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ABSTRACT 

The urgent  need t o  manage e a r t h  resources  w i se ly  gene ra t e s ,  i n  
t u r n ,  a  need t o  inventory  them accu ra t e ly .  A s  a  p r e r e q u i s i t e  t o  
i n t e l l i g e n t  management, t h e  e a r t h  resource manager must know, f o r  
each component of t h e  e a r t h  resource  "complex", how much of  it i s  
l o c a t e d  i n  each p o r t i o n  of t h e  a r e a  which he seeks t o  manage, i . e . ,  
he  must have an " in t eg ra t ed"  inventory .  During t h e  p a s t  two yea r s  
remote sens ing  s c i e n t i s t s  on 6 campuses of  t h e  Univers i ty  of Ca l i f -  
o r n i a  have been engaged i n  a  NASA-funded p r o j e c t  which seeks t o  make 
an i n t e g r a t e d  s tudy of t h e  e n t i r e  resource  complex f o r  one of  t h e  
t h r e e  a r eas  which have been s e l e c t e d  by NASA a s  primary t e s t  s i t e s  
f o r  e a r t h  resource  surveys,  v i z .  t h e  s t a t e  of C a l i f o r n i a .  Many of 
t h e  e a r t h  resource  components i n  C a l i f o r n i a ,  a s  i n  most o t h e r  p a r t s  
of  t h e  world,  a r e  dynamic r a t h e r  than  s t a t i c .  Therefore,  it i s  
necessary f o r  t h e s e  resources  t o  be  inven to r i ed  f r equen t ly  and rap- 
i d l y  -- f r equen t ly  s o  t h a t  resource  t r ends  can be  followed -- r a p i d l y  
s o  t h a t  resource  management dec i s ions  can be  made and implemented 
whi le  t h e  inventory  d a t a  a r e  s t i l l  cu r r en t .  Our p re sen t  s t u d i e s ,  
based l a r g e l y  on NASA-flown photography, a r e  g iv ing  major emphasis t o  
such cons ide ra t ions .  These s t u d i e s  g ive  p a r t i c u l a r  cons idera t ion  t o  
t h e  oppor tun i t i e s  t h a t  w i l l  soon be a f fo rded  f o r  s a t i s f y i n g  t h e s e  
requirements through a  combination of human and machine process ing  of 
ERTS-A d a t a  acqui red  (weather  pe rmi t t i ng )  every 18 days. However, 
t h e  wise management of e a r t h  resources  i n  an a r e a  such a s  t h e  s t a t e  
of C a l i f o r n i a  depends on f a r  more than  t h e  mere acqui r ing  of  t ime ly ,  
accu ra t e  resource  i n v e n t o r i e s .  Even when given such informat ion ,  
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t h e  resource  manager could e a s i l y  make wrong dec is ions  i f  he were t o  
ignore  c e r t a i n  important  socio-economic f a c t o r s .  A l t e rna t e ly  s t a t e d ,  
human needs and emotions cannot be overlooked ( p a r t i c u l a r l y  i n  t h e s e  
days of t h e  environment "crusaders")  a s  we seek b e t t e r  t o  manipulate 
e a r t h  r e sou rces ,  whether on a  l o c a l ,  r e g i o n a l ,  n a t i o n a l  o r  g loba l  
b a s i s .  As w i l l  be  i n d i c a t e d  i n  t h e  p re sen t  paper ,  due cons idera t ion  
i s  being given t o  each of t h e  foregoing f a c t o r s  i n  t h i s  " in t eg ra t ed"  
s tudy .  

INTRODUCTION 

Most u n i v e r s i t y  f a c u l t y  members che r i sh  t h e  p r i v i l e g e  of working 
on research  p r o j e c t s  which a r e  of t h e i r  own choosing. I n  t h e  univer-  
s i t y  atmosphere a  research  s c i e n t i s t  u sua l ly  i s  permi t ted  and even 
encouraged t o  devise  h i s  own research  program, ob ta in ing  f i n a n c i a l  
support  f o r  it a s  necessary through h i s  own vigorous e f f o r t s .  I n  
f a c t ,  a  major f a c t o r  governing h i s  r a t e  of  promotion wi th in  t h e  
u n i v e r s i t y  i s  h i s  " c r e a t i v i t y "  a s  evidenced by h i s  a b i l i t y  t o  perform 
such t a s k s .  

The a n t i t h e s i s  of such a  p r o j e c t  might seem t o  be  embodied i n  
t h e  NASA-funded " in t eg ra t ed"  s tudy ,  which i s  t h e  sub jec t  of my paper .  
That s tudy  i s  being undertaken by more than  20 s e n i o r  s c i e n t i s t s  and 
approximately 40 graduate  and undergraduate s tuden t s  on 6 campuses of 
t h e  Univers i ty  of  C a l i f o r n i a .  Each s c i e n t i s t  p a r t i c i p a t i n g  i n  t h e  
s tudy ( d e t a i l s  of which a r e  about t o  be  descr ibed)  has found it nec- 
e s sa ry  t o  s a c r i f i c e  some of t h e  r e sea rch  autonomy t o  which he has 
grown accustomed, i n  o rde r  t o  improve t h e  degree of i n t e g r a t i o n  t h a t  
might be  achieved,  and hence t h e  o v e r a l l  e f f e c t i v e n e s s  of t h e  s tudy .  
I n  a d d i t i o n  he  has had t o  demonstrate an unusual amount o f  adaptab i l -  
i t y  i n  t h e  r e p o r t i n g  of  h i s  research  r e s u l t s  s i n c e  t h e r e  f r equen t ly  
has been a  need f o r  h i s  con t r ibu t ion  t o  be i n t e g r a t e d  i n t o  t h e  o v e r a l l  
p rogress  r e p o r t  i n  a  way t h a t  d i d  not  recognize h i s  i n d i v i d u a l  c o n t r i -  
bu t ion  a s  c l e a r l y  as it would have been i n  more convent ional  s t u d i e s .  
I n  view of  t h e s e  f a c t s  I would be remiss ,  i n  my capac i ty  a s  p r i n c i p a l  
i n v e s t i g a t o r  f o r  our  i n t e g r a t e d  s tudy ,  i f  I d id  not  t ake  t h i s  oppor- 
t u n i t y  a t  t h e  o u t s e t  t o  commend t h e s e  p a r t i c i p a t i n g  s c i e n t i s t s ,  e r i -  
nent  expe r t s  a s  they  a r e  i n  t h e i r  own r i g h t ,  f o r  t h e  very h igh  degree 
of  a d a p t a b i l i t y  and cooperat iveness  which they  have demonstrated. 

It i s  my p r i v i l e g e  today ,  speaking on behal f  of t h e  many compe- 
t e n t  i nd iv idua l s  who have been p a r t i c i p a t i n g  i n  t h e  p r o j e c t ,  t o  do 
t h e  fol lowing:  (1) desc r ibe  b r i e f l y  t h e  r a t h e r  u n t r a d i t i o n a l  way i n  
which our  p r o j e c t  got  s t a r t e d ,  ( 2 )  i n d i c a t e  t h e  s p e c i f i c  na tu re  of 
t h e  p r o j e c t ,  ( 3 )  desc r ibe  some o f  our  research  accomplishments t o  



d a t e ,  and (4) s t a t e  what we hope t o  accomplish i n  t h e  f u t u r e .  

O R I G I N  OF THE INTEGRATED PROJECT 

Ear ly  i n  1969 t h e  Di rec to r  of  NASA made a  proposal  somewhat along 
t h e  fol lowing l i n e s  t o  t h e  Di rec to r  of t h e  NASA-funded Space Sciences 
Laboratory of t h e  Univers i ty  of C a l i f o r n i a :  " In  add i t i on  t o  t h e  
research  which your l abo ra to ry  i s  a l ready  doing f o r  NASA i n  such 
f i e l d s  a s  p l ane t a ry  physics  and systems a n a l y s i s ,  it would seem des i r -  
a b l e  f o r  you t o  consider  doing work which i s  r e l a t e d  t o  NASA's Ear th  
Resources Survey Program". 

These words of  encouragement l e d  t o  a  s e r i e s  of  planning s e s s i o n s ,  
most of which were p a r t i c i p a t e d  i n  by f a c u l t y  r e p r e s e n t a t i v e s  from 
a l l  of t h e  major campuses of  t h e  Univers i ty  of  C a l i f o r n i a ,  t oge the r  
wi th  one o r  two NASA r e p r e s e n t a t i v e s .  The u n i v e r s i t y  s c i e n t i s t s  pre- 
pared var ious  remote sens ing  proposa ls  dea l ing  wi th  a  l a r g e  number of  
t o p i c s  which ranged from t h e  g loba l  monitoring of  vo lcanic  e rupt ions  
t o  t h e  s tudy of ae roso l s  i n  t h e  atmosphere. Among t h e s e  was a  pro- 
posa l  t o  conduct an i n t e g r a t e d  s tudy of C a l i f o r n i a ' s  e n t i r e  "resource 
complex" through remote sens ing  from a i r c r a f t  and s p a c e c r a f t .  

Of t h e s e  var ious  proposa ls ,  only t h e  l a t t e r  l e d  t o  funding by 
NASA, t h e  f i r s t  a l l o c a t i o n  o f  funds having been made i n  May, 1970. 
From t h e  o u t s e t ,  h a l f  o f  t h e s e  funds have been con t r ibu ted  by t h e  
NASA Ear th  Resources Survey Program and h a l f  by t h e  NASA Of f i ce  of 
Univers i ty  A f f a i r s ,  bu t  wi th  a  s u b s t a n t i a l  amount of matching support  
by t h e  Univers i ty  of C a l i f o r n i a .  

Since i t s  i ncep t ion  t h i s  s tudy  has been given t h e  r a t h e r  cumber- 
some but  a p t l y  d e s c r i p t i v e  t i t l e :  " ~ n  I n t e g r a t e d  Study of  Ear th  
Resources i n  t h e  S t a t e  of  C a l i f o r n i a  Using Remote Sensing Techniques1'. 
Reasons f o r  s e l e c t i n g  t h e  s t a t e  of  C a l i f o r n i a  f o r  t h e  t e s t  s i t e  
included t h e  fol lowing:  

1. It e x h i b i t s  a  g r e a t  v a r i e t y  of e a r t h  resources ,  landforms 
and c l i m a t i c  f a c t o r s .  

2 .  Large amounts of  remote sens ing  d a t a  and a s soc i a t ed  ground 
t r u t h  d a t a  a l r eady  a r e  a v a i l a b l e  f o r  many p a r t s  of Ca l i f -  
o r n i  a .  

3. With r e spec t  t o  e a r t h  resource  management, var ious  s o c i a l  
and environmental s t r e s s e s  a l ready  a r e  being f e l t  s t r o n g l y ,  
making C a l i f o r n i a  a  model of t h ings  t o  come, both  n a t i o n a l l y  
and g l o b a l l y .  



4. Many competent phys i ca l  and s o c i a l  s c i e n t i s t s  now r e s i d i n g  
i n  C a l i f o r n i a  could b e ,  and want t o  be ,  ass igned  t o  such 
i n t e g r a t e d  s t u d i e s .  

5 .  Appropriate  NASA-funded f a c i l i t i e s  and a s s o c i a t e d  admin- 
i s t r a t i v e  c a p a b i l i t i e s  f o r  t h e  conduct of such s t u d i e s  
a l r eady  e x i s t  i n  C a l i f o r n i a .  

NATURE OF THE STUDY 

It was recognized i n  our  proposa l  t o  NASA t h a t  l i t t l e  would be 
accomplished under t h i s  i n t e g r a t e d  s tudy I f  we at tempted t o  i n v e s t i -  
g a t e ,  a t  t h e  o u t s e t ,  a l l  components of C a l i f o r n i a ' s  e n t i r e  e a r t h  
resource  complex, s ta tewide .  I d e a l l y  we would begin our s tudy  by 
i n v e s t i g a t i n g  some phase of t h i s  complex which was both  d i s c r e t e  and 
l i m i t e d ,  bu t  which neve r the l e s s  r equ i r ed  a  cons ide ra t ion  of bo th  t h e  
resource  i n t e r r e l a t i o n s h i p s  and t h e  a t t i t u d e s  of t h e  people i n  a  
very  s i z a b l e  p a r t  of t h e  s t a t e .  Given t h e s e  c o n s t r a i n t s  and ambitions 
we t e n t a t i v e l y  s e l e c t e d  t h e  "Ca l i fo rn i a  Water P ro j ec t "  a s  t h e  f o c a l  
p o i n t  f o r  t h i s  i n i t i a l  phase of our  s tudy .  The word " t e n t a t i v e l y "  i s  
used advisedly  because it was recognized t h a t  resource  managers and 
admin i s t r a to r s ,  p a r t i c u l a r l y  w i t h i n  t h e  Adminis t ra t ive  Branch of t h e  
s t a t e  of C a l i f o r n i a ,  would need t o  be consul ted  i n  o rde r  t o  determine 
(1) whether such a study would meet w i th  t h e i r  favor  o r  d i s f avor  and 
( 2 )  whether ,  i n  t h e  event  t h a t  we were au thor ized  and funded t o  con- 
duct  such a s tudy ,  mutually b e n e f i c i a l  working r e l a t i o n s h i p s  w i th  
resource  managers i n  t h e  Adminis t ra t ive  Branch might be developed. 

I n i t i a l l y  t h e r e  were some s e r i o u s  r e se rva t ions  expressed by 
personnel  i n  t h e  C a l i f o r n i a  Resources Agency, and elsewhere i n  t h e  
Adminis t ra t ive  Branch, a s  t o  t h e  a d v i s a b i l i t y  of  our  conducting those  
a spec t s  of  our s tudy t h a t  r e l a t e d  s p e c i f i c a l l y  t o  t h e  C a l i f o r n i a  Water 
P r o j e c t .  They po in t ed  out  t h a t  most of t h e  dec i s ions  t h a t  were 
r equ i r ed  bo th  i n  conceiving and i n  developing t h e  C a l i f o r n i a  Water 
P r o j e c t  a l ready  had been made long be fo re  our  s tudy was proposed. We 
were w e l l  aware of  t h i s  f a c t  and had been regard ing  it a s  a  major 
s t r e n g t h  r a t h e r  t han  a  weakness i n  our  proposed s tudy ,  s i n c e  our  
o b j e c t i v e  was not  t o  provide a  " c r i t i q u e f 1  of  e i t h e r  t h e  concept t h a t  
r e s u l t e d  i n  a u t h o r i z a t i o n  of t h e  C a l i f o r n i a  Water P r o j e c t  o r  t h e  s t e p s  
be ing  taken  t o  implement i t .  I n s t e a d ,  we were hoping t o  be  a b l e  t o  
use  i n  our  proposed s tudy t h e  va luab le  experiences gained and ground 
t r u t h  d a t a  acqui red  by t h o s e  who had been working f o r  many y e a r s  on 
t h e  C a l i f o r n i a  Water P r o j e c t .  We recognized t h a t  it would be  pro- 
h i b i t i v e l y  c o s t l y  and t ime consuming f o r  u s  t o  at tempt  t o  acqu i r e  t h i s  
sane k ind  of " input"  independent ly.  However it was our b e l i e f ,  a s  



expressed i n  our  proposa l ,  t h a t  t h i s  s i t u a t i o n  enhanced t h e  usefu lness  
of t h e  s t a t e  of C a l i f o r n i a  a s  a  " c a l i b r a t i o n "  t e s t  s i t e ,  and of t h e  
C a l i f o r n i a  Water P r o j e c t  a s  a  " c a l i b r a t i o n "  p r o j e c t ,  so  t h a t  our 
r e sea rch  f ind ings  could be app l i ed ,  by e x t r a p o l a t i o n ,  t o  o the r  p a r t s  
of  t h e  world t h a t  were l e s s  developed than  Ca l i fo rn i a  y e t  h ighly  
analogous t o  it i n  terms of  c h a r a c t e r i s t i c s  of t h e  t o t a l  resource  
complex. By t h e  t ime t h e s e  d i scuss ions  had been concluded, an amica- 
b l e  r e l a t i o n s h i p  wi th  t h e  Adminis t ra t ive  Branch had been developed 
and t h i s  f a c t  was made known t o  t h e  app ropr i a t e  NASA a u t h o r i t i e s  a t  
t h e  t ime when f i n a l  cons ide ra t ion  was be ing  given t o  our proposa l .  

During t h e  pe r iod  i n  which we have been conducting t h i s  NASA- 
funded s tudy ,  we have given numerous b r i e f i n g s  t o  t h e  app ropr i a t e  
i nd iv idua l s  i n  t h e  C a l i f o r n i a  Adminis t ra t ive  Branch. I n  r ecen t  months 
t h i s  procedure has been r e spons ib l e ,  i n  p a r t ,  f o r  t h e  development of 
complementary r a t h e r  t han  competi t ive ERTS-A and SKYLAB proposa ls  by 
t h e  Adminis t ra t ive  Branch and t h e  Un ive r s i t y  of  C a l i f o r n i a ,  respec- 
t i v e l y .  Evidence of t h e  success  t h a t  has t hus  been achieved,  d e s p i t e  
t h e  f a c t  t h a t  i n i t i a l l y  t h e r e  were many formidable diplomatic  d i f f i -  
c u l t i e s ,  can be  found i n  t h e  fol lowing quotes from a  l e t t e r  t o  NASA 
from C a l i f o r n i a ' s  L t .  Governor Reinecke, da ted  A p r i l  1 3 ,  1971, t h e  
purpose of  which was t o  comment upon t h e  U n i v e r s i t y ' s  ERTS-SKYLAB 
proposal  a s  viewed by t h e  Adminis t ra t ive  Branch: "On behal f  of  t h e  
S t a t e  of C a l i f o r n i a ,  I wish t o  t a k e  t h i s  oppor tuni ty  t o  s t rong ly  
endorse t h i s  proposa l  . . . M r .  Norman B. Livermore, Secretary-Resource 
Agency, and M r .  E a r l  Coke, Secre ta ry-Agr icu l ture  and Se rv ices  Agency, 
who r ep resen t  t h e  l a r g e s t  segments of  s t a t e  government u t i l i z i n g  t h i s  
d a t a ,  and who have con t r ibu ted  guidance and impetus t o  t h e  proposed 
program, w i l l  provide f u r t h e r  l e a d e r s h i p  and a s s i s t a n c e  a s  required1 ' .  

The emphasis a l r eady  given i n  t h i s  paper t o  mat te rs  of  "protocol"  
i s  a h ighly  purposefu l  one. For h e r e i n  may l i e  t h e  g r e a t e s t  de t e r -  
minant of f u t u r e  successes  f o r  t h e  e n t i r e  NASA-sponsored Ea r th  
Resources Survey Program. The s k e p t i c s  a r e  f i n a l l y  becoming convinced 
t h a t  meaningful resource  surveys and r e l a t e d  information of a  h ighly  
d e t a i l e d  na tu re  can be acqui red  p r imar i ly  by means of remote sens ing  
from a i r c r a f t  and s p a c e c r a f t .  Therefore ,  many of them a r e  becoming 
q u i t e  s e n s i t i v e  about t h e  k inds  of surveys t h a t  should be permi t ted .  
To ignore  t h i s  f a c t  i n  f u t u r e  s t u d i e s  conducted under t h e  NASA Ear th  
Resources Survey Program may be t o  ensure a t  t h e  o u t s e t  t h e  u l t ima te  
f a i l u r e  of such s t u d i e s .  So important  i s  t h i s  development, i n  t h e  
view of t h e  present  w r i t e r ,  t h a t  it w i l l  be  r e f e r r e d  t o  aga in  i n  a  
concluding s e c t i o n  of h i s  paper ,  bu t  wi th  referen-ce t h e r e  p r imar i ly  
t o  i t s  i n t e r n a t i o n a l  imp l i ca t ions .  



FRAMEWOFK WITHIN WHICH TO VIEW THE STUDY 

A key word i n  t h e  t i t l e  of  t h i s  s tudy ,  which se rves  t o  d i f f e r -  
e n t i a t e  it from o the r  e a r t h  resource  survey s t u d i e s  t h a t  have been 
f'unded t o  d a t e  by NASA, i s  t h e  word " in tegra ted" .  According t o  t h e  
d i c t i o n a r y ,  t h e  term " in t eg ra t e "  means " to  form i n t o  a  whole; t o  
u n i t e  wi th  something e l s e ;  o r  t o  i nco rpora t e  i n t o  a  l a r g e r  un i t " .  I n  
o rde r  t o  app rec i a t e  how such a  concept might b e s t  apply t o  t h e  ind i -  
v idua l  and c o l l e c t i v e  e f f o r t s  under t h i s  multi-campus p r o j e c t ,  l e t  us  
consider  t h e  d e s i r e s  of two groups t h a t  a r e  c e r t a i n  t o  be i n t e r e s t e d  
i n  t h i s  p r o j e c t  and i t s  f i nd ings .  

On t h e  one .hand,  t h e r e  a r e  t hose  a l ready  r e f e r r e d  t o  who n e e d ' t o  
make major p o l i c y  dec i s ions  wi th  r e spec t  t o  t h e  e a r t h  resources  i n  a  
p a r t i c u l a r  geographic a r e a  and then  t o  develop management p l ans  t h a t  
w i l l  t hose  dec is ions  t o  be implemented i n  an e f f i c i e n t  manner. 

On t h e  o t h e r  hand, t h e r e  a r e  d a t a  a c q u i s i t i o n  and d a t a  process ing  
s p e c i a l i s t s  who a r e  i n t e r e s t e d  i n  knowing ( a )  what package of remote 
sensing devices  (and t h e  a s soc i a t ed  a i r c r a f t  and spacec ra f t  f o r  t r a n s -  
p o r t i n g  t h e s e  devices)  might b e s t  be used t o  c o l l e c t  meaningful e a r t h  
resource  d a t a  on a  g loba l  b a s i s ,  and ( b )  what techniques and equipment 
should be used i n  e x t r a c t i n g  u s e f u l  information from t h e  acqui red  
d a t a .  

The i n t e r e s t  o f  bo th  groups i n  having research  done i n  t h e  s t a t e  
of  C a l i f o r n i a  r e s u l t s  p r imar i ly  from t h e  f a c t  t h a t  t h e  f i nd ings  made 
t h e r e  by a  competent group of s c i e n t i s t s  might be app l i ed ,  wi th  only 
s l i g h t  modi f ica t ion ,  t o  v a s t  p a r t s  of t h e  globe which a re ,  t o  vary ing  
degrees ,  analogous t o  t h e  s t a t e  of  Ca l i fo rn i a  i n  terms of t h e  complex 
of e a r t h  resources  exh ib i t ed  and e a r t h  resource management dec i s ions  
t o  be made. 

The l i n k s  of a  cha in  which might se rve  t o  t i e  t h e s e  two groups . 
t oge the r  a r e  i nd ica t ed  i n  t h e  diagram i n  F igure  1. Areas of research  
emphasis of  t h e  d i f f e r e n t  campuses responsive t o  t h e s e  d i f f e r e n t  l i n k s  
a r e  i l l u s t r a t e d  i n  Figure 2. 

An a d d i t i o n a l  way i n  which t o  view t h e  l i n k s  by means o f  which 
remote sens ing  techniques can be  used t o  s a t i s f y  t h e  informat iona l  
requirements of var ious  resource  management groups appears i n  F igure  3. 
It  i s  t o  be  emphasized t h a t  our  i n i t i a l  e f f o r t s ,  a s  suggested by t h e  
c e n t r a l  po r t ion  of t h i s  diagram, have d e a l t  wi th  one resource  -- t h e  
water  resource  -- and furthermore have been q u i t e  s p e c i f i c  i n  dea l ing  
almost e n t i r e l y  w i t h  one example of t h a t  resource  and t h e  management 
problems a s soc i a t ed  with i t ,  v i z .  t h e  Ca l i fo rn i a  Water P r o j e c t .  Even 



within this limited context, however, we are making a sizable effort 
to achieve "integration" in our study from three standpoints, data 
acquisition, data analysis and data use as indicated in the three 
paragraphs which follow. 

From the data acquisition standpoint this study seeks to inte- 
grate: (1) data acquired from sensors operating in several wave- 
length bands (the Multispectral or Multiband concept); (2) data 
acquired from sensors operating at several different times (the 
~ei~oral or Multidate concept) ; (3) data acquired from two or more 
stations in the same flight path (the Parallax or Multistation concept; 
(4) data acquired using both like- and cross-polarization sensors (the 
Multipolarization concept); ( 5 )  data acquired from two or more nearly 
identical images (the "improved signal-to-noise" or Multi-image Cor- 
relation concept); and (6) data acquired from space, air and ground 
(the Multi-stage concept). 

From the data analysis standpoint this study seeks to integrate: 
(1) analyses contributed by analysts from several disciplines (the 
Multi-disciplinary concept); (2) analyses made possible through the 
making of various optical and electronic image enhancements (the - - 
Multi-enhancement concept); and '(3) analyses made possible through 
proper interaction between humans and machines (the "~uman" vs.  
- 

"Automatic" or Multiple Data Processing concept).. 

From the information use standpoint this study seeks to inte- 
grate: (1) information about all components of the total resource 
''complex" and the inter-relations of these components (the Multi- 
resource concept); (2) information needed in producing several kinds 
of earth resource products from the same piece of property (the Multi- 
use concept); (3) information needed by several types of earth - 
resource managers and consumers (the Multi-user concept); (4) infor- 
mation displayed in various formats (thematic maps, 3-D models , anno- 
tated,photo mosaics, tables, graphs, etc.) to be* aisfy the various 
multi-use and multi-user requirements and preferences (the Multi- 
display concept); and ( 5 )  information about inter-relations Gong 
earth resource components and the uses of these components'in one 
geographic area vs. another (the Multi-association concept) : 

While this "multi" concept could be still further enlarged upon, 
perhaps it already has been overdone in the preceding paragraphs. 
Nevertheless, at the very heart of our integrated study is the central 
theme implied above and expressed as follows: The providing of useful 
information about earth resources through the use of remote sensing 
techniques is, at best, a difficult task. In fact it becomes an 
almost futile task if only one image of the area of interest is given 
in the completely unenhanced form, to one analyst, and he uses only 



one approach i n  at tempting t o  e x t r a c t  u se fu l  information from it t h a t  
might be of use  t o  only one of  t h e  hos t  of  p o t e n t i a l  b e n e f i c i a r i e s  of  
such informat ion .  I n  c o n t r a s t  wi th  t h i s  l i m i t e d  approach, each o f  
t h e  " m u l t i "  concepts j u s t  expressed may add a  small  amount t o  h i s  
a b i l i t y  t o  improve t h e  usefu lness  of  resource  information t h a t  he i s  
a t tempting t o  provide.  Furthermore, t h e  o v e r a l l  usefu lness  of t h e  
f i n a l  product may be improved f a r  more than  might be suggested merely 
by summing up t h e  improvements made poss ib l e  through employing t h e s e  
var ious  " m u l t i "  concepts ,  as  app ropr i a t e .  Hence, a t  some po in t  i n  
t h e  process  a  t h re sho ld  i s  crossed ,  t o  t h e  l e f t  of which t h e  in fo r -  
mation acqui red  by remote sens ing  i s  v i r t u a l l y  wor th less  and t o  t h e  
r i g h t  of which it becomes p rog res s ive ly  more u s e f u l ,  even t o  t h e  
p o i n t  of  becoming t h e  most u se fu l  combination of t o o l s  and techniques 
a v a i l a b l e  t o  those  i n t e r e s t e d  i n  achieving t h e  wises t  p o s s i b l e  manage- 
ment of t h i s  g lobe ' s  c r i t i c a l l y  l i m i t e d  complex of e a r t h  resources .  

NATURF: OF THE CALIFORNIA WATER PROJECT 

Because of t h e  i n i t i a l  emphasis being placed i n  our  s tudy on t h e  
C a l i f o r n i a  Water P r o j e c t ,  it i s  deemed appropr ia te  t o  provide here  a  
b r i e f  h i s t o r i c a l  review and synopsis  of t h a t  p r o j e c t .  

The C a l i f o r n i a  Water P r o j e c t  i s  t h e  f i r s t  major water  resource  
development under t h e  C a l i f o r n i a  Water P lan .  The masterplan was pub- 
l i s h e d  by t h e  Department of Water Resources ( B u l l e t i n  3) and approved 
by t h e  S t a t e  Leg i s l a tu re  i n  1959. It i s  t h e  outgrowth of  s t u d i e s  i n  
t h e  1950's  of t h e  u l t ima te  p o t e n t i a l  use  of t h e  land and water  resomes  
of t h e  s t a t e  a s  pe r  B u l l e t i n s  1 and 2 of  t h e  DWR. 

The S t a t e  Water P r o j e c t  ( s e e  F igure  4) w i l l  d e l i v e r  4,320,000 
a c r e  f e e t  of water  annual ly t o  Cent ra l  and Southern C a l i f o r n i a .  The 
major supply of water comes from t h e  Fea ther  River  and i s  impounded by 
t h e  Orov i l l e  Dam f o r  subsequent r e l e a s e  through t h e  Sacramento River  
and t h e  De l t a  pool  t o  pumps on t h e  south s i d e  of t h e  De l t a .  Water i s  
pump l i f t e d  t o  t h e  South Bay Aqueduct and t h e  Ca l i fo rn i a  Aqueduct (244 
f e e t ) .  

The C a l i f o r n i a  Aqueduct, which w i l l  d e l i v e r  t h e  water  t o  Southern 
C a l i f o r n i a ,  c a r r i e s  t h e  flow t o  t h e  j o i n t  f e d e r a l - s t a t e  u t i l i t y ,  San 
Luis Reservoi r ,  t h e  second major s to rage  r e s e r v o i r  of t h e  P r o j e c t .  
De l ive r i e s  a r e  made from t h e  San Luis Reservoir  t o  t h e  f e d e r a l  Cent ra l  
Valley P r o j e c t  i n  t h e  C a l i f o r n i a  Aqueduct f o r  de l ive ry  t o  t h e  southern 
San Joaquin Valley and Southern C a l i f o r n i a .  A t  t h e  south end of t h e  
Cent ra l  Val ley,  P r o j e c t  water  i s  pump l i f t e d  nea r ly  two thousand f e e t  
through t h e  Tehachapi Mountains. South of t h e  Tehachapi 's  t h e  system 



d iv ides  i n t o  a West Branch f o r  d e l i v e r y  t o  t h e  MWD and a number of  
smal le r  c o n t r a c t o r s ,  and an Eas t  Branch f o r  de l ive ry  t o  Antelope 
Valley-Mojave Desert  water  agencies  and t h e  ba lance  of  t h e  MWD commit- 
ments. The t e rmina l  r e s e r v o i r s  f o r  t h e  p r o j e c t  a r e  Cas t a i c  i n  t h e  
Eas t  and Lake P e r r i s  i n  t h e  sou theas t .  The P r o j e c t  i s  t h e  l a r g e s t  
s i n g l e  water  resource  development undertaken i n  t h e  United S t a t e s .  I n  
a d d i t i o n  t o  t h e  t r a n s f e r  of 4,230,000 ac re  f e e t  annual ly  through 684 
mi les  of aqueducts it provides a s t o r a g e  capac i ty  o f  nea r ly  7 m i l l i o n  
a c r e  f e e t .  The p r o j e c t  f a c i l i t i e s  w i l l  genera te  5 . 3  m i l l i o n  ki lo-watt  
hours of e l e c t r i c i t y  annual ly and consume 13.4 m i l l i o n  ki lo-watt  hours 
annual ly a t  full development. 

A number of  e s s e n t i a l  f e a t u r e s  of t h e  C a l i f o r n i a  Water P r o j e c t  
a r e  s t i l l  i n  va r ious  s t a g e s  of s tudy  and l i t i g a t i o n .  Fu tu re  water  
supp l i e s  t o  augment t h e  C a l i f o r n i a  Aqueduct and t h e  De l t a  Pool  may b e  
needed be fo re  t h e  p r o j e c t  can ope ra t e  a t  ful l  capac i ty .  A P e r i p h e r a l  
Canal around t h e  De l t a  has  been proposed t o  p r o t e c t  t h e  ecology of  
t h e  San Franc isco  Bay and De l t a  a r eas  a s  w e l l  a s  t o  provide f o r  an 
adequate flow of f r e s h  water .  The Cent ra l  Val ley Master Drain t o  
prevent  s o i l  s a l t s  from accumulating i s  s t i l l  i n  abeyance u n t i l  agree- 
ment i s  reached on repayment of i t s  c o s t .  

I n  t o t a l ,  t h e  S t a t e  Water P r o j e c t  i s  over  95% completed o r  under 
cons t ruc t ion .  A s  of l a t e  1969 it was ope ra t iona l  t o  no r the rn  Kern 
County. The tunne l s  through t h e  Tehachapi Mountains a r e  completed 
and most of t h e  cons t ruc t ion  on t h e  pumping p l a n t s  has  been completed, 
wi th  t h e  r e s u l t  t h a t  t h e  f i r s t  water  from t h i s  p r o j e c t  was d e l i v e r e d  
t o  Southern C a l i f o r n i a  i n  October,  1971. The aqueducts of  bo th  t h e  
West and Eas t  Branches of  t h e  system a r e  under cons t ruc t ion  a s  w e l l  a s  
t h e  fou r  major r e s e r v o i r s ,  Pyramid Lake, Cas ta ic  Lake, Silverwood Lake 
and Lake P e r r i s .  The d e l i v e r y  of water  t o  Los Angeles County i s  soon 
t o  be  followed by d e l i v e r y  of  water  t o  both  San Bernardino and River- 
s i d e  Counties.  

Water d e l i v e r i e s  from Cas t a i c  Lake w i l l  be  made t o  t h r e e  water  
c o n t r a c t o r s .  The p r i n c i p a l  u s e r ,  Metropol i tan Water D i s t r i c t  of 
Southern C a l i f o r n i a ,  w i l l  r ece ive  more than  1 . 4  m i l l i o n  a c r e  f e e t  p e r  
y e a r  from t h a t  f a c i l i t y  a f t e r  1990. Water d e l i v e r y  a t  t h e  Devil  Can- 
yon Powerplant near  San Bernardino w i l l  i nc lude  s e r v i c e  t o  a l l  t h e  
San Bernardino-Riverside a r e a .  When t h e  terminus r e s e r v o i r ,  Lake Per- 
r i s ,  i s  completed, it w i l l  s e rve  t h i s  a r e a  a s  w e l l  a s  t h e  ex tens ive  
water  market which inc ludes  San Diego and Orange Counties .  Water 
d e l i v e r y  from t h e  P e r r i s  Reservoi r  i s  expected i n  t h e  e a r l y  months of 
1973. 

Financing f o r  t h e  S t a t e  Water P r o j e c t  has  been a problem a r e a  
almost from i t s  i ncep t ion .  A t  t h e  t ime of i t s  a u t h o r i z a t i o n  i n  1960 



t h e  cos t  was es t imated  a t  1 .75  b i l l i o n  d o l l a r s .  Today t h e  conserva t ive  
c o s t s  es t imates  of t h e  DWR amount t o  2.8 b i l l i o n  d o l l a r s ,  while  more 
l i b e r a l  e s t ima te s  p r o j e c t  a  cos t  of 4 .0 b i l l i o n  d o l l a r s .  P r o j e c t  
customers w i l l  repay those  amounts a l l o c a t e d  t o  water  supply,  hydro- 
e l e c t r i c  power and a g r i c u l t u r a l  waste d i sposa l  amounting t o  90%. The 
remaining 10% w i l l  be  r epa id  by f e d e r a l  f l ood  c o n t r o l  funds and s t a t e  
t i d e l a n d  o i l  and gas revenues. 

The C a l i f o r n i a  Water P r o j e c t  i s  only one of a  number of  l a r g e  
inpu t s  i n t o  t h e  Southern Coastal  Hydrographic Uni t .  The l o c a l  s a f e  
y i e l d  s u p p l i e s  and t h e  imported water  from Owens Valley and t h e  Colo- 
rado River  exceed t h e  p r o j e c t e d  import of  P r o j e c t  waters .  The problems 
a s s o c i a t e d  wi th  water  resources  and water  impor ta t ion  a r e  numerous. 
The P r o j e c t  w i l l  a l l e v i a t e  such s i t u a t i o n s  a s  sporadic  water  runof f ,  
m a l d i s t r i b u t i o n  of water  supply,  ground water  ove rd ra f t  and t h e  i n t r u -  
s i o n  of s e a  water .  On t h e  o t h e r  hand, i t  r a i s e s  and con t r ibu te s  t o  
s t i l l  o t h e r  problems such a s  inadequate  dra inage ,  d i sputed  water  
r i g h t s ,  water  p r i c i n g  p o l i c i e s  of agencies  such as  t h e  MWD and t h e  
genera l  e f f i c a c y  of water  r e d i s t r i b u t i o n  and t h e  e f f i c i e n c y  of  water  
use .  

UNIVERSITY PARTICIPANTS AND THEIR FIELDS OF STUDY 

Figure  4 shows t h e  l o c a t i o n s  of s tudy a reas  f o r  c e r t a i n  of t h e  
p a r t i c i p a n t s  i n  t h i s  6-campus p r o j e c t .  A seventh campus   an ~ i e ~ o )  
a l s o  i s  shown because of t h e  p r o b a b i l i t y  of p a r t i c i p a t i o n  by sc ien-  
t i s t s  from t h a t  campus and from o t h e r s  whose research  a c t i v i t i e s  
on our i n t e g r a t e d  p r o j e c t  a r e  of such a  na tu re  t h a t  they  a r e  not  
l o g i c a l l y  d i r e c t e d  toward any one o f  t h e  s tudy a reas  shown i n  
F igure  5 .  

A summary of t h e  co- inves t iga tors  on t h e  var ious  campuses and of  
t h e  s p e c i f i c  phases with which they  a r e  concerned i s  a s  fol lows:  

1. Def in i t i on  of e a r t h  resource  po l i cy  and management problems 
i n  C a l i f o r n i a  

C .  West Churchman and Alexander Mood 
( ~ e r k e l e ~  and I r v i n e  campuses ) 

2. D e f i n i t i o n  of  t h e  information requirements of hydrologic  
resource  managers 

Robert Burgy and David Storm ( ~ a v i s  campus) 



3. Measurement of hydrologic  resource  parameters through remote 
sens ing  i n  t h e  Fea ther  River headwaters a r e a  

Gene Thorley,  e t  a 1  ( ~ e r k e l e y  campus) 

4. Studies  of  r i v e r  meanders 

Gerald Schubert and Richard L ingenfe l t e r  
(LOS Angeles campus) 

5 .  Assessment of t h e  impact of t h e  C a l i f o r n i a  Water P r o j e c t ,  
t h e  wes ts ide  of t h e  San Joaquin Valley 

John E s t e s ,  e t  a 1  ( ~ a n t a  Barbara campus) 

6. Assessment of t h e  impact of t h e  C a l i f o r n i a  Water P r o j e c t ,  
southern  C a l i f o r n i a  

Leonard Bowden, e t  a 1  ( ~ i v e r s i d e  campus) 

7. D i g i t a l  handl ing  and process ing  of remote sensing d a t a  

Vida l  Algazi and Dave Sakr i son  
( ~ a v i s  and Berkeley campuses) 

8. I n v e s t i g a t i o n  of atmospheric e f f e c t s  i n  image t r a n s f e r  

K i n s e l l  Coulson and Robert Wolraven ( ~ a v i s  campus) 

The above l i s t i n g  of t h e  var ious  phases of our i n t e g r a t e d  s tudy 
serves  t o  i n d i c a t e  i t s  unusual ly g r e a t  breadth  a s  compared wi th  o t h e r  
s t u d i e s  t h a t  have been funded t o  da t e  under t h e  NASA Ear th  Resources 
Survey Program. Because of t h i s  breadth  it has been necessary t o  g ive  
a cons iderable  amount of thought t o  t h e  ques t ion  of how one might b e s t  
r e p o r t ,  i n  a b r i e f  paper  such a s  t h i s ,  t h e  most s i g n i f i c a n t  r e s u l t s  
of our i n t e g r a t e d  s tudy .  As r e c e n t l y  a s  6 o r  8 yea r s  ago t h e  most 
e f f e c t i v e  r e p o r t  on such a p r o j e c t  probably would have been one i n  
which g r e a t  emphasis was p laced  on t h e  inc lus ion  of h ighly  c o l o r f u l  
i n f r a r e d  Ektachrome photos of va r ious  po r t ions  of our  t e s t  s i t e ,  
t oge the r  wi th  t h e  i n c l u s i o n  of s u i t a b l e  annota t ions  and capt ions  
i n d i c a t i n g  t h e i r  u se fu lnes s  i n  resource  inventory .  A t  t h a t  t ime most 
of t h e  p re sen t  p a r t i c i p a n t s  i n  t h e  nationwide NASA Ear th  Resources 
Survey Program had seen few, i f  any, i n f r a r e d  Ektachrome photos,  even 
though o t h e r s  i n  t h e  program have been working on such photography 
f o r  nea r ly  30 y e a r s .  The s i t u a t i o n  has changed dramat ica l ly  i n  t h e  
l a s t  few y e a r s ,  however, t o  t h e  po in t  where most of us  probably a r e  
weary of  see ing  t h e  o t h e r  f e l l o w ' s  l a t e s t  i n f r a r e d  Ektachrome photos-, 



however e n t h u s i a s t i c  we may be about our own! * 

s i m i l a r l y ,  any such r e p o r t ,  i f  given a s  r e c e n t l y  a s  two o r  t h r e e  
years  ago, might app ropr i a t e ly  have placed i t s  major emphasis on 
g u a n t i t a t i v e  expressions of  t h e  ex t en t  t o  which c e r t a i n  important 
e a r t h  resource  f e a t u r e s  can be  i d e n t i f i e d  on var ious  kinds of imagery 
taken  from a i r c r a f t  and s p a c e c r a f t .  A t  t h a t  t ime t h e r e  was a  c ry ing  
need f o r  such q u a n t i t a t i v e  information -- a  f a c t  t h a t  was vigorously 
poin ted  out  by t h e  NASA convenors of one of  our  annual reviews. This  
s i t u a t i o n ,  l i kewise ,  has been dramat ica l ly  r e c t i f i e d  i n  t h e  i n t e r i m  
t o  t h e  p o i n t  t h a t  many of  our  present-day r e p o r t s  t o  NASA seem t o  be  
l i t e r a l l y  clogged wi th  confessions about our  " e r r o r s  of omission' ' ,  
' ' e rrors  of commission" and "probable l e v e l s  of s ign i f i cance" .  

Many apsec t s  of our  6-campus i n t e g r a t e d  s tudy have, indeed,  
e n t a i l e d  t h e  use  of b e a u t i f u l  i n f r a r e d  Ektachrome photos.  Fur ther -  
more, some of  our  f i nd ings  a r e ,  indeed,  h ighly  s i g n i f i c a n t  t o  umpteen 
p l aces  and s e v e r a l  degrees of confidence,  i f  not  overconfidence. 
These f a c t s  w i l l  be  apparent  t o  anyone who reads our  pe r iod ic  r e p o r t s .  
However, t h e r e  a r e  o t h e r  a spec t s  of  t h i s  s tudy  which would seem t o  
mer i t  even g r e a t e r  emphasis now t h a t  t h e  concept 'of  inventory ing  
e a r t h  resources  by remote sens ing  has come of age. These a r e  a spec t s  
r e s u l t i n g  from t h e  a t t e n t i o n  which i s  be ing  given i n  our i n t e g r a t e d  
s tudy t o  c e r t a i n  broad ques t ions  which p e r t a i n ,  no t  t o  resource  
inventory ,  bu t  t o  resource  management. Such ques t ions  a r e  a r i s i n g  a t  
t h i s  p a r t i c u l a r  t ime i n  r e l a t i o n  t o  t h e  Ear th  Resources Survey Program 
p r imar i ly  because of  t h e  fol lowing reason:  The s t u d i e s  which many 
i n v e s t i g a t o r s ,  nationwide, have been conducting under t h a t  program a r e  
a t  l a s t  convincing t h e  s k e p t i c s  t h a t  it soon w i l l  indeed be p o s s i b l e  
t o  make meaningful e a r t h  resource  surveys p r imar i ly  by remote sens ing  
from a i r c r a f t  and s p a c e c r a f t .  Now t h a t  they  a r e  beginning t o  t a k e  us 
s e r i o u s l y ,  they  a l s o  a r e  beginning t o  r a i s e  some hard ques t ions  about 
t h e  impact which such surveys may have, d i r e c t l y  o r  i n d i r e c t l y ,  upon 
man and h i s  environment. 

But f i r s t  l e t  us provide a  b r i e f  summary of  some of our  f i nd ings  
t o  d a t e  r e l a t i v e  t o  t h e  inventory  of r e l e v a n t  components of t h e  
resource  complex wi th  which t h e  C a l i f o r n i a  Water P r o j e c t  i s  concerned. 
Cons is ten t  wi th  our previous d e s c r i p t i o n  of t h i s  p r o j e c t  w e  w i l l  
r e p o r t  f i nd ings  s e p a r a t e l y  f o r  t h e  "source",  " cen t r a l "  and "sink" 
a reas .  

* I n  t h i s  r ega rd  a  f e l l ow s c i e n t i s t  s a i d  r e c e n t l y ,  "~ometimes I 
th ink  t h e  whole world must be t u r n i n g  red". 



REMOTE SENSING ACTIVITIES AND ACCOMPLISHMENTS I N  
THE SOURCE AREA FOR THE CALIFORNIA WATER PROZCT 

The headwaters o f  t h e  Fea the r  River ,  p r i n c i p a l  source of water  
f o r  t h e  C a l i f o r n i a  Water P r o j e c t ,  inc ludes  t h e  NASA Bucks Lake For- 
e s t r y  Tes t  S i t e .  Under sponsorship of t h e  NASA Ear th  Resources Sur- 
vey Program, t h a t  t e s t  s i t e  had a l ready  been under s tudy by Univer- 
s i t y  of C a l i f o r n i a  s c i e n t i s t s  f o r  approximately 5 yea r s  be fo re  t h e  
s t a r t  of t h e  p re sen t  i n t e g r a t e d  s tudy .  During t h i s  p r i o r  pe r iod ,  
emphasis had been p laced  on determining t h e  ex t en t  t o  which var ious  
kinds of e a r t h  resources ( t imber ,  fo rage ,  s o i l s  and wa te r ,  as  w e l l  a s  
geologic  and r e c r e a t i o n a l  r e sou rces )  could be  inven to r i ed  through t h e  
use of modern remote sens ing  techniques .  Consequently, much was 
known a t  t h e  s t a r t  of t h e  p re sen t  s tudy t h a t  was a t  l e a s t  i n d i r e c t l y  
r e l a t e d  t o  t h e  problem of determining t h e  volume of s u r f a c e  and sub- 
su r f ace  flow of water  by means of remote sens ing .  This  i s  t r u e  
because t h e  volume of water  which a  watershed w i l l  y i e l d  during any 
given season obviously depends not  only on t h e  n a t u r e ,  amount and 
d i s t r i b u t i o n  of p r e c i p i t a t i o n  during t h a t  season,  b u t  a l s o  on t h e  
geologic ,  s o i l  and vege ta t ion  c h a r a c t e r i s t i c s  of  each po r t ion  of t h e  
watershed. Furthermore, s i n c e  t h e  remote sensing imagery used i n  
t h e s e  e a r l i e r  s t u d i e s  had been flown t o  var ious  s p e c i f i c a t i o n s  i n  
terms of s p e c t r a l  r eg ions ,  t ime of  day, season of y e a r  and f l i g h t  
a l t i t u d e ,  much a l s o  had been l ea rned  about t h e  optimum s p e c i f i c a t i o n s  
f o r  remote sens ing  imagery used i n  e s t ima t ing  c e r t a i n  of t h e  param- 
e t e r s  which a r e  known t o  a f f e c t  water  y i e l d .  

Our p re sen t  s t u d i e s  i n  t h e  source a r e a  a r e  bu i ld ing  on t h e  base  
which was e s t a b l i s h e d  by t h i s  previous work. S p e c i f i c a l l y ,  our  
i n v e s t i g a t o r s  who p r e s e n t l y  a r e  working i n  t h e  Fea ther  River  Water- 
shed a rea  a r e  concent ra t ing  on: (1) def in ing  t h e  parameters which 
a r e  both  p e r t i n e n t  t o  a  de te rmina t ion  of water  y e i l d  and d i s c e r n i b l e  
through t h e  use of remote sens ing  techniques ;  ( 2 )  determining t h e  
accuracy wi th  which t h e  parameters can be measured and mapped using 
remote sens ing  d a t a  flown t o  var ious  s p e c i f i c a t i o n s ;  and ( 3 )  r e l a t i n g  
t h e  water y i e l d  p r e d i c t i o n s  thus  made t o  a c t u a l  water  y i e l d ;  bo th  f o r  
t h e  e n t i r e  Fea ther  River  drainage and f o r  va r ious  components of i t .  

I n  performing t h i s  work our  i n v e s t i g a t o r s  a r e  being given an 
exce l l en t  oppor tuni ty  t o  demonstrate t h e  v a l i d i t y  of one of t h e  most 
important concepts on which t h e  NASA Ear th  Resources Survey Program 
i s  based.  This  i s  t h e  2-stage concept of (1) i n i t i a l l y  making t h e  
e a r t h  resource  survey s t u d i e s  on a  r e l a t i v e l y  smal l  b u t  h ighly  rep- 
r e s e n t a t i v e  " c a l i b r a t i o n  a rea" ,  i n  t h i s  case  t h e  Bucks Lake Fores t ry  
Test  S i t e  of approximately 100 square mi l e s ,  f o r  which ground t r u t h  



i s  accu ra t e ly  known. ( I n  s o  doing t h e  i n v e s t i g a t o r s  determine t h e  
optimum remote sens ing  s p e c i f i c a t i o n s  and da t a  a n a l y s i s  techniques 
f o r  t h e  type  of e a r t h  resource  survey t h a t  eventua l ly  i s  t o  be  made 
o p e r a t i o n a l . ) ;  and ( 2 )  then  making a t  l e a s t  a  semi-operat ional  eval-  
ua t ion  of  t h e s e  f ind ings  on a  very  l a r g e  "extended area" ,  i n  t h i s .  
case  t h e  e n t i r e  Fea ther  River  Watershed of approximately 3,600 
square mi l e s .  Ord ina r i l y  t h e  es tab l i shment  of  "ground t r u t h "  f o r  s o  
v a s t  an extended a r e a  would be  a formidable t a s k  i n  i t s e l f .  I n  t h i s  
i n v e s t i g a t i o n ,  however, t h e  u l t i m a t e  measure i s  t h e  volume of  water ,  
i n  any given pe r iod  of t ime,  which i s  y i e l d e d  by t h e  e n t i r e  water- 
shed. Fo r tuna te ly  f o r  purposes o f  our  s tudy ,  water  *om t h e  e n t i r e  
Fea the r  River  Watershed i s  impounded i n  t h e  Orov i l l e  Reservoi r ,  
where an accu ra t e  measurement of t h e  volume of water  t h a t  i s  p re sen t  
at  any given t ime can e a s i l y  be made. Thus a  s u i t a b l e  check i s  
r e a d i l y  ob ta inab le  on t h e  accuracy of t h e  o v e r a l l  e s t ima te ,  f o r  any 
s p e c i f i e d  pe r iod  o f  t ime,  as made by remote sens ing .  S i m i l a r l y ,  
s i n c e  t h e r e  i s  a  dam and a s s o c i a t e d  r e s e r v o i r  a t  t h e  lower end of 
each of  s e v e r a l  sub-uni ts  of t h i s  drainage system, an accuracy check 
a l s o  i s  a v a i l a b l e  f o r  t h e s e  sub-uni t s .  Consequently, i f  l a r g e  e r r o r s  
of  e s t ima te  based on remote sens ing  a r e  found i n  c e r t a i n  of t h e s e  
sub-uni t s ,  bu t  not  i n  o t h e r s ,  an oppor tuni ty  i s  af forded  f o r  making 
more d e t a i l e d  s t u d i e s  of  condi t ions  i n  t h e s e  a r eas  i n  o rde r  t o  de te r -  
mine t h e  exac t  cause o f  t h e  e r r o r s  and thus  t o  devise  means of  mini- 
mizing them i n  f u t u r e  s t u d i e s .  A u t h o r i t i e s  who c o n t r o l  t h e  volume 
of water  t h a t  i s  impounded a t  any given time behind Orov i l l e  D a m  ( t h e  
l a r g e s t  e a r t h - f i l l e d  dam i n  t h e  world,  and more than  700 f e e t  h igh )  
have t o l d  us t h a t  they  g r e a t l y  need more accu ra t e  information about 
t h e  volume of  run-off t h a t  can be expected from t h e  Fea the r  River  
Watershed dur ing  var ious  s p e c i f i e d  per iods  of  t ime.  I n  t h e  absence 
of accu ra t e  informat ion ,  they  must i nco rpora t e  a  very l a r g e  s a f e t y  
f a c t o r  i n  deciding upon t h e  volume of  "draw-down" which they  must 
e f f e c t  a t  Orov i l l e  Reservoi r ,  p a r t i c u l a r l y  j u s t  be fo re  heavy sp r ing  
run-off from t h e  v a s t  Fea ther  River  Watershed. Without such a  s a f e t y  
f a c t o r  t h e r e  would be  no way of prevent ing  d i s a s t r o u s  f loods  i n  t h e  
event t h a t  t h e  r a t e  and amount of  sp r ing  run-off g r e a t l y  exceeded 
expec ta t ions ;  bu t  through use of  such a  s i z a b l e  s a f e t y  f a c t o r ,  i n  
most yea r s  l a r g e  amounts of  water  must be  discharged from t h e  r e s e r -  
v o i r  and allowed t o  flow out  t o  s e a ,  even though t h a t  water  could 
have been used t o  g r e a t  advantage during t h e  summer months. 

None of t h e  foregoing i s  meant t o  imply t h a t  haphazard tech-  
niques a r e  c u r r e n t l y  be ing  used by those  who c o n t r o l  t h e  flow o f  
water  from t h e  Fea the r  River  Watershed. To t h e  con t r a ry  they  a r e  
using some of t h e  most s u i t a b l e  techniques c u r r e n t l y  a v a i l a b l e ,  
whi le  r e a d i l y  agree ing  t h a t  t h e r e  i s  a  g r e a t  need f o r  more s u i t a b l e  
techniques  of t h e  type  t h a t  we a r e  seeking t o  devise  through our  
remote sens ing  r e sea rch .  



An important aspec t  of  t h e  r e sea rch  which our  i n v e s t i g a t o r s  a r e  
conducting i n  t h e  Fea ther  River  Watershed Area seeks t o  develop means 
f o r  b e t t e r  monitoring t h e  r a t e  of  snow accumulation i n  t h e  l a t e  f a l l  
and win te r  and of snow melt  i n  t h e  sp r ing  and e a r l y  summer. P r i o r  
t o  t h e  s t a r t  of our  p re sen t  i n t e g r a t e d  s tudy  we had made only a  few 
pre l iminary  at tempts  t o  do t h i s  w i t h  t h e  a i d  of remote sens ing  d a t a  
acquired a t  s u i t a b l e  t ime i n t e r v a l s .  Consequently we a r e  i n  t h e  pro- 
cess  of improving our  c a p a b i l i t y  i n  t h i s  regard  us ing  photography 
flown a t  18-day i n t e r v a l s  by NASA's U-2 a i r c r a f t .  A t  t h e  same t ime ' 

we a r e  convert ing our  previously-developed c l a s s i f i c a t i o n  schemes 
f o r  t h e  mapping of vege ta t ion ,  s o i l s  and o t h e r  components of  t h e  
e a r t h  resource  complex i n t o  schemes which w i l l  be  more i n d i c a t i v e  of 
water  y i e l d .  D e t a i l s  a s  t o  our  accomplishments t o  d a t e  i n  t h e s e  
va r ious  r e s p e c t s  w i l l  be  found i n  ou r  forthcoming progress  r e p o r t  t o  
NASA which i s  scheduled f o r  completion i n  May, 1972. 

REMOTE SENSING ACTIVITIES AND ACCOMPLISHMENTS I N  
THE CENTRAL AREA OF THE CALIFORNIA WATER PROJECT 

A major p a r t  of our  i n t e r e s t  i n  t h i s  Cen t r a l  a r e a  ( c o n s i s t i n g  
mainly of t h e  West S ide  of t h e  San Joaquin v a l l e y )  i s  i n  us ing  
remote sens ing  techniques  t o  monitor an a g r i c u l t u r a l  reg ion  i n  i t s  
i n i t i a l  s t a g e s  of development. As s t a t e d  by Senger (1972),  who i s  
one of t h e  p a r t i c i p a n t s  i n  our  i n t e g r a t e d  s tudy:  "This i n i t i a l  
phase i s  important  because it is  a t ime of experimentat ion.  D i f f e r -  
en t  segments of t h e  l o c a l  community o f t e n  w i l l  dev ise  a  v a r i e t y  of 
approaches f o r  developing t h e  l and .  The r e s u l t s  of  t h e s e  e f f o r t s  
may eventua l ly  produce a  def ined  p a t t e r n  t o  t h e  landscape t h a t  w i l l  
s e rve  a s  a  b a s i s  f o r  l a b e l l i n g  t h e  a r e a  a s  a  d i s t i n c t i v e  ag r i cu l -  
t u r a l  reg ion  o r  an ex tens ion  of one a l ready  e x i s t i n g . "  Consequently, , 

i f  t h i s  a r e a  develops i n t o  a  d i s t i n c t i v e  type  of a g r i c u l t u r a l  reg ion ,  
our s tudy could make a  con t r ibu t ion  t o  i n v e s t i g a t i o n s  t h a t  seek t o  
exp la in  t h e  evolu t ion  of an a r e a  and t h e  processes  t h a t  h e l p  t o  
determine i t s  outcome. 

A s  e a r l y  a s  1957 a g r i c u l t u r a l  cropland had expanded about as  
f a r  as it could w i t h i n  t h e  West S ide  o f  t h e  San Joaquin Valley u n t i l  
such t ime a s  water  could be  t r a n s p o r t e d  t o  t h e  a r e a  f o r  use i n  irri- 
ga t ion .  Of t h e  1,350,000 a c r e  f e e t  per  yea r  of water  which w i l l  b e  
de l ive red  t o  t h i s  a r e a  by t h e  C a l i f o r n i a  Water P r o j e c t ,  t h e  over- 
whelming ma jo r i t y  of it w i l l  b e  used f o r  a g r i c u l t u r a l  purposes.  A t  
t h e  p re sen t  t ime farmers i n  t h e  a r e a  a r e  at tempting t o  d iscover  
what kinds of crops can be  grown a t  a reasonable cos t  under e x i s t i n g  
environmental cond i t i ons ,  a r e  r e a d i l y  marketable ,  and can show a 



good p r o f i t .  Up t o  t h e  present  t ime t h e r e  has been very l i t t l e  
s p e c i f i c  p l a n t  breeding f o r  t h i s  environment and farmers a r e  obl iged  
t o  experiment mainly wi th  crops which were developed f o r  adap ta t ion  
t o  o t h e r  a r eas .  Yet cropping i s  about t h e  only a l t e r n a t i v e  t o  t h e  
p re sen t  widely p r a c t i c i e d  graz ing  of t h e  a r ea .  For example, t h e  
a r e a  i s  q u i t e  i s o l a t e d  from popula t ion  cen te r s  of C a l i f o r n i a  so  i t  
i s  not  r e a l i s t i c  t o  consider  t h e  development of an i n d u s t r i a l  park .  
Because of  t h e  marginal  va lue  of t h e  l and  f o r  crop product ion ( p r i o r  
t o  t h e  impor ta t ion  of water  from t h e  Ca l i fo rn i a  Water P r o j e c t )  no 
sense  of urgency had been i n s p i r e d  t o  conduct more than  gene ra l  sur -  
veys of  t h e  s o i l s ,  geology, vege ta t ion  and c l imate  of t h e  a r e a .  
Consequently t h e  a v i l a b i l i t y  of water  from t h e  C a l i f o r n i a  Aqueduct 
has come a t  a  t ime when no one could say  f o r  s u r e  whether t h e  a r e a  
i s  s u i t a b l e  f o r  i r r i g a t e d  a g r i c u l t u r a l  development. Hence we s e e  
he re  a  case  i n  which technology ( t h e  cons t ruc t ion  of t h e  Aqueduct 
and t h e  subsequent i n f l u x  of wa te r )  has occurred before  t h e  l o c a l  
populous was ready f o r  i t .  Hence farmers a r e  now having t o  l e a r n  
about t h e i r  l o c a l  environment whi le  a t  t h e  same t ime having t o  grow 
crops t h a t  w i l l  enable  them t o  s t a y  i n  bus ines s .  I n  a d d i t i o n ,  
var ious  i r r i g a t i o n  systems a r e  s t i l l  being experimented wi th ,  and 
t h e  whole landscape conveys t h e  appearance on remote sens ing  imagery 
of being i n  an "experimental" s t a t e ,  which indeed i t  i s .  There a r e  
very l a r g e  a r e a s ,  now used only f o r  graz ing ,  which a r e  a v a i l a b l e  f o r  
more i n t e n s i v e  a g r i c u l t u r a l  development, bu t  not l i k e l y  t o  be  devel- 
oped u n t i l  t h e  end of t h i s  experimental  pe r iod .  

I n  a  somewhat broader  con tex t ,  Spencer and Horvath (1963) have 
s t a t e d  t h a t  t h e r e  a r e  s i x  major f a c t o r s  in f luenc ing  t h e  development 
and t h e  c u l t u r a l  processes  of a  landscape.  They a r e  psychologica l ,  
agronomic, p o l i t i c a l ,  h i s t o r i c a l ,  t echnologic  and economic. It i s  
be l ieved ,  from t h e  s t u d i e s  which we have conducted t o  da t e  i n  t h i s  
a r e a ,  t h a t  a  f i n a l  dec is ion  a s  t o  whether o r  not t o  develop irri- 
ga ted  a g r i c u l t u r e  can be a t t r i b u t e d  p r imar i ly  t o  a  combination of  
economic and psychologic processes .  Farmers do not  want t o  l eave  
t h e  a r e a ,  bu t  can they  a f f o r d  t o  s t a y ?  Water i s  being made a v a i l a b l e  
t o  them a t  a  cos t  ranging from $8.00 pe r  a c r e  foo t  f o r  subs id ized  
f e d e r a l  water  t o  $15.00 pe r  a c r e  f o o t  f o r  unsubsidized s t a t e  water .  
While t h i s  may s t i l l  l e a v e  some margin f o r  p r o f i t ,  t h e  farmers a r e  
i n  an unfavorable  competi t ive p o s i t i o n  wi th  those  only a  s h o r t  d i s -  
t ance  t o  t h e  e a s t  (on t h e  Eas t  S ide  of t h e  San Joaquin v a l l e y )  who 
pay only $2 t o  $3 pe r  ac re  foo t  f o r  water .  

The f i r s t  few s e t s  of U-2 photographs t h a t  a r e  being flown of  
t h i s  a r e a  by NASA a t  18-day i n t e r v a l s  have now been made a v a i l a b l e  
f o r  our  use.  By means of t h i s  photography and appropr ia te  f i e l d  
checking we w i l l  be  ab l e  t o  cont inue our monitoring of both t h e  s h o r t  
term and long term changes t h a t  a r e  occurr ing  i n  t h i s  a r e a ,  



p a r t i c u l a r l y  wi th  r e spec t  t o  l and  use .  While s o  doing we w i l l  b e  
a b l e  t o  develop photo i n t e r p r e t a t i o n  keys which w i l l  f a c i l i t a t e  l a n d  
use  mapping i n  a r eas  s i m i l a r  t o  t h i s  one on s imula ted  space photog- 
raphy. 

REMOTE SENSING ACTIVITIES AND ACCOMPLISHMENTS I N  
THE SINK AREA OF THE CALIFORNIA WATER PROJECT 

Studies  t o  da t e  i n  t h i s  a r e a  have been l a r g e l y  confined t o  two 
s p e c i f i c  reg ions :  (1) t h e  P e r r i s  Val ley surrounding t h e  f u t u r e  Lake 
P e r r i s ;  and ( 2 )  t h e  Sheep Creek Fan-Mirage Basin a r e a  of  t h e  Mojave 
Deser t .  Progress  i n  s tudying  remote sensing imagery i n  only t h e  
f i r s t  of t h e s e  two a reas  w i l l  b e  r epo r t ed  h e r e ,  a s  be ing  representa-  
t i v e  of t h e  types  of i n v e s t i g a t i o n  being conducted by t h o s e  sc ien-  
t i s t s  on t h e  R ive r s ide  Campus of  t h e  Univers i ty  of  C a l i f o r n i a  who 
a r e  p a r t i c i p a t i n g  i n  t h i s  i n t e g r a t e d  s tudy.  

To d a t e  s t u d i e s  by t h a t  group i n  t h e  P e r r i s  Val ley Area have 
taken  t h r e e  approaches: (1) a l and  use survey has been made i n  a 
sample s tudy a r e a  using both ground observa t ions  and i n t e r p r e t a t i o n  
of h igh  a l t i t u d e  co lo r  i n f r a r e d  photography; ( 2 )  a survey has been 
made, p a r t l y  through t h e  use  of ques t ionna i r e s ,  t o  determine t h e  
a t t i t u d e s  of r e s i d e n t s  r e l a t i v e  t o  t h e  proposed changes t o  be  made 
i n  t h e  a r e a  because of t h e  C a l i f o r n i a  Water P r o j e c t ;  and (3)  e s t i -  
mates have been made of t h e  p o t e n t i a l  popula t ion  changes and l a n d  
va lue  changes l i k e l y  t o  occur i n  var ious  po r t ions  of  t h e  a r ea .  
These l a t t e r  s t u d i e s  have been c a r r i e d  out us ing  conduct ive s h e e t  
analog models. Future  s imula t ions  w i l l  add g r e a t e r  r ea l i sm t o  t h e  
models and should provide  va luab le  i n s i g h t s  t o  s o c i a l ,  economic, and 
land-use planning problems w i t h i n  t h e  a r e a  of i n t e r e s t .  

A t  t h e  t ime of t h i s  w r i t i n g ,  our  l and  use survey i n  t h e  P e r r i s  
Valley a r e a  has been confined t o  a sample a r e a  of one census t r a c t  

which i s  l o c a t e d  c e n t r a l l y  t o  P e r r i s  Valley and ad jacen t  t o  t h e  
f u t u r e  Lake P e r r i s .  The photography which our  group i n i t i a l l y  
s t u d i e d  of t h i s  a r e a  cons i s t ed  of high a l t i t u d e  (1: 50,000 and 
1:100,000 s c a l e )  co lo r  i n f r a r e d  me t r i c  imagery flown i n  May, 1970. 
Addi t iona l  photography r e c e n t l y  has been obta ined  at f requent  i n t e r -  
v a l s  by t h e  NASA U-2 a i r c r a f t .  Consequently, an inventory  of t h e  
remainder of t h e  a r e a ,  and a monitor ing of changes throughout t h e  
e n t i r e  a r e a  c u r r e n t l y  a r e  be ing  undertaken through use  of  t h i s  
photography. 

Recent ly,  it has been found t h a t  l and  developers  i n  t h i s  a r e a  



have e s t a b l i s h e d  a number of l o c a t i o n s  f o r  t h e  promotion of p re sen t  
a g r i c u l t u r a l  l and  f o r  non-agr icu l tura l  purposes and a t  non- 
a g r i c u l t u r a l  p r i c e s .  This a c t i v i t y  appears t o  be d i r e c t l y  r e l a t e d  
t o  f u t u r e  p o t e n t i a l  uses  of t h i s  l a n d  f o r  r e c r e a t i o n a l  and o t h e r  
purposes a s  a  r e s u l t  of t h e  cons t ruc i ton  of Lake P e r r i s .  It appears 
from our  s t u d i e s  t h a t  l and  developers and specu la to r s  p l ay  a  s ig -  
n i f i c a n t  r o l e  i n  determining t h e  f u t u r e  l a n d  use i n  t h i s  a r e a ,  
inc luding  immediate changes i n  t h e - r e g i o n s  land  use  p a t t e r n s  and 
a c t i v i t i e s .  Consequently, i n  addi ton  t o  t h e  completion by t h e  
Rivers ide  group of  a  survey of  present  l a n d  use i n  t h e  P e r r i s  Val ley 
a r e a ,  t h e  group i s  a l s o  a t tempt ing  t o  a s se s s  t h e  r o l e  and a c t i v i t i e s  
of l and  developers i n  t h e  a r e a  and t h e  d i r e c t i o n  and r a t e  of  change 
i n  l a n d  use  f o r  var ious  po r t ions  of t h e  a r ea .  

As d e t a i l e d  i n  our pe r iod ic  progress  r e p o r t s ,  s i m i l a r  s t u d i e s  
a r e  being undertaken by t h e  Rivers ide  s c i e n t i s t s  i n  o t h e r  p a r t s  of 
t h e  so-ca l led  "sink" a r e a  of  t h e  Ca l i fo rn i a  Water P r o j e c t .  

OTHER ACCOMPLISHMENTS TO DATE UNDER THIS INTEGRATED STUDY 

The s o c i a l  sc iences  group which i s  p a r t i c i p a t i n g  i n  t h i s  s tudy 
i s  us ing  a  systems a n a l y s i s  approach which seeks t o  optimize 3  types  
of models: (1) t h e  da t a -co l l ec t ion  and informat ion-ext rac t ion  model, 
from t h e  viewpoint of t hose  engaged i n  e a r t h  resource  inventory ;  ( 2 )  
t h e  decision-making model, from t h e  viewpoint of  t hose  engaged i n  
e a r t h  resource  management; and ( 3 )  t h e  u l t ima te  b e n e f i c i a r y  model, 
from t h e  viewpoint of members of t h e  pub l i c  who may b e n e f i t  o r  be  
harmed by such dec i s ions .  

P a r t  of t h i s  work i s  f i t t e d  c l o s e l y  t o  t h a t  of  o t h e r  i n v e s t i -  
ga to r s  and i s  being app l i ed  t o  t h e  geographic a reas  w i th in  which t h e  
previously-described s t u d i e s  a r e  being made. Addi t iona l  a spec t s  of 
t h e  work t a k e  cognizance of t h e  f a c t  t h a t  what i s  done with one k ind  
of resource  i n  one p a r t  of t h e  s t a t e  has broad impl ica t ions  wi th  
r e spec t  t o  o t h e r  components of  t h e  resource  complex wi th in  t h a t  a r e a  
and a l s o  i n  o t h e r  p a r t s  of t h e  s t a t e .  Consequently, a  somewhat 
broader  approach both  geographica l ly  and d isc ip l inary-wise  i s  being 
taken by t h e  S o c i a l  Sciences group. 

A s  w i th  previously-described phases of our i n t e g r a t e d  s tudy ,  
t h e  i n t e r e s t e d  r eade r  i s  r e f e r r e d  t o  our  pe r iod ic  progress  r e p o r t s  
f o r  a d d i t i o n a l  d e t a i l s  wi th  r e spec t  t o  t h e  very broad scope of 
a c t i v i t i e s  c u r r e n t l y  being undertaken by t h e  S o c i a l  Sciences group. 



A LOOK TO THE FUTURE: FOR THIS INTEGRATED STUDY 

B r i e f l y  s t a t e d ,  t h e  d i r e t i o n  of our  a c t i v i t i e s  i n  t h e  immediate 
f u t u r e  under t h i s  i n t e g r a t e d  s tudy  w i l l  b e  along t h r e e  gene ra l  l i n e s ,  
a l l  o f  which w i l l  be  o r i e n t e d  toward maximizing our  a b i l i t y  t o  make 
meaningful i n t e r p r e t a t i o n s  of ERTS-A d a t a  which we a n t i c i p a t e  w i l l  
soon be acqui red  of v a s t  p o r t i o n s  of t h e  s t a t e  of C a l i f o r n i a :  (1) 
cont inua t ion  of s t u d i e s  on t h e  C a l i f o r n i a  Water P r o j e c t  i n  t h e  
'Isourcel',  "cent ra l1 '  and "sink1'  a r eas  along l i n e s  i n d i c a t e d  i n  e a r l i e r  
s e c t i o n s  of t h i s  r e p o r t .  (1t i s  planned t h a t  t h e s e  f u t u r e  s t u d i e s  
a l s o  w i l l  inc lude  i n v e s t i g a t i o n s  of  t h e  Sacramento River  De l t a  a r e a ) ;  
( 2 )  i n i t i a t i o n  of s t u d i e s  i n  t h e  c o a s t a l  zone of C a l i f o r n i a ,  w i t h i n  
which 80 percent  of C a l i f o r n i a ' s  t o t a l  popula t ion  i s  r e p o r t e d l y  
l o c a l i z e d  and f o r  which resource  monitor ing,  beyond t h a t  p r e s e n t l y  
being accomplished, i s  v i t a l l y  needed; and ( 3 )  con t inua t ion  of  
s t u d i e s  by t h e  S o c i a l  Sciences group, p a r t i c u l a r l y  wi th  r e f e rence  t o  
t h e  t h i r d  of i t s  t h r e e  "models", t h e  "user" model. I n  a d d i t i o n ,  it 
i s  probable t h a t  our  proposed work involv ing  t h e  making of  r e g i o n a l  
a g r i c u l t u r a l  surveys w i l l  b e  i n i t i a t e d ,  us ing  San Joaquin County, 
Ca l i fo rn i a  a s  t h e  focus f o r  t h a t  s tudy .  

The provid ing  of  f u r t h e r  d e t a i l s  r e l a t i v e  t o  our  proposed f u t u r e  
a c t i v i t i e s  would not be f r u i t f u l  a t  t h i s  t ime and might even be  
considered presumptuous u n t i l  t h e  exac t  scope and l e v e l  of funding 
f o r  our  i n t e g r a t e d  s tudy  a r e  more c l e a r l y  def ined  i n  conferences 
soon t o  be  h e l d  wi th  our  NASA monitors .  

CONCLUSION 

As I look f o r  some h igh ly  r e l e v a n t  no te  t o  sound i n  ending t h i s  
p r e s e n t a t i o n ,  I can do no b e t t e r  t han  t o  echo t h e  sent iments  of 
NASA's D r .  Wernher von Braun, which were expressed by him s e v e r a l  
yea r s  ago when t h e  o v e r a l l  space program i n  g e n e r a l ,  and t h e  Ear th  
Resource Survey Program i n  p a r t i c u l a r ,  had come under r a t h e r  s eve re  
c r i t i c i s m .  Paraphrased,  he re  a r e  t h e  comments, a s  w e l l  a s  I can 
remember them, which D r .  von Braun made t o  s e v e r a l  of us  on t h a t  
occasion:  C r i t i c s  of t h e  NASA program a r e  bemoaning t h e  f a c t  t h a t  
so much of t h i s  count ry ' s  s c i e n t i f i c  t a l e n t ,  and i n  s o  many d i f f e r -  
en t  d i s c i p l i n e s ,  i s  being d i v e r t e d  i n t o  a  s i n g l e  e f f o r t  -- t h e  
space program. These c r i t i c s  imply t h a t  much more could be accom- 
p l i s h e d  t h a t  would be of  p o t e n t i a l  b e n e f i t  t o  mankind i f  each such 
s c i e n t i s t  were l e f t  t o  pursue a  r e sea rch  program of  h i s  own choosing. 



D r .  von Braun s a i d  t h a t  he viewed t h e  ma t t e r  q u i t e  d i f f e r e n t l y :  
What t h e s e  s c i e n t i s t s  from s o  many d i s c i p l i n e s  have needed f o r  yea r s  
i s  a l a r g e ,  peace-oriented f o c a l  p o i n t  f o r  t h e s e  many t a l e n t s  s o  
t h a t  t h e  r e s u l t  of t h e i r  e f f o r t s  would be something f a r  g r e a t e r  
t han  might be expected from t h e  sum of t h e i r  i nd iv idua l  contr ibu-  
t i o n s .  H e  2o in t ed  out t h a t  NASA's Space Program i n  gene ra l ,  and i t s  
Ear th  Resources Survey Program i n  p a r t i c u l a r ,  provided t h e  b e s t  
oppor tuni ty  t o  d a t e  f o r  mounting such a worthy i n t e g r a t e d  e f f o r t .  

Having been deeply involved i n  such an i n t e g r a t e d  e f f o r t  through 
t h e  p r o j e c t  which I have j u s t  descr ibed ,  I f i n d  myself i n  complete 
agreement wi th  D r .  von Braun's observa t ion .  
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F i g u r e  3. DIAGRAM ILLUSTRATING THE STRUCTURE OF THE INTEGRATED PROJECT AND 
ITS RELATION TO OTHER CRITICAL RESOURCE PROBLEMS IN CALIFORNIA 






