
SECTION 47 

DIFFERENTIATING ELEMENTS OF THE 

SOIL-VEGETATION COMPLEX* 

M.F. Baumgardner and S t a f f  
Laboratory f o r  Appl ica t ions  of Remote Sensing ( LPLRS) 

Purdue Univers i ty  
West Lafaye t te  , Indiana 

One of t h e  most e x c i t i n g  prospec ts  i n  t h e  a p p l i c a t i o n  of  remote sens- 
i n g  technology i s  t h a t  of i d e n t i f y i n g ,  c h a r a c t e r i z i n g ,  measuring, and 
mapping d i f f e r e n t  elements of t h e  so i l -vege ta t ion  complex. Important 
elements i n  t h i s  complex inc lude  s o i l  p r o p e r t i e s ,  p l a n t  s p e c i e s ,  and t h e  
condi t ions  of bo th  s o i l s  and p l a n t s .  

one of t h e  problems i n  t h e  use of remote sens ing  t o  s tudy t h e  s o i l -  
vege ta t ion  complex i s  t h e  q u a n t i f i c a t i o n  and p r e c i s e  l o c a t i o n  of  ground 
observa t ion  d a t a  such t h a t  it can be c o r r e l a t e d  with m u l t i s p e c t r a l  d a t a  
a c q ~ i i r e d  from aerospace p la t forms.  A technique which has been found t o  
be very e f f e c t i v e  i n  r e l a t i n g  p r e c i s e l y  t h e s e  two sources of d a t a  involves 
t h e  gr idding  and sampling of an a r e a  t o  be s t u d i e d  such t h a t  t h e  exac t  
l o c a t i o n  where s o i l  o r  p l a n t  samples a r e  obta ined  can be r e l a t e d  pre-  
c i s e l y  t o  a  known address  on a  magnetic t a p e  conta in ing  m u l t i s p e c t r a l  
scanner d a t a  of  t h e  a r e a .  , Once t h i s  has been accomplished, a n a l y t i c a l  
da t a  ( p o u n d  obse rva t ions )  of each s o i l  o r  p l a n t  sample from a  s p e c i f i c  
g r i d  po in t  can be  examined and r e l a t e d  t o  q u a n t i t a t i v e  m u l t i s p e c t r a l  d a t a  
from an a i rbo rne  scanner  corresponding t o  t h e  app ropr i a t e  address  o r  
l o c a t i o n  on t h e  magnetic t a p e .  

For t h e  p a s t  two years  t h i s  approach has been used a t  Purdue Uni- 
v e r s i t y  t o  determine i f  a  c o r r e l a t i o n  e x i s t s  between t h e  m u l t i s p e c t r a l  
c h a r a c t e r i s t i c s  of  a  r e s o l u t i o n  element o r  scene and var ious  physico- 
chemical parameters w i th in  t h e  so i l -vege ta t ion  complex of t h a t  scene.  
These techniques were used i n  a  s tudy  of s o i l s  and crops i n  a 60-hectare 
f i e l d  i n  Tippecanoe County, Ind iana  (F igure  1). This a r e a  known as  S o i l  
Test  Area 6 (STA 6 ) ,  i s  made up of s o i l s  formed under t a l l  p r a i r i e  g ra s s  
vege ta t ion .  A comparison of t h e  photograph ( ~ i ~ u r e  l a )  wi th  t h e  s o i l s  
map (Figure l b )  shows a  c lo se  s i m i l a r i t y  of s o i l s  p a t t e r n s .  

*In t h i s  paper ,  r e s u l t s  from a  number of s t u d i e s  a r e  summarized; 
r e sea rche r s  a r e  i d e n t i f i e d  i n  t h e  Acknowledgment s e c t i o n .  



One of t h e  s o i l  parameters t h a t  c o r r e l a t e d  we l l  with s p e c t r a l  
response was organic  mat te r  conten t .  The c o r r e l a t i o n  c o e f f i c i e n t  between 
organic mat te r  content  and m u l t i s p e c t r a l  response f o r  d a t a  from approxi- 
mately 200 g r i d  po in t s  was 0.70. Grid p o i n t s  wi th  known organic mat te r  
con ten t s  were used a s  t h e  t r a i n i n g  s e t  f o r  computer-implemented a n a l y s i s  
of t h e  m u l t i s p e c t r a l  d a t a  and f o r  t h e  genera t ion  of a  s p e c t r a l  map of 
four  l e v e l s  o r  organic  mat te r  content  (F igure  2 )  

Although t h e  c o r r e l a t i o n s  between m u l t i s p e c t r a l  response and both 
e x t r a c t a b l e  s o i l  phosphorus and exchangeable s o i l  potassium were low, d i s -  
t i n c t  s o i l  o r  s p e c t r a l  p a t t e r n s ,  r ep re sen t ing  d i f f e r e n t  l e v e l s  of s o i l  
P and s o i l  K ,  were produced when a n a l y t i c a l  va lues  from t h e  g r i d  po in t s  
were used as  t r a i n i n g  s e t s  t o  produce computer-implemented maps of s o i l  
phosphorus and s o i l  potassium (Figure  3 ) . 

I n  1970 t h e  nor thern  t h i r d  of STA 6 was p lan ted  i n  corn and t h e  
southern two t h i r d s  i n  soybeans. Corn and soybean l e a f  samples were 
obta ined  a t  s p e c i f i c  g r i d  po in t s  i n  August, 1970, t h e  day on which mul t i -  
s p e c t r a l  d a t a  were obta ined  by t h e  Univers i ty  of Michigan a i r c r a f t  
scanner .  Grid po in t s  where p l a n t  n u t r i e n t  (N,P,K) contents  were known 
were used a s  t h e  t r a i n i n g  s e t s  f o r  computer-implemented ana lys i s  and map- 
p ing  of p l an t  n i t r o g e n ,  p l an t  phosphorus, and p l a n t  potassium ( ~ i g u r e  4 ) .  
S p e c t r a l  d a t a  were used t o  produce maps d e l i n e a t i n g  t h r e e  l e v e l s  of N f o r  
corn and t h r e e  l e v e l s  of N f o r  soybeans ( ~ i g u r e  4 ~ ) ;  t h r e e  l e v e l s  of  P 
f o r  corn and t h r e e  l e v e l s  of  P f o r  soybeans ( ~ i ~ u r e  4~); and t h r e e  l e v e l s  
of K f o r  corn and two f o r  soybeans ( ~ i ~ u r e  4 ~ ) .  

Although s t a t i s t i c a l  a n a l y s i s  d i d  not  produce a  high c o r r e l a t i o n  
between s p e c t r a l  d a t a  and p l an t  content  of N, P ,  and K ,  d e f i n i t e  s p e c t r a l  
p a t t e r n s  were produced. Before v a l i d  conclusions can be drawn from an 
experiment wi th  dynamic systems, such a s  p l a n t  n u t r i t i o n a l  s t a t u s ,  t h e  
experiment must be conducted over a  number of years  and under a  v a r i e t y  
of geographica l ,  c l i m a t i c ,  and environmental cond i t i ons .  P l an t  n u t r i -  
t i o n a l  and s p e c t r a l  response s t u d i e s  a r e  cont inuing a t  LARS. 

I f  it becomes poss ib le  t o  use  remote sens ing  t o  c h a r a c t e r i z e  crop 
condi t ions  through t h e  growing season ,  c rop  y i e l d  p r e d i c t i o n  c a p a b i l i t i e s  
may be improved. A p re l iminary  y i e l d  s tudy was conducted i n  STA 6 .  
Yield samples were obtained a t  s p e c i f i c  g r i d  p o i n t s .  S p e c t r a l  d a t a  
r e l a t i n g  t o  d i f f e r e n t  y i e l d  l e v e l s  a t  t h e  g r i d  po in t s  were used as  t h e  
t r a i n i n g  s e t  f o r  computer-implemented a n a l y s i s  and product ion of  t h e  corn 
y i e l d  map ( ~ i ~ u r e  5A) and t h e  soybean y i e l d  map (~igure 5~). These 
r e s u l t s  a r e  pre l iminary  and were conducted i n  a  very l i m i t e d  a r e a .  Such 
s t u d i e s  must be conducted through s e v e r a l  growing seasons and under a  
v a r i e t y  of  condi t ions  before  it can conclus ive ly  be s t a t e d  t h a t  y i e l d s  
can be r e l a t e d  t o  m u l t i s p e c t r a l  response.  



These s t u d i e s  opened up a number of very i n t e r e s t i n g  problems. One 
of t hese  r e l a t e s  t o  t h e  mechanism o r  technique of gr idding .  How i s  a 
p rec i se  g r i d  poin t  l o c a t e d  i n  t h e  scanner  d a t a ?  I s  t h i s  important?  I n  
t h e  f i r s t  a t tempt  t o  match t h e  a n a l y t i c a l  ground d a t a  from t h e  a r r a y  of 
g r i d  po in t s  with s p e c t r a l  d a t a  from an a r r a y  of addresses  on t h e  magnetic 
t a p e ,  t h e  geometric d i s t o r t i o n  inherent  i n  t h e  scanner was not cons idered .  
In  a second c o r r e l a t i o n  a n a l y s i s ,  geometric co r r ec t ions  were made which 
gave a much more p r e c i s e  matching of ground da ta  po in t s  and addresses  on 
t h e  magnetic t a p e .  Great improvements were achieved i n  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  v a l u e s ,  i n  one case  an improvement i n  r2 from 0.38 t o  0.72 i n  
a s tudy of t h e  c o r r e l a t i o n  between s o i l  organic  mat te r  content  and spec- 
t r a l  response.  

Another important ques t ion  which has been considered i s :  What i s  
t h e  b e s t  a r r a y  o f  s p e c t r a l  channels ( o r  wavelengths) f o r  measuring o r  
mapping a p a r t i c u l a r  su r f ace  f e a t u r e ?  I n  response t o  t h i s  quest ion a 
s tudy was conducted t o  determine t h e  b e s t  po r t ion  of t h e  r e f l e c t i v e  spec- 
trum f o r  d e l i n e a t i n g  d i f f e r e n t  l e v e l s  of  s o i l  organic  mat te r  by remote 
sens ing  techniques .  M u l t i s p e c t r a l  scanner d a t a  obtained i n  May 1969 
and May 1970 over t h r e e  s o i l  t e s t  a r eas  (STA 4, 5 and 6 )  were used i n  t h i s  
s tudy .  Each of t h e  s o i l  t e s t  a r eas  was gr idded ,  and organic  mat te r  
content  was determined f o r  t h e  su r f ace  s o i l  sample taken a t  each of t h e  
500 g r i d  p o i n t s .  The b e s t  channel ( o r  wavelength band) o r  b e s t  a r r a y  of 
channels of s p e c t r a l  d a t a  f o r  e s t ima t ing  organic  mat te r  conten t  was s e l e c -  
t e d  by two computer programs. One method i s  based on t h e  s tepwise r eg re s -  
s ion  p r i n c i p l e ;  t h e  o t h e r  i s  a LARS- developed program f o r  channel 
s e l e c t i o n  based on divergence ( 1). Data from t h i r t e e n  s p e c t r a l  channels 
i n  t h e  v i s i b l e  and r e f l e c t i v e  i n f r a r e d  reg ions  of t h e  e lec t romagnet ic  
spectrum were used st able 1) . 

Based on previous experience i n  channel s e l e c t i o n ,  channels 5 ,  7 ,  8 ,  
and 10 were chosen f o r  a s p e c i a l  s tudy .  Various combinations of t h e s e  
fou r  channels have a s i g n i f i c a n t  e f f e c t  on t h e  c o r r e l a t i o n  of r e f l e c t a n c e  
with s o i l  organic  mat te r  content   able 2 ) .  

Horvath and Baumgardner ( 2 ) concluded from t h i s  s tudy  t h a t :  

1. There i s  a high c o r r e l a t i o n  between s o i l  r e f l e c t a n c e  and 
s o i l  organic  m a t t e r .  

2 .  Se l ec t ion  and number of m u l t i s p e c t r a l  channels used had a 
profound in f luence  on t h i s  c o r r e l a t i o n .  

3 .  The b e s t  combination of t h r e e  channels gave s u p e r i o r  cor re-  
l a t i o n s  over t hose  of t h e  b e s t  two channels .  



4. In  some cases  f o u r  channels gave supe r io r  c o r r e l a t i o n s  over 
t hose  of t h e  b e s t  t h r e e  channels ;  f i v e  o r  more channels seldom 
improve r2 values over t hose  obtained wi th  t h r e e  o r  fou r  b e s t  
channels .  

5 .  There i s  no s i n g l e  b e s t  a r r a y  of s p e c t r a l  channels f o r  computer- 
implemented mapping of s o i l  organic  matter  under a  wide v a r i e t y  
of  condi t ions  and l o c a t i o n s .  

A ques t ion  c l o s e l y  r e l a t e d  t o  t h a t  of  channel s e l e c t i o n  i s :  What i s  
t h e  optimum s i z e  of t r a i n i n g  s e t s  i n  o rde r  t o  ob ta in  t h e  b e s t  c o r r e l a t i o n  
between m u l t i s p e c t r a l  response and a  p a r t i c u l a r  parameter of an e a r t h  
su r f ace  f e a t u r e .  I n  t h i z  case s o i l  o rganic  mat te r  content  was s e l e c t e d  
as  t h e  parameter t o  be used. For t h e  l i m i t e d  a r e a  and condi t ions  under 
which t h i s  s tudy  was conducted, it was found t h a t  i nc reas ing  t h e  s i z e  of  
t h e  t r a i n i n g  s e t  ( t h e  number o f  scanner  r e s o l u t i o n  elements around each 
f i e l d  g r i d  po in t  t o  be used t o  t r a i n  t h e  computer) up t o  an opt imal  s i z e  
improved t h e  c o r r e l a t i o n  between r e f l e c t a n c e  and organic  matter  conten t  
 a able 3 ) .  

Roth and Baumgardner ( 3 ) concluded from t h i s  s tudy t h a t :  

1. Tra in ing  s e t  s i z e  s i g n i f i c a n t l y  a f f e c t e d  c o r r e l a t i o n  between 
s o i l  r e f l e c t a n c e  and organic  ma t t e r  con ten t .  

2 .  Tra in ing  s e t s  used f o r  computer-implemented a n a l y s i s  of 
m u l t i s p e c t r a l  d a t a  should c o n s i s t  of a t  l e a s t  36 scanner  
r e s o l u t i o n  elements f o r  b e s t  c o r r e l a t i o n  wi th  s o i l  a n a l y s i s  
da t a .  

One of  t h e  very promising lpp l i ca t ions  of  t h e  techniques presented  i n  
t h i s  paper i s  i n  t h e  inventory ing  and mapping of t h e  s o i l s  resources  of 
t h e  world. S c i e n t i s t s  a t  LARS a r e  working with t h e  S o i l  Conservation 
Serv ice  i n  Indiana  t o  eva lua t e  var ious  remote sens ing  techniques a s  an a i d  
i n  c l a s s i f i c a t i o n  and mapping of s o i l s .  Recently s p e c t r a l  c l a s s i f i c a t i o n s  
of s o i l s  have been made from m u l t i s p e c t r a l  scanner d a t a  obta ined  i n  May 
1971 over  f l i g h t l i n e  212 i n  Montgomery County, Ind iana .  m e  ob jec t ive  of 
t h i s  research  i s  t o  f i n d  t h a t  combination of t r a i n i n g  d a t a ,  t r a i n i n g  s e t  
s i z e ,  a r r a y  of s p e c t r a l  channels and o t h e r  techniques which w i l l  produce 
t h e  most meaningful and u s e f u l  s p e c t r a l  c l a s s i f i c a t i o n  o r  map of sur face  
s o i l s .  It i s  t h e  goa l  of t h e  s o i l  s c i e n t i s t s  a t  LARS t o  be ab le  t o  put  
i n t o  t h e  hands of t h e  s o i l  surveyor s p e c t r a l  maps which w i l l  g r e a t l y  
a c c e l e r a t e  and improve t h e  accuracy of s o i l  surveying and mapping. 

I n  t h e  Montgomery County s tudy  fou r t een  s p e c t r a l  c l a s s e s  of  s o i l s  
were mapped by computer (F igures  6 and 7 ) . I n  Figure 6 d a t a  from a l l  



twelve a v a i l a b l e  r e f l e c t i v e  channels were used i n  t h e  s p e c t r a l  c l a s s i f i c a -  
t i o n .  The c l a s s i f i c a t i o n  r e s u l t s  i n  Figure 7 were obta ined  wi th  t h e  
a n a l y s i s  of d a t a  from t h e  f o u r  b e s t  channels a s  s e l e c t e d  by t h e  divergence 
method (1). I n  t h i s  s tudy  it was found t h a t  t h e  c l a s s i f i c a t i o n  r e s u l t s  
a r e  g r e a t l y  a f f e c t e d  by t h e  method which i s  used t o  s e l e c t  t h e  s p e c t r a l  
c l a s s e s .  Where t o t a l  r e f l e c t i v e  d a t a  were used a s  a  b a s i s  f o r  s p e c t r a l  
c l a s s  s e l e c t i o n ,  t h e  c l a s s i f i c a t i o n  r e s u l t s  gave i n d i s t i n c t  c l a s s  boun- 
d a r i e s  and much more complex s p e c t r a l  p a t t e r n s  (F igure  6~ and 7 A )  t han  
were achieved where only v i s i b l e  r e f l e c t a n c e  (F igures  6~ and 7 ~ )  and only 
r e f l e c t i v e  i n f r a r e d  ( F i g u r e s _ 6 ~  and 7 ~ )  were used f o r  s p e c t r a l  c l a s s  
s e l e c t i o n .  

Although f o u r t e e n  s p e c t r a l  c l a s s e s  would seldom be  meaningful and 
u s e f u l  i n  d e l i n e a t i n g  s o i l  types  i n  so smal l  an a r e a ,  t h i s  r e sea rch  pro- 
v ides  a  b a s i s  f o r  b e t t e r  s p e c t r a l  c l a s s i f i c a t i o n .  Fur ther  s tudy  i s  needed 
t o  a s s i s t  i n  combining c l a s s e s  and s e l e c t  boundaries  between s p e c t r a l  
c l a s s e s  t o  genera te  a  more usable  product .  

S c i e n t i s t s  a t  Pennsylvania S t a t e  Univers i ty  and Purdue Univers i ty  
a r e  coopera t ing  i n  a  p r o j e c t  funded by t h e  U . S .  Department of Transpor- 
t a t i o n  ( 4 ) .  This p r o j e c t  involves  t h e  a n a l y s i s  and i n t e r p r e t a t i o n  of 
m u l t i s p e c t r a l  scanner  d a t a  from a  47-mile f l i g h t l i n e  i n  southeas te rn  
Pennsylvania ( ~ i ~ u r e  8 ) .  Scanner d a t a  were obta ined  i n  May 1969 a t  a  t ime 
o f  maximum ba re  s o i l  exposure. Seven segments,  each 3 t o  5 miles  i n  
l eng th  and con ta in ing  p r imar i ly  one parent  m a t e r i a l  were des igna ted  f o r  
s tudy .  Parent  m a t e r i a l s  a long t h e  f l i g h t l i n e  inc lude  l imes tone ,  s h a l e ,  
sandstone,  conglomerate,  and perhaps o t h e r s .  To d a t e ,  f o u r  of t h e s e  segments 
have been s tudied  i n  d e t a i l  u s ing  p a t t e r n  r ecogn i t i on  techniques .  Resul t s  
i n d i c a t e  t h a t  parent  mater iaxs can be mapped i n  t h e  i n d i v i d u a l  segments. 
S p e c t r a l  mapping o f  su r f ace  s o i l s  has been done i n  t h e  l imes tone  a r e a .  
Many of t h e  s o i l  f e a t u r e s  and p a t t e r n s  a r e  e a s i l y  seen i n  an a e r i a l  photo- 
graph ( ~ i g u r e  9 ) .  The p a t t e r n s  i n  t h e  s p e c t r a l  map d e l i n e a t i n g  t h r e e  
c l a s s e s  of  s o i l s  and one c l a s s  of green vege ta t ion  compare very w e l l  wi th  
t h e  f i e l d  survey map (Figure  10) . 

Plans f o r  t h e  Ear th  Resources Technology S a t e l l i t e  (ERTS ) Experiment 
have captured  t h e  imaginat ion and i n t e r e s t  o f  people around t h e  world. 
For many months i n v e s t i g a t o r s  a t  LARS have been p repa r ing  and t r a i n i n g  
f o r  r ece iv ing ,  ana lyz ing  and i n t e r p r e t i n g  e a r t h  resources  d a t a  t o  be 
obta ined  from ERTS . Dig i t i zed  d a t a  from t h e  mult ichannel  photography taken 
on March 1 2 ,  1969, a s  a  p a r t  of t h e  so65 Experiment of  Apollo 9  have been 
used t o  s imula te  ERTS d a t a .  D i g i t i z a t i o n  and a n a l y s i s  techniques  have 
been descr ibed  by Anuta and MacDonald ( 5 ) .  

One of t h e  important a g r i c u l t u r a l  reg ions  i n  t h e  U.S. which was 
photographed i n  t h e  SO65 Experiment i s  t h e  Southern Great P l a i n s  Region 



around Lubbock, Texas (F igure  11). A genera l  s o i l s  map of Crosby County, 
Texas, which occupies 911 square miles  i n  t h e  cen te r  of t h e  Apollo 9  
photograph, c l e a r l y  i l l u s t r a t e s  t h e  d i f f e r ences  between t h e  3igh P l a i n s  
and t h e  Rol l ing  P l a i n s  ( ~ i g u r e  1 2 ) .  The White River and i t s  many small  
t r i b u t a r i e s  a r e  c l e a r l y  seen i n  t h e  e a s t e r n  and southeas te rn  po r t ions  
of t h e  map of Crosby County. 

Without any ground i d e n t i f i c a t i o n  of  s u r f  ace f ea tu re s  o the r  t h a n  
those  provided i n  a  S o i l  Survey Report of Crosby County (6), a  s p e c t r a l  
a n a l y s i s  and c l a s s i f i c a t i o n  were made of Crosby County, u s ing  t h e  d i g i -  
t i z e d  3-channel ( 2  v i s i b l e ,  1 i n f r a r e d )  photographic d a t a  ( Figure 13  ) . 
Many su r f ace  f e a t u r e s  a r e  e a s i l y  i d e n t i f i a b l e  and separable  with t h i s  
s p e c t r a l  d a t a .  These inc lude  towns, h igh ly  r e f l e c t i v e  dry r i v e r b e d s ,  
bodies  of su r f ace  wa te r ,  i r r e g u l a r  s p e c t r a l  p a t t e r n s  a s soc i a t ed  wi th  
rangelands ,  and r e g u l a r  p a t t e r n s  a s soc i a t ed  with c u l t i v a t e d  a g r i c u l t u r a l  
a r e a s .  Within t h e  c u l t i v a t e d  region many l e v e l s  of s p e c t r a l  response 
a r e  separable  and mappable by p a t t e r n  r ecogn i t i on  techniques .  Those 
f i e l d s  having very high r e f l e c t a n c e  i n  t h e  v i s i b l e  spectrum may be covered 
wi th  r e s idue  from t h e  previous crop of g ra in  sorghum. F i e l d s  having 
very low r e f l e c t a n c e  may be wet ,  f r e s h l y  plowed, o r  be covered wi th  
win ter  wheat.  There a l s o  seem t o  be many f i e l d s  with n e i t h e r  high nor low 
r e l a t i v e  r e f l e c t a n c e .  The r e f l e c t i n g  su r f aces  of such f i e l d s  may conta in  
co t ton  o r  g ra in  sorghum re s idues  which have been incorpora ted  and mixed 
i n t o  t h e  su r f ace  s o i l  t o  vary ing  degrees by d i f f e r e n t  t i l l a g e  ope ra t ions .  

The White River Reservoi r ,  which serves  as  t h e  muncipal water supply 
f o r  Crosbyton, Texas, i s  l o c a t e d  i n  t h e  southeas te rn  corner  of Crosby 
County ( ~ i ~ u r e  1 4 ) .  The r e s e r v o i r ,  t h e  dry r i v e r  channels ,  t h e  random pat -  
t e r n s  of  t h e  surrounding rangelands ,  and t h e  ordered shapes of t h e  c u l t i -  
va ted  f i e l d s  a r e  e a s i l y  d i s c e r n i b l e .  

It i s  a  simple opera t ion  t o  i n s t r u c t  t h e  computer t o  p r i n t  o r  map 
only those  f e a t u r e s  of i n t e r e s t  (Figure 1 5 ) .  This technique can d e l e t e  
super f luous  d a t a  from t h e  scene and can al low t h e  i n v e s t i g a t o r  t o  observe 
and d i s p l a y  only t h e  des i r ed  d a t a .  

Remote sens ing  techniques ho ld  g rea t  promise f o r  man i n  d i f f e r e n t i a t i n g  
elements of t h e  so i l -vege ta t ion  complex. There i s  much t h a t  man does not  
understand about t h e  r e l a t i o n s h i p s  between t h e  many physical-chemical 
parameters and t h e  energy which i s  r a d i a t i n g  f r o m t h e  so i l -vege ta t ion  com- 
p lex .  The r e s u l t s  which have been presented  i n  t h i s  paper give r i s e  t o  
g rea t  optimism i n  t h e  search  f o r  b e t t e r  understanding and d e f i n i t i o n s  of 
those  r e l a t i o n s h i p s .  And with t h i s  understanding w i l l  come t h e  technology 
and c a p a b i l i t y  t o  apply remote sens ing  and automatic d a t a  process ing  tech-  
niques t o  a b e t t e r  use of e a r t h  resources  and t h e  p re se rva t ion  and mainten- 
ance of t h e  q u a l i t y  environment. 



It i s  wi th  g r e a t  a n t i c i p a t i o n  t h a t  s c i e n t i s t s  around t h e  world look 
forward t o  r ece iv ing ,  ana lyz ing ,  i n t e r p r e t i n g ,  and eva lua t ing  e a r t h  
resources  d a t a  from t h e  ERTS and Skyla-b Experiments. 

The research  summarized h e r e i n  was supported by NASA under Grant 
NGL 15-005-112. Gra tefu l  app rec i a t ion  i s  expressed t o  NASA f o r  t h i s  
suppor t .  The var ious  i n d i v i d u a l  s t u d i e s  were c a r r i e d  out by Drs. 
A .  H .  Al-Abbas, Jan E .  Cipra,  Stevan J.  K r i s t o f ,  Charles B .  Roth, 
Terry R .  West, o f  t h e  LARS s t a f f  and J!h. M l  Horvath, Purdue under- 
graduate s tuden t .  
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Table 1. Summary of S p e c t r a l  Channel Se l ec t ion  

Condit ions:  1. Data f o r  1969 and 1970 
2 .  Data f o r  3 s o i l  t e s t  a r eas  
3 .  Channel s e l e c t i o n  made by 2  methods 
4 .  Best 1, 2, and 3 channels s e l e c t e d  

Channel Wavelength Color No. of Times No. of  t imes s e l e c t e d  
No. (in urn) Se lec ted  as among 1, 2 ,  o r  3 

Best Channel (12 Best Channel 
p o s s i b i l i t i e s  ) ( 7 2  p o s s i b i l i t i e s  ) 

1 .40- .  44 Viole t  1 4 

2 .46-. 48 Blue 0 0 

Green 

Yellow 

Orange 

Red 

Dark r ed  

Ref l ec t ive  I R  

Re f l ec t ive  I R  

Re f l ec t ive  I R  

Re f l ec t ive  I R  

Re f l ec t ive  I R  



Table 2 .  E f f ec t  o f  s p e c t r a l  channels s e l e c t e d  or t h e  c o r r e l a t i o n  of 
r e f l e c t a n c e  with s o i l  organic  ma t t e r  

Channel 
Combinat ions  

Table 3. The e f f e c t  of  t r a i n i n g  s e t  s i z e  on t h e  c o r r e l a t i o n  between s o i l  
r e f l e c t a n c e  and s o i l  organic  mat te r  content  (channels  5 & 7 )  

Number of 
Resolut ion Elements 
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a . Aerial Photograph b . Soils map 

Figure 1. oil Test Area 6 in Tippecanoe County , Indiana. 
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! 
t.:... 
.~ , 

Figure 2. Organic matter content of surface soils, STA 6, Jtuy 1970 
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Figure 3. Ccmputer map of e xtractable soil phosphorus and exchangeable 
soil potassium, STA 6, July, 1970 
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Figure 4. Sepctral maps representing different levels of plant 
nitrogen, phosphorous, and potassium, STA 6, August 1970 



Bu/A Kg/Ha 
40-65 I: 2700-4400 
66 - 100 4401-6775 

0 100+ r:::::J 6775+ 

i 
S 

i 

a . Corn yi e ld 
(upper one - t h ird of field) 

Bu/A 
.. 20 -30 
c:J 31 - 50 
CJ 50+ 

o 349 698 feet 
I I I 

Ko/Ho 
.. 1265-1900 
c::J 1901 - 3160 
r:::::J 3160 + 

o 106 212 meIIrs 

b . Soybean Yield 
(lower two- thirds of field) 

Figure 5. Computer maps relating crop yie l d to spectr~l r esponse . 
STA 6 , August 1970 
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(a) 

(b) (c) 

Figure 6. Fourteen spectral classes of soils in selected fields from 
flightl i ne 212, Montgomery County, Indiana, 12-channel (0 .4-1. 8 ~m) 
classification 

Reflectance data used to select classes: 
(a) Total (b) Visible (c) Infrared 



(a) 

(b) (c) 

Figure 7. Fourteen spectral classes of soils in selected fields from 
fl i ghtli ne 212, Montgomery County, Indiana, 4-channel classification 

Reflectance data us ed to select classes : 
(a ) Total (b) Visible (c) Infrared 
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Pennsylvania 

Figure 8 . Pennsylvania test s ite 

• • • ~\ - ..... 10 • •. ., ..... ',. I , . . ,~ .' . 
• ". - 'or •• , ~ 

• • # 

Figure 9 . Aerial photograph of test field i n Lancaster County , Pennsylvania 



(a) 

Appr oximate .scale 

o 
I 
o 

300 
I 
91 

600 feet 
I 
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(b) 

Figur e 10 . Spectr al mapping of limestone soils Lancaster County , 
Pennsylvania 

(a) Multispectral Computer Map (b) Field Survey Map 
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Figure 11 . Apollo 9 photograph of the Lubbock , Texas , region 
(NASA frame 3808) 
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Figure 13 . Spectral classification of east central portion of Crosby 
County , Texa s ; data from Apollo 9 , March 12 , 1969 



Figure 14 . Computer map 
White River Reservior. 
March 1969 

of spectral classes of surface features around 
Crosby Co~~ty, Texas. Data frow Apollo 9, 
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White River 

" / 

, 
.::. " 

" Reservoir 

Figure 15. Computer map of the White River and Reservoir in Crosby County, 
Texas. Data from Apollo 9, March 1969 




