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ABSTRACT 

There were t h r e e  o b j e c t i v e s  f o r  t h i s  s tudy .  F i r s t ,  t o  i n v e s t i g a t e  
t h e  unique c h a r a c t e r i s t i c s  o f  LANDSAT imagery as they  a i d  i n  r ecogn iz ing  
s o i l  survey  boundaries .  Second, t o  e x p l o r e  t h e  use o f  LANDSAT imagery f o r  
low i n t e n s i t y  s o i l  surveys.  And t h i r d ,  t o  i n v e s t i g a t e  LANDSAT imagery a s  
a base  map f o r  p u b l i s h i n g  thema t i c  s o i l s  maps. 

As an a i d  i n  r ecogn iz ing  s o i l  boundar ies ,  t h e  fo l l owing  c h a r a c t e r -  
i s t ics  o f  LANDSAT-1 imagery have a bea r ing  on t h e  u se  o r  t h e  Imagery i n  a 
s o i l  survey  program. F i r s t ,  each  scene  covers  such a  l a r g e  a r e a  t h a t  a 
s y n o p t i c  view o f  s o i l  a s s o c i a t i o n s  is  p o s s i b l e .  An a r e a  o f  3.5 m i l l i o n  
h e c t a r e s  can be  s t u d i e d  where sun a n g l e ,  c o n d i t i o n  o f  s o i l ,  s t a g e  o f  veg- 
e t a t i v e  growth and o t h e r  f e a t u r e s  a r e  recorded  a t  n e a r l y  t h e  same moment. 
The i n f l u e n c e  o f  c l i m a t e  and v e g e t a t i o n ,  s o i l  p a r e n t  m a t e r i a l  and topo-  
graphy on s o i l s  can be d e t e c t e d .  Second, t h e  scenes  a r e  nea r -o r thog raph ic .  
Thus LANDSAT scenes  j o i n  one a n o t h e r  w i t h  ve ry  l i t t l e  d i s t o r t i o n  s o  t h a t  
mosaics can be  cons t ruc t ed .  !.loreover, LANDSAT scenes  f i t  c o n t r o l l e d  base 
maps such a s  t h e  USGS maps and t h u s  maps showing geo log ic ,  topographic ,  
s o i l s ,  c u l t u r a l  and o t h e r  f e a t u r e s  can be  superimposed a s  t r a n s p a r e n c i e s  
over  LANDSAT scenes.  Th i rd ,  s i n c e  LASDSAT pas se s  occu r  every  Y days ,  
scenes  can be s e l e c t e d  f o r  t h e  t i m e  o f  t h e  y e a r  b e s t  s u i t e d  f o r  s o i l  survey.  
Moreover, t h e  changes i n  v e g e t a t i o n  and use o f  s o i l s  a s  w e l l  a s  t h e  s o i l s  
themselves  can be observed  a s  thejP change wi th  time. Four th ,  t h e  d a t a  a r e  
recorded i n  f o u r  d i s t i n c t  p a r t s  o f  t h e  e l ec t romagne t i c  spectrum. S ince  
both s o i l s  and v e g e t a t i o n  r e f l e c t  d i f f e r e n t l y  i n  d i f f e r e n t  p a r t s  of  t h e  
e l ec t romagne t i c  spectrum, t h e  u se  o f  f o u r  bands i n c r e a s e s  t h e  chances f o r  
unique s i g n a t u r e s  f o r  i d e n t i f i c a t i o n  o f  v e g e t a t i o n  and s o i l s .  F i f t h ,  com- 
pu te r  compat ible  t a g e s ,  on which t h e  r e f l e c t a n c e s  o f  t h e  f o u r  bands a r e  
d i g i t i z e d ,  a r e  u s e f u l  t o  q u a n t i f y  t h e  d a t a  o f  each  scc-e.  

Using many o f  t h e  c h a r a c t e r i s t i c s  o f  LANDSAT imagery, a  low i n t e n s i t y  
s o i l  survey  o f  Pennington County, South Dakota was completed i n  1974. 
This  s tudy  was suppor ted  i n  p a r t  by NASA O f f i c e  o f  U n i v e r s i t y  A f f a i r s ,  
Grant No. 42-003-007. In South Dakota a  l a u  was passed  i n  1970 r e q u i r i n g  
t h a t  a g r i c u l t u r a l  l and  be a s s e s s e d  f o r  t a x a t i o n  accord ing  t o  t h e  a b i l i t y  
u f  l and  t o  produce a g r i c u l t u r a l  c rops  o r  n a t i v e  g r a s s .  A method based on 
s o i l  survey  d a t a  and l and  s a l e s  was developed a t  South Dakota S t a t e  'Iniv- 
e r s i t y  f o r  u se  by a s s e s s o r s .  S o i l  Survey d a t a  neces sa ry  t o  use  t h i s  method 
a r e  a - r a i l ab i e  For o l ~ l y  4 1  o f  t h e  6 7  c o u n t i e s  i n  South Dakota. Low i n t e n -  
s i t y  lnexpens ivc  s o i l  survey$  can p ~ o v i d e  t h e  d a t a  needed t o  e t a l u a t e  ag-  
r i c u l t u r a l  l and  f o r  t h e  remaining c o u n t i e s  u n t i l  d e t a i l e d  s o i l  surveys  
a r e  completed. 

LANDSAT c o l o r  compositc t r anspa re r . . i e s ,  s i n g l e  h a ~ d  t r a n s p a r e n c i e s  
~ n d  enlargement p r i n t s  were i n t e r p r e t e J  t o  p r o d ~ c e  a  s n i l s c a p c  map f o r  
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400,000 hec ta res .  Areas o f  similar photographic c h a r a c t e r i s t i c s  were de- 
l i n e a t e d  on a y l a r  over  a c o l o r  composite. The f i e l d  checking was done by 
a resource team of  s o i l s ,  geology and range sc ience  s p e c i a l i s t s .  

The t i m e  necessary  t o  map and f ie ld-check t h e  s o i l  a s s o c i a t i o n s  f o r  
400,000 hec ta res  us ing  LANDSAT-1 imagery was four  t o  s i x  weeks. The t o t a l  
cost f o r  t h i s  low i n t e n s i t y  s o i l  survey was about 24 p e r  hec ta re .  The 
s o i l s c a p e  map p l u s  land s a l e s  d a t a  were used t o  prepare  a land value map 
f o r  t h e  county. 

In using LANDSAT imagery a s  a base map f o r  p u b l i s h i r g  themat ic  s o i l  
maps, t h e  f i r s t  s t e p  was to prepare  a mosaic. Twenty LANDSAT scenes from 
severa l  l a t e  s p r i n g  passes  i n  1973 were s e l e c t e d  and made i n t o  a mosaic o f  
scale 1:1,000,000. Two s t a t e  LANDSAT mosaics conta in ing s o i l s  information 
have now been published.  They were funded i n  p a r t  by NASA No. 5-21771 
and NASA Off ice  o f  Univers i ty  A f f a i r s ,  Grant No. 42-003-007. On t h e  f i r s t ,  
t h e  s o i l  a s s o c i a t i o n s  a r e  keyed t o  information on land s a l e  p r i c e s  from 
1967-1972 and t h e  r e s u l t  is 3 land value map on a LANDSAT mosaic. On t h e  
second, t h e  s o i l  a s s o c i a t i o n s  a r e  keyed t o  s o i l  test  r e s u l t s  i n  South 
Dakota o f  t h e  l a s t  25 y e a r s  f o r  organic  mat ter ,  P205, K20 and pH. Also 
given f o r  each s o i l  a s s o c i a t i o n  i s  r e l i e f  and t ex tu re .  Each o f  these  pub- 
l i c a t i o n s  c o s t  abcut  $400 f o r  5000 copies.  

INTRODUCTION 

Aer ia l  photographs o f  t h e  e a r t h  have been used as a soil survey t o o l  
s i n c e  t h e  1930's. Since J u l y  o f  1972, imagery of t h e  e a r t h  from the  Earth 
Resources Technology S a t e l l i t e  (LANDSAT) has been a v a i l a b l e .  LANDSAT d a t a  
a r e  m u l t i s p e c t r a l ,  temporal, synopt ic  and near  or thographic .  Thus they 
have p r o p e r t i e s  not  previous ly  a v a i l a b l e  i n  photographs taken from a i r -  
planes. Limits o f  LANDSAT d a t a  inc lude  lower r e s o l u t i o n  than a i r c r a f t  
imagery, atmospheric a t t e n u a t i o n  and, s ince  da ta  a r e  taken a t  f ixed  i n t e r -  
v a l s ,  t h e r e  is no chance o f  avoiding cloudy o r  s t o n y  weather. S icce  
imagery is  a t o o l  o f  s o i l  survey, t h i s  s tudy was undertaken t o  eva lua te  
LANDSAT imagery i n  a s o i l  survey program. 

The fol lowing c h a r a c t e r i s t i c s  of  LANDSAT imagery have a bearing on 
use of the  imagery i n  a s o i l  survey program. 

F i r s t ,  each scene covers such a l a r g e  a r e a  t h a t  a synopt ic  view o f  
s o i l  a s s o c i a t i o n s  i s  poss ib le .  An a r e a  of  3.5 m i l l i o n  h e c t a r e s  can be 
s t u d i e d  where sun angle ,  condi t ion  o f  s o i l ,  s t age  of  vege ta t ive  growth 
and ".+ i f e a t u r e s  a r e  recorded a t  nea r ly  the  same moment. The inf luence  
of  cl i inate and vege ta t ion ,  s o i l  parent  ma te r i a l  and topography on s o i l s  
can be detecte;  

Second, the  scenes a r e  i iear-orthographic.  'Thus LAXIISAT scencs j o in  
one another  wi th  very l i t t l e  d i s t o r t i o n  so t h a t  mosaics can b e  c ~ n s t r u c t c d .  
Moreover, LANDSAT scenes f i t  c o n t r o l l e d  base maps s u c h  as the USGS maps. 
Such maps, showing geologic ,  topographic, s o i l s ,  c u l t u r a l  and o the r  f ca -  
t u r e s ,  can bc superimposed a s  t r ansparenc ies  over LANDSAT scenes.  



Third,  s i n c e  LANDSAT passes  nou occur every  9 days, scenes can be 
s e l e c t e d  f o r  t h e  time of yea r  b e s t  s u i t e d  f o r  s o i l  survey. S o i l  surveyors 
have had very l i t t l e  c o n t r o l  as t o  f l i g h t  scheduling f o r  acqu i r ing  a e r i a l  
photographs and have had t o  accept  photographs taken u s u a l l y  i n  midsummer 
when the  s o i l s  a r e  mantled w i t h  vegetat ion.  

Fourth, t h e  d a t a  a r e  recorded i n  four  d i s t i n c t  p a r t s  o f  t h e  spectrum. 
Since both  s o i l s  and vege ta t ion  r e f l e c t  d i f f e r e n t l y  i n  d i f f e r e n t  p a r t s  of 
the  e lec t romagnet ic  spectrum, t h e  use  o f  four  bands inc reases  t h e  chances 
f o r  unique s i g n a t u r e s  f o r  i d e n t i f i c a t i o n  of vege ta t ion  and s o i l s .  

F i f t h ,  computer compatible tapes  conta in ing d i g i t a l  d a t a  r e l a t i n g  
t o  r e f l e c t a n c e s  i n  each o f  t h e  four  s p e c t r a l  regions  a r e  u s e f u l  t o  quan t i fy  
t h e  da ta  o f  each scene. 

Much of t h e  l i t e r a t u r e  concerning LANDSAT-1 resea rch  i s  a v a i l a b l e  i n  
NASA Symposium Results .  Freden and Mercanti (1) have summarized t h e  
Third Symposium i n  t h r e e  volumes. The work done i n  s o i l s  wi th  LANDSAT-1 
appears genera l ly  under t h e  d i s c i p l i n e  heading "Agriculture,  Fores t ry  
and Range Resources". So f a r ,  t h e  information e x t r a c t e d  from LANDSAT-1 
d a t a  i n  s o i l  survey i s  by d i r e c t  p h o t o i n t e r p r e t a t i o n  o r  by automatic da ta  
process ing techniques.  

METHODS AND RESULTS 

The t h r e e  o b j e c t i v e s  f o r  t h i s  stud,,? were: t o  i n v e s t i g a t e  t h e  unique 
character i s t i c s  of LANDSAT imagery as they apply t o  recognizing soil survey 
boundaries, t o  explore  t h e  use  of LANDSAT imagery i n  low i n t e n s i t y  s o i l  
surveys, and t o  i n v e s t i g a t e  LANDSAT imagery as  a  base map f o r  publ ish ing 
thematic s o i l  maps. 

USE OF LANDSAT TO RECOGNIZE SOIL SURVEY BOUNDARIES 

Synoptic V i e w  

S o i l  boundaries caused by c l i m a t i c  and vege ta t ive  d i f f e r e n c e s  usua l ly  
can not be observed on conventional. a i r  photographs. No one photograph 
covers enough a r e a  t o  show evidence of  t h e s e  s o i l  d i f f z r e n c e s  due t o  c l i -  
mate and vegeta t ion  chailges s ince  a t  bes t  these  boundaries a r e  d i f f u s e .  
The LANDSAT scenes ,  however cover an a rea  l a r g e  enough t o  observe c l i m a t i c  
boundaries. 

Figure 1 i s  of  e a s t e r n  South Dakota and western Minnesot- a lcng l a t -  
i tude  4S015'. Shown a r e  .tegative p r i n t s  of  s c a l e  1:500,000 o f  p a r t  of one 
scene. The tona l  d i f f e rence  of  tho e a s t  an2 west p a r t s  i s  du~.  -0 r e f l e c e -  
ive  d i f fe rences  of s o i l s  and vegeta t ion .  In thic, a rea  the  clirnate g radua l ly  
becomes more humid toward the  e a s t .  The western p a r t  of  the  >cene receives  
about 2 1  inches of  annual p r e c i p i t a t i o n ,  while t h e  eGstern p a r t  r ece ives  
about 25 inches.  More small  g r a i n  crops and a l f a l f a  a r e  grown i n  the  d r i e r  



western  p a r t  o f  t h i s  a r e a ,  wh i l e  more co rn  and soybeans a r e  grown i n  t h e  
more h d d  e a s t e r n  p a r t .  On June 17,  1973, t h e  d a t e  of  t h i s  s c e s e ,  t he  
s n a l l  g r a i n  and a l f a l f a  a r e  n e a r  t h e i r  peak of  green  growth, t hus  showing 
dark  tones  on t h i s  n e g a t i v e  p r i n t  o f  MSS-7, wh i l e  t h e  co rn  and soybeans 
do no t  y e t  cover  t h e  ground 2nd t h e  l i g h t  t ones  a r e  t hose  o f  n e a r l y  b a r e  
s o i l .  In  t h i s  approximate a r e a  t h e  l i n e  i s  drawn between Udoll s o i l s  on 
t h e  e a s t  and U s t o l l  s o i l s  on t h e  w e s t .  

wh i l e  s o i l  boundar ies  caused by c l i m a t i c  and n a t i v e  v e g e t a t i o n  d i f f -  
e r ences  sre d i f f u s e ,  boundar ies  due t o  d i f f e r e n t  p a r e n t  m a t e r i a l s  g e n e r a l l y  
a r e  sharg .  F igure  2 i s  a  nega t ive  p r i n t  a t  a  s c a l e  o f  1:500,000 o f  MSS-7 
d a t a  from southwes tern  South Dakota. Loess (Area A), sand (Area B ) ,  and 
ca l ca reous  sands tone  (Area C )  s o i l  p a r e n t  m a t e r i a l s  a l l  a r e  apparent  on 
t h e  s c r - .  Stream p a t t e r n s ,  image tone ,  land-use  c h a r a c t e r i s t i c s ,  and 
land  . types  a l l  g i v e  c l u e s  f o r  t h e s e  s e p a r a t i o n s .  

S o i l  boundar ies  on t h e  Great  P l a i n s  caused by r e l i e f  d i f f e r e n c e s  a r e  
e s p e c i a l l y  apparent  on imagery i n  a r e a s  o f  f i n e  t e x t u r e d  s o i l s .  Most o f  
t h e  r a i n  f a l l i n g  on s o i l s  of t h i s  t e x t u r e  runs  o f f  because of  t h e  low s o i l  
i n f i l t r a t i o n  r a t e s .  The r e s u l t  i z  a  network o f  c l o s e l y  spaced d r a i n s .  
These d r a i n s  f i l l  w i t h  snow i n  t h e  w i n t e r ,  t hus  r e l i e f  d i f f e r e n c e s  a r e  
accentua ted .  F igure  3 inc ludes  nega t ive  p r i n t s  o f  MSS-7 d a t a  o f  s c a l e  
1:250,000 from t h e  Cretaceous P i e r r e  s h a l e  a r e a  i n  c e n t r a l  South Dakota. 
Both summer and w i n t e r  scenes  a r e  shbwn. 

Temporal Charac ter  

F igu re  4 i nc ludes  p a r t s  of  two LANDSAT scenes  from wes tern  South Dak- 
o t a  taken  about  2 y e a r s  a p a r t .  A change i n  use  of  some of t h e  s o i l s  of 
t h e  Great  P l a i n s  from g r a s s  t o  wheat has  been brought  about by t h e  i n c r e a s e  
i n  t h e  p r i c e  of wheat. This  change i n  t h e  use  o f  s o i l s  w i t h  t ime can be 
s t u d i e d  wi th  LANDSAT imagery s i n c e  ba re  l and  and wheat lands a r e  e a s i l y  d i ~  - 
t i ngu i shed  from g r a s s l a n d s .  

In  f i g u r e  4 ,  two n e g a t i v e  p r i n t s  of s c a l e  1:500,000 taken about 2 
yea r s  a p a r t ,  t h e  newly c u l t i v a t e d  l and  is l i g h t - t o n e d ,  g r a s s l a n d  i s  a  med- 
ium gray  tone  and wheat i s  very d a ~ k  gray .  

These changes i n  l and  use can be q u a n t i f i e d  through use o f  t h e  com- 
p u t e r  compatible  t apes  which a r e  d i scussed  i n  a  l a t e r  s e c t i o n .  

F igure  5 i nc ludes  MSS-7 p r i n t s  of  t h e  same a r2a  of s o u t h e a s t  South 
Dakota of  two da t e s .  Both scenes  a r e  nega t ive  p r i n t s  of  s c a l e  1:250,000. 
Two p r i n c i p a l  s o i l  a s s o c i a t i o n s  a r e  shown: A ,  a n e a r l y  l e v e l ,  immaturely 
d i s s e c t e d ,  g l a c i a l  p l a i n  of s i l t y  s o i l s  formed i n  a  t h i n  l o e s s  cap over  
t i l l ;  and B ,  a d i s s e c t e d  p l a t e a u  having r o l l i n g ,  deep l o e s s i a l  s ~ i l s .  
The a s s o c i a t i o n  of r o l l i n g  s o i l s ( B )  i s  e a s i l y  d i s t i n g u i s h a b l e  on t h e  Nay 
30 scene bu t  i s  l e s s  ea sy  t o  s e e  on t h e  August 28 scene.  Vege ta t ion ,  and 
t h e  l ack  o f  i t ,  which changes wi th  t ime,  p l ays  a l a r g e  p a r t  i n  d i s t i n g u i s h  
ing  t h e s e  a s s o c i a t i o n s .  The r o l l i n g  Area B i s  c h a r a c t e r i z e d  by two f e a -  
t u r e s  - cons ide rab le  e r o s i o n  and more close-growing crops  - a l f a l f a ,  g r a s s  
and smal l  g ra in .  This  causes  a mot t led  tone .  The most ly  dark  a r e a s  i n  



t h e s e  n e g a t i v e - p r i ~ t  MSS-7 d a t a  a r e  c rops ,  and t h e  s p l o t c h e s  o f  w h i t e  a r e  
t h e  l i g h t  co lo red ,  eroded s o i l s .  The f l a t  so i l s  o f  A i n  l a t e  May a r e  
b a r e  o r  on ly  p a r t i a l l y  covered w i t h  t h e  r e c e n t l y  p l a n t e d  co rn  and soybeans. 
Thus they  appear  l i g h t - t o n e d  i n  geometr ic  shapes  ox  t h i s  n e g a t i v e  p r i n t .  
I n  t h e  l a t e  August scene  t h e  two s o i l  a s s o c i a t i o n  a r e a s  appear  almost  
uniformly dark- toned  s i n c e  p r a c t i c a l l y  a l l  t h e  s o i l s  a r e  mantled w i t h  s o w  
kind of  growing v e g e t a t i o n  on this d a t e .  The fifay scene t h u s  i s  s u p e r i o r  
t o  t h e  August scene  t o  show t h e s e  s o i l  a s s o c i a t i o n  boundaries .  

M u l t i s p e c t r a l  C a p a b i l i t i e s  

One advantage i n  having energy recorded i n  f o u r  s p e c t r a l  bands i s  
t h a t  unique s i g n a t u r e s  f o r  wa te r  and f o r  v a r i o u s  a g r i c u l t u r a l  u ses  o f  s o i l s  
can be developed. F igure  6 shows 4 s e c t i o n s  of  l and  i n  wes tern  South Dak- 
o t a  (Sec t ions  1 - 4 ,  T106NS R77W Lyman County) a s  t hey  appear  i n  nega t ive  
p r i n t s  of two bands - I1SS-5 i n  t h e  v i s i b l e  spectrum and MSS-7 i n  t h e  nea r  
i n f r a r e d .  The s c a l e  i s  1:100,000. On MSS-7, f a l l ow f i e l d s  appear  n e a r l y  
wh i t e  [have h igh  r e f l e c t a n c e ) ,  g r a s s  i s  i n  l i g h t  gray  t o n e s ,  wh i l e  ve ry  
da rk  tones  a r e  o f  growing v e g e t a t i o n  - milo o r  wheat. The t y p e  o f  growing 
Vegeta t ion  is d i f f i c u l t  t o  d i s t i n g u i s h  on MSS-7 i n  mid o r  l a t e  summer. 
Ilowever, on MSS-5, mi lo  r e f l e c t s  n e a r l y  wh i t e  wh i l e  wheat appears  dark  gray  
a t  t h i s  time. Thus, usi t le  MSS-5 and 7 i n  combinat ion,  wa te r ,  f a l l ow,  
g r a s s ,  milo and wheat can be sepa ra t ed .  These a r e  t h e  main uses  of  a g r i -  
c u l t u r a l  l and  i n  t h i s  a r ea .  

A c rop  c a l e n d a r  f o r  t h e  r eg ion  unde; s tudy  a s  we l l  a s  d e t a i l e d  ground 
t r u t h  informat ion  on t h e  d a t e  of t h e  LANDSAT overpass  a r e  e s s e n t i a l  f o r  
l and  use  s t u d i e s .  

Dark, s h a l e - d e r i v e d  s o i l s  occur  i n  c e n t r a l  South Dakota on s l o p e s  
l ead ing  down t o  ihe  Missour i  r e s e r v c i r .  These s o i l s  occur  on s t e e p  
s l o p e s  a.:J i n  p l a c c s  a r e  a c t i v e l y  eroding.  The b lack  eroding  s o i l  i n  sma l l  
g u l l i e s  ad j acen t  t o  grass -covered  i n t e r f l u v e s  o c c u r r i n g  on g e n t l e r  s l o p e s  
provides  an energy c o n t r a s t  recorded on MSS-7 bu t  no t  on MSS-5. F igure  7 
shows MS5-5 and 7 p r i n t s  o f  s c a l e  1:250,000 of t h e  same a r e a .  The e rod ing  
s o i l s ,  l a b e l e d  \, appear  a s  a  whi te  f r i n g e  on t h e  nega t ive  p r i n t  of MSS-7. 
Thus t h e s e  e roding  a r e a s  can be d e t e c t e d  on MSS-7 but  no t  on ElSS-5. 

S o i l  surveyors  a r e  concerned about s e p a r a t i n g  open wa te r  from marsh- 
land.  The panchromatic f i l m  used f o r  most s o i l  survey  base maps r eco rds  
energy i n  t h e  v i s i b l e  spectrum comparable t o  MSS-4 and 5 of  LANDSAT. 
Panchromatic images o f  emergent v e g e t a t i o n  i n  marshes and open water  r e -  
f l e c t  about  t h e  same on 1,ISS-5, b u t  open wa te r  i s  e a s i l y  i d e n t i f i e d  on MSS-7 
and s e p a r a b l e  from marshland. F igure  8 i s  an example from g l a c i a t e d  
e a s t e r n  South Dakota. These a r e  nega t ive  p r i n t s  o f  s c a l e  1:500,000. 
What appcar  t o  t e  f o u r  l akes  on MSS-5 a r e  shown t o  be two l a k e s  and two 
marshes on MSS-7. 



Near-br thcgraphic  Charac ter  o f  LANDSAT Images 

The g e o n e t r i c  q u a l i t y  o f  LANDSAT MSS images is sgch t h a t  mosaics of  
a d j a c e n t  images j o i n  wi th  ve ry  l i t t l e  d i s t o r t i o n .  Moreover, o v e r l a y s  o f  
c o n t r o l l e d  base  maps f i t  LANDSA" images. O v e r i a y ~  can be p repa red  f o r  
geology, s o i l s ,  c u l t u r a l  f e a t u r e s ,  d ra inage  a ~ d  t h e  l i k e  t o  a s s i s t  u s e r s  
i n  o r i e n t i n g  themselves on LANDSAT inages  f o r  p lanning  purposes. 

Computer Compatible Tapes 

Most o f  t h e  work w i t h  LANDSAT d a t a  has  Seen wi th  photographs conver ted  
from t h e  e l e c t r o n i c  s i g n a l s  r ece ived  by t h e  m u l t i s p e c t r a l  scanner .  However, 
t h e  d i g i t a l  d a t a  themselves a r e  cons idered  t o  have more dynamic range than  
can be accommodated by a  photograph. 

In d i g i t a l  p roces s ing  t h e  amount of l i g h t  r e f l e c t e d  by t h e  s m a l l e s t  
a r e a  recorded  by t h e  s c m n e r  on t a p e  i s  g iven  a  d i g i t .  The MSS bands 4 ,  
S  and 6 have a  range o f  d i g i t s  from 1 t o  128 whi le  MSS band 7 has a  range 
o f  d i g i t s  o f  1 t o  64.  Thus t h e  range  of  r e f l e c t a n c e  f o r  t h e  4 bands i s  
d iv ided  i n t o  many more c a t e g o r i e s  t han  can be d i s t i n g u i s h e d  by eye from a 
photographic image o f  t h c  scene.  Each LANDSAr scene  has 3 , 2 4 0  columns and 
2,340 l i n e s .  S ince  each  scene  i s  185 km squa re ,  each d i g i t  r eco rds  d a t a  
f o r  about  0.45 h e c t a r n s  ( o r  1.1 a c r e s ) .  A histogram i s  prepared  f o r  each 
scene  record ing  t h e  number o f  t imes  each d i g i t a l  va lue  i s  p r i n t e d ,  s o  t h a t  
t h e  ac reage  o f  each s i g n a l  can be computed. 

Machine p roces s ing  of computer compatible  t a p e s  (CCT) i s  j u s t  deve l -  
oping. U n t i l  computer augmentat ion i s  more f u l l y  developed and g e n e r a l l y  
a c c e s s i b l e ,  s o i l  surveyors  s t i l l  can make cons ide rab le  use o f  t h e  CCTs, 
w i th  only  s imple computer sof tware  and hardware. 

This  i s  t h e  procedure used i n  t h i s  s tudy .  The CCT a s  r e c e i v e d  from 
t h e  EROS Data Center ,  Sioux F a l l s ,  S.D. has 2 p i x e l s  o f  MSS-4, 2 p i x e l s  of 
MSS-S, 2 p i x e l s  of  MSS-6 and 2 p i x e l s  of  MSS-7 p r i n t e d  t o g e t h e r ,  fol lowed 
aga in  by 2 p i x e l s  of MSS-4, 2 o f  KSS-5 and s o  on. 

Our procedure i s  t o  re format  t h e  tape  so  i t  i s  compatible f o r  use  on 
t h e  IBM 370/145 computer. In t h i s  procedure each band i s  p r i n t e d  s e p a r -  
a t e l y .  The f i r s t  s t e p  i s  t o  g e t  a  photographic p r i n t  of one band, u s u a l l y  
7 ,  of an e n t i r e  LANDSAT scene a t  a  s a l e  of  1:500,000. This  i s  superim- 
posed on a  USGS base  map of  t h e  same c a l e  over  a  l i g h t  t a b l e  t o  l o c a t e  
t he  4 co rne r s  of t h e  LANDSAT scene on the  base  map. The a r e a  of  s tudy  - a 
township o r  county u s u a l l y  - i s  l oca t ed  on t h e  base map and l i n e s  connect ing 
t h e  co rne r s  of t h i s  a r e  drab? t o  t h e  l e f t  s i J c  and top  of t h e  loca t ed  LAND- 
SAT scene.  Since each t a p e  has 3,240 columns and 2,340 l i n e s ,  a  smal l  
a r e a  of s tudy  can be loca t ed  a s  i s  shown i n  f i g u r e  9 .  On a  map of 1:500,000 
t h e  LANDSAT scene measure; 36.8 cm on a  s i d e .  Therefore  36.8  d iv ided  i n t o  
2,340 l i n e s  i n d i c a t e s  t h a t  t h e r e  a r e  63.8 l i n e s  pe r  zm. I n  t h e  same mnnner 
i t  i s  determined t h a t  t h e r e  a r e  88 .2  columns p e r  cm. The d i s t a n c e  from t h e  
upper l e f t  co rne r  of  t h e  LANDSAT scene i s  measured t o  t he  i n t e r s e c t i o n  of  
t h e  l i n e s  connec t ing  t h e  4 co rne r s  of  t he  s tudy  a r e a .  This  i s  convcr tcd  



i n t o  columns and l i n e s ,  and thus  only t h e  p a r t  of :he t a p e  encompassing 
t h e  s tudy a r e a  is p r i n t e d  out .  The e n t i r e  LANDSAT tape  can be dmped but  
t h i s  would r e s u l t  i n  a  l a r g e  volume of paper and t h e  histogram summaries 
would be meaningless un less  t h e  i n v e s t i g a t o r  wished t o  summarize d a t a  by 
MDSAT scene. We a l s o  have found t h a t  r i n t i n g  every o t h e r  l i n e  and 
column reduces p r i n t o u t  s i z e  and a l thoug 1 t h e r e  a l s o  i s  some reduct ion  i n  
accuracy, t h e  r e s o l u t i o n  i s  s u i t a b l e  f o r  our  a g r i c u l t u r a l  a p p l i c a t i o n s ,  
The r e f l e c t a n c e s  of MSS-S and MSS-7 u s u a l l y  a r e  p r i n t e d  ou t  and t h e  d i g i t s  
a r e  converted t o  alphanumeric form s o  one svmbol u t i l i z e s  one space. 

The t a p e s  p r i n t e d  out  i n  t h i s  manner a r e  no t  r e c t i f i e d .  R e c t i f i c a t i o n  
can be accomplished but  r e q u i r e s  a d d i t i o n a l  computer manipulat ion,  inc reas -  
ing computational time requirements. A s  p r i n t e d  ou t  i n  o u r  procedcre 
t h e  s e c t i o n s  a r e  par;,lelograms bu t  not  squares.  Figure 10 i s  an example 
of a  s e c t i o n  of land from western South Dakota p r i n t e d  f o r  MSS-S and MSS-7 
data.  A f t e r  l o c a t i n g  a  s tudy a r e a  and c o r r e l a t i n g  r e f l e c t a n c e s  on MSS-S 
and 7  with ground t r u t h  d a t a  from t e s t  s i tes ,  t h e  combinations of r e f l e c t -  
ances on the  two bands t h a t  correspond t o  a  land use  such a s  fa l low o r  
wheat o r  g r a s s  can be determined. Thus on MSS-5, f i g u r e  10, t h e  fa l low 
f i e l d  corresponds mostly t o  M and N while on MSS-7 t h e  fa l low f i e l d  c o r r -  
esponds t c  E and F. A second p r i n t o u t  can be prepared f o r  t h e  study a rea  
ass igning a  unique symbol t o  a l l  a reas  where M and N appear on MSS-5 and E 
and F appear on MSS-7. A histogram f o r  t h e  a r e a  can be prepared summariz- 
ing t h e  s e ~ g - s : i z ~ s  i n  terms of h e c t a r e s ,  ac res  o r  percent .  

Although not  s o p h i s t i c a t e d ,  t h i s  procedure permits  inexpensive access  
t o  the  q u a n t i t a t i v e  d a t a  on t h e  t apes  f o r  s o i l  survey purposes. 

USE OF LANDSAT FOR A LOW INTENSITY SOIL  SURVEY 

In South Dakota a  law was passed i n  1970 r e q u i r i n g  t h a t  a g r i c u l t u r a l  
land be assessed f o r  t axa t ion  according t o  t h e  a b i l i t y  of land t o  produce 
a g r i c u l t u r a l  crops o r  n a t i v e  g rass .  A method based on s o i l  inventory 
d a t a  and land s a l e s  was developed by Westin e t  a l .  ( 2 )  f o r  use by assessor s  
i n  South Dakota. S o i l  inventory d a t a  necessary t o  use t h i s  method a r e  
a v a i l a b l e  f o r  41 of t h e  67 count ies  i n  South Dakota. General s o i l s  inform- 
a t i o n  such a s  low i n t e n s i t y  s o i l  surveys which a r e  inexpensive t o  make, can 
provide the  d a t a  needed f o r  t h e  remaining count ies  u n t i l  d e t a i l e d  s o i l  
surveys a r e  completed. 

Using many of  t h e  c h a r a c t e r i s t i c s  of LANDSAT-1 imagery, a  low i n t e n s i t y  
s o i l  survey of Pennington County, S.D. was completed i n  1974. Frazee 
e t  a l .  (3)  have prepared a  d e t a i l e d  repor t  on t h e  work which was supported 
b y e  P lan t  Science Department and the  Remote Sensing I n s t i t u t e  of  South 
Dakota S t a t e  Uxliversity and NASA under con t rac t  4 2 -  003-007 .  

LANDSAT-1 co lo r  composite t r ansparenc ies ,  s i n g l e  band tra. .sparcncies 
and enlargement p r i n t s  were i n t e r p r e t e d  t o  produce a  s o i l s c a y e l  map f o r  

The term "soilscape" i s  a  con t rac t ion  of " s o i l  landscape" descr ibed i n  
Buol, Hole and McCracken i n  S o i l  Genesis,  p. 300 as t h e  assemblage of s o i l  
bodies on a  land su r face  i n  a  p a r t i c u l a r  landscape. 



400,000 h e c t a r e s .  Areas  o f  s i m i l a r  p h o t o g r a p ~ i i c  c h a r a c t e r i s t i c s  were d e -  
l i n e a t e d  on myla r  o v e r  a c o l o r  compos i te  u s i n g  a  l i g h t  t a b l e  and a  t h r e e -  
power magni fy ing  g l a s s .  The f i e l d  c h e c k i n g  was done  by a  r e s o u r c e  team o f  
s o i l ,  geology and range  s c i e n c e  s p e c i a l i s t s .  

The c o l o r  compos i te  t r a n s p a r e n c y  was a d e q u a t e  f o r  l o c a t i n g  most o f  t h e  
b o u n d a r i e s  between s o i l s c a p e  a r e a s .  The t i m e  nect :ssary  t o  map and f i e l d  
check t h e  g e n e r a l  s o i l s  f o r  400,000 h e c t a r e s  u s i n ?  LANDSAT-1 imagery was 
4  t o  6 weeks. The s o i l s c a p e  map and l a n d  s a l e s  d a t a  were  used  t o  p r e p a r e  
a  l a n d  v a l u e  map f o r  t h e  p o r t i o n  o f  Penn ing ton  County e a s t  o f  t h e  Black 
H i l l s .  

The c o l o r  compos i te  t r a n s p a r e n c i e s  h e r e  most u s e f u l  f o r  i n t e r p r e t a t i o n  
o f  b o u n d a r i e s  between s o i l s c a p e  a r e a s .  The i n t e r a c t i o n  between t h e  i n d i v -  
i d u a l  bands p r o v i d e d  u s e f u l  c l u e s  f o r  i n t e r p r e t a t i o n s .  Most o f  t h e  bound- 
a r i e s  were d e l i n e a t e d  v e r y  w e l l  on t h e  LANDSAT-1 imagery.  Areas  such  a s  
f l o o d  p l a i n s  which were t o o  s m a l l  t o  d e l i n e a t e  u s i n g  t h e  c o l o r  compos i te  
t r a n s p a r e n c y  a t  a  s c a l e  o f  1 :1 ,000,000 were  mapped u s i n g  t h e  1:250,000 
en la rgement  p r i n t s .  

The map w i t h  major  s o i l  b o u n d a r i e s  i n t e r p r e t e d  i n  t h e  o f f i c e  by p h o t o -  
i n t e r p r e t a t i o n  o f  t h e  c o l o r  compos i te  t r a n s p a r e n c i e s ,  s i n g l e  band p o s i t i v e  
t r a n s p a r e n c i e s ,  and e n l a r g e m e n t  p r i n t s  i s  shown i n  p a r t  i n  f i g u r e  11. 
Tab le  1 i s  t h e  l e g e n d  f o r  t h i s  p r e l i m i n a r y  i n t e r p r e t a t i o n .  T h i s  map 
( f i g u r e  11) was t r a n s f e r r e d  t o  t h e  USGS 1:250,000 s c a l e  t o p o g r a p h i c  map 
f o r  f i e l d  check ing .  Each a r e a  d e l i n e a t e d  was v i s i t e d  and t h e  s o i l ,  v e g e t -  
a t i o n  and g e o l o g i c  m a t e r i a l s  were d e s c r i b e d  a s  w e l l  a s  t h e  s u r f a c e  f e a t u r e s  
r e s p o n s i b l e  f o r  t h e  r e f l e c t a n c e  p a t t e r n s  a p p a r e n t  on  t h e  LANDSAT imagery.  

Examinat ion o f  t h e  LANDSAT imagery i n  t h e  f i e l d  i n d i c a t e d  s e v e r a l  
a d d i t i o n a l  b o u n d a r i e s .  These were  d e l i n e a t e d  and t h e  f i n a l  map p r e p a r e d  
( f i g u r e  1 2 ) .  Tab le  2 i s  t h e  comple te  l e g e n d .  F i g u r e  1 3  i s  a  l i n e  map 
en la rgement  o f  f i g u r e  1 2 .  F i g u r e  14 is t h e  c u r r e n t  s o i l  a s s o c i a t i o n  map 
o f  Penn ing ton  County by West in  and  B a n n i s t e r  (4). St c a n  be n o t e d  t h a t  
more s o i l  a r e a s  a r e  d e l i n e a t e d  on t h e  s o i l s c a p e  map ( f i g u r c  12) t h a n  on 
t h e  c u r r e n t  s o i l  a s s o c i a t i o n  map. 

The major  d i f f e r e n c e s  between t h e  two maps a r c  i n  t h e  a r e a s  w i t h  s o i l s  
formed from t h e  Fqx I t i l l s  Format ion ,  t h e  White R i v e r  Sed iments  and t e r r a c e s  
o v e r l y i n g  t h e  P i e r r e  S h a l e .  Area No. 32 on t h e  S o i l s  A s s o c i a t i o n  map, 
f i g u r e  1 4 ,  t h e  Ralph-Cabbar t -Regent  A s s o c i a t i o n ,  was d i v i d e d  i n t o  4 a r c a s  
u s i n g  s l o p e  and l a n d  u s e  d a t a .  The Badlands a r e a  l a b c l e d  under  69 was 
d i v i d e d  i n t o  t h r e e  segments  u s i n g  c o l o r  and c o l o r  p a t t e r n  i n t e r p r e t a t i o n s .  
The t e r r a c e s ,  Caputa A s s o c i a t i o n ,  3 6 ,  were s e p a r a t e d  i n t o  t h r e e  p a r t s .  

The f e a t u r e s  o r  c h a r a c t e r i s t i c s  o b s e r v a b l e  on t h e  LANDSAT c o l o r  compos- 
i t e  t r a n s p a r e n c y  which were used f o r  i n t e r p r e t i n g  t h c  s o i l s c a p e  h v u n d n r i c s  
were t o n e .  c o l o r ,  l a n d  u s e  p a t t e r n s  and d r a i n a g e  p a t t e r n s .  

The s o i l s c a p e  map o f  Penn ing ton  County was i n t e r p r e t e d  t o  g i v e  t h c  
D i r e c t o r  o f  E q u a l i z a t i o n  g e n e r a l  g u i d e l i n e s  f o r  l a n d  e v a l u a t i o n .  T h i s  i s  
stlow11 i n  f i g u r e  15.  In t h i s  p r o c e s s  n  c r o p  and g r a s s  )+ie l i l  r a t i n g  \(as 
c a l c u l a t e d  f o r  each  s o i l s c a p e  and r e l a t e d  t o  s a l e s  f i g u r L . s  from 1907-1973 
f u r n i s h e d  by t h e  D i r e c t o r  o f  E q u a l i z a t i o n .  



The c o s t  f o r  t h i s  low i n t e n s i t y  s o i l  survey  was roughly 2 4  p e r  hec-  
t a r e .  The LANDSAT imagery f o r  t h e  a r e a  o f  t h e  county covered c o s t  $100, 
and t r a v e l  was $100. The o f f i c e  i n t e r p r e t a t i o n ,  t h e  f i e l d  check and t h e  
f i n a l  d r a f t i n g  took about 36 man days. 

USE OF LANDSAT IMAGERY AS A BASE MAP FOR PUBLISHING SOIL INFOM4ATION 

Since LANDSAT scenes  a r e  nea r  o r t h o g r a p h i c ,  a d j a c e n t  images j o i n  
w i t h  very l i t t l e  d i s t o r t i o n .  Twenty LANDSAT-1 scenes  from s e v e r a l  l a t e  
s p r i n g  passes  i n  1973 were s e l e c t e d  and made i n t o  a  mosaic of  s c a l e  
1:1,000,000 by Jack  Smith, Photographic Technic ian  a t  t h e  SDSU Remote 
Sensing I n s t i t u t e .  I t  would be unusual  f o r  a l l  LANDSAT scenes  i n  a  s i n g l e  
pas s  t o  be cloud f r e e  and s o  i t  was necessary  t o  u t i l i z e  s e v e r a l  pas ses .  
Some scenes were jo ined  which d i f f e r e d  i n  d a t e  by 1 8  days and a l though t h i s  
was u n d e s i r a b l e ,  it could no t  be avoided. I t  would t ake  about  3U,000 con- 
v e n t i o n a l  a i r  photos t o  cover  South Dakota. The expense of c o n s t r u c t i n g  
a  s t a t e  mosaic from convent iona l  a i r  photos would be i m p r a c t i c a l .  

For t h i s  mosaic,  n e g a t i v e  p r i n t s  of MSS-7 were used. For ou r  n a t e r -  
i a l s ,  nega t ive  p r i n t s  were one gene ra t ion  c l o s e r  t o  t h e  o r i g i n a l  and hence 
were sha rpe r  t han  p o s i t i v e s .  Band 7  was s e l e c t e d  because a l l  water  bodies  
a r e  w e l l  d e f i n e d ,  and ba re  s o i l  c o n t r a s t s  s h a r p l y  w i t h  c u l t i v a t e d  la-ld 
and g r a s s  and t r e e s .  A LANDSAT photographic  background f o r  s o i l  r e l a t e d  
informat ion  g r e a t l y  enhances i t s  use  s i n c e  much can be deduced about hydro- 
logy and l and  use .  

Two s t a t e  I.ANDSAT mosaics  have been publ i shed ,  Westin ( 5 )  (AES No. 5 ) ,  
and Westin ( 6 )  (AES No. 7 ) .  AES No. 5 shows 5 3  s o i l  a s s o c i a t i o n s  t o  which 
a r e  keyed informat ion  on l and  s a l e  p r i c e s  from 1967-1972, gene ra l  a g r i -  
c u l t u r a l  u se ,  r e l i e f ,  s o i l  t e x t u r e  and s o i l  pa ren t  m a t e r i a l .  A p o r t i o n  of 
AES No. 5  i s  shown i n  f i g u r e  1 b .  AES No. 7 has 30 s o i l  a s s o c i a t i o n s  t o  
which a r e  keyed s o i l  t e s t  r e s u l t s  s i n c e  t h e  1950's f o r  o r g a n i c  m a t t e r ,  
P205, K20 and pH. Also g iven  f o r  each s o i l  a s s o c i a t i o n  i s  r e l i e f  and 
t e x t u r e .  Small maps o f  t h e  s t a t e  p r i n t e d  i n  t h e  margins show annual p rec -  
i p i t a t i o n  and tempera ture ,  e l e v a t i o n ,  s o i l  pa ren t  m a t e r i a l ,  growing degree 
days ,  phys i ca l  d i v i s i o n s ,  and approximate farm s i z e .  Each of t h e s e  pub- 
l i c a t i o n s  c o s t  about  $400 f o r  5000 cop ie s .  

AES No. 5 was in tended  f o r  u s e r s  i n t e r e s t e d  i n  land  p r i c e s ,  whi le  AES 
No. 7 was in tended  f o r  u s e r s  i n t e r e s t e d  i n  t h e  n u t r i e n t  s t a t u s  of t h e i r  
s o i l s  and t o  a s s i s t  i n  planning h e r b i c i d e  r a t e s  of a p p l i c a t i o n  which de-  
pend on t h e  s o i l  t e x t u r e ,  o r g a n i c  m a t t e r  con ten t  and pH. In  both  p u l i c a -  
t i o n s ,  t h e  s o i l s  d a t a  p re sen ted  a r e  morc meaningful because t h e  LANDSAT 
photographic image permi ts  t h e  u s c r  t o  s e e  t h e  gene ra l  use of t hc  s o i l s .  

AES No. 5 was funded i n  p a r t  by NASA 5 - 2 1 7 7 4  and AES No. 7 by NASA 
O f f i c e  of Un ive r s i t y  A f f a i r s ,  Grant No. 42-003-007. 
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Table 1. Legend f o r  Pre l iminary  I n t e r p r e t a t i o n .  
i 

A. Soi l scapes  from White River Sediments 

A 1  - -  Badland w a l l s  and b a s i n s ,  s t e e p  
A2 - -  Badland uplands ,  n e a r l y  l e v e l  t o  undu la t ing  

B.  So i l s capes  from P i e r r e  Shale  

B 1  - -  Shale  Breaks, s t e e p  
B 2  - -  Shale P l a i n s ,  g e n t l y  r o l l i n g  
B3 - -  Shale P l a i n s ,  undu la t ing  
B 4  - -  Ter races ,  n e a r l y  l e v e l  
B5 - -  Alluvium 

C.  So i l s capes  from Fox M i l l s  Formation 

C 1  - -  Sandstone Breaks,  S teep  
C 2  - -  Sandstone Uplands, g e n t l y  r o l l i n g  
C 3  - -  Sandstone Uplands, n e a r l y  l e v e l  

D. So i i s capes  from Black I l i l l s  Footslope 

D - -  Uplands, g e n t l y  r o l l i n g  
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Table 2. Cont!nuad 

L'ni: Land F o m  Geologic K a t e r i a l  I S o i l  Ranfie S i t .  I tcnd h e  llcw COM mt#mfi 

D Flood P l a i n s  

Dl r lodd  p l a i n s  of Sarrds and f ino  h a p  Clayey and Thin Clayey- b n p l ~ r d -  as-be 0 Emaellrat 
Cheyenne and nhi to  t e x t  uwd alluvium Sandy S o i l s  ~ v e r f l a u  Hylond 6w 
Ripers 

D2 Flood plains of Rdpld, Hediun texturod Deap S i l t y  Clay Lmui Ovorflov ifaylmd ac-(Cw &lc~oISont 
30% Eldor,  md Spring allcvium S o i l s  
Creeks 

E Soi l scapes  f r o s  Blacu H i l l s  Tootslcpes 
I 

E l  ~ o l l i n g  u?lands Coiluviua f?os 
Ca-lis le  , Greenhorn 
and liiohwra 
r e m a t  ions 

I 
Rol l ing  uplands I Clayey colluvium end 

bedrock frm Grccrewa 
Grou? 

Kodemtoiy Deep Clayey 
and Lo&%y S o i l s  

Shallad t o  ~ o d o r o t o i y  Shrllw- 
Cacp Clayey S o i l s  i:ayey 

* LCS Land Capabil i ty Subclass 
fi* Torenr ia l  f o r  development of household vel!o 
































