toward t h e  edges of t h e  imagery where 
it may be a s  much a s  8  nm a c r o s s  t r a c k  
and 1 3  nm along t r a c k .  

C .  Object  A l t i t u d e  Data Locat ion  
E r r o r  

Cross t r a c k  d a t a  l o c a t i o n  e r r o r s  
can r e s u l t  from cloud h e i g h t .  Th i s  
i s  because  t h e  DDS r e c t i f i c a t i o n  
f u n c t i o n ,  based on a  s p h e r i c a l  e a r t h  
model, p o s i t i o n s  d a t a  on t h e  f i l m  a s  
a  f u n c t i o n  o f  s e n s o r  scan a n g l e ,  f o r  
a  p a r t i c u l a r  s a t e l l i t e  a l t i t u d e ,  
i r r e s p e c t i v e  of t h e  h e i g h t  o f  t h a t  
d a t a  above t h e  s u r f a c e  of  t h e  e a r t h .  
A s  a  r e s u l t ,  a s  t h e  s e n s o r  scans  ou t -  
ward from t h e  n a d i r ,  i t  views cloud 
s i d e s ,  r a t h e r  t h a n  j u s t  c loud t o p s ,  
and t h e  DDS p r o j e c t s  t h e s e  d a t a  a s  
i f  i t  were d i r e c t l y  on t h e  e a r t h ' s  
s u r f a c e .  This  p r e s e n t s  an apparent  
s c a l e  expansion,  such t h a t  c louds  
a r e  "pa in ted"  on t h e  f i l m  f a r t h e r  
from t h e  c e n t e r  l i n e  than  they  
should  be .  

A c o r r e c t i o n  can be  a p p l i e d  f o r  
t h i s  c r o s s  t r a c k  e r r o r  i f  t h e  cloud 
h e i g h t  (h )  i s  known. Once h  i s  
e s t a b l i s h e d  from a i r c r a f t  observa-  
t i o n s ,  MI-data, o r  soundings ,  a  
p o s i t i o n  e r r o r  ( A )  i n  inches  on t h e  
p i c t u r e  i s  ob ta ined  from one o f  t h e  
c h a r t s  i n  Figure  6-8. The c h a r t s  
a r e  drawn f o r  va r ious  s a t e l l i t e  
a l t i t u d e s  ( H )  . Figure  6-8 can be 
used by e n t e r i n g  t h e  a p p r o p r i a t e  
c h a r t  a t  t h e  value  of  ( S )  ( d i s t a n c e  
of t h e  c loud from t h e  c e n t e r l i n e  o f  
an expand l e f t / r i g h t  i n  i n c h e s )  and 
read  t h e  c o r r e c t i o n  A i n  inches  f o r  
t h e  c loud a l t i t u d e  h .  S u b t r a c t  A 
from S  t o  determine  t h e  c o r r e c t  loca -  
t i o n  ( S t )  o f  t h e  c loud from t h e  
p i c t u r e ' s  c e n t e r l i n e .  F igure  6-8 ' s  
c h a r t s  a r e  conf igured  f o r  t h e  expand 
mode (1: 7.5 m i l l i o n )  s c a l e ,  which i s  
t h e  s c a l e  most l i k e l y  t o  be used i n  
s i t u a t i o n s  where c loud l o c a t i o n  
accuracy i s  v i t a l .  The c h a r t s  may 
be a p p l i e d  t o  t h e  normal mode (1:15 
m i l l i o n )  s c a l e  simply by h a l v i n g  t h e  
va lue  of  S. 

D .  F i c t i t i o u s  Display  S e t t i n g s  t o  
Acquire Addi t iona l  Data. 

There a r e  occas ions  when a  u s e r  
needs t o  s e e  DMSP imagery t h a t  i s  
c l o s e  t o ,  b u t  beyond t h e  edge o f  t h e  
scan  l i n e  d i s p l a y e d  i n  t h e  p i c t u r e .  
Th i s  p a r t i c u l a r  problem was i n v e s t i -  
ga ted  by Bose l ly ,  Burgmann, and 
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Waltman [ l o ] .  They considered how a  
g r i d  was c o n s t r u c t e d  and based t h e i r  
c a l c u l a t i o n s  on t h e  d i s t a n c e  from t h e  
g r i d  c e n t e r  l i n e  t o  t h e  edge o f  t h e  
g r i d  ( h a l f  d a t a  width-DW) , which i s  
799 nm a c r o s s  t r a c k  d i s t a n c e .  From 
a  450 nm a l t i t u d e ,  DW of 799 nm and 
assuming a  s p h e r i c a l  e a r t h ,  t h e  r e s u l t -  
i n g  s c a n  ang le  ( B )  necessa ry  f o r  
imagery t o  be p roper ly  d i s p l a y e d  t o  
match t h e  g r i d  i s  55.61". However, 
t h e  DMSP s e n s o r s  a r e  des igned f o r  a  
h a l f  scan  of 56.25O ( B ' )  . A s  a  r e s u l t ,  
t h e  s p a c e c r a f t  s e n s o r ' s  " see"  an 
a d d i t i o n a l  0.64' o f  scan  beyond t h a t  
which i s  d i sp layed .  Th i s  overscan 
amounts t o  31 nm on t h e  e a r t h ' s  s u r -  
f a c e  (F igure  6-9) . 

There a r e  two ways t o  d i s p l a y  t h e  
overscan a r e a  seen  by t h e  s e n s o r s ,  
b u t  t r u n c a t e d  by t h e  DDS t o  match t h e  
imagery t o  t h e  g r i d  s c a l e .  One i s  t o  
u s e  a  f i c t i t i o u s  r o l l  s e t t i n g .  I f  a  
one degree  r o l l  c o r r e c t i o n  i s  used,  
t h i s  changes t h e  apparen t  ang le  B 
from 55-61' on bo th  s i d e s  of  t h e  
imagery t o  54 .61° and 56.6 lo respec-  
t i v e l y .  This  means t h a t  an added 
50 nm would be a v a i l a b l e  a long one 
edge o f  t h e  imagery, and s l i g h t l y  
l e s s  than  50 nm would be miss ing from 
t h e  o t h e r  edge. Th i s  non-symmetrical 
view i s  cons ide red  i n f e r i o r  t o  t h e  
view genera ted  by t h e  o t h e r  overscan 
a r e a  t echn ique ,  ,the f i c t i t i o u s  
a l t i t u d e  s e t t i n g .  The o b j e c t i v e  i n  
us ing  a  f i c t i t i o u s  a l t i t u d e  s e t t i n g  
i s  t o  make t h e  DDS " th ink"  t h e  space- 
c r a f t  i s  viewing t h e  e a r t h  from a  
lower a l t i t u d e  than  i t  r e a l l y  i s .  
F igure  6-10 shows t h e  e f f e c t  on scan 
l i n e  sweep l e n g t h  f o r  a  s p a c e c r a f t  a t  
an a l t i t u d e  l e s s  than 450 nm. With 
equa l  scan  a n g l e s ,  d a t a  a r e  l o s t  a t  
t h e  edges i n  o r d e r  t o  ma in ta in  a  f i x e d  
g r i d  s c a l e  (DW=799 nm) . By us ing  an 
a l t i t u d e  s e t t i n g  lower than  t h e  r e a l  
a l t i t u d e ,  t h e  scan  ang le  t o  be d i s -  
p layed can be i n c r e a s e d  from 55 .61° t o  
56.25',  t hus  g i v i n g  more scan l i n e  d i s -  
p lay  on both  edges .  I f  t h e  s p a c e c r a f t  
i s  a t  an a l t i t u d e  g r e a t e r  than  450 nm 
then  cons ide rab ly  l o n g e r  scan  l i n e s  
a r e  sensed and t r u n c a t e d  by t h e  DDS t o  
match t h e  g r i d  s c a l e .  A f i c t i t i o u s  
lower a l t i t u d e  w i l l  a l low more, i f  n o t  
a l l ,  of  t h e  scan  l i n e  t o  be d i sp layed .  
Table  6-2 g i v e s  d a t a  h a l f  width  a s  a  
f u n c t i o n  o f  s p a c e c r a f t  h e i g h t  f o r  
B=55.61° and Bf=56.250.  For a l t i t u d e s  
g r e a t e r  than  450 nm t h e  scan l e n g t h  
sensed b u t  n o t  d i s p l a y e d  i s  determined 
by s u b t r a c t i n g  799 nm from t h e  va lues  
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S ( IN)  
DATA LOCATION ERROR A AS A 
FUNCTION OF DISTANCE FROM SUBTRACKS 
O N  EXPAND MODE DATA FOR VARIOUS CLOUD HEIGHTS h 

F i g  6-8. Data loca t ion  e r r o r .  
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F i g  6-8. Data loca t ion  e r r o r  
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Fig 6-8. Data location e r ro r  
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F i g  6-9. 

h (nm) 

4 30 

435 

440 

445 

4 50 

455 

460 

465 

4 70 

475 

480 

Sensor  view and overscan ( n o t  drawn t o  s c a l e ) .  

DW, B=55.7" 

757 

76 8 

780 

791 

80 3 

814 

826 

838 

850 

86 2 

874 

DW, Bt=56.3" 

784 

796 

808 

820 

832 

844 

857 

869 

882 

895 

908 

Table  6-2. Data h a l f  width a s  a f u n c t i o n  of h e i g h t  and angle .  

6-12 
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F i g  6-10. S e n s o r  view from s p a c e c r a f t  a t  d i f f e r e n t  a l t i t u d e s .  

g iven  i n  t h e  56. 25' column. The 
t a b l e  can  be  used  t o  s e e  i f  a  p a r t i c -  
u l a r  i n t e r e s t  a r e a  l ies w i t h i n  t h e  
oversweep p o r t i o n  of  t h e  scan  l i n e ,  
t h e r e f o r e  hav ing  a  p o s s i b i l i t y  o f  
b e i n g  d i s p l a y e d  w i t h  a  f i c t i t i o u s  
lower a l t i t u d e  s e t t i n g .  

When f i c t i t i o u s  a l t i t u d e  s e t t i n g s  a r e  
used,  a c c u r a t e  g r i d d i n g  u s i n g  t h e  

e x i s t i n g  g r i d  i s  n o t  p o s s i b l e  s i n c e  
e x t r a  d a t a  have been squeezed i n t o  
the 7 . 7 8  i n c h e s  o f  d i s p l a y e d  s c a n  l i n e  
l e n g t h ,  and t h e  a l o n g  t r a c k  l e n g t h  o f  
d a t a  h a s  been  s t r e t c h e d  by t h e  DDS t o  
compensate f o r  t h e  supposedly  lower 
and f a s t e r  moving s a t e l l i t e .  Data i n  
t h e  ove r scan  r e g i o n  have t h e  p o o r e s t  
s p a t i a l  r e s o l u t i o n  o f  any p o r t i o n  
a l o n g  t h e  s c a n  l i n e .  
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Chapter 7 - DMSP Data Appl ica t ion  Techniques 

7-1 

A. General .  

T h i s  c h a p t e r  w i l l  show how s e l e c t -  
ed  meteoro log ica l  cloud p a t t e r n s  
appear  i n  DMSP imagery, d e s c r i b e  
s e v e r a l  a p p l i c a t i o n s  t h a t  have been 
found by AWS DMSP personne l ,  and show 
some non-meteorological  f e a t u r e s  t h a t  
appear i n  t h e  imagery. No a t t empt  
w i l l  be made t o  provide  a complete 
t e x t  on meteoro log ica l  s a t e l l i t e  d a t a  
i n t e r p r e t a t i o n .  Good t e x t s  a l r eady  
e x i s t  f o r  t h i s  purpose. They a r e :  
Anderson e t  a 1  [ l l ] ,  w i th  two supple-  
ments; Anderson and Smith [4] , a l s o  
Skidmore and Purdom [12] ;  Anderson e t  
a 1  w i t h  Anderson and Ve l t i shchev ,  
e d i t o r s  [131; and a p u b l i c a t i o n  by 
B i t t n e r  and Ruggles [I41 which con- 
c e n t r a t e s  on s a t e l l i t e  i n f r a r e d  
imagery. These t e x t s  should  be con- 
s u l t e d  i n  o r d e r  t o  d e r i v e  a b a s i c  
unders tanding of s a t e l l i t e  d a t a  
i n t e r p r e t a t i o n .  This  c h a p t e r  assumes 
t h e  r e a d e r  a l ready  has  knowledge of 
b a s i c  me teoro log ica l  s a t e l l i t e  
imagery i n t e r p r e t a t i o n  techniques .  

F igures  4-5 through 4-19 a l l  show 
v i s u a l  and i n f r a r e d  imagery ( d i f f e r e n t  
p rocess ing  modes) f o r  Mexico and t h e  
western  h a l f  o f  t h e  United S t a t e s  on 
19 A p r i l  1973. Figure  7-1 i s  a copy 
of  t h e  Daily Weather Maps [15] s u r f a c e  
c h a r t  a t  0700 E.S.T f o r  t h a t  d a t e .  
The noon l o c a l  s o l a r  t ime l i n e  nearby 
b i s e c t s  t h e  s a t e l l i t e  imagery examples 
from t o p  t o  bottom; thus ,  t h e  Chapter 
4 f i g u r e s  a r e  approximately seven 
hours  l a t e r  than  Figure  7-1. The 
s a t e l l i t e  p i c t u r e s  provide  a d i f f e r e n t  
view of  t h e  weather  s i t u a t i o n  than  t h e  
s u r f a c e  c h a r t  does.  Obviously,  t h e  
s a t e l l i t e  views t h e  t o p s  o f  t h e  c louds  
a s s o c i a t e d  wi th  t h e  weather  systems; 
a l s o ,  be ing  l a t e r  i n  t ime,  t h e  
s a t e l l i t e  view al lows t h e  meteoro log i s t  
t o  observe  t h e  motion of  t h e  weather  
systems.  However, t h e  most important  
d i f f e r e n c e s  a r e  t h a t  t h e  s a t e l l i t e  
" sees"  bo th  t h e  b i g  ( synop t ic )  and 
l i t t l e  (mesoscale)  f e a t u r e s  a t  t h e  
same t ime ,  and provides  e x c e l l e n t  
c l u e s  on t h e  i n t e n s i t y  of  t h e  weather  
systems.  The s u r f a c e  c h a r t  i s  
l i m i t e d  by s t a t i o n  d e n s i t y  and t h e  
obse rver  ' s viewing range. Upper a i r  
c h a r t s  a r e  f u r t h e r  l i m i t e d  by t h e  
l ack  of adequate  d a t a  t o  d e f i n e  

weather  f e a t u r e s  i n  t h e  mesoscale. 
The p o i n t  be ing  made i s  t h a t  meteor- 
o l o g i c a l  s a t e l l i t e  p i c t u r e s  and con- 
v e n t i o n a l  meteorological  d a t a  a r e  
complementary and should  be used t o -  
g e t h e r  i n  o r d e r  t o  adequate ly  d e f i n e  
t h e  s t a t e  of t h e  atmosphere. 

The f i g u r e s  i n  Chapter 4 show 
t h a t  t h e  occ lus ion ,  which t h e  s u r f a c e  
c h a r t  shows ac ross  C a l i f o r n i a ,  i s  
very weak. Few clouds  can be  assoc-  
i a t e d  wi th  it over  l and ,  and none 
over  t h e  wa te r s  a d j a c e n t  t o  C a l i f o r n i a .  
Using t h e  v i s u a l  and i n f r a r e d  imagery 
t o g e t h e r  al lows us t o  confirm t h a t  
t h e  occ lus ion  brought  mois t  a i r  a l o f t  
i n t o  Nevada, Arizona,  and Utah, where 
thunderstorms a r e  b u i l d i n g  n e a r  t h e  
mountains. The s a t e l l i t e  p i c t u r e s  
confirm t h e  judgement which went i n t o  
l a b e l i n g  t h e  c o l d  f r o n t  i n  New Mexico 
a s  undergoing f r o n t o l y s i s .  I t  i s  
obvious t h a t  t h e  co ld  f r o n t  from 
Nebraska through Texas i n t o  Mexico 
is  t h e  major f r o n t  a s s o c i a t e d  wi th  
t h e  low. The s a t e l l i t e  p i c t u r e s  
g r a p h i c a l l y  show t h e  c i r r u s  a s s o c i a t e d  
wi th  thunderstorms along t h e  f r o n t  
which has  moved eastward from t h e  
s u r f a c e  c h a r t  p o s i t i o n .  A s  mentioned 
i n  Chapter 4, t h e  use of  t h e  i n f r a -  
red  w i t h  t h e  v i s u a l  d a t a  shows t h a t  
t h e  p o r t i o n  of t h e  f r o n t  along t h e  
Mexican Gulf Coast  i s  f a r  l e s s  a c t i v e  
than f a r t h e r  n o r t h .  Few clouds  of 
any s o r t  extend i n t o  Mexico from t h e  
f r o n t .  The imagery shows s e v e r a l  
l i n e s  of  c:lundersto:ms a s s o c i a t e d  
wi th  t h e  complex f r o n t a l  s t r u c t u r e  
n e a r  t h e  low. An upper a i r  r i d g e  
l i n e  i s  dep ic ted  i n  t h e  i n f r a r e d  by 
t h e  c i r r u s  clouds nor th  o f  t h e  vor tex .  
I n  t h e  nor thwestern  p a r t  of  t h e  
p i c t u r e s ,  open c e l l u l a r  s t ra tocumulus  
i s  apparent  o f f  shore  from Oregon, and 
a g r e a t e r  d e n s i t y  of  cumulus and s t r a t o -  
cumulus on shore .  The s u r f a c e  c h a r t  
confirms t h a t  p r e c i p i t a t i o n  i s  i n  
those  a r e a s .  

The use  of Figures  4-5 through 
4-19 a long wi th  Figure  7-1 makes an- 
o t h e r  p o i n t  c l e a r  i n  a d d i t i o n  t o  t h e  
complementari ty of  s a t e l l i t e  and 
convent ional  meteorological  d a t a ;  t h a t  
i s ,  t h e  enhancement modes and d a t a  
formats  of  t h e  DMSP system al low 
g r e a t e r  f l e x i b i l i t y  and p r e c i s i o n  i n  
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determining t h e  s t a t e  of t h e  atmo- 
sphere .  This i s  why D r .  John L.  
McLucas, S e c r e t a r y  of t h e  A i r  Force,  
s t a t e d  i n  t h e  p u b l i c  announcement o f  
DMSP (then DAPP) [16] ,  t h a t  i t  "forms 
t h e  most responsive  o p e r a t i o n a l  d a t a  
system of i t s  kind."  

s t ra tocumulus  west  of Baja C a l i f o r n i a ,  0 
and f o r  t h e  most p a r t  i t - d i d  no t  con- 
t r a s t  w e l l  w i t h  t h e  l a n d ,  s o  remained 
i n v i s i b l e  over  most of  Mexico. Where 
it was v i s i b l e ,  one could  n o t  b e  
s u r e  what cloud type it was o r  a t  
what l e v e l  it e x i s t e d .  This example 

F i g  7-2. C i r r u s  d e t e c t i o n .  23 May 1973, 5528/6017, VHR, 
Norm, Norm, Off.  

Figures  7-2 and 7-3 show t h e  a r e a  
i n  Mexico and southwestern  U S t h a t  
i s  common w i t h  Figures  4-5 and 4-19. 
I n  t h e  v i s u a l  d a t a  of  F igure  7-2 
t h e r e  a r e  f a i n t  s i g n s  of c i r r u s  
c louds  a rch ing  n e a r l y  a l l  t h e  way 
a c r o s s  t h e  p i c t u r e .  This c i r r u s  i s  
a s s o c i a t e d  w i t h  a  s u b t r o p i c a l  j e t  
s t ream.  The c i r r u s  c l e a r l y  shows i n  
t h e  i n f r a r e d  d a t a  o f  Figure  7-3. 
Th i s  s i t u a t i o n  i s  a  common occurrence  
where t h e  c i r r u s  i s  o p t i c a l l y  t h i n  
i n  t h e  v i s u a l  wave l e n g t h s ,  b u t  i s  
emiss ive ly  much c o l d e r  than  t h e  back- 
ground. I n  t h e  v i s u a l  d a t a  t h e  c i r r u s  
was n e a r l y  i n v i s i b l e  a g a i n s t  t h e  

demonstra tes  t h e  meteoro log ica l  value  
of having both  v i s u a l  and i n f r a r e d  d a t a  
a v a i l a b l e ,  i n  t h e  same s c a l e .  Caution 
i s  i n  o r d e r ,  however, about t r y i n g  t o  
use  t h e  i n f r a r e d  expand and i n v e r t  t o  
determine p r e c i s e l y  what t h e  emiss ive  
temperature  i s  a t  t h e  t o p  of  t h e  
c i r r u s .  Because t h e  c i r r u s  i s  t h i n ,  
warmer emiss ions  from below p e n e t r a t e  
t h e  c i r r u s  and contaminate t h e  c loud 
t o p ' s  emiss ive  temperature .  A s  a  
r e s u l t ,  t h e  i n t e g r a t e d  emiss ive  temper- 
a t u r e  d e t e c t e d  by t h e  s e n s o r  i s  t o o  
warm, i n d i c a t i n g  t h e  cloud tops  s e v e r a l  
thousand f e e t  t o o  low. There i s  no 
easy  c o r r e c t i o n  f o r  t h i s  phenomenon. 
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I n  Chapter 5  t h e  thermal  accuracy i n t e g r a t i o n  t o  a  s i n g l e  gray shade of 
of  t h e  M I  and WHR sensors  was d i s -  a  f i e l d  of smal l  cumulus elements.  
cussed.  I t  was shown t h a t  t h e  M I  The o t h e r  minor e f f e c t  i s  t h a t  of t h e  
s e n s o r  i s  thermal ly  more a c c u r a t e  d i f f e r e n c e  i n  thermal accuracy between 
than  t h e  WHR sensor ,  and i n  Figure  3-7 t h e  two sensors  and i s  i n  favor  of  
a  p o r t i o n  of  WHR imagery was shown. t h e  M I  s ensor .  The more eye-pleas ing 

F i g  7-3. C i r r u s  d e t e c t i o n .  23 May 1973, 5528/6017, M I  
Norm, Inv  310 X 1 ,  Off. 

F igures  7-4 and 7-5 a r e  c o i n c i d e n t  
WHR and M I  d a t a  i n  t h e  v i c i n i t y  of 
t h e  Himalaya Mountains. They a r e  
processed w i t h  t h e  same thermal  
expand s e t t i n g s  i n  t h e  DDS. Note 
t h a t  t h e  WHR example has  s h a r p ,  
c r i s p  i n f r a r e d  f e a t u r e s  whi le  t h e  
M I  example appears fuzzy i n  compari- 
son. S ince  t h e  s p e c t r a l  and thermal  
ranges  a r e  t h e  same f o r  t h e  two 
s e n s o r s ,  t h e  apparent  d i f f e r e n c e  i s  
caused by two a d d i t i o n a l  e f f e c t s .  
The major e f f e c t  i s  t h a t  of s p a t i a l  
r e s o l u t i o n .  Resolut ion of  2.4 nm 
i n s t e a d  of  1 / 3  nm causes  a  smearing 
e f f e c t  a long cloud edges o r  an 
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appearance of  WHR d a t a  i s  due t o  t h e  
improved r e s o l u t i o n .  I t  was meht,ioned 
i n  Chapter 5 t h a t  M I  d a t a  should  b\e 
used i n  p re fe rence  t o  WHR d a t a  i f  
q u a n t i t a t i v e  thermal  determinat ion i s  
d e s i r e d .  

B. Synopt ic  P a t t e r n s .  

F r o n t s  a r e  very commonly observed 
i n  DMSP imagery. F r o n t a l  cloud char-  
a c t e r i s t i c s  a r e  w e l l  desc r ibed  i n  
[ I l l .  The important  advantages of  
DMSP d a t a  a r e  t h e  frequency of  observa- 
t i o n s  ( f o u r  t imes  pe r  day) and t h e  
a b i l i t y  t o  use  complementary v i s u a l  
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and i n f r a r e d  imagery t o  determine 
t h e  i n t e n s i t y  of f r o n t a l  weather.  
With very high r e s o l u t i o n  d a t a ,  
mesoscale c loud d e t a i l s  w i t h i n  
t h e  f r o n t a l  zone can be used a s  a 
b a s i s  f o r  s h o r t  term f o r e c a s t i n g .  
Examples of f r o n t a l  cloud p a t t e r n s  
a r e  shown i n  Figures  4-5 through 
4-19, 7-11 through 7-14, and 7-25. 

Fog and s t r a t u s  a r e  w e l l  des-  
c r i b e d  i n  [12] .  On page 5-B-1 of 
t h a t  document i t  s t a t e s  t h a t  " i t  i s  
impossible  t o  d i s t i n g u i s h  fog from 
s t r a t u s  i n  s a t e l l i t e  photographs." 
This  s t a t ement  remains t r u e  f o r  t h e  
DMSP system[alsa. Even use of a l l  
t h e  enhancements, thermal  ranges ,  
and t h r e s h o l d s  f a i l s  t o  s o l v e  t h e  
problem, s i n c e  t h e  v i s u a l  appear-  
ance o f  fog and s t r a t u s  from above 
is  t h e  same, and t h e  e f f e c t i v e  
r a d i a t i n g  temperature  d i f f e r e n c e s  
a r e  n i l .  Frequent ly  we f i n d  f o r  fog  
o r  s t r a t u s  over  wa te r  s u r f a c e s  t h a t  
t h e  cloud t o p  temperature  i s  i n -  
d i s t i n g u i s h a b l e  from t h e  wa te r  
s u r f a c e  temperature  i n  a d j a c e n t  c l e a r  
a r e a s .  Figures  7-14 through 7-16 
c o n t a i n  a r e a s  o f  fog  and s t r a t u s .  

Many types  o f  wave phenomena 
have been observed and s t u d i e d  w i t h i n  
t h e  t r o p i c a l  r eg ions .  They a r e  
desc r ibed  i n  t h e  l i t e r a t u r e  a s  
e a s t e r l y  waves, e q u a t o r i a l  waves, 
i n v e r t e d  "V" p a t t e r n ,  and o t h e r s .  
The personnel  o f  t h e  Hickam AFB, 
Hawaii DMSP s i t e  have observed a 
c loud p a t t e r n  i n  t h e  t r a d e  winds 
which they have nicknamed a 
"screaming e a g l e .  " (F igure  7-6) . 
They normally observe  screaming 
e a g l e s  between 140°W and t h e  d a t e  
l i n e ,  and from 10°N t o  25ON. Th i s  
p a t t e r n  produces widespread cloud- 
i n e s s  and p r e c i p i t a t i o n  over  t h e  
Hawaiian I s l a n d  a r e a .  By us ing  
thermal  ranges  and t h r e s h o l d s ,  t h e  
s i t e  personnel  have discovered t h a t  
t h e  screaming e a g l e  i s  s i m i l a r  t o  a 
p o s i t i v e  v o r t i c i t y  advec t ion  (PVA) 
a r e a ,  only  it e x i s t s  a t  a lower 
a l t i t u d e  (700 mb) than PVAS do i n  
t h e  mid- la t i tudes  . These pe r tu rba -  
t i o n s  a r e  observed t o  form i n  t h e  
e a s t e r l y  flow n o r t h  of  t h e  i n t e r -  
t r o p i c a l  convergence zone, u s u a l l y  
between 140°W and t h e  d a t e  l i n e .  I t  
i s  r a r e  f o r  an e x i s t i n g  screaming 
e a g l e  t o  advect  i n t o  t h e  reg ion .  
Formation west  o f  140°W i s  t h e  u s u a l  
even t .  

The composit ion of a screaming 

e a g l e  i s  a func t ion  of l a t i t u d e .  I t  
i s  made up of  cumuli o r  s t r a t o c u m u l i ,  
having tops  l e s s  than  8000 f e e t ,  and 
towering cumuli t h a t  vary i n  h e i g h t  
wi th  l a t i t u d e .  From 10°N t o  15ON t h e  
tower ing cumuli grow up t o  20,000 f e e t  
o r  more; from 15ON t o  20°N tops  reach 
15,000 t o  20,000 f e e t .  North of  20°N 
t h e  t o p s  w i l l  u s u a l l y  be  below 15,000 
f e e t .  The screaming e a g l e  resembles 
a weak e a s t e r l y  wave, u s u a l l y  f o u r  
degrees  of  l a t i t u d e  i n  N-S e x t e n t ,  
moving from e a s t  t o  west  a t  t h e  speed 
and d i r e c t i o n  of  t h e  mean wind between 
5000 and 10,000 f e e t .  This i s  u s u a l l y  
n e a r  f i v e  degrees  o f  l o n g i t u d e  p e r  
day (13 k n o t s ) .  When t h e  d i s t u r b a n c e  
moves i n t o  t h e  Hawaiian I s l a n d s ,  wide- 
sp read  rainshowers occur  wi th  cloud 
bases  n e a r  1500 f e e t .  The screaming 
e a g l e  u s u a l l y  b reaks  up and does no t  
r e t a i n  i t s  d i s t i n c t i v e  appearance 
a f t e r  pass ing  through t h e  I s l a n d s ;  
however, i f  it s u r v i v e s  pass ing  over  
t h e  I s l a n d s ,  i t  w i l l  con t inue  westward 
and n o t  d i s s i p a t e  u n t i l  n e a r  t h e  d a t e  
l i n e .  

Figures  7-7 and 7-8 show a scream- 
i n g  e a g l e .  I t  can be l o c a t e d  i n  t h e  
v i s u a l  d a t a  (F igure  7-7) between l l O N  
and lSON and n e a r  150°W (r ight-hand 
s i d e  of  t h e  p i c t u r e ) .  The screaming 
e a g l e  p a t t e r n  shows up b e t t e r  i n  t h e  
co inc iden t  i n f r a r e d  d a t a  of  Figure  7-8, 
where c i r r u s  blowing o f f  from t h e  t o p s  
of t h e  matured cumuli shows t h e  c l a s s i c  
shape d e p i c t e d  i n  Figure  7-6. The 
Hawaiian I s l a n d  cha in  i s  nor thwest  of 
t h i s  p a r t i c u l a r  screaming e a g l e ,  extend- 
i n g  from 22°N,1600W t o  19°N,1550W. 

C. T r o p i c a l  Cyclones 

The DMSP s i t e  on Guam has  been 
making o p e r a t i o n a l  use  of  t h e  imagery 
i n  suppor t ing  t h e  J o i n t  Typhoon Warn- 
i n g  Center (JTWC) . For s e v e r a l  y e a r s  
t h e  JTWC had been making use o f  Auto- 
ma t ic  P i c t u r e  Transmission (APT) , 
D i r e c t  Readout I n f r a r e d  ( D R I R )  , o r  
D i r e c t  Readout Scanning Radiometer 
(DRSR) imagery from NOAA s a t e l l i t e s  
t o  l o c a t e  t r o p i c a l  cyclones f o r  a i r -  
c r a f t  reconnaissance .  I n  1971 Guam 
obta ined a DMSP readout  s i t e  and t h e  
number of A i r  Force weather reconnais-  
sance  a i r p l a n e s  was s i g n i f i c a n t l y  
reduced i n  t h e  P a c i f i c .  A s  a r e s u l t  
of  t h e s e  a c t i o n s ,  much g r e a t e r  use had 
t o  be  made o f  me teoro log ica l  s a t e l l i t e  
imagery than  t o  j u s t  c l a s s i f y  t h e  
storms according t o  t h e  r u l e s  s e t  
down by F r i t z ,  Hubert ,  and Timchalk 
[171. 
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I n  1971 t h e  1 Weather Wing of  t h e  
AWS (headquar tered a t  Hickam A F B ,  
Hawaii and i n  command of  a l l  C e n t r a l  
and Western P a c i f i c  AWS u n i t s )  develop- 
ed a new program c a l l e d  t h e  S e l e c t i v e  
Reconnaissance Program (SRP) . I t  i s  
designed t o  make maximum use of 
s a t e l l i t e ,  r a d a r ,  and convent ional  
d a t a  t o  p o s i t i o n  and determine t h e  
i n t e n s i t y  o f  t r o p i c a l  cyclones .  
A f t e r  t e s t i n g  i n  1971, t h e  program 
was r e v i s e d  and has  been used opera- 
t i o n a l l y  s i n c e  then .  I n  t h e  s a t e l l i t e  
p o r t i o n  of  SRP, t r o p i c a l  cyclones  a r e  
grouped i n t o  t h r e e  main c a t e g o r i e s  : 
storms wi th  a v i s i b l e  eye; storms 
wi thou t  an eye ,  b u t  w i t h  a w e l l  
de f ined  c i r c u l a t i o n  c e n t e r ;  s torms 
wi thou t  an eye,  b u t  wi th  a poor ly  
de f ined  c i r c u l a t i o n  c e n t e r .  For a 
whi le  t h e  t h r e e  c a t e g o r i e s  were 

f u r t h e r  subdivided according t o  
whether o r  no t  s u i t a b l e  geography 
f o r  g r idd ing  t h e  p i c t u r e  was 
v i s i b l e .  Th i s  f u r t h e r  subd iv i s ion  
was e l i m i n a t e d  when it was found 
t h a t  t h e  v e r i f i c a t i o n  s t a t i s t i c s  
were n e a r l y  t h e  same f o r  both  
c a t e g o r i e s .  The DMSP imagery i s  
c o r r e c t e d  f o r  cloud h e i g h t  per-  
s p e c t i v e  e r r o r ,  and gr idded a s  
p r e c i s e l y  a s  p o s s i b l e .  I f  a  
c e n t e r  of c i r c u l a t i o n  i s  apparent  
from low clouds  w i t h i n  t h e  c e n t e r  
of  an open eye ,  t h i s  c e n t e r  i s  
used t o  p o s i t i o n  t h e  storm. A 
p o s t  a n a l y s i s  of each s torm i s  
performed and t h e  p o s i t i o n  e r r o r  
i s  computed f o r  t h e  b e s t  s a t e l l i t e  
f i x  vs t h e  " b e s t  t r a c k "  f i x .  The 
b e s t  t r a c k  p o s i t i o n s  a r e  computer 
c a l c u l a t e d  us ing s a t e l l i t e ,  
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a i r c r a f t ,  r a d a r ,  and synop t ic  d a t a  
r e p o r t s  wi th  a p p r o p r i a t e  weight ing 
f a c t o r s  determined from previous  
s torm seasons .  The r e s u l t s  o f  
t h e  1972 Western P a c i f i c  t r o p i c a l  
cyclone seasons  a r e  l i s t e d  i n  
Table 7-1. 

V i s i b l e  eye 

Well def ined c i r c u l a t i o n  c e n t e r  

Poorly de f ined  c i r c u l a t i o n  c e n t e r  

Average 

Technical  Report 74-250 

During t h e  s p r i n g  of  1972, M r .  
Vernon F. Dvorak of t h e  Nat ional  
Environmental S a t e l l i t e  S e r v i c e  was 
i n v i t e d  t o  spend two weeks a t  t h e  
JTWC, Guam. He was d e v i s i n g  a  new 
technique f o r  c l a s s i f y i n g  t r o p i c a l  
cyclones based on t h e i r  appearance i n  
s a t e l l i t e  p i c t u r e s .  He worked wi th  

Table 7-1. 1972 Guam DMSP SRP Summary 

Mean Deviation (NM) Sample S i z e  

Guam's SRP e f f o r t s  p lus  a  few DMSP 
obse rva t ions  from o t h e r  P a c i f i c  s i t e s  
were used t o  cance l  weather recon- 
na i s sance  f l i g h t s  i n t o  the  storms i f  
t h e  s a t e l l i t e  pass was w i t h i n  1 . 5  t o  
3.0 hours  p r i o r  t o  t h e  warning t ime 
f o r  a  descending node, 1.75 t o  3.0 
hours p r i o r  t o  t h e  warning t ime f o r  
m ascending node, and met t h e  v i s i b l e  
e y e  o r  w e l l  de f ined  c i r c u l a t i o n  c e n t e r  
c r i t e r i a .  During 1972 100 of 647 
t o t a l  t r o p i c a l  cyclone f i x e s  were ac- 
complished by s a t e l l i t e  f i x e s  ( 1 5 % ) .  
The SRP program, us ing s a t e l l i t e ,  
r a d a r ,  and s y n o p t i c  d a t a , a c t u a l l y  
accounted f o r  more than  t h a t ,  wi th  
109 c e n t e r  f i x  f l i g h t s  saved wi th  SRP, 
and 48 i n v e s t i g a t i v e  f l i g h t s  saved; 
a  t o t a l  of  157 a i r c r a f t  s o r t i e s  
saved. This r ep resen ted  about 20% of  
t h e  t o t a l  a i r c r a f t  levy f o r  t h e  1972 
season.  I n  a d d i t i o n  t o  t h e s e  l e v i e s  
saved,  o t h e r  SRP f i x e s  ( n o t  meeting 
t h e  t h r e e  c r i t e r i a  s t a t e d  above) were 
used t o  f i l l  i n  f o r  i n a d v e r t e n t  
missed o r  l a t e  a i r c r a f t  f i x e s .  

The f i n a i  s t a t i s t i c s  f o r  t h e  1973 
storm season were n o t  complete a t  t h e  
p r e s s  t ime of  t h i s  Technical  Report. 
However, p a r t i a l  s t a t i s t i c s  f o r  t h e  
f i r s t  e l even  months of 1973 were a v a i l -  
ab le .  DMSP s a t e l l i t e  f i x e s  accounted 
f o r  42 of 272 t o t a l  f i x e s ,  o r  15% 
o f t h e  t o t a l -  t h e  same a s  1972. The 
s m a l l e r  q u a n t i t y  of  f i x e s  i n d i c a t e s  
t h a t  t h e  1973 P a c i f i c  s torm season was 
much l e s s  a c t i v e  than  i n  1972. The 
v e r i f i c a t i o n  s t a t i s t i c s  f o r  c e n t e r  
f i x  accuracy compared t o  b e s t  t r a c k  
were nea r ly  t h e  same a s  1972. 

t h e  o r i g i n a t o r s  of  t h e  SRP program, 
and a  continuous flow of  informat ion 
and new techniques  have cont inued 
between M r .  Dvorak and t h e  Guam DMSP 
personne l .  H i s  t echnique [I81 i s  
v i t a l  t o  t h e  SRP program. I n  1972, 
us ing t h e  Dvorak technique,  t r o p i c a l  
cyclone wind speeds a t  t h e  storm 
c e n t e r  were es t ima ted  wi th  an average 
d e v i a t i o n  from b e s t  t r a c k  va lues  of 
only  e i g h t  kno t s .  This was t h e  same 
d e v i a t i o n  t h a t  a i r c r a f t  f i x e s  had 
from b e s t  t r a c k  values .  Using t h e  
Dvorak technique f o r  makicg a  24- 
hour f o r e c a s t  of t h e  i n t e n s i t y  o f  t h e  
s torm y i e l d e d  an average 13-knot 
d e v i a t i o n  from v e r i f y i n g  b e s t  t r a c k  
values .  A 10 Jan  1974 message from 
1 WW i n d i c a t e d  t h a t  1973 v e r i f i c a t i o n  
" r e s u l t s  w i l l  be very s i m i l a r  t o  
those  of 1972." 

The d e t a i l s  of t h e  SRP and how 
t h e  Dvorak technique i s  used i n  SRP 
a r e  conta ined i n  Arnold 1191. 

Figures  7-9 and 7-10 show h u r r i -  
cane Agnes a s  she  moved on to  t h e  Gulf 
Coast dur ing  19 June 1972. An e a r l i e r  
view of  Agnes i n  t h e  format ive  s t a g e  
can be found i n  Figures  7-17 and 7-18 
f o r  1 4  June 1972. The imagery f o r  
Figures  7-9 and 7-10 were rece ived  
by t h e  t a c t i c a l  s i t e  l o c a t e d  a t  
Keesler  AFB, M i s s i s s i p p i .  The s i t e  
was exper ienc ing  t h e  s torm a t  the 
t ime of  d a t a  r e c e i p t .  Reconnaissance 
r e p o r t s  i n d i c a t e d  t h a t  Agnes had 75 
knots  on 18 June,  and exper ienced h e r  
lowest  p r e s s u r e  on t h e  morning of t h e  
19th  wi th  978 mb. Maximum winds of 



Fig  7-9. T r o p i c a l  cyclone Agnes. 19 Jun 1972, 5528/1236, VHR, Norm, 
Norm, Low 

6 5  kno t s  were r e p o r t e d  j u s t  p r i o r  t o  
l a n d  f a l l .  The DMSP imagery was 
sensed n e a r  noon. 

Two motions a r e  apparen t  i n  t h e  
v i s u a l  imagery of  Figure  7-9. The 
l i n e s  of  smal l  cumulus c e l l s  over  
both  wa te r  and l a n d  i n d i c a t e  t h e  low 
l e v e l ,  cyc lon ic  in f low t o  t h e  storm. 
C i r r u s  plumes, p a r t i c u l a r l y  a long 

t h e  nor the rn  edge of t h e  storm, i n d i c a t e  
t h e  upper l e v e l ,  a n t i c y c l o n i c  outf low 
from t h e  storm. Also apparen t  a r e  t h e  
q u a n t i t y  of  a c t i v e  cumulonimbi a long 
t h e  f e e d e r  band extending southward 
from Agnes towards Yucatan, and t h e  
c e n t r a l  dense o v e r c a s t  (CDO according 
t o  Dvorak) n e a r  t h e  s torm c e n t e r .  A 
look a t  t h e  i n f r a r e d  of  Figure  7-10 
shows cons ide rab le  d i f f e r e n c e  between 
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F ig  7-10. T r o p i c a l  cyclone Agnes. 19 Jun 1972, 5528/1236, M I ,  Norm, Inv  
310 x l ,  Off 

t h e  d e t a i l s  apparent  i n  i t  when 
compared w i t h  t h e  v i s u a l  storm. I t  
i s  much more d i f f i c u l t  t o  i d e n t i f y  
t h e  apparent  c e n t e r  of c i r c u l a t i o n .  
Low l e v e l  flow a s  i n d i c a t e d  by 
cumulus l i n e s  v i r t u a l l y  d i sappears .  
There appear t o  b e  massive q u a n t i t i e s  
of c i r r u s ,  some of which obscure  t h e  
low cloud d e t a i l s  t h a t  could  be seen 

7-12 

through patches  of  t h i n  c i r r u s  i n  t h e  
v i s u a l  p i c t u r e .  The combination of  
M I  s ensor  s p e c t r a l  i n t e r v a l  and 2.4 
nm r e s o l u t i o n  r e s u l t s  i n  t h e  apparent  
blooming and fuzz ing  of  i n f r a r e d  
imagery. These f i g u r e s  show why t h e  
S R P  program uses  v i s u a l  imagery, 
day o r  n i g h t ,  as  t h e  prime d a t a  
choice  from DMSP imagery. Work 



has  s t a r t e d  i n  us ing  WHR imagery 
a t  n i g h t  f o r  SRP. 

During t h e  summer of  1973 t h e  
53rd Weather Reconnaissance Squadron 
(Hurr icane Hunters)  moved t o  Keesler  
AFB from Puer to  Rico. Even though 
t h e  Keesler  AFB DMSP s i t e  i s  used 
p r i m a r i l y  f o r  maintenance t e c h n i c i a n  
and f o r e c a s t e r  t r a i n i n g ,  DMSP d a t a  
a r e  now be ing  used t o  suppor t  t h e  
Hurricane Hunter crews i n  t h e i r  
miss ions  i n t o  t h e  storms.  T r o p i c a l  
cyclone p o s i t i o n s  and i n t e n s i t i e s  
i n  t h e  A t l a n t i c  Ocean a r e  a l s o  be ing  
provided t o  t h e  Na t iona l  Hurricane 
Forecas t  Center i n  Miami by SRP 
t r a i n e d  f o r e c a s t e r s  us ing  DMSP d a t a  
a t  t h e  AFGWC, O f f u t t  AFB, Nebraska. 

D. Mesoscale P a t t e r n s  Near t h e  
Surf  ace  

C~mulus  s t r e e t s  o v e r  l and  and 
wa te r  c l e a r l y  showed t h e  low l e v e l  
wind flow i n t o  Agnes i n  F igure  7-9. 
The same type o f  cumulus s t r e e t  
p a t t e r n s  a r e  p r e s e n t  dur ing  pe r iods  
of  no t r o p i c a l  cyclone a c t i v i t y .  
Figure  7-11 shows many smal l  
cumulus cloud elements a l i g n e d  w i t h  
t h e  low l e v e l  flow p a t t e r n  around 
t h e  western  edge of t h e  Bermuda High. 
The l i n e s  a r e  p r e s e n t  o v e r  bo th  land 
and ocean. Some enhancement and 
d i s t o r t i o n  of t h e  cumulus l i n e s  a r e  
e v i d e n t  where topographic  b a r r i e r s  
d i s t u r b  t h e  wind flow. This  i s  
p a r t i c u l a r l y  e v i d e n t  over  Hispan io la ,  
wi th  downstream e f f e c t s  i n  t h e  
cumulus p a t t e r n  n o t i c e a b l e  s o u t h  of  
Cuba. I t  i s  a l s o  very apparen t  t h a t  
t h e  waters  o f  Lake Okeechobee i n  
F l o r i d a  a r e  c o o l e r  than  t h e  land.  
Cumulus c loud l i n e s  end a b r u p t l y  a t  
t h e  sou th  shore  o f  Lake Okeechobee, 
and do n o t  reform u n t i l  w e l l  down- 
s t r eam from t h e  Lake's  n o r t h  shore .  
S i m i l a r  s t a t ements  about cumulus 
l i n e s  a r e  made by O l i v e r  and Purdom 
which r e a d s ,  "high r e s o l u t i o n  observa- 
t i o n s  of convec t ive  c loud p a t t e r n s  
i n  t n e  t r o p i c s  r e v e a l  t h a t  t r a d e  wind 
cumulus and cumulus congestus  c louds  
a r e  n o t  d i s t r i b u t e d  i n  a  random 
f a s h i o n ,  b u t  occur  i n  w e l l  organized,  
long ,  and narrow l i n e s . "  [20] 

Maj H .  W. B rand l i ,  whi le  a s s igned  
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cumulus s t r e e t s  were i n v e s t i g a t e d  i n  
t h e  v i c i n i t y  o f  Christmas I s l a n d  
(20Na157.50W). The weather observing 
s i t e  on Christmas I s l a n d  i s  qn t h e  
upwind s i d e  of t h e  I s l a n d  dur ing  
tradewind c o n d i t i o n s .  These c o n d i t i o n s  
p r e v a i l  most of  t h e  y e a r ,  and t h e r e  
a r e  no topographic  f e a t u r e s  t o  d i s t u r b  
t h e  t r a d e s  i n  t h e  s h o r t  d i s t a n c e  they 
t r a v e l  from t h e  s e a  t o  t h e  observing 
s i t e .  The s tudy  showed t h a t  when 
cumulus s t r e e t s  were p resen t :  1) 
100% of t h e  t ime t h e  wind speed was 
between 5 and 18 kno t s .  2 )  100% of 
t h e  t ime t h e  tradewinds were o c c u r r i n g  
(e.  g . ,  t h e  wind , d i r e c t i o n s  were 
between 050° and 160°. 3) 80% of  
t h e  wind d i r e c t i o n s  favored t h e  zone 
between 090° and l l O O .  4 )  The wind 
d i r e c t i o n s  maintained t h e  same 
angu la r  d i r e c t i o n  a s  t h e  cumulus 
s t r e e t s .  5)  100% of  t h e  t ime t h e  
wind d i r e c t i o n s  were w i t h i n  20' of  
t h e  c loud s t r e e t s .  6 )  20% of t h e  
t ime  t h e  wind d i r e c t i o n  p a r a l l e l e d  t h e  
c loud s t r e e t .  7) The average wind 
d i r e c t i o n  was l o 0  more n o r t h e r l y  of  
t h e  cumulus s t r e e t  o r i e n t a t i o n  ( e .  g . ,  
a  cumu~us s t r e e t  o r i e n t e d  e a s t  t o  
west  would have a  corresponding 
s u r f a c e  wind from 080'. Only t h e  
smal l  cumuli elements were used i n  
t h i s  s tudy.  Coincident  i n f r a r e d  
d a t a  showed t h a t  t h e  t o p s  o f  t h e  
cumuli were below 8000 f e e t .  

A l a t e r ,  b u t  s i m i l a r ,  s tudy  was 
performed by Capt Wells a t  t h e  Guam 
DMSP s i t e  [22] .  He concluded t h a t  
t h e  smal l  cumulus t r a c e r  c louds  
possessed a  d i r e c t i o n a l  o r i e n t a t i o n  
r e p r e s e n t a t i v e  of t h e  g r a d i e n t - l e v e l  
flow. Radiosonde winds from Western 
P a c i f i c  I s l a n d  s t a t i o n s  were used t o  
s p e c i f y  t h e  low l e v e l  winds,  and he  
found t h a t  t h e  cloud t r a c e r s  appear 
t o  be  embedded i n  t h e  l a y e r  from 2000 
t o  4000 f e e t .  The l a y e r  demonstrated 
l i t t l e  o r  no d i r e c t i o n a l  s h e a r ;  however, 
v e r t i c a l  speed s h e a r  was p r e s e n t .  
He hypothes ized t h a t  v e r t i c a l  speed 
s h e a r  i s  t h e  mechanism f o r  t h e  
e longa t ion  of t h e  smal l  cumuli 
p a t t e r n s .  The only  cumulus c louds  
considered r e p r e s e n t a t i v e  of t h e  flow 
p a t t e r n  were t h o s e  j u s t  v i s i b l e  i n  
t h e  1 /3  nm v i s u a l  imagery. 

Gust f r o n t s  and f r o n t a l  ropes a r e  
t o  ~ ~ ~ - D M S P  s i t e  a t  Hickam AFB, Hawaii, shown i n  Figures  7-12 and 7-13. 
i n v e s t i g a t e d  and wrote a  paper on Examples of g u s t  f r o n t s  a r e  l o c a t e d  
MCumulus Cloud Lines o r  S t r e e t s  n e a r  n e a r  13ON, 105OW from t h r e e  cumulo- 
t h e  Equator" [21].  During t h e  two nimbus c l u s t e r s ,  20°N ,94OW from t h r e e  
y e a r  s tudy,  n e a r l y  100 c a s e s  of more cumulonimbus c l u s t e r s  , and 12 O N ,  
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F i g  7-11. Cumulus S t r e e t s .  14 Jun 1973, 5528/5026, VHR, Norm, Norm, Off.  

' 91°W from t h e  cumulonimbus c l u s t e r s .  
A g lance  a t  t h e  i n f r a r e d  d a t a  of  
Figure  7-13 shows t h a t  t h e  g u s t  f r o n t  
cloud a r e a s  do n o t  have g r e a t  v e r t i -  
c a l  development. O l i v e r  and Purdom 
[20] d e s c r i b e  t h e s e  cloud f e a t u r e s  
a s  arc-shaped l i n e s  o f  cumulus and 
cumulus congestus c louds  found along 
t h e  l e a d i n g  edge o f  a thunders torm's  
ra in-cooled a i r .  Purdom 1231 goes 

7-14 

i n t o  f u r t h e r  d e t a i l  on t h e  g u s t  f r o n t s ,  
and d e s c r i b e s  them a s  t h e  boundar ies  
of  mesoscale h igh p r e s s u r e  systems 
(bubble h i g h s ) .  He f u r t h e r  shows t h a t  
most new thunderstorms w i l l  form along 
t h e  meso-high boundary. 

I n  Figure  7-12 a f r o n t a l  rope i s  
v i s i b l e  from n e a r  22ON, 95OW nor th -  
eastward t o  2g0N, 88OW. O l i v e r  and 
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Fig 7-12. Gust f r o n t s  and f r o n t a l  ropes. 9 Oct 1970, 2525/518, VHR, 
Norm, Norm, Low 

Purdom [20] imply t h a t  a f r o n t a l  rope 
i s  made up of many gust  f r o n t s ,  i n t e r -  
s ec t i ng  each o ther ,  and t h a t  t h e  small  
a r c s  of t he  f r o n t a l  rope a r e  along 
the  leading edge of rain-cooled a i r  
produced by showers. The ex is tence  
of gust  f r o n t s  and f r o n t a l  ropes has 
been seen occasional ly  i n  s a t e l l i t e  
imagery for years;  however, with t he  

advent of very high r e so lu t ion  da ta ,  
t h e i r  ex is tence  has been found much 
more frequent ly  and t h e i r  r o l e  i n  
thunderstorm generation has become 
apparent.  

Cloud l i n e s  predominate i n  t he  
Gulf of Mexico i n  Figure 7-14 (This 
f i gu re  i s  a photographic enlargement 
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Fig 7-13. Gust f r o n t s  and f r o n t a l  ropes. 9 Oct 1970, 2525/518, Norm, 
Inv 310 X 1 ,  Off. 

of a port ion of Figure 6-4 t h a t  was 
used t o  i l l u s t r a t e  proper gr idd ing) .  
The synopt ic  process causing t h i s  
cloud pa t t e rn  i s  t he  advection of 
cool,  dry a i r  from land over t h e  
Gulf following a cold f ron t .  The 
f r o n t a l  cloud band i s  i n  t he  south- 
ea s t e rn  por t ion  of Figure 7-14. There 
e x i s t s  a considerable  temperature and 

moisture grad ien t  between the water 
sur face  and the  lower l aye r s  of the  
atmosphere. Large q u a n t i t i t e s  of 
hea t  and moisture a r e  t r ans fe r r ed  
from the  water t o  the a i r  as  t he  a i r  
flows equatorward. When adequate 
amounts have been t r ans fe r r ed ,  con- 
densation occurs i n  t he  shallow, un- 
s t a b l e  l aye r  of a i r .  Small cumuli 
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form, con t inue  t o  grow downstream 
a s  more h e a t  and mois ture  a r e  added 
t o  t h e  a i r ,  and t h e  d i s t i n c t i v e  
c loud l i n e  p a t t e r n  develops.  AWS 
Technical  Report 212 [ill d e f i n e s  a 
c loud l i n e  a s  "a l i n e  composed of  
a s e r i e s  of clouds nea r ly  a l l  o f  
which a r e  connected and which i s  l e s s  
than  1 degree l a t i t u d e  i n  width ."  
Parmenter [24] comments t h a t  t h e  
downwind cloud edge b a s i c a l l y  con- 
forms t o  t h e  shape of t h e  e x i t  l a n d  
mass except  f o r  l i n e s  formed due t o  
h e a t i n g  by upwind c i t i e s  and advect ion 
over  warmer bay o r  l a k e  wa te r s .  

A g lance  a t  Figure  7-14 shows 
t h a t  t h e  smal l  cumulus elements grow 
t o  l a r g e r  e lements ,  predominantly 
s t ra tocumulus .  Where advected over  
Mexico, a s h e e t  of s t r a t u s  and s t r a t o -  
cumuli covers  t h e  t e r r a i n  up t o  a 
c e r t a i n  a l t i t u d e .  The western  and 
sou the rn  edge of  t h e  c louds  i n  Mexico 

, a r e  t e r r a i n  contoured.  The use  of 
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very  high r e s o l u t i o n  imagery a l lows 
t h e  f o r e c a s t e r  improved accuracy i n  
observing t h e  format ion p o i n t  of  t h e  
smal l  cumulus e lements ,  and p a t t e r n s  
which sometimes occur  w i t h i n  t h e  mass 
o f  c loud l i n e s .  

Another l i n e  of c louds  found i n  
s a t e l l i t e  imagery i s  t h e  anomalous l i n e .  
An example i s  shown i n  Figure  7-15 
which con ta ins  numerous l i n e s  o f f  
shore  from C a l i f o r n i a .  Conover [251 
publ ished t h e  f i r s t  accounts of  
s a t e l l i t e  observed anomalous l i n e s .  
He desc r ibed  them a s  o c c u r r i n g  most 
o f t e n  i n  t h e  summer months, and always 
over  water .  The l i n e s  a r e  always low 
l e v e l  and u s u a l l y  a r e  found i n  t h e  
e a s t e r n  and sou the rn  s i d e s  of  h ighs .  
Exceptions have been found behind co ld  
f r o n t s  and i n  t h e  subs id ing  s e c t o r s  
o f  a vor tex .  Sur face  wind speeds 
range from calm t o  lOm/sec. Five 
p o s s i b l e  causes  of  anomalous l i n e s  
were l i s t e d :  a )  a i r c r a f t  condensation 

F i g  7-15. Anomalous l i n e s .  4 Aug 1971, 3526/2404, HR, Norm, Norm, 
Low 
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t r a i l s ,  b)  m i s s i l e  t r a i l s ,  c )  
smoke sc reens  from s h i p s ,  d )  con- 
v e c t i o n  induced by c e r t a i n  tempera- 
t u r e  p a t t e r n s  i n  t h e  s e a ,  and e )  
t h e  e f f l u e n t s  from s h i p s .  I n  a  
l a t e r  p u b l i c a t i o n ,  Conover [26] 
r e p o r t s  an eyewitness obse rva t ion  
by Capt McGill, p i l o t  of  a  weather 
reconnaissance  a i r c r a f t ,  who saw a  
s h i p  p h y s i c a l l y  forming a  c loud t r a i l .  
On t h a t  f l i g h t  he c rossed  another  
c loud t r a i l ,  noted t h e  l o c a t i o n ,  and 
l a t e r  saw t h e  anomalous cloud p a t t e r n  
on s a t e l l i t e  imagery f o r  t h e  same 
t ime and l o c a t i o n .  We may conclude 
t h a t  s h i p s  a r e  t h e  most l i k e l y  cause 
of  anomalous cloud l i n e s ,  [27] . 

Most anomalous l i n e s  do no t  have 
a  h igh a lbedo.  Using DMSP d a t a  w i t h  
v a r i a b l e  enhancements o r  VHR I n v  mode 
p rocess ing  al lows t h e  s t r u c t u r e  o f  
t h e  anomalous l i n e s  t o  be c l e a r l y  
observed.  Fur the r  i n v e s t i g a t i o n  of 
t h i s  phenomenon i s  planned. 

Another unique cloud p a t t e r n  
g e n e r a l l y  found i n  ocean ic  r eg ions  
dominated by high p r e s s u r e  i s  t h e  
a c t i n i f o r m  shown i n  Figure  7-16 
west  of  Mexico nea r  21°N, l l g O W .  
AWS Technical  Report 212 [ l l ]  des- 
c r i b e s  t h e  p a t t e r n  a s  a  p o s s i b l e  
t r a n s i t i o n  phase between open and 
c l o s e d  c e l l s .  The p a t t e r n  i s  most 
commonly s e e n  o f f  t h e  west  c o a s t  of 
South America. 

F a i n t l y  v i s i b l e  n e a r  28.5ONl 
116.5OW i s  an eddy p a t t e r n  i n  t h e  
s t r a tocumulus ,  formed by t h e  flow of 
a i r  (c loud)  p a s t  Guadalupe I s l a n d .  
Eddies a r e  f r e q u e n t l y  seen i n  t h e  
s t ra tocumulus  c louds  downwind from 
Guadalupe I s l a n d .  Normally they  t a k e  
a  s p i r a l - l i k e  p a t t e r n ;  however, they 
have a l s o  been observed i n  a  V-pattern 
(bow wave). For examples s e e  Figures  
11.5.17 and 11.5.20 i n  [ l 3 ] .  

E. Cumulonimbus P a t t e r n s  

The h igh  enhancement mode of 
d i s p l a y i n g  VHR o r  HR d a t a  has  been 
used t o  b r i n g  o u t  t h e  d e t a i l s  i n  h igh 
albedo s u b j e c t s .  F igure  4-7 i s  a  
good example of t h i s .  F igure  7-17 
i s  an example of a  mass o f  h igh ly  
r e f l e c t i v e  c louds  d i sp layed  i n  t h e  
normal ( o f f )  mode. It shows 
t r o p i c a l  cyclone Agnes on i t s  f i r s t  
day of  named e x i s t e n c e .  The main 
cloud mass i s  l o c a t e d  e a s t  of 
Yucatan ( v i c i n i t y  of  21°N, 8S0E).  
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The s torm e x h i b i t s  very poor organ- 
i z a t i o n  even though weather recon- 
na i s sance  a i r c r a f t  observed maximum 
winds of 40 kno t s .  Agnes i s  shown 
f i v e  days l a t e r  a s  a  we l l  developed 
storm i n  Figures  7-9 and 7-10. With- 
i n  t h e  cloud-blob i n  Figure  7-17 we 
know t h e r e  must be p e n e t r a t i v e  cumulo- 
nimbus c louds .  These clouds a r e  
masked by t h e  high r e f l e c t i v i t y  o f  
t h e  dense c i r r u s  c louds  cover ing most 
of t h e  a r e a .  Since  Figure  7-17 i s  
imagery us ing  t h e  normal ( l i n e a r )  
d i s t r i b u t i o n  of gray shades i t  i s  
d i f f i c u l t  t o  s e e  t h e  cumulonirnbi. A 
b e t t e r  p o r t r a y a l  of t h e  v i s u a l  
imagery would be t o  use t h e  high 
enhance mode. Another way t o  make 
p e n e t r a t i v e  convection more percep- 
t i b l e  i s  t o  d i s p l a y  i n f r a r e d  d a t a  i n  
t h e  235K - 210K range us ing t h e  X 4  
expand mode. This  works w e l l  i f  t h e  
e n t i r e  c i r r u s  cloud mass i s  no t  
c o l d e r  than  210K. 

A newer and b e t t e r  method i s  t h e  
VHR Inv mode desc r ibed  i n  Sec t ion  5E. 
The a p p l i c a t i o n  of t h i s  d i s p l a y  f o r  
cumulonimbus p a t t e r n s  i s  i l l u s t r a t e d  
i n  Figure  7-18, which i s  a  VHR Inv 
of ( t h e  1:7.5 m i l l i o n  expansion o f )  
t h e  l e f t  hand h a l f  of Figure  7-17. 
I n  t h i s  example an e q u i v a l e n t  temper- 
a t u r e  s e t t i n g  of 290K was chosen. 
Th i s  r e p r e s e n t s  a  th resho ld  albedo of 
73.12, compared w l  th a maximum d i s -  
p layab le  albe6o of  9 1 . 4 % .  This 
narrow range of albedoes r e s u l t s  i n  
only t h e  b r i g h t e s t  clouds being d i s -  
p layed,  wi th  each gray shade represen t -  
ing  an albedo range of roughly 1.43%. 
S ince  t h e  v i s u a l  imagery is  i n v e r t e d ,  
t h e  d a r k e s t  clouds i n  Figure  7-18 
r e p r e s e n t  those  wi th  t h e  h i g h e s t  albedo 
( w h i t e s t )  i n  Figure  7-17.. The pen- 
e t r a t i v e  cumulonimbus c louds  a r e  now 
c l e a r l y  o u t l i n e d .  The "hot  towers" 
can e a s i l y  be loca ted  and even counted. 

F. Wave Clouds i n  t h e  Upper Atmo- 
sphere .  

Wave clouds a s s o c i a t e d  wi th  s t r o n g  
winds a l o f t  can occur e i t h e r  a s  b i l l o w  
clouds ( n o t  a s s o c i a t e d  wi th  t e r r a i n )  
o r  a s  l e e  waves. Both types  a r e  
observed i n  DMSP imagery. An example 
of b i l low clouds over  t h e  Gulf of 
Mexico i s  shown i n  Figure  7-19. An 
e x t e n s i v e  a r e a  of b i l l o w  clouds e x i s t s  
n o r t h  o f  Cuba. That a r e a  is  magnified 
i n  Figure  7-20. 

The r e l a t i o n s h i p  between winds 
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F i g  7-17. P e n e t r a t i v e  CB1s. 14  Jun 1972, 5528/1165, VHR, Norm, Nom, Of f .  

a l o f t  and b i l l o w  phenomena observed  
a t  t h e  Hickam AFB DMSP s i t e  was 
s t u d i e d  by B r a n d l i  and  Lombardo i n  
1970 [28] .  ( T h e i r  s t u d y  w a s  sub- 
s e q u e n t l y  p r e s e n t e d  a t  t h e  1973 
s p r i n g  meet ing  o f  t h e  American Geo- 
p h y s i c a l  Union [29] .) Wind r e p o r t s  
were o b t a i n e d  from H i l o ,  Hawaii 
rawinsonde d a t a  when b i l l o w s  were 
n e a r  t h e r e ,  and from a i r c r a f t  d i -  
r e c t e d  t o  t h e  b i l l o w  l o c a t i o n s .  It  
was found t h a t  t h e  wind d i r e c t i o n  

was normal t o  t h e  wave c loud l i n e s .  
Wind speed ,  u s i n g  on ly  t h e  s p a c i n g  
between c o n s e c u t i v e  c l o u d  l i n e s ,  was 
found t o  b e  g iven  by: 

where wind speed  i s  i n  k n o t s ,  A i s  
wave l e n g t h  i n  n a u t i c a l  m i l e s .  The 
l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  o f  
wind speed  vs wave l e n g t h  is 0.91. A 
m u l t i p l e  r e g r e s s i o n  e q u a t i o n  o f  wind 
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F i g  7-18. P e n e t r a t i v e  CB's. 1 4  Jun 1972, 5528/1165, VHR, Exp L., Inv,  
290 X4, O f f .  

speed a s  a  f u n c t i o n  of tempera ture  and Tcld i s  t h e  c loud t o p  temperature  
and wave l e n g t h  was a l s o  computed. determined from M I  d a t a  w i t h  t h e  atmo- 
I t  i s :  s p h e r i c  a t t e n u a t i o n  c o r r e c t i o n s  

inc luded  f o r  mois ture  (F igure  5-4) and 
Wind speed = 0.08 Tcld + 19.51h scan  ang le  (F igure  5 -7 ) .  F igure  5-8 

can be used i n  p l a c e  o f  F igure  5-4 i f  
(Eq 7-21 a  s t a n d a r d  atmosphere assumption is  

where wind speed i s  i n  kno t s ,  h i s  used. The c o r r e l a t i o n  c o e f f i c i e n t  o f  

t h e  wave l e n g t h  i n  n a u t i c a l  mi le s ,  wind speed a s  a  f u n c t i o n  of tempera ture  
and wave l eng th  i s  0.996. 

7-22 
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F i g  7-19. B i l low c louds .  14  Feb 1973, 5528/4650, 
VHR, Norm, Norm, Off .  

The 25 c a s e s  y i e l d e d  t h e  fo l low-  
i n g  r e s u l t s :  

1) The a v e r a g e  speed  d i f f e r e n c e  
between c a l c u l a t e d  and ground t r u t h  
was 6.4 k n o t s .  The g r e a t e s t  d i f -  
f e r e n c e  was 27 k n o t s ,  and t h e  sma l l -  
es t  w a s  ze ro .  

t h e  c a s e s  w e r e  t e n  deg rees  o r  l e s s ,  
and 72% were f i v e  d e g r e e s  o r  less. 

I n  1972 B o s e l l y  [301 n o t i c e d  a  
c a s e  o f  b i l l o w  c louds  o v e r  t h e  Gulf of 
Mexico, s o u t h  o f  t h e  K e e s l e r  DMSP 
s i t e ,  t h a t  were a l i g n e d  p a r a l l e l  t o  
t h e  wind flow. I n  an  a r t i c l e  r e f e r r e d  
t o  by R e i t e r  [32], Sekera  found t h a t  
" g r a v i t y  waves i n  t h e  r e g i o n  o f  s t r o n g  
v e r t i c a l  wind s h e a r s  a r e  o r i e n t e d  

2)  The ave rage  wind d i r e c t i o n  
d i f f e r e n c e  was 4.6 d e g r e e s .  92% o f  

F i g  7-20. B i l low c louds .  14 Feb 1973, 5528/4650, 
VHR, Exp C, Norm, Off .  
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i n  bands p a r a l l e l  t o  t h e  wind d i r e c -  cover over  a pe r lod  of t ime.  An  
t i o n ;  w i t h  weak s h e a r s ,  however, they example of t h i s  can be  observed by 
l i e  normal t o  t h e  wind d i r e c t i o n . "  comparing Figure  7-21 wi th  ~ i g u r e  
[31] On 14 February 1973 (imagery 7-22. I t  i s  n o t  easy t o  f i n d  a day 
unava i l ab le  f o r  p u b l i c a t i o n ) ,  Bosel ly  t h a t  i s  mostly c l e a r  over  t h e  Western 
observed ano the r  s e t  of  l o n g i t u d i n a l  United S t a t e s ;  however, on 4 A p r i l  
b i l l o w  clouds  t h a t  allowed him t o  1973 t h e r e  was such a day. Th i s  was 
t e s t  S e k e r a ' s  s t a t ement .  The b i l l o w  n e a r  t h e  t ime of  maximum snow accumu 
clouds  were sou th  of Eg l in  AFB, l a t i o n .  Two months l a t e r  (5 June 
F l o r i d a .  An a n a l y s i s  of  M I  d a t a  1973) we again  have t h e  same view 
showed b i l l o w  cloud tops  t o  be  a t  o f  t h e  Western United S t a t e s ,  t h i s  
32,000 f e e t .  Radiosonde d a t a  from t ime wi th  most of t h e  snow melted 
Egl in  showed mois ture  up t o  32,000 away. The l i g h t  a r e a  n e a r  32.g0N, 
f e e t ,  and v e r t i c a l  wind s h e a r  averag- 106.4OW is  White Sands,  New Mexico. 
i n g  15 knots  p e r  1000 f e e t  from Most of t h e  snow remaining on 5 June 
33,000 t o  35,000 f e e t .  This  s t r o n g  l i e s  s o u t h e a s t  through n o r t h e a s t  of 
s h e a r  was immediately above t h e  long- t h e  Great  S a l t  Lake and a long t h e  
i t u d i n a l  b i l l o w  clouds;  t h u s ,  though Ca l i fo rn ia -Nevada  border .  Some 
t h i s  case  i s  n o t  conclus ive  evidence,  s p o t s  of snow remain on t h e  vo lcan ic  
it v e r i f i e s  t h e  t h e s i s  t h a t  l o n g i t u -  peaks of t h e  Cascade Range i n  t h e  
d i n a l  b i l low clouds  a r e  t h e  r e s u l t  Northwest. Snow comparisons, such a s  
of g r a v i t y  waves o r i e n t e d  i n  t h e  t h e s e ,  can be a g r e a t  a i d  t o  hydrol-  
d i r e c t i o n  of  wind flow with  s t r o n g  o g i s t s .  While n o t  shown i n  t h i s  
v e r t i c a l  s h e a r .  Technical  Report ,  t h e  use of  i n f r a -  

r e d  t h r e s h o l d i n g  and VHR Inv  can 
R e i t e r  [32] s t a t e s  ... "one would h e l p  q u a n t i f y  snow pack q u a n t i t y  and 

have t o  expect  t h e r e f o r e  t h a t  i n  an a i d  i n  f lood  fo recas t ing /wa te r  manage- 
a r e a  of  weak v e r t i c a l  wind s h e a r ,  ment. One problem is  f i n d i n g  c l e a r  
f l i g h t s  conducted p a r a l l e l  t o  t h e  j e t  days i n  o r d e r  t o  s e e  snow; however, 
a x i s  would exper ience  more tu rbu lence  wi th  two s p a c e c r a f t ,  every a r e a  i n  
than  f l i g h t s  o r i e n t e d  normal t o  t h e  t h e  world i s  covered a t  l e a s t  f o u r  
wind d i r e c t i o n  ... with  s t r o n g  t imes  d a i l y .  That  f a c t ,  p l u s  t h e  
v e r t i c a l  wind s h e a r  one should  expec t  low l i g h t ,  moonlight c a p a b i l i t y ,  
tu rbu lence  mainly dur ing  f l i g h t s  u s u a l l y  i n s u r e s  a v i s u a l  view of  any 
normal t o  t h e  j e t  a x i s . "  Using t h i s ,  a r e a  every  few days.  Aithough more 
t h e  e x i s t e n c e  of  b i l l o w s  i n  DMSP d i f f i c u l t  t o  i n t e r p r e t ,  snow a r e a s  
imagery a l lows t h e  f o r e c a s t e r  t o  u s u a l l y  a r e  d e t e c t a b l e  i n  i n f r a r e d  
p r e d i c t  tu rbu lence  f o r  a i r c r a f t  and imagery. 
inform t h e  p i l o t  how b e s t  t o  pene- 
t r a t e  t h e  a rea .  Figure  7-23 i s  an example o f  

i cepack ,  snow covered t e r r a i n ,  and 
DMSP s i t e s  have observed t h a t  some c louds  n e a r  t h e  North Pole .  

b i l l o w  clouds  a r e  much more numer- The po les  a r e  viewed on every pass  
ous i n  imagery from t h e  morning of t h e  s a t e l l i t e .  The l o c a t i o n  of 
s a t e l l i t e  than  imagery from t h e  noon l a r g e  i c e  l e a d s  is  important  t o  
s a t e l l i t e .  Th i s  may be  r e l a t e d  t o  resupply  s h i p s  and f i s h i n g  f l e e t s .  
s o l a r  h e a t i n g  p a r t i a l l y  d e s t a b l i z -  I ceberg  l o c a t i o n  is important  f o r  
i n g  t h e  l a y e r s  t h a t  t h e  g r a v i t y  waves main sh ipp ing  l a n e s .  Note how clouds  
occur  i n .  A f i n a l  o b s e r v a t i o n  i s  a r e  d i f f e r e n t i a t e d  by h i g h l i g h t s  on 
t h a t  t r a n s v e r s e  b i l l o w s  a r e  much more t h e i r  sun-facing edges,  and shadows 
common than l o n g i t u d i n a l  b i l l o w s .  on o p p o s i t e  edges.  I n f r a r e d  views 

of a mixed cloud and i c e  scene a r e  
Examples of  o r o g r a p h i c a l l y  d i f f i c u l t  t o  i n t e r p r e t  due t o  t h e  

induces  wave c louds  w i l l  n o t  be emiss ive  temperatures  be ing  s o  c l o s e .  
shown here .  These a r e  d i scussed  i n  However, i n f r a r e d  views of  i c e  and 
AWS Technical  Report 212 [ll, 121, water  u s u a l l y  show good c o n t r a s t ;  and 
which inc ludes  a graph showing t h e  where t h e r e  a r e  patches  of  i c e  cover-  
v a r i a t i o n  of  mean wind speed w i t h  i n g  t h e  wa te r ,  t h e  i n t e g r a t e d  emis- 
observed wavelength. s i v e  temperature  can be used t o  e s t i -  

mate t h e  pe rcen t  of  coverage of  t h e  
G .  Other Phenomena i c e .  I f  on ly  v i s u a l  HR d a t a  a r e  

a v a i l a b l e ,  then  a r e v e r s e  p o l a r i t y  
Snow cover  i s  commonly observed can h e l p  sharpen t h e  p i c t u r e ' s  

by meteoro log ica l  s a t e l l i t e s .  Prob- c o n t r a s t s  t o  t h e  v iewer ' s  eyes .  
ab ly  t h e  e a s i e s t  snow c h a r a c t e r i s -  
t i c  t o  observe  i s  t h e  change i n  snow F igure  7-24 i s  a view of  t h e  

7-24 
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F ig  7-21. Snow. 4 Apr 1973, 5528/5327, VHR, Norm, Norm, Low. 

M i s s i s s i p p i  River dur ing  i t s  record  
f loods  dur ing  t h e  Spr ing  of  1973. 
This VHR I n v  p i c t u r e  shows c louds  
black and wa te r  whi te .  A s  a  r e s u l t ,  
t h e  f lood  p l a i n s  o f  t h e  M i s s i s s i p p i  
and i t s  t r i b u t a r i e s  show up 
l i g h t e r  than  t h e  l a n d  o u t s i d e  t h e  
p l a i n .  c l o s e  a n a l y s i s  of a  s e r i e s  
of  p i c t u r e s  l i k e  t h i s  can r e v e a l  
t h e  genera l  s t a t e  o r  t r e n d  of  s o i l  
s a t u r a t i o n  of  ba re  l and .  A s  seasons  
p rogress  and crops  go through t h e i r  
c y c l e s ,  a  genera l  land-use inven to ry  
can be mainta ined.  I t  i s  p o s s i b l e  
t h a t  DMSP imagery, wi th  i t s  f requen t  

views of  t e r r a i n ,  can provide  t h e  
gap f i l l i n g  c o n t i n u i t y  imagery t h a t  
i s  needed by t h e  u s e r s  of  Ear th  
Resources Technology S a t e l l i t e  (ERTS) 
imagery. ERTS imagery has  cons ide r -  
ab ly  b e t t e r  s p a t i a l  r e s o l u t i o n ;  
however, i t s  p i c t u r e s  a r e  l i m i t e d  t o  
100 nm swaths t h a t  r e p e a t  only  every  
18 days.  

Figures  7-25 and 7-26 a r e  coin-  
c i d e n t  v i s u a l  and i n f r a r e d  views of  
t h e  Gulf of  Mexico reg ion .  A band 
of  convect ive  c louds  s t r e t c h e s  from 
n e a r  t h e  t i p  o f  Yucatan t o  t h e  30°N 
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F i g  7-22. Snow. 5 Jun 1973, 5528/6201, VHR, Norm, Norm, Off .  

l a b e l .  One b r i g h t  s p o t  appea r s  n e a r  of  F i g u r e  7-22. Bes ides  s u n  g l i n t  
21-22ON and 83-84'W i n  F i g u r e  7-25 from w a t e r  and marsh s u r f a c e s ,  DMSP 
There i s  no  t r a c e  o f  it i n  F i g u r e  h a s  observed  sun  g l i n t  from snow, 
7-26. T h i s  is a good example o f  a  moon g l i n t  from w a t e r  and snow, and 
sun  g l i n t  caused  by t h e  s u n ' s  r a y s  a u r o r a  g l i n t  from snow/ice.  
r e f l e c t i n q  from a w a t e r  s u r f a c e  t o  
t h e  s p a c e c r a f t  s e n s o r .  Another  good An i n t e r e s t i n g  and p e r p l e x i n g  
example can  be  found n e a r  25ON, l l O O W  phenomenon i n  DMSP v i s u a l  d a t a  i s  

7-26 
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F ig  7-23.  Ice. 4 Jun  1 9 7 1 ,  3526 /1527 ,  HR, Norm, Norm, O f f .  

7-27 
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F i g  7-24. F l o o d .  2 1  Mar 1 9 7 3 ,  5528/5125,  VHR, Exp L. Inv  ( temperature  
unknown) , O f f .  



t h e  anomalous gray shade p a t t e r n  t h a t  
f r e q u e n t l y  occurs ,  g e n e r a l l y  over  
water .  F igure  7-27 shows an anomalous 
gray shade p a t t e r n  ( l i g h t e r  shades)  
ex tend ing  from wes te rn  F l o r i d a  t o  
Louis iana .  I n  F igure  7-28 t h e  l e f t  
h a l f  of  Figure  7-27 i s  expanded and 
processed a s  a VHR I n v  wi th  
e q u i v a l e n t  temperature  b a s e  of 225K. 
In  t h i s  X 4  mode t h e  a lbedo range d i s -  
p layed  extends  from 0 %  ( l i g h t e s t  
shade)  t o  13.7% ( d a r k e s t  shade)  . A l l  
o b j e c t s  b r i g h t e r  than  13.7% a r e  d i s -  
p layed a s  t h e  d a r k e s t  shade.  

December 1974 

can occur due t o  a number of  reasons  
which a re :  1) s h o a l i n g  ( s e e i n g  
bottom topography through shallow 
wate r ,  2) wa te r  s u r f a c e  r e f l e c -  
t i v i t y  changes, 3)  t h i n  c i r r u s ,  4 )  
c louds  s m a l l e r  than  s e n s o r ' s  s p a t i a l  
r e s o l u t i o n ,  5)  wa te r  contamination 
such a s  o i l ,  foam, s i l t ,  and o t h e r  
d e b r i s ,  6 )  a e r o s o l s ,  7) atmospheric 
s c a t t e r i n g ,  and 8) wa te r  vapor 
absorp t ion .  

Shoal ing i s  a cause of gray shade 
con tour ing  i n  DMSP imagery; however, 
anomalous gray shades have been 
observed i n  mid-ocean a s  w e l l  a s  near  
c o n t i n e n t a l  s h e l v e s .  The example 

W e  do n o t  know t h e  f u l l  explana- 
t i o n  f o r  anomalous gray shades .  They 

F ig  7-25. Sun g l i n t .  10 J u l  1973, 5528/6681, VHR, Norm, Norm, O f f .  
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F ig  7-26. Sun g l i n t .  10 J u l  1973, 5528/6681, M I ,  Norm, Inv  310 X 1 ,  Off .  

Thin c i r r u s  could  show up a s  a 
l i g h t e n i n g  of  gray shades i n  t h e  midst  

7-30 

shown i n  Figure  7-28 does n o t  conform 
t o  bottom contours .  

Water s u r f a c e  r e f l e c t i v i t y  d i f -  
f e rences  would r e s u l t  from wave s i z e  
and spacing.  This p o s s i b i l i t y  i s  
i l l u s t r a t e d  by t h e  d i f f e r e n t  appear-  
i n g  sun g l i n t s  desc r ibed  i n  [ll]. How- 
ever ,  we have no t  no t i ced  any s t r o n g  
c o r r e l a t i o n s  between wave s i z e  and 
l o c a t i o n  of anomalous gray shades .  
This s u b j e c t  i s  undergoing f u r t h e r  
i n v e s t i g a t i o n  by t h e  Navy's Environ- 
mental  P r e d i c t i o n  Research F a c i l i t y .  

of  a uniform background (ocean) .  How- 
e v e r ,  t h i n  c i r r u s  i s  d e t e c t e d  by t h e  
i n f r a r e d  sensors ,  and anomalous gray 
shades a r e  n o t  d e t e c t e d  i n  t h e  i n f r a -  
red .  

Clouds smal le r  than  t h e  s e n s o r ' s  
s p a t i a l  r e s o l u t i o n  cause a l i g h t e n -  
i n g  i n  gray shades.  Probably,  t h i s  
i s  a cause of some anomalous gray 
shade p a t t e r n .  I t  appears p l a u s i b l e  
i n  Figures  7-27 and 7-28 t h a t  many 
smal l  cloud elements could e x i s t  
between F l o r i d a  and Louis iana  a s  a 
t r a i l i n g  p o r t i o n  of t h e  co ld  f r o n t  
o f f  t h e  E a s t  Coast. I t  i s  doub t fu l  
t h a t  smal l  cloud elements a r e  t h e  
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Fig 7-27. Anomalous gray shades. 7 Jun 1972, 
5528/1066, VHR, Norm, Norm, Low. 

major cause of t h i s ,  o r  most, 
anomalous gray shades. A b a s i s  f o r  
t h i s  statement i s  the  f a c t  t h a t  VHR 
and HR da t a  have been compared f o r  
anomalous gray shades. Even though 
the s p a t i a l  reso lu t ion  of t he  VHR 
sensor  i s  36 times b e t t e r  than the  
HR sensor  and can de t ec t  f a r  smaller  
clouds,  t h e  anomalous gray shade 
pa t t e rns  maintain t he  same s i z e  and 
shading d i s t r i b u t i o n s  on t h e  two kinds 
of v i s u a l  imagery. 

Water contamination o r  water color  
does show up i n  DMSP imagery. We 
suspect  t h a t  many anomalous gray 
shades a r e  caused by t h i s  e f f e c t .  
Based on conversations with M r .  R.  
F e t t ,  Environmental Pred ic t ion  
Research F a c i l i t y ,  P ro j ec t  Gamefish 
Skylab (1973) confirms t h i s  s ta tement .  
As p a r t  of t h i s  experiment, coinci-  
dent Skylab photography of the  Gulf 
Coast region with DMSP, f i s h i n g  boat  
observers,  and a i r c r a f t  showed t h a t  
water co lora t ion  pa t t e rns  were 
r e f l e c t e d  i n  DMSP imagery, and from 
those pa t t e rns ,  t h e  presence of game- 
f i s h  could be predicted.  

Aerosols such as  haze, dus t ,  and 
s a l t  could be a p a r t i a l  cause of 
anomalous gray shades, bu t  no proof 
e x i s t s .  Dust pa t t e rns  usual ly  cover 
a f a r  l a rge r  a rea  than anomalous gray 
shades do. 

Atmospheric s c a t t e r i n g ,  such as 
from the  smaller  haze p a r t i c l e s ,  may 
cont r ibu te  t o  anomalous gray shades; 
however, maximum s c a t t e r i n g  occurs 
i n  t he  blue end of t he  v i sua l  spectrum. 
This i s  where the  DMSP v i sua l  sensors '  
responses a r e  q u i t e  low. 

Water vapor absorpt ion i s  s i g n i f -  
i c a n t  f o r  t h r ee  wavelengths i n  the  
v i sua l  sensors s p e c t r a l  ranges. Three 
absorption spikes  occur near 0.72 pm, 
0.81 pm, and 0.94 pm. In  t he  0.94 pm 
absorption band atmospheric t ransmit-  
tance i s  reduced t o  near 47% f o r  a 
thickness  of one a i r  mass, and t o  2 2 %  
f o r  a thickness  of two a i r  masses. An 
increase  i n  water vapor content  i n  the  
atmosphere can reduce the  amount of 
r e f l e c t e d  r ad i a t i on  from t h e  atmo- 
sphere.  This i s  p a r t i c u l a r l y  t r u e  f o r  
t he  spacecraf t  sensor ,  f o r  s o l a r  
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r a d i a t i o n ,  p e n e t r a t i n g  t h e  a tmosphe re ,  
is  a t t e n u a t e d  by m o i s t u r e .  The 
r a d i a t i o n  t h a t  r e a c h e s  t h e  s u r f  a c e  
i s  t h e n  r e f l e c - t e d ,  and  f u r t h e r  
a t t e n u a t e d  by t h e  w a t e r  vapo r  o n  i t s  
way t o  t h e  s e n s o r .  A s  a  r e s u l t ,  a  
d e c r e a s e  i n  a t m o s p h e r i c  w a t e r  vapo r  
c o n t e n t  w i l l  a l l o w  more l i g h t  t o  b e  
r e f l e c t e d  t o  t h e  s e n s o r ,  r e s u l t i n g  
i n  a  b r i g h t e r  a r e a  on t h e s e  d a t a .  
An i n c r e a s e  i n  w a t e r  vapo r  would 
r e s u l t  i n  less r e f l e c t i o n  and d a r k e r  
imagery ;  t h u s  anomalous g r a y  s h a d e  
a r e a s  ( l i g h t s r )  s h o u l d  i n d i c a t e  d i - i e r  
a t m o s p h e r i c  zones .  N a t u r a l l y ,  t h i s  
e x p l a n a t i o n  does  n o t  f i t  l o g i c a l l y  
w i t h  t h e  c l o u d s  below s e n s o r  r e s o l u -  

t i o n  e x p l a n a t i o n ,  u n l e s s  t h e  a i r  i s  
abnormal ly  d ry  above t h e  s m a l l  c l o u d  
e l e m e n t s .  A s  a  r e s u l t ,  t h e  w a t e r  
vapo r  a b s o r p t i o n  e x p l a n a t i o n  f o r  
anomalous g r ay  s h a d e s  ?.ppears r a t h e r  
d o u b t f u l  . 

Another  r e a s o n  c o u l d  i n c l u d e  t h e  
f a c t  t h a t  d i g i t i z i n g  t h e  v i s u a l  
s i g n a l  f o r  t a c t i c a l  s i t e  d i r e c t  r e a d -  
o u t  may i n t r o d u c e  a  f i c t i t i o u s  
anomalous g r ay  s h a d e  p a t t e r n  i n t o  
t h e  imagery .  However, c o i n c i d e n t  
a n a l o g  d a t a  r e c e i v e d  a t  AFGWC u s u a l l y  
show t h e  same anomalous g r ay  s h a d e s .  
P r o b a b l y ,  many o f  t h e  c a u s e s  l i s t e d  
h e r e  have  a  b e a r i n g  on anomalous 
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y  s h a d e s .  The dominant  c a u s e  
y e t  t o  b e  s e l e c t e d .  

The low l l g h t  capability o f  t h e  
s e n s o r  a l l o w s  t h e  n l g h t t l m e  obse rv -  
~n o f  l l g h t s  f rom t h z  e a r t h ' s  
f a c e ,  l i g h t n i n g ,  and a u r o r a .  
u r c  4-11 i s  an example o f  c l t y  

December 1974 

l i g h t s  f rom Western Europe.  L i g h t s  
from many c i t i e s  and  towns o u t l i n e  
t h e  B a l t i c  S e a .  E n g l a n d ' s  c i t i e s  
l i g h t  up most  o f  t h e  I s l a n d .  Some 
a u r o r a l  a c t i v i t y  c an  be s e e n  i n  t h e  
n o r t h w e s t  c o r n e r  o f  t h e  f i g u r e .  
There  was ve ry  l i t t l e  moon l igh t  when 
t h i s  p i c t u r e  was t a k e n .  A s  a r e s u l t  

F i g  7-29. Aurora .  22 Nov 1971 ,  4527/562, H R ,  Norm, Norm, Of f .  



c l o u d s  c a n n o t  b e  s e e n ;  l ~ o w e v e r ,  some 
of  t h e  c i t y  l i g h t s  a p p e a r  b l u r r e d  and  
c o v e r  a  l a r g e r  a r e a  t h a n  t h e y  d o  on 
a  c l e a r  n i g h t .  C louds  may b e  i n f e r -  
r e d  when c i t y  l i g h t s  h a v e  a  d i f f u s e d  
a p p e a r a n c e .  The amount o f  a r e a l  
growtn is  r e l a t e d  t o  t h e  c l o u d ' s  
o p t i c a l  d e p t h  and i t s  a l t i t u d e .  

I n f r a r e d  imagery i s  o f t e n  d i f  f i -  
c u l t  t o  g r i d  g e o g r a p h i c a l l y .  A 
p r o c e d u r e  o f t e n  f o l l o w e d ,  when p r e c i s e  
g r i d d i n g  i s  n e c e s s a r y ,  i s  t o  p r o c e s s  
b o t h  n i g h t t i m e  HR and i n f r a r e d  d a t a  
s o  t h a t  t h e i r  s c a l e s  a r e  t h e  same. 
The H R  d a t a  i s  g r i d d e d  f i r s t ,  u s i n g  
c i t y  l i g h t s  a s  l andmarks .  Then t h e  
i n f r a r e d  d a t a  is  o v e r l a i d  on t h e  
p r e c i s e l y  g r i d d e d  H R  d a t a  and t h e  
g r i d  l i n e s  f i t  b o t h  t y p e s  o f  
imagery .  

F i g u r e  7-29 shows t h e  same gen- 
e r a l  a r e a  o f  F i g u r e  4-11, o n l y  t h r e e  
d a y s  l a t e r .  The a u r o r a l  d i s p l a y  i s  
p a r t i c u l a r l y  b r i l l i a n t  i n  t h i s  
example.  The b r i g h t e s t  p o r t i o n s  o f  
t h e  a u r o r a  h a v e  s a t u r a t e d  t h e  h i g h  
g a i n  s t a t e  o f  t h e  HR s e n s o r .  A r e c e n t  
improvement i n  t h e  g a i n  c o n t r o l  o f  a H R  s e n s o r s  now a l l o w s  t h e  s i g n a l  
t o  b e  d i s p l a y e d  i n  a  l o g r i t h r n i c  
f a s h i o n  s o  t h a t  b r i g h t  a u r o r a  d o  n o t  
w i p e - o u t  f a i n t ,  n e a r b y  a u r o r a .  T h i s  
t y p e  o f  imagery c a n  b e  compute r  
r e c t i f i e d  t o  a  geomagne t ic  s o o r d i n a -  
t i o n  s y s t e m  and compared w i t h  SSJ 
o r  SSJ/Z p r e c i p i t a t i n g  e l e c t r o n  
c o u n t s ,  a s s o c i a t e d  w i t h  a u r o r a .  

The b r i g h t  l i g h t s  o f  o i l  d r i l l i n g  
o p e r a t i o n s  o r  r e f i n e r i e s  show c l e a r l y  
on DMSP low l i g h t ,  HR, imagery .  
S i n c e  t h e y  a r e  s o  b r i g h t ,  o v e r s a t -  
u r a t i o n  o f  t h e  s e n s o r  f r e q u e n t l y  
o c c u r s ,  c a u s i n g  a  d a r k  l i n e  t o  a p p e a r  
a d j a c e n t  t o  t h e  b r i g h t  l i g h t  s o u r c e .  
T h i s  d i s t i n c t i v e  c h a r a c t e r i s t i c  
i d e n t i f i e s  t h e  b r i g h t e s t  l i g h t  s o u r c e s  
a t  n i g h t .  While  no example o f  o i l  
f l a r e s  a r e  shown i n  t h i s  T e c h n i c a l  
R e p o r t ,  a  s i m i l a r  phenomenon c a u s e d  
by a  v o l c a n o  i s  shown i n  F i g u r e  7-30. 

Major  B r a n d l i  and t h e  s i t e  p e r -  
s o n n e l  a t  Hickam AFB, Hawaii  common- 
l y  saw t h e  c i t y  l i g h t s  o f  H o n o l u l u  
i n  n i g h t t i m e  HR imagery .  On 20 
Sep tember  1970 t h e y  s u d d e n l y  n o t i c e d  
a  new l i g h t  s o u r c e  s o u t h e a s t  o f  
Honolu lu  [ 6 ] .  The b i g  i s l a n d  o f  
Hawaii  h a d  n e v e r  a p p e a r e d  l i k e  t h i s  a b e f o r e ,  s o  s i t e  p e r s o n n e l  checked  
w i t h  t h e  U n i v e r s i t y  o f  Hawaii  t o  see 
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i f  a  l a v a  f l o w  h a d  begun from o n e  o f  
t h e  a c t i v e  v o l c a n o e s  t h e r e .  The r e p l y  
a t  f i r s t  was no ;  however ,  new l a v a  
f l o w s  were s u b s e q u e n t l y  c o n f i r m e d .  
Throughout  O c t o b e r  and November t h e  
l a v a  f l o w  was o b s e r v e d  on n i g h t t i m e  
d a t a .  

T h e r e  a r e  s e v e r a l  o t h e r  i n t e r e s t -  
i n g  f e a t u r e s  a b o u t  t h e  v o l c a n o  l i g h t  
i n  F i g u r e  7-30. F i r s t ,  a  b l a c k  
o v e r s a t u r a t i o n  l i n e  c a n  b e  s e e n  t o  
t h e  r i g h t  o f  t h e  l i g h t  s p o t  i n  t h e  
c e n t e r  o f  t h e  r i n g s .  The l i n e  i s  t o  
t h e  r i g h t  b e c a u s e  a s  t h e  s p a c e c r a f t  
moves s o u t h w a r d  d u r i n g  t h i s  p i c t u r e ,  
t h e  s e n s o r  i s  s c a n n i n g  f rom t h e  
s p a c e c r a f t ' s  r i g h t  t o  l e f t .  T h i s  
g i v e s  t h e  l e f t  t o  r i g h t  o v e r - s a t u r a -  
t i o n  l i n e  o n  t h e  p i c t u r e  when o r i e n t e d  
w i t h  n o r t h  a t  t h e  t o p .  

T h e r e  a r e  two r i n g s  s u r r o u n d i n g  
t h e  v o l c a n o  l i g h t  s o u r c e .  The i n n e r  
r i n g  l o o k s  l i k e  b u t t e r f l y  w i n g s .  I f  
we assume t h a t  i c e  c r y s t a l s  be tween  
t h e  l i g h t  s o u r c e  and t h e  s p a c e c r a f t  
s e n s o r  a r e  c a u s i n g  r e f r a c t i o n  o f  t h a t  
l i g h t  s o u r c e  ( t h e  b u t t e r f l y ) ,  t h e n  
by u s i n g  F i g u r e  7-31 we c a n  c a l c u l a t e  
t h e  a l t i t u d e  o f  t h e  i c e  c r y s t a l s  t o  
b e  5 8  nm. T h i s  i s  t h e  h e i g h t  a t  
which n o c t i l u c e n t  c l o u d s  t y p i c a l l y  
a r e  found .  Conover  [27]  f e l t  t h a t  
a  much b e t t e r  e x p l a n a t i o n  c o u l d  b e  
g i v e n  t h r o u g h  t h e  e q u a t i o n  [Humphreys , 
" P h y s i c s  o f  t h e  Atmosphere , "  P .  5511: 

S i n  8 = ( n  + 0 . 2 2 )  A/2a (Eq 7-3) 

where  8 i s  t h e  r a d i u s  o f  o n e  o f  t h e  
r i n g s  and n  i s  t h e  number o f  t h e  
same r i n g ,  c o u n t i n g  o u t w a r d .  Sub- 
s t i t u t i n g  t h e  measured a n g u l a r  r a d i i  
f o r  8 ,  t h e  number o f  t h e  r i n g  f o r  
n  and 0 .6  pm f o r  t h e  w a v e l e n g t h ,  A ,  
o f  l i g h t ,  t h e  e q u a t i o n  c a n  b e  s o l v e d  
f o r  a ,  t h e  s i z e  o f  p a r t i c l e s  c a u s i n g  
t h e  c o r o n a .  Conover found  a  p a r t i c l e  
d i a m e t e r  o f  1 7  pm f o r  t h e  i n n e r  r i n g  
and 1 8  pm f o r  t h e  o u t e r  r i n g .  H e  
s p e c u l a t e s  t h a t  s o l i d  p a r t i c l e s  o f  
t h a t  s i z e  a r e  p r e s e n t  o v e r  v o l c a n o e s  
and o i l  f i r e s  t o  c a u s e  c o r o n a .  
A d d i t i o n a l l y ,  s i n c e  nar row l i g h t  
s p e c t r a  c a u s e  more p ronounced  c o r o n a ,  
and v o l c a n o e s  a r e  s t r o n g  e m i t t e r s  
i n  t h e  r e d ,  t h e n  t h e s e  f a c t s  add  t o  
t h e  c o n c l u s i o n  t h a t  c o r o n a  c a u s e  
t h e  r i n g s .  

The prob lem i s  i n  e x p l a i n i n g  
what  c a u s e s  t h e  m i s s i n g  s e g m e n t s  o f  



F i g  7-30. Volcano. 28 Oct 1970,  2525/783, HR,  Norm, Norm, O f f .  

t h e  i n n e r  r i n g .  The m i s s i n g  seg -  has  been  found t o  t h e  b u t t e r f l y  and 
ments do n o t  a l i g n  w i t h  t h e  magnet ic  o u t e r  r i n g  o f  vo l cano  and o i l  f i r e  
f i e l d  l i n e s  e i t h e r .  phenomena. 

Another  p o s s i b l e  e x p l a n a t i o n  i s  H . Conclus ion  
t h a t  o f  i n t e r n a l  r e f l e c t i o n s  w i t h i n  
t h e  s e n s o r  o p t i c s .  The f a c t  i s ,  The examples g i v e n  a l r e a d y  i n  
however, t h a t  no comple te  answer t h i s  T e c h n i c a l  Report  have  demonst ra ted  
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A S S U M E :  I C E  C R Y S T A L  
R E F R A C T I O N  A N G L E  

N A D I R  A N G L E  N E A R  Z E R O  

8 2  3 
t a n  0= 4 5 0  = 2 '  5 6 '  

2 3  N . M .  R A D I U S  ( M E A S U R E D  O N  D A T A )  
O'UTSIDE DIAMETERIINNER C I R C L E  

F i g  7-31. Noc t i lucen t  c loud d e t e c t i o n .  

a  wide v a r i e t y  o f  a p p l i c a t i o n s  f o r  l i s t  i s  p resen ted  below a s  Table  7-2 .  
DMSP imagery. Many more a p p l i c a t i o n s  Many f u r t h e r  uses w i l l  s u r e l y  be 
a r e  p o s s i b l e .  A f a i r l y  l eng thy  l i s t  found f o r  d a t a  from t h e  c u r r e n t  DMSP 
of  p o s s i b i l i t i e s  has  been suggest -  system. Even more uses w i l l  emerge 
ed by t h e  meteoro log i s t s  a t  t h e  A i r  f o r  d a t a  from f u t u r e .  more advanced. 
Force Eas te rn  T e s t  Range [33] .  This systems.  
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I .  Meteorology b. F r o n t a l  

A. Clouds 
1. Cloud Location 
2 .  Cloud Tops 
3 .  Cloud P a t t e r n s  
4. Cloud Movement 
5. Cloud Development 
6 .  Cloud D i s s i p a t i o n  
7. I n v i s i b l e  Clouds F 

B. Systems 
1. Frontal/VTPR ( V e r t i c a l  

Temperature P r o f i l e  Radiometer) 
2 .  E a s t e r l y  Waves 
3 .  p o s i t i v e  V o r t i c i t y  Advec- 

t i o n  (PVA) 
4. ITCZ (Development/ 

D i s s i p a t i o n )  
5. Convergent Lines 
6 .  S q u a l l  Lines 
7. Screaming Eagles 
8 .  TROFS/VTPR 

C. Wind 
1. Low Level Direction/Speed 

a .  S t reaml ines  
b. Lee Waves 
c .  Open C e l l  
d .  Closed C e l l  
e .  P a t t e r n s  
f .  Systems 

2. Upper Level. 
a .  Bil low Clouds 

c .  S q u a l l  Lines 
d.  ITCZ 

3 .  Turbulence 
a .  Bil low Clouds 
b. Lee Waves 
c .  Deep Convection 
d.  P a t t e r n s  

Miscellaneous 
1. P o l l u t i o n  

a .  A i r ,  Sur face ,  Upper A i r  
b.  Water 

2 .  Lightning 
3 .  Gravi ty  Waves 
4 .  Dust 

11. Oceanography 

A. Sur face  Temperature, Currents  
B. Wave Heights 
C. I ceberg  Detect ion/Forecas t  
D. I c e  Mapping 
E. F i sh  Detect ion 
F. I c e  Flow/Routes 

111. Geophysics - 

Aurora 
1. Communication 
2.  Spacecra f t  E f f e c t s  
3 .  S o l a r  Re la t ions  
4. Density Anomalies 
5 .  Weather E f f e c t s  

b. Transverse  Bands I V .  Ea r th  Resources 
c .  Plumes 
d. S t r e a k s  
e .  Lee Waves 
f. Systems 

P r e c i p i t a t i o n  
1. Rain 

a .  Frontal-Mid-Lati tude 
b. T r o p i c a l  
c .  Convective 
d. E a s t e r l y  Wave 
e .  Screaming Eagles  
f .  Typhoon/Hurricane 
Snow 
a. Depth 
b. Coverage 
c. Runoff 

3 .  Modif ica t ion 
a .  Seeding 
b. Development/Dissipa- 

t i o n  
E. Severe  Weather 

1. Typhoon/Hurricane 
a. Development 
b. I n t e n s i t y  (wind/ 

p r e c i p i t a t i o n )  
c .  Movement 
d. D i s s i p a t i o n  

2. Thunderstorms/Tornadoes 
a .  Convective (Develop- 

ment /Diss ipat ion)  

A. F o r e s t  F i r e s  
B. F o r e s t  Mapping 
C. Energy C r i s i s  (Use/Depletion/ 

Sources) 
D. Vegetation Est imat ion/Deple t ion 
E .  Crop Harvest  (Rice/Sugar Cane) 
F. O i l  Refineries/Gas F i e l d s .  

V. Miscellaneous 

A. Volcanoes 
B.  Anthropology 
C. Light  P o l l u t i o n  
D. C i t y  Planning 
E. River Runoff 
F. Locust  Movement 

Table  7-2. L i s t  g f  p o t e n t i a l  DMSP a p p l i c a t i o n s  ( m i l i t a r y  and c i v i l i a n ) .  
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ACRONYMS AND ABBREVIATIONS 

AFC RL 

AFGWC 

AMS 

APT 

AS AGC 

ATS 

AVCS 

AVE 

AWS 

B I  

B 
CDO 

CRT 

D/A 

DAPP 

DDS 

DFS 

DMSP 

D R I R  

DRS R 

DS AP 

DW 

E RT 

ESSA 

ETS 

Exp C 

Exp L 

Exp R 

FNWC 

FTV 

GOES 

High Enc 

H R 

IMS 

Inv 

ITOS 

JTWC 

A i r  Force Cambridge Research Laboratories 

A i r  Force Global Weather Central  
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Automatic P ic ture  Transmission 

Along scan automatic gain cont ro l  

Applications technology s a t e l i i t e  

Advanced vidicon camera system 

Aerospace vehic le  e l ec t ron i c s  

A i r  Weather Service 

B r i l l i a n c e  inversion 

Sensor scan angle 

Central  dense overcast  

Cathode-ray tube 

Digital-to-analog 

Data Acquisit ion and Processing Program (Now DMSP) 

Data d i sp lay  segment 

D i g i t a l  facs imi le  system 

Defense Meteorological S a t e l l i t e  Program 

Direct readout i n f r a r e d  

Di rec t  readout scanning radiometer 

Defense Systems Application Program (Now DMSP) 

Half da ta  width 

E f f ec t ive  r a d i a t i v e  temperature 

Environmental Science Services  Administration (absorbed by 

NOAA) 

a l s o  Environmental survey s a t e l l i t e  

Equivalent temperature s e t t i n g  

Expand cen t e r  

Expand l e f t  

Expand r i g h t  

F l ee t  Numerical Weather Central  

F l i g h t  t e s t  veh ic le  

Geostationary opera t iona l  environmental s a t e l l i t e  

High enhancement 

High r e so lu t ion  (v i sua l )  

Intermediate  maintenance shop 

Inve r t  

Improved TIROS opera t iona l  s a t e l l i t e  

J o i n t  Typhoon Warning Center 
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Low/IIigh Enh 

111 

NASA 

NESS 

NGSDC 

N M 

NOAA 

Norm 

Off Enh 

OT 

SAMSO 

SAP 

SESS 

S i g  Proc No 1 

S i g  Proc No 2 

S RP 

SSB 

SSE 

SSJ 

TIROS 

TOS 

US AFETAC 

VH K 

VHRR 

VTP R 

WH R 

X 1 

X2 

X4 

3 D-Neph 

Low enhance 

Low/high Enhance 

Mode i n £  r a r e d  

Nat ional  Aeronaut ics  and Space Adminis t ra t ion 

Nat ional  Environmental S a t e l l i t e  S e r v i c e  

Nat ional  Geophysical and S o l a r - T e r r e s t r i a l  Data Center  

Nau t i ca l  m i l e  

Na t iona l  Oceanic and Atmospheric Adminis t ra t ion 

Normal 

Off enhance 

O r b i t  t ime 

Space and M i s s i l e  Systems Organizat ion 

Sensor AVE package 

Space environmental  suppor t  system 

S i g n a l  processor  Number 1 

S i g n a l  p rocessor  Number 2 

S e l e c t i v e  reconnaissance  program 

Supplemental s e n s o r  B 

Supplemental s e n s o r  E ( v e r t i c a l  temperature)  

Supplemental s e n s o r  J ( e n e r g e t i c  e l e c t r o n s )  

Supplemental s e n s o r  J /2  (improved SSJ) 

Supplemental sensor  L ( l i g h t n i n g )  

T e l e v i s i o n  and i n f r a r e d  obse rva t ion  s a t e l l i t e  

TIROS o p e r a t i o n a l  s a t e l l i t e  

United S t a t e s  A i r  Force Environmental Technical  ~ p p l i c a t i o n s  
Center  

Very h igh  r e s o l u t i o n  ( v i s u a l )  

Very high r e s o l u t i o n  radiometer  

V e r t i c a l  temperature  p r o f i l e  radiometer  

Very high r e s o l u t i o n  ( i n f r a r e d )  

Expand one 

Expand two 

Expand f o u r  

Three dimensional  nephanalys is  
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