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ABSTRACT 

A h igh  a l t i t u d e  photo mosaic resource map o f  S i t e  29 was produced 

which prov ided an oppor tun i t y  t o  t e s t  photo i n t e r p r e t a t i o n  accuracy o f  

n a t u r a l  vegeta t ion  resource features when mapped a t  a smal l  (1: 133,400) 

sca le.  He l i cop te r  reconnaissance over 144 p rev ious l y  se lec ted  t e s t  

p o i n t s  revealed a h i g h l y  adequate leve l  o f  photo i n t e r p r e t a t i o n  accuracy. 

I n  genera l ,  the  reasons f o r  e r r o r s  could be accounted f o r .  

The same photo mosaic resource map enabled c o n s t r u c t i o n  o f  i n t e r -  

p r e t i v e  land use over lays.  Based on fea tures  o f  the  landscape, i n c l u d i n g  

na tu ra l  vegeta t ion  types, judgments f o r  land use s u i t a b i l i t y  were made 

and have been presented f o r  two types o f  p o t e n t i a l  land  use. These two, 

a g r i c u l t u r e  and urban iza t ion ,  represent p o t e n t i a l  land use c o n f l i c t s .  

Fur ther  a c t i v i t y  was conducted i n  demonstrat ing the  usefulness o f  

the  n a t u r a l  vegeta t ion  (and r e l a t e d  fea tu res ) ,  a g r i c u l t u r e  and land 

use legends. S p e c i f i c a l l y ,  t he  broader h i e r a r c h i c a l  ca tegor ies  a r e  

shown i n  examples o f  how a space imagery indexing system might  be anno- 

t a t e d  on an i n d i v i d u a l  frame bas is .  

Several meaningful contacts  were made w i t h  p o t e n t i a l  user groups 

du r ing  the  f i s c a l  year.  Greatest  i n t e r e s t  centered around the  p o t e n t i a l  

va lue o f  resource inventory  and ana lys is  as shown by us ing  the  S i t e  29 

h igh  a l t i t u d e  photo mosaic and i n t e r p r e t i v e  over lays.  One formal and 

two in formal  seminars have been held w i t h  Nat ional  Forest  Serv ice groups 

i n  Oregon. Two a d d i t i o n a l  USFS fo res t  superv i so r ' s  o f f i c e s  have expressed 

an i n t e r e s t  i n  l ea rn ing  of our approach t o  resource inventory .  I n  

Ar izona, contact  has been es tab l i shed w i t h  a s t a t e  p lann ing  agency as w e l l  
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as w i t h  Arizona congressmen involved i n  s t a t e  planning. An inqu i ry  has 

been received from a t h i r d  s t a t e  agency which i s  in teres ted  i n  our 

research products. Future developments w i t h  these and o ther  users a r e  

a n t i c i p a t e d  as there  becomes grea ter  r e a l i z a t i o n  f o r  p r a c t i c a l  app l ica -  

t i o n  of our research. 
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I NTRODUCT I ON AND BACKGROUND 

A t  t he  t ime o f  our  i n i t i a l  involvement i n  the  Ear th Resources Survey 

Program o f  t he  Nat ional  Aeronautics and Space Admin is t ra t ion ,  l a t e  i n  

1966, l i t t l e  a t t e n t i o n  had been pa id  t o  the  p o t e n t i a l i t i e s  f o r  vegeta t iona l  

i n t e r p r e t a t i o n s  from space photography. I n  December o f  t h a t  year C.  E. 

Poulton o f  Oregon Sta te  U n i v e r s i t y  and Ed Roberts o f  t he  Fores t ry  Remote 

\ 

Sensing Laboratory organized and conducted t h e  f i r s t  on -s i t e  eva lua t i on  

o f  the p o t e n t i a l i t y  for  mapping and i d e n t i f i c a t i o n  o f  na tu ra l  vegeta t iona l  

fea tures  o f  t h e  e a r t h ' s  sur face from a frame o f  Gemini I V  photography 

taken i n  the Tucson, Arizona v i c i n i t y  (Carneggie, Poulton and Roberts, 

1967). These r e s u l t s  were s u f f i c i e n t l y  encouraging t h a t  a research pro-  

gram was proposed through the Forest ry  Remote Sensing Laboratory t o  

develop rangeland vegetat ional  inventory and ana lys is  c a p a b i l i t y  through 

the  use o f  space photography. I n  the f o l l o w i n g  year, t h i s  program was 

modestly funded through the  FRSL and ser ious i n v e s t i g a t i o n  and procedural 

development research i n i t i a t e d .  The new research was ab le  t o  b u i l d  on a 

background o f  some four years o f  resource ana lys is  research and many years 

o f  range ecology research i n  d iverse  environments t h a t  had been c a r r i e d  

o u t  by Poulton and h i s  graduate students a t  Oregon Sta te  U n i v e r s i t y .  
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From t h i s  i n i t i a l  work by Roberts and Poulton, t h e  f o l l o w i n g  were 

ev ident  : 

1 .  Many k inds o f  vegeta t ion-so i l  systems were uniquely  imaged on 

the  Gemini photography. 

2. When rangeland resources a r e  considered i n  t h e  context  of  vege- 

t a t i o n - s o i l  systems. as t h e  group a t  Oregon S t a t e  U n i v e r s i t y  had 

t r a d i t i o n a l l y  been doing s ince the e a r l y  1960's, the  more openly vegetated 

areas presented unique advantages over f o r e s t e d  lands f o r  i n v e s t i g a t i n g  

the  p o t e n t i a l s  and l i m i t a t i o n s  o f  space photography as a resource inventory  

and ana lys is  t o o l .  I n  these environments i t  i s  poss ib le  t o  see the  whole 

ecosystem, t h a t  i s ,  u s u a l l y  t o  see a l l  l a y e r s  o f  the vegeta t ion  and i n  

a r i d  environments, the  amount o f  exposed s o i l  sur face t h a t  i s  normal ly  

expressed i n  each ecosystem. 

3 .  While sca le  i s  small and r e s o l u t i o n  much reduced over a e r i a l  

photography w i t h  which we were accustomed t o  using, space photography pre-  

sented some unique advantages through i t s  synopt ic  coverage. The smal le r  

sca le  a l s o  enhances the  economic f e a s i b i l i t y  o f  c o l o r  and c o l o r  i n f r a r e d  

photography. 

4. Depending on vegeta t ion  densi ty ,  image c h a r a c t e r i s t i c s  were con- 

t r o l l e d  on t h e  one hand by vegetat ional  features ( i n  moderately dense t o  

dense vegetat ions)  and by s o i l  surface fea tures  i n  the  more sparse ly  

vegetated areas. 

t i o n - s o i l  r e l a t i o n s h i p s  t h a t  had repeatedly and success fu l l y  r e l a t e d  

phy tosoc io log ica l  vegetat ion c lasses to s o i l  taxonomic classes, we f e l t  

t h a t  t h e r e  was tremendous p o t e n t i a l  i n t e r p r e t i v e  power f o r  meaningful image 

d e l i n e a t i o n  and i d e n t i f i c a t i o n  through understanding the v e g e t a t i o n - s o i l  

re1 a t  ions h i p. 

Because o f  t h e  success o f  our p r i o r  research on vegeta- 
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5. Espec ia l l y  i n  the desert  environment, r e l a t i o n s h i p s  between land- 

forms and vegeta t ion  were good. Thus another important photo i d e n t i f i c a t i o n  

technique became p o s s i b l e  through reading t h e  landforms and r e l a t i n g  these 

t o  the  ecosystems t h a t  comprise the landscape (vegetat  i o n - s o i l  systems). 

6. Comparisons of our i n i t i a l  mapping at tempts w i t h  e x i s t i n g  synop- 

t i c  vegetat ional  resource maps of t h e  reg ion  show very c l e a r l y  t h a t  many 

h i g h l y  meaningful c o r r e c t i o n s  i n  vegetat ional  resource maps could e a s i l y  be 

made through t h e  use of space photography. 

7. C e r t a i n  important vegetat ional  features could no t  be d isc r im ina ted  

o r  i d e n t i f i e d  from t h e  space photography. Therefore,  i n  s p i t e  o f  the  power 

o f  t h i s  new system, ground work would s t i l l  be important i n  opera t iona l  sur-  

veys and more soph is t i ca ted  remote sensing systems should be inves t iga ted  

f o r  t h e i r  d i s c r i m i n a t i n g  power i n  these instances. 

A lso i n  1966, Carneggie and Poulton s e t  t h e  stage f o r  a comprehensive 

approach t o  rangeland resource inventory problems. By p u t t i n g  together  a com- 

prehensive assessment o f  rangeland resources, i n c l u d i n g  d i s t r i b u t i o n  and an 

eva lua t ion  o f  c u r r e n t  range resource understanding, we were a b l e  t o  suggest 

p o s s i b i l i t i e s  f o r  meaningful inves t iga t ions .  To t h e  bes t  o f  our knowledge, 

t h i s  was t h e  f i r s t  t ime t h a t  a comprehensive statement had been made about 

the  p o t e n t i a l  importance o f  rangeland resource areas of the  n a t i o n  and the  

globe i n  the NASA Ear th Resources Survey Progragand t h e  s t r e n g t h  t h a t  might 

be der ived  through propor t ionate  concentrat ion o f  e f f o r t  on these k inds o f  

resource areas. 

Long be fore  "ecology" and "ecosystem1' became common words o f  t h e  s t r e e t  

and press, range resource professionals were i n  the  h a b i t  o f  look ing  a t  the  

resources i n  terms o f  an ecosystem. We were used to t h i n k i n g  o f  resource 

areas i n  the  contex t  o f  in tegra ted  resource management; concepts o f  

3 



m u l t i p l e  use and coordinated use by domestic l i v e s t o c k ,  w i l d  animals and 

man were inherent i n  our p ro fess iona l  nature.  It was, therefore,  second 

na ture  f o r  us t o  approach these problems by consider ing a l l  fea tures  o f  

t h e  vegetat ional  resource i n  r e l a t i o n  t o  the  s o i l  environment,and these, 

i n  tu rn ,  i n  r e l a t i o n  to  t h e  m u l t i p l i c i t i e s  o f  uses t h a t  may impinge on 

each area o f  land. This  was the  phi losophy from which our  i n v e s t i g a t i o n s  

were approached. 

The eco log ica l  approach has been thoroughly demonstrated i n  Europe, 

Canada, A u s t r a l i a ,  South A f r i c a  and the Uni ted States and has guided our  

research e f f o r t .  When a l l  o f  the  p l a n t  species t h a t  occupy each unique 

k i n d  o f  landscape a r e  considered, vegetat ion i s  c l a s s i f i a b l e  i n t o  d i s c r e t e  

u n i t s  i f  the proper p l a n t  s o c i o l o g i c a l  p r i n c i p l e s ,  concepts and procedures 

are  fo l lowed i n  d e r i v i n g  the  c l a s s i f i c a t i o n s .  These vegetat ional  c lasses 

do, i n  f a c t ,  m i r r o r  t h e  e f f e c t i v e  environments they occupy; t h a t  i s ,  they 

prov ide  a sound, b i o l o g i c a l  i n t e g r a t i o n  o f  a l l  o f  t h e  separate and 

numerous unknown o r  unmeasured environmental f a c t o r s  i n t o  a summation 

known by resource eco log is ts  as " s i t e "  o r  e f f e c t i v e  environment. An 

understanding o f  these eco log ica l  u n i t s  i s  essent ia l  t o  t h e  understanding 

o f  environment and t o  t h e  manipulat ion o f  man's a c t i v i t i e s  i n  r e l a t i o n  t o  

h i s  environment. Such an understanding t e l l s  us which p o r t i o n s  o f  t h e  

landscape a r e  v i r t u a l l y  i d e n t i c a l  o r  analogous, which p o r t i o n s  a r e  s i m i l a r  

w i t h  a suggestion o f  the  degree o f  s i m i l a r i t y ,  and which p o r t i o n s  a r e  

d i f f e r e n t  o r  con t ras t ing .  The secret  i s  i n  learn ing  t o  read t h e  ecology 

of  t h e  landscape, the  area o f  prime exper t i se  o f  t h e  range resource 

s c i e n t i s t  and resource e c o l o g i s t .  Since these vegetat ional  u n i t s  do 

m i r r o r  t h e  b i o l o g i c a l l y  re levant  s o i l  environments, t h e  v e g e t a t i o n - s o i l  

systems a r e  t h e  e a r t h  surface features t h a t  cause t h e  pa t te rns  i n  remote 
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sensing imagery taken across such landscapes. I n  a d d i t i o n ,  these unique 

ecosystems, because o f  t h e i r  features o f  species composit ion, spacing, 

s o i l  cover and s o i l  surface c h a r a c t e r i s t i c s ,  d i r e c t l y  g i v e  r i s e  t o  the  

i d e n t i f i a b l e  features of each image whether they a r e  recorded i n  broad- 

band photographic mode, m u l t i s p e c t r a l  o r  even m u l t i d a t e  modes. Thus 

the understanding no t  o f  i n d i v i d u a l  p l a n t  species but  o f  p l a n t  c o r n u n i t i e s  

and v e g e t a t i o n - s o i l  systems i s  the key t o  i n t e r p r e t a t i o n  o f  remote sensing 

imagery f o r  resource inventory  and analys is  purposes i n  a l l  n a t u r a l l y  

vegetated landscapes. 

B u i l d i n g  on these concepts, our  research has moved ahead s ince  1966 

w i t h  t h e  c e n t r a l  purpose of developing and demonstrat ing how these 

eco log ica l  and resource concepts can be app l ied  i n  t h e  a n a l y s i s  o f  space 

and h i g h  a l t i t u d e  imagery t o  produce maps and associated in fo rmat ion  o f  

value i n  making dec is ions about n a t u r a l l y  vegetated landscapes, and i n  

enabl ing man t o  op t im ize  h i s  use o f  these resources and minimize adverse 

impact o f  h i s  a c t i v i t y  on t h e  t e r r e s t r i a l  environment. 

We soon r e a l i z e d  t h e  tremendous advantage of synopt ic  coverage 

i n  showing complex i n t e r r e l a t i o n s h i p s  o f  resources and land use, and i n  

e s t a b l i s h i n g  a base f o r  dec is ions i n  land use p o l i c y  and p lanning a t  t h e  

county, s t a t e ,  reg ional  and n a t i o n a l  l e v e l .  The c e n t r a l  t h r u s t  o f  our  

research t o  date has been on prepar ing those kinds o f  eco log ica l  resource 

inventor ies  t h a t  meet these needs as soc ie ty  seeks t o  guide and d i r e c t  

the  a c t i v i t i e s  o f  man i n  r e l a t i o n  t o  h i s  environment. 

With t h e  advent of t h e  synopt ic  coverage o f  space photography and 

t h e  c a p a b i l i t y  o f  look ing  r e p e t i t i v e l y  a t  whole regions and cont inents  
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i n  a sho r t  t ime span from space plat forms, we could no longer t o l e r a t e  

the  i n d i v i d u a l i t y  o f  dozens and dozens of legend systems f o r  anno ta t i ng  

features imaged. We were pro found ly  impressed by the need f o r  a common 

legend system f o r  expressing vegeta t iona l ,  land use and key environmental 

features and which, as a minimum, must be a p p l i c a b l e  i n  s p i t e  o f  land 

ownership boundaries, p o l i t i c a l  boundaries and agency r e s p o n s i b i l i t i e s  

throughout the  reg ion  and, hope fu l l y ,  throughout t h e  n a t i o n  and the  world. 

We set about t o  develop and t e s t  such a legend system. We f e e l  t h a t  we 

have put together a concept t h a t  i s  v a l i d ,  l o g i c a l  and workable on an 

opera t iona l  basis,  as w e l l  as being h i g h l y  compatible w i t h  t h e  o b j e c t i v e  

o f  i n fo rma t ion  computerization, data handling and management; we have 

success fu l l y  demonstrated i t s  a d a p t a b i l i t y  i n  much o f  t h e  deser t  reg ion  

of southwestern Uni ted States.  Work i s  con t i nu ing  t o  p rov ide  leadersh ip  

i n  f u r t h e r  adapta t ion  t o  d i f f e r e n t  eco log ica l  regions and provinces. We 

f e e l  t h a t  t h i s  "common language" f o r  descr ib ing  landscapes i s  one o f  our 

major c o n t r i b u t i o n s  because we were not on l y  ab le  t o  achieve t h i s  goal 

but t o  make our  n a t u r a l  vegeta t ion  legend system compatible w i t h  t h e  land 

use and e x t r a c t i v e  i n d u s t r i e s  legend tha t  i s  a l ready w ide ly  i n  use i n  t h e  

United States (U. S. Department o f  Transportat ion,  1969; Johnson, C. W., 

e t  a l . ,  1969). 

The two strongest fea tures  o f  t h e  legend system are: 

1 .  It provides f o r  h i e r a r c h i c a l  treatment from broad l e v e l s  of  

g e n e r a l i z a t i o n  t o  h i g h l y  s p e c i f i c  l eve l s  o f  d e t a i l  w i t h i n  the  same system. 

2. I t  makes poss ib le  a u n i f i e d  symbol izat ion of na tu ra l  vegeta t iona l  

features, land use, landform, s u r f i c i a l  geology and s o i l s  c h a r a c t e r i s t i c s  
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o f  s p e c i f i c  landscapes a t  a l e v e l  o f  d e t a i l  appropr ia te  for  a broad 

spectrum o f  resource, land use and environmental problems. 

We have been h i g h l y  successful i n  p u t t i n g  together  and c a r r y i n g  t o  

user groups a resource inventory  and examples o f  land use ana lys is  o f  a 

major p a r t  o f  Maricopa County, both w i t h  t h e  use o f  A p o l l o  9 photography 

and h i g h  a l t i t u d e  photography provided by NASA. Work on a s i m i l a r  photo 

mosaic map f o r  t h e  F t .  Huachuca Test S i t e  220 w i l l  be completed i n  t h e  

next  few months. I n  r e l a t i o n  t o  f u t u r e  programs o f  t h e  Nat ional  Aero- 

n a u t i c s  and Space Admin is t ra t ion,  the  primary va lue o f  these h i g h  a l t i t u d e  

photographic maps i n  Test S i t e s  220 and 29 w i l l  be as ground t r u t h  docu- 

ments aga ins t  which t h e  performance o f  ERTS, SKYLAB and subsequent 

s a t e l l i t e  systems can be judged and from which more e f f e c t i v e  opera t iona l  

systems can be developed. Th is  work as a bas is  f o r  land use planning, 

zoning and l e g i s l a t i o n  has been presented t o  many groups. I n t e r e s t  i n  

t h e  work and recept ion  has been very good. Wi l l ingness  t o  make r e a l  l i f e  

a p p l i c a t i o n  has been repeatedly expressed but  t ime has n o t  y e t  permi t ted  

r e a l i z a t i o n  of t h i s  goal .  The door t o  t h i s  eventual payof f  i s  open and 

t h e  welcome mat i s  ou t .  

CONTACTS LEADING TO POTENTIAL PRACTICAL 
APPLICATIONS OF RESEARCH RESULTS 

During the  past year, considerable i n t e r e s t  has developed among poten- 

t i a l  users r e l a t i v e  to t h e  resource analys is  procedure and products devel-  

oped by o u r  labora tory  personnel. I n i t i a l  s t i m u l a t i o n  r e s u l t e d  f r o m  our  

resource mapping on A p o l l o  photography i n  Maricopa County (Poulton, e t  a l . ,  

1970). Subsequent i n t e r e s t  has been developed l a r g e l y  as a r e s u l t  o f  
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resource mapping which we have done j o i n t l y  w i t h  personnel of t h e  Fores t ry  

Remote Sensing Laboratory,  using h i g h  a l t i t u d e  photography o f  the  same 

area (Pet t inger ,  e t  a l . ,  1970). Sumnarized i n  t h a t  r e p o r t  i s  a s e c t i o n  

dea l ing  w i t h  i n t e r e s t  which the  Bureau o f  Land Management has developed i n  

our ph i losophies and techniques o f  remote sensing as they apply  t o  resource 

ana lys is .  It i s  the  d e s i r e  o f  t h e  C a l i f o r n i a  S t a t e  D i r e c t o r s  O f f i c e  o f  

the  BLM to use t h i s  approach t o  resource a n a l y s i s  f o r  p lanning r e c r e a t i o n a l  

and o t h e r  a c t i v i t i e s  i n  the  C a l i f o r n i a  desert .  

I n  May o f  t h i s  year, an i n v i t a t i o n a l  p resenta t ion  was g iven t o  a 

P a c i f i c  Northwest reg iona l  group o f  Uni ted States Forest  Service landscape 

a r c h i t e c t s .  Dur ing the  workshop, p o t e n t i a l  a p p l i c a t i o n s  o f  remote sensing 

were described, w i t h  p a r t i c u l a r  emphasis g iven to  f o r e s t  a p p l i c a t i o n s .  

P a r t l y  as a r e s u l t  of t h a t  interchange, a seminar was requested by the  

M t .  Hood Nat ional  Forest  Supervisor 's O f f i c e  t o  be g iven to p r o j e c t  leaders 

o f  resource s tud ies .  The p r o j e c t  leaders a r e  invo lved i n  a p i l o t  p r o j e c t  

to  develop a system of resource analys is  d e t a i l e d  enough f o r  t h e  d i s t r i c t  

l e v e l  y e t  broad enough f o r  the  supervisor l e v e l .  As a r e s u l t  o f  t h a t  semi- 

nar,  t h e  p r o j e c t  leaders expressed an i n t e r e s t  i n  adopt ing t h e  legend 

concept, f i e l d  procedures and in format ion d i s p l a y  techniques a l l  o f  which 

have been developed p a r t i a l l y  through our NASA supported research i n  

Arizona. I n  midsummer, two s i m i l a r  seminars were h e l d  upon request f o r  

members o f  the  Siuslaw Forest  Supervisor 's Of f i ce .  I n t e r e s t  was expressed 

i n  u t i l i z i n g  h i g h  a l t i t u d e  and perhaps s a t e l l i t e  imagery i n  con junc t ion  

w i t h  resource inventory  and ana lys is  f o r  p lanning i n  t h e  Siuslaw Nat ional  

Forest .  A d d i t i o n a l  contacts a r e  a n t i c i p a t e d  w i t h  Forest  Supervisors '  
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offices due to the previous USFS seminars on remote sensing applications. 

More recent events and contacts have brought us closer to realizing 

a long standing goal, specifically that user groups find direct, practical 

use of our Arizona research results. The possibility exists that our 

natural resource inventory and analysis procedures, using remote sensing 

techniques plus the mapping work completed and underway in the Phoenix 

and Tucson areas, may be used in the planning and zoning of counties in 

A r  i zona. 

The first event was a meeting with C. W. Myers of the Arizona Depart- 

ment of Economics, Planning and Development. The Department is preparing 

a mathematical model employing composite computer mapping to be used to 

recall stored information relative to specific geographical sites under 

consideration for development, and to conduct analyses which would evaluate 

each type of information. We were able to suggest how ecological inputs 

could be made by utilizing the resource inventory techniques and high 

altitude photo mapping which we have done in the Phoenix area. 

ecological information as well as the socio-economic information being 

gathered by that group could be used in computer mapping. In the next 

few months we anticipate having the opportunity to carry this effort fur- 

ther by working with personnel o f  the Department to insure proper input 

and interpretations of ecological resource information. In this manner, 

planning of future developments in counties or larger regions could have 

ecologically and economically sound bases for decision making. 

Meaningful 

The second event was an informal meeting with Mr. Tim Barrow, Speaker 

of the Arizona House, and Mr. William Jacquin, President of the Arizona 
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Senate. This session r e s u l t e d  f o l l o w i n g  an evening conversat ion w i t h  a 

man a c t i v e l y  concerned w i t h  environmental problems and Ar izona p o l i t i c s  

who asked us t o  make the  presentat ion and arranged t h e  meeting. Again, 

we presented an explanat ion o f  our NASA-supported research i n  southern 

Ar izona and s t ressed t h e  imp l ica t ions  t h a t  such eco log ica l  inventor ies ,  

conducted a t  a sca le  poss ib le  w i t h  space and h i g h  f l i g h t  imagery, could 

have on reg ional  p o l i c y ,  p lanning and zoning dec is ions.  These men a r e  

d e f i n i t e l y  i n t e r e s t e d  i n  t h e  k inds of i n fo rmat ion  we have, and e s p e c i a l l y  

the  understanding t h a t  t h e  in format ion prov ides i n  l i g h t  o f  cur ren t  a g r i -  

c u l t u r a l ,  urban and recrea t iona l  expansion c o n f l i c t s  they now face i n  

southern Arizona. They have i n v i t e d  us t o  make a presenta t ion  be fore  a 

j o i n t  meeting o f  t h e  House and Senate Natura l  Resources Committees and 

the  Environmental Committee o f  the  House. Both l e g i s l a t o r s  f e e l  t h a t  

such a program would be e n l i g h t e n i n g  f o r  t h e i r  lawmakers and would h e l p  

d i r e c t  t h e i r  cons iderat ions f o r  i n i t i a t i n g  l e g i s l a t i o n  which migh t  requ i re ,  

f o r  instance, t h a t  count ies accomplish zoning r e g u l a t i o n s  t h a t  r e f l e c t  a 

knowledge o f  t h e  e c o l o g i c a l  c l a s s i f i c a t i o n  o f  the  lands being zoned. 

The Arizona Department of Highways has r e c e n t l y  requested a copy o f  

t h e  complete resource and land use legend t h a t  we have been using. 

Personnel o f  t h e  Department, who a r e  engaged i n  developing a land use 

c l a s s i f i c a t i o n  scheme f o r  the e n t i r e  s t a t e ,  were e s p e c i a l l y  i n t e r e s t e d  i n  

the  format and procedures we have developed. A s i m i l a r  i n t e r e s t  has been 

expressed by persons inventory ing the  resources and land uses o f  Cochise 

County. This work i s  being conducted f o r  the purpose o f  p lanning t h e  

f u t u r e  development of t h a t  county. Most o f  western Cochise County i s  

10 



inc luded i n  Test S i t e  220; consequently, some o f  our  c l a s s i f i c a t i o n  and 

mapping work d i r e c t l y  p e r t a i n s  to  t h e  geographical area w i t h  which workers 

i n  t h a t  county a r e  concerned. 

A d d i t i o n a l l y ,  i n q u i r i e s  have come from an a r c h e o l o g i s t  s tudy ing  past  

Ind ian a c t i v i t y  i n  nor thern  Maricopa County, and f r o m  a c i t i z e n s '  group 

concerned w i t h  land use p lanning i n  Arizona. 

Some o f  these contacts  have been made by persons who f i r s t  learned 

o f  our  work from an a r t i c l e  w r i t t e n  by one o f  our  crew and publ ished i n  

t h e  A r  zona Farmer-Ranchman (Faul kner, 1971). 

INTERPRETATION ACCURACY CHECKS 

ln t roduc t  ion 

One o f  t h e  main research ob jec t ives  o f  the NASA funded Range Manage- 

ment group a t  Oregon Sta te  U n i v e r s i t y  has been t o  demonstrate t h a t  both 

h igh  a l t i t u d e  photographs and space photographs a r e  a p p l i c a b l e  t o  an eco- 

l o g i c a l  resource inventory .  I n  so doing we have u t i l i z e d  c u r r e n t l y  

a v a i l a b l e  ph i losophies r e l a t i n g  t o  natura l  vegeta t ion  c l a s s i f i c a t i o n  and 

legend development. The legend system we have developed i s  i d e a l l y  s u i t e d  

t o  var ious scales o f  photographic resource maps because i t  i s  based on a 

h i e r a r c h i c a l  c l a s s i f i c a t i o n  scheme. One o f  the products o f  our  resource 

c l a s s i f i c a t i o n  and ana lys is  work has been the  produc t ion  o f  a resource 

map d isp layed on a photo mosaic constructed from NASA h i g h  a l t i t u d e  

photography. I n  December 1970, t h i s  h igh  a l t i t u d e  photo mosaic map was 

presented t o  NASA as p a r t  o f  a r e p o r t  t o  the Ear th Observations D i v i s i o n  

o f  t h e  Manned Spacecraft Center (Pet t  nger, e t  a l . ,  1970). F igure 4 i s  a 
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reduced sca le  copy o f  t h i s  map. 

The development o f  n a t u r a l  resource photo maps mani fests  unique prob- 

lems r e l a t e d  t o  the  photo i n t e r p r e t a t i o n  o f  n a t u r a l  vegeta t ion  and r e l a t e d  

features.  F i r s t  t h e  vegeta t ion  must be c l a s s i f i e d .  If t h i s  j o b  has no t  

a l ready been done, t h e  resource analyst  must accomplish i t  and ass ign t h e  

i d e n t i f i e d  u n i t s  t o  proper p o s i t i o n s  i n  the  legend. The same photography 

used as t h e  mapping base can a l s o  be used for p lanning and c a r r y i n g  o u t  

the  f i e l d  work necessary f o r  determining c o r r e c t  vegeta t ion  c l a s s i f i c a t i o n .  

By c o o r d i n a t i n g  the photography w i t h  the f i e l d  work, bas ic  r e l a t i o n s h i p  

in fo rmat ion  between vegeta t ion  subjects  and photographic images can be 

compiled. I n  a d d i t i o n ,  a r e a l i s t i c  assessment can be made o f  the  image 

v a r i a b i l i t y  t h a t  can represent t h e  same vegeta t ion  type and, conversely, of 

the  vegeta t ion  v a r i a b i l i t y  t h a t  apparent ly can be represented by the same 

photographic image. This in fo rmat ion  can be f i t t e d  i n t o  a se t  o f  photographic 

i n t e r p r e t a t i o n  a ids.  Even w i t h  t h i s  degree o f  background in format ion,  

e r r o r s  can commonly occur and u s u a l l y  can be grouped according t o  explana- 

t i o n s  o f  t h e i r  occurrence. We have found t h a t  one f requent  source o f  e r r o r  

r e s u l t s  from i n t e r p r e t a t i o n  o f  vegetat ion in ter -grades and/or complexes. 

Also, i n t e r p r e t a t i o n  i d e n t i f i c a t i o n s  of a h i e r a r c h i c a l  c l a s s i f i c a t i o n  scheme 

may be i n c o r r e c t  a t  one l e v e l ,  b u t  cor rec t  a t  a l e v e l  t h a t  i s  a s tep o r  two 

more general ized. A user o f  the  photographic map soon r e a l i z e s  t h a t  some 

e r r o r s  a r e  less  c r i t i c a l  than others.  A representa t ive  eva lua t ion  o f  e r r o r  

magnitude and import  i s  presented i n  the s e c t i o n  which fo l lows.  

i 
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Resource Map Development 

The purpose o f  t h i s  s e c t i o n  i s  t o  e x p l a i n  i n t e r p r e t a t i o n  processes, 

accuracy checks and accuracy to lerance l i m i t s  as a p p l i e d  t o  a representa- 

t i v e  resource mapping problem. The area se lected was t h a t  p o r t i o n  o f  

Maricopa County, Arizona covered by Apol lo  9, S O 6 5  frame number 26A-3801. 

This area was l a t e r  photographed by NASA as p a r t  o f  i t s  h i g h  a l t i t u d e  

photography program and designated NASA Test S i t e  29. 

chrome photographs (1:124,000) o f  t h i s  area, taken on J u l y  28, 1970, were 

reproduced i n  black-and-white for  use in  making t h e  photo mosaic map. 

F igure  1 shows the  area covered by the  photo mosaic as w e l l  as t h e  loca- 

t i o n s  of  ground t r u t h  observat ions and areas covered by a e r i a l  reconnais- 

sance. 

High a l t i t u d e  ekta- 

In tens ive  ground t r u t h  in format ion was c o l l e c t e d  a long a s t r i p  n o r t h  

o f  Phoenix between Hassayampa Wash and t h e  Mazatzal Mountains. Another 

b lock  south and southwest o f  Phoenix (Rainbow Va l ley  t o  South Mountain) 

was a l s o  ground checked, The ground t r u t h  in fo rmat ion  was obta ined a t  

s i t e s  se lected on pretyped photographs. 

photograph and located w i t h  map coordinates f o r  f u t u r e  reference. A t  

each s i t e  a complete species l i s t  was made o f  the  vegetat ion.  

prominence, cover and s o c i a b i l i t y  were recorded. In fo rmat ion  on landform 

and s o i l  types a l s o  was noted. A t  each ground t r u t h  s t a t i o n  o t h e r  i n f o r -  

mat ion p e r t i n e n t  t o  the  ecosystem was obtained. This  included est imates 

o f  watershed, a e s t h e t i c  and recrea t iona l  values, forage and wood products, 

p o s s i b l e  land-use conversions and other p o t e n t i a l  uses, together  w i t h  

notes on animal use (Pet t inger ,  e t  a l . ,  1970). Enough ground in fo rmat ion  

Each s i t e  was p in -pr icked on t h e  

Species 
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F igure  1 .  Locat ion of  eco log ica l  resource inventory  and c l a s s i f i c a t i o n  
a c t i v i t i e s  w i t h i n  Maricopa County, Arizona. 

-------- F1 i g h t  path o f  a e r i a l  reconnaissance. 

Area o f  county included w i t h i n  photo mosaic resource map (see 
F igure 4)  

Areas of i n tens i ve  ground in format ion.  

rm]  Areas o f  photo i n t e r p r e t a t i o n  accuracy check. 
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was obta ined t o  g i v e  our  crews confidence t h a t  we had s u f f i c i e n t  samples 

f rom each photographic image c lass  i n  the  i n t e n s i v e  sampling areas. I t  

was from t h i s  ground t r u t h  in fo rmat ion  t h a t  the  legend u n i t s  were assigned 

t o  vegeta t ion-so i l  systems and descr ip t ions  made o f  those systems. I n  

add i t i on ,  the  photographic images were c a r e f u l l y  analyzed u n t i l  we had 

confidence t h a t  we knew the  subject-image r e l a t i o n s h i p s  i n  t h e  ground 

t r u t h  areas. 

I n  a d d i t i o n  t o  the  ac tua l  ground in fo rmat ion ,  low a l t i t u d e  a e r i a l  

reconnaissance f l i g h t s  were conducted us ing  f i xed-w ing  a i r c r a f t .  These 

reconnaissance f l i g h t s  were used to determine t h e  range and l o c a t i o n  of 

the vege ta t i on -so i l  systems, and to determine whether new legend u n i t s  

o r  a d d i t i o n a l  ground t r u t h  was necessary f o r  a complete d e s c r i p t i o n  o f  

the  county. 

Using a combination o f  ground t r u t h  data, a e r i a l  reconnaissance i n f o r -  

mat ion 

us ing  th ree  9" x 9" enlargements o f  Apollo 9 c o l o r  IR photos (Poulton, 

e t  a l . ,  1970). Photo i n t e r p r e t a t i o n  was necessary t o  expand t h e  ground 

t r u t h  in fo rmat ion  t o  pe r iphe ra l  areas o f  t he  county. This  map showed the  

broad landform and vegeta t iona l  features o f  the  landscape and served as 

a s t r a t i f i c a t i o n  f o r  t h e  h i g h  a l t i t u d e  photo mosaic map. 

and photo i n t e r p r e t a t i o n ,  we made a space photo map o f  t he  area, 

I n  p repara t ion  f o r  a more de ta i l ed  resource map on l a r g e r  sca le  pho- 

tographs, t h e  legend was s l i g h t l y  rev ised and a photo mosaic cons t ruc ted  

o f  h igh  a l t i t u d e  photography. Using b a s i c a l l y  the  same in fo rmat ion  as 

w i t h  the  space photo map, the  h igh  a l t i t u d e  photographs were mapped a t  a 

more d e t a i l e d  l e v e l .  The completed map d isp layed n a t u r a l  vege ta t i on  
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resources, a g r i c u l t u r e  and urban land use i n  a p o r t i o n  o f  Maricopa County, 

Ar izona. As on the  space photo map, these map de l i nea t ions  and annotat ions 

were based l a r g e l y  on photo i n t e r p r e t a t i o n  dec is ions.  To check i n t e r p r e t a -  

t i o n  accuracy a s imple t e s t  was designed. 

Procedure 

Through the  cooperat ion of the U. S. A i r  Force and personnel o f  Luke 

A i r  Force Base a h e l i c o p t e r  was made a v a i l a b l e  which enabled a crew t o  

v i s i t  several  remote s i t e s  w i t h i n  the  i n te rp re ted  areas. Arrangements f o r  

t h i s  m i l i t a r y  support  were made by Robert H. M i l l e r ,  USDA Remote Sensing 

Technical  Coordinator.  Sample s i t e s  were prese lec ted  t o  represent a l l  t he  

na tu ra l  vege ta t i on  types. The number o f  sample s i t e s  f o r  each type v a r i e d  

i n  p r o p o r t i o n  t o  the  area covered by tha t  type. Sample s i t e  l o c a t i o n s  

were chosen by f i r s t  randomly s e l e c t i n g  the  i n t e r p r e t e d  u n i t s  t o  be 

sampled; then un i fo rm ly  s c a t t e r i n g  t h e  ac tua l  sample points .  Care was 

taken t o  avo id  poss ib le  vegeta t ion  boundaries and y e t  t o  spread the  samples 

throughout the de l ineated  u n i t s .  

A t o t a l  of 256 Po ten t i a l  sample s i t e s  were se lected.  These were 

grouped i n t o  s i x  areas arranged i n  p r i o r i t i e s .  The h ighes t  p r i o r i t i e s  were 

placed on areas t h a t  had: ( 1 )  t he  minimal amount o f  ground t r u t h  informa- 

t i o n ,  and (2) topography t h a t  insured safe use o f  the  h e l i c o p t e r .  The 

h e l i c o p t e r  was a v a i l a b l e  f o r  on l y  two days a t  t he  t ime when the  accuracy 

check was being conducted. This necess i ta ted a reduc t i on  i n  the  a n t i c i p a t e d  

number o f  s i t e s  t h a t  could be v i s i t e d .  I n  the  f i n a l  ana lys is ,  t h ree  of 

t he  h ighes t  p r i o r i t y  areas were selected f o r  sampl i n g  (F igure 1).  I n  a l l  , 
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144 samples (spot checks) were taken. Al though n o t  a l l  s i t e s  nor  types 

were sampled t h i s  s t i l l  enabled us t o  compi le meaningful s t a t i s t i c s .  

The preselected sample s i t e s  were p l o t t e d  on a s l i g h t l y  reduced 

(1:133,400) sca le  copy o f  t h e  h igh  a l t i t u d e  photo mosaic* and a t e n t a t i v e  

f l i g h t  path determined. A t  most s i t e s  t h e  h e l i c o p t e r  was pu t  i n t o  a t i g h t  

c i r c l e  about 200 fee t  i n  diameter j u s t  f a r  enough above t h e  ground t o  g i v e  

a good overview o f  t h e  vegeta t ion  below, w h i l e  p l a n t  species presence and 

associated prominence r a t i n g s  were recorded. I n  h i l l y  t e r r a i n  t h e  h e l i -  

copter  maintained a forward a t t i t u d e  f o l l o w i n g  the  contour and aspect as 

c l o s e  t o  the  preselected s i t e  as possible.  Thus in fo rmat ion  was recorded 

from a s t r i p  approximately a quar te r  m i l e  long r a t h e r  than a c i r c l e  as i n  

more l e v e l  areas. When c l o s e r  examination o f  t h e  vegeta t ion  was necessary 

a near hover was maintained j u s t  above t e r r a i n .  

was made t o  associate t h i s  in format ion w i t h  t h e  prev ious photo i n t e r p r e -  

t a t i o n  or t o  ass ign legend u n i t s .  

Whi le on s i t e  no at tempt 

Resul t s  and Discuss ion  

The sampling in fo rmat ion  was u t i l i z e d  i n  the  l a b  i n  f o u r  ways. 

F i r s t ,  i n d i v i d u a l  s i t e s  were c l a s s i f i e d  according t o  the  n a t u r a l  vegeta- 

t i o n  legend. Second, a comparison was made w i t h  t h e  p r e v i o u s l y  des- 

c r i b e d  legend u n i t s  t o  determine i f  there was evidence suggest ing t h a t  

new u n i t s  were needed o r  t h a t  descr ip t ions  requ i red  changing. Next, the  

sample s i t e  in fo rmat ion  was compared w i t h  the  i n t e r p r e t e d  map; accuracy 

;:The copy used i n  t h e  accuracy check was "naked", t h a t  i s ,  w i thout  t h e  
resource over lay .  The purpose o f  using a naked copy o f  t h e  mosaic was t o  
minimize t h e  change o f  b ias  on the par t  o f  the  s p o t  checking crew. 
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l e v e l s  and o the r  s t a t i s t  

t o  update both the  photo 

cs were then 

map and the 

not y e t  been completed as o f  t h i s  w r i  

Table 1 g r a p h i c a l l y  d isp lays  the 

compiled. F i n a l l y ,  work was i n i t  a ted  

egend where necessary. Such work has 

ing. 

legend u n i t s  invo lved i n  t h e  accuracy 

check. This  i s  a comparison between the u n i t s  shown on the  i n t e r p r e t e d  por-  

t i o n  ( i n t e r p r e t a t i o n  u n i t s )  o f  the  photo mosaic map and the  accuracy check 

in fo rmat ion  (ac tua l  u n i t s ) .  This tab le  a l s o  shows a comparison between 

c o r r e c t  i n t e r p r e t a t i o n s ,  e r r o r s  o f  omission and e r r o r s  o f  commission. The 

e r r o r s  shown i n  t h i s  t a b l e  a re  absolute e r r o r s ;  a more meaningful presenta- 

t i o n  o f  t h e  comparison between in te rp re ted  u n i t s  and accuracy checks i s  

shown i n  Table 2. This  t a b l e  d isp lays  the  same in fo rmat ion  bu t  summarized 

by broader legend u n i t s .  Th is  second t a b l e  a long w i t h  Table 3 shows t h a t  

the i n t e r p r e t e r s  d i d  a b e t t e r  j o b  than was i n i t i a l l y  i nd i ca ted  i n  Table 1 .  

Table 3 i s  a summary o f  the  types o f  d i f fe rences  found and the  seriousness 

o f  each i n t e r p r e t a t i o n  e r r o r .  Near ly 57 percent  o f  the  samples agreed 

w i t h  the  i n t e r p r e t e d  areas they represented. Twenty- f ive percent disagreed 

on ly  a t  t h e  most s p e c i f i c  l e v e l  o f  legend c l a s s i f i c a t i o n  and i n  2.8 percent  

a major component o f  the  u n i t  was omi t ted.  These e r r o r s  t o t a l  27.8 percent  

and represent  the  m i s i n t e r p r e t a t i o n s  which would no t  se r ious l y  a f f e c t  

judgments r e l a t i v e  t o  land use planning. I n  most cases these u n i t s  d i f -  

fered i n  the  presence o r  absence o f  a s i n g l e  key p l a n t  species. This  species 

o f t e n  was a low shrub t h a t  d i d  no t  g r e a t l y  a f f e c t  the photographic image 

(F igure 2 ) .  

due t o  t h e  i ncons is ten t  r e l a t i o n s h i p  d isp layed by the  i n te r f l uve / runne l  

complex i n  a vege ta t i on -so i l  system. In  many cases d i s t i n c t  vegeta t ion  

Another type o f  i n t e r p r e t a t i o n  e r r o r  t h a t  became apparent was 
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Table 1 .  Comparison Between Legend Un i t s  Displayed on In te rp re ted  Photo 
Mosaic Map and Un i t s  Determined through He l i cop te r  Accuracy Checks. 

The numbers (321.11, 321.21, e t c . )  i n  the  row across the  top o f  the  
t a b l e  represent those legend u n i t s  i d e n t i f i e d  by photo i n t e r p r e t a t i o n  of  
h i g h  a l t i t u d e  photography and de l ineated  and annotated on the photo mosaic 
map. These u n i t s  a re  expla ined i n  the  d e s c r i p t i v e  legend accompanying the  
mosaic (Figure 4 ) .  

The column a t  the l e f t  ind ica tes  those legend u n i t s  i d e n t i f i e d  f rom 
the  data gathered a t  the  accuracy check p o i n t s .  Each row o f  the  t a b l e  

a long a row i n d i c a t e  how the  representa t ives  o f  the legend u n i t  were iden- 
t i f i e d  by photo i n t e r p r e t a t i o n .  For example, i n  the  - row designated 321.11 
n ineteen check p o i n t s  had been p rev ious l y  and c o r r e c t l y  photo i n t e r p r e t e d  
as 321.11, and seven were i n c o r r e c t l y  i d e n t i f i e d  as 321.21. Because these 
l a t t e r  seven were a c t u a l l y  321.11 u n i t s  i n t e r p r e t e d  as another sub jec t  they 
represent "e r ro rs  o f  omission". 

begins ..:&I.. W I L l l  ullG o f  these legend u n i t s  and the distribution of  the numerals 

I n  the column headed 321.11 the numerals i n d i c a t e  t h a t  n ineteen 321.11 
accuracy check p o i n t s  had been p rev ious l y  i n t e r p r e t e d  c o r r e c t l y .  There 
were o ther  sub jec ts  (321.12, 321.15 and 321.21) which had a l s o  been iden- 
t i f i e d  as 321.11 when they were no t .  These i n c o r r e c t  i d e n t i f i c a t i o n s  a r e  
c a l l e d  " e r r o r s  o f  commission". 

Ca lcu la t i on  of percent co r rec t ,  omiss ion and commission i s  demon- 
s t r a t e d  i n  the f o l l o w i n g  example. I n t e r p r e t e d  u n i t s  (denoted A) a r e  sampled 
i n  the  accuracy check (denoted B) . A comparison i s  made between the  i n t e r -  
p re ted  u n i t s  (A) and the  accuracy checked u n i t s  (B).  

Correct  = A agrees w i t h  B 
Omission = Area i d e n t i f i e d  i n  B n o t  inc luded i n  A 
Commission = Area i n t e r p r e t e d  i n  A does no t  agree w i t h  B 

Number o f  A 's  t h a t  agree w i t h  B 's  x 100 
Tota l  number o f  B 's  % Correct = 

Number o f  areas i d e n t i f i e d  i n  B n o t  inc luded i n  A x 100 
To ta l  number o f  61s  

% Omission = 

Number o f  areas i n t e r p r e t e d  i n  A no t  agreeing w i t h  B x 100 
Tota l  number of A's % Commission = 



321.11 

321.12 

321.15 

321.21 

321.22 

321.23 

321.9 

321.92 

321.93 

331.2 

342.1 

361.2 

100 

400 

4 84 
Tota l  
Number 
I n t e r -  
p re ted  
% Error 
Connni ss i o n  

INTERPRETED UNITS 

19 7 
5 

1 1  9 
4 1 1  

1 

2 

4 
18 
2 

7 
3 

26 

1 

1 

1 1  

2 

1 

3 
1 

1 

3 9 3 0 2 4  36 2 1 3  4 1 4  

51 63 25 28 100 100 33 50 0 25 

k t u a l  
Total  
Number 

26 

5 
20 

27 

22 

31 
1 

2 

2 

1 

3 
1 

1 

1 

1 

144 

% Error 
o f  
Omis- 
s i o n  

27 

100 

100 

59 
18 

16 
0 

50 

0 

0 

0 

100 

100 

100 

100 

Table 1 .  (See capt ion  on f a c i n g  page.) 
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321 . l x *  

Actual  
To ta l  
Number 

INTERPRETED UNITS 

U n i t s  321.1~"  3 2 1 . 2 ~ "  321.9xJ; 

Other U n i t s  

To ta l  Num- 
ber I n t e r -  
p re ted  

% E r r o r  
Commission 

% E r r o r  
Omi s -  
s i o n  

35 16 
4 74 1 1 

51 31 
80 8 

39 90 7 8 

--- 10 18 29 

;t The x (as i n  3 2 1 . 1 ~ )  r e f e r s  t o  a l l  types represented by the  o t h e r  d i g i t s  
(as 321.1 types) .  

Four o f  these were c o r r e c t  i n t e r p r e t a t  ions.  

144 

Table 2.  Summary o f  I n t e r p r e t a t i o n  Accuracy Data by Broader Legend Groupings. 
See Table 1 f o r  d e t a i l e d  groupings. 
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Degree o f  
A c c e p t a b i l i t y  

Complete agreement between accuracy 
check and in te rp re ted  map. 

Un i t s  d i f f e r  on l y  a t  most s p e c i f i c  
d i g i t  on legend system ( d i f f e r  o n l y  
among secondary species). 

No e r r o r  82 56.9 

36 25.0 E r ro rs  present  
but  land use i m -  
p l i c a t i o n s  no t  
g r e a t l y  a f f e c t e d  

A complex o f  u n i t s  where a l esse r  

o f  the major one. 
component was in te rp re ted  instead 

Some land use 
imp l i ca t i ons  
would be 
a f f e c t e d  

Unacceptable 
e r r o r s  

16 1 1 . 1  

~~ ~ 

S i t uat ion 

TOTAL 

Number i n  Percent 
Samp 1 e o f  To ta l  

144 100.0 

I 4 I 2.8 U n i t s  d i f f e r  on ly  by one major 
species. 

Other e r r o r s .  6 I 4.2 

Table 3 .  
Type o f  E r ro r .  

Summary of Accuracy Check of High a l t i t u d e  Photo Mosaic Map by 
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I 

F igu re  2. 
dumosa). Note the low, gray shrub (Franser ia dumosa) sca t te red  between 
the  t a l l e r ,  greener Larrea. The presence o f  t h i s  shrub i s  t h e  d i f f e r e n c e  
between a 321.11 legend u n i t  and the 321.12 shown here. The c o l o r ,  s i z e  
and d i s t r i b u t i o n  o f  t h i s  shrub do not s u f f i c i e n t l y  a f f e c t  t he  a e r i a l  
photo image t o  enable a photo i n t e r p r e t e r  t o  d i s t i n g u i s h  these vegetat ion/  
s o i l  systems from 321.11 which contains on ly  Larrea ( w i t h  annuals du r ing  
p o r t i o n s  o f  some years) .  
and t h e  l ack  o f  con t ras t  between i t  and the s o i l  surface. 

Ground photo o f  321.12 type (Larrea t r i d e n t a t a  w i t h  Franser ia  

Note e s p e c i a l l y  the 1 i g h t  tone o f  the F ranse r ia  

22 



boundaries e x i s t  between runnels and i n t e r f l u v e s  w h i l e  i n  o t h e r  cases 

runnel vegeta t ion  i s  a l s o  found on the i n t e r f l u v e s .  Th is  i s  t h e  bas ic  

reason why several  m i s i n t e r p r e t a t i o n s  e x i s t e d  between 321.1 types and 

321.21 types as shown i n  Tables 1 and 2. From these tab les  i t  can be 

seen t h a t  t h e  grea ter  share o f  m i s i n t e r p r e t a t i o n s  was i n  i n t e r p r e t i n g  

321.1 types as 321.2 types r a t h e r  than the  reverse. F igure  3 shows a 

photo image which i s  composed o f  u n i t s  we have c l a s s i f i e d  as 321.21 and 

321.11 vegeta t ion  types. From a photo i n t e r p r e t a t i o n  s tandpoint ,  t h e  

lower l e f t  hand p o r t i o n  o f  t h e  photo would be c l a s s i f i e d  as 321.21 w h i l e  

t h e  remaining two t h i r d s  o f  the frame would be c a l l e d  321.11. Ground 

observat ions might reveal ,  however, tha t  the presence o f  "runnel type" 

vegeta t ion  on t h e  i n t e r f l u v e s  i n  the area labeled 321.11 would necess i ta te  

a change t o  321.21 f o r  a t  l e a s t  p a r t  o f  the  area. Larger sca les o f  pho- 

tography would he lp prevent t h i s  type o f  photo i n t e r p r e t a t i o n  e r r o r .  

I n  a d d i t i o n  t o  the accuracy s t a t i s t i c s  compiled f o r  t h e  h i g h  a l t i t u d e  

photo mosaic map, accuracy checks were made on the space photo map 

(Poulton, e t  a l . ,  1970) o f  t h e  same area. 

mat ion was used f o r  both resource maps. The summary g iven i n  Table 4 

shows t h a t  the  accuracy l e v e l s  were q u i t e  comparable. A s l i g h t l y  l a r g e r  

percentage (60.4 percent compared to  56.9 percent)  of  the areas checked 

were c o r r e c t l y  i n t e r p r e t e d  on t h e  space photos. 

percent ( 1 1 . 1  percent compared t o  4.6 percent)  o f  "not acceptable" e r r o r s  on 

t h i s  map. 

The same accuracy check i n f o r -  

There was a l s o  a h igher  

The types o f  e r r o r s  were b a s i c a l l y  the  same. 
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I 

F igu re  3 .  P o r t i o n  o f  h i g h  a l t i t u d e  photo showing d i f f e r e n t  runnel /  
i n t e r f l u v e  complexes. Note the spacing and complexi ty o f  the  runnels.  
I n  the  upper r i g h t  p o r t i o n  of t h i s  photo the runnels a r e  w ide ly  spaced 
w h i l e  i n  the  opposi te  corner they a r e  q u i t e  c lose  together .  I n  both 
cases, t h e  land i s  f l a t  and the  runnels a r e  o n l y  s l i g h t  depressions. 
I n t e r p r e t a t i o n  o f  the w ide ly  spaced runnel system would be based almost 
e n t i r e l y  on the i n t e r f l u v e  v e g e t a t i o n / s o i l  system. The o t h e r  areas 
a r e  more d i f f i c u l t  t o  i n t e r p r e t  due t o  t h e  i n t r i c a t e  p a t t e r n ,  a l though 
t h e  same vege ta t i on  may cont inue across the  e n t i r e  photo. 
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Degree o f  
A c c e p t a b i l i t y  

No e r r o r  

E r ro rs  present 
bu t  land use i m -  
p l i c a t i o n s  no t  
g r e a t l y  a f f e c t e d  

Some land use 
imp1 i c a t i o n s  
wou 1 d be 
a f f e c t e d  

Unacceptable 
e r r o r s  

S i tua t ion 

Complete agreement between accuracy 
check and in te rp re ted  map. 

U n i t s  d i f f e r  o n l y  a t  most s p e c i f i c  
d i g i t  on legend system ( d i f f e r  o n l y  
among secondary species) .  

U n i t s  d i f f e r  o n l y  by one major 
species . 

A complex o f  u n i t s  where a lesser  
component was in te rp re ted  ins tead 
o f  the  major one. 

Other e r ro rs .  

TO TAL 

87 1 60.4 

I 
18.8 

27 I 

1 1  7.6 

16 1 1 1 . 1  

7 100.0 

Table 4. Summary o f  Accuracy Check o f  Space Photo Mosaic Map by Type o f  E r r o r .  
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Summa ry 

I n  present ing a resource map i t  i s  h i g h l y  d e s i r a b l e  t o  d i s p l a y  the 

mos t  accurate product a v a i l a b l e .  Complete accuracy, however, would depend 

upon complete ground t r u t h  in format ion.  The ques t ion  then i s  how much 

e r r o r  and what k inds o f  e r r o r s  can be al lowed f o r  t h e  map t o  s t i l l  be 

u s e f u l .  We f e e l  t h a t  the  l e v e l s  ind icated here o f  4.2 percent unacceptable 

e r r o r s  and t h e  t o t a l  15.3 percent  e r r o r  t h a t  would a f f e c t  land use dec i -  

s ions a r e  w i t h i n  the  to lerance l i m i t s .  Th is  t e s t  enabled us t o  s p e c i f y  

the  types o f  e r r o r s  t h a t  were most commonly made, the legend u n i t s  t h a t  

were most o f t e n  invo lved and, i n  each instance, t h e  percent e r r o r  t h a t  was 

present.  

photographs o f  the  q u a l i t y  and scales (1:124,000) prov ided by NASA i n  Test 

S i t e  29 a r e  h i g h l y  compat ib le w i t h  and d e s i r a b l e  f o r  d i s p l a y  of broad sca le  

eco log ica l  inventor ies .  Some s p e c i f i c  uses o f  the  photography a r e  e laborated 

upon i n  t h e  f o l l o w i n g  sec t ion .  

The r e s u l t s  which we obtained s t r o n g l y  suggest t h a t  h i g h  a l t i t u d e  

AN EXAMPLE OF ECOLOGICAL RESOURCE ANALYSIS 
FOR LAND USE PLANNING 

As suggested by previous d iscuss ion and e a r l i e r  repor ts ,  the  pr imary 

emphasis by our  crew i s  t o  u t i l i z e  space and h i g h  f l i g h t  photography for  

e c o l o g i c a l  resource inventory  and c l a s s i f i c a t i o n .  The inventory  and c l a s s i -  

f i c a t i o n  o f  n a t u r a l  vegeta t ion  resources as w e l l  as t h e  mapping o f  a g r i c u l -  

t u r a l  and urban land use classes are  i n  themselves va luable;  however, they 

a r e  no t  i n  themselves t h e  u l t i m a t e  end products.  

resources leads t o  u t i l i t a r i a n  products and f o l l o w s  inventory  and c l a s s i -  

f i c a t i o n .  This  s e c t i o n  i s  devoted t o  a d iscuss ion  o f  i n t e r p r e t a t i v e  

Analys is  o f  eco log ica l  
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overlays;: which have been de r i ved  from the  resource i nven to ry  and c l a s s i -  

f i c a t i o n  research conducted i n  Test S i t e  29. 

A genera l ized m i n i a t u r e  o f  the  i n t e r p r e t i v e  o v e r l a y  i s  shown as p a r t  

o f  F igu re  4. The o r i g i n a l ,  f u l l  scale, 1:133,400, black-and-white photo 

mosaic resource map, which was produced by t h i s  lab,  was presented i n  

Pe t t i nge r ,  e t  a l . ,  1970. The o r i g i n a l  ove r lays  were drawn a t  t he  sca le  

o f  1:133,400. As s t a t e d  elsewhere i n  t h i s  repo r t ,  cons iderable i n t e r e s t  

among p o t e n t i a l  users i n  Ar izona and Oregon has been shown fo r  the  type 

o f  approach and in fo rma t ion  d isp layed on the  i n t e r p r e t i v e  ove r lays  o f  t h a t  

resource map. I t  should be po in ted  out, however, t h a t  f o r  maximum poten- 

t i a l  usefulness t o  be achieved, a complete resource ana lys i s  o f  the  u n i t s  

c l a s s i f i e d  i n  F igu re  4 would be necessary. I t  should be ev ident  t h a t  

the  relevance o f  such a photo map i s  a f fec ted  by the d i r e c t  r e l a t i o n s h i p  

between the  type o f  ana lys i s  t h a t  i s  to  be made and the  q u a l i t y  o f  i n f o r -  

mat ion t h a t  i s  provided. The ana lys is ,  i n  tu rn ,  i s  s t r o n g l y  dependent 

upon the  a v a i l a b i l i t y  o f  a s u i t a b l e  supply o f  i n fo rma t ion  regarding the  

pr imary c u r r e n t  and p o t e n t i a l  value of  the  landscape u n i t s  as w e l l  as 

reac t i ons  o f  those u n i t s  t o  known land use p r a c t i c e s .  I n  many resource 

areas t h i s  type o f  i n fo rma t ion  i s  already a v a i l a b l e  and t h e  major ana lys i s  

task  becomes merely one o f  f i n d i n g  the approp r ia te  i n fo rma t ion  and r e l a t i n g  

+: I n t e r p r e t i v e  ove r lays  a r e  a type of resource a n a l y s i s  product.  The 
example i n  t h i s  s e c t i o n  deals w i t h  land use p o t e n t i a l  based on character-  
i s t i c  q u a l i t i t e s  o f  t h e  n a t u r a l  vegetat ion and r e l a t e d  resources which 
were i nven to r ied ,  c l a s s i f i e d  and mapped i n  Test S i t e  29. Other types o f  
i n t e r p r e t i v e  over lays  may have less s p e c i f i c  i m p l i c a t i o n s  f o r  land use 
planning. For example, i t  i s  poss ib le  t o  show a l l  mountainous lands i n  
s i m i l a r  over lays  w i thou t  necessa r i l y  r e l a t i n g  t h i s  f o r  s p e c i f i c  purposes 
o t h e r  than t o  p i c t o r i a l l y  show the ex ten t  and l o c a t i o n  o f  the  mountains. 
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Overlay Legend 

Lands having a p o t e n t i a l  f o r  

ove r lay  showing areas of  p o t e n t i a l  i n t e n s i v e  a g r i c u l t u r a l  and/or urban 
development. Discuss ion i s  found i n  the t e x t  exp la in ing  how these types 
o f  land  use were i d e n t i f i e d  for t h e i r  ind ica ted  p o t e n t i a l .  The o r i g i n a l ,  
f u l l  sca le,  1:133,400, black-and-white photo mosaic which was produced 
by t h e  l a b  was presented i n  Pe t t i nge r ,  e t  a l . ,  1970. 

t 

Lands hav ing a p o t e n t i a l  f o r  m 
Lands having a p o t e n t i a l  f o r  

i n tens i ve  a g r i c u l t u r a l  development. 

some degree o f  u rban iza t ion .  

e i t h e r  u rban iza t i on  o f  a g r i c u l t u r e .  
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i t  t o  the  proper u n i t s  o f  the  ecolog ica l  c l a s s i f i c a t i o n .  

t i onsh ips  o f  inventory ,  c l a s s i f i c a t i o n  and ana lys i s  processes a r e  d i a -  

g ramat i ca l l y  presented i n  F igure  5. 

The i n t e r r e l a -  

The same i l l u s t r a t i o n  can be used to  show why our  emphasis i s  on 

inventory  and c l a s s i f i c a t  on. I t  i s  a t  these two stages t h a t  t he  proper 

s p e c i f i c a t i o n s  f o r  a e r i a l  and/or space imagery ( i n  terms o f  f i l m - f  i 1 t e r  

combination, s p a t i a l  reso u t i on ,  e tc . )  a r e  essen t ia l .  Su i tab le  imagery 

i s  a l s o  h i g h l y  des i rab le  f o r  conducting var ious  phases o f  the  ana lys is ,  

bu t  the  imagery procured f o r  inventory  and photo mapping w i l l  o r d i n a r i l y  

s u f f i c e .  

The eco log i ca l  approach t o  vegetat ional  and r e l a t e d  resource ana lys i s  

emphasizes i d e n t i f i c a t i o n  and c l a s s i f i c a t i o n  o f  areas having equ iva len t  

e f f e c t i v e  environments as evidenced by the  vegeta t ion  which each area 

supports.  As a r e s u l t  o f  c l a s s i f i c a t i o n ,  the resource ana lys t  can mon 

responses o f  c l a s s i f i e d  u n i t s  t o  various land uses. I d e n t i c a l  or s imi  

u n i t s  can be expected t o  have analogous responses t o  land use; thus, 

t o r  

a r  

c l a s s i f i c a t i o n  enables e x t r a p o l a t i o n  o f  response from one u n i t  t o  o the r  

u n i t s  o f  s i m i l a r  character .  The responses a re  environmental reac t ions  

t o  land use p rac t i ces  t h a t  may vary from non-use t o  complete a l t e r a t i o n  o f  

the  c l a s s i f i e d  resource u n i t .  Substant ia l  a l t e r a t i o n  occurs w i t h  a c t i v i -  

t i e s  such as i n tens i ve  a g r i c u l t u r e  and urban development. The p r e d i c t i o n  

o f  responses t o  poss ib le  land uses i s  the essence o f  an eco log i ca l  

resource ana lys is .  Many o f  our current  environmental problems, p a r t i c u -  

l a r l y  those r e l a t e d  t o  resource degradation, have resu l ted  from an absence 

o f  plans based, a t  l e a s t  i n  p a r t ,  on eco log ica l  resource analyses. 



Photography 
Procurement 

I I 

Needs 

F igure  5. The Basic I n t e r r e l a t i o n s h i p s  o f  Ecological  Resource Inventory,  
C l a s s i f i c a t i o n  and Analys is  as Related t o  In format ion Needs, Photographic 
Requirements and In format ion Ret r ieva l .  Not ice t h a t  needs f o r  updated 
in fo rmat ion  o r  new k inds o f  in format ion a f f e c t i n g  u n i t  p o t e n t i a l  do not  
necess i ta te  a r e v i s i o n  o f  the  inventory o r  c l a s s i f i c a t i o n  scheme. The 
OSU range management remote sensing crew i s  concentrat ing on a p p l i c a t i o n s  
o f  space and h i g h  a l t i t u d e  photography t o  inventory problems and t o  
subsequent c l a s s i f i c a t i o n  problems, w i t h  l i m i t e d  emphasis on t h e  ana lys is  
phase. 

Photog rap hy 
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resource ana lys is  

such s o c i a l  p r a c t  

a t t i t u d e s  and a c t  

A1 

o f  eco 

p o i n t s  

unless 

og i ca 

which 

examp 

Considerat ions o f  eco log ica l  imp l ica t ions  i n  land use p lanning can f r e -  

quent ly  come i n  d i r e c t  c o n f l i c t  w i t h  short  term economic goals.  Th is  

c o n f l i c t  should, however, be viewed as a p o s i t i v e  development because 

planning, when d i r e c t e d  by eco log ica l  resource ana lys is ,  can be conducted 

w i t h  r e a l i z a t i o n  o f  what the t o t a l  resource p i c t u r e  i s ,  both i n  the  s h o r t  

range and i n  t h e  long range, for an eco log ica l  reg ion or p o l i t i c a l  sub- 

d i v i s i o n  such as a county, s t a t e  o r  country.  To t h i s  p o i n t  eco log ica l  

per  se i s  separate from, and must no t  be biased by, 

ces as land ownership. Furthermore, many o f  the  c u r r e n t  

ons which govern the  p lanning o f  land use must be 

a l t e r e d  i f  eco log ica l  resource analyses a r e  t o  become a ser ious base f o r  

land use p lanning decis ions. Among the more t a n g i b l e  re-evaluat ions 

needed w i l l  be those o f  t ax  s t r u c t u r e  and zoning laws, p a r t i c u l a r l y  when 

such laws have been der ived b a s i c a l l y  from considerat ions o f  shor t  term 

economics, w i t h  l i t t l e  regard f o r  ecolog ica l  resource ana lys is  and o t h e r  

long term considerat ions.  The f o l l o w i n g  d iscuss ion p o i n t s  t o  a s i t u a t i o n  

developing i n  nor thern Maricopa County where proponents o f  land use are  

invo lved i n  an inc reas ing ly  c r i t i c a l  c o n f l i c t  over n a t u r a l  environments, 

a g r i c u l t u r a l  developments and urban developments. 

hough our research goals most s t rong ly  address the  r e l a t e d  areas 

resource inventory  and c l a s s i f i c a t i o n ,  some o f  t h e  s t rongest  

support t h e  approach which we advocate can never be made 

es o f  p o t e n t i a l  ana lys is  and a p p l i c a t i o n  are  shown. Some 

extremely important imp l ica t ions  o f  resource ana lys is  can e a s i l y  be drawn 

from t h e  inventory,  c l a s s i f i c a t i o n  and mapping o f  na tura l  vegeta t ion  and 
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r e l a t e d  features i n  Test S i te  29. Two o f  these i m p l i c a t i o n s  have been 

por t rayed i n  t h e  over lay o f  F igure 4. 

The area judged as having an a g r i c u l t u r a l  p o t e n t i a l ,  no t  now developed, 

i s  shown on t h a t  over lay.  Charac ter is t i cs  used i n  t h e  e v a l u a t i o n  were 

those o f  vegetat ion,  s o i l ,  macrore l ie f ,  landform and evidences such as 

cur ren t  land use, present conversion pat terns and d i r e c t i o n  o f  expansion. 

Mapped u n i t s  having the f o l l o w i n g  mapping legend des ignat ions were deemed 

Category One 

p o t e n t i a l  a g r i c u l t u r a l  land. 

Category Two 

High l i k e l i h o o d  o f  a g r i -  
c u l t u r a l  p o t e n t i a l *  

Quest ionable l i k e l i h o o d  o f  
a g r i c u l t u r a l  p o t e n t i a l *  

Numerator must be I 321.32, 3 2 1 . 9 ~  ** 321.1, 321.11, 321.15 o r  
321. 

1 

Denominator must be 

* For mapping complexes both numerator and denominator must have equaled 
o r  exceeded 70% o f  the  mapping u n i t  i n  order  t o  have been considered poten- 
t i a l  a g r i c u l t u r a l  lands. 

l a  l a  

** 3 2 1 . 9 ~  r e f e r s  t o  a l l  321.9 types. 

The d i s t  i n c t  ion between "Category One" and "Category Two" agr i c u l  t u r a l  

p o t e n t i a l  was no t  maintained i n  t h e  min ia tu re  i n t e r p r e t i v e  over lay .  I n  

Category One types, the  f a c t o r  most s t rong ly  l i m i t i n g  conversion t o  in ten-  

s i v e  a g r i c u l t u r a l  use would be u n a v a i l a b i l i t y  o f  i r r i g a t i o n  water. Addi- 

t i o n a l  f a c t o r s  might r e s t r i c t  a g r i c u l t u r a l  development i n  Category Two. 

F i r s t ,  vegetat ion types 321.32 and 3 2 1 . 9 ~  commonly occur i n  areas having 

h i g h  f l o o d  p o t e n t i a l ,  a long drainageways. For some drainageways t h i s  
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f a c t o r  alone might prevent development unless f l o o d  waters could be con- 

f ined  t o  more r e s t r i c t e d  areas, t h e  costs o f  which might be p r o h i b i t i v e  

consider ing the  l i m i t e d  amount o f  arable drainageway lands. 

t h e  types tend t o  occur on s o i l s  t h a t  may have s u f f i c i e n t l y  h i g h  accumu- 

l a t i o n s  o f  s a l t  t o  l i m i t  p r o d u c t i v i t y  o f  some crops. 

A d d i t i o n a l l y ,  

We recognize t h a t  for  several  reasons ac tua l  p o t e n t i a l  a g r i c u l t u r a l  

lands may dev ia te  somewhat f rom the  areal  boundaries ind ica ted .  Greatest  

1 i k e l  ihood o f  v a r i a t i o n  may r e s u l t  from ( 1 )  use o f  t h e  o r i g i n a l  photographic 

sca le  (1:124,000) which can prevent de tec t ion  o f  some s u i t a b l e  areas and 

erroneously suggest s u i t a b i l i t y  f o r  others,  and (2) o t h e r  e r r o r s  i n  photo 

i n t e r p r e t a t i o n  as p r e v i o u s l y  discussed i n  t h i s  repor t .  I n  s p i t e  o f  these 

p o t e n t i a l  e r r o r s ,  reasonable r e l i a b i l i t y  can be assumed both f o r  l o c a t i o n  

and t o t a l  acreages o f  p o t e n t i a l  a g r i c u l t u r a l  lands w i t h i n  t h e  area mapped. 

Areal  s t a t i s t i c s  a r e  a f u r t h e r  product o f  eco log ica l  resource a n a l y s i s  

t h a t  p rov ide  v i t a l  in fo rmat ion  f o r  land use p lanning.  When used i n  con- 

j u n c t i o n  w i t h  i n t e r p r e t i v e  over lays  l i k e  t h e  one o f  F igure 4, s t a t i s t i c s  

o f  the type summarized i n  Table 5 enable t h e  over lays  t o  take on even 

g r e a t e r  meaning. While over lays o r  o ther  types o f  i n t e r p r e t i v e  maps pro- 

v i d e  a f e e l i n g  f o r  loca t ions ,  s t a t i s t i c s  enable q u a n t i f i c a t i o n .  Thus 

t h e  p o t e n t i a l  a g r i c u l t u r a l  lands, as shown i n  t h e  over lay  o f  F igure  4, 

t o t a l  approximately 1,900 square m i l e s .  More s p e c i f i c  s t a t i s t i c s  a r e  

a l s o  p o s s i b l e  depending on user needs. 

areas, s t a t i s t i c s  for combinations of vegeta t ion  type -- landform or 

vegeta t ion  type -- macrore l ie f  are r e a d i l y  der ived. 

For example, i n  n a t u r a l l y  vegetated 

A second type o f  analys is ,  p o t e n t i a l  f o r  u rban iza t ion  and/or 
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Barren Lands and Water Resources 

Natura l  Vegetation 

Po ten t i a l  A g r i c u l t u r a l  Lands 

Po ten t i a l  Urban Lands 

A g r i c u l t u r a l  Lands 

Urban Lands 

Tota l  Area Inventor ied  

MACROREL I EF CLASS ( I n  Square M i  l es )  

F l a t  
Land 

2232 

1924 

2026 

780* 

lo1 1 i n g  
Land 

~ 

677 

599 

H i  1 l y  
Land 

~ 

1287 

~~ 

Moun t a  i nous 
Land 

106 

To ta l  

21 

4302 

1924 

2625 

780 

292 

5395 

;f Not a c t u a l l y  c l a s s i f i e d  according t o  macrore l ie f ;  however, occurrence 
i s  mostly on f l a t  lands. 

Table 5. Summary of Areal S t a t i s t i c s  Derived from the  Natura l  Vegetation 
and Land Use Photo Map which i s  Reproduced i n  M i n i a t u r e  as F igure  4. 
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suburbanizat ion,  a l s o  r e l a t e s  t o  land use p lanning and i s  por t rayed i n  

t h e  i n t e r p r e t i v e  over lay  o f  F igure 4. The c r i t e r i a  u t i l i z e d  i n  making 

judgments f o r  p o t e n t i a l  urban development were based p r i m a r i l y  on a con- 

s i d e r a t i o n  o f  m a c r o r e l i e f .  More s p e c i f i c a l l y ,  a l l  o f  t h e  f l a t  land types 

( l a  and l b )  as w e l l  as the  r o l l  ing and moderately d issected macrorel i e f  

types (2a and 2b) were considered s u i t a b l e  f o r  some i n t e n s i t y  o f  u rban i -  

z a t i o n  whether i t  be urban sprawl or 

I n  t o t a l  about 2,600 square mi les  of 

are  considered s u i t e d  f o r  development 

i n  a d d i t i o n  t o  t h e  h i l l y  (3) and N u n  

arge acreage suburban development. 

and no t  p r e s e n t l y  i n t e n s i v e l y  used 

Two types o f  areas were excluded 

a i nous (4) macrorel i e f  types. Those 

are, respec t ive ly ,  (a) the  areas along drainageways, washes o r  arroyos, 

and (b) a b o t a n i c a l l y  unique vegetated area (321.41) j u s t  t o  t h e  east  o f  

Camp Creek and south of t h e  road from Carefree t o  B a r t l e t t  Reservoir .  

The types o f  i n t e r p r e t i v e  in format ion shown w i t h  t h e  f i g u r e  a r e  o f  

va lue when considered separately,  bu t  they c o n t a i n  even g r e a t e r  meaning 

when considered simultaneously.  In viewing t h e  over lay ,  one f i n d s  i t  

revea 1 

w i t h i n  

On the  

su i  tab 

i n  t h e  

ng t o  n o t i c e  t h a t  most o f  t h e  p o t e n t i a l  a g r i c u l t u r a l  land f a l l s  

t h e  area designated p o t e n t i a l  f o r  u rban iza t ion  and/or suburbanizat ion.  

o t h e r  hand, much o f  the  p o t e n t i a l  urban-suburban land i s  n o t  h i g h l y  

e f o r  a g r i c u l t u r a l  development. Areas o f  i n t e n s i v e  development 

reg ion  tend t o  occur f i r s t  on f l a t  lands. In tens ive  land use 

expansion i n  the  area genera l l y  fo l lows the  p a t t e r n  o f  a g r i c u l t u r a l  devel-  

opment, p o r t i o n s  o f  which a r e  l a t e r  converted t o  u rban iza t ion .  Thus one 

i n t e n s i v e  use o f  land ( a g r i c u l t u r a l )  succumbs a t  the  expense o f  a second 

i n t e n s i v e  use (u rban iza t ion) .  



This  type o f  r a t h e r  s imple analysis,  der ived  from an eco log ica l  

resource inventory  and c l a s s i f i c a t i o n ,  c l e a r l y  p o r t r a y s  c o n f l i c t s  over  

land use w i thout  even consider ing other  e c o l o g i c  f a c t o r s  o r  the  m u l t i t u d e  

of  socio-economic fac to rs  which are extremely important i n  land use p lan-  

n ing.  

o f  land use c o n f l i c t s ,  i t  has, perhaps, even g r e a t e r  va lue by a lowing 

an overview o f  s o l u t i o n s  t o  p o t e n t i a l  land use c o n f l i c t s .  I n  t h i s  s imple 

example o f  an a g r i c u l t u r e - u r b a n i z a t i o n  c o n f l i c t  the two types o f  poten- 

t i a l  land use should be c a r e f u l l y  balanced. I f  t h e  d e s i r e  i s  t o  a l l o w  

f o r  maximizat ion o f  both types o f  land use expansion, t h e  s i m p l i s t i c  

answer for  min imiz ing c o n f l i c t  i s  to minimize urban expansion i n  the  areas 

s u i t e d  t o  a g r i c u l t u r a l  development. I t  i s  probable, however, t h a t  t h i s  

type o f  s o l u t i o n  could on ly  be implemented through changes i n  t a x  s t r u c t u r e  

and zoning laws as mentioned e a r l i e r .  

Although t h e  over lay  o f  F igure  4 serves t o  i l l u s t r a t e  an example 

\ 

SUGGESTED CLASS I F I CAT I ON AND KEY WORDS FOR DESCRI B I NG PRIMARY SURFACE 
RESOURCES AND LAND USE I N  A BROWSE FILE OR CATALOGUE OF SPACE IMAGERY 

Accompanying the  accumulation o f  space imagery i s  a pronounced need 

f o r  in fo rmat ion  descr ib ing,  i n  general terms, t h e  procured imagery. Th is  

w i l l  become p a r t i c u l a r l y  apparent w i t h  t h e  advent o f  ERTS s a t e l l i t e s .  

This in fo rmat ion  w i l l  need t o  be e f f i c i e n t l y  gathered and s to red  f o r  

ready access by users who w i l l  need t o  know the  s u i t a b i l i t y  o r  u s e f u l -  

ness of  i n d i v i d u a l  imagery frames. The work repor ted i n  t h i s  s e c t i o n  

was forwarded i n  March 1971, to Goddard Spacecraf t  Center for considera- 

t i o n  i n  p repar ing  f o r  t h i s  problem. 

The f o l l o w i n g  suggests a system f o r  d e s c r i b i n g  pr imary sur face 
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resources depic ted on s a t e l l i t e  imagery. These suggestions a r e  an o u t -  

growth o f  d e s c r i p t i v e  legend concepts developed i n  our NASA-supported 

research program. The legend system has been a p p l i e d  t o  space, h i g h  

a l t i t u d e  and convent ional  a e r i a l  photography. The broader legend cate-  

gor ies  a r e  used here t o  demonstrate t h e i r  a p p l i c a b i l i t y  for  s e t t i n g  up 

key words and d e s c r i p t i v e  symbols f o r  annota t ion  o f  a browse f i l e .  

I n  developing an indexing system for fea tures  which can be seen on 

space imagery, the  grea tes t  u t i l i t y  w i l l  be achieved when t h e  index con- 

t a i n s  a l i s t i n g  o f  those features which may be o f  i n t e r e s t  t o  p o t e n t i a l  

users o f  the  imagery. From an e a r t h  resources s tandpoint ,  t h e  index 

should inc lude several  major categor ies such as: 

1 .  Names of  cont inent ,  i s land,  ocean and/or sea. 

2. P o l i t i c a l  name, e.g., country, province, s t a t e .  

3 .  C u l t u r a l  features such as urban centers,  surface mineral  ex t rac-  

t i o n  areas and a g r i c u l t u r a l  land. Where appropr ia te  these can be i d e n t i -  

f ied  by proper names, such as c i t y  names. 

4. Water resources. These should be i d e n t i f i e d  bo th  by f e a t u r e  and, 

where appropr ia te,  by proper name. 

5. Vegetat ion resources, by broad e c o l o g i c a l l y  meaningful c lasses. 

6. Gross geomorphologic features i n c l u d i n g  m a c r o r e l i e f .  

I t  would appear t h a t  a knowledge o f  t h e  above in fo rmat ion  c lasses 

should enable most users t o  decide on u s a b i l i t y  o f  imagery -- t h e  pr imary 

o b j e c t i v e  o f  t h e  browse f i l e  and image annotat ion.  Vegetat ional  c lasses 

are  i n d i c a t i v e  o f  t h e  environment i n  which they occur and, because many 

geologica l  processes a r e  r e l a t e d  t o  broad m a c r o r e l i e f  classes, knowledge 
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of  these two fea tures  o f  t h e  imaged areas should be most h e l p f u l  t o  a 

maximum number o f  p o t e n t i a l  users. This annota t ion  technique makes use 

o f  broad classes developed by o u r  Oregon S t a t e  U n i v e r s i t y  team working 

i n  t h e  southern Ar izona t e s t  areas. 

Presented h e r e i n  a r e  se lected symbology and p o s s i b l e  key words f o r  

indexing "primary sur face resources and land use" as we1 1 as "macrore1 i e f "  

classes. The appropr ia te  p o r t i o n s  o f  a u n i f i e d  legend which incorporates 

sur face resource features w i t h  land use a r e  presented i n  Tables 6 through 

1 1 .  Subcategories f o r  these major classes would o n l y  r a r e l y ,  i f  ever,  

be used f o r  f e a t u r e  i d e n t i f i c a t i o n  on space imagery, e s p e c i a l l y  f o r  t h e  

purposes proposed here. This  same legend, i n  g r e a t e r  d e t a i l ,  has been 

success fu l l y  used t o  c l a s s i f y  land areas from photographs taken throughout 

the  normal range o f  scales o r d i n a r i l y  obta ined from spacecraf t  and conven- 

t i o n a l  a i r c r a f t .  I n  annotat ing ERTS imagery for t h e  purposes proposed 

here, t h e  f i v e  categor ies o f  pr imary resource and land use classes (Table 

6 )  would probably p rov ide  s u f f i c i e n t  deta i  1 .  For o t h e r  space imagery, 

s p e c i f i c a l l y  photographic types, some components o f  t h e  subcategories 

(Tables 7 through 1 1 )  would prove valuable.  

would probably never be used t o  annotate space photography, b u t  have been 

included f o r  legend completeness where a companion category a t  t h e  same 

l e v e l  might be used. For example from Table 8, "211 --- Ponds" would n o t  

be u s e f u l ,  bu t  "212 --- Lakes'' would be needed. 

Many o f  t h e  subcategories 

For purposes o f  indexing broad subjects,  i t  i s  suggested t h a t  t h e  

r e l a t i v e  percentage be g iven o f  each c lass i d e n t i f i e d  on space imagery. 

The f o l l o w i n g  percentage c lass scheme has been w ide ly  used and i s  
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Mapping 
Sumbo 1 

100 

200 

300 

400 

500 

PRIMARY RESOURCE AND LAND USE CLASS 

Key Word 

Barren lands 

Water 
resources 

Natural  
vegetat ion 

A g r i c u l t u r a l  
1 ands 

Urban and 
i n d u s t r i a l  
1 ands 

D e s c r i p t i v e  Legend 

The prominent fea tures  o f  barren lands a r e  
bare mineral s o i l s  and/or rocks. Vegetat ion 
i s  lack ing  o r  so w ide ly  s c a t t e r e d  t h a t  the  
o v e r a l l  aspect i s  o f  a denuded area. Barren 
lands do not  inc lude temporar i l y  denuded 
lands such as those caused by c u l t i v a t i o n  o r  
plowing. Man-made barren lands created by 
urban iza t ion  o r  i n d u s t r y  a re  found w i t h i n  t h e  
500 class.  

Only those areas p e r e n n i a l l y  covered by water 
and lack ing  sur face vegeta t ion  are  c lassed 
as Water Resources. Vegetated water zones 
should be designated i n  300. 

Areas i n  which successional processes g i v e  
an aspect o f  n a t u r a l  vegetat ion,  even though 
t h e  area may a t  one t ime have been s t r o n g l y  
a l t e r e d  by man, a r e  considered n a t u r a l l y  
vegetated. Areas such as logged-over f o r e s t s  
or burns, l e f t  t o  successional processes, 
f i t  i n  t h i s  c lass .  

A g r i c u l t u r a l  lands a r e  those which a r e  charac- 
t e r i z e d  by man's r e l a t i v e l y  constant  manipu- 
l a t i o n  o f  t h e  vegeta t ion  and micro-environment; 
t h e  presence o f  feed, food, o r  f i b e r  crops; 
and the  general c o n t r o l  o f  both placement 
and growth o f  vegetat ion.  

Those lands which have been a l t e r e d  by man 
f o r  l i v i n g ,  manufacture, t r a n s p o r t a t i o n  and 
r e l a t e d  a c t i v i t i e s  a r e  considered urban and 
i n d u s t r i a l  lands. Because o f  t h e  na ture  o f  
some o f  these land uses, they do n o t  necessar i l -  
obscure c lasses 100, 200 o r  300, i n  which case 
mapping u n i t s  may conta in  these classes along 
w i t h  one o r  more 500 c lass .  

Table 6. Symbolic, key word and d e s c r i p t i v e  legend. 
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BARREN LAND TYPES 

Mapp i ng 
Symbol 

100 

110 

120 

130 

140 

190 

Key Wo r d 

Barren lands 

P 1 ayas 

Dune lands 

Rock1 ands 

Shorel ines 
beaches 
and 
r iverbanks 

Und i f f e r -  
en t  i a t e d  
Barrens 

D e s c r i p t i v e  Legend 

Playas are undrained basins i n  t h e  a r i d  and 
semiar id regions. 
al though they may c o n t a i n  shal low water f o r  
s h o r t  per iods a t  in f requent  i n t e r v a l s .  The 
s o i l s  are u s u a l l y  s a l i n e  o r  a l k a l i n e  and a r e  
f i n e  to  medium textured.  

They a r e  genera l l y  d ry  

Where s o i l  p a r t i c l e s ,  e s p e c i a l l y  sand, d r i f t  
and p i l e  i n t o  s e r i e s  o f  h i l l s  o r  r idges,  
t h e  area i s  c lassed as dune lands. Dunes 
have been v a r i o u s l y  c l a s s i f i e d  as to  shape, 
o r i g i n ,  a c t i v i t y  and s ize .  

Rocklands a r e  q u i t e  a d i v e r s i f i e d  group w i t h  
t h e  main s i m i l a r i t y  being the presence o f  a 
h i g h  rock and/or gravel  cover.  Rocks w i l l  
o f t e n  occur together  unsorted as t o  s i z e  o r  
shape. Subclasses a r e  formed according t o  
rock o r i g i n .  

Those land areas a f f e c t e d  by t h e  wave, t i d a l  
and seasonal v a r i a t i o n s  o f  lakes, r i v e r s ,  
seas and oceans a r e  c lassed together  as 
shorel ines and beaches. They vary g r e a t l y  
i n  width and components so a r e  subdiv ided as 
to  type. 

U n d i f f e r e n t i a t e d  barrens inc lude badlands, 
areas of mass e a r t h  movement, non-rocky 
erosional  and f a u l t  scarps and s o i l  s l i c k s .  

Table 7. Symbolic, key word and d e s c r i p t i v e  legend. 
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Mapp i ng 
Symbol 

200 

210 

21 1 

212 

220 

22 1 

222 

230 

240 

250 

260 

26 1 

262 

290 

WATER RESOURCES 

Key Word 

dater resources 

Ponds and lakes 

Ponds 

Lakes 

Water courses 

Rivers 

Creeks 

Bays and es tuar ies  

Oceans and seas 

A r t i f i c i a l  ponds and reservo i rs  

Ice  and snow 

Perpetual i c e  o r  snow 

Ephemeral i c e  o r  snow 

Other water resources 

Table 8. 
s u i t e d  to  space imagery annotat ion i n  browse f i l e  use. 

Symbolic and key word legend. Some o f  these desc r ip to rs  a r e  no t  
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NORTH AMERICAN VEGETATIONAL PHYSIOGNOMIC TYPES 

Mapping 
Symbo 1 

300 

320 

330 

340 

350 

360 

370 

380 

Key Word 

Natural  veg- 
e t a t  ion 

Deserts 

Steppes 

Shrub/ 
scrub 
1 ands 

Savannas 

Wooded anc 
Forested 
1 ands 

A lp ine  anc 
a r c t  i c 
t und r a  

Vege t a  t i or 
o f  aquatic 
env i ron- 
men t s 

D e s c r i p t i v e  Legend 

Deserts a r e  t y p i f i e d  by sparse vegeta t ion  and 
are  located i n  t h e  more a r i d  regions o f  t h e  
southwestern U. S. and nor thern  Mexico. 

Wi th in  steppes, t h e  herbaceous layer ,  i n c l u d i n g  
both perennial  grasses and forbs,  i s  u s u a l l y  
prominent. Low t o  medium he igh t  shrubs a r e  
scat tered o r  l a c k i n g  except i n  some graz ing  
d isc l imax s i t u a t i o n s  -- notab ly  among Great 
Basin shrub-steppe types. 

Medium t o  t a l l  shrubs o r  small t rees  (scrub) 
a r e  the prominent vegetat ion.  These u s u a l l y  
f o r m  a c losed l a y e r  so t h a t  the  herbaceous 
l a y e r  i s  completely subordinate. The herba- 
ceous vegetat ion i s  h i g h l y  v a r i a b l e  but can 
be important.  

Dense stands o f  herbs o v e r l a i n  by s c a t t e r e d  
i n d i v i d u a l s  o f  t a l l  shrubs o r  t rees.  

The t r e e  l a y e r  forms the  prominent vegeta t iona l  
feature.  This  l a y e r  o f t e n  forms a c losed 
canopy over a v a r i e t y  o f  subordinate vegeta t ion  

Tundra i s  charac ter ized  by c o l d  temperatures 
and short  growing seasons. The vegeta t ion  i s  
usua l l y  low and lacks d i s t i n c t  layers .  

The vegetat ion o f  aquat ic  environments appears 
above the perennia l  water cover. 

Table 9. Symbolic, key word and d e s c r i p t i v e  legend. 
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AGRICULTURAL LAND USE LEGEND 
~~ ~~ 

~ 

Key Wo r d 

rg r i cu l  t u r a l  1 ands 

F i e l d  and seed crops 

Vegetable crops 

F r u i t  and nu t  crops 

L ives tock  f a c i l i t i e s  

Animal s p e c i a l i t i e s  

Pasture and range1 and 

H o r t i c u l t u r a l  s p e c i a l i t i e s  

Non-producing and t r a n s i t i o n  cropland 

Other uses 

Table 10. Symbolic and key word legend. Adapted from Johnson, e t  a i .  (1969). 
Several of these desc r ip to rs  a re  no t  su i ted  t o  space imagery annota t ion  i n  
browse f i l e  use. 
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URBAN, INDUSTRIAL AND EXTRACTIVE LANDS 

app i ng Symbo 1 

500 

51 0 

520 o r  
530 

540 

550 

560 

570 

580 

590 

Key Word 

Urban and i n d u s t r i a l  lands 

Res ident  i a l  

Manufactur ing 

Transpor tat ion,  communicat,m and u t i 1  

Trade 

Serv i ces 

: ies 

C u l t u r a l ,  enter ta inment  and r e c r e a t i o n a l  

Resource product ion and e x t r a c t i o n .  NOTE: H o r t i c u l t u r a l /  
a g r i c u l t u r a l  product ion  is used under "400", a g r i c u l t u r a l  
1 ands . 
Undeveloped land and water areas. NOTE: These a r e  land 
use categor ies and should n o t  be confused w i t h  resource 
types. A t  appropr ia te  scales b o t h  land use and resource 
type  may occupy the  same phys ica l  area. 

Table 1 1 .  
Coding Manual (U. S. Department o f  Transportat ion,  1969). The i n i t i a l  "5" 
has been added t o  a l l  of  t h e  Manual's code numbers as we l l  as the  decimals. 
U n i t s  500 and 590 are  probably the  o n l y  ones u s e f u l  f o r  space imagery 
annota t ion  i n  browse f i l e  use. 44 
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suggested t o  s i m p l i f y  p ropor t ion  estimates i n  qu ick- look e v a l u a t i o n  o f  

i magery , 
-. 

Cover Class Class Range - Percent 

1 0-5 

2 5-10 

3 10-25 

4 25-50 

5 50-75 

6 75-95 

7 95-1 00 

This approach no t  o n l y  i d e n t i f i e s  features o f  pr imary i n t e r e s t  bu t  a l s o  

g ives an i n d i c a t i o n  o f  the  r e l a t i v e  amounts o f  each features.  

M a c r o r e l i e f  classes, Table 12, a r e  not  considered a p a r t  o f  t h e  p r i -  

mary resources. They are, however, p a r t i c u l a r l y  s u i t e d  t o  space imagery 

annota t ion  because o f  t h e i r  r e l a t i v e  ease o f  i d e n t i f i c a t i o n  and t h e i r  

i n t e r p r e t a b i l i t y  i n  terms o f  geolog ic  processes and land use. Subclasses 

have been developed for two o f  t h e  f o u r  classes shown and have been used 

f o r  mapping on space photography o f  an a r i d  reg ion.  

these subclasses, however, i s  reg iona l  and o f  l i m i t e d  value f o r  wor ldwide 

indexing o f  space imagery. 

The a p p l i c a t i o n  o f  

This  annota t ion  scheme may not meet t h e  needs of  a l l  d i s c i p l i n e s  f o r  

a s e t  o f  key-word descr ip to rs  i n  a browse f i l e .  

however, be e n t i r e l y  adequate f o r  d e s c r i p t i o n  o f  vegetat ional  resources 

and gross land sur face r e l i e f  a t  browse f i l e  l e v e l .  A d d i t i o n a l  d e t a i l  

can be e a s i l y  added w i t h i n  the  framework provided. As an example, category 

The procedure should, 
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MACROREL I E F  CLASSES 

,app i ng Symbol 

4 

~~ 

Key Word 

-1at lands 

?oiling and 
noderatel y 
j i ssected 
I ands 

i i l l y  lands 

Youn t a  i nous 
1 ands 

Descr i p t  i v e  Legend 

genera l l y  f l a t  landscape w i t h  prominent 
opes less than 10 percent .  

r o l l i n g  or moderately d issec ted  landscape 
t h  prominent s lopes 10 t o  25 percent ( s ide  
opes may exceed t h a t  f i g u r e  i n  the  case o f  
ssected p lanar  sur faces) .  

The landscape i s  h i l l y  t o  submountainous; 
slopes are moderate t o  steep, predominant ly 
exceeding 25 percent .  R e l i e f  i s  genera l l y  
over 100 f e e t  bu t  less than 1000 f e e t .  Where 
r e l i e f  approaches 1000 fee t ,  t h e  landform 
system appears t o  be r e l a t i v e l y  s imple -- w i t h  
smooth slopes. Drainage systems genera l l y  
have the  same base l e v e l .  

The landscape i s  mountainous, hav ing h igh  
r e l i e f ,  usua l l y  over  1000 fee t .  Slopes a r e  
moderate t o  steep, f requen t l y  exceeding 50 
percent.  The landform and drainage systems 
a re  usua l ly  complex, w i t h  drainage networks 
having base l e v e l s  q u i t e  independent o f  one 
another.  

Table 12. Symbolic, key word and d e s c r i p t i v e  legend. 
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360, Wooded and Forested Lands (Table 9), can be subdiv ided t o  y i e l d  

more s p e c i f i c  in format ion.  The subdiv is ions might be t r o p i c a l  f o r e s t ,  

semi t rop ica l  forest ,  temperate fo res t ,  woodland and boreal  f o r e s t .  

. Examples o f  how the  indexing could work on space photographs a r e  shown 

i n  the  th ree  accompanying f i g u r e s  (Figures 6, 7 and 8). 

were obta ined on two Apo l lo  f l i g h t s .  Annotations inc lude mapping symbols 

p r o v i d i n g  grea ter  in fo rmat ion  than would be expected on ERTS-A imagery. 

The symbols convey in format ion d e t a i l  compat ib le w i t h  t h e  i n t e r p r e t a b i l i t y  

o f  these examples o f  space photography. More o r  less i n t e r p r e t i v e  d e t a i l  

can be ex t rac ted  from o t h e r  forms of space imagery depending p r i m a r i l y  

on r e s o l u t i o n  c h a r a c t e r i s t i c s  and the  amount o f  t ime which can be a l l o t t e d  

t o  the  i n t e r p r e t a t i o n  o f  each frame of imagery. 

The photographs 

CONTINUING RESEARCH AND INVESTIGATION NEEDS 

Legend Development 

Dur ing the  present year considerable a t t e n t i o n  has been g iven t o  

the  expansion o f  our legend concept t o  meet the  requirements o f  d i f f e r e n t  

eco log ica l  regions. This  work should be cont inued a t  l e a s t  t o  t h e  p o i n t  

o f  developing a system t h a t  would reasonably accommodate t h e  broader 

h i e r a r c h i c a l  l e v e l s  o f  vegetat ional  resource c l a s s i f i c a t i o n  throughout 

Nor th America. 

h i e r a r c h i c a l  leve ls ,  c l a s s i f i c a t i o n s  and legends w i l l  probably have t o  

be developed on a reg ional  bas is .  

e a r t h  resource observat ional  s a t e l l i t e  system, some one group should 

develop and p u b l i s h  the  framework f o r  t h e  broader h i e r a r c h i c a l  l e v e l s  on 

Our research has already shown t h a t  a t  the  s p e c i f i c  

In  t h e  i n t e r e s t  o f  a f u l l y  e f f e c t i v e  
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1 and 2 F l a t  t o  rol 1 i ng  lands 

4 Mountainous lands 

F igu re  6. Apo l l o  7 c o l o r  frame A S - 7 - 5 - 1 6 1 7 .  T ibe t ,  Naganglaring Tsho, 
nea r -ve r t  i ca l  v i  ew. 

4 

5 
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I PRIMARY RESOURCE AND LAND USE 

Key Word Mapping Symbol 

22 1 

360 

400 

500 

Cover Class 

MACROREL I EF 

1 

2 

3 

w 

Rivers 

Wooded and fo res ted  lands 

Agr i cu l  t u r e  

Urban lands 

F l a t  lands 

Undulat ing t o  r o l l i n g  lands 

H i l l y  lands 

F igu re  7. Apo l l o  9 c o l o r  i n f r a r e d  frame AS-9-26-3741. M iss i ss ipp i ,  Vicks- 
burg, M i s s i s s i p p i  Va l ley ,  Greenv i l l e  Bend. 
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F igu re  8. 
Sea, lrnper 

Key Word Cover Class 

Dune lands 

Oceans and seas 

Desert vegetat ion 

Agr i cu 1 t u r e  

Urban lands 1 

1 

2 

3 
4 

Apo l l o  9 c o l o r  i n f r a r e d  frame AS-9-26A-3799. Ca 
a1 Val ley;  Mexico, Mex ica l i .  

F 1 a t  1 ands 

Undulat ing t o  r o l l  inglands 

H i l l y  lands 

Mountainous lands 

i f o r n i a ,  Sal ton 
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a cont inent-wide bas is .  The p o s s i b i l i t y  e x i s t s  t h a t  a successful  system 

developed f o r  one cont inent  would be global  i n  a p p l i c a b i l i t y  or a t  l e a s t  

serve as a model f o r  adaptat ion to  other  cont inents .  I n  con junc t ion  w i t h  

legend development we have i n i t i a t e d  legend keys t o  a i d  i n  b o t h  f i e l d  

i d e n t i f i c a t i o n  and photo i n t e r p r e t a t i o n  o f  legend u n i t s .  

Regional legend development i s  cont inu ing i n  the southern Ar izona 

t e s t  s i t e s ,  p a r t i c u l a r l y  S i t e  220. F i e l d  work dur ing  t h e  past  season, 

i n  a d d i t i o n  t o  t h a t  completed e a r l i e r ,  w i l l  be s u f f i c i e n t  t o  f i n a l i z e  

vegeta t ion  c l a s s i f i c a t i o n  and legend development i n  p repara t ion  o f  t h e  

h i g h  a l t i t u d e  photo mosaic (1:124,000) resource map. A d d i t i o n a l l y ,  

d e t a i l e d  legend development a t  t h e  p l a n t  community l e v e l  i s  n e a r l y  com- 

p l e t e  f o r  a se lected 18 m i l e  square area near Tombstone w i t h i n  S i t e  220. 

The o r i g i n a l  mapping w i l l  be done on black-and-white 1:35,000 sca le  

photography t o  insure a record o f  greatest  inventory  d e t a i l .  Several 

b e n e f i t s  a r e  expected t o  be der ived from t h i s  i n t e n s i v e  study: 

s u i t a b i l i t y  o f  mapping p l a n t  community l e v e l  vegeta t ion  u n i t s  on 1 :35,000 

photography w i l l  be compared t o  mapping on s i m i l a r  sca le  enlargements 

made from 1:124,000 h igh  a l t i t u d e  photography. The na ture  and magnitude 

o f  i n t e r p r e t a b i l i t y  d i f f i c u l t i e s  w i l l  be determined. (2) Selected l a r g e  

acreage vegeta t ion  u n i t s  mapped a t  the p l a n t  community l e v e l  w i l l  be photo 

i n t e r p r e t e d  elsewhere i n  S i t e  220. Accuracy o f  i n t e r p r e t a t i o n  f o r  each 

sub jec t  a t  several legend l e v e l s  w i l l  be determined. (3) In format ion 

from t h e  p l a n t  community mapping a t  1:35,000 may be o f  b e n e f i t  i n  m u l t i -  

stage sampling, p a r t i c u l a r l y  if success a t  (2) above i s  h igh.  

( 1 )  The 

51 



These t e s t s  conducted on Apol 

f o r  the  e v a l u a t i o n  o f  ERTS su 

Steady progress i s  being 

Apol l o  6 photography 

t e s t i n g  repor ted here 

t a t i o n  t e s t i n g  inves t  

I n t e r p r e t a t i o n  Tes t ing  

Consis tent  w i t h  t h e  above, t h e  c u r r e n t l y  a v a i l a b l e  ground t r u t h  and 

e x i s t i n g  imagery can prov ide the  mater ia ls  needed t o  prepare photo i n t e r -  

p r e t a t i o n  a ids  for t h e  i d e n t i f i c a t i o n  of  legend u n i t s .  Th is  w i l l  lead 

t o  comprehensive photo i n t e r p r e t a t i o n  t e s t s  t o  more adequately assess the  

accuracy, ex ten t  and na ture  o f  photo i n t e r p r e t a t i o n  e r r o r s  i n  t h e  i n t e r -  

p r e t a t i o n  o f  e a r t h  resources and land uses from a v a i l a b l e  imagery. 

o photography would form an e x c e l l e n t  base 

t a b i  1 i t y .  

made i n  photo i n t e r p r e t a t i o n  t e s t i n g  us ing 

n Test S i t e  220. As w i t h  the  photo i n t e r p r e t a t i o n  

n f o r  t h e  Phoenix h i g h  a l t i t u d e  mosaic, i n t e r p r e -  

gat  ions on space photography a r e  concent ra t ing  on 

macrore l ie f - land form i d e n t i f i c a t i o n  and mapping i n t e r p r e t a t i o n s .  The 

importance o f  accura te ly  i n t e r p r e t i n g  landforms, s p e c i f i c a l l y  m a c r o r e l i e f ,  

w i l l  become ever more important as more  landform-vegetation c o r r e l a t i o n s  

a r e  determined. The f i r s t  o f  these tes ts ,  i n c l u d i n g  r e s u l t s ,  r a t i o n a l e  

and ground data map,were publ ished e a r l i e r  (Poulton, e t  a l . ,  1970). Since 

then, i n t e r p r e t a t i o n  t e s t i n g  procedures have been standardized and are  

more e a s i l y  understood. Several groups o f  i n t e r p r e t e r s ,  w i t h  and w i thout  

l 

I 

l a photo i n t e r p r e t a t i o n  o r  remote sensing background, have p a r t i c i p a t e d  i n  
I 

recent t e s t i n g  u t i l i z i n g  both s tereo and non-stereo viewing. The impact 

o f  t h e  var ious  backgrounds on i n t e r p r e t a t i o n  accuracy as w e l l  as s tereo-  

, 
, scopic  ass is tance w i l l  be assessed. Methods a r e  being examined f o r  

I e x t r a c t i n g  and analyz ing the  data from the  i n t e r p r e t e d  landform maps. 
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Several attempts have been made t o  handle the  data from t h e  maps w i t h  

cur ren t  procedures appearing successful.  

Development o f  Base Maps 

Based on a photo i n t e r p r e t a t i o n  accuracy check done d u r i n g  t h e  pas t  

f i e l d  season, t h e  h i g h  a l t i t u d e  and space resource maps o f  Test S i t e  29 

w i l l  be updated and cor rec ted  where necessary. Vegetat ion data gathered 

dur ing  t h e  past  season on S i t e  220 w i l l  c o n t r i b u t e  t o  the  data s t o r e  

which i s  being used t o  produce a s i m i l a r  h igh  a l t i t u d e  resource photo map 

o f  t h i s  l a t t e r  s i t e .  Throughout t h e  h i s t o r y  of  t h i s  p r o j e c t ,  data have 

been gathered a t  more than 550 ground loca t ions .  This represents con- 

s i d e r a b l y  more in fo rmat ion  than was compiled f o r  S i t e  29, but  has been 

necessary because o f  the grea ter  v a r i e t y  o f  vegeta t ion  present.  

p l e t e  and accurate ground t r u t h  map i s  requ i red  for planned m u l t i s t a g e  

A com- 

sampling experiments and for evaluat ion o f  the  e f f e c t s  t h a t  p l a n t  pheno- 

l o g i e s  have on m u l t i d a t e  photographic images. 

Using the  photo maps as ground t r u t h  bases, the  in fo rmat ion  prov ided 

thereon w i l l  prove inva luab le  for  evaluat ion o f  ERTS-A and subsequent 

s a t e l l i t e  imagery. Consider ing t h a t  the d i v e r s i t y  of n a t u r a l  vegeta t ion  

and landforms from both t e s t  s i t e s  occurs i n  s i m i l a r  and over lapping 

e c o l o g i c a l  regions, a s t rong p o s s i b i l i t y  e x i s t s  t h a t  i n t e r p r e t a t i o n s  

f rom ERTS-A may be accurate a t  some acceptable eve1 over a geograph 

range extending between and beyond the two t e s t  s i t e s .  
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on t h e  amounts and d i s t r i b u t i o n  of natura l  landscape 

a p p l i c a t i o n s ,  however, present some unique procedura 

Mu1 t i s  tage Sampl i ng 

An opera t iona l  procedure needs t o  be worked o u t  and t e s t e d  f o r  the 

m u l t i s t a g e  p r o b a b i l i t y  sampling t o  be used i n  t h e  mapping, i d e n t i f i c a t i o n  

and s t a t i s t i c a l  ana lys is  o f  n a t u r a l l y  vegetated landscapes us ing a sub- 

sampling combination o f  space, h igh  a l t i t u d e  and in termediate sca le  

a i r c r a f t  photography. The m u l t i s t a g e  concept has important i m p l i c a t i o n s  

i n  t h e  i d e n t i f i c a t i o n  o f  ecosystems and i n  the d e r i v a t i o n  o f  s t a t i s t i c s  

features.  These 

and s t a t i s t i c a l  

problems t h a t  a re  no t  i n h e r e n t l y  solved by drawing on es tab l i shed approaches 

f o r  measuring t imber volumes and re la ted  c h a r a c t e r i s t i c s .  Some unique 

developmental research i s  c a l l e d  f o r  i n  the  appl i c a t i o n  o f  the  m u l t i s t a g e  

subsampling concept t o  eco log ica l  resource ana lys is  problems. The neces- 

sary photography and ground t r u t h  data records are  now a v a i l a b l e  f o r  ser ious 

examination o f  the  problem. If successful,  p lans c a l l  f o r  a comparative 

e v a l u a t i o n  of Gemini, Apo l lo  and ERTS-A imagery for s u i t a b i l i t y  as t h e  

f i r s t  stage i n  a m u l t i s t a g e  sampling scheme for vegeta t ion  c l a s s i f i c a t i o n  

and inventory  . 

P l a n t  Phenologies and Sequential Photography 

Work needs t o  cont inue i n  the evaluat ion and development o f  proce- 

dures t o  f u l l y  e x p l o i t  t h e  m u l t i d a t e  concept as i t  r e l a t e s  t o  vegetat ional  

f e a t u r e  d i s c r i m i n a t i o n .  Because o f  the cons is ten t  seasonal developmental 

pa t te rns  (phenologies) o f  vegeta t ion  and cont ras ts  between vegetat ion 

types i n  t h i s  regard, t h e  m u l t i d a t e  concept appears to have h i g h l y  
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s i g n i f i c a n t  p o t e n t i a l  for  t h e  improvement o f  vegeta t ion  i d e n t i f i c a t i o n  

and ref inement o f  mapping de l ineat ions .  Accomplishments i n  t h i s  area 

have su f fe red  considerable delay because o f  breaks i n  t h e  photographic 

sequence a t  c r i t i c a l  seasons. Enough imagery i s  a v a i l a b l e ,  however, f o r  

p a r t i a l  a t ta inment  o f  t h e  o b j e c t i v e s .  With complet ion of a f u l l  annual 

220 e i t h e r  from a d d i t i o n a l  

mu la t ion  over t h e  Ar izona 

g a t i o n  can make s u b s t a n t i a l  

sequence of m u l t i d a t e  imagery i n  Test S i t e  

R B - 5 7  f l i g h t s  o r  from t h e  NASA-Ames ERTS s 

Regional Ecolog ica l  Test S i te ,  t h i s  invest 

progress. 

Through t h e  cooperat ion of  t h e  United States A i r  Force and person- 

nel o f  Luke A i r  Force Base, na tura l  vegetat ion changes are  being s i m i -  

l a r l y  monitored w i t h  a spectroradiometer. The i n i t i a l  h e l i c o p t e r  miss ion 

t o  gather rad iomet r ic  data was conducted over se lec ted  vegeta t ion  u n i t s  

i n  Test S i t e  220. 

t o  u t i l i z e  a Fores t ry  Remote Sensing Laboratory spectroradiometer a t  

500-1000 f e e t  above t e r r a i n .  

The h e l i c o p t e r  provided a s t a b l e  p l a t f o r m  necessary 

Tentat ive plans have been made t o  repeat 

the  f l i g h t s  a t  o t h e r  seasons t o  garner an understanding o f  how the signa- 

tures may change, i n  a q u a n t i t a t i v e  manner, w i t h  phenological  development. 

These data w i l l  be c o l l e c t e d  on appropr ia te dates so t h a t  they can be 

used as a standard against  which t o  compare data acqui red by h igh  a l t i t u d e  

a i r c r a f t  and the  ERTS s a t e l l i t e .  
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SUMMARY FOR FISCAL YEAR 1971 

I n t r o d u c t i o n  

Substant ia l  progress has been made dur ing  the  year i n  demonstrat ing 

the  va lue o f  small scale,  h igh  a l t i t u d e  photography f o r  inventory  and 

d i s p l a y  o f  na tura l  vegeta t ion  and r e l a t e d  features o f  t h e  landscape. As 

a p r e r e q u i s i t e  f o r  d i s p l a y  o f  n a t u r a l  e g e t a t i o n  resources, however, the  

vegeta t ion  must be c l a s s i f i e d  i n t o  eco o g i c a l l y  meaningful u n i t s .  Exer- 

c ises  o f  t h i s  s o r t  a r e  academic unless ( 1 )  the  u n i t s  as descr ibed a r e  

understood by p o t e n t i a l  users, (2) a l l  resource features are  d isp layed 

i n  a r e a d i l y  i n t e l l i g i b l e  common legend system, and ( 3 )  each u n i t  i s  

r e l a t e d ,  through a d e s c r i p t i v e  legend, t o  land use p o t e n t i a l s  and l i m i -  

t a t i o n s .  Our work to t h i s  t ime has concentrated h e a v i l y  on the  tasks o f  

i d e n t i f y i n g ,  c l a s s i f y i n g  and developing a legend f o r  n a t u r a l  vegeta t ion  

and r e l a t e d  features.  I n  f o s t e r i n g  the phi losophy t h a t  research o f  t h i s  

na ture  i s  meaningless unless the  research i s  app l ied  i n  a u t i l i t a r i a n  

manner we have a l s o  made a concerted e f f o r t  t o  take our  resource ana lys is  

concepts and examples o f  r e s u l t s  to p o t e n t i a l  users. 

The h i g h  a l t  

emphasized t h e  p r  

High A1 t i t u d e  Photography Report 

tude photography repor t  (Pet t inger ,  e t  a l . ,  

mary work accomplished dur ing  the f i r s t  p o r t  

970) 

on o f  the  

f i s c a l  year.  I n  i t  was shown a na tura l  vegetat ion/ landform, a g r i c u l t u r a l  

and land use resource map produced on a h igh  a l t i t u d e  photo mosaic. 

values o f  such a map were a l luded t o  i n  t h a t  r e p o r t .  Considerable ground 

The 
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checking and legend development were necessary i n  o rde r  t o  produce the  

photo map. O f  importance was the  successful  combining o f  t h ree  legend 

systems i n t o  a comprehensive s i n g l e  system. Natura l  vegetat ion,  a g r i -  

c u l t u r e  and land use a r e  the  components o f  t he  combined legend. In 

a d d i t i o n  t o  mapping and desc r ib ing  vegetat  on -so i l  systems i n  Maricopa 

County, a comparison was made o f  broad sca e s o i l  mapping t o  a segment 

o f  our  vegeta t ion  mapping. 

Another sec t i on  o f  t h a t  repo r t  summarized a p i l o t  t e s t  o f  our  legend 

and i n t e r p r e t a t i o n  techniques i n  southeastern C a l i f o r n i a .  Th is  e f f o r t ,  

which success fu l l y  demonstrated the  regional  a p p l i c a b i l i t y  o f  t he  

legend, was conducted as p a r t  o f  the Bureau o f  Land Management's 

C a l i f o r n i a  Desert p r o j e c t .  

Cont inuina Research 

Substan t ia l  q u a n t i t i e s  o f  f i e l d  research and labo ra to ry  e f f o r t  have 

gone toward update and expansion o f  the legend system. Test S i t e  220 

( F t .  Huachuca) i s  the reg ion  where d e t a i l e d  legend work i s  con t inu ing  

i n  an e f f o r t  t o  produce a more complete and meaningful c l a s s i f i c a t i o n  o f  

na tu ra l  vegetat ion.  The broader h i e r a r c h i c a l  ca tegor ies  o f  the  legend 

a r e  being expanded and re f ined f o r  t he  con t inen ta l  Uni ted States.  I t  

i s  a n t i c i p a t e d  t h a t  both the  reg iona l  and con t inen ta l  p o r t i o n s  o f  t h e  

legend w i l l  have a p p l i c a b i l i t y  f o r  ERTS and subsequent space imagery. 

I n  Test S i t e s  29 and 220, photo i n t e r p r e t a t i o n  t e s t i n g  i s  con t inu ing  

f o r  fea tures  d i s c e r n i b l e  on Apo l lo  and NASA h i g h  a l t i t u d e  photography. 

On space photography, macrore l ie f  landform t e s t i n g  i s  rece iv ing  the  

g rea tes t  emphasis concurrent w i t h  an eva lua t ion  o f  vegetat ion- landform 
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relationships. Similar emphasis is being given to interpretation testing 

of high altitude photography (1:125,000) along with a comparative evalua- 

tion of the high altitude photography v s .  a more conventional scale of pho- 

tography (1 :35,000). 

The northern Maricopa County resource map (Test Site 29) which was 

produced on high altitude photography (Pettinger, et a1 ., 1970) is being 
updated. That map, together with the one being produced in Test Site 220, 

will provide the ground truth base for upcoming experiments. Among them 

will be multistage sampling experiments comparing ERTS to Apollo photog- 

raphy when used at the first stage. The base maps additionally will 

prove valuable as continued efforts are made to utilize sequential pho- 

, tography as an aid in vegetational feature and macrorelief discrimination. 

Recently initiated efforts have been made to utilize a helicopter-borne 

I spectroradiometer to monitor phenological development. If successful, 
I 

1 such data will provide a standard for comparing imagery from high altitude I 

aircraft and the ERTS satellite. 
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