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NATIONAL RESEARCH COUNCIL 
COMMISSION O N  NATURAL RESOURCES 

C O M M I T T E E  O N  REMOTE S L N S I S C  i'ROGkA3tS 
FOR E A R T H  RESOURCE S U R V E I S  

September 24, 1956 

Dr. Gordon J. I?. MacDonald 
Chairman, Commission on Natural Resources 
National Research Council 
Washington, D. C. 20418 

Dear Dr. NacDonald: 

The Committee on Remote Sensing Programs for Earth Resource 
Surveys, CORSPERS, has completed a review of the Thematic 
Mapper, proposed by NASA as the follow-on sensor to the 
present multispectral scanner (MSS) carried in the LANDSAT 1 
and 2 spacecraft. 

The Committee has been repeatedly impressed b j j  the significant 
resource and environmental information that investigators 
were able to extract from the LANDSAT data. This is in 
spite of the fact that the MSS and the data handling facilities 
now in use are not representative of what could be done with 
current technology. As the Committee concluded in its 1974 
study (Remote Sensing for Resource and Environmental Surveys), 
the present study confirms that the technology used in the 
LANDSAT program is readily extendable to operational systems 
that can satisfy major data requirements of many different 
categories of resource managers and environmental monitors. 
The Thematic Mapper is such an extension which can make 
significant contributions in an Earth Resources Satellite 
operational system. 

I am pleased to transmit to the Commission on Natural Resources 
the Committee's report, "Resource and Environmental Surveys 
from Space with the Thematic Mapper in the 1980's". 

Sincerely, 

- 
Arthur G. Anderson, 
Chairman 
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Preface 

The U.S. Department o f  Agr icu l tu re ,  N a t i ~ n a l  Oceanic and 
Atmospheric Administrat ion,  U, S, Geologica 1 Survey, Nat ional  

e r o n a u t i c s  and Space Administrat ion,  Environmental 
r r o t e c t i o n  Agency, and t h e  C i v i l  Works, U.S. Army Corps of 
Engineers  reques ted  the Nat ional  Academy o f  Sc iences  t o  
review t h e  adequacy of t h e  NASA proposed Thematic Mapper t o  
provide a b a s i c  l a n d  cover  in fo rmat ion  matr ix  and t h e  degree  
to  which this s e n s o r  system can  s a t i s f y  t h e  in fo rmat ion  
reqpuirements of a l l  e lements  o f  t h e  n a t u r a l  r e s o u r c e  
a p p l i c a t i o n s  community- The Na t iona l  Academy of 
Sciences/National  Research Council  a s s igned  t h i s  s t u d y  t o  
t h e  Conmittee on R e m o t e  Sensing Programs f o r  Ear th  Resources 
Surveys (CORSPERS) i n  t h e  C o m i s s i o n  on Na tu ra l  Resources, 
CORSPERS had p r e v i o u s l y  completed a n  18-mofith p rogress  
review of the LANDSAT (ERTS) I n v e s t i g a t o r  Program- T h i s  
review was r e p o r t e d  i n  a National  Academy of  s c i e n c e s  Report 
i s s u e d  i n  August 1974. 

The Cornittee's approach t o  t h e  p r e s e n t  s t u d y  was f i r s t  
to summarize c u r r e n t  r e sea rch  exper ience  i n  d i f f e r e n t  
a p p l i c a t i o n s  of  remote sens ing  of e l ec t romagne t i c  r a d i a t i o n  
from a v a r i e t y  of t e r r e s t r i a l  f e a t u r e s ,  This formed a b a s i s  
f o r  s p e c i f y i n g  what sensor ,  o r b i t ,  and data-process ing  
parameters,  w i t h i n  t h e  range of t e c h n i c a l  f e a s i b i l i t y ,  would 
be u s e f u l  t o  each a p p l i c a t i o n s  group i n t e r e s t e d  i n  f u t u r e  
o p e r a t i o n a l  satel l i te  systems. A s  expressed  i n  its progress  
review of  August, 1974, t h e  Committee w a s  a c u t e l y  aware t h a t  
t h e  t e c h n i c a l  l i t e r a t u r e  i s  l i m i t e d  i n  terms of  r e p e a t a b l e  
exper imenta l  r e s u l t s ,  Most of 'khe published s t u d i e s  were 
performed by remote sens ing t e c h n o l o g i s t s  w i t h  o n l y  
s c a t t e r e d  p a r t i c i p a t i o n  by o p e r a t i o n a l  managers. 

The Comnittee a l s o  rece ived  b r i e f i n g s  from t h e  f e d e r a l  
agenc ies  w i t h  o p e r a t i o n a l  i n t e r e s t s  i n  d a t a  from orbital  
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remote-sensing systems, With t h e s e  b r i e f i n g s  as background, 
t h e  Comaittee drew upon i ts  own exper ience  and judgment to  
e s t a b l i s h  t h o s e  d a t a  c h a r a c t e r i s t i c s  it cons ide red  opt imal  
f o r  o p e r a t i o n a l  use  i n  d i f f e r e n t  a p p l i c a t i o n s ,  

The C o r n n i t t e e  t h e n  reviewed t h e  proposed Thematic Mapper 
miss ion  a s  compared to t h e  c u r r e n t  LANDSATmSS i n  terms of 
s a t i s f y i n g  t h e  requirements  f o r  l a n d  cover da ta ,  P o s s i b l e  
modi f i ca t ions  t h a t  could expand i t s  u t i l i t y  f o r  ot'ler 
a p p l i c a t i o n s  wi thou t  s i g n i f i c a n t l y  jeopardiz ing  t h e  primary 
o b j e c t i v e  =re t h e n  considered,  

F ina l ly ,  t h e  Committee made recommendations t h a t  it 
b e l i e v e s  w i l l  enhance t h e  performance of t h e  Thematic Mapper 
system, n o t  only  f o r  obse rva t ion  of  v e g e t a t i o n  b u t  a l s o  f o r  
t h e  c o l l e c t i o n  of h igh ly  u s e f u l  d a t a  requi red  by t h e  wide 
range of other i n t e r e s t e d  users ,  The C o m m i t t e e  also po in ted  
o u t  where a d d i t i o n a l  s t u d i e s  should be conducted b e f o r e  t h e  
miss ion  c h a r a c t e r i s t i c s  a r e  comple te ly  f i n a l i z e d ,  I n  t h e s e  
recommendations, COXSPERS depar ted  s i g n i f i c a n t l y  from some 
s p e c i f i c  a s p e c t s  of the b a s e l i n e  proposal.  However, t h e  
Committee maintained close c o n t a c t  wi th  NASA t o  e n s u r e  t h a t  
t h e s e  modi f i ca t ions  were compatible  wi th  t e c h n i c a l  system 
c o n s t r a i n t s  and would not  cause  damaging d e l a y s  i n  t h e  
program t imetable .  I n  s e v e r a l  cases NASA was a b l e  t o  modify 
i ts  b a s e l i n e  des ign  a s  t h e  C o m m i t t e e  evolved i t s  pos i t ion .  
The %aselhe mission* r e f e r r e d  t o  i n  t h i s  r e p o r t  is t h e  
o r i g i n a l  proposal  presented  t o  t h e  C o m m i t t e e  by NASA dur ing  
t h e  i n i t i a l  meetings i n  November 1975 and January  1976 a s  
desc r ibed  i n  t h e  Appendix. 

The C o r n i t t e e  w i s h e s  t o  thank a l l  t h o s e  rep i -esen ta t ives  
of f e d e r a l  a g e n c i e s  who gave s o  f r e e l y  of t h e i r  t i m e  t o  
a s s i s t  t h e  Committee i n  t h e  study. CORSPERS acknowledges 
t h e  s u b s t a n t i a l  c o n t r i b u t i o n  provided by t h e i r  exper ience  
and p e r s p e c t i v e  t o  t h e  s u c c e s s f u l  completion o f  t h i s  
eva lua t ion ,  The Committee a l s o  wants t o  thank David S. 
B a r t l e t t ,  a g radua te  s t u d e n t  i n  Marine S t u d i e s  from t h e  
U n i v e r s i t y  of Delaware, who joined t h e  Nat ional  Research 
Council  s t a f f  from June  through August t o  a s s i s t  i n  t h e  
w r i t i n g  and t o  i n t e g r a t e  t h e  c o n t r i b u t i o n s  of each Committee 
Nember i n t o  t h e  f i n a l  r epor t ,  H e  dese rves  a " w e l l  done" f o r  
a n  ou t s t and ing  job. 

Arthur G. Anderson, Chairman 
CORSPERS 
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Action Summary 

O r b i t a l  e a r t h  resources d a t a  have been a v a i l a b l e  on a 
r e g u l a r  b a s i s  s i n c e  J u l y  1972 d e n  LANDSAT-1 w a s  launched- 
Since  t h a t  t i m e  a p p l i c a t i o n s  and t e c h n i c a l  e v a h a t i o n  of t h e  
d a t a  r e t u r n e d  by LANDSAT'S 1 and 2 have g iven t h e  s c i e n t i f i c  
and p o t e n t i a l  u s e r  c a n u n i t y  con£ idence  t h a t  s i g n i f i c a n t  
informat ion  on t h e  n a t u r a l  r e sources  of t h e  e a r t h ' s  s u r f a c e  
can  be ob ta ined  by remote sens ing  from o r b i t a l  p la t forms-  
The United S t a t e s  h a s  scheduled t h e  launch of LANDSAT-C when 
t h e  u s e f u l  o p e r a t i o n  of  LANDSAT-2 ends, now e s t i m a t e d  i n  
1977-78. NASA h a s  proposed a follow-on program t o  extend 
t h e  flow of orbital  d a t a  w e l l  i n t o  t h e  1980*s and t o  
s i g n i f i c a n t l y  upgrade the q u a l i t y  of  d a t a  providea. (See 
t h e  Appendix f o r  a  d e s c r i p t i o n  of t h e  proposed program.) 

The p r i n c i p a l  component of t h e  follow-on program is an 
improved mu1 t i s p e c t r a l  scanner  - t h e  Thematic Mapper, The 
Committee on R e m o t e  Sensing Programs f o r  E a r t h  Resource 
Surveys (CORSPERS) of t h e  Nat ional  Research Council  h a s  
s t u d i e d  both t h e  proposed Thematic Mapper sensor  and t h e  
miss ion  c h a r a c t e r i s t i c s  t o  determine  t h e  adequacy of t h e  
des ign  f o r  a  v a r i e t y  o f  e a r t h  obse rva t ion  a p p l i c a t i o n s .  

The C o r n i t t e e  concurs  w i t h  the s e l e c t i o n  of obse rva t ion  
of  v e g e t a t i o n  a s  t h e  primary op t imiza t ion  o b j e c t i v e  i n  
mission design. However, d u r i n g  i t s  a n a l y s i s ,  t h e  Committee 
explored  t h e  p o s s i b i l i t y  of extending t h e  des ign  t o  enhance 
t h e  u t i l i t y  of t h e  Thematic Mapper d a t a  for o t h e r  
a p p l i c a t i o n s  wi thou t  endangering t h e  primary ob jec t ive .  

The Conunittee i s  i n  f u l l  agreement wi th  and s t r o n g l y  
endorses  t h e  fo l lowing a s p e c t s  of NASA's  p l a n s  f o r  t h e  
Thematic Mapper miss ion  a s  p resen ted  t o  CORSPERS i n  November 
1975 and January 1976: 



1, To i n c l u d e  a n  a p p r o p r i a t e l y  modified f i r s t  
genera t ion  MSS i n  t h e  Thematic Mapper mission t o  provide  

a r e l i a b l e  back-up t o  t h e  new Thematic Mapper; 

• a c o n t i n u a t i o n  of  t h e  c u r r e n t  LANDSAT MSS d a t a  
f o r  t h o s e  u s e r s  who e i t h e r  do  n o t  need 
improved Thematic Mapper d a t a  or d o  n o t  have 
t h e  necessary  f a c i l i t i e s  t o  handle t h e s e  da ta .  

p recursor  d a t a  t o  assist t h e  u s e r  i n  s e l e c t i n g  
o n l y  good coverage be fo re  p rocess ing  t h e  more 
expensive Thematic Mapper data.  

t r a n s i t i o n a l  d a t a  t o  a i d  u s e r s  phasing i n  t h e  
improved Thematic Mapper da ta .  

2, To provide assured  coverage f o r  a minimum of  6 
yea r s  t o  g i v e  agenc ies  and o t h e r  u s e r s  a n  oppor tun i ty  t o  
j u s t i f y  t h e  necessa ry  commitment of r e sources  f o r  t h e  
t r a n s i t i o n  i n t o  a completely v a l i d  o p e r a t i o n a l  phase. 

3, To provide f o r  g l o b a l ,  direct d a t a  read-out ,  
wi thout  t h e  n e c e s s i t y  f o r  on-board d a t a  s t o r a g e  or 
dependence on r o r e i g n  r e c e i v i n g  s t a t i o n s .  

4, To recognize  t h e  o p e r a t i o n a l  c h a r a c t e r  of t h e  
Thematic Mapper a f t e r  S U C C ~ S S ~ U ~  complet ion of  i t s  
experimental  eva lua t ion ,  

5 ,  To combine f u t u r e  exper imenta l  packages wi th  
compatible  o r b i t s  a s  p a r t  of t h e  o p e r a t i o n a l  LANDSAT follow- 
on payloads, 

6, To provide  f o r  t h e  i n c l u s i o n  of a seventh  s p e c t r a l  
channel  on t h e  Thematic Mapper i f  it becomes f e a s i b l e  and 
o p e r a t i o n a l l y  u s e f u l ,  

The Cormit tee a l s o  agrees  t h a t  t h e  improvements i n  
ground i n s t a n t a n e o u s  f i e l d  of view (IFOV) and rad iomet r i c  
s e n s i t i v i t y  (see d e f i n i t i o n ,  page 3 4 )  w i l l  prod-ice 
s u b s t a n t i a l l y  i n c r e a s e d  c a p a b i l i t i e s  f o r  v i r t u a l l y  a l l  
a p p l i c a t i o n s ,  

The Cornittee wishes  t o  recommend changes or express  
concern i n  t h e  fo l lowing  e i g h t  a reas :  



1, Spec t ra l  Bands 

The C o m a i t t e e  c a r e f u l l y  s tud ied  analyses  of t h e  Thematic 
Mapper Technical Working Group t h a t  l e d  t o  t h e  s e l t c t i o n  of 
t h e  s i x  s p e c t r a l  bands i n  t h e  proposed NASA design. (See 
Table A.1 f o r  proposed bands.) A t  t h e  request  of t h e  
Cormittee, a d d i t i o n a l  analyses  were conducted by NASA. 
After  reviewing t h i s  work, CORSPERS recommends t h a t  t h e  
s p e c t r a l  bands be changed t o  t h e  following: 

Band 1: 0-47pm t o  0-52pm 

I n  t h i s  band, t he  s h o r t  wavelength l i m i t  i s  most 
c r i t i c a l  and i t s  pos i t i on  is based upon marine 
bathymetry requirements, The long wavelength l i m i t  is 
posit ioned by chlorophyl l  d iscr iminat ion requirements. 
A long wavelength cut-off  a t  0-52pm i s  preferred,  bu t  
extension t o  00S3pm is acceptable. 

Band 2: 0-53pm t o  0.58pm 

The sho r t  wavelength l i m i t  i s  most c r i t i c a l  from 
t h e  s tandpoint  of t e r r e s t r i a l  vegeta t ion discr iminat ion.  
This l i m i t  should not  be sho r t e r  than 0.53 micrometers. 
The long wavelength l i m i t  is  posi t ioned by both 
oceanographic and vegeta t ion discr iminat ion 
requirements, A 0.59pm long wavelength cut-of f would be 
acceptable  i f  s i g n a l  s t rength  requirements cannot he m e t  
with a 0105pm band width. 

The long wavelength l i m i t  i s  t h e  most c r i t i c a l  w i t h  
p l an t  species  d i sc r imina t ion  and vigor determination 
being t h e  dr iv ing  uses. Experience has shown t h a t  



r e f l e c t a n c e  cross-overs  i n  t h e  0.68 t o  0.75 micrometer 
r e g i o n  confuse  s p e c t r a l  s i g n a t u r e s  and reduce t h e  
accuracy of p l a n t  vigor determinat ions ,  The s h o r t  
wavelength l i m i t  i s  n o t  c r i t i c a l  as long a s  it is 0.60 
micrometers or longer. 

Band 4: 0.76pm t o  0.90pm 

Nei ther  l i m i t  is c r i t i c a l  a s  long a s  t h e  s h o r t  
wavelength l i m i t  i s  0-75 micrometers or longer ,  

Band 5: 1-55pm t o  1.75pm 

This  band, i n  which foliar r e f l e c t a n c e  is s t r o n g l y  
dependent upon f o l i a r  mois ture  content ,  should  prove 
ve ry  u s e f u l  i n  p l a n t  v igor  determinat ion.  The e x a c t  
wavelength l i m i t s  a r e  n o t  c r i t i c a l  and should be based 
upon a tmospher ic  t r ansmiss ion  and band width 
requirements.  

Band 6 : approximately 8.8pm 
t o  approximately 12-6pm 

The i n c r e a s e d  bandwidth i s  recommended f o r  
vege ta t ion  a n a l y s i s  purposes and t o  a l low an improvement 
i n  s p a t i a l  r e so lu t ion .  Th i s  wider band would p e r m i t  
r educ t ion  of thermal  IFOV t o  90m with a s m a l l  (from 
0. S°C t o  0.640C a t  3OOK)  degradat ion  i n  s e n s i t i v i t y ,  
The advantages of 90m thermal  IFOV would seem t o  
outweigh t h e  s e n s i t i v i t y  l o s t -  



• Band 7 :  

The C o r n i t t e e  a l s o  recommends, should a seventh 
s p e c t r a l  channel  be included,  t h a t  it cover t h e  region 
from 0.58pm to  0.63pm. Measurelcents i n  t h i s  band a r e  
u s e f u l  i n  v e g e t a t i o n  species d i s c r i m i n a t i o n  and d i s e a s e  
de tec t ion .  I f  a second cooled-detec tor  channel  ( longer  
than  2.5pn) becomes f e a s i b l e ,  t h e  most v a l u a b l e  band 
would be i n  t h e  4.Spm t o  5.5pm region. 

I n  reviewing t h e  s p e c t r a l  responsiveness of t h e  Thematic 
Mapper bands, t h e  Cornittee was convinced t h a t  p r e s e n t  
technology can praduce f i l t e r s  wi th  s u f f i c i e n t l y  s h a r p  cut -  
o f f s  and cut-ons t o  provide t h e  needed s p e c t r a l  performance. 
The  C o ~ m i t t e e  c o n s i d e r s  a f i l t e r  s l o p e  t h a t  d rops  from 85 
pe rcen t  of f u l l  response  t o  5 p e r c e n t  of f u l l  response  
w i t h i n  a 10 nanometer i n t e r v a l  t o  be t e c h n i c a l l y  f e a s i b l e  
and recommends t h a t  t h e s e  s ~ e c i f i c a t i o n s  be used i n  f i l t e r  
design. 

2, Equa to r i a l  Crossing Time 

The NASA proposed mission and sensor  des ign  c a l l a  f o r  an  
e q u a t o r i a l  c r o s s i n g  t i m e  of  1100 hrs .  The a v a i l a b l e  
evidence .J;S n o t  pe r suas ive  i n  convincing t h e  committee t h a t  
a change from t h e  0930 h r s  LANDSAT 1, 2, and C c r o s s i n g  t i m e  
is warranted. I f  vegera t ion  c l a s s i f i c a t i o n  w i t h  primary 
dependence on machine process ing  were t h e  s o l e  purgose, t h e  
near-noon o r b i t  might be p r e f e r r e d ,  s i n c e  it provides  a 
minimum shadow t l f f e c t  and a b e t t e r  view of t 5 e  p l a n t  canopy. 
Unfortunately,  t h e  small z e n i t h  a n g l e  a s s o c i a t e d  wi th  t h e  
near-noon o r b i t  s e r i o u s l y  l i m i t s  t h e  sensor  over  water  
s u r f a c e s ;  sun g l i t t e r  is  a problem when wind speeds rise 
above 5 meters/second. A f t e r  reviewing t h e  a v a i l a b l e  
c a l c u l a t i o n s  on s e n s o r  s e n s i t i v i t y  and s i g n a l  l e v e l s  a t  
c r o s s i n g  times of 0930 hrs and 1100 hrs, t h e  C o m m i t t e e  f e e l s  
t h a t  whi le  t h e  1at.er c r o s s i n a  t i m i ?  might be favored  f o r  
automated v e g e t a t i o n  c l a s s i f i c a t i o n ,  t h e  probable  g a i n  i n  
t h i s  a r e a  does no t  appear g r e a t  ei3ough t o  of f  s e t  l o s s e s  i n  
o t h e r  a p p l i c a t i o n s .  



Another f a c t o r  t h a t  must be c o n s i d e r 4  i n  t h e  s e l e c t i o n  
of t h e  op thum cross ing  t i m e  is cloud cover in te r fe rence ,  
which is both s t a t i s t i c a l l y  v a r i a b l e  and locat ion-specif ic .  

The C o a n i t t e e  f e e l s  t h a t  it is inpor tan t  t o  cont inue t h e  
present  L A i i T  cross ing  t ime i r  the fo l lw-on  program i n  
order  to take f u l l  advantage of  the c l a s s i f i c a t i o n  
experience gained durinq t h e  prerient e x p e r i ~ n t a l  program, 
A change i n  c ross ing  ti= could s i g n i f i c a n t l y  al ter  t h e  
c l a s s i f i c a t i o n  s igna tures  and would probably cause a major 
per turbat ion i n  t h i s  background experience. On t h e  b a s i s  of 
t he se  considerat ions ,  t h e  Comittee reconmends that t h e  0930 
h r s  cross ing ti* of LANDSAT 1, 2, and C be re ta ined ,  A 
more de t a i l ed  study of a l l  t h e  re levant  fac tors ,  
p a r t i c u l a r l y  the -*atistical p rcbab i l i t y  cf cloud cover i n  
critical areas, is recoamended to r e f i n e  t b i s  c ros s ing  tiae, 

3, Frequency of Cweraae 

Ths C o m i t t e e  has  de l ibera ted  a t  considerable  l eng th  on 
t h e  frequency of coverage question,  There is l i t t l e  doubt 
+nat some users w i l l  f i n d  eighteen-day r e p e t i t i v e  coverage 
more than adequate, even with t h e  expected cloud coverage 
in terf2rence-  Other major u s e r s  r equ i r e  Dore f requent  
coverage during c e r t a i n  c r u c i a l  times of t h e  year bu t  could 
accoamodate t o  da t a  gaps of s e v e r a l  months a t  o t h e r  times. 
Crop forecas t ing  i n  the U-S,  is a good example of t h i s  
variable-coverage frequency requirement. Requirements for 
g loba l  c rop  forecas t ing  da t a  are even more complex due t o  
t h e  d iverse  growing seasons and a g r i c u l t u r a l  pract ices .  
Other important u se r s  need more frequent  coverage throughout 
t h e  year, sometimes as o f t en  a s  dai ly ,  While  t h i s  latter 
frequency is obviously not  t e c h n i c a l l y  or economically 
f ea s ib l e  f o r  a g lobal ,  high da ta - r a t e  system such as is 
envisioned i n  t h e  LANDSAT foll-on, less frequent  coverage 
can still be of s i g n i f i c a n t  value t o  many of t hese  users,  
Even when ind iv idua l  u se r s  can spec i fy  t h e i r  own coverage 
requirements, experience is inadequate t o  determine t h e  
optimum compromise between mul t ip le  users  wi th  d i f f e r e n t  
frequency r ewi renen t s .  I n  v i e w  of  these  highly s u b j e c t i v e  
f a c t o r s  i.?clrrding the  v a r i a b l e  cloud cover p rcbab i l i t y ,  t h e  
Conami t t ee  can a s s e r t  t h a t  a system with a coverage i n t e r v a l  
of longer than every nine  days w i l l  have a d e f i n i t e  d r o p o f  f 
i n  value t o  many use r s  i n t e r e s t e d  i n  dynamic processes. The 



C o g n i t t e e  t he re fo re  recamends that a nominal nine-day 
coverage interval be accepted as t h e  maximum i n t e r v a l  
between observat ions  by t h e  IANOGAT-follow-on spacecraf t .  

4, Ground Data Hansling System 

The Conmi t tee  d i d  not perceive t h a t  NASA or t h e  u se r  
agencies had performed thorough analyses  of  t h e  impact  of 
t h e  high da ta  rate of the Thematic Mapper on t h e  Ground Data 
Handling systear, Since the kigh data rates w i l l  provide 
many more choices f o r  da t a  ana lys i s ,  the p o t e n t i a l  d a t a  
processing and s to rage  loads w i l l  be f a r  beyond c u r r e n t  
LANDSAT experience, Thoughtful, vigorous, and extensive  
analysis ,  along with  a n  e a r l y  canmitment, is required to  
thoroughly umierstand the i s s u e s  and to design t h e  required 
systems, Such analyses  should s tar t  mm, 

5 ,  D a t a  Archiving 

Imbedded i n  the Ground Data Handling Systea  ana lys i s  is 
t h e  genera l  ques t ion  of da t a  archiving,  The Colrunittee does 
not  be l ieve  t h a t  a l l  da ta  must be preserved. The opera t iona l  
user community and NASA should proceed promptly t o  analyze 
t h e i r  requirements and t h e  t echn ica l  a l t e r n a t i v e s ,  and to  
make t h e  prel iminary po l icy  and design choices  f o r  long-term 
archiving. These choices  can have a s i g n i f i c a n t  impact on 
t h e  o v e r a l l  design of the Ground Data Handling System- 

6 - Supporting Research and Development 

I n  reviewing t h e  a n a l y t i c  work t h a t  had been done i n  
preparat ion f o r  t h e  IANDSAT follow-on, as presented t o  
CORSPERS, t h e  Committee f e l t  t h a t  many of t h e  longer-term 
i s sues  requir ing research and development were inadequately 
t reated,  mese inc lude  s t u d i e s  o n  changes i n  s igna ture  with 
va r i a t i ons  of sun angle, viewinu a l t i t u d e ,  gray sca l e ,  and 



cloud cover,  I n  t h e  Conanitteems view, NASA is t h e  o n l y  
agency t h a t  has  t h e  broad range  of  competence r e q u i r e d  f o r  
such s t u d i e s  and t h e r e f o r e  should  assume t h e  r e s p o n s i b i l i t y  
t o  i n i t i a t e  and l e a d  them, 

7 ,  Inpact of  t h e  Manned Reusable Space S h u t t l e  

Another concern of *e Committee is t h e  a p p a r e n t  l i n k a g e  
between t h e  c o n t i n u i t y  of t h e  LANEAT follow-on program, and 
t h e  on-schedule s u c c e s s  o f  t h e  Manned Reusable Space S h u t t l e  
Program, NASA is planning t o  use  t h e  s h u t t l e  both  f o r  t h e  
i n i t i a l  launch o p e r a t i o n  and subsequent  r e t r i e v a l  f o r  
refurbishment  or i n - o r b i t  maintenance, While t h e  Commi t t ee  
does not  cons ide r  itself competent t o  e v a l u a t e  e i t h e r  t h e  
f i rmness  of t h e  s h u t t l e  schedu le  o r  t h e  performance o f  t h e  
s h u t t l e  when it is ready f o r  o p e r a t i o n a l  service, it voices 
concern t h a t  NASA keep open i t s  o p t i o n s  t o  e n s u r e  t h a t  t h e  
z o n t i n u i t y  of t h e  remote s e n s i n g  program is n o t  jeopardized 
by p o t e n t i a l  changes i n  t h e  s h u t t l e  schedule  or i n  its 
performance, 

F ina l ly ,  t h e  Committee wishes to  express  its concern 
over  t h e  p o t e n t i a l  data gap t h a t  may confront  t h e  world-wide 
use r  community a f t e r  LANDSAT C completes i ts u s e f u l  l i f e .  
The s e r i o u s n e s s  of  this p o t e n t i a l  gap becam apparent  dur ing  
t h e  Conunitteems e v a l u a t i o n  of t h e  Thematic Mapper. Such a 
gap is l i k e l y  t o  d i s r u p t  and d i s p e r s e  t h e  c a p a b i l i t y  of  t h e  
p r e s e n t  use r  community t o  use  t h e  d a t a ,  The Committee u r g e s  
t h a t  NASA and t h e  u s e r  agenc ies  t a k e  every  a c t i o n  w i t h i n  
t h e i r  a u t h o r i t y  t o  reduce t h e  p o s s i b i l i t y  of a gap and t o  
minimize t h e  d u r a t i o n  and t h e  e f f e c t s  of such a d a t a  gap i f  
it cannot  be prevented. 

I n  making t h e  above recommendations and endorsements,  
t h e  Committee cons idered  t r a d e - o f f s  between t h e  impact of  



the changes on land-cover da t a  and t h e  enhancements achieved 
i n  the d a t a  of i n t e r e s t  t o  geology, oceanography, coastal 
processes, hydrology, and cartography, The Cornittee 
mncladsd t h a t  only minor comp~ises  i n  land-cover data a r e  
required i n  order  t o  ga in  significant increases  i n  u t i l i t y  
of t h e  data f o r  the other appl icat ions .  The Committee i s  
f i rmly  convinced t h a t  +be Thematic Napper, as modified by 
t h e  changes recommended above, can provide a major s t e p  
f o r w ~ r d  i n  our  c a p a b i l i t y  to .aanage our n a t u r a l  resources  
and s i g n i f i c a n t l y  assist i n  monitoring major environmental 
fac tors .  



Chapter I 

Introduction 

Since 1967, NASA has  co l labora ted  with o t h e r  i n t e r e s t e d  
f e d e r a l  agencies i n  developing the use  of spacec ra f t  a s  
sensing platforms f o r  t h e  c o l l e c t i o n  of u se fu l  earth 
resources survey data-  A i r c r a f t  w e r e  used as  experimental 
sensing platforms t o  provide an understanding of t h e  
r ad i a t i on  c h a r a c t e r i s t i c s  of t e r r a i n  fea tures ,  l and  cover, 
and w a t e r ,  These e a r l y  experiments l e d  t o  t h e  design of t h e  
Multi-Spectral Scanner (MSS) and t h e  Return Eeam-Vidicon 
(RBVI c a r r i e d  on t h e  ERTS (now LANDSAT) spacec ra f t  and t h e  
Earth Resources Experiment Package (EREP) c a r r i e d  on SKYIAB, 
An extensive  i n v e s t i g a t o r  program, wi th  s c i e n t i s t s  and 
p o t e n t i a l  users  i n  federal ,  s t a t e ,  and l o c a l  governments, a t  
p r i v a t e  i n s t i t u t i o n s ,  a t  academic i n s t i t u t i o n s  and i n  
fo re ign  countr ies ,  w a s  conducted, Inves t iga to r s  determined 
t h e  information conten t  of t h e  da t a  collected and t h e  
relevance of t h e  information t o  t h e  requirements of resource 
managers. Data processing techniques were developed and 
design opt ions  i d e n t i f i e d  f o r  f u t u r e  opera t iona l  remote 
sensing systems. These i n v e s t i g a t i o n s  have provided 
i n f o r m t i o n  on t h e  d i f fe rences  i n  s p e c t r a l  p r o f i l e  between 
d i f f e r e n t  p lan t  species,  su r f ace  fea tures ,  and water 
c h a r a c t e r i s t i c s ;  t h e  e f f e c t s  of atmospheric per tu rba t ions ;  
and de t ec t ion  of d i r e c t  and i n d i r e c t  evidence of manos 
a c t i v i t i e s ,  With r e p e t i t i v e  s a t e l l i t e  coverage a v a i l a b l e  a t  
n ine  to  eighteen-day i n t e r v a l s ,  seasonal  v a r i a t i o n s  and 
phenological changes i n  t h e  s p e c t r a l  p r o f i l e  provided an 
a d d i t i o n a l  dimension of considerable  s ign i f i cance  t o  t h e  
data,  Experience w i t h  t he  LANDSAT MSS da ta  has a l s o  
demonstrated t h a t  because of i t s  high radiometr ic  precis ion,  
automatic data  processing techniques can be used i n  ana lys i s  
of ind iv idua l  p i c t u r e  elements f o r  image conten t  
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i d e n t i f i ~ a t i o ~  and m e ~ s u r a t i o n ,  T h i s  technique  h a s  provided 
major i n c r e a s e s  i n  t h e  u t i l i t y  of t h e  da ta .  

I n  p a r a l l e l  wi th  t h e  f l i g h t  program, NASA has  also 
sponsored a c o n t i n u i t y  space r e s e a r c h  and technology program 
t o  d e v e l ~ p  improved s e n s o r s  and d a t a  process ing  systems, 
This  work has  g r e a t l y  expanded the t e c h n o l o q i c a l  o p t i o n s  now 
a v a i l a b l e  t o  t h e  system designer ,  Technology of o r b i t a l  
MSSns is now adequate  t o  i n c r e a s e  t h e  number of s p e c t r a l  
channels  t o  s i x  or seven and dec rease  t h e  ground r e s o l u t i o n  
to about  30m. Advances i n  d a t a  p rocess ing  c a p a b i l i t y  make 
it p o s s i b l e  t o  handle t h e  corresponding i n c r e a s e  i n  d a t a  
r a t e .  

Remote sens ing  and i t s  s u p p o r t i n s  t echno log ies  have 
advanced t o  t h e  p o i n t  where i n t e l l i g e n t  cho ices  c a n  now be 
made i n  des igning o r b i t a l  system c a p a b i l i t i e s  t o  respond 
s p e c i f i c a l l y  to  many s e l e c t e d  informat ion  requirements ,  
Costs,  complexity,  and t echno loq ica l  and o p e r a t i o n a l  
c o n s t r a i n t s ,  however, l i m i t  t h e  span of a p p l i c a t i o n s  t h a t  
can be accommodated wi th in  a s i n g l e  s p a c e c r a f t  c o n f i g u r a t i o n  
and o r b i t ,  Trade-off cho ices  have t o  be made i n  o r d e r  t o  
maximize t h e  u s e f u l n e s s  of a s e n s o r  system f o r  the l a r g e s t  
number of u s e r s  whi le  t r y i n g  t o  mainta in  t h e  q u a l i t y  of t h e  
d a t a  w e l l  above t h e  u s a b i l i t y  t h r e s h o l d  for each use r ,  The 
approach adopted by NASA i n  t h e  LANDSAT follow-on program is 
t o  develop a s e n s o r  conf igura t ion ,  t h e  T h e m t i c  Mapper, t h a t  
can p rov ide  a h igh  q u a l i t y  ma t r ix  of  r e p e a t a b l e  l a n d  cover 
information,  T h i s  matr ix  would provide  b a s i c  d a t a  t h a t  can  
be used by many earth resource  managers and environmental  
monitors, For some selected use r s ,  it may be necessary  to  
supplement t h i s  informat ion  wi th  d a t a  from Appl ica t ion-  
S p e c i f i c  Missions i n  d i f f e r e n t  t y p e s  of  o r b i t s  and designed 
f o r  t h e  p a r t i c u l a r  user.  Examples of  t h e s e  Applicat ion-  
S p e c i f i c  Missions i n c l u d e  t h e  Heat Capaci ty  Mapping Mission 
(HCMM), t h e  S e a s a t  Mission, t h e  C o a s t a l  Zone Color Scanner 
scheduled f o r  f l i g h t  on NIMBUS-G, s m a l l  Appl ica t ions  
Explorer  Satellites, and a i r c r a f t  o v e r f l i g h t s .  

I n  May 1975, NASA convened a Thematic Mapper Technical  
Working Group1 t o  undertake a review of t h e  follow-on 
LANDSAT program and to d e f i n e  an a p p r o p r i a t e  s e n s o r  
c o n f i g u r a t i o n  t h a t  could  be ready f o r  launch i n  t h e  e a r l y  
19808s. The s p e c i f i c  recommendations on sensor  des igns  and 
orb i t  c h a r a c t e r i s t i c s  made by t h e  Thematic Mapper Technica l  
Working Group were used by NASA a s  a b a s i s  f o r  a n  i n i t i a l  
"base l ine  missionn des ign  (Se? Appendix). T h i s  b a s e l i n e  
des ign  e s t a b l i s h e d  t h e  i n i t i a l  s p e c i f i c a t i o n s  f o r  bread- 



board eng inee r ing  models developed by t h r e e  d i f f e r e n t  
c o n t r a c t o r s  t o  v e r i f y  t h a t  t h e  s p e c i f i c a t i o n s  were f e a s i b l e  
from an eng inee r ing  p o i n t  of vrew, NASA r e p o r t e d  a l l  t h r e e  
models were able t o  s a t i s f y  t h e  i n i t i a l  s p e c i f i c a t i o n s .  

Federa l  a g e n c i e s  a n t i c i p a t e  t h a t  because of t h e  
e x t e n s i v e  l e a d  t i m e  r equ i red  f o r  t h e  development of a new 
serrsor system t h e  Thematic Mapper c o n f i g u r a t i o n  w i l l  
probably be used throughout  t h e  1980 t o  1990 decade- Its 
des ign is t h e r e f o r e  crucial t o  many d i f f e r e n t  a p p l i c a t i o n  
groups and p o t e n t i a l  users ,  While supplementary s e n s o r s  may 
b e  o r b i t e d  on o t h e r  s p a c e c r a f t ,  t h e  broad u t i l i t y  of remote 
s e n s i n g  f o r  r e source  management and environmental  monitoring 
w i l l ,  for t h e  f o r e s e e a b l e  fu tu re ,  have t o  depend on t h e  
success  of t h e  Thematic Mapper conf igura t ion .  The q u a l i t y  
of the l a n d  cover  informnation de r ived  from t h e  Thematic 
Mapper da ta ,  t h e  proper  r e c o g n i t i o n  and e v a l u a t i o n  of 
p t e n t i a l  u s e r  in fo rmat ion  requirements ,  and t h e  adequate  
des ign  of  the ground d a t a  process ing  and in fo rmat ion  
d i s t r i b u t i o n  network a r e  s i g n i f i c a n t  elements  t h a t  w i l l  bear  
heav i ly  on t h e  success  of s a t e l l i t e  remote s e n s i n g  f o r  
resource  management and environmental  monitoring. The f i n a l  
des ign  of the ins t rument  and mission parameters  of t h e  
Thematic Mapper w i l l  determine t h e  burden on supplementary 
Applicat ion-Specif ic  Missions or o t h e r  d a t a  s o u r c e s  t h a t  
need t o  be  deployed i n  o r d e r  t o  s a t i s f y  t h e  t o t a l  
a p p l i c a t i o n s  community- 

I n  l a t e  1975 t h e  f e d e r a l  a g e n c i e s  r eques ted  t h e  
C o m m i t t e e  on R e m o t e  Sensing Programs on Ear th  Resource 
Surveys, COhSPERS, o f  t h e  Nat ional  Research Counci 1. t o  
e v a l a u t e  t h e  proposed b a s e l i n e  des ign  of t h e  Thematic 
Mapper. COASPERS had p rev ious ly  completed an  e x t e n s i v e  
review of t h e  LANDSAT 1 i n v e s t i g a t o r  r e s u l t s  i n  s i x  
p r i n c i p a l  a p p l i c a t i o n  areas .  T h i s  review was repor ted  i n  
t h e  Nat ional  Academy of Sc iences  r e p o r t ,  " R e m o t e  Sensing f o r  
Resource and Ecvironmental Surveys - 1934." The Conunittee 
approached t h e  e v a l u a t i o n  of t h e  Thematic Mapper by 
extending t h e  e a r l i e r  exper ience  i n  each o f  t h e  a p p l i c a t i o n  
a r e a s  t o  i n c l u d e  LANDSAT 2 r e s u l t s  and by a c t u a l l y  ana lyz ing  
t h e  d i f f i c u l t i e s  encorrntered i n  u s i n g  the MSS d a t a  i n  each 
of t h e  a p p l i c a t i o n  areas.  T h i s  a n a l y s i s  was t h e n  used a s  
t h e  d e p a r t u r e  p o i n t  i n  e v a l u a t i n g  t h e  proposed Thematic 
Mapper des ign  and i n  making recommendations t o  modify t h e  
des ign  t o  i n c r e a s e  i ts  c a p a b i l i t y .  The a n a l y s i s  &as 
conducted from t h e  p e r s p e c t i v e  of t h e  fo l lowing seven major 
a p p l i c a t i o n  areas :  



Cartography 

Vegetation inventory and assessment 

Land use  management 

Geological app l i ca t ions  

Oceanography and c o a s t a l  zone management 

water resource management, and 

Environmental monitoring 

The ana lys i s  i n  each of t hese  app l i ca t ion  areas focussed 
on the d a t a  c h a r a c t e r i s t i c s  a s  determined by t h e  design 
parameters of t h e  sensor  system used i n  c o l l e c t i n g  the da ta -  
This, then, provided a b a s i s  f o r  eva lua t ing  t h e  probable 
performance of t h e  proposed Thematic Mapper, The sensor  
system parameters used i n  the ana lys i s  genera l ly  included 
t h e  following: 

m Number, s p e c t r a l  l oca t ion  and wavelength l i m i t s  o f  
t h e  spectral bands, 

Instantaneous f i e l d  o f  view of t h e  sensor  on t h e  
sur f  ace of the e a r t h  (TFOV) , 

Dynamic range of t h e  sensor (see d e f i n i t i o n ,  page 
33) , 

Radiometric s e n s i t i v i t y  of t h e  sensor  (see 
d e f i n i t i o n ,  page 34) , 

Equator ia l  cross ing time of t h e  spacecraf t ,  i-e., 
t h e  l o c a l  t i m e  of observation,  

Frequency of coverage, i. e, , t he  i n t e r v a l  between 
successive observation opportuni t ies .  

Data processing and management, 

Archiving considerations,  



The lead-off d i scuss ion  i n  Chapter 2 covers t h e  
experience of i n v e s t i g a t o r s  working i n  the f i e l d  of 
cartography. Since the cartography d i s c i p l i n e  is genera l ly  
involved i n  present ing image-type information i n  near ly  a l l  
t h e  app l i ca t ions  of o r b i t a l  data, t h i s  d i scuss ion  should 
assist  t h e  reader  i n  t h e  d i scuss ions  of t h e  o t h e r  
appl ica t ions  t h a t  follow, Def in i t ions  of s e l e z t e d  t echn ica l  
t e r m s  are a l s o  included as foo tno te s  at t h e  f i r s t  appearance 
of the term, 

Most of t h e  inves4 \tors working w i t h  LANDSAT da ta  
d i r ec t ed  t h e i r  r e s e a r  . € f o r t s  t o  ex t r ac t ing  inFormation of 
i n t e r e s t  t o  a s p e c i f i c  a i s c i p l i n e  or appl icat ion.  As a 
convenience t o  t h e  reader, t h i s  r e p o r t  has segregated t h e  
l i t e r a t u r e  re fe rences  re levant  to each appl ica t ion  t o  fol low 
immediately a f t e r  t h e  d i scuss ion  of t h e  appl icat ion.  
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Chapter I1 

Analysis of LANDSAT 1 and 2 
Experience 

Cartography 

Cartography (mapping and c h a r t i n g )  is  a suppor t ing  
d i s c i p l i n e  i n  remote sens ing,  because c a r t o g r a p h i c  d a t a  and 
c a r t o g r a p h i c  p r e s e n t a t i o n s  are requ i red  by a l l  t h e  o t h e r  
d i s c i p l i n e s  d i scussed  i n  t h i s  report. The d a t a  from aerial 
and o r b i t a l  sensors ,  a f t e r  process ing ,  a r e  e v e n t u a l l y  
presented  t o  t h e  user and employed i n  t h e  form of an image, 
c h a r t ,  or other kype o f  a r e a  d i s p l a y ,  

The d i s c i p l i n e  of car tography is a l s o  a u s e r  of remotely 
sensed da ta ,  because t h e  d a t a  are used i n  mapping and 
c h a r t i n g  f o r  g e n e r a l  purposes, Therefore  t h e  d i s c u s s i o n  
t h a t  follows i s  d i v i d e d  i n t o  two s e c t i o n s :  namely, 
car tography i n  t h e  u s e r  d i s c i p l i n e s  and ca r tography  as a 
u s e r  d i s c i p l i n e ,  

Cartography i n  t h e  User D i s c i p l i n e s  

The u s e r  of o r b i t a l  scanner  d a t a  d e r i v e s  informat ion  
p r i n c i p a l l y  from an image or o t h e r  type  of  a r e a  d i s p l a y  t h a t  
i s  a n  end product o f  t h e  d a t a  processing. The u s a b l e  
informat ion  con ten t  of this product  i s  obviously impor tant  
t o  t h e  user ,  and i s  a paramount concern of t h e  des igner  of 
t h e  s a t e l l i t e  s e n s i n g  system, Unfortunately,  there is n o  
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s i n g l e  parameter or s i n g l e  f i g u r e  of m e r i t  t h a t  can  
completely s p e c i f y  or d e s c r i b e  t h e  image q u a l i t y  and u s e f u l  
informat ion  c o n t e n t  of imagery.1 D e t e c t a b i l i t y ,  
d i sc r imina t ion ,  r e c o g n i z a b i l i t y ,  and i n t e r p r e t a b i l i t y  are 
perhaps t h e  major c h a r a c t e r i s t i c s  of t h e  d i s p l a y  t h a t  a r e  of 
concern t o  t h e  u s e r ;  b u t  t h e s e  c h a r a c t e r i s t i c s  a r e  n o t  i n  
g e n e r a l  q u a n t i z i a b l e .  S p a t i a l  r e s o l u t i o n  is o f t e n  
m s t a k e n l y  used a s  a sole measure of  t h e s e  c h a r a c t e r i s t i c s - 2  

The s i z e  of t h e  s a t e l l i t e  s e n s o r ' s  i n s t a n t a n e o u s  f i e l d  
of view on t h e  ground, ground IFOV, is used i n  t h i s  r e p o r t  
a s  t h e  f i g u r e  of  merit by which t o  judge t h e  q u a l i t y  and 
u s a b l e  in fo rmat ion  c o n t e n t  o f  MSS imagery and d i sp lays .  
Ground I F 3 V  has  t h e s e  advantages a s  a  f i g u r e  of merit: it 
is  a concept t h a t  is c l e a r l y  and unambiguously understood i n  
a l l  t h e  u s e r  d i s c i p l i n e s ;  t h e s e  u s e r s  are less l i k e l y  t o  
m i s i n t e r p r e t  t h e  s i g n i f i c a n c e  of ground IFOV t h a n  
r e s o l u t i o n ;  ground IZDV is d e r i v a b l e  d i r e c t l y  from t h e  
des ign  parameters  o f  t h e  s e n s o r  system, and i s  a u s e f u l  
parameter f o r  t h e  d e s i g n e r s  of t h e  system; ground IFOV comes 
c l o s e  t o  being a v a l i d  s i n g l e  parameter t o  i n d i c a t e  t h e  
c a p a b i l i t i e s  and u s e f u l n e s s  of t h e  sensor  system. 

Ground IFOV, or simply IFOV, i s  t h e  a r e a  sensed and 
recorded i n s t a n t a n e o u s l y  Dn t h e  ground by t h e  o r b i t i n g  
system, The s i z e  and shape of t h i s  a r e a  v a r i e s  somewhat 
because: t h e  viewing d i r e c t i o n  o f  t h e  sensor  system does 
n o t  remain v e r t i c a l  throughout each l i n e  scan;  t h e  ground i s  
n o t  always f l a t  and h o r i z o n t a l ;  and t h e  de tec to r - record ing  
system has a  f i n i t e  response t i m e ,  Nevertheless ,  f o r  
s i m p l i c i t y ,  t h e  shape  of t h e  ground IFOV i s  assumed t o  be 
square  and c o n s t a n t  i n  s i ze ,  The s i z e  o f  t h e  ground IFOV is 
s p e c i f i e d  by t h e  l e n g t h  of a  s i d e  of t h e  square. Ground 
I F O V  is approximately e q u i v a l e n t  t o  t h e  s m a l l e s t  p i c t u r e  
element ( p i x e l )  i n  the a r e a  d i s p l a y  t h a t  is  presented  t o  t h e  
use r  d i s c i p l i n e ,  

Ground IFOV i s  a major f a c t o r  i n  determining a lower 
l i m i t  t o  u s e f u l  p i x e l  s i z e  i n  t h e  image o r  d i s p l a y ,  The 
p i x e l  s i z e ,  i n  t u r n ,  i s  a major f a c t o r  i n  de termining t h e  
following: s m a l l e s t  recognizable  o b j e c t  o r  f e a t u r e ;  
d i s c r i m i n a t i o n  between o b j e c t s  or f e a t u r e s ;  image 
i n t e r p r e t a t i o n ;  s p a t i a l  t e x t u r e ;  s p e c t r a l  t e x t u r e  and 
s i g n a t u r e ;  accuracy of l o c a t i o n  of  boundaries;  accuracy of 
a rea  measurements. For example, a s  t h e  IFOV scans  a c r o s s  
t h e  boundary between a c u l t i v a t e d  a g r i c u l t u r a l  f i e l d  and a 
f o r e s t  a rea ,  t h e  change i n  s i g n a l  s t r e n g t h ,  i n  ar? 
a p p r o p r i a t e  s p e c t r a l  band, w i l l  be gradual  i f  t h e  ground 



IFOV is la rge ,  and s h a r p  i f  t h e  ground I F O V  i s  small, The 
boundary between t h e  t w o  areas w i l l  t h e r e f o r e  be d i f f u s e  and 
u n c e r t a i n  i f  t h e  ground IFOV is large, 

Ground IFOV, conljined with a r e a  coverage and frequency 
of r e p e t i t i v e  coverage, a l s o  de termines  th,  d a t a  r a t e  of t h e  
system, The d a t a  r a t e  i n  any one channel  is  i n v e r s e l y  
p r o p o r t i o n a l  t o  t h e  square  of t h e  v a l u e  of t h e  ground IMIV, 
i f  t h e  a r e a  of coverage and t h e  frequency of r e p e t i t i v e  
coverage a r e  cons tant .  I f  t h e  IFOV is t o o  smal l ,  t h e  d a t a  
r a t e  and system cost become unmanageably high. I f  t h e  IFoV 
is too l a r g e ,  t h e  u s e f u l n e s s  o f  t h e  system diminishes ,  
Compromises and t r a d e - o f f s  must t h e r e f o r e  be made, 

Optimizat ion  o f  these compromises and t r a d e - o f f s  
c o n s i s t s  i n  maximizing the ra t io  of b e n e f i t s  t o  cost. T h i s  
is shown d i a g r a m a t i c a l l y  by t h e  t w o  cu rves  i n  Figure  2.1 
(not  t o  scale). The a b s c i s s a  f o r  b o t h  curves  is ground IFOV 
which i n c r e a s e s  from r i g h t  t o  lef t ;  i.e., a r e s o l u t i o n n  
i n c r e a s e s  from l e f t  t o  r i g h t ,  The broken curve  r e p r e s e n t s  
t h e  u s e f u l n e s s  of t h e  ground IFOV, i n  an a r b i t r a r y  u s e r  
d i s c i p l i n e .  For a ve ry  l a r g e  ground IFOV, egg. ,  1000 m, t h e  
use fu lness  of  t h e  system is judged t o  be very  small.  As 
ground IFOV decreases ,  use fu lness  rises; bu t  t h e  curve  
begins t o  f l a t t e n  o u t  and approach s a t u r a t i o n  a s  ground IFOV 
becomes very  small ,  (egg., 0.01 meter). The g e n e r a l  form of 
t h i s  u s e f u l n e s s  c u r v e  i n  F igure  2.1 is probabiy correct f o r  
a l l  or most of t h e  u s e r  d i s c i p l i n e s ;  b u t  its e x a c t  shape and 
its ground IFOV v a l c e s  undoubtedly v a r y  from u s e r  d i s c i p l i n e  
t o  u s e r  d i s c i o l i n e .  Some d i s c i p l i n e s  may have s h a r p  bends 
o r  p o i n t s  of h f l e c t i o n  i n  t h e  u s e f u l n e s s  curve, 
Nevertheless ,  t1.4 c u m e s  f o r  a l l  t h e  d i s c i p l i n e s  can be s a i d  
t o  have t h e s e  t w o  cnmmon c h a r a c t e r i s t i c s :  t h e  c u r v e s  a r e  
monotonic, i.e., u s e f u l n e s s  always i n c r e a s e s  a s  ground IFDV 
decreases ;  and t h e  curves  f l a t t o n  o u t  to  s a t u r a t i o n  f o r  very  
smal l  va lues  of ground IFOV, 

D i s t i n c t i o n  is  made, of  course ,  between t h e  use fu lness  
of a system f o r  a p a r t i c u l a r  u s e r  d i s c i p l i n e ,  and t h e  r a t i o  
of b e n e f i t s  t o  c o s t  of t h e  system. The b e n e f i t s / c o s t  r a t i o  
is i l l u s t r a t e d  by the s o l i d  curve  i n  F igure  2.1. For very  
l a r g e  va lues  of ground IFOV (very poor g w r e s o i u t i o n g g ) ,  t h e  
use fu lness  of t h e  system i s  very  smal l ,  and hence t h e  
b e n e f i t s / c o s t  r a t i o  i s  small. For ve ry  smal l  v a l u e s  of 
ground I F O V  (exceedingly good w r e s o l u t i o n l ) ,  t h e  c o s t s  of  
t h e  system become l a r g e  and t h e  d a t a  r a t e  becomes 
unmanageable whi le  t h e  use fu lness  c u r v e  f l a t t e n s  out. Hence 
t h e  b e n e f i t s / c o s t  r a t i o .  aga in ,  i s  smal l  f o r  very  smal l  



GROUND IFOV 

FIGURE 2.1 Schematic Graph of Relationship Between Data U s e f ~ '  ?ss, 
Benefit/Cost Ratio and Sensor Ground IFOV 



v a l u e s  of ground IFOV (very f i n e  uresolu t ion18) .  somewhere 
between t h e  t w o  r e g i o n s  of s m a l l  b e n e f i t s / c o s t  ~ a t i o ,  t h e  
benef its/cost curve  rises t o  a maximum. The optimum ground 
IFO;? f o r  t h e  p a r t i c u l a r  a p p l i c a t i o n  lies a t  t h i s  maximum. 

I n  genera l ,  each  u s e r  d i s c i p l i n e  has its own c u r v e  of 
u s e f a l n e s s  a s  a f u n c t i o n  of  ground IFOV; and t h e r e f o r e  each 
u s e r  d i s c i p l i n e  has i t s  o m  curve  o f  b e n e f i t s y c o s t  r a t i o  a s  
a  f u n c t i o n  o f  ground IFOV. Consequently, each u s e r  
d i s c i p l i n e  is  l i k e l y  t o  have i ts own or tioum ground IPOV (3t 
t h e  maximum of t h e  b e n e f i t s / c o s t  r a t i o  curve) .  

The d i f f i c u l t y  of quan t i fy ing  use fu lness  i n  each u s e r  
d i s c i p l i n e  h a s  prevented the d i s c i p l i n e s  from c o n s t r u c t i n g  
curves,  such a s  P iqure  2 .1 ,  with  accuracy. Nevertheless ,  
t h e  methodology of Figure 2.1 s e r v e s  a s  a n  i n t u i t i v e  guide 
i n  e s t i m a t i n g  t h e  opt imal  va lue  of ground IFOV f o r  each use r  
d i s c i p l i n e .  

The user  community r e p e a t e d l y  expresses  t h e  d e s - r e  f o r  
better and b e t t e r  r e s o l u t i o n ,  i-e., f o r  s m a l l e r  and smal le r  
ground IFOV. T h i s  d e s i r e  stems from t h e  t r a d i t i o n  of 
r e l y i n g  upon s p a t i a l  r e s o l u t i o n  i n  black-and-white images 
f o r  r ecogn i t ion ,  d i s c r i m i n a t i o n ,  and i d e n t i f i c a t i o n .  
However,. now t h a t  s p e c t r a l  and tern-@ral s i g n a t u r e s  are 
a v a i l a b l e ,  and w i l l  becone i n c r e a s i n g l y  a v a i l a b l e  w i t h  f i n e r  
s p e c t r a l  r e s o l u t i o n  i n  planned sensors ,  emphasis should be 
d i r e c t e d  toward developing t h e  a b i l i t y  t o  recognize, 
d i sc r imina te ,  and i d e n t i f y  by means of s p e c t r a l  and temporal 
da ta ,  a s  w e l l  a s  by means of s p a t i a l  data.  

car tography a s  a  U s e r  D i s c i p l i n e  

This  s e c t i o n  d i s c u s s e s  t h e  uses  of o r b i t a l  scanner  d a t a  
f o r  making g e a e r a l ,  convent ional  maps and c h a r t s ,  a s  
d i s t i n g u i s h e d  from themat ic  maps and c h a r t s  t h a t  have 
s p e c i a l i z e d  a p p l i c a t i o n s  i n  t h e  o t h e r  user  d i s c i p l i n e s .  
General  car tography has da ta  requi rements  t h a t  d i f f e r  from 
t h e  d a t a  requi rements  of themat ic  car tography f o r  t h e  o t h e r  
u s e r  d i s c i p l i n e s .  

I n  g e n e r a l  car tography,  t h e  p r i n c i p a l  uses  o f  da: a  from 
c u r r e n t  o r b i t a l  systems a r e  t h e  fol lowing,  l i s t e d  
approximately i n  o r d e r  of importance: 



1, Revision and updating of planimetry i n  araps of 
scale smaller  than 1:250,000, 

2- Charting remte or inaccess ib le  areas a t  map scales 
smaller than 1:250.000, 

3 Limited a i d  i n  r ev i s ion  of  the planimetry of ~ p s  
a t  scales l a rge r  than 1:250,000, and 

4, Limited a i d  i n  compiling l a r g e  scale 
orthophotolaaps , 

Scanner imagery from the raIHDSATSgs is no t  s u i t e d  f o r  
compiling topographic maps (re l i e f  or contour maps) because 
this ieagery is near ly  orthogonal and the r e l i e f  
displacements are too small. Te r r a in  e l eva t ions  cannot be 
determined accura te ly  enough f o r  topographic maps from t h i s  
imaqery alone, S t e m  data supplied by conventional  aerial 
photography from a i r c r a f t  a l t i t u d e s  is e s s e n t i a l  f o r  
topographic mapping a t  present ,  On t h e  o the r  hand, t h e  near 
~ r t h o g o n a l i t y  of LANEA'C-type scanner imagery is a d i s t i n c t  
advantage because it simplifies t h e  compilation and rev i s ion  
of planimetric maps of small scale, 

Ground IFOV 

Conventional high r e so lu t ion  aerial  photography from 
a i r c r a f t ,  with small ground IFOV, w i l l  continue to  be 
ava i lzb le  to t h e  cartographer because he needs photography 
£row a i r c r a f t  a l t i t u d e s  f o r  topographic r e l i e f  information, 
Therefore the car tographer8s  need f o r  small  ground IFOV from 
s a t e l l i t e  sensors is n o t  acute. The present  W D S A T  ground 
IFOV of approximately 83 in is e f f e c t i v e  for t h e  genera l  
cartographic uses  listed above, k UO m ground IFOV would, 
of course, inczease t h e  use£ u lness  of t h e  data ;  but  t h e  
improvelnent would n* be dramatic and is not l i k e l y  t o  
introduce new uses of the data  fo r  general  cartography, The 
benef itslcost r a t i o  curve (Figu-re 2.1) is  probzbly r is ing.  
but only  slovly. i n  the region between 80 and 40 m ( f o r  
general  car tographic  uses). Reductions of t h e  ground I m V  
of f u t u r e  sensors  f r a n  80 t o  30 m, or tc still smaller 
values. is j u s t i f i e d  p r inc ipa l ly  by cartography i n  t h e  user 



disc ip1 i r . e~  r a t h e r  than by genera l  cartography a s  a use r  
d i sc ip l ine .  

Frequency of Cwerage 

Unlike some of t h e  o ther  u se r  d i s c ip l ines ,  genera l  
cartography is concerned with  r e l a t i v e l y  s l o w  changes over 
long periods of t i m e ,  Were it not f o r  the i n t e r f e r e n c e  of 
clcud cover, genera l  cartography could be s a t i s f i e d  with 
coverage only  fou r  times a year, e-g,, once each season. 
However, a s h o r t e r  period of r e p e t i t i v e  coverage is needed 
because of cloud cover, Approximately one year of con t inua l  
operat ion of t h e  MSS on LANDSAT 1 w a s  needed to  o b t a i n  
complete clouC-free coverage of  the U-S,, with a n  eighteen- 
day per iod o f  r e p e t i t i v e  cwerage, A nine-day perid would 
be acceptable  as f a r  as  cloud cover and general  cartography 
are concerned, 

Equator ia l  Crossing Time 

For purposes of general  cartography, t h e  0930 h r s  
equa to r i a l  c ross ing  time of LANDSATs 1 and 2 has had the  
following advantages which should be re ta ined i n  f u t u r e  
o r b i t a l  programs: 

1. The experience of p r a c t i c a l  a e r i a l  photographers 
i n d i c a t e s  t h a t  i n  many a r e a s  cloud cover i n t e r f e r ence  i n  
general  is  more l i k e l y  t o  be encountered i n  late morning 
than i n  e a r l y  morning- 

2. Reflected sun g l i t t e r  over water surfaces ,  which 
w i l l  l i m i t  sensor  operation,  w i l l  be more pronour,ced with 
l a t e r  morning o r b i t s  than with t h e  0930 h r s  o r b i t .  

3. A p r i n c i p a l  use of LANDSAT da ta  i n  genera l  
cartography w i l l  be to d e t e c t  p lanimetr ic  changes f ~ r  
rev is ion  of sna l l - sca le  maps, Some of these  changes develop 
slowly, and can be detected on ly  by comparing sets of MSS 
da ta  over long periods, e, g, , years, For accurate  



comparisons of t h e s e  sets of data,  t h e  equatorial c ross ing  
time of f u t u r e  sensors  should remain t h e  same as t h a t  of  the 
predecessor LANDSATs, n a e l y  0930 hrs. 

4, The 0930 hrs orbit giws more pronounced shadows 
for  a s s i s t ance  i n  su r f ace  contour ana lys i s  t han  a later 
orbit , 

1) CORSPERS, Remote Sensinq f o r  Resource and Environmental 
Survey, A P-ress Review - 1974, R e p o r t  of National 
Academy of Sciences, Wash.,-D,c., August 1970, pp, 61- 
64, 

2) fiosenberg, P, , Resolution, d e t e c t a b i l i t y  and 
recognizabi l i ty .  Photogrammetric Engineering, v. 37, n- 
12, 1971, pp, 1255-1258, 



Vegetation Inventory and Assessment 

Analysis of  vegeta t ion cover is probably t h e  d o ~ n a n t  
use t o  which remote sensing technology has been applied. 
The advantages of r e p t i t i v e ,  l a rge  a r ea  coverage by remote 
sensors  a r e  p a r t i c u l a r l y  s u i t e d  f o r  use i n  ag r i cu l tu re ,  
fo res t ry ,  and rangeland management, Research has  c l a r i f i e d  
many of  t h e  i n t e r a c t i o n s  of electromagnetic r a d i a t i o n  with 
vegetat ion,  I n  many cases, information about soi l  and 
subsurface c h a r a c t e r i s t i c s ,  drainage pa t te rns ,  and 
environmental impact of  p o l l u t a n t s  can be derived through 
t h e  i d e n t i f i c a t i o n  of t h e  type and condi t ion of vege ta t ion  
coverage, thereby expanding t h e  value of t h e  a n a l y s i s  t o  
use r s  ou t s ide  of agr icu l t t i re  acd fores t ry .  Therefore a 
sensor designed f o r  ana ly i s  of vegeta t ion can form a b a s i s  
f o r  a general  purpose remote sensing s y s t e a t  

Spec t ra l  Baads 

While a l l  s i g n i f i c a n t  a spec t s  of  t h e  s p e c t r a l  response 
c h a r a c t e r i s t i c s  of  vegeta t ion are by no means c l e a r ,  
research has shcwn t rends  t h a t  have been used i n  designing 
remote sensor systems f o r  ana lys i s  of vegetation. These 
t r ends  allow r e l a t i v e  evaluat ion of many p l an t  
c h a r a c t e r i s t i c s ,  Coveraye i n  severa l  d i f f e r e n t  s p e c t r a l  
bands increases  c l a s s i f i c a t i o n  e f fec t iveness  f o r  vegetat ion.  
I t  is also poss ib l e  to spec i fy  with reasonable wrecision 
those  s p e c t r a l  regions  t h a t  a r e  of p a r t i c u l a r  use and those  
regions  i n  whizh d a t a  may be less valuable, o r  a c t u a l l y  
counterproductive f o r  c e r t a i n  appl icat ions .  Figure 2.2 is a 
t y p i c a l  s p e c t r a l  p r o f i l e  curve f o r  a green l ea f .  Figure 2.3 
shows t h e  e f f e c t  of d i f f e r e n t  l e v e l s  of moisture content  on 
t h e  s p e c t r a l  p r o f i l e ,  The follcwing discuss ion suggests  
s eve ra l  refinements t h a t  may improve t h e  u t i l i t y  of o r b i t a l  
data  over t h a t  which has been a t t a i n e d  by LANDSAT/MSS, I t  
should be noted, however, t h a t  refinement of band loca t ion  



Wavelength (n.icrometers) 

FIGURE 2.2 A typical reflectance curve for a green 
leaf. 

1 " 1 - 1 1 1 8 1 1 1 8 8 ' 1 8 1 ' 8 1 1  - 
0 

. 
- 

(r 

a 
c 2 0 -  

MOISTURE CONTENT 
301% - 
154 y* .-..----.. - 
49% -..- 
16% ---- 

O ' l l l " t ' ~ . n l ' * ' l ~ n ' l ~ ~ n .  
0.5 1.0 1.5 2.0 2.5 

WAVELENGTH (~icroxctcrs) 

FIGURE 2.3 Reflectance of the upper surface of a 
sycamore leaf at different oven-dry-weight 
noisture contents. 



and width is u l t i m a t e l y  l i m i t e d  by t h e  p r e c i s i o n  w i t h  which 
s e n s o r  technology c a n  s p e c i f y  the boundaries  of s p e c t r a l  
coverage w i t h i n  a p a r t i c u l a r  band, T h i s  depends upon a 
technology t h a t  can  provide sha rp  f i l t e r  response  s l o p e s  t o  
s p e c t r a l  regions ;  t h e r e  is no advantage t o  s p e c i f y i n g  a 
0,06pm band width i f  t h e  f i l t e r  d e s i g n  r e q u i r e s  an  i n t e r v a l  
of 0,03pm t o  reach i ts  maximum response. 

Attempts t o  i d e n t i f y  and e v a l u a t e  v a r i o u s  t y p e s  of  
v e g e t a t i v e  cover  using LANDSAT/IYSS d a t a  have met wi th  mixed 
r e s u l t s ,  Some i n v e s t i g a t o r s  report good r e s u l t s  i n  
i d e n t i f i c a t i o n  and mapping o f  f o r e s t  and rangeland t y p e s  
with c l a s s i f i c a t i o n  a c c u r a c i e s  b?tween 83 pe rcen t  and 96 
percent ,  2-3-4-s Simi la r ly ,  i n v e n t o r i e s  of  to ta l  c r o p  
acrea3e  and s i n g l e  crop (cot ton)  ac reage  have been produced 
with a c c u r a c i e s  g r e a t e r  t h a n  90 percent-6-7 On t h e  o t h e r  
hand same s t u d i e s  r e p o r t  lower accuracy of i d e n t i f i c a t i o n  
f o r  f o r e s t  typeso-9 or r e f e r  t o  LANDSAT-derived maps as 
asemidetai led.*lo Much of  t h e  reduced accuracy may be 
a t t r i b u t e d  to  t h e  l a r g e  LANDSAT/HSS ground IFOV 
(approximately 80m) ; however, t h e r e  a r e  i n d i c a t i o n s  t h a t  
ref inement  and expansion of s p e c t r a l  coverage would improve 
accuracy and p rov ide  more informat ion  on v e g e t a t i o n  cover  
and stress i d e n t i f i c a t i o n -  

S t u d i e s  using s e n s o r s  with f i n e r  s p e c t r a l  r e s o l u t i o n  
than  t h a t  provided by LANDSAT/MSS show t h a t ,  f o r  many 
v e g e t a t i o n  d i s c r i m i n a t i o n  t a s k s ,  t h e  LANDSAT/MSS bands are 
too w i d e .  Band U (0.5 to 0-6pm) i n c o r p o r a t e s  a s i g n i f i c a n t  
a h i n g e p o i n t n  nea r  0.5Spm below which p l a n t  senescence 
(aging from f u l l  ma tu r i ty  to  death)  is  accompanied by a 
reduc t ion  i n  r e f l e c t a n c e  (see  NOTE) and above which a n  

KITE: nRef lec tance  - The r a t i o  o f  t h e  r a d i a n t  energy 
r e f l e c t e d  by a body t o  t h a t  i n c i d e n t  upon it, The 
s u f f i x  (-ance) impl ies  a p roper ty  of  t h a t  
p a r t i c u l a r  specimen s u r f a ~ e , ~  

Source: Reeves, R.G, ed., Manual of R e m o t e  
Sensinq. American Soc ie ty  of  Photogrammetry, F a l l s  
Church, Va,, 1975, p. 2101, 



i n c r e a s e  i n  r e f l e c t a n c e  is  observed-11 I n  t h e  broad 0.5pm 
t o  0,6pm band t h e  t w o  t r e n d s  o f f s e t  one ano the r ,  and reduced 
s e n s i t i v i t y  t o  senescence r e s u l t s ,  S i m i l a r l y  t h e  d i f f e r e n c e  
i n  r e f l e c t a n c e  between hardwood trees and c o n i f e r s  i s  
reduced below O.53pm.12 A s h o r t  wavelength c u t o f f  a t  0.53pm 
would improve c a p a b i l i t i e s  f o r  v e g e t a t i v e  species and stress 
aeterminat ion ,  LANDSATIMSS Band 5 (0.6 t o  0.7pm) i n c l u d e s  
both t h e  t y p i c a l l y  low "redn r e f l e c t a n c e  of p l a n t s  and t h e  
beginning of t h e  r a p i d  rise i n  p l a n t  r e f l e c t a n c e  i n  t h e  
"near i n f r a r e d n  a t  wavelengths longer  t h a n  0,68pm, Again, 
averaging of  t h e  s i g n a l  over  t h i s  wide band may cause  
confusion,  s i n c e  v i g o r  changes can cause  o p p o s i t e  t r e n d s  i n  
t h e  "redm and "near i n f r a r e d n  r e f l e c t i v i t i e s  of  p lan t s -13  
Therefore,  a s h o r t e n i n g  of t h e  long wavelength l i m i t  of the 

Band 5 (0.60pm to  0-70pm) t o  0.68pm would improve i ts  
u t i l i t y  f o r  g e n e r a l  v e g e t a t i o n  s t u a i e s ,  

Research i n  f o r e s t r y  has  s h a m  t h a t  a nyellow-orangen 
band (0-58pm t o  0.63pm) measured by p o r t i o n s  of t w o  s e p a r a t e  
channels  i n  t h e  LANDSATMSS may have s i g n i f i c a n t  v a l u e  i n  
v igor ,  s p e c i e s ,  and y i e l d  de te rmina t ion  f o r  +_rees1*-30 and 
crops, This  band would t h e r e f o r e  be valued f o r  v e g e t a t i o n  
a n a l y s i s  al though l i t t l e  exper ience  with t h i s  r eg ion  on 
o r b i t a l  scanners  has  been accumulated, 

While t h e r e  is  l i t t le  doubt  t h a t  "near- inf raredn 
r e f l e c t a n c e  is of s i g n i f i c a n t  va lue  i n  i d e n t i f i c a t i o n  of 
p l a n t  type  and stress, t h e r e  is some confus ion abou t  t h e  
r e l a t i v e  u t i l i t y  of t h e  t w o  LANDSAT/MSS BANDS 6 and 7 (0,7rm 
t o  0,8pm and 0.8pm t o  1,lpm) which a r e  l o c a t e d  i n  t h i s  
s p e c t r a l  region,  Hany i n v e s t i g a t o r s  have found bands i n  
t h e s e  two reg ions  t o  be in te rchangeab le  i n  v e g e t a t i o n  
a n a l y s i s  and can  f i n d  no j u s t i f i c a t i o n  f o r  d i f f e r e n t i a t i n g  
them. 36-37 Some s t u d i e s ,  however, i n d i c a t e  t h a t  YSS Band 6 
(0.7pm t o  0,8pm) way be s l i g n t l y  more u s e f u l  t h a n  Band 7 
(0-8pm t o  I,  Ipm) i n  neasurement of biomass,l*-16 and basic 
resea rch  i n d i c a t e s  t h a t  t h e  0-7pm t o  0.8pm band should  be 
f a r  mcre u s e f u l  i c  e s t i m a t i o n  of  above-qround p l a n t  biomass 
than  is t h e  0.8pm t o  l . l p m  band.17-18 Avai lable  f i e l d  
evidence is no t  col.clusive, however, and biomass 
de terminat ion  remains a promising p o t e n t i a l  r a t h e r  thaq  a 
p r e s e n t  c a p a b i l i t y .  The weight of a v a i l a b l e  evidence  
s u p p a r t s  a s i n g l e  band wi th  coverage from 0.76pm t o  0,90pm, 
d e l e t i n g  a water  a b s o r p t i o n  a r e a  between 0.9pm and 1-lpm. 

Experience with measurements i n  t h e  w u l t r a v i o l e t - b l u e w  
s p e c t r a l  r eg ion  (approximate1 y G.3pm t o  O.46pm) is l i m i t e d  
s i n c e  photographic d a t a  a r e  adverse ly  a f f e c t e d  by 



atmospheric s c a t t e r i n g  a t  t h e s e  wavelengths, Atmospheric 
per tu rba t ions  can be f i l t e r e d  o u t  of scanner measurements i n  
t h i s  s p e c t r a l  region bu t  l i t t l e  evidence is a v a i l a b l e  a s  t o  
t h e  value of such a band i n  vege ta t ion  s tud ie s ,  

Evidence is ava i l ab l e  t o  eva lua t e  use of s p e c t r a l  
coverage a t  longer  wavelengths than sensed by t h e  c u r r e n t  
LANDSAT/MSS sensor  system, I n  t h e  s p e c t r a l  region beyond 
approximately l.Spm, r e f l ec t ance  is s e n s i t i v e  t o  p l a n t  
moisture content,  A sensor band between 1-55pm and 
1,7Spm,Js o r  between 2.0pm and 2,6pm, a *  would be usefu l  f o r  
de tec t ion  of moisture and d i sease  stress-l9-20-*1 

"Thermal-infraredn r a d i a t i o n  is s e n s i t i v e  to  temperature 
and emiss iv i ty  (see NOTE) changes i n  p l a n t s  under moisture 
stress22 and can improve d i f f e r e n t i a t i o n  of c rop  types-23 
I n  general  any measurements between approximately 4, Opm an8 
14,6pm may be related to su r f ace  temperature, i f  t h e  
emis s iv i ty  i s  known, although there is some d i spu te  as t o  
whether t h e  4,Spm t o  5.Svm o r  8.0pm to  14.Opm band is 
preferable ,  

While i d e n t i f i c a t i o n  of any p a r t i c u l a r  cover type  
genera l ly  r equ i r e s  not  more than  four  s p e c t r a l  bands ( i f  it 
can be discr iminated a t  a l l ) ,  multi-category c l a s s i f i c a t i o n  
t a s k s  can bene f i c i a i l y  use more than four  bands from which 
t o  choose those  b e s t  s u i t e d  t o  d i sc r imina te  each 
category, 24-2s The s i x  bands shown i n  Table 2.1, covering a 
s p e c t r a l  range from the  Ngreena (approximately 0,SUpm) t o  
t h e  mthermal-infraredm (approximately 4-0pm t o  1 4 , O p m )  would 
seem t o  represent  those  bes t  suited f o r  d i sc r imina t ion  of 
vege ta t ive  cover types  i n  support of a v a r i e t y  of 
appl icat ions ,  

NOTE: Emissivity - The ratio of t h e  rad ian t  f l u x  
emitted by a r e a l  body to  t h e  rad ian t  f l u x  emit ted 
by a black body, 



TABLE 2-1 

S p e c t r a l  Band S e l e c t i o n  f o r  Vegeta t ion  Analys is  

Band - 
0.53 t o  0.S9pm 

0.58 t o  0.63pm 

Genera l  Avpl ica t ion  

Disc r imina t ion  of v e g e t a t i o n  

Vigor de te rmina t ion ,  
d i s e a s e  d e t e c t i o n ,  
f o r e s t  t y p e  d i s c r i m i n a t i o n  

S p e c i e s  d i sc r imina t ion ,  
v i g o r  de te rmina t ion  

s p e c i e s  d i sc r imina t ion ,  
v i g o r  de terminat ion ,  
biomass de te rmina t ion  

Detec t ion  of  m i s t u r e  stress 

Detec t ion  of mois ture  stress, 
so i l  moisture,  some s p e c i e s  
di scr imina  t i o n  

Ground IFOV 

I n  genera l ,  it appears  t h a t  t h e  more s u c c e s s f u l  LANDSAT 
v e g e t a t i o n  d i s c r i m i n a t i o n  studiesz-3-*-6-7 a t tempted on ly  
l i m i t e d  or simple cover-type i d e n t i f i c a t i o n s  whi le  t h e  less 
s u c c e s s f u l  inventor iese-9  were aimed a t  mult iple-category,  
d e t a i l e d  c l a s s i f i c a t i o n  o r  s imple c l a s s i f i c a t i o n s  i n  a r e a s  
of heterogeneous cover  types.  These r e s u l t s  a r e  probably 



analogous t o  t h e  i n a b i l i t y  of LANDSAT to  provide adequate 
Level-11 land use informration (see Land U s e  Management - 
page 45) and i n d i c a t e  that a system incorporat ing smaller 
ground IFGVts is needed. Some inves t iga to r s  have responded 
by employing mult istage,  i n t eg ra t ed  approaches us ing 
a i r c r a f t  as w e l l  as LANDSAT.z*-27'zb Impravements i n  
r e so lu t ion  (smaller IFOVg s) over  t h e  LANDSATlMSS IPOV of 80m 
a r e  expected to  improve a rea  determinations by reducing 
uncer ta in ty  of boundary loca t ions ,  Smaller I F O V a s  a l s o  make 
c l a s s i f i c a t i o n  more accurate  by obta ining more i ~ d e p e n d e n t  
spectral measurements per u n i t  area and, a s  t hey  approach 
s m a l l  values of 10-30m, by de t ec t ing  t e x t u r a l  cues  of value  
i n  t h e  d i sc r imina t ion  of vegetation.29 These two f ac to r s ,  
a s  they  may gene ra l ly  a f f e c t  ag r i cu l tu re ,  rangeland, and 
f o r e s t r y  appl ica t ions ,  a r e  r e l a t e d  to  incremental  
improvements i n  gz-~und IFOV (see Table 2.2). 

The a c c e s s i b i l i t y  of smaller and smaller f i e l d s  wi th  
decreasing IFOV is of g r e a t  importance t o  c rop  y i e l d  
predic t ion,  It  is an t i c ipa t ed  t h a t  t h e  y i e ld  p red ic t i on  
c a p a b i l i t y  under development through t h e  j o i n t  NASA, NOAA, 
USDA Large A r e a  Crop Inventory Experiment (LACIE) s4 w i l l  
f i n d  g r e a t e s t  use i n  fo re ign  a r e a s  where conventional  
a g r i c u l t u r a l  da ta  sources are poorly developed or 
inaccess ib le  to t h e  USDA, Many foreign a g r i c u l t u r a l  
systems, p a r t i c u l a r l y  i n  Asia, are based on smaller average 
f i e l d  s i z e s  than are observed i n  t h e  U.S., Canada, and t h e  
U - S - S - R ,  In  China and India ,  f i e l d  s i z e s  a r e  o f t e n  20 a c r e s  
or less-34 Studies  have shown t h a t  c l a s s i f i c a t i o n  and 
mensuration accuracy i s  markedly improved i f  a  f i e l d  
contains  2 60 pixels.3s Thus approximately 4Om IFOV is 
des i red  f o r  20 a c r e  f i e l d s  whi le  30m IFOV would a l low 
measurement of f i e l d s  2 10 a c r e s  i n  size.  

A useful  improvement i n  automated d i sc r imina t ion  of 
cover types  w i l l  a l s o  r e s u l t  from reduct ions  i n  ground Ir-V 
by enhancing t h e  q u a l i t y  of t r a i n i n g  samples (see NOTE), 

NOTE: "Training Samplesw - Selected s p e c t r a l  
measurements, e d i t e d  from scanner data,  
represen ta t ive  of known cover t ypes  and used t o  
form s p e c t r a l  s i gna tu re s  f o r  automatic 
ex t rapola t ion  of  cover t ype  c l a s s i f i c a t i o n  t o  o the r  
a r eas  i n  t he  scene. 



TABLE 2.2 Improvements in Vegetation Analysis with Decrease 
in Sensor IFOV from LANDSAT MSS 80m 

Ground 
I FOV Agriculture 

60m (-6 acre) Small improvement in determination 
of field area by reducing 
uncertainty at field edge. 

40m (-3 acre) Continued improvement in deter- 
mination of field area by 
reducing uncertainty at field 
edge, and improving detection of 
small fields. 

30m (-15 acre) Continued improvement in deter- 
mination of field area and 
detection of small fields. 

20m (.07 acre) Continued improvement in deter- 
mination of field area and 
detection of smali fields. 

lorn (-02 acre) Detection of crop disturbances 
becomes possible on an act~onable 
scale. 

5m (.004 acre) 

Forestry 

Little Improvement. 

Small improvement in 
ability to recognize 
some forest types (e.g. 
those in tropics with 
large crowns). Improveae~t 
in forest type area 
measurement. 

Textural differences should 
appear and aid In separatrng 
forest types and conditions, 
including diseases and 
insect attacks. Contrnued 
improvement in area 
de5ermination. 

Textural differences further 
enhanced and forest type 
determination improved. 

Saw timber sized trees 
distinguishable from smaller 
trees. 

Forest size class should be 
determinable (e. g . saw 
timber, poles, samplings). 

Forest type discrlminati~n 
much enhanced. 



A s t a t i s t i c a l l y  s i g n i f i c a n t  sample of s p e c t r a l  
c h a r a c t e r i s t i c s  from which t o  d e r i v e  a s i g n a t u r e  f o r  
automated a n a l y s i s  g e n e r a l l y  r e q u i r e s  e d i t i n g  20-50 
independent measurements (p ixe l s )  from t h e  scanned scene. 
A s  t h e  s i z e  of t h e  p i x e l s  are decreased,  so i s  t h e  s i z e  of 
the t o t a l  sample a r e a  neeqed, and t h e  p r o b a b i l i t y  of 
acqu i r ing  a d i s c r e t e ,  homogenous s i g n a t u r e  is enhanced. 

Dynamic Range and R a d i a n e t r i c  S e n s i t i v i t y  

S p e c t r a l  bands wi th  l o c a t i o n s  and widths opt imized f o r  
v e g e t a t i o n  a n a l y s i s  w i l l  produce best r e s u l t s  i f  t h e i r  
dynamic ranges  (see NOTE) a r e  a d j u s t e d  t o  correspond t o  t h e  
range of t y p l c a l  r e f l e c t a n c e  va lues  encountered over  p l a n t  
canopies. I n  t h e  v i s i b l e  bands, a range of 0 t o  30 pe rcen t  
is s u f f i c i e n t  f o r  vegeta t ion .  S o i l s  have r e f l e c t a n c e  up t o  
60 pe rcen t  and very r e f l e c t i v e  sand and bare  rock may 
r e q u i r e  even h igher  s a t u r a t i o n  th resho lds .  I n  t h e  
r e f l e c t i v e  i n £  r a r e d  (approximately 0.7pm t o  3.0pm) , p l a n t  
r e f l e c t a n c e s  a re  much higher ,  and c a l l  f o r  a dynamic range 
of from 10 t o  65 percent .  I n  t h e  thermal  i n f r a r e d  a 
tempe.,rature range of 270°C t o  3200C w i l l  i n c l u d e  normally 
encountered s u r f a c e  tempera tures  i n  vegeta ted  a r e a s ,  

NOTE: "Dynamic Range - The r a t i o  of  maximum measurable 
s i g n a l  t o  minimum d e t e c t a b l e  s i g n a l . "  I n  this 
r e p o r t  it is  s p e c i f i e d  a s  t h e  r e f l e c t a n c e  or 
tempera ture  v a l  ues equ iva len t  t o  t h e  maximum and 
minimum d e t e c t a b l e  s i g n a l s .  

Source: Reeves, R,G., ed., Manualof  Remote 
Sensinq. ~ m e r i c a n  Soc ie ty  of Photogrammetry, F a l l s  -- 
Churc!;, Vs;, 1975, p. 2079, 



S t u d i e s  of  r ad iomet r i c  s e n s i t i v i t y  (see NOTE) 
requirements  have expressed t h e  need f o r  NEAp's (Noise 
Equivalent  increment  of t a r g e t  r e f l e c t a n c e )  between 0.5 and 
1.0 p e r c e n t  and NEAT'S (Noise Equivalent  increment  o f  t a r g e t  
temperature)  of 0-SOC t o  1. OoC f o r  a g r i c u l t u r e ,  f o r e s t r y ,  
and rangeland uses. 25-35 The f requen t  use  of automated 
d i g i t a l  a n a l y s i s  f o r  v e g e t a t i o n  s t u d i e s  i n c r e a s e s  t h e  
s i g n i f i c a n c e  of  s e n s i t i v e  rad iomet r i c  measurements, AS 
automated a n a l y s i s  usua l ly  relies on s p e c t r a l  in fo rmat ion  
a lone  wi thout  s p a t i a l / t e x t u r a l  cues,  requirements  f o r  
r ad iomet r i c  sel s i t i v i t y  and accuracy a r e  more s t r i n g e n t  t h a n  
those  f o r  manual i n t e r p r e t a t i o n ,  Therefore,  a s  more and 
more use is made of automated s p e c t r a l  a n a l y s i s ,  more v a l u e  
w i l l  be a t t a c h e d  t o  s e n s i t i v i t i e s  i n  t h e  G.5 to  1 p e r c e n t  
and 0. S°C t o  1°C ranges. 

Equa to r i a l  Cross ing  Time 

Experience wi th  L A N D S A T m s  1 and 2 i n d i c a t e s  t h a t  t h e  
l o c a l  obse rva t ion  t ime a s s o c i a t e d  wi th  approximately 0930 
h r s  e q u a t o r i a l  c r o s s i n g  t i m e  encoun te r s  shadows caused by 
both t e r r a i n  s l o p e  and p l a n t  canopy e f f e c t s .  These can have 
a s i g n i f i c a n t  e f f e c t  on t h e  s p e c t r a l  s i g n a t u r e  ob ta ined  f o r  
many t a r g e t s .  These e f f e c t s  t end  t o  degrade t h e  s i g n a t u r e s .  
Some r e s e a r c h  has shown t h a t  tree s i g n a t u r e s ,  for  i n s t a n c e ,  
a r e  enhanced i f  o n l y  t h e  s u n l i t  p o r t i o n s  of the crowns a r e  
sanpled. 30-3 3 Thus, with h i g h e r  sun ang les ,  somewhat b e t t e r  
v e g e t a t i o n  s i g n a t u r e s  could  be ob ta ined  i n  n e a r l y  a l l  t y p e s  
of t e r r a i n .  30-3 1- 32-33 Some concern has been expressed  over  
t h e  p o t e n t i a l  f o r  s p e c u l a r  r e f l e c t i o n  from t e r r e s t r i a l  cover  
t y p e s  i f  sun a n g l e s  a r e  t o o  high; however, no s t u d i e s  have 
been encountered i n  which s ~ e c u l a r  " g l i n t w  was a problem 
over vege ta ted  land su r faces ,  

NOTE: Radiometric S e n s i t i v i t y  - I n  t h i s  r e p o r t ,  used 
t o  deno te  t h  s m a l l e s t  d e t e c t a b l e  increment of 
radiance ,  S p e c i f i e d  i n  u n i t s  of r e f l e c t a n c e  
(NEAp--Noi se Equivalent  increment  of r e f l e c t a n c e ,  
%) or of tempera ture  (NEAT--Noise Equivalent  
increment  of temperature,  OC) . 



The p r o b a b i l i t y  of c loud cover  dur ing  d i f f e r e n t  p o r t i o n s  
of t h e  day i s  ano the r  major f a c t o r  a f f e c t i n g  t h e  s e l e c t i o n  
of  e q u a t o r i a l  c ross ing  t i m e  f o r  cover  a n a l y s i s ,  Experience 
i n  many l o c a t i o n s  would seem t o  a rgue  f o r  e a r l y  c r o s s i n g  
t i m e s  (be fo re  1000 hrs )  t o  minimize cloud i n t e r f c r e n c e .  
s i n c e  a c q t i i s i t i o n  o f  r e p e t i t i v e  coverage i s  h i g h l y  
important ,  avoidance of c loud cover  would seem t o  t a k e  
precedence over  op t imiza t ion  o f  r e f l e c t a n c e  s i g n a t u r e s  
through l a t e r  c r o s s i n g  times, provided t h e  a v a i l a b l e  rrraruin 
i n  r e f l e c t a n c e  s i g n a t u r e s  i s  adequate  a t  t h e  e a r l i e r  
c r o s s i n g  t i m e .  

Frequency o f  Coverage 

The e ighteen-  and nine-day obse rva t ion  f r e q u e n c i e s  
provided by LANDSAT8s 1 and 2 a r e  n o t  completely adequate  
f o r  a l l  v e g e t a t i o n  a n a l y s i s  a p p l i c a t i o n s .  Crop-yield 
p r e d i c t i o n  r e q u i r e s  r e p e t i t i v e  measarements a t  s h o r t  
i n t e r v a l s  dur ing  cr i t ical  pe r iods  of t h e  croD calendar .  
Unfortunately,  t h e  c r i t i c a l  pe r iods  vary  depending nn c r o p  
type, p l a n t i n g  t i m e ,  g e o g r a ~ h i c a l  l o c a t i o n  and we at he^; t h u s  
f requen t  coverage i s  needed over  p e r i o d s  ..onger t h a n  a  
month.3. It i s  n o t  e n t i r e l y  c l e a r  what t h e  b e s t  obse rva t ion  
frequency dur ing  sich p e r i o d s  would be, bu t  i n  some c a s e s  it 
is s h o r t e r  t h a n  n i n e  days, p a r t i c u l a r l y  i f  bad weather  
obscures  one or more o p p o r t u n i t i e s ,  Typical  a p p l i c a t i o n s  
and t h e  requ i red  obse rva t ion  f requenc ies  a r e  shown i n  Table 
2.3. 

I n  t h o s e  c a s e s  w h e r e  r e q u i r e d  obse rva t ion  freq.:iencies 
may exceed t h e  c a p a b i l i t i e s  of o r b i t a l  systems, s p s c i a l i z e d  
a i r c r a f t  missions may have t o  be used a s  supplementary d a t a  
sources. 



TABLE 2.3 

Observation Frequencies Requirements 
For Typical  Applications I n  Vegetation Analysis 

Inventory of f o r e s t  lands 
Inventory of land removed f roa 

or put i n t o  a g r i c u l t u r e  

Inventory of total acreage i n  
c u l t i v a t i o n  

Rangeland assessment 

Observation Frwuency 

year ly  and 
occas iona l ly  
seasona l ly  

seasona l ly  

Yield estlaates from c rop  calendar  3-9 days during 
Disease de t ec t ion  growing season 
Yoisture stress de tec t ion  

Data Processing and Archiving 

Timrly a v a i l a b i l i t y  of data is a major requirement 
a f f e c t i n g  ope ra t iona l  c rop  raanagemer_t - de tec t ion  of 
disease,  i r r q a t i o n  management, etc. kapid t ransmiss ion o f  
da t a  t o  u se r s  is e s s e n t i a l  i n  order  t o  respond t o  e a r l y  
de tec t ion  by remote sensors- For i r r i g a t i o n  nranagement 
near-real time data would be highly useful ,  Data a v a i l a b l e  
wi thin  one t o  t h r e e  days, however, is still of s i g n i f i c a n t  

value- Crap y i e l d  forecast ing does not  requi re  such rapid  
de l ivery  and da ta  del ivered within a week would be adequate- 

Retention of a l l  usable d > t a  f o r  18 months would s a t i s f y  
most u se r s  engaged i n  crop y i e l d  s tud ie s -  Forestry,  
rangeland, and a g r i c u l t u r a l  research needs would probably be 
s a t i s f i e d  through seasonal  d a t a  s t o r e d  f o r  long per iods  t o  
f a c i l i t a t e  s t u d i e s  of long t e r m  c l i m a t i c  and ecosystem 
dynamics, A da ta  screening system based on t h e  c a r e f u l  
s e l ec t ion  of da t e  of coverage f o r  a p a r t i c u l a r  vege ta t ion  
tvpe combined with  degree of cloud cover and sensor  
performance might be developed t o  i d e n t i f y  t h e  rhestw data  
f o r  a ~ c h i v i n g  beycnd a one t o  t- year  i n i t i a l  s t o r a g e  
period. 



One s p e c i f i c  concern expressed about da ta  format f o r  
d i g i t a l  data  processing is re la t ed  t o  thermal data. Ground 
IrOV9s f o r  thermal data a r e  typ ica l ly  la rger  than those f o r  
r e f l e c t i v e  data, The planned IFOV9s fo r  LANDSAT-C, f o r  
instance, are 78m for the r e f l e c t i v e  bands and 234a i n  t h e  
thoma1 channel, Even i f  the actual IFOVes a r e  d i f f e r e n t  it 
is important t h a t  the data  sampling rate be t h e  same in a l l  
channels i n  order  to accoraeodate autoraated, mult ispectral  
processing usinq multidimensional s ignature analysis. I f  
feasible,  a uniform data sampling ra te ,  w i t h  redundancy of 
area cowered by thermal pixels,  m u l a  simplify d i g i t a l  
processing- 
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Land Use Management 

The inventory  and management of rn9n.s use  of land 
u l t i m a t e l y  encompasses a l l  of  the o t h e r  d i s c i p l i n e s  
d i scussed  i n  t h i s  chapter ,  i n c l u d i n g  geology, a g r i c u l t u r e ,  
f o r e s t r y ,  rangeland management, oceanography, and hydrology- 
Environmental monitoring a t t e m p t s  t o  i d e n t i f y  t h e  
i n t e r r e l a t i o n s h i p s  of man's a c t i v i t i e s  wi th  h i s  environment- 
Car tographic  tools are used i n  planning, inrplementing , and 
monitoring v i r t u a l l y  every human a c t i v i t y  invo lv ing  
i n t e r a c t i o n  w i t h  t h e  phys ica l  environment. A l l  a r e  r e l a t e d  
t o  t h e  u s e  o f  l a n d  and a d j a c e n t  waters and must be 
cons idered  a s  c e n t r a l  t o  concepts  o f  land use  management- 
I n  t h i s  respect t h e  use  of remote sens ing  technology i n  any 
of  t h e  a p p l i c a t i o n s  d i scussed  i n  t h i s  c h a p t e r  may be 
considered  as d i f f e r e n t  f a c e t s  of l a n d  use  management-' 
Huch of t h e  d a t a  r equ i red  f o r  l a n d  u s e  management, however, 
invo lves  t h e  inventory ,  monitoring, and planning of mang s 
social and economic a c t i v i t i e s  as reflected i n  p a t t e r n s  of 
urban and suburban development, I t  i s  t h i s  a s p e c t  of land 
use  manaqement t h a t  p l a c e s  some u ~ i q u e  c o n s t r a i n t s  and 
s t r i n g e n t  requirements  on t h e  c a p a b i l i t i e s  of remote sens ing 
systems. Therefore,  t h i s  s e c t i o n  d e a l s  p r i m a r i l y  w i t h  t h e  
use  of remote s e n s i n g  d a t a  i n  e v a l u a t i n g  t h e  d i s t r i b u t i o n  
and dynamics of  man's i n d u s t r i a l ,  bus iness ,  r e s i d e n t i a l ,  and 
t r a n s p o r t a t i o n a l  s t r u c t u r e s  and a c t i v i t i e s .  Data 
c h a r a c t e r i s t i c s  r e q u i r e d  f o r  o t h e r  c o n t r i b u t i n q  o b s e r v a t i o n s  
such a s  v e g e t a t i o n  a n a l y s i s ,  hydrology, g e o l o g i c a l  
resources ,  etc,, a r e  d i scussed  i n  s e c t i o n s  d e a l i n g  more 
s p e c i f i c a l l y  wi th  these ZiriGa. 

S p e c t r a l  Bands 

I n  genera l ,  u s e r s  of land use informat ion  a r e  u n l i k e l y  
t o  provide  d e f i n i t i v e  p re fe rences  a s  to the s p e c t r a l  
loca t ion ,  width, and s e n s i t i v i t y  of s p e c t r a l  bands i n  most 



remote s e n s i n g  systems, S p e c t r a l  response i n  any wavelength 
reg ion  is not  uniquely  s e n s r t i v e  t o  types  or p a t t e r n s  of  
human a c t i v i t i e s .  M u l t i s p e c t r a l  a n a l y s i s  can  enhance 
d i f f e r e n t i a t i o n  of developed a r e a s  from n a t u r a l  v e g e t a t i o n  
and, i n  some cases, d e t e c t i o n  o f  a mixture of  v e g e t a t i o n  and 
b u i l d i n g  m a t e r i a l s  c h a r a c t e r i s t i c  of a p a r t i c u l a r  t y p e  o f  
development, i.e., t h e  l a r g e  trees, house r o o f s  and lawns of 
e s t a b l i s h e d  r e s i d e n t i a l  areas. For t h e  most par t ,  however, 
it is s p a t i a l  d i s t r i b u t i o n ,  size, and proximity to  o t h e r  
f e a t u r e s  t h a t  c h a r a c t e r i z e  m o s t  t y p e s  of development and 
a 1  l o w  t h e i r  i d e n t i f i c a t i o n ,  Observat ion i n  t h e  v i s i b l e  and 
nea r - in f r - red  p o r t i o n s  of the spectrum is g e n e r a l l y  adequate  
f o r  land use  a p p l i c a t i o n s  wi th  few exper imenta l  r e s u l t s  
suppor t ing  p a r t i c u l a r  arrangements o f  bands w i t h i n  t h i s  
region,  Bands chosen t o  opt imize  a n a l y s i s  of v e g e t a t i o n ,  
soil, and rock types ,  water  resources ,  etc., can a l l  
c o n t r i b u t e  t o  e f f e c t i v e  l and  u s e  inventory ,  Numerous 
s t u d i e s  ci te  t h e  success fu l  u s e  o f  LANDSAT/MSS bands i n  
d i f f e r e n t i a t i o n  of genera l i zed  land use  types*-3-*-S-6-7 
wi th  some i n d i c a t i o n s  of p re fe rence  f o r  bands 5 and 7 (O.6pm 
t o  0.7pm and 0.8pm t o  1. lpm) -2-4-7 Manual image 
i n t e r p r e t a t i o n  is predominant i n  l and  use  mapping: f a l s e -  
color composite images a r e  o f t e n  used (usua l ly  3 bands: 
Band 4 - 0.5pm to  0-6pm; Band 5 - 0,6pm t o  0-7pm and e i t h e r  
Band 6 - 0.7pm t o  0-8pm or Band 7 - 0.8pm t o  1-lpm). I n  
some cases thermal  i n f r a r e d  sens ing  may a l s o  be h e l p f u l  i n  
i d e n t i f y i n g  c e r t a i n  t y p e s  of development, p a r t i c u l a r l y  
i n d u s t r i a l ,  and t h e i r  i n t e r a c t i o n  wi th  a d j a c e n t  water 
bodies, 

A s t u d y  us ing  Skylab S-192 scanner d a t a  i n  l and  use  
d i s c r i m i n a t i o n  e s t a b l i s h e d  t h a t  s p e c t r a l  coverage over  a 
broad range  from 0.4 l p m  t o  12.50pm was useful .  The wide 
s p e c t r a l  range was u t i l i z e d  because of t h e  v a r i e t y  of  urban, 
soil,  and v e g e t a t i v e  cover  t y p e s  of i n t e r e s t  i n  a t y p i c a l  
land cover d e t e c t i o n  t a s k ,  I t  is of p a r t i c u l a r  i n t e r e s t  i n  
t h i s  c a s e  t h a t  t h r e e  o f  t h e  s i x  most u s e f u l  bands i n  t h i s  
s tudy  were iocated o u t s i d e  t h e  range covered by t h e  
LANDSAT/MSS (0,Spm t o  1.1pm) . U s e  of "blueq8 (0.4 1 pm t o  
0,46pm), "near IRw (1-5Spm t o  1.75pm) and thermal  IR (10.2pm 
t o  12,Spm) bands were a l l  found p roduc t ive  i n  d i s c r i m i n a t i n g  
land use, inc lud ing  both  urban and v e g e t a t i v e  types.8 



Ground IFOV 

A s  t h e  s p a t i a l  dimensions and d i s t r i b u t i o n  of s t r u c t u r e s  
a r e  most o f t e n  used to i d e n t i f y  types  of urban and suburban 
land use, the geometric c h a r a c t e r i s t i c s  o f  remotely sensed 
d a t a  a r e  of prime importance f o r  many land use  app l i ca t i ons ,  
Ground reso lu t ion ,  which f o r  t h e  purposes of t h i s  d i scuss ion  
is  considered equ iva len t  t o  ground ins tan taneous  f i e l d  of  
view (IF'OV), i s  i d e n t i f i e d  a s  t h e  most c r i t i c a l  s i n g l e  
sensor  parameter determining t h e  detai l  and accuracy of 
c l a s s i f i c a t i o n  of p a t t e r n s  produced by human a c t i v i t y ,  The 
ground IFOV r equ i r ed  f o r  d i s c r imina t i ng  a p a r t i c u l a r  land 
use  ca tegory i s  dependent upon t h e  phys ica l  s i z e  and 
geometry involved. Classes of land use  c a t e g o r i e s  have been 
i d e n t i f i e d  which, i n  genera l ,  may be r e l a t e d  to  t h e  required 
ground IFOV, The ca t ego r i za t i on  system most o f t e n  used i n  
connection wi th  remotely sensed land  use information was 
devised by Anderson e t  al. (1972) 9 and modified on t h e  b a s i s  
of t e s t i n g  i n  1976,lo Two l e v e l s  of  c a t ego r i e s  a r e  
d i s t ingu ished  h i e r a r ch i ca l l y :  Level-I c o n s i s t s  of broad, 
genera l  classes such a s  urban and b u i l t  up land, 
a g r i c u l t u r a l  land,  f o r e s t  land,  etc,; w h i l e  Level-11 
subdj v ides  t h e  Level-I c l a s s e s  i n t o  mre d e t a i l e d  ca t ego r i e s  
- f o r  example, r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  etc, - 
with in  t h e  urban and bu i l t -up  c l a s s ,  In  any p a r t i c u l a r  
region, c l a s s i f i c a t i o n  a t  Level-I w i l l  g ene ra l l y  r e s u l t  i n  
f i v e  to t e n  c a t e g o r i e s  Ming d i s t  inanished. Severa l  
i n v e s t i g a t i o n s  have found LANdSAT/MSS d a t a  adequate f o r  such 
Level-I type  mapping. 2-5-6-7-1 1-12 A t  scales of 1 : 12 5,000 
to 1:1,000,000 Level-I c l a s s i f i c a t i o n  can provide accura te ,  
co s t - e f f ec t i ve  information f o r  many reg iona l  planning 
tasks,2-b-11-1*-13-l+ Level-I1 mapping w i t h  LANDSAT/MSS d a t a  
is n o t  normally considered p r a c t i c a l  s i n c e  some of t h e  
e s s e n t i a l  c a t e g o r i e s  cannot be i d e n t i f i e d  w i t h  t h e  ground 
IFOV provided (approximately 80m). 1 1-12 

Similar ly ,  Skylab S-192 scanner da t a  (ground IFOV 
approximately 80m) were found t o  be genera l ly  inadequate  f o r  
Level-11 mapping. 8 The same s tudy  i nd i ca t ed  t h a t  S-190B 
fi lmed d a t a  (ground reso lu t ion  approximately 20m) provided 
s i g n i f i c a n t l y  b e t t e r  d i sc r imina t ion ,  and were adequate f o r  
good Level-11 ~ p p i n g .  I t  was c l e a r  t h a t  t h e  f i n e r  
r e so lu t i on  of t h i s  sensor was t he  primary reason f o r  its 
success i n  Level-I1 mapping, 

Experience i n d i c a t e s  t h a t  complete Level-I1 mapping 
would requ i re  ground IFOV of roughly 10-20m. Therefore,  



most state and l o c a l  programs using s a t e l l i t e  da t a  a l s o  
employ high a l t i t u d e  a i r c r a f t  f o r  t h e  high r e so lu t ion  da t a  
i n  an in t eg ra t ed  approach t o  land use mapping. *-1s-l6-17 

Scene-to-scene p ixe l  r e g i s t r a t i o n  (long t e r m  scan 
s t a b i l i t y )  is a l s o  a critical f a c t o r  where multitemporal 
ana lys i s  is  used i n  land use mapping. There a r e  i nd i ca t ions  
t h a t  m i ~ r e g ~ s t r a t i o n s  as small  a s  0 . 5  IFOV can s i g n i f i c a n t l y  
degrade accuracy of c l a s s i f i c a t i o n ,  a 

U s e  of any type of remotely sensed information by urban 
land use planners  is i n  a formative s tage-1  The s t a t e  and 
l o c a l  p lanners  i n  whan v i r t u a l l y  a l l  cu r r en t  management 
r e s p o n s i b i l i t y  is vested a r e  understandably slow t o  
s u b s t i t u t e  remotely sensed d a t a  f o r  t h e  extremely de t a i l ed  
conventional sources  ( tax  and property maps, census da t a ,  
adminis t ra t ive  f i l e s ,  etc,) usua l ly  ava i l ab l e  t o  them. 
While land use  dynamics, increased information costs, 
c e n t r a l i z a t i o n  of management au tho r i t y ,  and experience w i t h  
remotely sensed information a r e  expanding t h e  use of remote 
sensors, t h e r e  is  c u r r e n t l y  no l a r g e  user  demand f o r  t h e  
regional ,  Level-I type maps t y p i c a l l y  produced from o r b i t a l  
data,  1-2-6-18 Several  s t a t e  and regional  a u t h o r i t i e s  
including North Carolina, North Dakota, Ohio, Michigan, and 
Ohio-Kentucky-Indiana Council of Governments a r e  using 
LANDSAT-derived land use  maps i n  support  of f e d e r a l l y  
sponsored, reg iona l  water management programs and o the r  
l a rge  s c a l e  land and water use planning funct ions ,  A s  t h e  
need and f ede ra l  support  f o r  such programs increase ,  so w i l l  
t h e  use  of o r b i t a l  platforms f o r  da ta  co l l ec t ion ,  
Nevertheless, i n  most of the  s t a t e  and l o c a l  
management/planning functions,  s u b ~ t i t u t i o n  of o r b i t a l  da t a  
f o r  a i r c r a f t  f i lm  da t a  w i l l  be slow u n t i l  ground IFOV from 
o r b i t a l  scanners  can provide a t  l e a s t  Level-I1 maps a t  
reasonable costs. 

Equatorial  Crossing Time 

Equator ia l  c ross ing  time i s  not  a c r i t i c a l  parameter f o r  
most land use management appl ica t ions ,  One exception is  t h e  
Coastal  Zone management program w n i c h  r equ i r e s  da t a  on a 
regional  bas i s  such a s  is provided by o r b i t a l  sensors.  The 
c r i t i c a l  r e l a t i o n s h i p s  between c o a s t a l  land use and t h e  
adjacent  aqua t ic  environments may be obscured by sun g l i t t e r  



i f  c r o s s i n g  times a r e  later than  approximately 1000 hrs .19 
Regional water  management programs have used d a t a  frcm 
LANDSAT p r i m a r i l y  f o r  land use  and t e r r a i n  a n a l y s i s ,  
However, because c o a s t a l  waters ,  l a k e s  and r e s e r v o i r s  a r e  
a l s o  of i n t e r e s t ,  g l i t t e r - f  ree data a r e  requi red .  Avoidance 
of c louds  is a l s o  of  concern i n  de termining u t i l i t y  of  data.  

Frequency o f  Coverage 

Most l a n d  use  management f u n c t i o n s  do not  r e q u i r e  
f r equen t  update of map data.  A t  t h e  small s c a l e s  provided 
by c u r r e n t  o r b i t a l  data, some maps need be r e v i s e d  o n l y  
every f i v e  t o  seven years.  Higher r e s o l u t i o n  informat ion  
may be used on a  more f r e q u e n t  b a s i s ,  ranging from hour ly  
( f o r  w a t e r  p o l l u t i o n  monitoring)  t o  q u a r t e r l y  ( f o r  s h o r t  
term land use  dynamics). I n  genera l ,  c u r r e n t  LANDSAT nine- 
t o  eighteen-day f r e q u e n c i e s  would be adequate f o r  v i r t u a l l y  
a l l  land use  a p p l i c a t i o n s  if t h e  IFOV w e r e  s a t i s f a c t o r y .  

Data Processing and Archiving 

As remote ly  sensed l a n a  use  d a t a  come i n t o  g e n e r a l  use, 
e x t e n s i v e  a rch iv ing  systems wi th  a c c e s s  t o  both h i s t o r i c  and 
r e c e n t  d a t a  w i l l  be requi red ,  The accu-acy o f  automated 
c l a s s i f i c a t i o n  of many land use  c a t e g o r i e s  v a r i e s  
cons ide rab ly  by season and/or month, Thus, t h e  development 
of  e f f e c t i v e  automated c l a s s i f i c a t i o n  techniques,  change- 
d e t e c t i o n  c a p a b i l i t y ,  and v a l i d  t r e n d  assessment i s  
dependent upon easy  a c c e s s  t o  a l l  d a t a  on a  seasona l  and/or 
monthly bas is .  T h i s  c a p a b i l i t y  should  be a v a i l a b l e  t o  each 
s t a t e  and supplemented by s t a t e  o r  r e g i o n a l  browse 
f a c i l i t i e s .  S e l e c t i v e  purging of h i s t o r i c a l  d a t a  f i l e s  
could be t o l e r a t e d  i f  enough informat ion  were r e t a i n e d  t o  
record  a t  l e a s t  annual  and long-term t r e n d s  i n  land use  
dynamics. 

Data d e l i v e r y  w i t h i n  one t o  two weeks of a c q u i s i t i o n  
would be s u f f i c i e n t  f o r  most land use  management funct ions .  
More r a p i d  response is requi red ,  however, i n  enforcement of 



environmental regulations (see Environmental Monitoring - 
page 92). 
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Geological Applications 

G e o l o g i s t s  have inc luded remote s e n s i n g  t echn iques  i n  
t h e i r  r e p e r t o i r e  of e x p l o r a t i o n  and a n a l y t i c a l  p r x e d u r e s  
f o r  macy years.  The a v a i l a b i l i t y  of  LANDSAT o r b ~ t a l  da ta ,  
beginning i n  1972, has n a t u r a l l y  drawn cons ide rdb le  i n t e r e s t  
f r a n  geologists, The minera l  and petroleum e x p l o r a t i o n  
community is now t h e  l a r g e s t  s i n g l e  group of  LANDSAT d a t a  
purchasers  (Committee B r i e f i n g  by K. Fischer ,  USGS, November 
1975). While m o s t  c f  t h e  s p e c i f i c  i n t e r p r e t a t i o n  t echn iques  
and geographica l  l o c a t i o n s  of i n t e r e s t  t o  commerciai 
e x p l o r a t i o n  and e x t r a c t i o n  f i r m s  are p r o p r i e t a r y  and 
t h e r e f  ore not  r e a d i l y  a v a i l a b l e  f o r  evaluat ion ,  t h e  s h e e r  
volume of  data purchases would seem to  i n d i c a t e  t h a t  LANDSAT 
d a t a  may have cons ide rab le  value,  I n  g e n e r a l ,  o r b i t a l  d a t a  
a r e  used a s  an  a d j u n c t  t o  a i r c r a f t  photo i n t e r p r e t a t i o n ,  
geophysics,  and o t h e r  f i e l d  survey t echn iques  and are n o t  
expected to completely r e p l a c e  any of t h e  proven procedures.  
However, t h e  unique p e r s p e c t i v e  provided by o r b i t a l  s e n s o r s  
provides a n  added dinrension and i s  a va luab le  reconnaissance  
tool t h a t  can enhance t h e  p r o d u c t i v i t y  of  g e ~ ~ o g i c a l  
explora t ion .  

O t h e r  g e o l o g i c a l  a p p l i c a t i o n s ,  e. g, , groundwater 
hydrology, hazard d e t e c t i o n  and monitoring,  and s p e c i a l i z e d  
soils mapping, can also d e r i v e  b e n e f i t  from o r b i t a l  d a t a  and 
a r e  desc r ibed  i n  t h e  t e c h n i c a l  l i t e r a t u r e ,  Yany of  t h e s e  
u s e r s  have requirements  t h a t  are q u i t e  d ive rgen t  from t h o s e  
of t h e  e x p l o r a t i o n / e x t r a c t i o n  community, Thus, it is  
d i f f i c u l t  t o  s p e c i f y  system c a p a b i l i t i e s  r e q u i r e d  kg 
ngeo loy ica l  u s e r s N  as a g e n e r a l  category. In 5 fie s a ~ ? s ,  
d i f f e r i n g  yeo log ica l  a p p l i c a t i o n s  may p l a c e  de ,rids Up-- . \  
sensor  des ign  t h a t  cannot  be r e c o n c i l e d  i n  a s r n g l e  
instrument ,  

With t h e  understanding that d i v e r g e n t  applicat-io.  - 
requirements make opt imal  c h a r a c t e r i z a t i o n  of "geo,rr; 1 

sensor  needs d i f f i c u l t ,  t h e  fo l lowing d i s c u s s i o n  i s  
presented. 



S p e c t r a l  Bands 

I n  genera l ,  t h e  m u l t i s p e c t r a l  p r o p e r t i e s  of rocks  a r e  
poor ly  understood and a r e  not  p r e s e n t l y  used t o  i d e n t i f y  
rock t ypes  by means of remote sens ing-  Ref lec tance  
c h a r a c t e r i s t i c s  va=y widely d~re to  weathering cond i t ions ,  
moisture content ,  a n d  v e g e t a t i v e  and so i l  cover  and are 
t h e r e f o r e  o n l y  very g e n e r a l l y  c o r r e l a t e d  wi th  t h e  chemical 
(mineral) and p h y s i c a l  p r o p e r t i e s  o f  t h e  subsur face  rock, 
T h e  r e l a t i a s h i p  of "bluea (0,0pm to  O.Spm) t o  (0.6pm 
t o  O.7pa1) r e f l e c t a n c e  is  u s e f u l  i n  c h a r a c t e r i z i n g  t h e  
o x i d a t i o n  s t a t e  of  canponent i r o n 1  and may be u s e f u l  i n  
i d e n t i f y i n g  some minera l ized  a r e a s ,  I n  most cases, however, 
t h e  r e l a t i v e  s p e c t r a l  p r o p e r t i e s  o f  rocks,  soils, and 
over ly ing  v e g e t a t i o n  are used o n l y  t o  d i s c r i m i n a t e  among 
d i f f e r e n t  types ;  a c t u a l  l i t h o l o g i c  i d e n t i f i c a t i o n  is 
accomplished through f i e l d  observat ions. '  

M u l t i s p e c t r a l  imaging a l s o  allws observa t ion  of  
s t r u c t u r a l  and topographic  f e a t u r e s  t h a t  may be i n s t r u c t i v e  
i n  themselues or may provide a c l u e  t o  t h e  rock t y p e  i n  
which t h e y  are found.*S The f o u r  LANDSAT spectral bands h a w  
been found t o  be u s e f u l  f o r  obse rva t ion  of s t r u c t u r a l  
f e a t u r e s ,  p a r t i c u l a r l y  l a r g e  lineaments*-3-*-5 and f o r  some 
g e c e r a l  d i s c r i m i n a t i o n  of so i l  and r o c k  t y p e s  a t  s m a l l  
scales,*-7-.-ll M o s t  s t u d i e s  used v i s u a l  i n t e r p r e t a t i o n  of 
composite or s i n g l e  band imagery i n  d i f f e r e n t  combinations, 
employing t h e  f o u r  MSS bands-3-S-a-ll Two s t u d i e s  i n d i c a t e d  
p re fe rence  f o r  Band 7 (0.8pm t.o 1, tpm) as t h e  best s i n g l e  
band f o r  l ineament  detection.2-• I n  d i s c r i m i n a t i n g  rock 
types ,  some i n v e s t i g a t o r s  used r a t i o i n g  or d i g i t a l  a n a l y s i s  
techniques  t h a t  made use  o f  a l l  f o u r  M S S  bands (O.Spm t o  
0,6pm, 0,6pm to  0.7pme 0-7pm t o  0,8pm and 0-8pm to  
1 1 m ) -  Publ ished r e p o r t s  i n d i c a t e d  t h a t  petroleum 
e x p l o r a t i o n  groups use composite images, made from 
combina t ims  of  a l l  f o u r  MSS bands t o  analyze p h y s i o ~ r a p h y ,  
rock type,  and l ineaments  a t  smal l  scales.9-~2-13 

Outs ide  of t h e  spectral range provided by t h e  c u r r e n t  
LANDSAT/MSS t h e r e  is good evidence  t h a t  thermal  i n f r a r e d  
sens ing  (approximately 4.0pm t o  14,Ogm) c a n  produce u s e f u l  
g e o l o g i c a l  da ta .  Volcanic and some geothermal phenomena a r e  
d e t e c t a b l e  i n  the rmal  da ta ,  The ground IFOVas of c u r r e n t  
o r b i t a l  thermal  s e n s o r s  (Skylab S192, X-5 Thermal Sensor, 
IFOV approximately 80x11) a r e  inadequa te  t o  l o c a t e  small 
geothermal (<UOO m 2 )  a r e a s  u n l e s s  t h e i r  tempera ture  is very  
high (360 t o  U80K),'+1* More s u b t l e  tempera ture  



d i f f e r ences  can be used to locate ground w a t G r  d ischarge 
i n t o  sur face  water bodies.as-a* Monitoring o f  rates of 
temperature changes a t  d i f f e r e n t  t imes of day under uniform 
condi t ions  have been used t o  d i f f e r e n t i a t e  rock  types,at  A s  
mentioned earlier, measurements i n  t h e  "bluea s p e c t r a l  
region (0-Qpm to  0,Spm) can be combined with  da t a  i n  t h e  
"red" (-6pm to 0,7pm) region f o r  s t u d i e s  of i r o n  oxidation,a 
and thus  extension of  coverage i n t o  t h e  "blueN region is 
desi rable ,  The 1 -55r.a to  1,75pm i n f r a r e d  band is s e n s i t i v e  
to moisture stress i n  vege ta t ion  (see Vegetatior. Inventory 
and Assessment - page 29) and could be  used as zn  i n d i c a t o r  
of t h e  hydrologic c h a r a c t e r i s t i c s  of t h e  underlying soil and 
rocks, 

Ground IPOV 

Ground IFOV i s  the sensor  parameter o f  primary concern 
to most geologic  u se r s  of remote sensor  data. Through many 
years of exp lora t ion  most l a r g e  f e a t u r e s  of geologic  
i n t e r e s t  i nd i ca t ing  areas of mineral deposi ts ,  su r f ace  
expression of geologic s t r u c t u r e s  i nd i ca t ing  poss ib le  
accumulation of hydrocarbons, geologic  hazards, etc,, have 
a l ready been i d e n t i f i e d ,  With the exception of t h e  few 
remote and unexplored a r e a s  of t h e  e a r t h  ye t  remaining, t h e  
major bene f i t  t o  be derived from comprehensive world 
coverage of t h e  type  provided by o r b i t a l  sensors  is loca t ion  
of t h e  smaller, more i so l a t ed ,  less prominent f e a t u r e s  t h a t  
have escaped de t ec t ion  by pas t  explorat ions ,  Thus t h e  va lue  
of remote sensing systems, p a r t i c u l a r l y  i n  petroleum and 
mineral explorat ion,  i s  heavi ly  dependent on t h e  s i z e  of t h e  
smallest discr iminable  feature ,  

The success fu l  uses of LANDSAT/MSS 80m da ta  have been i n  
i d e n t i f i c a t i o n  of l a r g e  f e a t u r e s  such a s  anc ien t  stream beds 
f o r  p o t e n t i a l  ground water supplyel.-a* de t ec t ion  of  
lineaments 10 km t o  more than  100 km long,2-9-20 and i n  s o i l  
and geologic mapping a t  scales of 1:250,000 o r  less-e-ao-aa 
LANDSAT/MSS da t a  have not  been adequate f o r  some 
i nves t iga t ions  i n  which smaller f e a t u r e s  or l a r q e r  s c a l e s  
a r e  involved,3-za .is previously noted, Skylab t h e r m a l  da t a  
a l s o  suffer somewhat from t o o  l a r g e  an IFOV (approximately = 
80m)- I* Even S190A and B Skylab photographs (1Sm t o  kfrm 
reso lu t ion)  a r e  not  completely s u f f i c i e n t  f o r  many mineral 
explorat ion t a sks -3  One s tudy of f a u l t k g  found 



s i g n i f i c a n t l y  more va lue  i n  S190B photography (IFOV 
e q u i v a l e n t  15-20m) than  i n  S190A photography (1FOV 
e q u i v a l e n t  30-UOm) f o r  mapping of f a u l t s ,  due t o  t h e  
approximately 20m d i f f e r e n c e  i n  ground resolu t ion .22 

Generally,  improvements i n  IFOV t o  30-UOni would i n c r e a s e  
t h e  d e t e c t a b i l i t y  o f  a l t e r a t i o n  a u r e o l e s  and o t h e r  
i n d i c a t o r s  of minera l i za t ion ,  S t r u c t u r e s  i n  sedimentary 
rocks  impor tant  t o  petroleum e x p l o r a t i o n  would a lso be  more 
i d e n t i f i a b l e  wi th  30m t o  4Om IFOV. IFOV8s of 1Sm or better 
would a l low d e t a i l e d  f r a c t u r e  mapping wi th  u t i l i t y  i n  hazard 
d e t e c t i o n  and petroleum and ground water  exp lo ra t ion-  
Ul t imate ly ,  t h e r e  w i l l  always be a need f o r  ground surveys,  
inc lud ing  s u b s u r f a c e  i n v e s t i g a t i o n s  through d r i l l i n g  and 
~ c o p h y s i c a l  s t u d i e s -  Some such  t a s k s ,  p a r t i c u l a r l y  
lnvnitoring o f  t e c t o n i c  a c t i v i t y  such as t i l t i n g ,  swe l l ing ,  
changes i n  h e a t  flow an3  o t h e r  phys ica l  p r o p e r t i e s ,  could be 
a ided  by a system analogous t o  t h e  LAKSSAT Data C o l l e c t i o n  
Platforms (DCP) i n  which d a t a  from ins t ruments  l o z a t e d  i n  
remote and i n a c c e s s i b l e  a r e a s  could be re layed  t o  
i n v e s t i g a t o r s  a t  a c e n t r a l  loca t ion .  

The g e o l o g i c a l  community h a s  expressed  a s t r o n g  i n t e r e s t  
i n  t h e  S y n t h e t i c  Aperture Imaging Radar ( I F O V  = 25m) 
scheduled f o r  f l i g h t  on SEASAT (NASA oceanographic 
a p p l i c a t i o n s  s a t e l l i t e  p l a n ~ e d  f o r  iaunch i n  1978). I f  t h e  
r a d a r  is a c t i v a t e d  over  land a s  w e l l  a s  water,  t h e s e  2ata 
can be i n v a l u a b l e  i n  physiographic a n a l y s i s ,  e s p e c i a l l y  i f  
made compatible  wi th  LANDSAT Cats- 

The f u t u r e  of o r b i t a l  d a t a  f o r  geo log ica l  e x p l o r a t i o n  
purposes seems t o  l ie  i n  t h e i r  c o n t r i b u t i o n  t o  a n  
i n t e g r a t e d ,  g round-ae r i a l -o rb i t a l  system such a s  is a l r e a d y  
i n  use  by som commercial e x p l o r a t i o n  firms.*' The 
nagni tuze  of t h e  o r b i t a l  system c o n t r i b u t i o n  depends 
p r i m a r i l y  on t h e  adequacy of t h e  ground IFOV of t h e  sensor ,  

Frequency of Coverage 

Xost g e o l o g i c a l  use r s  a r e  not  p a r t i c u l a r l y  demanding i n  
t h e i r  requirements  for f requen t  coveraqe, Discr iminat ion  of 
rnost f e a t u r e s  r e q u i r e s ,  a t  the m o s t ,  seasonal  c w e r a g e  so 
t t , a t  chanqes i n  v e q e t a t i o n  c a n  be observed and t h e  
topography can be viewed under d i f f e r e n t  sun anules-  Once 



the u s e f u l  in fo rmat ion  has  been e x t r a c t e d ,  f u r t h e r  coverage 
is  u s u a l l y  unnecessary, s i n c e  temporal  v a r i a t i o n  i n  most 
g e o l o g i c a l  f e a t u r e s  is very  slow. Monitoring of some 
seismic, g l a c i a l ,  hydrologic,  and v o l c a n i c  phenomena can 
b e n e f i t  f r m  d a t a  now a v a i l a b l e  from LANDSAT'S 1 and 2 
(coverage every  n i n e  days) p a r t i c u l a r l y  i f  supplemented wi th  
d a t a  c o l l e c t e d  by &I s i t u  ins t ruments  and r e l a y e d  v i a  
orbi ta l  platforms,  A speci ; l ized u s e  of thermal  d a t a  i n  
d i f f e r e n t i a t i n g  rock  t y p e  through thermal  i n e r t i a  r e q u i r e s  
more than  one measurement d u r i n g  a 24-hour period, Analys is  
of some g e o l o g i c a l  hazards-- landsl ides,  mudflows, etc,--may 
r e q u i r e  d a i l y  or more f r e q u e n t  coverage, These t a s k s  a r e  
g e n e r a l l y  more compatible  wi th  s u b o r b i t a l  s e n s i n g  platforms,  

Radiometric S e n s i t i v i t y  and Data Q u a n t i z a t i o n  

Most g e o l o g i s t s  i n t e r e s t e d  i n  d i s c r i m i n a t i o n  of rock and 
soi l  type  ( i m l u d i n g  the minera l  and petroleum e x p l o r a t i o n  
conununities) a g r e e  t h a t  t h e  s e n s i t i v i t y  of remote sens ing  
ins t ruments  is of major importance, Inc reased  s e n s i t i v i t y  
c a n  d i s c r i m i n a t e  smal l  d i f f e r e n c e s  i n  ground cover  
r e f l e c t a n c e  t h a t  may i n d i c a t e  d i f f e r e n c e s  i n  under ly ing rock 
and soil  type, The i n d i r e c t  e f f e c t s  of subsur face  
c h a r a c t e r i s t i c s  on  s u r f a c e  soi l  and v e g e t a t i o n  a r e  u s u a l l y  
q u i t e  s u b t l e ,  High rad iomet r i c  c o n t r a s t  a s s o c i a t e d  w i t h  
d i f f e r i ~  -r subsur face  c o n d i t i o n s  i s  r a r e l y  noted. The s e n s o r  
must be h igh ly  responsive  t o  t h e s e  small v a r i a t i o n s .  
Furthermore, t h e  v a r i a b i l i t y  observed i n  many g e o l o g i c a l  
phenomena is t r a n s i t i o n a l  and it is important  t h a t  t h e  
subtle g r a d a t i o n s  b e  preserved a s  much as p o s s i b l e  i n  remote 
s e n s o r  da ta ,  The t r a n s i t i o n a l  l a t e r a l  v a r i a t i o n s  i n  
sedimentary f a c i e s ,  for i n s t a n c e ,  may be impor tant  i n  
petroleum exp lo ra t ion ,  I f  r a d i o m e t r i c  d a t a  a r e  recorded i n  
l a r g e  s t e p s  (or quanta)  t h e s e  v a r i a t i o n s  may appear  t o  occur 
as s h a r p  boundaries ,  and a v e r y  d i f f e r e n t  conc lus ion  w i l l  be  
drawn about  t h e  n a t u r e  of t h e  l i tho logy ,  Thus, it i s  
c r i t i c a l  t h a t  t h e  f u l l  r ad iomet r i c  s e n s i t i v i t y  of o r b i t a l  
scanners  be  p rese rved  i n  t h e  d a t a  o u t p u t  through 
s u f f i c i e n t l y  f i n e  g rey  l e v e l  q u a n t i z a t i o n  i n  r ecord ing  and 
t ransmiss ion ,  Two s t u d i e s  of sensor  parameters  have 
i n d i c a t e d  t h e  need f o r  NEhpes between 0.2 and 1-0 p e r c e n t  
f o r  rock and s o i l  d i sc r imina t ion .  21-24 Desired NEAT'S a r e  
between 0 .  SOC and 1, 00C12a-2* 



B a r e  soil  and rock can  e x h i b i t  much h igher  r e f l e c t a n c e s  
t h a n  vege ta t ion  i n  t h e  " v i s i b l e n  p o r t i o n  of t h e  spectrum and 
so it is impor tant  t h a t  t h e s e  cover  types  be cons idered  i n  
s e t t i n g  dynamic range s p e c i f i c a t i o n s .  Ref lec tances  up  t o  60 
pe rcen t  have been observed i n  soils i n  t h e  v i s i b l e  spectrum, 
a s  compared t o  a maximum of 30 x r c e n t  over  vegeta t ion ,  One 
s tudy  even recommends a 70 t o  78 percen t  r e f l e c t a n c e  
s a t u r a t i o n  t h r e s h o l d  f o r  g e o l o g i c a l  s t u d i e s  i n  t h e  v i s i b l e  
spectrum, 24 I n  t h e  r e f l e c t i v e  and thermal  i n f r a r e d ,  
g e o l o g i c a l  a p p l i c a t i o n s  do n o t  have dynamic range  
requirements  s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  needed by 
t h e  o t h e r  u s e r s  d i scussed  i n  t h i s  chap te r ,  While v o l c a n i c  
and some geothermal phenomena do e x h i b i t  unusual ly  high 
temperatures,  orbital  thermal  s e n s o r s  are, wi th  few 
except ions ,  used to detect such thermal  anomalies  and t h u s  
d o  n o t  r e q u i r e  d e t a i l e d  tempera ture  d i f f e r e n t i a t i o n  w i t h i n  
the observed range, I t  i s  n o t  necessary  to extend normal 
thermal  sens ing  ranges  to  h igh  tempera tures  (>330K), 

E q u a t o r i a l  Cross ing  Time 

Geologica l  i n t e r e s t s  do  n o t  a l l  a g r e e  on e q u a t o r i a l  
c r o s s i n g  t i m e  f o r  orbital  platforms,  I n  f l a t  t e r r a i n ,  
t y p i c a l  o f  many petroleum-bearing provinces, l o w  sun  a n g l e s  
a r e  d e s i r e d  so t h a t  s u b t l e  topographic  express ions  of 
s t r u c t u r e  and geomorphic f e a t u r e s  may be more r e a d i l y  
observed, I n  a r e a s  of h igh relief where much minera l  
e x p l o r a t i o n  is conducted, however, shadows can obscure  
s i g n i f i c a n t  s p e c t r a l  c h a r a c t e r i s t i c s  and s o  high sun a n g l e s  
are d e s i r a b l e ,  Because of  t h i s  d ivergence  of a p p l i c a t i o n s ,  
no d e f i n i t i v e  p re fe rence  can be expressed. Where p o s s i b l e ,  
obse rva t ion  under d i f f e r e n t  s u n  a n g l e  c o n d i t i o n s  would be 
p r e f e r r e d  by g e o l o g i s t s  i n  o r b i t a l  mission planning. Even 
w i t h  c o n s t a n t  l o c a l  obse rva t ion  t i m e ,  s easona l  v a r i a t i o n s  i n  
sun a n g l e  provide  a u s e f u l  dimension of topographic  
information. 



Data Processing and Archiving 

Geologica l  demands on speed of d a t a  d e l i v e r y  a r e  n o t  
p a r t i c u l a r l y  severe ,  With t h e  except ion  of some hazard 
monitoring, d a t a  d e l i v e r y  w i t h i n  s e v e r a l  weeks of 
a c q u i s i t i o n  is adequate. 

Long-term a r c h i v i n g  of h i s t o r i c a l  d a t a  would be  v a l u a b l e  
f o r  geo log ic  p rocesses  wi th  v e r y  slow r a t e s  o f  change, such 
as g l a c i a t i o n  and eros ion .  As with c u r r e n t  da ta ,  however, 
f r e q u e n t  coverage is n o t  necessary  - perhaps one d a t a  set 
pe r  year  is  s u f f i c i e n t  f o r  t h o s e  s p e c i a l i z e d  u s e s  r e q u i r i n q  
h i s t o r i c a l  information.  
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Oceanography and Coastal Zone Management 

C o a s t a l  and oceanographic  r e s e a r c h  proqrams have 
r e a l i z e d  s i g n i f i c a n t  b e n e f i t s  from t3.e a p p l i c a t i o n  of 
s p a c e c r a f t  renote sensing, d e s p i t e  t h e  f a c t  t h a t  no e x i s t i n g  
zrneor o r  mi s s ion  h a s  been op t imized  f o r  mar ine  uses .  
Y i r ~ t l e  programs may be d i v i d e d  i n t o  t h r e e  groups  of  
dk% i c a t h r s  having d i f f e r e n t  s e n s i n g  r equ i r emen t s :  
c q a s 6 a i - t e r r e s t r i a l ,  nea r - sho re  mar ine  ( i n c l u d i n q  l a k e s )  , 
and open ocean. 

I n  g e n e r a l ,  s e n s o r  sys tems  des igned  f o r  a p p l i c a t i o n  i n  
i n l a n d  a r e a s  a r e  a l s o  a p p r o p r i a t e  f o r  use  i n  the t e r r e s t r i a l  
environments  of  t h e  c o a s t a l  zone, even  where t h e y  a r e  
p e r i o d i c a l l y  i n f l u e n c e d  by t h e  t i d e s  (e.q., c o a s t a l  
w e t l a n d s ) .  The c o n c e n t r a t i o n s  of p o p u l a t i o n  and i n d u s t r i a l  
a c t i v i t y  i n  c o a s t a l  a r e a s  l e n d  p a r t i c u l a r  impetus  t o  
i n v e n t o r i e s  of  v e g e t a t i o n  and l a n d  u s e  wi th  a  s c a l e  and 
f requency  of upda te  compat ib le  w i t h  o r b i t a l  remote sen sin^. 

I n  near -shore  marine and l a k e  envi ronments  s e n s o r  
r equ i r emen t s  may be q u i t e  d i f f e r e n t  - p a r t i c u l a r l y  i n  t h e  
s p e c t r a l  range,  r e s o l u t i o n ,  and f requency  of u p d a t e  needed. 

I n  t h e  deep  w a t e r s  of t h e  open ocean, t h e  l a r g e  a r e a  
coverage of s p a c e c r a f t  s ens ing  i s  p a r t i c u l a r l y  advantageous,  
b u t  ground r e s o l u t i o n ,  f r equency  of update ,  and s p e c t r a l  
range  requi rement?  a r e  somewhat d i f f e r e n t  from t h o s e  i n  t3e 
o t h e r  a r e a s  of marine concer:. 

C e n t r a l  t o  modern concep t s  of c o a s t a l  zone manaqement 
dnd ocean s t u d i e s  i s  p e r c e p t i o n  of t h e  complex 
i n t e r r e l a t i o n s h i p s  between the marine environment  and t h e  
a d j a c e n t  c o a s t a l  zone with i t s  human i n h a b i t a n t s .  R e s u l t s  
ach i sved  wi th  e x i s t i n g  o r b i t a l  s e n s o r s  i n d i c a t e  c o n s i d e r a b l e  
p o t e n t i a l  f o r  s a t e l l i t e  m o n i t o r i n s  of t h e  c o a s t a l  and 
o c e a n i c  r e g i o n s  of  t h e  world. A s i g n i f i c a n t  a s p e c t  o f  t h i s  
p o t e n t i a l  is t h e  s y n o p t i c  view of  t h e  e n t i r e  marine and 
c o a s t a l  sys tem provided  by s p a c e c r a f t  - a  n o t e n t i a l  t h a t  c a n  
be c o n s i d e r a b l y  enhanced through c o : ~ s i d e r a t i o n  of marine 



problems i n  t h e  d e s i g n  of comprehensive e a r t h  o b s e r v a t i o n  
programs a s  w e l l  a s  th rough s p e c i f i c  mar ine-or ien ted  
missions.  

S p e c t r a l  Bands 

A p p l i c a t i o n s  of remote s e n s i n g  i n  t h e  terrestrial  
environments  of t h e  c o a s t a l  zone do n o t  r e q u i r e  
s i g n i f i c ~ r l t l y  different s p e c t r a l  cove raae  f rom t h a t  used f o r  
d e t e c t i o n  an2 mon i to r ing  o f  i n l a n d  cover.  The pr ime 
o b j e c t i v e s  i n  bo th  cases a r e  mapping of v e g e t a t i o n / l a n d  u s e  
and d e t e c t i o n  of s u r f a c e  water, b a r e  s o i l  and g c o l o g i c  
f e a t u r e s  expresst2d d i r e c t l y  i n  s u r f a c e  m a t e r i a l s  or 
i n d i r e c t l y  t h rough  v e g e t a t i o n  changes i n  r e s p o n s e  t o  
s u b s u r f a c e  f e a t u r e s .  LANDSAT/MSS d a t a  have been a p p l i e d  t o  
r e g i o n a l  i n v e n t o r y  of c o a s t a l  l a n d  usel-2-3-4 and 
v e g e ~ a t i o n ,  p a r t i c u l a r l y  w e t '  ~ n d  p l a n t  communities.4-5-6 
Op t imiza t ion  of band s e l e c t i o n  f o r  l a n d  use ,  a g r i c u l t u r a l  
i nven to ry ,  and o t h e r  t e r r e s t r i a l  Durwoses should  s a t i s f y  t h e  
c o a s t a l  a p p l i c a t i o n  requi rements ,  and so f u r t h o r  d i s c u s s i o n  
is d e f e r r e d  t o  t h o s e  d i s c i p l i n e s  p r i m a r i l y  concerned with 
t e r r e s t r i a l  a r e a s  (Vegeta t ion  I n v e n t o r y  and Assessment,  Land 
U s e  Management, and Geology),  

I n  near -shore  mar ine  and l a c u s t r i n e  a r e a s ,  s p e c t r a l  
requi rements  d i v e r g e  from those o v e r  land. Some deg ree  of 
water  p e n e t r a t i o n  i s  u s u a l l y  d e s i r a b l e ,  and  r z q u i r e s  
e x t e n s i o n  of s p e c t r a l  coverage  t o  s h o r t e r  wavelengths  t h a n  
t h o s e  u s u a l l y  used for t e r r e s t r i a l  a p p l i c a t i o n s .  Irt maupins 
of c o a s t a l  bathymetry,  LANDSAT/MSS Bands 4 and 5 (0.5pm t o  
0-6pm and 0.6pm t o  0-7pm) have been used t o  measure  wa te r  
d e p t h s  down t o  app rox ima te ly  7.5m i n  c?-ear c o a s t a l  wa te r  and 
t o  approximate ly  2m i n  more t u r ~ i d  waters. '  The o p t i m p  
s i n g l e  band f o r  ba thymet ry  v a r i e s  a c c o r d i n g  t o  Dottom 
r e f l e c t a n c e ,  w a t e r  c l a r i t y ,  a r d  a tmosphe r i c  c o n d i t i o n s ;  
however, a t h e o r e t i c a l  i n v e s t i g a t i o n  i n d i c a t e s  a n  op t ima l  
s h o r t  wavelength c u t o f f  f o r  cjeneral  bathymetry between 0.45 
and 0.48pm and a n  optimum long wavelength c u t o f f  between 
0.55 and 0.58pm.e The LANDSAT/MSS "green" (0.5pm t o  0.6pm) 
band tippears t o  be subopt imal  f o r  b a t h y n e t r y  pu rposes  
because  o f  less  bottom c o n t r a s t  a t  t h e  0.5pm ~ h o r t  
wavelength c u t o f f  and a t t e n u a t i o n  of s i g n a l  i n  t h e  0.58 to 
0.6prn region.8-9 An e ~ p i r i c a l  s t u d y  u s i n g  Skylab  S 1 9 2  
scanne r  d a t a  i n  t h e  0 . 4 6 p ~  t o  0.51pm and 0.52pm t o  0.56pm 



bands repor ted  dep th  measurements a c c u r a t e  to  withir ,  
2roxirnately 15 to 20 pe rcen t  a t  d e p t h s  down to 20m i n  

c l e a r ,  t r o p i c a l  water,a* Therefore,  ex tens ion  of coverage 
i n t o  t h e  "bluei8 reg ion  a t  approximately 0,06pm is i n d i c a t e d  
f o r  maximum water  p e n e t r a t i o n  and bottom c o n t r a s t  i n  shal low 
w a t e r  bathymetry s t u d i e s ,  

Near-shore c u r r e n t  c i r c u l a t i o n  s t u d i e s  us ing  n a t u r a l  
water-mass t r a c e r s ,  e s p e c i a l l y  suspefided sediment, have 
s u c c e s s f u l l y  employed L A N D S A T / B  d a t ~ , a a - ~ 2 - ~ 3 - ~ * - a s  
R e l a t i v e l y  l o w  c o n c e n t r a t i o n s  of suspended m a t e r i a l  may be 
observed i n  HSS Bands 4 and 5 (0,5pm to 0,6pm and 0 . 6 ~  t o  
0 ,7p%)  , whi le  Band 6 i s  best f o r  d e l i n e a t i o n  of h i g h l y  
t u r b i d  w a t e r  masses,a*-1? So- i ~ v e s t i g a t o r s  have a t tempted 
quar i t i t a t ive  assessment  of suspended sediment concent  r a t i o n s  
e i t h e r  through r e g r e s s i o n  wi th  rad iance  i n  t h e  0,6pm t o  
0,8pa rangere-to or through comparison of MS measured 
spectra wi th  r e f e r e n c e  s p e c t r a  obta in& by o t h e r  
instrunu?nts,a9 The r e s u l t s  of t h e  l a t t e r  s t u d y  have been 
incorpora ted  ,n to  Corps of Engineersa o p e r a t i o n a l  
inventorying an2 monitoring of e s t u a r i n e  and i n l a n d  
waters-19 Thermal sens ing i n  t he  8,Opm to  13 .Opm e m i s s i v e  
ranqe has also been used f roln v a r i o u s  p l a t  forms i n c l u d i n g  
spacec ra f t ,  to  monitor c u r r e n t s  an? point-source thermal  
plunes,20-*1 

Detec t ion  and monitoring of pho tosyn the t i c  p r o d u c t i v i t y  
i n  t h e  marine e n v i r c - w n t  is a high ~ r i o r i t y  endeavor wi th  
g l o b a l  impl ica t ions ,  Attempts to  q u a n t i f y  c h l a r o p h g l l  
c o n c e n t r a t i o ~ s  i n  a q u a t i c  suspension have m e t  w i th  mixed 
r e s u l t s ,  Inaccuracy is p r i m a r i l y  due to t h e  i n a b i l i t y  t o  
d i sc r imina te  between c h l o r o p h y l l  and inorgan ic  sediment, 22 

Houever, measurements of marine pho tosyn the t i c  organisms 
show a m n i n g ~ p o i n t n  a t  approximately O,S2pm, below which 
ch lo rophy l l  i n  suspension r e f l e c t s  s t r o n q l y  and above which 
absorp t ion  is  dominark (Committee b r i e f i n g  by J.W. Sherman 
121, N O M  Spacecra f t  \)ceaaogra~h-1 P r o j e c t  , Jani iar i  1 976) . 
Sediment, on t h e  &her hand, acts a s  a broad-Fwd 
backsca t t e re r ,  Thus, t h e  use  of  t w o  bands, separa ted  a t  
approximately 0. 52pm, may a l l o w  d i s c r i m i n a t i o n  of  
ch lo rophy l l  from inorgan ic  sediment. Separa t ion  of t h e  
"bluen from t h e  "greenw s p e c t r a l  bands a t  approximately 
0.52prn would a i d  a n a l y s i s  of c h l o r o p h y l l  d i s t r i b u t i o n .  

Monitoring of p o l a r  r eg ion  sea ice has  a p p l i c a t i o n s  i n  
meteorology and navigat ion,  IANf xT/MSS s p e c t r a l  bands, 
p a r t i c u l a r l y  i n  t h e  r e f l e c t i v e  i 2 f r a i e d  (0.7 t o  1. lpm)  
region have been used t o  cbserve  f r a c t u r e  and l e a d  



formation, shear ing,  freeze-thaw condi t ions  and d i s t r i b u t i o n  
of icebergs  i n  a r c t i c  and a n t a r c t i c  seas.23-2' Spec t ra l  
coverage i n  t h e  1,SSpm to  1.7Spm region would allow 
e f f e c t i v e  d i sc r imina t ion  of snow and ice from clouds, while 
te: pera ture  condi t ions  a t  t h e  snow/ice su r f ace  could be 
monitored i n  t h e  th2nnal i n f r a r e d  region (8pm t o  13pm), 

Ground IFOV 

For marine app l i ca t ions  t h e  maximum t o l e r a b l e  dimensions 
of  the XPOV vary from approximately lOkm f o r  g loba l  c u r r e n t  
mapping and ecosystem a n a l y s i s  to 1 O m  or less f o r  monitoring 
of c o a s t a l  processes and land use (Table 2.4) -2s Large 
IFOVms, even f r a s  o rRi ta1  scanners, genera l ly  do no t  
cons t r a in  open ccean s t u d i e s  i n  which t h e  s y s t e m  is 
charac te r ized  by l a r g e  expanses of water w i t h  wry gradual  
hor izonta l  v a r i a b i l i t y .  I n  observation of near  shore  and 
c o a s t a l  processes, r e so lu t ion  becomes a more critical 
parameter. 2s 

I n  c o a s t a l - t e r r e s t r i a l  areas ,  IFOV requirements l a r g e l y  
p a r a l l e l  those  of t h e  general  vegeta t ion mapping and land 
use managearent community, For t hese  appl ica t ions ,  t h e  needs 
f o r  XFOV and car tographic  accuracy o f t e n  exceed t h e  
c a p a b i l i t i e s  of c u r r e n t l y  envisioned o r b i t a l  sensors  and 
w i l l  continue, f o r  sane t i m e ,  to r equ i r e  a i r c r r f t  or ground 
surveys, Small scale (1: 250,000 to  1 : 500,000) , reg iona l  
inventor ies  of coastal land-use have been accomplished using 
t h e  LANI)SAT/WSS 80m ground IFOV,n-2-3-• While such 
inventor ies  a r e  u se fu l  i n  regional  planning and research 
d i r ec t ed  a t  environmental t rends,  s t a t e  and l o c a l  
a u t h o r i t i e s  usua l ly  r equ i r e  much more d e t a i l e d  l a r g e r  s c a l e  
maps to support planning a c t i v i t i e s ,  (See Land U s e  
Management - page 46,) 

I n  t h e  a rea  of inventory of n a t u r a l  vegeta t ion f o r  
managemnt purposes, ground IFOV requirements are not  a s  
r e s t r i c t i v e  a s  when the a c t i v i t i e s  and s t r u c t u r e s  of man a r e  
t h e  prirce concern, Happing of e t l a n d c  i I p a r t i c u l a r ,  has 
benef i ted from app l i ca t ion  of remote s ilq, including 
LANDSAT data.1-*-s-6 Legal mapping re- rements (e.g., i n  
support  of l e g i s l a t i o n  requi r ing  permits  f o r  c e r t a i n  
a c t i v i t i e s  i n  t i d a l  wetlands) a r e  un l ike ly  t o  be f u l f i l l e d  
i n  t h e  fo reseeab le  f u t u r e  by s a t e l l i t e  data. However, 
improvements i n  ground IFOV of o r b i t a l  scanners w i l l  be 
he lp fu l  i n  i nven to r i e s  f o r  environmental impac t  and 
management purposes i n  two primary ways, C l a s s i f i c a t i o n  



accuracy of wetland vegeta t ion communities could be improved 
with smal ler  IrOVns by providing more homogeneous t r a i n i n q  
samples f o r  use i n  autouated mul t i spec t r a l  ana lys i s ,  
Mensuration could be improved w i t h  more p rec i se  l oca t ion  of 
class boundaries and more accura te  and d e t a i l e d  de l inea t ion  
of species,  or o t h e r  classes. 1FOV.s between 30m and 50m 
have been ind ica ted  as d e s i r a b l e  f o r  wetlands inventories.25 

The LANI?SAT/MSS da t a  have been appl ied by m n y  groups t o  
map c o a s t a l  cu r r en t s ,  shoa ls  and de t ec t ion  of 
pol lut ion,  7-9-1 1-1 2-r3-16-lS-16-1? H M v e r ,  both t h e  
d e t e c t a b i l i t y  and accuracy of l oca t ion  would improve with 
smaller IFOVes. Again, IFOV dimensions of 30 to SOm are 
des i red  t o  produce useful  r e s u l t s  i n  a wide range of 
geoqraphic areas and appl ica t ions ,*s  

TABLE 2-4 

IFOk Requirements for Marine Applications 

Typical  Avvlications - I FOV 

Mapping mean highllow w a t e r  
Coasta l  c u r r e n t  measurement 

Coastal p o l l u t i o n  de t ec t ion  
Shorelinz mapping and shoa l s  
Wetlands inventory 

s e a  ice su rve i l l ance  30 - l O O m  

Pollution/environmental i m p a c t  30 - 300m 

Turbidi ty  and sediment t r a n s p o r t  
Bathymetry and bottom topography 

50 - l O O m  

Biological  assessment 1 - 2krn 

Global c u r r e n t  mapping 
Global ecosystem a n a l y s i s  

Source: Adapted from NASA Advanced Scanners 
and Imaging Systems f o r  Earth Observations (1972). page 65.25 



Radiometr ic  S e n s i t i v i t y  and Dynamic Range 

I n  c o a s t a l  w a t e r s  spectral rad iance  changes a s  l o w  as 
0,016 mw/cn@-sr  have been observed i n  LANDSAT/WSS Bands 4 
and 5 (0,Spm - 0,6pm and 0 . 6 ~  - 0,7pm) a c r o s s  t h e  
boundaries  3f ocean c u r r e n t s ,  E f f e c t i v e  measurement of such 
small v a r i a t i o n s  i n  s i g n a l  r e q u i r e s  b e t t e r  s e n s i t i v i t y  than  
is a v a i l a b l e  i n  t h e  normal LANDSAT/XSS g a i n  mode, 
Improvements i n  s e n s i t i v i t y  by a f a c t o r  o f  3 x  w e r e  ob ta ined  
by o p e r a t i n g  t h e  LANDSAT/MSS i n  t h e  mhigh g a i n  mode. 
S i g n i f i c a n t  improvements f o r  many oceanographic a p p l i c a t i o n s  
w e r e  observed.?-* Therefore,  f u t u r e  s e n s o r s  should 
i n c o r p o r a t e  improvements i n  s e n s i t i v i t y  of a t  least 3x i n  
t h e  ablue-greenw s p e c t r a l  region,  N E A p a s  of 0.5 t o  1-0 
percen t  a r e  desired by marine u s e r s  i n  a f i v e  t o  seven band 
instrument ,  25-26 

I n  thermal  sens ing,  a dynamic range a l lowing measurement 
of tempera tures  between 240 K and 320 K is necessa ry  t o  
cover  t h e  wides t  ranqe of oceanographic a p p l i c a t i o n s ,  The 
low tempera ture  c u t o f f  is determined by i n t e r e s t s  i n  snow 
and ice s u r f  ace tempera tures  (Committee b r i e f  inq by J, W. 
Sherman 111, NOAP. Spacecra f t  Oceanogra~hy P r o j e c t ,  Jan,  
1976) . NE3Tos between O.5OC and 10 C are needed w i t h i n  t h e  
above range, 2s-26  

Equa to r i a l  Cross ing  Time 

The time of  e q u a t o r i a l  c r o s s i n q  is of p r i n e  concern t o  
i n v e s t i g a t o r s  s tudy ing  open water f e a t u r e s ,  since sun-g l in t  
can obscure  l a r g e  p o r t i o n s  of a scene  over  water i f  s o l a r  
z e n i t h  a n g l e s  a r e  w i t h i n  a p a r t i c u l a r  range o f  va lues ,  
C a l c u l a t i o n s  show t h a t  with a s u r f a c e  wind v e l o c i t y  of  on ly  
5 Wsec, a scanner  sensing &round t h e  nadir a t  1100 h r s  w i l l  
encounter  a minimum sun g l i n t  zone 350 wide between 350 N 
and 350 S l a t i t u d e , z t  During same seasons  t h e  e n t i r e  inage  
w i l l  be obscured by g l i n t  a t  1100 hrs-27  Both t h e  LANDSATs 
1 and 2 have a n  e q u a t o r i a l  c r o s s i n g  t ime of 0930 hrs ,  which 
a l lows  obse rva t ion  of a l l  p o r t i o n s  of t h e  e a r t h  d u r i n g  all 
seasons  wi thout  sun  g l i n t  e x c e p t  where  high winds produce 
wave s l o p e s  21S0.2? Actual o b s e r v a t i o n s  of s e r i o u s  g l i t t e r  
o b s c ~ ~ r a t i o n  have been made by a i r c r a f t  a f t e r  1030 hrs.28 
c r o s s i n g  t i m e s  b e f o r e  1000 h r s  are t h u s  d e s i r e d  i f  a scanner  



is to  have e f f e c t i v e ,  cont inuous  a p p l i c a t i o n  i n  marine 
i n v e s t i g a t i o n s  (Commi t t ee  B r i e f  inq  by 3, U, Sherman 111, NOAA 
Spacecra f t  Oceanography P r o j e c t ,  Jan. 1976)- 

A s  i n  any o t h e r  nonmeteorological a p p l i c a t i o n ,  c loud 
cover  is t o  be avoided for rraximum u t i l i t y  i n  marine 
a p p l i c a t i o n s ,  I f  c loud  bu i ldup  is found t o  b e  s i g n i f i c a n t l y  
r e l a t e d  to t i m e  of day, t h i s  r e l a t i o n s h i p  should  be 
cons idered  a l o n g  w i t h  surt glitter i n  planning the local t i m e  
f o r  observat ions ,  

Frequency o f  Coverage 

Marine f e a t u r e s  va ry  much more r a p i d l y  t h a n  t e r r e s t r i a l  
phenomena, o f t e n  approaching t b e  v a r i a b i l i t y  of  atmospheric  
cond i t ions ,  The demands upon temporal  s e n s o r  coverage 
become p a r t i c u l a r l y  severe  i f  t i d a l  e f f e c t s  a r e  t o  be 
observed, S u r f a c e  c u r r e n t  c i r c u l a t i o n  p a t t e r n s  c a n  change 
s i g n i f i c a n t l y  w i t h i n  a n  hour in a t i d a l  e s tua ry ,  w i t h i n  a 
day on  t h e  c o n t i n e n t a l  s h e l f ,  and over  longer  p e r i o d s  i n  t h e  
open ocean, O r b i t a l  p la t forms,  such a s  t h e  LANDSAT series. 
cannot  be expected  t o  meet a l l  of t h e s e  d i v e r s e  coverage 
needs, Therefore,  f o r  the f o r e s e e a b l e  fu tu re ,  a i r c r a f t  w i l l  
be needed to  supplement s a t e f  l i t e  0 b ~ e ~ d t i o n ~  of s h o r t - t e r n  
marine phenomena, 

LANDSAT 1 and 2 coverage f requenc ies  o f  e i g h t e e n  and 
n ine  days have been used i n  a v a r i e t y  of marine 
a p p l i c a t i o n s ,  i n c l u d i n g  some s t u d i e s  of  shor t - te rm c o a s t a l  
phenomena, Long p e r i o d s  o f  d a t a  c o l l e c t i o n  (one to  f o u r  
years)  can be used t o  accumulate o b s e r v a t i o n s  under 
r e a l i s t i c a l l y  v a r i e d  sets of me teoro log ica l  and t i d a l  
cond i t ions ;  f o r  some a p p l i c a t i o n s  t h i s  p rocess  roughly 
s i m u l a t e s  more f r e q u e n t  coverage- Appl ica t i ans  i n  c o a s t a l  
a r e a s  could  be g r e a t l y  expanded, however, w i t h  t h e  
c a p a b i l i t y  f o r  d a i l y  obse rva t ion  f requencies .  A t  h igh  
l a t i t u d e s ,  over lapping LANDSAT coverage h a s  provided 
obse rva t ion  of sea- ice  c o n d i t i o n s  i n  some a r e a s  f o r  t w o  
consecu t ive  days23 and o t h e r  h i g h - l a t i t u d e  phenomena could 
b e n e f i t  from t h e  same c a p a b i l i t y .  Consecutive-day o v e r l a p  
w i l l  only occur  i f  t h e  ~ r b i t s  of  a t w o - s a t e l l i t e  system a r e  
planned so t h a t  each s a t e l l i t e  covers  contiguous swaths on 
consecu t ive  days, C o l l e c t i o n  o f  c o l l a t e r a l  d a t a  on t h e  
s u r f a c e  is s i m p l i f i e d  a t  any l a t i t u d e  i f  a d j a c e n t  swaths a r e  



imaged on consecutive days, allowing s t r ipboard  teams t o  
make da t a  c o l l e c t i o n  excurs ions  of  more than one day, Any 
swathing pat tern ,  such as an i n t e r l a c e d  arrangement, which 
does not provide consecutive coverage of  ad jacen t  swaths by 
each satellite is t o  be avoided. 

Data Processing and Archiving 

Experience wi th  LANDSATm s 1 and 2 i nd i ca t e s  t ha t  some 
marine app l i ca t ions  could b e n e f i t  from real- t ime da t a  
output, On one occasion, during a special experiment, near- 
real- t ime output  w a s  success fu l ly  used to  d i r e c t  
oceanographic sampling-** I n  addi t ion,  research on l i v i n g  
marine resources  i n d i c a t e s  t h a t  b io log ica l  sampling and 
f i s h i n g  a c t i v i t i e s  could use o r b i t a l  da ta  i f  they  w e r e  
a v a i l a b l e  i n  near-real-time. For t h e  most par t ,  however, 
da t a  a v a i l a b i l i t y  wi th in  two t o  n i n e  days of a c q u i s i t i o n  
would be s u f f i c i e n t  f o r  both opera t iona l  and research uses 
of data obtained wi th  ULNDSAT 1 and 2 (nine-day) c w e r a g e  
frequency. 

Data formats f o r  t h e  longer wavelength ins t ruments  
planned f o r  f l i g h t  on t h e  SEASAT mission ( the NASA 
oceanographic app l i ca t ions  satellite planned f o r  launch i n  
1978) should be compatible wi th  v i s i b l e I R  sensors;  
c o r r e l a t i o n  of ocean co lo r  and c o a s t a l  f ea tu re s  wi th  sea  
s t a t e ,  sur face  winds, etc, would be of  considerable  value. 

I t  is d i f f i c u l t  t o  genera l ize  des i red  archiving 
procedures f o r  t h e  wide range of lnarine appl icat ions .  Land 
use and some vegetat ion s t u d i e s  c e r t a i n l y  b e n e f i t  from 
h i s t o r i c a l  da ta ,  and long term data a r e  a l s o  valuable  i n  
assembling observat ions  of marine phenomena under many 
d i f f e r e n t  condi t ions  i f  da i ly ,  or more frequent, coverage is 
not avai labie .  I t  is d i f f i c u l t ,  p a r t i c u l a r l y  over water, t o  
spec i fy  an i n t e r v a l  beyond which da t a  need not  be s to red  nor 
is there any r a t i o n a l  b a s i s  f o r  choosing some da ta  over 
o t h e r s  except by instrument performance and cloud cover. 
These experiences would seem t o  support  t h e  f e e l i n g  t h a t  
o r i g i n a l  data, no matter how old, should not be destroyed- 
One set of o r i g i n a l  data  should, i f  feas ib le ,  be stored 
permanently on some r e l i a b l e ,  economic medium a t  a c e n t r a l  
f a c i l i t y .  Secondary and enhanced d a t a  products, such a s  
f i l m  t ransparencies ,  f i l m  p r in t s ,  computer compatible t apes  



and enhanced imagery for selected time periods (e, g., one to 
two years) should be accessible to users at central and 
various regional "browsea facilities. 
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Water Resources Management 

Water r e sources  d a t a  a r e  employed by a  v a r i e t y  of u s e r s  
f o r  a  wide range  of purposes. Because of such d i v e r s i t y ,  
t h e r e  can  be no s i n g l e  c h a r a c t e r i z a t i o n  of "water u s e r  
needs,N Hawever, broad c a t e g o r i e s  of water d a t a  can  be 
i d e n t i f i e d  t h a t  a r e  r equ i red  by c l a s s e s  of u s e r s  or by types 
of problems.1 These d a t a  requi rements  can  t h e n  be matched 
t o  e x i s t i n g  or proposed water  informat ion  systems o r  
networks t h a t  use  convent ional ,  experimental ,  or a  mixture 
of c o l l e c t i o n  approaches. 

In genera l ,  water  r e sources  problems can be c l a s s i f i e d  
according t o  time and space dependencies. Hydrologic t i m e -  
dependent problems range from o p e r a t i o n a l  r i v e r  f o r e c a s t i n g  
of " f l a s h  f loods* ( c r i t i c a l  t i m e  i n t e r v a l s  may b e  less t h a n  
one hour) t o  a r c h i v i n g  of annual  w a t e r  r e sources  d a t a  f o r  
each of t h e  50 states (USGS p u b l i c a t i o n s  a r e  u s u a l l y  i s s u e d  
about  one year  a f t e r  t h e  year  of record) .  Hydrologic space- 
dependent problems can range from the design of an  urban 
storm dra inage  system (a few a c r e s  i n  s i z e )  t o  w a t e r  
r e sources  planning for l a r g e  r i v e r  b a s i n  p r o j e c t s  of  100,000 
m i 2  or more. Small a r e a s  and qu ick  response t i m e s  a r e  
u s u a l l y  a s s o c i a t e d ,  a s  a r e  l a r g e  a r e a s  and slow response 
times, However, smal l  area/non time-dependent t a s k s  (such 
a s  o r d i n a r y  hydro ios ic  des ign  of small p r o j e c t s )  a r e  perhaps 
t h e  l a r g e s t  s i n g l e  c l a s s  of water  r e sources  problems i n  
t e r m s  of annual  expenditures.  Data g a t h e r i n g  costs u s u a l l y  
a r e  a  ve ry  small f r a c t i o n  of t h e  o v e r a l l  expend i tu res  f o r  
m o s t  hydrologic  p ro jec t s .  

S p e c t r a l  Bands 

The requi rements  f o r  s p e c t r a l  r e s o l u t i o n  r e l a t e d  t o  
hydrologic  purposes  a r e  not  w e l l  e s t ab l i shed .  Data a r e  
a v a i l a b l e  from abou t  33 s p e c t r a l  bands (some a r e  d u p l i c a t e s )  



from: U-2Ninten m u l t i s p e c t r a l  cameras ( 4  bands) , t h e  RC- 10 
W i l d  framing camera (1 band),  Skylab/Earth T e r r a i n  Camera 
(S190B-3 bands) , Sk ylab/S- 190A m u l t i s p e c t r a l  photographic 
camera (6 bands) ,  Skylab/S-192 MSS (13 bands) ,  LANDSAT/MSS 1 
and 2 (4 bands),  and t h e  NOAWVHRR (2 bands),  I n  s p i t e  of 
t h e  a v a i l a b i l i t y  of measurements i n  many s p e c t r a l  bands, 
there is l i t t l e  i n  t h e  hydrologic  d a t a  g a t h e r i n g  exper ience  
t o  form an adequate  b a s i s  f o r  opt imal  s e l e c t i o n  of band 
l o c a t i o n s  and widths,  iiowever, whi le  sens ing of hydrologic  
parameters  h a s  n o t  s t r o n g l y  a f f e c t e d  t h e  s e l e c t i o n  of 
s p e c t r a l  bands f o r  p resen t  ins t ruments ,  u s e f u l  d a t a  have 
been acquired  from many of t h e  a v a i l a b l e  sensors ,  

LANDSAT/.UISS d a t a  i n  t h e  0,8pm t o  1,lpm (Band 7 )  reg ion  
have been used t o  inven to ry  s u r f a c e  water bodies by t h e  
S t a t e  of Vi rg in ia2  and t h e  U.S, Army Corps of Enaineers .3 
The high c o n t r a s t  of  t h e  land/water  i n t e r f a c e  e rov ided  by 
t h e  l o w  s i g n a l  over water i n  hhe 0,8pm t o  l . l p m  band has 
a l s o  l e n t  i t s e l f  t o  s t u d i e s  of f l o o d  extent,*-5-6 I n  
a d d i t i o n ,  f lood  mapping has  been accomplished by us ing  d a t a  
i n  t h e  t h e r m a l  band (10-5pm t o  12.8prrl) of the  NOAA/TrHRR 
sensor,  7 

Sur face  ( t o p  2.5cm) s~i.1 i ~ t o i s t u r e  can be eii-rFctively 
measured over  s p a r s e l y  veqe ta ted  a r e a s  i n  t h e  21cm (L-band 
microwave) s p e c t r a l  region of t h e  SkylabIS-19 4 sensor .  The 
L-band imaging s y n t h e t i c  a p e r t u r e  r adar ,  t o  be c a r r i e d  on 
SEASAT ( t h e  NASA oceanographic a p p l i c a t i o n s  s a t e l l i t e  
planned f o r  launch i n  1978), may provide  u s e f u l  d a t a  i n  t h i s  
s p e c t r a l  range i f  it i s  a c t i v a t e d  over  land a reas .  There 
a r e  a l s o  i n d i c a t i o n s  t h a t  d a t a  recorded i n  thermal  
wavelengths can  be c o r r e l a t e d  with so i l  moisture,9 

Severa l  s t u d i e s  of snowcover have been made us ing  
a v a i l a b l e  o r b i t a l  s e n s o r s  wi th  encouraging r e s u l t s .  Data 
from UINDSAT/MSS Band 5 (G, 6 pm t o  0.7pm) have been used t o  
monitor snowcover f o r  c o r r e l a t i o n  wi th  subsequent  m e l t  
runoff.  10-11 High c o r r e l a t i o n  (r = -92) has been noted 
between runoff  and snowcover, as  measured by t h e  LANDSAT/MSS 
i n  t h e  0.6pm t o  O,7prn and 0.8pm t o  1,lpm (MSS Bands 5 and 7) 
regions.12 Extension of  s p e c t r a l  cov t rage  i n t o  longer  
wavelengths, a s  i n  t h e  Skylab S-192 scanner,  provides  
d i s c r i m i n a t i o n  of snow from c louds  i n  t h e  1.55pm t o  1.7Spm 
i n f r a r e d  region,  13 

I n  d e t e c t i o n  and monitoring of water q u a l i t y ,  r ad iance  
i n  LANDSAT Bands 4 ,  5 and 6 (0.5pm t o  0.6pm, 0-6pm t o  0.7pm, 
0.7pm t o  0-8pm) has  been c o r r e l a t e d  w i t h  c h l o r o p h y l l  and 



sediment c o n c e n t r a t i o n  i n  l akes ,  r e s e r v o i r s  and 
r ive r s .  *-1*-ls I n  genera l ,  s p e c t r a l  requirements  f o r  such 
a p p l i c a t i o n s  a r e  i d e n t i c a l  t o  t h o s e  d i scussed  i n  t h e  
Oceanography and Coastal Zone Management and Environmental 
Monitoring s e c t i o n s  of t h i s  r e p o r t  (see pages 63  and 87).  

I n  t h e  l i g h t  of t h e  exper ience  ~ b t a i n e d  i n  hydro log ic  
d a t a  g a t h e r i n g  from a v a i l a b l e  o r b i t a l  sensors ,  t h e  fo l lowing 
g e n e r a l i z a t i o n s  may be made: 

The f o u r  bands of  LANDSATIMSS (0. Spm t o  Oe6urn, 
0.6pm t o  0,7pm, 0.7pm t o  0.8pm ar,d 0.8pm t o  1. lpm)  
have been demonstrated t o  be g e n e r a l l y  u s e f u l  f o r  
hydrologic  purposes, and 

Extension of s p e c t r a l  coverage i n t o  t h e  b l u e  (O.4pm 
t o  0- 5pm) and thermal i n f r a r e d  (8.0pm t o  14. Opm) 
a r e a s  would b e  s i g n i f i c a n t l y  useful .  

Ground IFOV 

For  water  r e sources  purposes, t h e  s i n g l e  most impor tant  
s p e c i f i c a t i o n  f o r  remote sens ing  systems is mground 
r e s o l u t i o n n ,  or IFOV a s  used i n  t h i s  r epor t .  

A g e n e r a l  scope of t h e  hydrologic  r e s o l u t i o n  
requirements  i s  p resen ted  i n  Tab le  2 .5 ,  i n  which a n  
experienced panel of water e n g i n e e r s  and managers at tempted 
t o  summarize ground IFOV needs f o r  hydrologic  purposes-1  As 
examples, t h e  12 hydrologic  parameters  of "land 
c h a r a c t e r i s t i c s t t  vs .  range of r e q u i r e d  ground I F O V  a r e  
shown. The wide range of d e s i r e d  ground IFDV, even w i t h i n  a 
s p e c i f i c  a p p l i c a t i o n  such a s  f l o o d  d e l i n e a t i o n  (1 - l o o m ) ,  
i s  n o t a b l e  and r e s u l t s  from t h e  e x t e n s i v e  v a r i a b i l i t y  i n  
both t h e  s i z e  of  hydrologic  f e a t u r e s  of i n t e r e s t  and i n  the 
accuracy of boundary de te rmina t ion  and measurement required.  
Water r e sources  management invo lves  e v a l u a t i o n  of such a 
broad continuum of f e a t u r e  s i z e  t h a t  v i r t u a l l y  every  
a v a i l a b l e  sensor  IFOV (up t o  900m from NOAWVHRR) has found 
some use, and any incrementa l  l e c r e a s e  i n  IFOV makes a new 
c l a s s  of s i g n i f i c a n t  f e a t u r e s  a c c e s s i b l e  t o  a n a l y s i s .  Some 
s p e c i f i c  examples o f  t h e  u t i l i t y  of p a r t i c u l a r  IFOV' s 
follow. 



TABLE 2.5 

IFOV Requirements For Analysis  
of Some Hydrologic Parameters 

Hydrologic Parameter 

soi 1 
t Y  Pe 
i n f  i l t r a t  ior. 
areal e x t e n t  
s a l i n i t y  

vege ta t ion  
t y p e  
mois ture  stress 
m e a l  e x t e n t  

f l o o d  d e l i n e a t i o n  
storm damage 
waterworks 
impervious a r e a s  
i r r i g a t i o n  p r a c t i c e s  

Ground IF3V 

Source: NAS, IS751 

LAN3SATlMSS imagery has been used t o  d e l i n e a t e  water  
bodies a s  small  a s  0.1 - 0.2 krn2.16-17 T h i s  va lue  of ground 
IFOV (approximately BOm) i s  u s e f u l  f o r  many water  r e s  .rces 
problems where supplemental i n t e r p r e t a t i o n  of a v a i l a h  e maps 
i s  requ i red  o r  where map informat ion  a t  scales <1:250,000 i s  
inadequate  because of s c a l e  or l ack  of  update. L9NDSAT maps 
have benn produced by computer techniques  a t  s c a l e s  o f  
1:62,53~, and even 1 : 24,000. Such maps have been u s e f u l  i n  
some ins tznces ,  even though t h e y  obvious ly  do n o t  meet 
n a t i o n a l  map accuracy s tandards ,  Other  types  of hydrologic  
mapping us ing  LANDSATIMSS inagery  inc lude:  f l o o d  and f lood  
p l a i n  mapping; hydrologic land use  ( to  Level-I and sometimes 
Level-I1 of t h e  c l a s s i f i c a t i o n  system described ky Anderson 
e t  a l .  18) ; and physiographic measurements such a s  d ra inage  
a rea ,  shape, and channel  s i n u o s i t y .  

The  e f f e c t  of incrementa l  improvements i n  ground IFOV 
f o r  t h e  snow mapping problem is  repor ted  by Ranqo e t  a l , a9  
Simple r e g r e s s i o n s  between snow cover and seasona l  runoff  
showed s i g n i f i c a n c e  a t  t h e  99 pe rcen t  l e v e l  f o r  t h e  Indus 



Piver  watershed (using NOAiVVHRR imagery of  900 meter ground 
r e s o l u t i o n )  and for watersheds i n  Wyoming (using 
LANDSAT/KSS, 80m ground -FOV) a s  smal l  as 200 km2. 
Improving ground IFOV t o  30-UOm is l i k e l y  t o  a l low 
assessment of  di-ainage a r e a s  smaller than  200 km*. T h i s  
would be u s e f u l  f o r  r eg ions  c h a r a c t e r i z e d  by smal l  river 
b a s i n s  t y p i c a l  i n  N e w  England. 

I n  r e s e r v o i r  management and opera t ion ,  a s tudy  employing 
s e v e r a l  orbital  s e n s z s  concluded t h a t  t h e  LAN13SAT ground 
IFO'J (approximately 80m) was "marginal ly u s e f u l n  b u t  t h a t  
r e s o l u t i o n s  equ iva len t  t o  t h o s e  provided by t h e  Skylab  f i l m  
cameras (approximately 10 t o  UOm) would be much better.20 

Experience shows t h a t  t h e r e  a r e  c e r t a i n  f i n e  ground IMlV 
reqairements  (<lOm) e l a t  may r e q u i r e  c a p a b i l i r i e s  e q u i v a l e n t  
to  a i r c r a f t  photography.l C o l l e c t i o n  of  i n  s i t u  measurements 
i n  i n a c c e s s i b l e  a r e a s  c a n  a l s o  be s i m p l i f i e d  i n  so- cases 
by G s e  of remote d a t a  c o l l e c t i o n  p la t fo rms  t r a n s m i t t i n g  d a t a  
v i a  s a t e l l i t e  l i n k s .  LA:XS&Ts 1 and 2 and g e o s y n c h r o n o ~ ~ s  
meteorological  s a t e l l i t e s  p r z s e n t l y  provide  t h i s  
c o m a n i c a t i o n s  c a p a b i l i t y  and geosynchronous s p a c e c r a f t  are 
expected to  con t inue  t o  \1n 50 i n  t h e  fu tu re .  

Equa to r i a l  Crossing Time 

The approximately 0930 hrs iXY2SAT time o f  c r o s s i n g  has  
bee-: adequate f o r  hvdroloqic s t u d i e s ,  a l though a later 
c r o s s i n g  t i m e  (1000 - 1100 h r s )  might be better due t o  
improveZ s i g n a l - n o i s e  ratio wi th  h igher  sun  angle.  Crossinq 
times f o r  h y d r o l q i c  a v p l i c a t i a n s  should, of coursr ,  be 
s e n s i t i v e  t o  t h e  s t a t i s t i c a l  p r o b a b i l i t y  of c loud  cover  a t  
v a r i o u s  t imes  of t h e  day. 2 1  Sun g l i t t e r  could  a f f e c t  t h c s e  
problems a s s o c i a t e d  w i t h  open w a t e r  i f  sun e l e v a t i o n  a t  t i m e  
of viewing is too high (see Oceanography and C o a s t a l  Zone 
*anagewerat - page & 7 ) ,  al though t h e  bulk of hydro log ic  
problems do no t  i r~vel i re  a r e a s  of open wattr .  Shadows 
enhazicing t e r r a i ~  Zeatures f o r  d r a i n a a e  bas in  a n a l y s i s  would 
be more e v i d e n t  i t h  e a r l y  c r o s s i n g  t i m e s ,  a l though i n  a r e a s  
of high r e l i e f  ex tens rve  shadows might a l s o  obscure  
s i ~ n i f i c a n t  f e a t u r e s ,  Whilc no s t u d i e s  have at tempted t o  
,elect opt imal  c r o s s i n g  t i m e  f o r  hydrslr>gic a p p l i c a t i o n s ,  
i n d i c a t i o n s  are t h a t  doing so vmld be d i f f i c u l t  and 



s u b j e c t i v e  and probably would focus  on c loud cover  a s  the 
p r i n c i p a l  cons ide ra t ion .  

Frequency o f  Coverage 

Frequency of coverage 1: a n  impor tant  c h a r a c t e r i s t i c  f o r  
many t i m e  dependent water resources  d a t a  problems. P r e s e ~ t  
frequency of coverage exper ience  wi th  a i r c r a f t  and satelli te 
systems ranges f rom twice per day (NOAA-2,3,U, Nimbus' , to  
once per  18 days (LAWSAT) , t o  once pe r  n i n e  days (two 
LANDSAI-S) , t o  v a r i a b l e  coverage (U-2 3 i r c r a f  t) - Experience 
has  shorn t h a t  t h e  requ i red  frequency of coverage f o r  
hydroloqic d a t a  v a r i e s  g r e a t l y  from o p e r a t i o n a l  high 
f r e q u ~ n c y  requirements  to anal  ys,s of  long-term t rends .  
Some g e n e r a l  a p p l i c a t i o n s  and t i - 2  range of r e q u i r e d  
f requenc ies  a r e  presented  i n  Taule 2 . 6 ,  

The d i f f e r e n c e  i n  u s e f u i n e s s  due t o  t h e  i requency of 
coverage between t h e  18-day LANEAT-1 s i n g l e  satellite 
systcm and t h e  nine-day t w o - s a t e l l i t e  LANDSAT system is 
d i f f i c u l t  t o  quan t i fy ,  X a - ~ y  u s e r s  of w a t e r  d a t a  do  n o t  
r e q u i r e  f r e q u e n t l y  c o l l e c t e d  information.  Hydrologic d a t a  
f o r  Zssign, surveys,  reconnaissance,  planning, inventoryinq 
anC resea rch  g e n e r a l l y  r e q u i r e  long cont inuous  and a c c u r a t e  
years  of records  to  p e r f o n  s t a t i s t i c a l  ana lyses  f o r  
plannicq and des ign ,  For such time-independent problems, 
~ e i ' r h e r  iline-day n o r  18-day r e p e a t  coverage is s i g n i f i c a n t l y  
more u s e f u l  than  seasona l  o r  even y e a r l y  coverage would 
3e. t - 2 2  

Anotner type  of problem concerns "ore- or post- 
hydrologic  eventcn;  f o r  example, damaqe assessnen t  a f t e r  
f l d i n g  and r e s e a r c h  or p1anni.q phase i n  a s s e s s i n g  a 
si t u a t i o n  before  c o n s t r l x l t i ~ n .  Here, updated water  
inforinat ion is r e q u i r e d  t h a t  c a n  d e s c r i b e  a p a r t i c u l a r  
s i t u a t i o n  a t  a *par t i cu la r  t i n e ,  High frealiency coverage is 
not  of primary itrtportance excep t  a s  it prcv ides  one set of 
r e c e n t l y  updated information-20 The n ine  t o  e igh teen  day 
coverage c y c l e  of LANDSAT is adequate  f o r  t h i r  t y p e  o f  
prohl  em. 



TABLE 2.6 

Required Coverage Frequencies For 
Typical  Appl ica t ions  I n  Hydrology 

Evaluation of  
Sur :ace waters 

Evaluation o f  
Subsurface Waters 

F rwuenc i e s  Needed 

Dai ly  to  weekly 

Dai ly  t o  monthly 

G l a c i a l  Ice Studies Seasonal ly  t o  yea r ly  

Estuar ine  S tud i e s  Seasonal ly  

Wetlands I n v e n t m y  Yearly 

Watershed 
Cha rac t e r i za t i on  

Yearly t o  one o b s e r v a t i o ~  
wi th  no update 

Land Charac te r iza t ion  Yearly t o  one observa t ion  
wi th  no update 

Water Q u a l i t y  Assessnrent Rourly to  sea sona l l y  

Shorel ine  S tud ies  Hourly t o  monthly t o  year ly  

Surface Radiat ion S tud ies  Daily t o  weekly 

Source: NAS, 1975, a 

Operat ional  problems, as a class, are most t i m e -  
dependent. A s  shown i n  Table 2-6, t h e  r q u i r e d  f requenc ies  
can vary from hour ly  to seasonal ,  The number of hydrologic 
parameters or even t s  u s e f u l l y  sensed is n o t  g r e a t l y  
increased when coverage drops  from e igh teen  to  n i n e  days,' 
The nine-dc-* repeat cyc l e  is s t i l l  too 1or.g f o r  most 
hydroloqica . ly  time-dependent problems where hourly, d a i l y ,  
or weekly coverage is required,  Further ,  nine-day coverage 
o f f e r s  l i t t l e  advantage over an  18-day c y c l e  f o r  seasonal or 
year ly  requirements except  f o r  c a se s  i n  which t w i c e  t h e  
coverage can e f f e c t i v e l y  i n c r e a s e  t h e  chances f o r  c loud-free  
viewing. For example, i n  the case of  ope ra t i ona l  management 
of r e s e r v o i r s  by t h e  New England Divis ion Reservoir Control  



Center, U-S ,  Army Corps of Engineers, t h e  d a i l y  operat ions  
require c r i t i c a l  information a t  least d a i l y  o r  marginally 
once each t w o  days on a r o u t i n e  assured bas i s ,  e s p e c i a l l y  
during storm events,*@ Many w a t e r  resources managers have 
provided for ground based real- t ime da ta  communications 
networks to acqui re  timezy da ta ,  The LANDSAT Data 
Col lec t ion  Pla t forms (DCP) can provide near-real-time 
c a p a b i l i t i e s ,  20 The U. S. Geological Survey, Water Resources 
Division c u r r e n t l y  has 200-300 operat ing data c o l l e c t i o n  
platforms and i s  i n  t h e  process  of convert ing some 
transmission equipment f o r  u se  with e x i s t i n g  or planned 
geosta t ionary satellites f o r  m o r e  e f f e c t i v e  continuous 
cownunication (personal  coranunica t ion,  Mr- D, Anderson, 
USGS, July,  1976) , 

The nine-day 'requency would appear mare advantageous 
than an l8-day c y c l e  f ~ r  seasonal  snow m e l t  f --ecast ing,  f o r  
medium t o  l a r g e  drainage basin  reconna issanc~  -here 
hydrologic response times are within  t h e  nine-day t i m e  
frame; f o r  l a k e  ice m n i t ~ r i n g ;  f o r  some subsurface  water 
survey problems; and f o r  i npu t t i ng  d a t a  of slowly-changing 
parameters f o r  some hydrologic models, 8 

I n  sunmary, t h e  data suggest  t h a t  t h e  value  of 
hydroloqic information increases  sharply  i f  d a i l y  coverage 
is ava i lab le ,  Applications no t  requi r ing  such f requent  
coverage are l a r g e l y  i n s e n s i t i v e  to incremental changes i n  
f requencies  :anger than app rox imte ly  one week, Some 
bene f i t s  would accrue to a nine-day cyc l e  when compared to 
an 18-day cycle-  On t h e  other hand, l a r g e  classes of 
hydrologic problems e x i s t  which are i n s e n s i t i v e  t o  e i t h e r  a 
one or n ine  or eighteen d a y  coverage, and reluire either 
mntiriuous monitoring, near real-time da ta  or seasonal- 
year ly  data. 

Data Processing and Archiving 

The data  handling i s s u e  is complex because of t he  i a r u e  
number of agencies  with r e s p o n s i b i l i t y  f o r  accumulating 
hydrologic data. The Off ice  of  Water Data Coordination 
(OwDc, of the U-S, Geological Survey has lead agency 
r e spons ib i l i t y  f o r  archiving wa te r  da ta ;  however, many Dther 
agencies are a f fec ted ,  including National Weather Sc rv ice  , 
U,S, Army Corps of Engineers, Environmentrl Pro tec t ion  



Agency, S o i l  Conservat ion Serv ice ,  Bureau of Reclamation and 
o t h e r s ,  Each has s t a t u t o r y  r e s p o n s i b i l i t y  and d a t a  
requirements  t h a t  are unique to its ass igned  opera t ion .  

Although NASA h a s  t h e  prime r e s p o n s i b i l i t y  i n  o r b i t a l  
a a t a  a c q u i s i t i o n  r e s e a r c h  and development, it is recoqnized 
that.  a r c h i v i n g  and d isseminat ion  of hydrologic  e a r t h  
r esources  d a t a  should  be addressed through coord ina ted  
e f f o r t s  of t h e  o p e r a t i o n a l  agenc ies  l i s t e d  above, The 
O f f i c e  of Water Data Coordinzt ion,  f o r  example, ma in ta ins  a 
inaster water d a t a  index i n  d i q l t a l  form - t h e  Na t iona l  Water 
Data Exchange (NAWDEX) system, T h i s  system is  c u r r e n t l y  
i n t e r f a c e d  wi th  t h e  d i g i t a l  d a t a  s t o r a g e  systems of  t h e  
Environmental P r o t e c t i o n  Agency (STQiZT system). Corps of 
Engineers,  and many o t h e r  f e d e r a l  and s t a t e  agencies ,  
LAh1)SAT d a t a  of  hydrologic  i n t e r e s t  could a l s o  be included,  
b u t  o n l y  i f  r e s p o n s i b i l i t y  f o r  screening,  process ing ,  and 
formating of t h a t  informat ion  is placed with 3 s p e c i f i c  
agency wi th  water  r e source  r e s p o n s i b i l i t i e s  and i f  raw d a t a  
a r e  provided t o  t h a t  agency i n  a t 5 . 1 ~  frame compat ib le  w i t h  
i ts  opera t ion ,  

I n  t h e  case of t h e  3wDc d i g i t a l  d a t a  f i l e ,  known a s  
WATSTYlRE, informat ion  is published on an annual b a s i s ,  s i x  
t o  twelve months a f t e r  t h e  pe r iod  of i n t e r e s t  f o r  use i n  
planning f l o o d  ~ r o t e c t i o n  p r o j e c t s ,  ground water  
reconnaissance,  etc, The EPA d i g i t a l  s y s t p a  (STOSZT) 
p r i m a r i l y  c o n t a i n s  water  q u a l i t y  d a t a ,  and temporal  samplina 
frequency and speed of d a t a  r e t r i e v a l  requi rements  a r e  
g e n e r a l l y  more severe ,  Z e s i q ~ ~ e r s  of f u t u r e  e a r t h  
obse rva t ion  systems must t a k e  an  a c t i v e  role i n  f o r ~ u l a t i n g  
a a t a  formats  arid response t i m e s  t h a t  a r e  compatible  w i t h  % h e  
wide ranging requirements  of p o t e n t i a l  u s e r  aqencies ,  
F a i l u r e  t o  d o  s o  iriay r e s u l t  i n  dgency hand1ir.a of  LANESAT 
d a t a  a s  a s e p a r a t e  e n t i t y  when it could  more e f f e c t i v e l y  ke 
incorpora ted  i n t o  t n e  e x i s t i n q  d a t a  s y s t e m ,  (See 
Eavironmerital Nonitoring - page 12. ) 
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Environmental Monitoring 

The three major environmental concerns  - a i r ,  w a t e r ,  and 
land q u a l i t y  - d e r i v e  critical informat ion  from resource  
d a t a  i n  c e r t a i n  a p p l i c a t i o n s  areas as  shown i n  Tab le  2.7,  

TABLE 2- 7 

Data Sources Used I n  The Major Areas 
Of Environmental Concern 

Environmental Concern 

A i r  Q u a l i t y  

Data Source 

Weather and cl imate/atmospheric  
s t u d i e s ,  

Water Q u a l i t y  Water resources ;  oceanography and 
c o a s t a l  s t u d i e s ;  geology; a g r i -  
cu' *re and f o r e s t r y ,  

LanC Q u a l i t y  Geology; a g r i c u l t u r e  and f o r e s t r y ;  
l a n d  use, 

A s  t h e  o b j e c t i v e  of environmental m o n i t ~ r i n g  i s  t o  provide 
d a t a  to  a s s i s t  i n  t h e  e f f e c t i v e  management of r e s o u r c e  
u t i l i z a t i o n ,  t h e  car@lation of  r e s o u r c e  inven to ry  d a t a ,  a s  
c o l l e c t e d  by t h e  o t h e r  a p p l i c a t i o n  groups c o n t r i b u t i n g  t o  
t h i s  r epor t ,  forms a n  e s s e n t i a l  p a r t  of t h e  moni tor ing  t a sk ,  
Environmental monitoring has  i t s  own s p e c i a l i z e d  d a t a  
requirements ,  howev , der ived p r i m a r i l y  from t h e  need t o  
fo l low t h e  dynamics of e n v i r ~ n m r n t a l  processes:  p o l l u t i u n  
d i s p e r s i o n  and impact, and 3egra3a t ion  of land,  a i r  and 
water  r e s o - x c e  po te l ' t i a i .  Fur the r ,  t h e  c o l l e c t i o n  of t h i s  
informat ion  is  o f t e n  t i e d  t o  o p e r a t i o n a l  enforcement 
programs with s p e c i f i c  -nd, i n  man> cases ,  scqvere 
requirements  a s  t o  t h e  accuracy,  t i m e l i n e s s ,  and r e l i a b i l i t y  



o f  t h e  d a t a .  1 T h e s e  f a c t o r s  d e t e r m i n e ,  i n  a u n i a u e  way, many 
o f  t h e  n e c e s s a r y  c h a r a c t e r i s t i c s  of remote s e n s o r  s y s t e m s  as  
d i s c u s s e d  below, 

S p e c t r a l  s a n d s  

The  u s e  of remote s e n s i n g  t e c h n o l o g y  i n  e n v i r o n m e n t a l  
m o n i t o r i n s  is i n  i ts  i n i t i a l  s t a q e s  a n d  so e x p e r i e n c e  
related t o  s e l e c t i o n  of  o p t i ~ a l  s p e c t r a l  tanas a n d  o t h e r  
p a r a n e t e r s  f o r  s u c h  a ~ p l i c a t i o n s  is l i m i t e d ,  However, 
r e s e a r c h  h a s  i n d i c a t e d  t h a t  measurements  i n  s e v e r a l  s p e c t r a l  
r e g i o n s  a r e  u s e f u l .  

Ass2ssinent of l a n d  d e g r a d a t i o n  u s u a l l y  i n v o l v e s  
e v a l u a t i o n  o f  t h e  t y p e  and c o n d i t i o n  of l a n d  c o v e r ,  a r 3  s o  
s p e c t r a l  c o v e r a g e  a imed a t  v e g e t a t i o n  an? s o i l  a n a l y s i s  ( see  
V e g e t a t i o n  I n v e n t o r y  and Assessment  - paqe 2 5  a n d  Land U s e  
Sanasernent - p a s e  4 3 )  i s  o f  v a l u e  i n  t h e s e  a o p l i c a t i o n s -  A n  
i n v e n t o r y  of s u r f a c e  mine? a r e a s ,  f o r  i n s t a n c e ,  used r a t i o e d  
d a t a  f rom IANDSAT/IYSS Rands 5 (0 .6pm t o  0.7pn) a n 3  6 ( 0 . 7 p x  
t o  0.8pm) t o  d e t e c t  areas i n  w h i c h  v e g e t a t i o n  hzC b e e n  
removed a n d  r e s u l t e d  i n  9 3  p e r c e n t  a c c u r a c y  i n  measurement 
of t h ~  t o t a l  a r e a  a f f e c t e d  by c u r r e n t  s t r i p  m i n i n q - 2  
S e v e r a l  o t h e r  i n v e s t i q a t i o n s  h a v e  employed LANDSAT/MSS 
s p e c t r a l  bands  (0.5pnr t o  I .  lPm) i n  s n a l l - ~ c a l e  e n v i r o n m e n t a l  
i m ~ a c t  and e c o s y s t e m  a n a l y s i s  by examin ing  veqe+- ' ion 
p a t t e r n s  i n  t h e  a r e a s  uf i n t e r e s t ,  3-4  5-6  

Water q u a l i t y  i n f  o r n a t i o n ,  p a r +  i c u l a r l y  suspended  
s e d i m e n t  and a l q a l  c o n c e n t c a t i c n ,  h a s  been  de r ived  t r o ~  
LANDSAT/YSS data'-8-9-10 ana ,  i n  a t  l e a s t  one  case, w a s  
i n c l u d e d  i n  t he  o p e r a t i o n a l  e s t u a r i n e  an<i  1nl3nci w a t e r  
monitoring proqram o f  t h e  U . S .  A r m y  Corps  of E n q i n e e r s ,  1 1  

Eetter s p e c t r a l  r ~ s o l u t i o n  would a i  3 i n  s u c h  a n ~ l i c a t  i o n s ,  1 2  

p a r t i c u l a r l y  l e n g t h e n i n g  t h e  s h o r t  wave leng th  " j r e e n "  band 
c u t o n  t o  a p p r o x i m a t e l y  0.52pm t o  a l l o w  p o s s l b l e  
6 i f f e r e n t i a t i o n  of c h l o r o p h y i l  from s u s ~ e n d e d  i n o r a a n i c  
sedlrnent .  

Z e t e c t i o n  and + rack ing  o f  o i l  s p i l l s  have been a T t e n y t e 3  
from LANDSAT a c d  s i - l j l ah  wi th  a e n e r a l l y  poor results .  O n e  of 
the d e f i c i e n c i e s  o t  LkN3SAT/XSS d a t a  ~ ? o t e d  *as  the s n e c t r a l  
r a n u e  c o v e r e d  (0. 5crt.: t~ 1. l p r r ) ,  13 S t u j i c l s  ilsiria other 
sensors c a v e  showr, + h a t  ~ x t e n s i o n  of coveraqe i n t o  t h e  



w u l t r a v i o l e t - b l u e w  (approximate ly  0.35pn. t o  O.5Opm) , 
" thermal  i n f r a r e d m  (10.5rm t o  12.5pm) and wmic rowave~  (1Opm 
t o  30 c m )  r e g i o n s  i s  needed f o r  d e t e c t i n g  o i l  on 
w a t e r . l + - l S - l b - 1 7  MThermal i n f r a r e d w  s e n s i n g  would a l s o  be 
u s e f u l  i n  d e t e c t i o n  and moni tor ing  o f  t he rma l  p o l l u t i o n  
so-aces G i i  Iznc? and i n  w a t e r .  The 4.0pm t o  13-0pm r e g i o n  is 
s e n s i t i v e  t o  s u r f a c e  t empera tu re  and  cou ld  b e  used t o  l o c a t e  
t h e r m a l  e f f l u e n t s  or t h e i r  sources-15-18 

I n  g e n e r a l ,  s e n s i n g  i n  t h e  " v i s i b l e "  and "near  i n f r a r e d w  
h a s  been found t o  b e  u s e f u l  i n  some envi ronmenta l  mon i to r ing  
from space.  A d d i t i o n a l  coverage  i n  t h e  "b luew and  " thermal  
i n f r a r e d w  s p e c t r a l  regio: 7 would expand the number and t y p e  
of o r b i t a l  d a t a  app l i ca J : ?~ns .  However, it seems l i k e l y  t h a t  
t h e  f a c t o r s  l i m i t i n g  envi ronmenta l  moni tor ing  from s p a c e  
w i l l  be a v a i l a b l e  ground IF3V and f r equeccy  o f  cove rage  
r a t h e r  t h a n  s p e c t r a l  r e s o l u t i o n .  

Ground IFOV 

Ground IFOV, or ground r e s o l u t i o n ,  is  an  i m p o r t a n t  
f a c t o r  de t e rmin ing  t h e  u t i l i t y  of  remote s e n s o r  sys tems  i n  
v a r i o u s  env i ronmen ta l  moni tor ing  a p p l i c a t i o n s .  Ground IFOV 
requ i r emen t s  depend n o t  on ly  o n  t h e  s c a l e  of t h e  phenomenon 
of  i n t e r e s t  b u t  a l s o  on t h e  purpose  f o r  which t h e  d a t a  a r e  
acqui red .  I n  g e n e r a l ,  use of d a t a  f o r  enforcement  of 
env i ronmen ta l  r e g u l a t i o n s  p l a c e s  t h e  most s e v e r e  
r equ i r emen t s  on  t h e  IFOV of t h e  s e n s o r  s i n c e  accu racy  of 
measurements and l o c a t i o n  must o f t e n  be comparable  t o  t h a t  
which i s  achieved  by  i n s p e c t o r s  on t h e  ground. While 
LANDSATIMSS d a t a  (IFOV = 80m) have been found u s e f u l  by  
e x p r i m e n t e r s  i n v e s t i q a t i n g  l a r g e  a r e a  env i ronmen ta l  
d e g r a d a t i o n  p r o c e s s e s ,  s t u d i e s  aimed a t  a n a l y s i s  o f  water 
q u a l i t y 1 2  and  s u r f a c e  mining a c t i v i t i e s 1 9  have e x p r e s s e d  t h e  
need f o r  improved ground IFOV i f  o p e r a t i o p a l  mon i to r ing  and 
enforcement  r e q u i r e m e n t s  a r e  t o  be  met. The g e n e r a l  
r e l a t i o n s h i p s  between envi ronmenta l  moni tor ing  t a s k s  and 
IFOVgs a r e  i l l u s t r a t e d  i n  T a b l e  2 - 8 ,  



TABLE 2.8 

Senso r  Ground IFOV And Assoc ia t ed  
T y p i c a l  Appf i c a t i o n s  I n  Environmental  Monitor ing 

T y p i c a l  A p p l i c a t i o n s  Ground IFOIJ 

Monitor ing of  s u r f a c e  mine f e a t u r e s  f o r  1 - 10m 
compliance w i t h  r e g u l a t i o n s  (e-g., h igh  
w a l l s ,  h a u l  roads ,  s p o i l  p i l e s  and 
s e t t l i n g  ponds ) ;  d e t e c t i o n  o f  s m a l l  
e f f l u e n t  plumes i n  water. 

B a s e l i n e  envi ronmenta l  i n v e n t g r i e s  
{ v e g e t a t i o n  a n a l y s i s ,  g e n e r a l  l a n d  
use ,  d r a i n a g e  c h a r a c t e r i s t i c s ) ;  non 
po in t - sou rce  p o l l u t i o n  d e t e c t i o n ;  
m n i t o r i n g  of  s t r i p  mine r ec l ama t ion ,  

D e t e c t i o n  and moni tor ing  o f  d i s p e r s i o n  50 - l O O m  
p a t t e r n s  f o r  l a r g e  p o l l u t a n t  d i s c h a r g e s  
(e. q., o i l  s p i l l s )  ; e s t u a r i n e  d i s p e r s a l  
p a t t e r n s .  

T h i s  list i s  i n d i c a t i v e  t h a t ,  f o r  many enforcement  u s e s ,  
d a t a  having ground IFOVs e q u a l  to  or smaller t h a n  10m may be 
requ i r ed .  Environmental  i q v e n t o r i e s ,  i n c l u d i n g  some impact  
assessmont ,  some r o u t i n e  moni tor ing ,  and many r e s e a r c h  
a c t i v i t i e s  connec ted  wi th  g e n e r a l  env i ronmen ta l  a n a l y s i s  
cou ld  be performed u s i n g  IFOVs of app rox ima te ly  30m o r  
l a r g e r .  

Dynamic Range and Rad iome t r i c  S e n s i t i v i t y  

Dynamic r ange  r equ i r emen t s  f o r  environmental moni tor ing  
a r ?  probably  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from +-hose 
s p e c i f i e d  by o t h e r  a p p l i c a t i o n s  groups.  Howev-  r ,  a s  
envi ronmenta l  a n a l y s i s  spans  t h e  e n t i r e  r ange  of observed  
r e f l e c t i v e  and the rma l  c h a r a c t e r i s t i c s  of n a t u r a l  and  m n -  
made t a r g e t s ,  t h e  r e q u i r e d  r a n a e  is b roade r  i n  e v e r y  
s p e c t r a l  r z g i o n  t h a n  f o r  any o t h e r  s i n g l e  a p p l i c a t i o n  and 



s h o u l d  b e  t a k e n  i n t o  a c c o u n t  i n  t h e  d e s i g n  o f  a n y  s y s t e m  t o  
b e  u s e d  f o r  e n v i r o n m e n t a l  moni to r ing .  

S e n s i t i v i t y  r e q u i r e m e n t s  depend  n o t  o n l y  o n  t a r g e t  
ckiaracteristics b u t  a i s o  o n  many o t h e r  f a c t o r s - - a t m o s p h e r i c  
and  backgraund  p e r t u r b a t i o n s ,  IFOV,  a n d  s p e c t r a l  band-width,  
However, t y p i c a l  t a r q e t  r e f l e c t i v e  v a l u e s  c a n  be u s e d  t o  
s p e c i f y  t h e  m x i r n u ~  r e q u i r e d  s e n s i t i v i t y  e x p e c t e d .  
C o n c e n t r a t i o n s  of s u s p e n d e d   sol^ . s  v a r y i n q  by 5-30 m g / l i t e r  
o v e r  a r a n g e  f rom 20-70 mg/l prc . iuce  r e f  l e c t a n c o  c h a n g e s  i n  
LANDSAT/MSS bands  a s  low a s  0.5 p e r c e n t  (Band 5, 20 mg/l v s .  
25 mg/ l ) .*o  Thus, remote  s e n s o r  s e n s i t i v i t i e s  s h o u l d  be  
c a p a b l e  of d e t e c t i n g  t h e s e  s m a l l  r e f l e c t a n c e  c h a n g e s  i n  
o r d e r  t o  a l l o w  a s s e s s m e n t  of o t h e r  f a c t o r s  c o n t r i b u t i n q  t o  
t h e  t o t a l  s i g n a l  r e c e i v e d  and,  i f  t h e s e  f a c t a r s  c a n  be 
i s o l a t e d ,  t o  d i s c r i m i n a t e  t h e  s m a l l  r e a l  d i f f e r - n c e s  
p rese l i t .  NEAp' s i n  r e f l e c t i v e  bands  s h o u l d  r a n g e  between 
0.1 a n d  1  p e r c e n t  f o r  d e t e c t i o n  o f  s o l i d  m a t e r i a l s  i n  
a q u a t i c  s u s p e n s i o n  and f ~ r  e x a m i n a t i o n  o f  d i s s o l v e d  
c o r . s t i t u e n t s .  15-16  NEAT'S i n  t h e r m a l  s e n s i n g  s h o u l d  he  
0. :;50C t o  10C f o r  measurement. o f  s i g n i f i c a n t  t h e r m a l  
p o l l u t a n t s  a n d  i n  t r a c i n g  water mass  movement a n d  
d i  s p e r s a  1.15- 1 6 

E q u a t o r i a l  C r o s s i n g  Time 

S i n c e  much e n v i r o n m e n t a l  m o n i t c r i n q  is  c o n c e r n e d  w i t h  
p o l l u t a n t s  e n t e r i n g  b o d i e s  o f  s u r f a c e  w a t e r ,  a v o i d a n c e  of 
s p e c u l a r  r e f l e c t a n c e  is a  pri ine c o n s i d e r ? t i o n  i n  s y s t e m  
a e s i g n .  E x p e r i e n c e  w i t h  LANDSAT c r o s s i n q  times 
( d p p r o x i m a t e l y  0930 h r s )  h a s  shown l i t t l e  d i f f i c u l t y  w i t h  
sun  g l i t t e r ,  b u t  c a l c u l a t i o n ;  i n d i c a t e  t h a t  c r o s s i n g  a s  l a t e  
a s  1100 h r s  would e n c o u n t e ,  1 s e r i o u s  s l r t t e r  prob lem which 
would r e n d e r  s e n s i n g  of  s u r f a c e  w a t e r  u s e l e s s  u n d e r  o r d i n a r y  
wind c o n d i t i o n s  d u r i n q  most of  t h e  year .21 

A somewhat r e l a t e d  p a r a m e t e r  i n v o l v e s  t h e  t i m i n a  of 
a d j a c e n t  s e n s i n q  s w a t h s  f o r  o r b i e a l  sys tems.  S i r r u l t a n e o u s  
g round  s a m p l i n q  i n  mar ine  a r e a s  a n d  larqe lakes i s  
s i m p l i f i e d  by t h e  c u r r e n t  LANDSAT c o v e r a q e  of a d j a c e n t  
s w a t h s  on 3 d j a c e n t  d a y s  s i n c e  s h i p s  and water s a m p l i n g  teams 
c a c  be d e p l o y e d  f o r  aore t h a n  one  d a y  a t  a t i m e  o v e r  l a r q e  
s t u d y  sites. A l t e r n d t i v e  p a t t e r n s ,  s u c h  a s  i n t e r l a c i n g  of 
m u l t i s a t e l l i t e  s w a t h s  which result i n  i n t e r m i t - t e n t  c o v e r l q e  



of a d j a c e n t  a r e a s ,  would cons ide rab ly  reduce t h e  e f f i c i e n c y  
of  f i e l d  d a t a  c o l l e c t i o n .  

xequency  nf coverage 

An impor tant  parameter ( i n  a d d i t i o n  t o  ground IFOV) 
determining t h e  e x t e n t  t o  which remote sensor  d a t a  can  be 
employed i n  o p e r a t i o n a l  environmental  monitoring is t h c  
frequency of coverage. Routine i n v e n t o r i e s  can  employ l o w  
frequency d a t a  b u t  enforcement of many r e g u l a t i o n s  r e q u i r e s  
v i r t u a l l y  cont inuous  coverage wi th  nea r - rea l  t i m e  r ead  o u t  
i n  o r d e r  t o  d e t e c t  v i o l a t i o n s .  A summary of coverage 
frequency requirements  f o r  a v a r i e t y  of monitoring u s e s  i s  
shown i n  Table 2.9. 

TABLE 2.9 

Coverage Frequencies  f o r  Typ ica l  Appl ica t ions  
i n  Environmental Monitoring 

D i c a l  A v ~ l i c a t i ~ n s  Coveraqe Frequency 

Monitor i n d u s t r i a l  s t a c k  Hourly (o r  continuous)  
emissions. 

Monitor landf i 11s f o r  Daily 
r e g u l a t i o n  compliance, 

A s s e s s  p r o j e c t  boundaries  for 7 - 1 4  day t  
compliance ( e -g . ,  f o r e s t  
c l e a r  c u t t i n g  and s t r i p  
mining). 

Routine sampling of p o i n t  Monthly 
source  d ischarges .  

Perf o m  ~ a s e l i n e  
inven to r i es .  Seasonal  - y e a r l y  



LANDSAT coverage fre p e n c i e s  (9 to  18 days) have been 
u s e f u l  f o r  c e r t a i n  a p p l i c a t i o n s  such as t h o s e  i n d i c a t e d  
previous ly ,  However, d a i l y  or s h o r t e r  f r equenc ies  a r e  
require3 f o r  many enforceme-:t activities, i n d i c a t i n g  the 
need f o r  s p e c i a l i z e d  a+ z z a f t  miss ions  or geosynchronous 
o r b i t a l  systems, 1" Variable or high frequency coverage 
could  also b e  obtained,  i? some cases, through automated 
s i t u  sampling and tel-e-. - r y  systems analogous t o  t h e  LANDSAT - 
2 a t a  C o l l e c t i o n  P l a t f a -  s System (DCPS) , R e l i a b i l i t y  of the 
sampling s t a t i o n s  and se . -u r i ty  from vandalism, hauever,  
would have t o  be irnproved.22 

Data Processing and Archiving 

For many environmental monitoring purposes,  speed of 
i n i t i a l  d a t a  fo rmat t ing  (cor rec t ion ,  product ion  of imagery, 
etc,) and d e l i v e r y  is c r u c i a l ,  A s  i n  t h e  case of weather  
observat ions ,  d a i l y  a n a l y s i s  of  d a t a  is impor tant  f o r  many 
enforcement t a sks ,  making near-real- t ime d e l i v e r y  of d a t a  
necessary, -en i f  data i s  n o t  acqu i red  d a i l y ,  24-hour d a t a  
d e l i v e r y  i s  d e s i r a b l e  f o r  some monitoring t a sks ,  On t h e  
o t h e r  hana, b a s e l i n e  inven to ry  d a t a  and change assessment  
s t u d i e s  ( e - g , ,  change i n  s u r f a c e  mining a r e a s )  do  n o t  
r e q u i r e  near-real- t ime data,  The EPA, f o r  example, 
mainta ins  a d i g i t a l  r e p o s i t o r y  of water  q u a l i t y  d a t a  from 
t h e  e n t i r e  U,S, - +he S'IORET system, The system r e c e i v e s  
da ta  from l o c a l  s o u r c e s  f r an  two  weeks t o  s e v e r a l  months 
a f t e r  t h e  a c t u a l  sampling and updates  i ts  f i l e s  weekly 
(personal  communication, Mr. Conger, EPA, J u l y  1976) - 
Eecause of t h e  d e l a y  between sampling and d a t a  a v a i l a b i l i t y  
th roush  SMRET, u s e r s  o f  t h e  d a t a  app ly  them p r i m a r i l y  t o  
assessment and r e g i o n a l  s t u d i e s ,  Such uses  and t h e  STORFX 
system t i m e  frame would be e n t i r e l y  compatible  wi th  LANDSAT 
data, Compat ib i l i ty  with t h i s  and many o t h e r  e x i s t i n g  d a t a  
bases  must be t h e  d r i v i n g  f a c t o r  f o r  des ign  o f  f u t u r e  
LANGSAT d a t a  r ece iv inu  and p rocess ing  f a c i l i t i e s .  

A s  w i th  o t h e r  a p p l i c a t i o n s ,  a r c h i v i n g  needs f o r  
environmental monitorinq vary. Permanent s t o r a g e  is 
a e s i r a b l e  Lor some b a s e l i n e  inventory  s t u d i e s  and i n  c a s e s  
where a n a l y s i s  of long term t r e n d s  is  used i n  research ,  
3 e t e n t i o n  of d a t a  f o r  seven to  ten years  may be needed when 
tiiey d K e  use3 i l l  ierly',ily l e g d l  +~Cic€z\=iia\?~ ~ ~ i i i i ~ ~ 2 ~ 2  ~ i t h  
enforcement, By f a r  t h e  bulk of  d a t a ,  however, is needed 



only on a transient basis and original  data coald be 
discarded after being analyzed, Once an o i l  s p i l l  is 
cleaned up, for  instance, there i s  no operatioral need to 
retain original  data used i n  i ts  detection. 

Currently, agency data storage systems, such a s  STQRET, 
archive a l l  historical data on d i g i t a l  tape for research and 
assesslaent purposes and agencies l ~ a y  des ire  that the  
procedure bE followed with LANDSAT data, e i ther  a t  the 
agency or MSA,  
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Chapter I11 

Analysis of the Thema tic Mapper 

The Committee evaluated t h e  proposed Thematic Mapper 
mission i n  t h e  l i g h t  of t h e  i nves t iga to r  experience i n  t h e  
var ious  d i s c i p l i n e s  discussed i n  Chapter 2 of t h i s  report .  
Becacse of t h e  c o n s t r a i n t s  which neces sa r i l y  had t o  be 
es tab l i shed  by t h e  base l ine  mission (see t he  A~pendix  f o r  a 
descr ip t ion  of t h e  base l ine  mission) t h e  Commit tee  excluded 
from its cons idera t ian  user  requirements t h a t  obviously f e l l  
ou ts ide  of t h e  c a p a b i l i t i e s  t h e  type of spacec ra f t  and 
mission under consideration.  

The i n i t i a l  Committee eva lua t ion  addressed t h e  primary 
mission ob jec t ive  - observation of land cover, Every one of 
t h e  appl ica t ions  areas represented de r ives  s u b s t a n t i a l  
bene f i t  from t h e  observation of land cover, Inventor ies  of 
land cover, par t i l ru la r ly  vegetat ion,  form an e s s e n t i a l  part 
of surveys of e a r t h  resources. Further,  land cover 
information can be used to  d i f f e r e n t i a t e ,  and i n  some cases  
iden t i fy ,  f ea tu re s  such a s  topography, rock and soi l  type, 
environmental per turbat ions ,  and hydrologic condi t ions  which 
i n d i r e c t l y  a f f e c t  t h e  type ,  appearance, or condi t ion  of 
cover present ,  The mul t i spec t ra l  c h a r a c t e r i s t i c s  of 
vegeta t ion have been ex tens ive ly  s tud ied  and have been used 
f o r  many years  t o  de r ive  information on n a t u r a l  and man- 
a f fec ted  environments from remote platforms. Thus t h e  
sensing of land cover, p a r t i c u l a r l y  vegetat ion,  o f f e r s  
s u b s t a n t i a l  r e tu rns  i n  many app l i ca t ions  and is supported by 
technica l  expe r t i s e  obtained through research and 
operat ional  experience. The Conmittee t he re fo re  concurs i n  
the s e l e c t i o n  of sensing of land cover a s  t h e  primary 
mission objective.  



A f t e r  i n i t i a l l y  accep t ing  land cover  and v e g e t a t i o n  a s  
t h e  o p t i m i z a t i o n  o b j e c t i v e ,  t h e  Commi t t ee  t empora r i ly  set 
a s i d e  this o b j e c t i v e  and analyzed t h e  des ign  wi th  t h e  i d e a  
of s a t i s f y i n g  as wide a spectrum o f  u s e r s  as poss ib le ,  The 
Comnittee t h e n  reviewed t h e  e f f e c t  o f  t h e  r e s u l t i n g  changes 
on t h e  i n i t i a l  opt imized design,  The Conunittee accepted  
compromises where t h e  impact o n  v e g e t a t i o n  d a t a  w a s  minor 
provided major advantages were achievable  i n  o t h e r  
d i s c i p l i n e s .  

The Conmittee i s  i n  agreement w i t h  t h e  NASA p l a n  to  
propose t h e  T h e m t i c  Mapper a s  an o p e r a t i o n a l  p r o t o t y p e  i n  
t h e  t r a n s i t i o n  from the p r e s e n t  LANDSAT exper imenta l  s e n s o r s  
to  a n  o p e r a t i o n a l  system, The C o m m i t t e e  has  observed t h a t  
t h e  p r e s e n t  LANDSAT/MSS d a t a ,  while  i n d i c a t i n g  t h e  
f e a s i b i l i t y  o f  e f f e c t i v e  e a r t h  obse rva t ion  from space,  have 
n o t  been widely incorpora ted  i n t o  o p e r a t i o n a l  p rocesses  as a 
replacement fo r  more conven t iona l  forms of d a t a  co l1ec t ion . l  
With some s p e c i f i c  except ions ,  s i g n i f i c a n t  improvement over  
t h e  p r e s e n t  LANDSAT/MSS c a p a b i l i t y  seems necessa ry  b e f o r e  
widespread u s e r  acceptance  c a n  be expected. The Comnittee 
is s a t i s f i e d  t h a t  t h e  Thematic Mapper, w i t h  t h e  
modi f i ca t ions  recommended i n  t h i s  report, w i l l  have t h e  
c a p a b i l i t y  t o  s e r v e  a s  t h e  b a s i s  f o r  t h e  i n i t i a l  o p e r a t i o n a l  
sensor  a f t e r  it s u c c e s s f u l l y  c o n p l e t e s  t h e  exper imenta l  
phase, This  o p e r a t i o n a l  c o n t e x t  has  a s s o c i a t e d  wi th  it t h e  
a b s o l u t e  requirement  t h a t  t h e  u s e r  community be assured  
c o n t i n u i t y  of  da ta .  Lacking t h i s  assurance ,  t h e  u s e r  
conmunity probably w i l l  n o t  commit i t s  resources  t o  u s e  t h e  
da ta ,  and a t  t h e  same t i m e  close out ,  reduce, or o the rwise  
modify its conven t iona l  d a t a  sources  even though t h e y  may be 
less e f f e c t i v e ,  

Many u s e r s  r e q u i r i n g  d a t a  on dynamic p rocesses  such a s  
c r o p  growth and snow cover  cannot  tolerate a d a t a  gap dur ing  
c r i t i c a l  t i m e  periods,  T h i s  r e q u i r e s  a m u l t i p l e  s a t e l l i t e  
system i n  o r b i t  t h a t  can  con t inue  t h e  d a t a  flow, a l though a t  
a lower rate, i n  c a s e  of  a f a i l u r e  i n  one s p a c e c r a f t  or 
sensor .  There must a l s o  be an adequate number of  ready-to- 
launch s p a r e s  a v a i l a b l e  t o  b e  used whi le  t h e  f a i l e d  
s p a c e c r a f t  is e i t h e r  r ecyc led  throq~gh maintenance and 
refurbishment ,  a s  planned i n  t h e  s h u t t l e  e r a ,  or a 
replacement i s  procured and launched. U n t i l  cont inuous  d a t a  
flow is assured ,  t h e  p r i n c i p l e  u s e r s  w i l l  probably con t inue  
t o  be t h o s e  engaged i n  r e s e a r c h  o r  t h o s e  whose i n t e r e s t  is 
l a r g e l y  conf ined to  s t a t i c  phenomena, While both of t h e s e  
a r e  important ,  t h e  C o m m i t t e e  i s  convinced t h a t  t h e  l a r g e r  



long-term b e n e f i t s  t o  be der ived from remote seusing w i l l  
come from m n i t o r i n g  dynamic processes, 

The Committee a l s o  recognizes t h a t  t h e  increased da t a  
rate assoc ia ted  wi th  t h e  improved sensor  w i l l  i n i t i a l l y  
stress t h e  c a p a b i l i t i e s  of t h e  user  comnunity both i n  terms 
of ava i l ab l e  f a c i l i t i e s  and experience necessary t o  make 
f u l l  use of t h e  data, This, however, should only be a 
temporary phase as the increased u t i l i t y  of  t h e  data w i l l  
create its own motivation t o  improve these  c a p a b i l i t i e s ,  

Several  general  a spec t s  of t h e  proposed follow-on 
program appeared to  t h e  Cornnittee to  have obvious broad 
merits which would be f e l t  throughout. a l l  segments of t h e  
user community. While prolonged d i scuss ion  should no t  be 
necessary, t h e  Committee does wish t o  endorse t h e  following 
s i x  aspects: 

1. The inc lus ion  of an appropr ia te ly  modified f i r s t  
generat ion mul t i spec t r a l  scanner (MSS) i n  t h e  Thematic 
Mapper mission i n  order t o  provide: 

a reliable, space-proven backup sensor  to  t h e  
new Thematic Mapper, 

• a cont inua t ion  of t h e  cu r r en t  LANDSAT/MSS data  
f o r  use  by those  who e i t h e r  do not  need t h e  
improved Thematic Mapper da t a  or do not  have 
t h e  necessary f a c i l i t i e s  t o  rece ive  or analyze 
t h a t  data ,  

precursor  da t a  t o  a s s i s t  t h e  u se r  i n  s e l e c t i n g  
only good coverage before  processing t h e  more 
expensive Thematic Mapper data, 

t r a n s i t i o n a l  d a t a  t o  a i d  users  i n  convert ing 
t o  t h e  improved Thematic Mapper data ,  

2. The provision of assured coverage f o r  a 6 year  
period t o  g ive  agencies and o ther  users  an opportuni ty  t o  
j u s t i f y  t h e  necessary commitment of resources f o r  t h e  
t r a n s i t .  n t o  a v a l i d  cpe ra t iona l  phase. 

3, The use of g lobal ,  real-time d i r e c t  da t a  readout. 
This w i l l  e l imina te  the necess i ty  of l imi ted  capac i ty  on- 
board da t a  recording, a h i s t o r i c a l l y  un re l i ab l e  operat ion,  
and t h e  r e l i a n c e  on overseas receiving s ta t ions .  



4, The recogni t ion of t h e  ope ra t iona l  cha rac t e r  of t h e  
Thematic Mapper a f t e r  success fu l  completion of i ts  experi-  
mental evaluat ion,  

5. The combination of f u t u r e  experimental sensor  o r  
component 'packages as  p a r t  of t h e  opera t iona l  LRNDSAT 
follow-on payloads i n  those cases  where t h e  experiment can 
be conducted i n  t h e  same orbit, 

6. The provis ion of space i n  t h e  Thematic Mapper 
instrument design f o r  a seventh s p e c t r a l  channel t o  be added 
when f u t u r e  research  and technica l  development make it 
feas ib l e  and ope ra t iona l ly  useful-  

Those f e a t u r e s  of t he  proposed f ollow-on program which 
could have s p e c i f i c  and, perhaps, d ivergent  impacts upon 
d i f f e r e n t  members of the app l i ca t ions  community have been 
examined i n  d e t a i l  and compared with t h e  app l i ca t ions  
requirements and preferences expressed i n  Chapter 2 of  t h i s  
report ,  I n  some cases  t h i s  ana lys i s  has l ed  the  Committee 
t o  recommend s p e c i f i c  changes t o  parameters i n  t h e  proposed 
basel ine  mission design. I n  o the r  cases ,  where a sub jec t ive  
judgement on t h e  importance of one app l i ca t ion  versus  
another may be involved, t h e  impact of a p a r t i c u l a r  
parameter is discussed without making s p e c i f i c  recommen- 
da t ions  f o r  modifications, The Committee f e e l s  t h a t  some of 
these  views may be re levant  t o  f u t u r e  cons idera t ions  of 
t radeof fs ,  

Spec t r a l  Bands 

I n  t h e  a n a l y s i s  of t h e  s p e c t r a l  bands, t h e  f i r s t  
considerat ion was t o  optimize t h e  s p e c t r a l  r e so lu t ion  
c a p a b i l i t i e s  f o r  observation of vegetat ion.  While t h e  
proposed bands of t h e  base l ine  design (see t h e  Appendix, 
Table A, 1 ) would provide improved c a p a b i l i t y  i n  t h i s  area,  
t h e  Comnittee f e e l s  t h a t  s i g n i f i c a n t  improvements can be 
achieved by making some adjustments i n  bands, band widths 
and f i l t e r  cut-ons and cut-offs. I n  t h e  committee's 
judgment, present  technology can produce f i l t e r s  with 
s u f f i c i e n t l y  sharp cut-ons and cu t -of f s  t o  warrant t h e  
modifications c a l l e d  f o r  below. These r equ i r e  a f i l t e r  
s lope t h a t  goes from 85 percent  of f u l l  response t o  5 



percent  of  f u l l  response i n  a O.Olpm i n t e rva l .  Discussion 
of each band and recaamended modifications follow: 

1. nGreenw Band: 
Easel ine  proposed band - 0.52pm t o  0,60pm 
CORSPERS recommended band - 0.53pm t o  0-58pm 

The s h o r t  wavelength l i m i t  is most c r i t i c a l  from the 
s tandpoint  of  terrestrial vegeta t ion discrimination.  This  
l i m i t  should no t  be s h o r t e r  t h a n  0.53 pm because of 
s i g n i f i c a n t  vege ta t ion  s igna tu re  crossovers i n  t h e  0.50 - 
0.53 p m  region. The long wavelength l i m i t  is posi t ioned by 
both oceanographic and vege ta t ion  d i sc r imina t ion  
requirements, A 0,59pm long wavelength cutoff  is acceptable  
i f  s i g n a l  s t r eng th  requirements cannot be m e t  with a 0-O5pm 
bandwidth, 

2, nRedw Band: 
Baseline proposed band - 0 . 6 3 ~  t o  0.69pm 
CORSPeRS recommended band - 0.62pm t o  0.68pm 

The long wavelength l i m i t  i s  t h e  most c r i t i c a l ,  with 
p l an t  spec ies  discr iminat ion and vigor determination being 
t h e  dr iv ing  uses, Experience has shown t h a t  r e f l ec t ance  
cross-overs i n  t h e  0.68 t o  0.75 micrometer region confuse 
spectral s igna tures  and reduce the accuracy of p l an t  v igor  
determinations, The sho r t  wavelength l i r r i t  i s  no t  c r i t i c a l  
a s  long as it is  0-60 micrometers or longer and was moved t o  
0,62pm only to  maintain 0.06pm bandwidth. 



3, "Near-inf r a r e d n  Band (s) : 
Basel ine  proposed bands - O,74pm to  0.80pm 

and 0.80pm t o  0,91pm 
CORSPERS recommended band - 0.76pm t o  0.90pm 

Recent r e s e a r c h  i n d i c a t e s  t h a t  one band i n  t h i s  s p e c t r a l  
r eg ion  is  probably s u f f i c i e n t  u n l e s s  f g t u r e  r e s e a r c h  
i n d i c a t e s  t h a t  an  a d d i t i o n a l  0,70pm t o  0.76pm band is 
v a l u a b l e  f o r  p l a n t  b ionass  determinat ions.  Nei ther  l i m i t  is 
cr i t ica l  a s  long  as t h e  s h o r t  wavelength l i m i t  is  0.75pm or 
longer  and t h e  long wavelength l i m i t  is noc extended i n t o  
t h e  w a t e r  a b s o r p t i o n  band a t  approximately 0.91pm. 

4. "Long Wavelength, Ref lec t ive - in f ra red t t  Band: 
Basel ine  proposed band - 1.55pm t o  1 ,75pm 
CORSPERS recommended band - no change 

This  band should prove v e r y  u s e f u l  i n  p l a n t  v i g o r  
d e t e r m i r l t i o n ,  I n  t h i s  wavelength reg ion  f o l i a r  r e f l e c t a n c e  
is s t r o n a l y  dependent upon f o l i a r  mois ture  con ten t ,  The 
e x a c t  wavelength l i m i t s  are n o t  critical and should b e  based 
upon atmospheric  t r ansmiss ion  and band width requirements.  
It  should be noted  t h a t  a 2.0pm t o  2.6pm bard would be a n  
acceptah12 a l t e r n a t i v e  f o r  t h e  same a p p l i c a t i o n s ,  

5, "Thermal-inf r a redw Band: 
Basel ine  proposed band - 10.4pm t o  12.5pm 
CORSPERS recommended band - 8.8pm t o  12.6pm 

The wider "thermal- i n f  r a r e d w  band is  recommended 
primarily to  i n c r e a s e  s i g n a l  s t r e n g t h ,  thus al lowing f o r  t h e  
p o s s i b i l i t y  of improved s p a t i a l  r e s o l u t i o n  i n  t h i s  band. 
Reducing ground IFOV from l2Om to  approximately 90m would be 
high ly  d e s i r a b l e .  C a l c u l a t i o n s  i n d i c a t e  t h a t  use  of t h i s  
wider band could  reduce IFOV t o  90m with a smal l  degrada t ion  
i n  NEAT (from 0. S°C to  approximately 0.640C a t  300 K )  (0. 
Weinstein, NASA, unpublished d a t a ,  A p r .  1976).  I n  a d d i t i o n  
t o  provi-ding b e t t e r  d i s c r i m i n a t i o n ,  90m IFOV thermal  d a t a  
could be more e a s i l y  r e g i s t e r e d  w i t h  t h e  30m r e f l e c t i v e  



rad iance  measurements, s i n c e  i t  is a n  odd m u l t i p l e  ( 3 x )  of 
t h e  r e f l e c t i v e  IPOV. This  would a l low r e g i s t r a t i o n  of  t h e  
high r e s o l u t i o n  p i x e l  i n t o  t h e  c e n t e r  of t h e  lower 
r e s o l u t i o n  thermal  p ixe l .  I n  view of t h e  small degrada t ion  
i n  NEAT produced and u n c e r t a i n t i e s  concerning t h e  u t i l i t y  of 
ve ry  s e n s i t i v e  thermal  measurements i n t e g r a t e d  over  l a r g e  
a r e a s  on t h e  s u r f a c e ,  r educ t ion  of  thermal  ground IFOV i s  
recommended even w i t h  t h e  a s s o c i a t e d  degradat ion  of NEAT. 
The wider band l i m i t s  do  i n c o r p o r a t e  a n  ozone a b s o r p t i o n  
band a t  approximately 9.6pm, b u t  smal l  h o r i z o n t a l  v a r i a t i o n s  
i n  g l o b a l  ozone d i s t r i b u t i o n  would seem t o  m i t i g a t e  any 
a f f e c t  absorp t ion  would have on  d a t a  q u a l i t y .  2 I n  any c a s e ,  
t h e  s h a r p  l i m i t s  of t h e  ozone absorp t ion  band (see F igure  
3 - 1 )  would a l low e f f e c t i v e  use  of a b locking f i l t e r  i f  
s p a t i a l  o r  temporal  v a r i a t i o n  i n  ozone a b s o r p t i o n  i s  shown 
t o  be a problem.2 

6. "Bluen Band 
Basel ine  proposed band - none 
CORSPERS recommended band - O.47pm t o  0.52pm 

The aggregat ion  of t h e  proposed t w o  nnvar- inf raredn 
bands i n t o  one band, from 0.76pmto 0.90pm, a s  recommended 
above, a l lows  replacement of t h e  d e l e t e d  band by one i n  
ano the r  s p e c t r a l  region. Oceanographic r e s e a r c h  has  shown 
coverage i n  t h e  nbluen reg ion  (O.4pm t o  0. Spm) t o  be of 
cons ide rab le  va lue  when p e n e t r a t i o n  of  water  is d e s i r e d  ( a s  
i n  bathymetry and s t u d i e s  of suspended and d i s s o l v e d  
c o n s t i t u e n t s ) .  The C o m m i t t e e  f e e l s  t h a t  ex tens ion  of 
a p p l i c a t i o n s  i n t o  t h e  impor tant  f i e l d s  of ocean and l a k e  
s t u d i e s  would g r e a t l y  enhance t h e  o v e r a l l  u t i l i t y  and cost- 
e f f e c t i v e n e s s  of t h e  system. The i n t i m a t e  connect ion 
between t e r r e s t r i a l  land use  and ad jacen t  water bodies makes 
i n c l u s i o n  of a water p e n e t r a t i o n  band on a n  ins t rument  
designed b a s i c a l l y  t o  analyze  t e r r e s t r i a l  cover  e s p e c i a l l y  
important ,  even though o t h e r  space  programs may address  
oceanographic i n t e r e s t s  s p e c i f i c a l l y .  F u r t h e r ,  some 
resea rch  i n d i c a t e s  t h a t  t h i s  band may be u s e f u l  f o r  
t e r r e s t r i a l  s t u d i e s ,  p a r t i c u l a r l y  land use. CORSPERS 
recommends adding a "bluet8 band cover ing  t h e  reg ion  between 
0.47pm and 0.53pm. The s h o r t  wavelength l i m i t  i s  t h e  most 
c r i t i c a l  and its p o s i t i o n  is based on bathymetry 
requirements.  The long wavelength i i m i t  should be a s  close 
t o  0.52pm as p o s s i b l e  a s  c h l o r o p h y l l  and inorgan ic  sediment 
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re f lec tance  crossovers w i t h  diver fen t slopes  a t  longer  
wavelengths could complicate assessment of  marine and 
l acus t r i ne  phytoplankton d i s t r i b u t i o n .  I f  necessary. 
extension of the  long wavelength Limit to  O,S3pm m u l e  be 
acceptable, 

7,  Alternat ives  f o r  Seventh Thematic Mapper 
Spectra l  Band 

NASA has included i n  its proposed design of t h e  Thematic 
Mapper r o o m  f o r  including a seventh spectral channel, In 
t h e  event t h a t  a seventh channel is added, t h e  C d t t e e  
wishes t o  express its preferences f<;r the s p e c t r a l  region 
covered. The ana lys i s  of wegetation could be enhanced by 
t h e  addi t ion  of a ayel law-orange band ( 0 ,  S8pm t o  0.63)rla) 
for vigor and spec ies  d i f f e r e n t i a t i o n ,  The accuracy and 
r e l i a b i l i t y  of y i e l d  determination may be improved, 
pa r t i cu l a r ly  f o r  f o r e s t r y  appl ica t ions ,  

E i ther  of two other bands, with s l i g h t l y  lower 
po ten t ia l ,  might a l s o  be use fu l ly  considered as t h e  seventh 
band of t h e  Thematic Mapper c u r r e n t l y  proposed, While the 
loss of data  u t i l i t y  incurred by aggregation of the two 
proposed "near-infrareda bands was considered to be small by 
comparison with t h e  gains  produced by adding t h e  "bluem 
channel f o r  water penetrat ion,  t h e r e  are some i n d i c a t i o n s  
t h a t  a 0.70pm to  0.75pm band may improve c a p a b i l i t i e s  f o r  
determifiation of vege ta t ive  biomass. Therefore. coverage i n  
t h i s  region would be d e s i r a b l e  f o r  experimentation i n  
v e g ~ t a t i v e  biomass determination, 

There are a l s o  s tud ie s  from b o t h  geology and land use 
mapping groups showing some improvements i n  rock type  and 
land use discr iminat ion throuqn use of measurements i n  a 
4,Spm to  5,Spm atherlml* band. The u t i l i t y  of  t h i s  band is 
reduced f o r  geological  app l ica t ions  i f  t w i c e  d a i l y  coverage, 
a t  t h e  high and low thermal peaks, is not ava i lab le ,  
However, thermal land use discr iminat ion would be poss ib le  
with a coverage frequency a s  is proposed f o r  the  Thematic 
Happer, I f  a cooled-detector (i. e, , thermal)  channel were 
iqcorporated a s  t h e  seventh spectral band, t h e  4.Spm t o  
5-5pm band should be given f i r s t  p r io r i t y .  



8- S u r a r y  of Spectral Band R-dations 

The r-ad <X)RSPERS band arrangerentr  f o r  a six a d  
a seven band -tic Mapper are: 

7 band TH lone cooled cbannelL 

Ground IFOV 

There is l i t t le  question t h a t  the proposed decrease i n  
ground IPOV from 80m i n  the MSS t o  30m for t h e  Merratic 
Mapper w i l l  produce substantial ga ins  i n  a l l  appl ica t ions  
areas, Even i n  cases w h e r e  fea tures  of i n t e r e s t  a r e  
s u f f i c i e n t l y  l a rge  to be adequately discriminated by the 
current  LANDSAT IPOV, decreasing the g m n d  IPOv w i l l  
i m ~ r o v e  the accuracy of boundary locat ion and thus  of a r e a l  
measurements, In  addition,  severa l  appl icat ion ca tegor ies  
(-vironmental Honi toring, Water Management, Vegetatian 
Inventory and Assessreent, and Oceanography) ind ica te  that 
s p e c i f i c  new c l u s t e r s  of fea tures  and phenomena which are 
large ly  inaccessible  to t h e  current  UM)SAT/nSS could be 
resolved with a 30 - Born IPOV. The benefi ts  t o  be derived 
from analys is  of smaller fea tures  and/or froan continuous 
iraprolrements i n  accuracy of mensuration and t r a i n i n g  set 
saapling with decreasing IFOV are d i f f i c u l t  t o  quantify, 
The r e l a t i a s h i p  is non-lincar, a s  shown i n  Figure 2- 1, and 
highly application-dependent, It is apparent t h a t  the re  is 
a s ign i f i can t  group of appl icat ions which do not deriwe 
subs tan t i a l  benef i t s  from remote sensing u n t i l  XFOV's of 
llOm a r e  available,  ju s t  as there  a r e  ce r t a in  problems which 
current ly require s i t u  measurements.3 



The performance t rade-offs  between t h e  t e c h n i c a l  state 
of t h e  art, quan t i t y  of data, cost, other system paraae te rs  
( r a d i e t r i c  s e n s i t i v i t y ,  etc, ) and ground IFOV cannot be 
quan t i f i ed  a t  t h i s  stage, I t  is, however, clear t h a t  
s u b s t a n t i a l  b e n e f i t s  i n  neaxly a l l  app l i ca t ions  w i l l  be 
obtained v i t h  t h e  proposed decrease  i n  ground IFOV from 8Om 
to 30- 

Radiometric S e n s i t i v i t y  and Dynauc Range 

It is d i f f i c u l t  to quan t i fy  t h e  ga ins  assoc ia ted  with 
increments o f  iaprovement i n  radiametr ic  s e n s i t i v i t y ,  I n  
s o m  appl icat ions ,  hareper, t h e r e  a r e  d e f i n i t e  i nd i ca t ions  
t h a t  the s e n s i t i v i t y  threshold belw which s i g n i f i c a n t  
increases  i n  da t a  q u a l i t y  do n o t  occur has no t  been reached 
by t h e  cu r r en t  LANDSATASS- Oceanographic users ,  f o r  
instance,  benef i ted from t h e  "high ga in  modea of opera t ion  
of t h e  f i r s t  generat ion HSS and the re fo re  d e s i r e  s e n s i t i v i t y  
analogous to t h a t  achieved through t h i s  high gain  (3x) 
r e s t r i c t i o n  of dynamic range, Studies of s e n s i t i v i t y  
requirements f o r  o t h e r  app l i ca t ions  a r e a s  produce a range of 
des i red  NEApas from 0.1 t o  1.0 percent  and NE4T.s from 
0,250C t o  10C3-., mt mimilnun requirements expressed by 
these  s t u d i e s  would appear t o  be m e t  by an NEAp of 0 ,s  
percent  and an NEAT of 0,  SoC such as is proposed f o r  t h e  
Thematic Mapper- A s  explained i n  t h e  earlier thermal-  
i n f r a r ed  band discussion,  s m a l l  losses of  thermal 
s e n s i t i v i t y  u.mld be accemble i f  t h e  IFOV of t h e  thermal 
channel can be re&& to co inc ide  more  c l o s e l y  wi th  the 
o the r  c h a m l s .  

I n  general ,  t h e  s a tu ra t ion  maxima i n  t h e  r e f l e c t i v e  
bands recornended by t h e  Thematic Mapper Technical  Working 
Group appear t o  be reasonable, although the re  i s  wide 
va r i a t i on  i n  t h e  estimates of t h e  ind iv idua l  Working Group 
panels con t r ibu t ing  to  t h a t  r epo r t  and i n  t h e  other sources  
examined by t h e  Canmittee,3-*-S I n  view of  t h i s  divergence, 
conservative (i,e, , large)  s p e c i f i e d  values of requi red  
dynamic range a r e  advised a t  t h i s  stage,  I n  t h e  the rma l  
band, dynamic range oonsiderat ions  a r e  more e a s i l y  grasped 
by a y ~ i i e d  u s e r s  because of t h e i r  connection with 
conventional measurenents of temperature, The Technical 
Working Group recommended range of  270 K t o  330 K is 
adequate f o r  most appl ica t ions ,  although NOAA has indicated 



it would prefer  a colder l o w  cutoff a t  2 I O  K f o r  s tud ies  of 
snar  and ice surface  temperatures, I f  extension of 
~ e n s i t i v i t y  to t h i s  lower l i m i t  can be accoaplished without 
deqrading NEAT t o  g rea te r  than 10C, such a change should be 
~ ~ n s i & x e d ,  even thougl s n w  and ice s tudies  probably w i l l  
be only a s m a l l  part of total appl ica t ions  of the thermal 
data, 

Equatorial Crossing Time 

The proposed basel ine design calls f o r  an 1100 h r s  
equatoria 1 crossing time, Several f ac to r s  persuaded the 
Corai t tee  tha t ,  a t  this stage, the e a r l i e r  0930 hrs LANDSAT 
1, 2 ,  and C crossing t i m e  should not be abandoned, Tf 
vegetation c i a s s i f i c a t i o n  with primary dependence on -chine 
processing w e r e  the  sole objective,  the near-noon o r b i t  
might be preferred, s ince it provides a minimum shadow 
e f f e c t  and a b e t t e r  view of t h e  p lant  canopy, Unf or- 
tunately, t h e  -11 zeni th angle  associated with t h e  near- 
noon o r b i t  ser ious ly  limits t h e  sensor over water surfaces 
with winds above SWsec because of sun g l i t t e r ,  After  
reviewing the ava i l ab le  ca lcula t ions  on sensor s e n s i t i v i t y  
and s igna l  l e v e l s  a t  t h e  0930 hrs  and 1100 h r s  crossing 
times, t h e  Colnmittee concluded t h a t  while the  later crossing 
t i n r e  might be favored f o r  automated vegetation 
c la s s i f i ca t ion ,  t h e  advantage did not appear to be large,  
This assessment, however, should be analyzed i n  g rea te r  
depth, 

A potent ia l  major fac tor  t h a t  must a l s o  be considered i n  
t h e  se lec t ion  of t h e  optimal crossing time is cloud-cover 
interference.  By its nature, this in ter ference  is both 
s t a t i s t i c a l l y  var iable  and location-specific,  The 
differences noted i n  t h e  da ta  made avai lab le  by NASA' on 
cloud cover in ter ference  between t h e  present LANDSAT 0930 
h r s  and t h e  proposed 1100 hrs ,  crossing times were not 
conclusive. A primary consideration fo r  every e a r t h  
resources appl icat ion is the  a v a i l a b i l i t y  of cloud f r e e  
data, The Canmittee@s feel ing is t h a t ,  pending a thorough 
analysis  of ava i lab lc  meteorological data, current  
equatorial  crossing times should not be changed t o  l a t e r  i n  
t h e  day when i n t u i t i o n  suggests t h a t  cloud build-up may 
appreciably reduce the number of cloud-free observations i n  
many locations, 



The Commit tee  a l s o  f e e l s  t h a t  it is important t o  
continue the present  LANDSAT crossing t ~ m e  i n  the follow-on 
program i n  order t o  t a k e  f u l l  advantage of t h e  
c l a s s i f i c a t i o n  experience gained during t h e  present  
experimental program, me C o m m i t t e e  is p a r t i c u l a r l y  
concerned t h a t  a change i n  crossing time vould add another 
var iable  t o  t h e  c a p a r i s o n  of Thematic Happer c l a s s i f i c a t i o n  
s ignatures  and shadaw pat te rns  w i t h  background experience 
obtained with the  preceding LANIIGATgs- The C o w n i t t e e  
t h e r e f a e  recammends that t h e  0930 hrs crossing time of the 
ULNDSAT 1, 2, and C be re ta ined  for the LAW)SATLT/H mission, 
Further research on the probabi l i ty  of cloud-cover 
interferenoe a t  d i f f e r e n t  tires of the day i n  critical areas 
along with t h e  sun g l i t t e r  f a c t o r  should r e f i n e  t h i s  
crossing t i m e .  

Frequency of Coverage 

The Cammittee has  del iberated a t  considerable length on 
t h e  frequency of coverage question, There is l i t t le  doubt 
t h a t  some users would f ind  18-day r e p e t i t i v e  coverage more 
than adequate even with the expected cloud coverage 
interference,  There a r e  other  major users  who requi re  wore 
frequent cwerage  during c e r t a i n  c r u c i a l  times of the  year 
but, a t  other times of the year, would not be distressed 
w i t h  data  gaps of severa l  mnths,  Crop forecast ing i s  a 
good example of t h i s  var iable  coverage-frequency 
requirement, There are other important users who need more 
frequent cwerage  throughout the year, ranging up to Q i l y  
coverage, While t h i s  l a t t e r  frequency is obviously not 
within technical  or economic reach for a global  high data  
rate system, such as  envisioned i n  t h e  LANDSAT follow-on, 
less frequent coverage can still provide s i g n i f i c a n t l y  
useful  da ta  t o  many of these users, Even though individual  
users  may specify t h e i r  own coverage frequency requirements, 
the re  is i ~ d e q u a t e  experience to determine t h e  optimal 
compromise where multiple users  a r e  involved, This is 
fu r the r  c o w l i c a t e d  by the  var iable  cloud-cover probabili ty,  
In  t h e  l i g h t  of these  highly subjec t ive  factors ,  the  
Comnittee can a s s e r t  t h a t  a system w i t h  a coverage in te rva l  
of longer than 9 days w i l l  be s ign i f i can t ly  less capable of 
sa t i s fy ing  t h e  data  requirements of many users  in teres ted  i n  
dynamic processes, The Comnittee therefore  recommends t h a t  



a nomina; 9 day i n t e r v a l  be accepted as t h e  maximum i n t e r v a l  
between observa t ions  f o r  t he  LANDSAT f o l l o r o n  mission. 

Ground Data Handling System 

The Cornnittee d i d  not perceive  t h a t  any of t h e  agencies  
had performed thorough analyses  o f  the impact of  the high 
da t a  r a t e  of t h e  Thematic Mapper on t h e  Ground D a t a  Handling 
System. Since t h e  Thematic Mapper design w i l l  r e s u l t  i n  
very much higher d a t a  rates and provide many more choices  
f o r  data ana lys i s ,  t h e  p o t e n t i a l  data processing and s to rage  
loads  w i l l  be f a r  beyond c u r r e n t  IANDSAT experience. The 
nominal four  day turn-around cyc l e  proposed by NASA w i l l ,  i f  
real ized,  s a t i s f y  m o s t  users, There are, however, 
s i g n i f i c a n t  app l i ca t ions  ( p a r t i c u l a r l y  i n  environmental 
monitoring) i n  which 24-hour or s h o r t e r  da t a  processing 
times a r e  needed, Some provis ion f o r  such s p e c i a l  i n t e r e s t s  
should be made i n  program planning, Thoughtful, vigorous, 
and ex tens ive  a n a l y s i s  is required to  thoroughly understand 
t h e  i s s u e s  and to  design t h e  requi red  systems. Such 
ana lys i s  work should start now, 

Data Archiving 

Imbedded i n  t h e  Ground D a t a  Handling System a n a l y s i s  i s  
t h e  genera l  sub jec t  of a rch iv ing  data.  There is l i t t l e  
experience on which to  base a generalized,  c e n t r a l  a rch iv ing  
po l icy  t h a t  can s a t i s f y  a l l  the d ive r se  u se r s  of t h e  data. 
I t  seems l i k e l y  t h a t  as  use r  agencies  develop opera t iona l  
programs, t h e  respoe- ib i l i ty  f o r  archiving of da t a  w i l l  be 
dispersed t o  those  . % ups having spec i a l i zed  requirements. 
Some might choose to :tore a l l  da t a  f o r  p a r t i c u l a r  
geographical areas--a r e s p o n s i b i l i t y  which NASA or EROS 
(USGS) w i l l  probably no t  undertake on behalf of a l l  of  t h e  
user groups, I t  is, however, incumbent upon NASA andfor 
EROS to maintain a c e n t r a l  index of a l l  da t a  s o  t h a t  small 
use r s  or s c i e n t i f i c  i n t e r e s t s  who do not maintain files of 
t h e i r  awn can have access t o  these data. Maintenance of t h e  
present  system of c e n t r a l  s to rage  of se lec ted  da ta ,  
supplemented by reg iona l  browse f a c i l i t i e s  is, of course, 



required,  I n  addit ion,  t echnica l  advice, p a r t i c u l a r l y  wi th  
regard t o  optimal s to rage  condi t ions  and s p e c i f i c a t i o n s  of 
data content  decay rates, recording medium decay rates, 
recopying procedures, etc, should be made a v a i l a b l e  to a l l  
groups undertaking da t a  storage,  I t  is e s s e n t i a l  t h a t  both 
NASA and the other agencies be aware of s to rage  c o s t s  and 
incorporate  them i n t o  t h e i r  program budgets- Archiving 
costs f o r  data on magnetic t ape ,  f o r  instance,  can  range 
from $2.00 t o  $10.00 pe r  reel per year,' a f a c t o r  which w i l l  
c e r t a i n l y  inf luence a rch iv ing  p o l i c i e s  and procedures a s  
w e l l  as program budgets- 

Related Concerns 

I n  a d d i t i o n  to s p e c i f i c  cons idera t ions  per ta in ing  to  t h e  
Thematic Mapper i t s e l f ,  s e v e r a l  r e l a t e d  corcerns  emerged 
from t h e  C a n m i t t e e 9 s  de l ibera t ions .  

1, Supporting Research and Development 

Review of t h e  a n a l y s i s  work t h a t  had been done i n  
preparat ion f o r  t h e  LANDSAT follow-on as presented to  
CORSPERS l e f t  t h e  Committee w i t h  t h e  impression t h a t  many 
research and development i s s u e s  r e l a t e d  t o  f u t u r e  
opera t iona l  problems have been neglected, Studies  such a s  
s igna ture  changes with v a r i a t i o n s  of  sun angle  and viewing 
a l t i t u d e ,  gray scale and cloud cover appear t o  be sparse,  
I n  t h e  C o m m i t t e e a s  view, NASA is the only agency t h a t  has  
t h e  broad range of competence required t o  do these s t u d i e s  
and the re fo re  should assume t h e  r e s p o n s i b i l i t y  t o  i n i t i a t e  
and lead these s tud ies .  



2, Impact of the Manned Re-usable Space s h u t t l e  

Another concern t h a t  has t r a b l e d  t h e  Comaittee during 
t h i s  review is the apparent  l inkage o f  t h e  cor i t inui ty  of  t h e  
LANDSAT follow-on program, which is based on shu t t l e -  
supported maintenance and refurbishment, with t h e  on- 
schedule success of t!!e space s h u t t l e  program, While t h e  
coamittee does not  consider  i t s e l f  competent t o  eva lua te  
either t h e  f irmness of t h e  s h u t t l e  schedule or t h e  
performance of  t h e  s h u t t l e  when it is ready f o r  opera t iona l  
service, t h e  Committee is concerned t h a t  NASA leave  
a l t e r n a t e  pathways open t o  in su re  t h a t  t h e  con t inu i ty  of t h e  
remote sensing program is not  jeopardized by p o t e n t i a l  
changes i n  t h e  s h u t t l e  schedule or i n  its performance, 

3- Data Gap 

F i ~ l l y ,  t h e  Committee wishes t o  express its concern 
over t h e  p o t e n t i a l  da t a  gap t h a t  may confront t h e  world-wide 
user  community a f t e r  LANDSAT-C completes its use fu l  l i f e ,  
While t h e  C o m m i t t e e  was eva lua t ing  t h e  Thematic Mapper, t h e  
severe  impact of t h i s  p o t e n t i a l  gap became apparent,  The 
Comnittee is g r e a t l y  concerned t h a t  such a gap w i l l  d i s r u p t  
and d i sperse  t h e  presen t  user  community@s enthusiasm and 
c a p a b i l i t y  t o  use t h e  data ,  The C o m m i t t e e  urges t h a t  NASA 
and t h e  user  agencies  t a k e  every a c t i o n  within  t h e i r  
a u t h o r i t y  t o  reduce the  p o s s i b i l i t y  o r  durat ion of a gap 
and, a t  t h e  same t i m e ,  to  minimize e f f e c t s  of such a da ta  
gap i f  it cannot be prevented, 

I n  summary, t h e  Committee has considered the t rade-of fs  
between t h e  o r i g i n a l  ob j ec t ive  to  ob ta in  a matr ix  of high 
q u a l i t y  land cover da t a  and t h e  d e s i r e  t o  broaden t h e  
c a p a b i l i t y  of t h e  system t o  s a t i s f y  t h e  o r b i t a l  da t a  
requirements of o t h e r  app l i ca t ions  including geology, land 
use, oceanography, c o a s t a l  processes,  hydrology, 
environmental monitorinq, and c a r t o g r a ~ h y .  The Committee i s  
convinced t h a t  t h e  changes recomnended w i l l  provide b e t t e r  
land cover data  than  t h e  base l ine  design and, a t  t h e  same 
time, provide g r e a t l y  improved data  f o r  t h e  remainder of t h e  
user community. Addit ional  improvements i n  l and  cover da t a  



were possible but a t  the cost of ser iously degrading or 
e n t i r e l y  foreclosing the use of  the data  by many of the 
other  users, Other o r b i t a l  sensor systeas, such a s  the 
Seasat-1 and t h e  Heat Capacity Happing Mission, HCm, can 
a l so  have a very s ign i f i can t  impact as complementary data 
sources f o r  se lec ted  appl icat ions,  provided t h e  data  forinat 
is compatible w i t h  the Thematic Mapper data. Inter-system 
data  capabi l i ty  should, wherever possible, be a desired 
design policy f o r  a l l  ea r th  resource observation systems, 
The C d t t e e  is f'-mly convinced t h a t  the Thematic Napper, 
as modified by the zommended changes, can provide a major 
s t e p  forward i n  oua .pabi . l i ty  to  manage our natural  
resources and s ign i f i can t ly  assist i n  monitoring t h e  impact 
of man on t h e  environment, 
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Appendix 

NASA Proposed Thema tic Mapper 
Baseline Mission 

NASA has proposed a program to  extend t h e  f low of 
o r b i t a l  e a r t h  obse rva t ion  d a t a  i n t o  t h e  mid-1980*s and t o  
upgrade t h e  q u a l i t y  of t h a t  d a t a  c o n s i s t e n t  wi th  advances i n  
technology which have occurred  s i n c e  t h e  i n i t i a l  LANDSATs 
were designed. Following t h e  launch of LANDSAT-C, c a r r y i n g  
a modified v e r s i o n  of t h e  HSS a l r e a d y  flown with LANDSATs 1 
and 2 and modular RBVs having 40m IFOVs, t h e  proposed 
program c a l l s  f o r  t h e  development of  a n  o b s e r v a t i o n  system 
i n c o r p o r a t i n g  t h e  latest s t a t e  of t h e  a r t  i n  vis ible-IF? 
scanner,  d a t a  process ing ,  and s p a c e c r a f t  t echnology. 

NASA has sought advice  on  t h e  i n i t i a l  des ign  of t h i s  
system from o u t s i d e  groups and i n d i v i d u a l s  wi th  p a r t i c u l a r  
t e c h n i c a l  or a p p l i c a t i o n s  e x p e r t i s e ,  Severa l  s t u d i e s  
r e l a t e d  t o  des ign  and performance s p e c i f i c a t i o n s  were 
undertaken w i t h  NASA support.  A comprehensive "Thematic 
Mapper Technica l  Working Groupn was convened t o  allow 
d i s c u s s i o n  and in te rchange  between e x p e r t s  i n  NASA and t h e  
t e c h n i c a l  community on p o s s i b l e  des ign  o p t i o n s  of  t h e  
follow-on system.1 The wide ranging recommendations of t h i s  
group, encompassing ins t rument  des ign ,  o r b i t a l  parameters ,  
and d a t a  fo rmat t ing  and handl ing  c o n s i d e r a t i o n s ,  formed t h e  
b a s i s  f o r  a  b a s e l i n e  mission des ign  presented  by NASA t o  t h e  
Committee a t  t h e  beginning of t h i s  s t u d y  i n  November 1975 
and January  1976, T h i s  design,  a s  desc r ibed  below, served 
a s  t h e  p o i n t  of d e p a r t u r e  i n  t h e  C o m r n i t t e e * ~  d e l i b e r a t i o n s .  

The p r i n c i p a l  component of the mission is an advanced 
MSS - t h e  "Thematic Mapperw (T/M). The des ign  
s p e c i f i c a t i o n s  f o r  t h e  T/M system c a l l  f o r  ex tens ion  of t h e  



c a p a b i l i t y  of t h e  present  LANDSAT'S i n  v i r t u a l l y  every 
s i g n i f i c a n t  aspec t  - t h e  range of s p e c t r a l  coverage, number 
and s e n s i t i v i t y  of ind iv idua l  s p e c t r a l  bands, g r ~ u n d  
resolut ion,  quant izat ion,  and geometric accuracy, The 
primary ob jec t ive  of t h e  T I M  program i s  observat ion of land 
cover c h a r a c t e r i s t i c s  - i n  p a r t i c u l a r ,  vegetat ion,  While 
no t  excluding o ther  compatible ob jec t ives ,  t h e  observation 
of vegeta t ion combines both techniques of mu l t i spec t r a l  
ana lys i s  and t h e  p robab i l i t y  o f  ex tens ive  u t i l i t y  i n  a 
v a r i e t y  of app l ica t ions ,  Af t e r  an i n i t i a l  period of user  
ad jus tuen t  and experimentation with t h e  new system, t h e  T/M 
is t o  provide the  b a s i s  f o r  t r a n s i t i o n  t o  opera t iona l  e a r t h  
resource observat ion from space, 

Included with t h e  T/M on t h e  same spacecraf t  w i l l  be an 
MSS e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  planned f o r  f l i g h t  on 
LANDSAT-C, Di f fe r ing  from t h e  LANDSATs 1 and 2 MSS design 
only by t h e  add i t i on  of a thermal channel and some minor 
modifications t o  compensate f o r  t h e  reduction i n  a l t i t u d e  
from 900 km f o r  t he  LANDSAT 1.2, and C t o  705 km f o r  t h e  
T/M, t h e  MSS incorporated i n t o  the T/M mission w i l l  provide 
con t inu i ty  wi th  h i s t o r i c a l  LlrYDSAT d a t a  and a l s o  s e rve  a s  a 
proven backup sensor  to  t h e  new T/M. 

I n  order  t o  e l imina te  t h e  necess i ty  f o r  on-board s to rage  
c f  data,  t h e  T/M base l ine  mission calls f o r  real- t ime g loba l  
readout e i t h e r  d i r e c t l y  t o  domestic and fore ign  receiving 
s t a t i o n s  or through a planned network of two multipurpose 
comrmnications s a t e l l i t e s  (TDRSS - Tracking Data Relay 
Sate! l i te  System) t o  a c e n t r a l  receiving s t a t i o n  i n  t h e  U.S, 

The s x p n d e d  c a p a b i l i t y  of t h e  T/M sensor w i l l  produce 
near ly  a t enfo ld  increase  i n  da ta  r a t e  over t h a t  encountered 
with t h e  c u r r e n t  MSS (Table A, 1). Ground processing 
f a c i l i t i e s  must t he re fo re  be designed t o  handle t h e  
increased flow of da t a  and provide products t o  u s e r s  wi thin  
a useful  i n t e r v a l  following a c t u a l  acqu i s i t i on  of  data. 
Current  plans c a l l  f o r  a O day nturn-aroundn t i m e  from da ta  
acqu i s i t i on  to  a v a i l a b i l i t y  of computer compatible da t a  
tapes.  

The program timetable c a l l s  f o r  launch i n  e a r l y  1981 by 
which t i m e  a l l  t h e  above elements of t h e  complete system 
must be operating,  Provision is planned f o r  r e t r i e v a l  f o r  
r e p a i r  and refurbishment of t h e  spacecraf t  and senso r s  by 
means of the manned space shu t t l e .  Two spacecraf t  are 
planned t o  be i n  o r b i t  a t  a l l  t imes with a t h i r d  a v a i l a b l e  
for replacement during maintenance o r  r e p a i r  periods, A 



2
 >

l 
r3 Cc 

2 gr 
O

n
-

 
n

r
3

c
l 

Pi- 
W

 

m
 



per iod  o f  6 y e a r s  o f  con t in twas  d a t a  fled is planned f o r  i n  
t h e  i n i t i a l  follow-on proposal .  Th i s  should ensure  d a t a  
flow over  a s u f f i c i e n t l y  long pe r iod  of time t o  encourage 
u s e r s  to  c o m m i t  resources t o  t r a i n  and equip themselves to  
use  t h e  T/M d a t a  and should e s t a b l i s h  commitments f o r  long- 
term o p e r a t i o n a l  use  of  t h e  o r b i t a l  data.  

A s i g n i f i c a n t  ~spect a f  the follow-on program is t h a t  
f u t u r e  exper imenta l  sensors  w i  11, when o r b i t a l  requi rements  
a r e  compatible,  be combined on che same s p a c e c r a f t  wi th  
o p e r a t i o n a l  s e n s o r s  such a s  t h e  LANDSAT follow-on. T h i s  
arrangement w i  11 allow exper imenta l  programs t o  be c a r r i e d  
o u t  a t  reduced c o s t  and a l low use of  t h e  exper imenta l  d a t a  
i n  an o p e r a t i o n a l  environment. T h i s  w i l l  be g r e a t l y  a ided  
by t h e  space  s h u t t l e  ~ a p a b i l i t y  t o  deploy and r e t r i e v e  
ins t ruments  i n  space. 

I n  a d d i t i o n  t o  t h e  g e n e r a l  program e le~ l l en t s  o u t l i n e d  
above, t h e  proposed follow-on program speci Eies t h c  
fo l lowing b a s e l i n e  mission c h a r a c t e r i s t i c s :  

S p e c t r a i  Bands 

The des ign  of t h e  proposed T/M is  planned t o  provide 
da ta  i n  t h e  s i x  s p e c t r a l  bands shown i n  Table A. 1. The 
proposed bands d i f f e r  from t h e  e x i s t i n g  MSS des ign  p r i m a r i l y  
by t h e  a d d i t i o n  of two bands i n  t h e  longer  wavelength 
regions  of t h e  spectrum: 1.35p11~ - 1.75pm (TIM Band 5 )  and 
10.40pm - 12.50pm (T/M Band 6 ) .  The 1.S5pm - 1.75pm band is 
very  s e n s i t i v e  t o  p l a n t  moistt---e con ten t  and t h u s  w i l l  f i n d  
use i n  v igor  de te rmina t ion  and d e s i c c a t i o n  s t u d i e s .  
Coverage i n  t h e  thermal  i n f r a r e d  reg ion  (10.40pm - 12.50pm) 
is a high p r i o r i t y  f e a t u r e  f o r  many a p p l i c a t i o n s  inc lud ing  
enhanced v e g e t a t i o n  and land u s e  d i s c r i m i n a t i o n  and l o c a t i o n  
and monitoring of geothermal a c t i v i t y ,  thermal  e f f l u e n t s ,  
and water mass c i r c u l a t i o n ,  

The s p e c t r a l  range covered by t h e  o t h e r  fo-lr  proposed 
T/M bands (0.52pm - 0.60pm, 0.63pm - 0.69pv, 0.74pm - 0.80pm 
and 0.80pm - 0.91 pm) i s  e s s e n t i a l l y  e q u i v a l e n t  t o  t h e  
e x i s t i n g  MSS bands (Table A. 1) . The do d i f f e r  somewhat i n  
t h a t  advances i n  f i l t e r  and d e t e c t  .echnolc,gy have allowed * narrowing of bandwidths and sha rper  t o f  f  s t h a n  were 
p o s s i b l e  i n  t h e  MSS, t h u s  avoiding some r e f l e c t a n c e  



crossovers and atmospheric p e r t ~ r b a t i o n s  which degrade the 
nss data and t a r g e t  s igna tures  derived from it, 

Ins t rnaen t  con t r ac to r s  are being requested to  provide, 
i n  t h e i r  i n i t i a l  design, t h e  c a p a b i l i t y  t o  add a seventh 
s p e c t r a l  channel to the scanner, Technical and data 
mnagearent cclns t ra ints  combined with expressions of user  
needs presen t ly  i n d i c a t e  a s i x  channel system; however, 
technical advancements along w i t h  s t rong  use r  j u s t i f i c a t i o n  
may lead  to t h e  f u t u r e  add i t i on  o f  a seventh channel, 

Spec t r a l  S e n s i r i v i t y  and Dynamic Range 

The spec i f i ed  s p e c t r a l  s e n s i t i v i t i e s  f o r  t h e  proposed 
T/M are shown i n  Table A- 1, Uncer ta in t ies  about signal-to-  
noise  c h a r a c t e r i s t i c s  of t h e  f i n a l  instrument have l e d  to  an 
est imated range of s e n s i t i v i t i e s  r a t h e r  than  a p a r t i c u l a r  
value f o r  nos t  bands. I n  general, t h e  design NEAp is 0.5 
percent  al thaugh problems may be encountered i n  achieving 
t h i s  s e n s i t i v i t y ,  p a r t i c u l a r l y  f o r  t h e  1,SSpm - 1-7Spm band, 
The spec i f i ed  NEAT value :or t h e  thermal band (10,QOpm - 
12.50pm) is 0-SoC. I n  every case t h e  proposed T/M 
s e n s i t i v i t i e s  match or exceed tbe LANDSAT/HSS 
cha -ac t e r i s t i c s ,  p a r t i c u l a r l y  i n  view of  t h e  narrower T/W 
band w i d t h s .  

The recommendations of the Ttresratic Mapper Technical 
Working Groupa concerning s a t u r a t i o n  th resholds  f o r  the 
seven bands they considered most usefu l  are sumaarized i n  
Table A-2.  

For t h e  LANDSAT/MSS equivalent bands (between O.52pm and 
0,91pm), t h e  Working Croup recommended ranges similar t o  
those  spec i f i ed  f o r  the earlier instrument, Expected ranges 
f o r  other bands (0.95pm - 0,52pm, 1,SSpm - 1.75pm and 10,Qpm 
- 12,Srm) were derived from o t h e r  sources  including the ERIM 
Mult ispectra l  Scanner Data Applications Evaluation2 and t h e  
Working Groupr s judgment, 



TABLE A. 2 

Sa tu ra t ion  Thresholds of Spec t ra l  Bands 
Recor?aaended by T/n Technical Working G r o u p  

3%w Reflectance f o r  Sa tu ra t ion  

20% 
58% 
53% 
75% 
75% 
SOX 

270 K - 330 K 

Ground Instantaneous F i e ld  of  V i e w  (IFOV) 

The g r a n d  IFOV of t h e  proposed T/n is 30m r e s u l t i n g  i n  
an approximately sewen-fold decrease  i n  t h e  a r ea  o f  t h e  
scanner p i c t u r e  element (pixel)  from tha t  provided by t h e  
HSS, me reduct ion i n  ground IZOV is a w l i s h e d  by a 
decrease i n  angular  IFOV to  42 w a d  and a lower spzcec ra f t  
a l t i t u d e  of 705km, This "higher reso lu t ionm c o n s t i t u t e s  a 
s i g n i i i c a n t  improvement i n  the q u a l i t y  of data f o r  alrost 
every appl icat ion;  a id ing  de tec t ion ,  recogni t ion and 
mensuration of e a r t h  resources  fea tures ,  

G e o m e t r i c  Accuracy 

The band t o  band r e g i s t r a t i o n  of  t h e  Tfl d a t a  w i l l  be 
0.1 IMW which is 2,Sx b e t t e r  than f o r  t h e  MSS. A t  3Om 
qround IFOV t h e  in terband r e g i s t r a t i o n  will t h u s  be k3m. 
rhe c h a r a c t e r i s t i c s  of t h e  instrument,  spacec ra f t  con t ro l ,  
and da t a  processing f a c i l i t i e s  are planned to  provide long 
tern. scan s t a b i l i t y  t h a t  w i l l  produce scene t o  scene 
r e g i s t r a t i o n  to with in  0.5 IFOV, or lSm on t h e  grot id .  Long 
term scan s t a b i l i t y  is important for r e g i s t r a t i o n  of scenes 
i n  multi-temporal a n a l y s i s  and area measurement. 



Quant izat ion 

The proposed T/M design calls f o r  a quadrupling of t h e  
number of  quant iza t ion  l e v e l s  to 256 i n  order  t o  acconraodate 
t h e  s e n s i t i v i t y  and dynamic range c h a r a c t e r i s t i c s  of t h e  
sensor, 

Orbi ta  1 Al t i t ude  

The p r w i s i o n  of 30m ground IFOV with t h e  design angular  
IMW of 42prad r equ i r e s  a spacecraf t  a l t i t u d e  of 705km- 
This  a l t i t u d e  w i l l  also be compatible with t h e  s h u t t l e  
c a p a b i l i t y  t o  service t h e  TIM scanner and spacecraft. This 
is lower than  t h e  c u r r e n t  LANDSAT a l t i t u d e  of approximately 
900km- The lower o r b i t  should also improve t a r g e t  radiance 
s ignal ,  

Equator ia l  Crossing Time 

The proposed equa to r i a l  c ross ing  t i m e  of t h e  LANDSAT-1 
spacecraf t  is 1100 hrs. This ckange from the approximte1y 
0930 hrs cross ing  time of c u r r e n t  LANDSATs is planned i n  
order  t o  imprave the signal-noise r a t i o ,  enhance vege ta t ion  
c l a s s i f i c a t i o n  accuracy, and take  advantage of higher s o l a r  
e l eva t io?  t o  reduce shadows i n  a r e a s  of high r e l i e f ,  This 
reductron i n  shadow e f f e c t  i s  a disadvantage f o r  some users,  

Coverage Frequency 

A two-satellite system providing coverage every nlne  
days w a s  recommended by t h e  T h e m t i c  Mapper t echn ica l  
Working Group, 1 The nine day i n t e r v a l  allows o b s e r v a t i ~ n  of 
many dynamic phenomena, p a r t i c u l a r l y  crop growth and 
phenological var ia t ions ,  It  a l s o  increases  t h e  probabi l i ty  
of obta ining cloud-free coverage, The proposed TIM missio.? 
calls for two- sa t e l l i t e ,  n i n e d a y  coverage. Two s a t e l l i t e s  



would al.so provide a backup i n  case of fa i lure  o f  one sensor 
or spacecraft and thus assure continuity of coverage while 
repairs are made or replacements launched- 

1)  Harnage, J, and D, Landgrebe, ,eds., LANDSAT-D t h e m t i c  
mapper technical working group - Final report - L.5. 
Johnson Space Center, June 1975, 156 pgs, 

2) Thaason, PI J., JODI Erickson, R, F, Nalepka, and J . D .  
weber, Hultispectral scanner data applications 
evaluation - NASA JSC-092(11, December 1974, 357 pgs. 




